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Component Data Retrieval 
Select parts, and Capture EE 
retrieves manufacturing data 
from corporate databases 
and automatically places it 
in the schematic. 
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Hill of 
Materials 
Generation 
Output current, 
correct part lists

at any time in multiple, 
user-defined formats. 

Constraint-Driven 
Place-and-Route 
Pass design constraints 
and part data automatic¬ 
ally from Capture EE 

into Layout Plus, for a correct 
first pass at the board. 
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5Auto-ECO and Back 
Annotation 
Forward 
schematic 

changes to Layout 
Plus and back-
annotate board 
changes to Capture, 
quickly and easily. 

Full Fabrication 
File Output 
Verify Gerber files 
and output complete 
reports for a board 
that's ready-to-build. 

4 Shape-Based Autorouting 
Route complex 
designs to 
completion quickly, 

with tight interactive 
control over the results 
using the SmartRoute™ 
autorouter. 

OrCAD and OrCAD Layout Plus are registered trademarks and OrCAD Capture Enterprise Edition and SmartRoute are trademarks of OrCAD Windows NT is a 
registered trademark in the United States and other countries of Microsoft Corporation. All other trademarks mentioned are property of their respective owners 

What’s 
The Fastest 
Track To 
A Finished 
Board? 

New OrCAD Capture 
Enterprise Edition- and 
OrCAD Layout Plus 
for Windows NT. 

With OrCAD’s new solution for PCB 
design you'll save time, reduce re-work 
and have a ready-to-build board faster. 

New OrCAD Capture Enterprise 
Edition features a built-in component 
information system. It assures that 
you’re working with approved parts 
and eliminates time consuming, 
error-prone manual entry. Capture EE 
passes the physical component data to 
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OrCAD Layout 
Plus, so you 
start your 
layout with 
correct parts. 
This minimizes 

component errors and gets your design 
out the door faster. 

Take the first step to faster board 
design. Ask for a free OrCAD Desktop 
Solutions demo CD. Order through 
our web site at www.orcad.com or call 
OrCAD Direct today at 1-800-671-9511. 

OrCAD H 
Bringing Electronic Design to the Desktop 

RUDER SERVICE 153 
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France (01) 69-071211 
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Apex Microtechnology Corp, 
5980 N. Shannon Road 

Tucson, Arizona 85741-5230 

Save Space, Save Money 
The Apex PA26 puts two 2.5A 
power operational amplifiers on 
a single chip, in a 12-pin single 
in-line package. That saves valu¬ 
able real estate. At $3.45 in 10K 
pieces, $5.75 in 100s, it also 
saves you money. 

Single or Split 
Supply Operation 
For applications requiring multi¬ 
ple amplifiers per board or bridge 
mode configurations, the PA26 
provides the fit. In single supply 
applications, the extended com¬ 
mon mode range allows 0V in¬ 
puts, and its superior output 
swing abilities let it drive within 
2V of supply at an output current 
of 2A. This allows the PA26 to 
drive a 34V load up to ±2.5A. 

Not when $3.45 buys yod 
2.5A on a 5-40V supply 

Twice. 

Get 3A or Military 
Certification, or 
Buy The Die 
The PA25, PA21 and PA21M/883 
are the T0-3 counterparts to the 
PA26. In their "A" grades, both 
the PA25A and PA21A can deliver 
3A peak output. For military 
certification, the PA21M/883 is 
shaked, baked, rattled and rolled 
to meet MIL-PRF-38534 screen¬ 
ing. The PA25DIE is also avail¬ 
able in 10-piece evaluation 
packages and large waffle tray 
quantities. 
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2.5A 
2.5A 
3.0A 
2.5A 
2.0A 

Vss 
5V40V 
5V40V 
5V40V 
5V40V 
5V40V 

VCM 

-VS-.3V 
-VS-.3V 
-VS-.3V 

VSAT 

1.8V 0 1.0A 
3V0 2.5A 
4V02.5A 
1.8VS1.0A 
3.5V 0 2A 

PKG 

SIP' 
TO3‘ 
TO-3 1 

DIE 
TO-3' 

Part# 

PA26 
PA25/PA21 
PA25A/PA21A 
PA25DIE 
PA21M/883 

Free Data 
Book and 
Application 
Notes 
Information on 
the PA26/PA25/ 
PA21M series,
plus all 80 models of Apex 
power and PWM amplifiers is 
provided in the 7th edition 
Apex Power Integrated Circuits 
data book. To request your free 
copy call 1-800-862-1021, 
fax 520-888-3329, email 
prodlit@teamapex.com, 
or visit our web site at 
http://www.teamapex.com. 

www.teamapex.com 

To Request Our Free 
Data Book Online 

E-Mail: ProdLit@teamapex.com 
or http://www.teamapex.com 

Just Another High Performance Op Amp? soruVoRnmspl,fier
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See. Good things do come m small packages. 





SINGLE POWER-SUPPLY 
MMMMMMMMI MMMM MMR MHM 

EXPLORE 
Go farther with your designs. AMD’s 2.7 volt-only flash 

provides the flexibility your new products require: 

the industry’s lowest power consumption, high speeds 

and an extended operating range of 2. 7-3. 6 volts. 

AMD’s flash requires only one power supply. It’s the 

ideal solution for innovative battery-powered devices 

like today’s hottest handheld GPS devices, cell phones, 

and PDAs. Take your designs where no one else has 

gone before and let AMD’s single power-supply flash 

get you there. To learn more please contact us today. 

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

AMD’s 5.0 volt-only 

and 2.7 volt-only 

Flash families give 

you the industry's 

widest range of 

design options. 

The Global Positioning 

System from Magellan 

combines GPS 

navigation with two-

way digital messaging 

via the ORBCOMM 

satellite system. It’s 

not available until early 

'97, but you can get 

the 2.7-volt only flash 

technology inside it 

from AMD today. 

AMDH 



TOUGHER 
SBL 
25kHz to 2500MHz 

from $450 

ULTRAREL 
MIXERS 

5-YR, GUARANTEE* 

Our tough SBL mixers just got 
tougher, by including 
exclusive Ultra-Rei® diodes that can 
endure 160 hours of test at a scorching 
300°C. Rugged, more reliable mixers in 
your systems lower test costs, production costs 
and increase systems reliability. 
Over the past twenty years, millions of SBL units 

were installed in formidable industrial and commercial 
applications. Under severe operating conditions, they have 
earned the reputation as the world’s most widely accepted 
mixers, based on quality, consistent performance in the field, 
and lowest cost. 

In addition to the Ultra-Rei® diodes, each SBL contains 
components that can withstand the strenuous shock and 
vibration requirements of MIL-STD-28837 along with more 
than 200 cycles of thermal shock extending from -55°C to +100°C. 
Every Ultra-Rei® SBL mixer carries a five year guarantee. 
Unprecedented 4.5 sigma unit-to-unit repeatability is also 

guaranteed, meaning units ordered today and next year will 
provide performance identical to those delivered last year. 
Tougher SBL mixers, spanning 25kHz to 2500MHz, with +7dBm, 

+10dBm, +13dBm and +17dBm (LO models), are priced from 
$4.50 each (qty. 10) and are available only from Mini-Circuits. 
Don’t settle for a substitute or equivalent. . .insist on Ultra-Rei® SBL's. 

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

+13 

IF not DC coupled 

4.50 
6.25 
7.25 
7.25 
7.25 

18.75 
5.65 
8.20 
7.25 
8.20 
8.20 

19.70 
9.80 
11.70 
31.90 
20.65 

SBL 1 
• SBL 1X 
SBL-1Z 
SBL- 1-1 
SBL-3 

• SBL- 11 
SBL-1LH 
SBL-1-1LH 

• SBL-1XLH 
SBL-2LH 
SBL-3LH 

• SBL-11LH 
SBL-1MH 
SBL-1ZMH 

• SBL-2500H 
• SBL-173SH 

-r7 
+10 
+10 
+10 
+ 10 
+10 
+10 

1-500 
10-1000 
■0-1 coo 
0.1-400 

0.025-200 
5-2000 
2-500 

0.2-400 
10-1000 
5-1 000 

0.07-250 
5-2000 
1-500 

5-2500 
5- 1200 

* ULTRA ‘REL MIXERS 5 yr. Guarantee 
with extra long lite due to unique HP monolithic diode construction, 
300°C high temp, storage, 1000 cycles thermal shear, vibration, 
acceleration, and mechan,cal shock exceeding MIL -equirements. 

Model 

SBL SPECIFICATIONS (typ.) 
Frequency 

(MHz) 
L0 Level 
(dBm) 

Price,$ ea. 
(10qty.) 

Conv. Loss 
(dB) 

isolation (dB) 
L-P L-l 

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

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. Fi43RevA 
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TECH INSIGHTS 

37 Design Techniques And Communications Advances 
Take the Spotlight At CICC'97 

38 Core-Based Design Leads The Way To Flexible 
System Solutions 
• Multiple design approaches come together at 
CICC to build high-performance, low power 
digital circuits. 

50 High Frequency Dominates CICC's Analog World 
• Op amps, amplifiers, filters, photodetectors, 
modulators, and data converters are all on the 
agenda. 

62 EDA-Tool Improvements Advance Next-
Generation Circuit Designs 
• Submicron, RF, clocking, and low-power de¬ 
sign solutions emerage at CICC . 

TECH INSIGHTS 

68 New Architectures, ICs, Processes To Open 
Communication Frontiers 
• Developments in wireless and ATM systems 
are featured at this year’s CICC. 

73 Test Papers Target Mixed-Signal, Design-For-
Test Topics 
• Open-loop feedback helps speed verification 
of a charge-pump PLL’s operating frequency 
range without frequency measurements. 

75 EIF '97 Highlights Technology Advances 
• Design engineers, engineering managers, 
and company management will find topics of 
interest at the Electronics Industries Forum. 
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1 Gb/s 1 O-Bit 
Transceiver 
The industry's first 
integrated Fibre Channel 
transceiver offers low 
power (650 mW) and 
lowcost. [VSC7125] 

1 Gb/s Quad Port 
Bypass Circuit 
Integrating four port 
bypass circuits into one 
package reduces jitter 
accumulation, power, pin 
count and cost. 
¡VSC7121] 

1 Gb/s Integrated 
Optoelectronic 
Receivers 
The world's first, they 
lower cost and real 
estate while improving 
sensitivity and noise 
performance. [VSC7800 
Family] 

1 Gb/s 20-Bit 
Transceiver 
The Fibre Channel 
industry 's first 20-bit 
transceiver reduces real 
estate, power and cost. 
[VSC7126] 

1 Gb/s 
Hub/Repeater 
This low cost, fully 
integrated hub circuit 
retimes 1 Gb/s Fibre 
Channel data and 
bypasses faulty ports. 
[VSC7120] 

1.25 Gb/s 10-Bit 
Transceiver 
The first Gigabit Ethernet 
transceiver provides the 
highest performance and 
lowest power (700 mW) 
solution. 
[VSC7135] 

1-800-VITESSE 
or www.vitesse.com 

high bandwidth 

VITESSE 
SEMICONDUCTOR CORPORATION 

A world of high volume, high 
bandwidth datacom solutions 

i 

s 

ns companies 
physical layer ICs for their Fibre Channel 
subsystems, they call Vitesse. We've been 
supplying I Gb/s communication ICs for six 
years, and are now shipping integrated 
Gigabit Ethernet transceivers as well as 
I Gb/s optoelectronic receivers. 

Turn to the world's leading producer of 
Fibre Channel devices for affordable, superior, 
proven performance. For your 
Communications Products Data Book, 
samples, or technical assistance, contact us 
now and explore new worlds of high 
bandwidth possibilities. 

READER SERVICE 185 
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EDITORIAL O V E R V I E W 

CONSUMER ELECTRONICS 
83 3D Accelerator Chip Adds A Third Dimension To 
2D Graphics _ 
• Operating in tandem with a 2D 
graphics accelerator, a single chip 
accelerator makes possible work-
station-like graphics while deliver-
ing peak performance of 150 million pixels/s. 

89 Videoconferencing Is Getting Better And More 
Affordable 
• Dedicated chips, high-power microprocessors, 
and innovative software are making possible 
high-quality and low-cost computer-based 
videoconferencing systems. 

PIPS 
105 NiCd —Still The Popular Low-Cost Battery 
Solution 
• Despite the falling cost of “greener” and longer-
lasting alternatives, NiCd batteries remain 
prevalent in low-cost, consumer-oriented appli¬ 
cations. 

115 Smart Battery Standards Simplify Portable 
System Design 
• Due to their ability to normalize the interfaces 
between batteries and their host systems, SBS 
and SMBus have quickly become de facto stan¬ 
dards. 

118 Manufacturers Of Rechargeable Batteries 

120 Product Features 

125 PIPS Products 

ANALOG OUTLOOK 
131 Obtain Higher Effective Resolution For 
Temperature Measurements 
• Combining hardware and software techniques 
in A-Z ADC circuits with front-end analog gain 
can provide the right-performance. 

ANALOG OUTLOOK 
145 Low-Cost And Low-Power Universal Op Amps 
Arrive 
• A pair of wide-bandwidth, low-power op amps 
offer designers basic building blocks that can 
play many roles in analog or mixed systems. 

150 Power Op Amps Sport Rail-to-Rail I/O Control 
Up to 3 A At 70 V 
• General-purpose power ICs handle 0.5 A and 3 
A, driving 22 £1 and 136 £2 while operating from 
a single 70-Vsupply. 

SOFTWARE TECHNOLOGY 

153 Optimizing Compiler Technology Streamlines 
Complex Systems 
• Embedded applications are driving the evolution 
of optimizing compilers that speed up software de¬ 
velopment and simplify code debugging. 

161 Product Features 

165 Pease Porridge 
• Bob’s Mailbox 

167 Walt's Tools And Tips 
• The well-stocked toolbox 

167 The Well-Stocked Toolbox 
• Some handy resources to keep you up to date 

169 Ideas For Design 
• Digital control selects analog cycles and burst 
frequency 

• Waveform gerieratrir/rroduces biological-stimuli 
signals 

• Special BIOS interrupt for real-time data acqui¬ 
sition a7id control 

176 New Products 

182 European Products 
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The New Standard For 
Portable Power Design 

Linear Technology Leads The Way 
In Switching Regulators 

Every day, the market’s insistence for more features in portable electronic 
products places greater demands on the performance of battery-powered supplies. 
One company - Linear Technology - has taken the lead, shipping the industry’s most 
complete product line of high efficiency switching ICs for controlling portable power. 
Linear Technology is delivering solutions that help you meet the changing power 
requirements of your portable products. 

The LTC®1439 product family is a prime example. It’s our new generation 
of single and multiple output synchronous DC/DC controllers, offering unparalleled 
design flexibility and functionality without yesterday’s tradeoffs. Now, with our 
exclusive Adaptive Power™ output stage, you get high efficiency’ and low quiescent 
current without giving up constant frequency operation. And, our new family lets 
you use N-channel MOSFETs exclusively without sacrificing low dropout capability. 

Why do distributors rank Linear Technology as the one company with the 
fastest growing product line? Simple - we design the parts you want, with the flexibility 
you need, and then deliver them on time. There’s no design power shortage here. 

rTUDtAß 
jBhvZ TECHNOLOGY 
FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN 



LTC1439: Multiple Output, High Efficiency, Low Noise 
Synchronous DC/DC Controller 

Linear Technology’s new 
LTC*1439 multiple output 
DC/DC controller offers 
breakthrough technology 
advancements that make 
designing notebook computers 
and other portable electronics 
easier. Nowyoucanaddthe 
multimedia and communications features 
you want without worrying about noise 
and efficiency tradeoffs. Here are just 
some of the breakthroughs offered by 
the LTC 1439: 

■ The exclusive Adaptive Power™ 
output stage delivers high efficiency 
and low quiescent current (<300pA) 
while maintaining constant frequency 
over two decades of load current. 

■ Dual controllers drive N-channel 
power MOSFETs exclusively and 
operate at up to 99% duty cycle for 
extremely low dropout. 

■ Extra output voltages are easily added 
thanks to a linear regulator controller 
and secondary winding feedback loop. 

■ The start-up sequence is fully 
programmable and an internal power-
on-reset (FOR) timer is provided. 

■ A true Phase-Locked Loop (PLL)allows 
shifting the switching frequency or 
synchronizing it to an external source. 

■ Industry’s broadest input voltage 
range: From 3.5V to 36V. 

New DC/DC 
Controller Family 
Powers Portable 
Electronics 

Does your portable 
product need single, 
dual, or multiple 

output voltages with high efficiency 
and low noise? Linear Technology 
has you covered with our complete 
LTC1439 DC/DC controller family. 

All members of the family drive 
N-channel power MOSFETs in a fixed-
frequency current mode architecture. 
Some of the devices feature Adaptive 
Power operation which maintains 
a constant operating frequency while 
reducing switching losses at low 
output currents. 

An auxiliary linear regulator 
controller can be used to add additional 
low noise, low dropout output voltages 
such as 2.9V or 12V. And a special 
secondary feedback pin allows 

secondary windings to be 
regulated independent of the 
primary load. 

Most of the LTC 1439 family 
include a power-on-reset (POR) 
tinier which generates a signal 
delayed by 216 switch cycles 
after the output is in regulation. 
An additional comparator is 
also available for use as a low 
battery comparator. 

Complete control of 
the operating frequency is 
available. You can choose the 

frequency, shift it over a 2: 1 range, 
or synchronize using a self-contained 
phase-locked loop (PLL) . Preset 5V and 
3.3V outputs are available, or output 
voltages may be adjusted over a 1.2V 
to 9V range. Output currents may be 
programmed from 500mA to 10A. 

Backlight 
PCMCIA 

Micropower 

References 

Battery 

Back-up 

Micropower 

Comparators 

Battery 

Charger 

Highest 

Efficiency 

Power 
Management 

RS232 

Interface 
Micropower 

ADCs 

LDO 

Regulators 

Linear 
Technology 
Corporation 
provides 
PowerJor 
Portables 

XT , LTC and LT are registered trademarks, and Adaptive Power is a trademark of Linear Technology Corporation. 

You are also in control of regulator 
start-up. Separate run pins for each 
DC/DC and linear controller allow 
complete freedom in supply sequencing. 
Dual controller versions are available 
which shut down all functions to a 
minuscule 15pA supply current or 

CPU Power RF Systems 

LTC1436 LTC1436-PLL 

LTC1435 LTC1437 

LTC1439 
Family 

LTC1438 LTC1439 

LTC1538-AUX LTC1539 

Dual/Multiple Outputs 

leave a 5V standby regulator 
and auxiliary comparator active 
for keep-alive applications. 

LTC 1439 family members are 
available in a variety of surface mount 
packages including SO (narrow), 
QSOP, and SSOP styles. 

Portable Power Control: 
A Full Range of Solutions 

The LTC 1439 family is only the 
latest in Linear Technology’s wide selection 
of power control products for portable 
electronics. Some of the other product 
families available include battery 
chargers, battery-backup controllers, 
PCMCIA switching matrices, and power 
management switches. 

For more information on the 
LTC 1439, contact Linear Technology 
Corporation, 1630 McCarthy Blvd., 
Milpitas, CA 95035. 408-432-1900. 
Fax: 408-434-0507. For Literature 
only, call 1-800-4-LINEAR. 

XTLirw 
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I GHz Clock 
Oscillators, 
Less Than 
Bpsec Jitter! 

Master clocks, frequency multipliers, 
VCXOs, and programmable synthe¬ 
sizers, ideal for high performance 
computer, telecommunications, 
ATE, and data communications 
applications. 

■ 300MHz-1GHz 

• 10, 25, or 40 ppm stability 

• Single supply operation 

« Extended temperature 
ranges 

• ECL/PECL logic 
compatibility 

SONET Designers! 
622.08 MHz VCXOs 
available NOW for 
your SONET applications! 
Call for further 
information and 
specifications. 

ro networks corp. 
324 Clark Street, 

Worcester, MA 01606 

Tel. (508) 852-5400 

FAX (508| 853-8296 

E-Mail - sales@mnc.com 

Web Site - http://www.mnc.com 

MORE IN MICROELECTRONICS 

ELECTRONIC DESIGN 
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No Distributor Turns 
Your Order Faster! 

On orders placed by 
5:00 pm central time. 

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

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

Digi-Key Corporation 
701 Brooks Ave South 

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

Order Online wwwdigikey.com 
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MAY 1997 
47th Electronic Components & Tech¬ 

nology Conference, May 18-21. The 
Fairmont Hotel, San José, CA. Con¬ 
tact Jim Bruorton, Electronic Indus¬ 
tries Association, 2500 Wilson Blvd., 
Arlington, VA 22201-3834; (864) 963-
6621. 

Finishing ‘97 Conference & Exposi¬ 
tion, May 19-22. Rosemont Conven¬ 
tion Center, Rosemont (Chicago), IL. 
Contact Society of Manufacturing 
Engineers; (800) 733-4763. 

19th IEEE International Conference 
on Software Engineering, May 19-23. 
Boston, MA. Contact W. Richard 
Adrion, Dept, of Computer Science, 
University of 
Masachusetts/Amherst, 307 LGRC, 
P.O. Box 34610; Amherst, MA 01003-
4610; (413) 545-2742; e-mail: 
adrion@cs.umass.edu. 

IEEE Instrumentation & Measure¬ 
ment Technology Conference (MTC ‘97), 
May 20-22. Chateau Laurier, Ottawa, 

Ontario, Canada. Contact Robert 
Myers, Conference Coordinator, 3685 
Motor Avenue, Suite 240, Los Ange¬ 
les, California 90034; (310) 287-1463; 
fax (310) 287-1851; e-mail: bob.my-
ers@ieee.org. 

OEMed Midwest, May 21-22. Rose¬ 
mont Convention Center, Rosemont, 
IL. Contact Exposition Excellence 
Corp., 112 Main St., Norwalk, CT 
06851; (203) 847-9599; fax (203) 854-
9438. 

OEM Electronics Midwest, May 21-
22. Rosemont Convention Center, 
Rosemont, IL. Contact Exposition 
Excellence Corp., 112 Main St., Nor¬ 
walk, CT 06851; (203) 847-9599; fax 
(203) 854-9438. 

Canadian Conference on Electrical & 
Computer Engineering, May 25-28. 
Delta Hotel, Newfoundland, Canada. 
Contact David Collett, Newfound¬ 
land & Labrador Hydro, P.O. Box 
12400, St. Johns, NF, A1A 4K7, 
Canada; (709) 737-1372; fax (709) 737-

1782; e-mail: t.d.collett@ieee.org. 

Fifth IEEE International Conference 
on Properties & Applications of Dielec¬ 
tric Materials (ICPADM), May 25-30. 
Sheraton Walker Hill, Convention 
Center, Seoul, Korea. Contact Joon-
Ung Lee, Department of Electrical 
Engineering, Kwangwoon Univer¬ 
sity, 447-1 Wolgye-Dong, Nowon-Ku, 
Seoul, 139-701, Korea; (82)-2-910-
5144; fax (82)-2-942-0107. 

Next Generation Telephony West: 
Voice Over the Internet, May 28-30. 
Hotel Monaco, San Francisco, Califor¬ 
nia. Contact (800) 822-6338 or (202) 842-
3022 ext.317; Internet: 
http://www.brp.com. 

JUNE 
IEEE International Conference on 

Neural Networks, June 1-5. Houston, 
TX. Contact Nicolaos B. Karayian-
nis, Dept, of Electrical & Computer 
Engineering, University of Houston, 
Houston, TX; 77204-4793 (713) 743-
4436; fax (713) 743-4444. 
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CKs New Ultra-Miniatures Are Huge! 
A Huge Success, That Is. 
Our new Ultra-Miniature DIP Switch series 
guarantee more useable board space and 
extreme reliability. Both series have gold 
plated contacts and are process compatible. 

8mm DIP Coded Rotary Switches 

• Compact design, 8mm sq.x 4mm (h) 
• Actuators with superior detents and o-ring seal 
• SMT, thru-hole or right angle thru-hole terminals 
• 10 position BCD and 16 position hexadecimal 

• 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: (61 7) 926-6846 

° C&K Components, Inc. 
57 Stanley Avenue 

WWW W Watertown, MA 02172-4802 
® 

The Primary Source Worldwide... 

Surface Mount Half-Pitch DIP Switches 
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YOU COULD PROBABLY DERIVE 7T TO A BILLION PLACES, ORDER PIZZA 

TELEPATHICALLY, AND LEVITATE SMALL PETS. Si) JUST IMAGINE WHAT YOU CAN 

DO WITH MOSFET TECHNOLOGY THAT ENABLES 95% EFFICIENCY. 

Inside all of our craniums lies three 

pounds of sophisticated, highly-developed and 

utterly inefficient equipment. Luckily, however, a 

few of us at TEM1C harnessed some of the power 

in our gray matter and created something infinitely 

more efficient- PWM-optimized LITTLE FOOT” 

MOSFET technology. 

Our MOSFETs can significantly raise 

DC/DC conversion efficiency from 85% to as high 

as 96.2843%. And what can you do with that? 

Create smaller, lighter products, extend battery 

life of current products, or develop something in 

between. In other words, anything your cerebel¬ 

lum can come up with. 

Something else to keep in mind: L'sing our 

optimized MOSFETs is a virtual no brainer. In fact, 

they can easily be used as drop-in improvements 

for your current small-outline MOSFETs. 

You can drastically improve DC/DC con¬ 

verter efficiency with lower switching losses at fre¬ 

quencies up to 2 MHz. Lower losses also mean 

fewer thermal problems, a huge plus for today’s 

portable designs. And, of course, issues of size 

and speed have been successfully addressed. 

Part of a suite of products from TEM1C 

(which includes the trusted Siliconix brand), 

LITTLE F(X)T MOSFETs are used by some of the 

top portable companies in the world. Just imagine 

what you can do. Call 1-800-554-5565 ext.533 

for your LITTLE FOOT design kit. It could truly lie 

one of the most intelligent things you've ever done. 

www.temic.com 

Temic 
Semiconductors 

TEMIC is a company of Daimler-Benz. Members of TEMIC Seminconductors: Telefunken Semicondudors, Siliconix, Matra MHS, Dialog Semiconductor. 2201 Laurelwtxxl Road, Santa Clara, CA 95054 Fax: 408-567-8995. 

TEMIC Euroftean Safes: GERMANY: 0130 857 320. UNITED KINGDOM: 01344-707300. FRANCE: 1-30 60 71 87. ITALY: 02-332 121 SCANDANAVIA: 08-7334X190. ©1997 TEMIC. All rights reserved. 
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Meet lhe microprocessors that are rocketing designers to success: 

StrongARM™ chips that drive supercomputer performance on AA 

batteries. Alpha chips that are the fastest on earth. Plus a full family 

of processor-independent PCI solutions: Highly integrated Fast 

Ethernet chips. Bridge chips that free you from frustrating load limits. 

And video chips that are fueling tomorrow’s multimedia products, 

They’re semiconductors 

marketplace through key alliances with Mitsubishi, Samsung 

and VLSI. So if you’ve got plans that are ready Io take Hight, call 

surf to http://www.digital.com/semiconductor/launch.htm. 

TM 

Whatever it takes. " READER SERVICE 109 

PCI-to-PCI Bridges 
Expand to the nth degree 
with on-chip support for 
nine devices, plus robust 
buffering and Juli compli¬ 
ance with PCI 2.1 specs. 

StrongEHM™ 
Incredible perfor¬ 
mance with ultra¬ 
low power usage. 
Ideal for consumer appli¬ 
cations like PD/ts, smart 
phones ami Internet 
appliances. 

Digital 
Semiconductor" 

Video Codec 

Ethernet/Fast Ethernet 
Controllers 
Cost-effective 10/100 
Mbps PCI solutions for 
everything from routers 
and switches to servers 

llpha I lieroprocessors 
Simply the world's fastest, 
soaring to Í00 MHz 
and beyond. 'Ehe 
performance 
for demanding 
WindowsNT™ 
applications -plus 
Windows compatibility. 

Digital Semiconductor" at 1-800-332-2717, ext. 41. Or for all the specs, 

Multimedia 
'Ehe industry’s most cost-
tfpective video codec, 
bringing MPEG authoring 
and video conferencing 
to the Windows* desktop. 

today. But you can also What’s more, 
we’re increasing the presence use them as 

launchpads. 

© 1997 Digital Equipment Corporation. Digital, the Digital logo and Digital Semiconductor are trademarks and Whatever it takes is a service mark of Digital Equipment 
Corporation. StrongARM is a trademark of Advanced RISC Machines Ltd. Mitsubishi is a registered trademark of Mitsubishi Electric Corporation. Samsung is a trademark 
of Samsung Electronics Co., LTD. VLSI is a trademark of VLSI Technology, Inc. Windows is a registered trademark and Windows NT is a trademark of Microsoft Corporation. 
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PENTIUM.PRO 
PROCESSOR 

Make your first billion, 

Improve your performance with: Single 200MHz 1 

Pentium* Pro processor, upgradable* to dual Pentiui 

Pro processors. First-ever 1GB of maximum memor 

Fastest 16X max (variable speed) CD-ROM drive. 

2D Matrox Millennium graphics card. 



then give it away. 

OfficBllaü 

Fíe lent Message Attaçh Rde» Tools Wndow Hefc 

To: Marketing 
From: R&D 

Here it is guys, the first-ever 1 billion 
transistor chip! 

The people in the lab nearly popped 
their pocket protectors! The folks in 
sales were speechless (you know how 
rare that is). 

Now, it's all yours. 

Take it and run with it! 

—Andrew 

Introducing the 

IBM IntelliStation. 
A graphics workstation 

and powerful PC 

all in one. 

l\ioAe no mistake. It will happen. 

The world's first hillion transistor 

chip. The designer might even be 

you. And when you design it, you 'll 

probably want to create it on the 

IBM IntelliStation'“ Thal's because 

IntelliStation combines all the capa¬ 

bilities of a powerful PC together with 

a number-crunching workstation. 

Add programs like Cadence, Mentor 

and Viewlogic, note on Windows NT,"“ 

so you can design, zoom, pan and 

navigate your .06 micron silicon 

structures using eye-popping 3D 

graphics. You can run your project 

management programs, write e-mail, 

access pouerful digital libraries 

and even the Internet. And do all 

this at the very same time. On the 

same high-resolution monitor. Hunt 

a highly flexible, extremely manage¬ 

able system that’ll grow right along 

with you? Then visit our Web site at 

www.pc.ibm.com/intellistation/go. 

Or call the number below. And get 

more information on the incredible 

IntelliStation. It’s certain to improve 

your performance in billions of ways. 

IBM IntelliStation. 
Nothing gets in the way 

of a good idea. 

can 1 800 426-7255 ext. 5136. Solutions for a small planet. 
Mil: denotes internal dock speed of the microprocessor only; other factors also affect application performance. HIM and IntelliStation are trademarks or registered trademarks of 

International Business Machines Corporation. The Intel Inside logo and Pentium are registered trademarks of Intel Corp. Microsoft and Windows NT are trademarks or regis¬ 

tered trademarks of Microsoft Corporation. Other company, product and service names may be trademarks or service marks of others. © 1997 IHM Corp. All rights reserved. 
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ELECTRONIC DESIGN 

Serial/Parallel 
Conversion or 
Networks 

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

Parallel to Serial 

Parallel 
TTL 
Data and 
Strobes 

Wire Saver 

;CY233^CY233f"“^jCY233 

HOST 

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

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

The CY233 . 
is available .. 
from stock @ $45/ea, **• 
$30/25, $27/100, $16/lk 
Prototyping kit also available. Call 
for free info or to order $10 manual. 

(S' Cybernetic Miao Systems 
PO Box 3000 ♦ San Gregorio CA 94074 
Tel: 415-726-3000 ♦ Fax. 415-726-3003 
www.ConirolChips.com 
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EDITORIAL 

The Internet: Push Or Pull? 

Anew word has been added to the jargon of Internet users and on-line con¬ 
tent providers: push. The word has been splashed on the covers of Business 
Week and Wired magazines, on the front page of the Wall Street Journal, 

and in the Business Section of the New York Tinies, to name a few publications. 
Just what is push technology? It’s the idea that Internet content providers will 
push data directly to an Internet user over specialized channels, rather than 
having that user “pull” the data from the Internet at his or her convenience. F or 
example, if you want the latest weather forecast, you shouldn’t have to search 
for it. It should come directly to your screen. The same goes for news, sports re¬ 
sults, stock market data, etc. Web browsers could have this kind of information 
on the screen in the background while you’re busy searching the Internet for 
hard-to-find information. There’s merit to the idea. 

But if it’s pushed too far, it sounds to me like TV broadcasting. Just give them 
soap operas, G-rated movies, or whatever all day, and the users will come. This 
scenario is exactly contrary to what the Internet was meant to be all along—a 
place where users can surf to their hearts’ content, for information that’s avail¬ 
able to everyone. Internet users don’t need a big brother telling them what they 
can have (and by extension what they don’t, and thus, can’t have). 
Many of our readers rely on the Internet for data sheets and applications in¬ 

formation on specific products they’re pursuing. But it’s a sure bet they wouldn’t 
want all of a vendor’s available information pushed at them. What’s really 
needed here are faster, more-intelligent search engines that let Internet users 
more efficiently locate and pull the data they’re looking for. 
And what about bandwidth? Overzealous use of push technology certainly 

won’t help the ‘net congestion problem. Even now, most net users are resigned 
to periodic delays, lost packets, and routing breakdowns. 

Large media providers have a legitimate business reason for championing 
push technology. It allows them to target Internet users as true subscribers in¬ 
stead of mere hits. However, these same Internet users, whether they’re pro¬ 
fessionals or amateurs, are just as available to any other information provider, 
and consequently, cannot be considered select customers. 

In the long run, the push approach risks alienating Internet users by turning 
them off with a flood of information they can’t follow. Many of us have already 
experienced information overload by merely subscribing to a few e-mail lists 
and e-zines about topics that really interest us. I think it’s far better to have an 
open Internet environment than one dominated by a handful of large media 
providers. What do you think? rallan@class.org. 



19 IVI B 

NEED INFORMATION STORAGE IN A HARSH ENVIRONMENT? 
THE VMEM-F1 DELIVERS! 

▲ Single slot solution, 3U/6U, up to 192 MByte Flash 
▲ Modular Flash in 4 MByte pages 
▲ Designed for harsh environments 
▲ Shock and vibration tolerant 
▲ Very low power consumption, Extended temperature 
▲ Flexible memory configurations (DRAM, SRAM) 

PEP - a provider of industrial solutions. 
PEP - your competent partner for industrial systems! READER SERVICE 156 

Modular Computers ’ 
PEP Modular Computers Inc. 
750 Holiday Drive, Building 9 
Pittsburgh, PA 15220 
Tel.: (412)921 3322 
Fax: (412)921 3356 
E-mail: info@pepusa.com 
Toll free: 800-228-1737 



What if we could treat ourTV like a PC? 

Harness digital technology to surf the Net 

- as well as hundreds of channels? Use it 

as a videophone? Or simply to order a 

pizza? What if? Today’s vision, tomorrow's 

reality. Questions you’re asking, answers 

you’ve been working to find. So have we, 

and we’re here to help you reel tomorrow 

in, with digital technology solutions that 

can narrow the gap. With integrated 

chipsets for digital interactive set-top boxes, 

high speed cable modems and satellite data 

receivers, and a host of PC-based digital 

broadcast systems. And with software, 

reference designs, evaluation boards and 

applications expertise to speed up develop¬ 

ment. All backed by our firm commitment 

to standards like DVB, DAVIC, MPEG and 

USA tel. +1-800-447-1500, ext. 1315. Europe fax. +31-40-272-4825. quote "tel". Asia fax. +852-281 1-9173, quote “ED”. 



IEEE-802. 14.Wherever your imagination’s 

going, we can offer silicon - and support -

to shorten the journey. Plus the power to 

deliver when, where, and at the price you 

need. Sc see the future today at 

www.semiconductors.philips. com. Because 

tomorrow’s TV technology depends on every¬ 

one who’s asking, What if? And because 

together we can redefine the future. 

Leté wate 
PHILIPS PHILIPS 
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TECHNOLOGY BRIEFING 

n  FAX 914 738 8225Pit U Electronics, Inc. 
143 Sparks Ave., Pelham, N.Y. 10803-1837 

E MaH-HLSC73A @prodigy-com 
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The "Crazy Aunt In The Basement" 

During his first Presidential campaign, Ross Perot revived an image that has 
been latent in the American mindset. It was that of the “crazy aunt who lives 
in the basement. Everybody knows she’s there, but nobody talks about her.” 

Perot was alluding to issues of the economy, but this image of dysfunction and de¬ 
nial can be applied to other areas, such as software tools and software quality. 

One of the distinct messages I got from the recent Embedded Systems Con¬ 
ference in Boston was that there is a growing dissonance between what people 
expect to be able to do with tools and what they expect to pay for them. 

I admit to being one of those who rejoiced that the advent of Windows as a se¬ 
rious development environment would stimulate expectations for tools signifi¬ 
cantly lower in price than those available under Unix. This somewhat naïve no¬ 
tion was based on the existence of several very fine C++ integrated 
development environments, all priced around $500. 

While the Windows-based C++ IDEs are all excellent products, they sell in 
very high volumes that cannot be compared to the more specialized tools needed 
by embedded developers. Yet the expectation of many developers still is that 
such tools should be, to put it bluntly, cheap. Indeed, there has been a tendency 
for many embedded tool vendors to try to bring the 
first generation of their Windows-based products 
in at significantly lower prices than those products’ 
Unix counterparts. This has not been a long-term 
advantage. 

Given the prevalence of some genuine horror 
stories of cost overruns, missed ship dates and just 
plain failed projects, it seems time we rethink some 
of the stories we’ve been telling ourselves around 
the crazy aunt in the basement. The point is, we 
know she’s there just like we know that investment 
in quality up-front can save us a fortune in the long 
run. But experience in the trenches shows it’s not 
as rosy as we’d like to believe. 
How does one really evaluate the quality or us¬ 

ability of a given tool, and also the ability to use that 
tool with other tools? Or whether that tool is really appropriate to the job at 
hand? When things don’t go right, how do you figure out, or—more impor¬ 
tantly—how long does it take to figure out what is wrong? Have you discovered 
some problem with a compiler the vendor didn’t realize was there? Is there some 
reason the TCP/IP stack you bought doesn’t want to work with the RTOS you 
think it should work with? 
How much expensive engineering talent has to sit on the phone with another 

vendor’s support people? And, having spent time getting tools to work, is your 
organization now under pressure to rush development or not test quite as much 
in order to meet the implacable deadline? Thus does the disease ultimately 
spread to the hands of the end-user? 
And from a vendor’s point of view, what is the cost of all those incoming sup¬ 

port calls? What is the real cost of a bug that goes out the door? Well, we know 
the answer to these rhetorical questions, don’t we? Whatever the actual num¬ 
ber’s, the answer is: “A heck of a lot more than investing in quality tools and thor¬ 
ough testing in the first place.” Yes, we all know it, but like the crazy aunt in the 
basement, we haven’t really wanted to acknowledge it, looking for maybe a way 
around the cold, hard fact. 

It’s understandably scary to be the first vendor to say, “Yes, my tool costs 
$32,000, but it will absolutely pay for itself many times over in terms of reliabil¬ 
ity, thoroughness, ease of use and meeting time-to-market requirements.” The 
alternative, however, is a dynamic, vibrant industry that could be ever so much 
more so if it weren’t squandering millions in productivity trying to retro-fix 
things that should already work. It’s a huge problem, but the only way to start 
solving it is to frankly admit to ourselves that it exists. (Tom William’s e-mail 
address is: tomwillm@ix.netcom.com,.) 

TOM WILLIAMS 
Embedded Systems/Software 



Think it. 
LabVIEW 
It’s Just that Easy 

It's just that easy - with LabVIEW. If you need to 

make measurements and analyze your data but don’t 

have a lot of time, LabVIEW is just what you need. 

Wire it. 
Create measurement and analysis systems 

in a fraction of the time it takes with any other 

software. Virtually every industry survey has shown 

that the G language in LabVIEW is the most popular 

development tool available for data acquisition, 

analysis, and presentation. 

Run it. 
More scientists and engineers are getting 

results faster and easier with LabVIEW. 

Call today, and turn your ideas into reality. 

¿^NATIONAL 
►instruments 

The Software is the Instrument” 

U.S. Corporate Headquarters 
Tel: (512) 7940100 • Fax: (512) 794-8411 

info@natinst.com • www.natinst.com 
Worldwide network of direct offices and distributors. 

© Copyright 1996 National Instruments Corporation. AU rights reserved. 
Product and company names listed are trademarks or trade names of their respective companies. 

Point your Web browser to www.natinst.com to get a 
complete schedule of upcoming technical seminars 

Ca// for your 

FREE LabVIEW 

Productivity Study 

today. 

(800) 433-3488 
(U.S. and Canada) 

FREE evaluation software available. 
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Everything 

we know about 

SDRAM 
o n a 

DIMM. 

Micron knows Synchronous DRAMs inside and out. Micron’s 
proven, .35r process technology ensures outstanding product 
performance and reliability. Add to that, production efficiencies that 
have evolved over years of producing both DRAM components and 
modules. And because Micron produces components and modules at 
one location, the highest standards in the industry are applied from 
fabrication and assembly to final test. That’s a big advantage. 

So, consider Micron when choosing a source for SDRAM modules. 
Micron puts a lot into SDRAM DIMMs, so you get a lot out of them. 

Configuration Package Also available 

2 Meg x 8 44-pin TSOP 

2 Meg X 64 144-pin SODIMM 

2 Meg x 64/72 168-pin DIMM 

4 Meg x 64/72 168-pin DIMM 

256K/51 2K x 64 144-pin SODIMM 

(Graphics solution using our 

256K x 32 SGRAM component) 

For additional information, visit Micron at 
www.micron.com/mti or call 208-368-3900. 

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

It’s true we’re the world’s number 

one relay supplier. So it’s not 

surprising to learn that design engineers 

and specifiers know us for our relays. 

But we also manufacture the 

What does all this mean? That’s 

simple. Our expertise has led to the 

development of standard components 

for all kinds of applications. And when 

you can fit a standard switch to your 

world’s most complete line of switches 

and photomicrosensors. 

For years we’ve been building all 

types of switches, photomicrosensors, 

and relays for leading companies that 

manufacture telecommunications 

products, home and office electronics, 

computer peripherals, appliances, and 

HVAC equipment, just to name a few. 

Proven reliability 
makes Omron 
relays, switches, 
and photo-
microsentors the 
preferred choice 
of design engineers 
and specifiers 
worldwide. 

custom application, you’re looking at a 

considerable cost savings. Plus you'll 

see your design go into production that 

much faster. 

In switches alone, we have basic 

switches, mechanical keyswitches, 

rotary and in-line DIP, thumbwheel and 

rocker switches, amplified and non¬ 

amplified photomicrosensors, PCB 

mount and connector-ready photo¬ 

microsensors, as well as lighted and 

oil-tight pushbuttons. 

And everything Omron makes is 

100% tested, available to you world¬ 

wide, and backed up by outstanding 

technical and distribution support. 

To find out if Omron has the 

component solution you're looking for, 

call now to receive our Standard 

Products Catalog or visit our web site at 

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

directory of techinical data sheets, call 

ControlFax at 1-847-843-1963 and ask 

for document #50. 

If you respond to innovation and 

more efficient ways of doing business, 

it’s a story worth reading. 

1 - 8 O O - 5 5 - O M R O N 

ASK FOR OUR STANDARD PRODUCTS 
CATALOG. IT S FREE! 

omRon 
WE HAVE THE FUTURE » CONTROL 

READER SERVICE 152 



Backlight Inverter Squeezes 
Up To 38% More Nits A 
From Every Watt. v

Ideal lor 12.1" panels* 

• Low profile, single-sided 
PCB only 8mm nigh 

• Jitter-free dimming 
• Single analog dimming 

control input, 0 to 2.5 volts 
• Logic controlled sleep mode 

Part No. Vlamp btAMP Efficiency 

LXM1596 7.0V - 30V 240 - GOOVrms Up to 7mA 90% 

LX M1597 4.5V - 6.5V 240 - GOOVrms Up to 7mA 90% 

• Patent pending CS-ZVS 
technology provides high-
efficiency and low noise 

• Over voltage, short circuit 
and over temperature protection 

• Floating or grounded output 

Light Output Efficiency-Eff (Nits/Watt) 
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Less power in — more lumens out. Watt could 
be better! XXCAL tested 3 top notebooks using 
the original backlight inverter and Linfinity's 
LXM1590. Here are the results. 

LXM1 590/91* 4.5V - 30V 240-600VrmS Up to 7mA 90% 

*OEM model, customizable electronics and form factor 

Notebook 1 * Notebook 2 * Notebook 3* 
* Top of the line models from major manufacturers 

F 

A comprehensive information 
package including data sheets, technical 
papers and an XXCAL report summary 
is available now. Just call, fax or write: 
Linfinity Microelectronics, Il 861 Western 
Avenue, Garden Grove, CA 92841 
714-898-8121, Fax: 714-372-3566 

© Zinfin/tk 
M Original Inverter 
■■ Linfinrty-LXM1590 

‘ 'k '’ C .97 DataBook---Ca^ 
Call 800-LMI-7011 

Visit our Web site http://www.linfinity.com 

ACI Electronics 800-645-4955, All American 800-573-ASAP, FAI Electronics 800-677-8899, Future Electronics 800-388-8731 , Jan Devices 818-757-2000, Zeus Electronics 800-52-HIREL 
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NEWS 

Industry Group Formed To 
Champion VDSL Standards 

While the world champs at the bit for more band¬ 
width in its telecom networks, a group of semi¬ 
conductor, modem, and communications network 

equipment firms recently formed a coalition to promote 
development of interoperable standards for very-high-
speed digital subscriber loop (VDSL) technology. 

As currently defined by ANSI’s T1E1.4 committee, 
VDSL is a collection of physical-layer transmission 
schemes and protocols intended for short-haul, high¬ 
speed applications. They would provide a choice of sev¬ 
eral symmetric and asymmetric line-rate profiles, with 
transmission speeds ranging from 13 to 52 Mbits/s. The 
group, which includes companies like Analog Devices, 
Broadcom, Harris Semiconductor, Lucent Technologies, 
Orckit, and Brooktree/Rockwell, is hoping to accelerate 
the standards process by developing system specification 
proposals to be presented to the ANSI working group. 

After much analysis, all members of the coalition have 
endorsed the use of single-carrier, line-coding technolo¬ 
gies, including carrierless amplitude/phase (CAP) and 
quadrature/amplitude modulation (QAM) for VDSL’s 
downstream link. Agreement on recommendations for 
upstream transmission technologies is anticipated later 
this year. According to the coalition’s new release, de¬ 
spite some member company’s involvement with multi¬ 
carrier technologies, such a discrete multitone (DMT), 
the mono-carrier approach was endorsed unanimously. 
This was because VDSL is intended to operate over 
shorter distances than its slower cousin, ADSL, and the 
cost/power sensitivity of local-loop applications. 

For further information, contact Phil Lazowick at 
Broadcom Corp., 16251 Laguna Canyon Rd., Irvine, Cali¬ 
fornia 92618; (714) 450-8700; Internet: http7/www.broad-
com.com. lg 

Nonlinear Dielectrics Offer 
Microwave Tuning Alternative 

Materials called nonlinear dielectrics can provide 
very precise, continual broadband or fine-tuning 
of high-performance passive microwave and RF 

devices. Researchers at Los Alamos National Labora¬ 
tory used the materials to develop an electrical tuning 
technique that can replace the clumsy and relatively 
crude mechanical method that requires tuning screws 
built into the devices. 

The method takes advantage of the fact that an elec¬ 
trical field induces changes in some dielectric thin films 
that can be used to control electrical tuning. The dielec¬ 
tric tuners are easily adjusted for differing require¬ 
ments or equipment, and they can be miniaturized and 
integrated into conventional circuitry. 

The researchers say the turners are better than 

semiconductors for some applications and are well-
suited for high-performance microwave equipment 
used in wireless communications, which demand high 
peak-power capacity or fast switching speeds. For 
more information, contact Gary Kliewer at (505) 665-
2085, or through e-mail at garyk@lanl.ogv. JN 

High-Speed Encryptor For WAN 
Traffic Under Development 

Scheduled for roll-out in late 1998, work has begun on the development of a low-cost, high-speed encryp¬ 
tor for U.S. government and commercial applica¬ 

tions. Dubbed TACLANE, the encryptor is a joint pro¬ 
ject undertaken by GTE, Needham, Mass., and 
Mykotronox, Torrance, Calif., and is intended to dra¬ 
matically reduce the cost of network security. It will 
provide key-agile encryption capable of supporting 
multilevel applications at rates suitable for broadband 
backbone applications. 

The TACLANE system is intended for providing 
economical high-performance encryption over IP and 
ATM networks, such as the Global Broadcast System 
(GBS). It also can replace more conventional trank en-
cryptors, further reducing network security costs. Ad¬ 
ditional information on TACLANE can be found on the 
World Wide Web at: http://www.rainbow.com, and 
http://www.gte.com. LG 

Lubrication-Free Low Friction 
Wire Is Environment-Friendly 

Anew resistance wire, called Low Friction, employs 
a modified surface structure that reduces friction 
to the point where lubrication during coiling and 

other forming operations is eliminated altogether. As a 
result, according to its manufacturer, Swedish-based 
Kanthal AB, the need to clean with the environmen¬ 
tally harmful trichlorethylene, or using other organic 
solvent-based methods, is eradicated. 

Conventional coil manufacturing requires that an oil¬ 
based lubricant is used on the wire’s surface to reduce 
friction during the forming process. Friction damage can 
scratch the wire, and the coil will develop large pitch 
variations. This leads to uneven temperature distribu¬ 
tion and reduces the coil’s effective lifetime. If a lubricant 
is used, it must be cleaned off using trichlorethylene. 
By eliminating the harmful lubrication process, not 

only is there a significant savings monetarily, but more 
importantly, impact on the environment is reduced dra¬ 
matically. In addition, the new material should provide 
a more uniform and higher production quality with 
fewer steps in the production process. Time also is 
saved: For high-temperature applications that require 
a very clean surface, such as in the making of tubular el-
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ements, the wire need only be cleaned in water at a tem¬ 
perature of around 90°C. 

For more information, contact Victor Vanguele in 
Bethel, Conn., at (203) 744-1440, fax (203) 748-2229; or 
Richard Fareham at Stoke-on-Trent, U.K. at +44 1782 
22 48 00, fax: +44 1782 20 26 06. RE 

Manufacturing Breakthroughs 
Made In YAG Microchip Lasers 

Y AG lasers (YAG = yttrium-aluminum-garnet) pro¬ duced through a collective manufacturing process, 
may pave the way for mass production of compact, 

robust, and reliable components that are maintenance-
free and able to adapt to many telemetry applications. 
For instance, a laser telemeter used to measure flight 
time, otherwise known as a chronometer, measures the 
time taken by a light wave to reach a target and return 
to a receiver. 

To meet the needs of telemetry, the laser must emit a 
beam of a few kilowatts in peak value. Concerning preci¬ 
sion and selectivity, the laser must offer very low diver¬ 
gence (around one milliradian).Other characteristics 
such as TEM(X) transverse mode and pulse duration, as 
well as being simple, compact, reliable, and low cost, are 
just as essential. 

The production process for the microchip starts with 
a single-crystal bar of yttrium-aluminum-gamet, mea¬ 
suring one inch in diameter. Developed by the Grenoble¬ 
based company Crismatec (Saint Gobain Group), the 
crystal bar is cut up into fine slices around one millime¬ 
ter thick, each of which is optically polished. A saturable 
absorbent (YAG crystal doped with quadrivalent 
chrome Cr4+) is deposited by liquid-phase epitaxy on 
the slice of amplifying crystal so that it can generate 
pulses in Q-switch mode. 

The next step involves polishing the rear face to elim¬ 
inate the deposit. The YAG crystal is inserted into a cav¬ 
ity and mirrors are placed directly by thermal evapora¬ 
tion or physical vapor deposition. One of the mirrors will 
be transparent to a wavelength of 0.808 pm to let the 
pumping beam through, but will reflect the full laser 
beam generated at 1.064 pm. The other mirror is par¬ 
tially transparent at 1.064 pm, while reflecting the 
pumping beam. The operation supplies between 200 and 
300 YAG microlasers. 
A laser diode is mandatory for pumping when YAG 

microlasers are used in telemetry. Pumping can be indi¬ 
rect, using a pigtail-type optical fiber of one or two me¬ 
ters, or indirect with or without a microlens. Sfim ODS’s 
lasers are able to emit continuously or in pulsed Q-
switch mode. The continuous YAG microlaser is dedi¬ 
cated to interferometry or spectroscopy applications. It 
emits a beam of 10 or 50 mW in the near infrared spec¬ 
trum (1.064 pm). According to Jean-Pierre Herriau, 
sales manager at Sfim ODS, “the new developments will 
make it possible to clear the 100-mW mark.” 

Possible applications other than laser telemeters in¬ 
clude lidars, the marking and treatment of materials 
with the highest levels of infrared energy, and the align¬ 
ment and plotting after frequency is doubled using a 
KTP crystal. 

For additional details concerning the lasers, contact 
Jean-Pierre Herriau, Sfim ODS, 14, rue Paul Dautier, 
78941 Velizy, France; phone: (33.1) 34 63 39 37; fax (33.1) 
34 6339 06. RE 

Data-Storage Technology Is Focus 
Of Joint Development Agreement 

I mation Corp, Oakdale, Minn., and TeraStor Corp., San Jose, Calif., shook hands on a joint venture to de¬ 
velop media for a new class of rewritable mass stor¬ 

age based on TeraStoFs breakthrough Near Field Re¬ 
cording technology. According to Imation, Near Field 
Recording creates a new category of multipurpose 
mass-storage technology, leveraging a combination of 
hard-disk and optical technologies. 

Significant improvements are expected in perfor¬ 
mance, a ten-fold capacity advantage, and a lower-
cost -per-gigabyte than current storage options. 
Other advantages of using Near Field Recording 
technology are that it builds on existing removable 
hard disk (HDD) and magneto-optical technologies, 
and that it delivers random access performance. Fur¬ 
thermore, the technology isn’t constrained to only 
fixed or rigid media; and it’s form-factor-, platform-, 
and operating-system-independent. 

Near Field Recording technology combines three 
patented technology advances. First, there’s the “flying 
head,” which is a modified version of the flying 
read/write head found in conventional hard-disk drives. 
The head flies at a controlled distance over the record¬ 
ing media, thus eliminating the cost of a servo system 
for focus. The “solid immersion lens,” the optical ele¬ 
ment in the head that’s closest to the media, signifi¬ 
cantly reduces the magnetic bit cell size, which in¬ 
creases recording density. And “first surface 
recording” material on the surface of the substrate, and 
then recording on that “first” surface. With this ability, 
lower-cost substrates can be used, and higher areal 
densities are achievable. 

According to Imation, the anticipated capacity and 
performance characteristics of Near Field Recording 
technology would make it ideal for business customers 
who manage local-area and enterprise networks con¬ 
necting end users of PCs and workstations. At the same 
time, the technology should be competitive with other 
solutions for the desktop user. 
F or further information, call Imation at 1 (888) 466-3456, 

or surf into the company’s web site at: http://www.ima-
tion.com. TeraStor can be contacted at (408) 324-21 10; fax 
(408) 324-2143. RE 

Edited by Roger Engelke 
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f you think a power- V. 
hungry device isn’t hard 
on your system, think again. 

Sure, you know some 
architectures run a little hotter than 

> And that means less than^R^Ä|^^^^R 
half the power dissipation of ' ■ ’'SlUw 

the competition, with 20 times the reliability. 
No ifs, ands, buts or maybes. Because in this business, 

others, but with the right heat sink, a couple 
of fans and a slight package modification, you'll 
probably be OK... Maybe. But we don't think 
"maybe" is quite good enough. That's why we 
invented the XC4000XL. The industry’s first high-
performance 3.3 volt, 0.35 micron FPGA. 

Featuring 10 family members ranging in 
densities from 5,000 to 85,000 gates (or 150,000, 
depending on who s counting), the XC4000XL is 
based on our proven low power "segmented" 

the success or failure of a system's performance can be 
measured in degrees. Literally. And when a device 
draws too much power, your system suffers, in both 
performance and reliability. So, don't get burned by 
power hungry PLDs. 

Cail your nearest Xilinx distributor or stop by our 
website at www.xilinx.com. and learn more about the 
XC4000XL 

We'll show you just how ✓ / success 
cool an FPGA can really be! made 

simple. 

HAMILTON H A I l M A R K 

1-800-605-3294 Ext. H458 
www.hh.avnet.com/xlnxgate.html 

marshall 
1-800-877-9839 Ext. 3121 

www.marshall.com 

Insight 

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

1-888-747-NUHO 
www.nuhorizons com 

JI XILINX 
The Programmatic Logic Company5* 

Dnve. San Jos CA 95124 Europe 44(932)344«. 3297-9191. Asia (852) 2424 5200 Xilinx is a registered trademark of Xilinx, 'ne 
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ispDS+ Explore Tool 
The Explore tool automatically 
optimizes performance and 
logic fit for your design. 

ISP Daisy Chain Download 
Lattice ISP Daisy Chain Download 
programming software allows you 

to concurrently program up to 
100 devices in-system. 

ispDS+ Pin Assignment 
With the ispDS+ graphical 

Pin Edi'or. quickly lock signals 
to specific device pins. 

Logic Synthesis 
Lattice’s ispDS+ Fitter is 

optimized to give the best VHDL 
and Verilog design realization. 

Catapult your next design to a higher-level of performance and 
utilization. Call us today at 1-888-ISP-PLDS and ask for information 
packet 332 or visit our web site at www.latticesemi.com. 

Copyright ©i997.Lattice Semiconductor Corp. ispLSi is a registered trademark of Lattice Semiconductor Corp. ISP and ispDS+ are trademarks of Lattice Semiconductor Corp. 
All brand or product names are trademarks or registered trademarks of ther respectare holders 

Corporate Headquarters: Tel (503 1 681-0118. Fax (503) 681-3037 • France: Teh (33) 1 69 33 22 77. Fax: (33) 1 60 19 05 21 • Germany: Tel (49) 389-31 7-87-810. Fax: (49) 089-317-87-830 
• Hong Kong: Tel (®2) 2319-2929, Fax (852) 23ÍB-275O • Japan: Tei: (81 ) 3-5820-3533. Fax (81) 3-5820-3531 «Korea: Tel (822) 583-6783. Fax (822) 583-6788 
• Sweden: Tel: (46) 3-601-2929. Fax: (46) 8-601 -2«J28 «Taiwan: Tel. (8862) 577-4352. Fax (8862) 577-0260 • United Kingdom: Tei (44) 1932 831180. Fax: (44) 1932 831181 

Launch Your HDL Designs 
With The Power of Lattice ispDS+. 

: : " : : Semiconductor 
• ■ ■ ■ ■ Corporation 

The Leader in ISP " PLDs 

ispDS+ Timing 
Analyzer 

Lattice’s Static Timing Analyze 
disalays pin-to-pin path 
delays in an easy-to-read 

spreadsheet format. 

Unleash the power of your VHDL and Verilog-HDL designs with Lattice’s ispDS+ logic design tools. 
Latticed new ispDS+ HDL synthesis-optimized logic fitter is specifically designed for use with your existing 
third-party design tools to get the most out of your logic designs. 

Viewlogic, Synplidty, Cadence, Mentor Graphics, Synopsys, Synario, OrCAD... all popular CAE tools 
are supported by Lattice’s powerful software. With the ispDS+ tools, you’ll be up-to-speed in no time and 
maximizing the performance and utilization of your HDL designs. 

Call 
1888-4SP-PLDS 

Fora Free 
ispDS+ System 

Test Flight 

vE- ¿arrice 'sp 

Lattice’s ispDS+ development system has it all... the best logic fitter, powerful Timing 
Analyzer, graphical Pin Editor, design Explore Tool, and much more. And it supports 
the World’s Fastest PLDs—Lattice’s ispLSi® families of in-system 
programmable CPLDs. Choose from over 250 device densities, speed 
grades, and package options... available now! Lattice 
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TECHNOLOGY BREAKTHROUGH 

Synthesis Technology Migrates Towards 
The High-End Design Environment 

Since its inception and implementa¬ 
tion, synthesis has worked to dra¬ 
matically shape the face of the 

Electronic Design Automation (EDA) 
industry, propelling designers into a 
world of test vectors and iterations. In 
fact, synthesis technology has virtu¬ 
ally revolutionized the design para¬ 
digm, becoming synonymous with de¬ 
sign and enabling a more automated 
approach. Little about the technology 
has changed over the years, and, in 
truth, nothing really needed to 
change. The technology worked well 
for chips on the order of 5000 to 30,(XM) 
gates. But with the advent of deep-
submicron (DSM) designs, its ability 
to be used, as is, in high-end designs 
has come into question. 

Ambit, Santa Clara, Calif., recog¬ 
nizing the need to find a way for syn¬ 
thesis to be migrated into the cutting-
edge designs of tomorrow, has 
developed a number of technologies to 
pick up where the traditional synthe¬ 
sis methodology and its increasingly 
apparent limitations have left off (see 
the figure). In particular, the com¬ 
pany’s attempts at a synthesis tech¬ 
nology espouses a three-fold ap¬ 
proach: a pin-based timing analyzer, 
new technology mapper, and an innov¬ 
ative modular and programmable ar¬ 
chitecture. The benefits of this tech¬ 
nology coupling are substantial, 
giving a five times improvement in 
capacity; reducing the time spent in 
synthesis phase by half; and for a 
given area, at least 10% better quality 
of timing results. 
As gate counts near the 100,000 -

200,000 mark, many difficulties with 
traditional synthesis methodology 
have come to light. At this magnitude 
of gate counts, chip integration, 
achieving desired chip performance, 
and modeling DSM technology accu¬ 
rately, can be formidable tasks. Addi¬ 
tionally, there are the endless itera¬ 
tions needed through the synthesis 
and layout processes. And, with high 
gate counts, the timing analysis virtu¬ 
ally breaks down. Today’s designer, 
forced to work under pressure from 
shorter design cycles and time-to-
market goals, simply doesn’t have the 
time, or the resources, to make tradi¬ 

tional synthesis techniques work in a 
cutting-edge, DSM world. Com¬ 
pounding all of these problems is that 
constraint management through hi¬ 
erarchy and time budgeting is still 
done manually. 

In part, the difficulties arise be¬ 
cause at the heart of traditional syn¬ 
thesis is a combined algorithmic and 
rule-based technology mapping ap¬ 
proach that is unable to work with 
very big library elements. The over¬ 
all effect of this approach, coupled 
with its strict, serial-format imple¬ 
mentation, is that it can be cumber¬ 
some to use on large designs, thereby 

necessitating large run times. In con¬ 
trast, Ambit’s newly developed tech¬ 
nology mapper is based on a parallel 
algorithm approach using a Boolean, 
as opposed to a tree-based, algo¬ 
rithm. Multiple choices of design 
types and performance goals are 
evaluated in parallel. The algorithm 
with the best improvement or imple¬ 
mentation wins. 

Because the technology mapper can 
evaluate all possible implementation 
choices in parallel, it is much quicker 
than traditional synthesis technology. 
And, since it can map to much bigger 
cells, the quality of the design is bet¬ 
ter. An added benefit is that its solu¬ 
tions are more predictable, due to the 
fact that it allows for an accurate con¬ 
vergence of mapping results. Conse-
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Traditional synthesis technology faces a number of limitations that make it difficult to migrate 

into a high-gate-count, deep-submicron-design environment. The hierarchical synthesis 

technology proposed by Ambit, on the other hand, is specifically intended for use in cutting-edge 

designs, and can be easily implemented into the current design methodology. It significantly cuts 

the number of design iterations and speeds the synthesis process. Rather than endlessly 

tweaking a design, Ambit's design approach is direct— write RTL, specify constraints, then push 

a button. To accomplish this task, a number of technology advances, such as the pin-based timing 

engine, and hierarchy capability, needed to be developed. 
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TECHNOLOGY BREAKTHROUGH 

quently, as constraints get tighter 
there is a better margin of improve¬ 
ment. And, small changes in the con¬ 
straints do not cause wild swings in 
the synthesis results. 

Since the parallel-algorithm tech¬ 
nology mapper does not maintain a 
cumbersome rule set, faster run 
times can be achieved. The technol¬ 
ogy offers a less stringent code re¬ 
quirement, as well. Larger cells, an 
8:1 multiplexer, for example, can be 
located in the middle of a design, 
without setting special optimization 
switches, or using any special pro¬ 
grams in the source code. The use of 
an algorithmic approach during the 
optimization process also means 
there is less memory consumption 
because the number of iterations is 
substantially decreased. 

Until now, traditional timing-analy¬ 
sis tools have been path based. With 
this approach, a path-based algorithm 
must update the timing for an entire 
path each time a gate structure is 
changed at any point in a path. 

In sharp contrast, Ambit has de¬ 
veloped a pin-based technology ap¬ 
proach in which all necessary timing 
information is kept at every point 
within the netlist, and at every pin in 
the design. For each net, the informa¬ 
tion is stored both at the driving pins 
and the receiving pins to allow cor¬ 
rect modeling of wire delay. With this 
approach, individual parts of a design 
can be extracted from the total de¬ 
sign for timing analysis. Since accu¬ 
rate information comes with each 
part of the design, the analysis can be 
completed using accurate informa¬ 
tion, as opposed to guestimations of 
the correct information. 
As a unique feature of the pin¬ 

based design, netlist alterations can 
be performed incrementally, thereby 
allowing analysis of large designs in a 
short time. For example, when a gate 
is resized, the timing information is al¬ 
tered only at the pins within the gate’s 
immediate scope. In addition, queues 
are maintained in the data structures 
that indicate additional nodes that are 
out of date. Those nodes are updated 
only if they are involved in further op¬ 
timization operations. 

The pin-based timing-analysis en¬ 
gine offers a number of benefits over 
the more traditional path-based ap¬ 
proach, including improved timing and 

accuracy. In fact, it allows million-gate 
designs to be timed using moderate 
CPU and memory space. And, due to 
its high accuracy (roughly 99%) during 
timing optimization, correct gate se¬ 
lection, gate sizing, and buffering is 
guaranteed. The pin-based technol¬ 
ogy also is an order of magnitude 
faster than the path-based techniques 
currently in use. 
Two additional technology ad¬ 

vances, accurate exception characteri¬ 
zation of false paths and multicycle 
paths, and automatic converging time 
budgeting, are incorporated into the 
pin-based timing-analysis approach. 

Characterization refers to the 
process of extracting timing con¬ 
straints for a subdesign given a 
mapped netlist. The difficult part of 
this task is being able to accurately 
predict path exceptions such as false 
paths or multicycle paths. Tradition¬ 
ally this characterization has been 
done using a path-based approach, 
meaning characterization of path ex¬ 
ceptions is often random. 

To deal with this limitation, de¬ 
signers typically include path excep¬ 
tions in the lower module time bud¬ 
gets. This inclusion is done manually. 
With this approach, exceptions can 
be easily tracked. Individual tags are 
kept for each exception source point. 
For example, at a point where two 
exceptions converge, each one is kept 
as an individual tag. With the extra 
tags for path exceptions, the charac¬ 
terization of the convergent point is 
completely accurate. 
A pin-based timing-analysis ap¬ 

proach also allows for accurate time 
budgeting. Traditionally, the time bud¬ 
get is distributed between combinato¬ 
rial logic in multiple pieces of hierar¬ 
chy. Using a proprietary, budgeting 
technology algorithm to distribute de¬ 
lays, this process can be fully auto¬ 
mated. It does this by initially gener¬ 
ating a first-pass netlist using a 
default budget, that would, for exam¬ 
ple, use a 50% duty cycle on all module 
inputs and outputs. Once completed, 
an automatic timing budgeter would 
distribute the delays through the de¬ 
sign’s hierarchy. 

Another innovative technology ad¬ 
vance developed by Ambit is a fully 
programmable, modular architecture 
that supports multiple, simultaneous 
delay calculators such as linear and 

nonlinear, DCL, and user-defined. 
With this type of architecture, the 
designer can create design-indepen¬ 
dent custom optimization tech¬ 
niques. Designers also can write a 
generic transform for the design, to 
make the appropriate netlist alter¬ 
ation and improve the quality of re¬ 
sults on the chip. The transform can 
then be applied to future designs for 
consistent results. 

Programmability of the synthesis 
technology implementation is possible 
because the architecture’s environ¬ 
ment is built around the standard pro¬ 
gramming language, TCL. With pro¬ 
cedures and built-in functions, long 
complex scripts in older languages can 
be quickly rewritten, without having 
to depend on outside tools such as 
perl. In addition, the TCL capability 
allows the use of either customized or 
off-the-shelf optimization techniques. 

The synthesis technology, proposed 
by Ambit, also is unique in that it is 
truly hierarchical—able to work on hi¬ 
erarchical designs, and not just indi¬ 
vidual modules. With a new hierarchy 
constraint-management technique in 
which constraints do not need to be re¬ 
peatedly applied, the synthesis tech¬ 
nology is able to accommodate the 
needs of million-gate designs with 
minimal intervention. 
By comparison, using traditional 

synthesis techniques, a design must 
be broken down into modules. The 
individual modules are each synthe¬ 
sized, then integrated back together. 
The integration is dictated by a set of 
constraints applied to every level of 
the hierarchy. At this point, the de¬ 
sign, now in the form of a chip, is run 
through a time-consuming, static 
timing analysis. During this time the 
designer is forced outside the native 
synthesis static-timing tool for chip¬ 
level sign-off. 

With Ambit’s utilization of an opti¬ 
mization technique with a capacity 
significantly larger than traditional 
synthesis technology, static timing 
analyses run times are an order of 
magnitude faster. This allows the na¬ 
tive synthesis tool to be a static timing 
sign-off engine for a large chip. 

For more information, contact, 
Ambit Design Systems, 2933 Bunker 
Hill Road, Suite 215, Santa Clara, 
CA 95054; (408) 566 8000. 

Cheryl Ajluni 



to* 

When It Comes to SPLDs, Atmel 
HAS YÒU COMPLETE L,Y ÇÒ VERED . 

ATMEL OFFERS HUNDREDS OF SPLD 

TYPES IN 16V8, 20V8 AND 22V10 

CONFIGURATIONS IN A BROAD RANGE 

OF SPEEDS, PACKAGES AND POWERS. 

Your job will get easier, and your 
company will get to market faster and 
be more profitable, by taking advantage 
of Atmel's short lead times and low 

power—you'll find we have 
the lowest available, as well 
as speeds that complement 
your most advanced designs. 

Get ultra-small and thin 

TSSOF packages, and 
extraordinary L and Z 

performance for power 
savings and extended 
battery life. 

We come by all this honestly—E2 is 
our core technology; we own our own 
fabs, and we produce some of the smallest 
dies in the industry. This means we can 

Speed in nanoseconds 

cost. And Atmel's tremendous variety 
of SPLDs means you can get exactly 
the right part for the application. For 
example, choose from packages like our 
ultra-small and thin TSSOP. Or compare 

treat you as well 
in the future as we 
do today. 
Call 1-800-365-3375 

to get our new Configurable Logic Data 
Book. And to begin a relationship with 
a company committed to serving your 
programmable logic needs for the 
long haul. 

¿miel 
E-MAIL: literature0atmel.com 
CAX ON DEMAND: 
¡800) 292-8635 (North America) 
POQ 441 -0732 (International) 
WEH SITE: www atmel.com 
CORPORATE HEADQUARTERS: 
2325 Orchard Parkway, San jose, CA 951 JI 
TEL (403) 441 031 1 FAX: (408) 487-26C0 
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Siemens Matsushita Components 
COMPONENTS 

SAW filters 
that span the globe 

When you come to us with a need for 
SAW filters, you can be designing into 
DECT, GSM, PCN, PCS, AMPS, CT, 
ISM, PHS, PDC or IS 54 ... After all, with 
the broadest SAW selection worldwide, 
we've got the right RF and IF solution for 
every mobile communication standard. 

Broadcast standards 
aren't likely to throw us 
either, no matter what 
letter of the alphabet, 
terrestrial, satellite or 
cable. Our SAW filters 
can handle them all. For 
perfect conditioning of 
picture and sound in 
TVs and videos, DAB 
and DBS receivers. 

Section of a wafer for 
a low-loss filter. 

Not forgetting our own standards -
excellent performance and quality, 
surface-mount designs, compact plastic 
or metal packages. Plus a Singapore¬ 
based SAW design center for close-up 
support in Asia-Pacific. 

For SAWs that match your standard, 
write us at 

Siemens Components. Inc. 
Special Products Division 
186 Wood Avenue South 
Iselin, New Jersey 08830-2770 
Fax (908) 632-2830 

Or look into our SAWs on Internet at 
http://www.siemens.de/pr/index.htm 

Designing the Future -
Siemens Matsushita Components 
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Design 
Engineering Bulletin 
New Product and Applications Information for Design Engineers 

High Speed 64K Bit E2PROM With 
Segmented Write Lock Out 

Speed Up Sys 
Programming 

• 60ns access supports higher performance 
• Toggle Bit Polling for early end of write detection 
• Page mode write allows up to 128 bytes to be 

written in one write cycle 

Minimize Chip 
and Save Board 

• Single chip memory system, 
No external glue logic needed 

Xicor and Block Lock ore registered trademarks of Xicor, Inc. Intel is a registered trademark of Intel, Corporation. 

World Wide Web: http://www.xicor.com 
Corporate Headquarters: Phone (408) 432-8888, Fax (408) 432-0640, Attn: Marketing Literature Dept. 

For further information on these products, please use the publication's reader service number or contact one of the nearest sales offices listed below. 

U.S.: Northeast Region: Phone (617) 899-5510. Fax (617) 899-6808 Southeast Region: Phone (407) 740-8282. Fax (407) 740-8602 Mld-Atlantlc Region: Phone (203) 743-1701. Fax (203) 794-9501 
North Central Region: Phone (630) 372-3200, Fax (708) 372-3210 South Central Region: Phone (972) 669-2022, Fax (214) 644-5835 Southwest Region: Phone (714) 752-8700. Fax (714) 752-8634 
Northwest Region: Phone (408) 292-2011. Fax (408) 980-9478 Internotionnl: North.™ tunp: Phone (44) 1993.700544. Fax (44) 1993.700533 Central Europe: Phone (49)89/461 .0080. Fax (49) 89/460.5472 
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Tech Insights 
Design Techniques And Communications 
Advances Take 

1997 CUSTOM INTEGRATED CIRCUITS 
CONFERENCE (CICC) TECHNICAL PROGRAM 
Education sessions 
• IC design • Wireless IC design • Interconnects and Spice modeling 

Monday, May 5 
8:00 a.m.-5:00 p.m. 

Tuesday, May 6 
8:00-9:30 a.m. 

used to create the next 
generations of analog and 
digital circuits (see the table). 
The Keynote presentation 

by Dr. Henry Samueli, 
cofounder and vice president 
of Broadcom Corp., examines 
broadband communications 
ICs and how they will enable 
wide-area networking in the 
21st century. Nearly a third 
of the technical presentations 
will address all types of 
communications such as RF 
wireless, telecommunications, 
and data communications, and 
one of the three evening 
panels will also focus on RF 
IC design. The focus on 
communications is a major 
change from past CICCs, 
demonstrating the impact 
communications is having on 
the overall industry. 
For conference regisgtration, 

contact CICC, 101 Lakeforest 
Blvd., Ste. 270, Gaithersburg, 
MD 20877; (301) 527-0902 
(ph); (301) 527-0994 (fax); 
http://ieee.org/conference/cicc. 
For hotel reservations, call 
(408) 986-0700. 

he 19th Custom Integrated Circuits Conference (CICC), to 
be held May 5-8 at the Santa Clara Westin Hotel and the 
Santa Clara Convention Center in Calif., provides a 
multifaceted demonstration of the latest design techniques, 
circuit architectures, advanced processing, design tools, 
and test techniques for custom ICs. This year, 24 technical 

session will cover analog technology, data communications, data 
processing, multimedia, low-power design techniques, RF circuit 
design, design tools, and many other topics. Four tutorials, three panel 
sessions, as well as several exhibitor marketing sessions in addition to a 
general exhibition that runs concurrenly with technical paper sessions, 
round out the program. 
Opening the conference will be a quartet of educational sessions on 

Monday, May 5. These tutorials provide backgrounders on Advanced 
Interconnects, Design and Analysis of Submicron ULSI Interconnects, 
MOSFET Modeling and Spice, and On-Chip ESD Protection 
Techniques. Technical paper presentation sessions will provide 
designers with a full palette of technology developments that will be 

Session 1 
Keynote address 

Broadband Communications ICs: Enabling wide-area networking into the 21st Century 

The Spotlight At 
CKC97 

10:00 a.m.-Noon 

: 11 Æ ä ! 

Session 2 
Data transmission 
and equalization 

Session 3 
IC reliability 

Session 4 
Keeping in synch: 
PLLs and their 
application 

2:00-5:00 p.m. Session 5 
Analog techniques 

Session 6 
Core-based chip 

design 

Session 7 
Clocking and 
low-power 

methodologies 

Session 8 
Analysis for deep 

submicron 

Wednesday, May 7 
8:30 a.m.-Noon 

Session 9 
RF IC technology 

Session 10 
Analog and digital test 

Session 11 
Audio and video 

DSPs 

Session 12 
Circuit techniques, 
image storage and 

processing interfaces 

2:00-5:00 p.m. Session 13 
Data converters 

Session 14 
Digital 

communications 

Session 15 
Library design and 

modeling 

Session 16 
RF modeling and 

simulation 

8:00-10:00 p.m. Session 17 
Panel discussion: 
“Smith chart meets 

Spice," a CAD 
nightmare in RF IC 

design 

Session 18 
Panel discussion: 
What should it cost 
to test your chip? 

Session 19 
Panel discussion: 

Fab capacity: 
Estimating the market 

Thursday. May 8 
8:30 a.m.-Noon 

Session 20 
Wireless ICs 

Session 21 
Fab technology for 

wireless applications 

Session 22 
DSP for 

communications and 
networking 

Session 23 
Power, interconnect, 
and noise analysis 

2:00-5:00 p.m. Session 24 
Radio circuit design 

techniques 

Session 25 
Innovations in 

programmable device 
architectures 

Session 26 
Physical design 

automation 

Session 27 
Low-power, 

low-voltage circuits 
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TECH INSIGHTS 
CICC PREVIEW 

Core-Based Design Leads The Way 
To Flexible System Solutions 
Multiple Design Approaches Come Together At CICC To Build 
High-Performance, Low Power Digital Circuits. DAVE BURSKY 

Time-to-market issues have figura¬ 
tively pushed designers’ backs to 
the wall, demanding previously 

unheard of turn-around time deadlines 
that just a few years ago were thought 
to be impossibly short. One key aspect 
that has helped to reduce the design 
cycle is the reuse of circuit functions 
from one chip design to another. The 
reuse of intellectual property (IP) has 
become a new aspect of custom circuit 
design—designers are not only craft¬ 
ing their circuits more modularly so 
that sections can be split off and used in 
other designs, but blocks are being de¬ 
signed elsewhere where they can be 
imported and incorporated into any 
company’s current design. 

At the upcoming Custom Inte¬ 
grated Circuits Conference (CICC), a 
full session and papers scattered in 
other technical presentation sessions 
highlight some of the core-based and 
building block developments that will 
make designing the next generation of 
chips much quicker and easier. In Ses¬ 
sion 6, for example, all the papers are 
devoted to core-based design ap¬ 
proaches, with the lead presentation 
by the Alta Group of Cadence Design 
Systems Inc., Sunnyvale, Calif., exam¬ 
ining the use of virtual prototyping to 
speed circuit development (paper 6.1). 
By assembling blocks of IP and even 
representations of physical structures 
such as a control panel, simulations 
can be done to validate the architec¬ 
ture or functionality of the system. 

However, as the author, James 
Rowsen, pointed out, verification is 
one of the most difficult design prob¬ 
lems today due to the limited amount 
of computer horsepower available, 
and the limited ability to accurately 
model many aspects of a design. But 
the problem can be made more 
tractable by splitting verification into 
a set of independent tasks, which can 
then be executed on different engines 

or going to more optimized algorithms 
for evaluation. 

Exploring Design Space 
Examining the hardware and soft¬ 

ware partitioning for the modeling of a 
design, researchers from Ecole Poly¬ 
technique of Montreal, Quebec, 
Canada, and Mentor Graphics Corp., 
Wilsonville, Ore., detail a 

hardware/software partitioning ap¬ 
proach based on a new use of hierar¬ 
chical modeling. In a typical codesign 
process, the input is the system model 
specified as a set of blocks or opera¬ 
tions with all their interdependencies. 
The input language can be an HDL or 
a programming language. The model 
is then partitioned to assign input 
blocks to hardware or to software, 

I. By enhancing the typical codesign methodology through the addition of multiple partitioning 

stages to more efficiently explore the design space, the scheme developed by the Ecole 

Polytechnique of Montreal and Mentor Graphics provides a means to better analyze the design 

alternatives and find the most optimal solution. 



Some Rail-To-Rail Op Amps 
Merely Drive Loads. 

Ours Are Designed To Drive Markets. 

At just 25 the new 
AD853x family is priced 
a lot like other rail-to-rail 
amps, but it delivers so 
much more. 

For starters, there’s output 
drive - a full 250 mA peak. 
Plenty for driving either 
resistive or capacitive 
loads, which means faster 
modems, sharper LCD 
screens and higher 
quality speaker sound. 
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Volum« 

High Speed Performance With Low Input 
Current And Low Distortion. 
As for performance, the AD8531 single, AD8532 
dual and AD8534 quad have it all. Bandwidth 
of 3 MHz. Slew rate of 5V/psec. Low distortion, 
too. Plus a low supply current of just 750 pA 

No wonder the AD853x family has already 
been designed into modems, cameras 
and computers by companies like 
U.S. Robotics, Olympus and Sharp. 

So before you settle for any old op 
amp, take a look at what’s new 
from Analog Devices. You 
just might be surprised by the 
price of our performance. 

For immediate delivery of samples and information 
call 1-800-ANAL0GD (262-5643) and mention ad 
code 3064. For data sheets dial AnalogFax® at 
1-800-446-6212 (Faxcode 1980) or visit us on 
the World Wide Web. 

> Quad: AD8534 
■ Dual: AD8532 
• Single: AD8531 - “ 

use it to buffer CMOS DACs, ASICs or other 
rail-to-rail output swing devices. 

(per amplifier @5V) that 
makes it perfect for portable 
applications. Or to drive a 
high current load in a low 
current application. 

Ideal For Applications With 
Wide Output Swings. 

In Thanks to the rail-to-rail 
A\ design, these specs are guar-
Hà anteed. Period. Whether 

you’re operating from a 
+3 V supply, a +5 V 

■ supply, or anything in 
between. So you can 

□ ANALOG I 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 100,000s, per amplifier of the AD8534 quad, recommended resale, FOB U.S.A. 

READER SERVICE 196 



TECH INSIGHTS 
CICC PREVIEW 

2. An enhanced logic cell (a) developed by Actel for use in a high-density sea-of-modules architecture can map over 4000 useful logic functions. An 

accompanying flip-flop cell (b) includes Preset and Clear inputs as well as multiple control inputs that can configure the circuit to meet the user's needs. 

guided by a cost function that takes 
into account the estimated perfor¬ 
mance for both hardware and soft¬ 
ware and the communication over¬ 
head (Fig. 1). 

The improved scheme developed by 
the researchers allows a more efficient 
exploration of the design space by en¬ 
hancing the classical process with a 
range of abstraction levels such that 

level to allow the designer to start 
with an input behavior at the process 
level, codesign it, and if the perfor¬ 
mance constraints are not satisfied, 
select a deeper level of granularity to 
increase the number of basic blocks. 
When creating models of IP blocks, 

defining the timing abstraction model 
is one of the more-difficult tasks. In 
paper 6.3, Cadence Design Systems, in 

conjunction with the University of 
Michigan, Ann Arbor, examines a 
methodology for creating timing mod¬ 
els of large blocks (>5000 transistors) 
through the use of static timing analy¬ 
sis. The methodology captures the 
block’s propagation delays and the 
slew rates at its outputs. More impor¬ 
tantly, the scheme abstracts all the in¬ 
ternal setup, hold, and loop constraints 

each level provides a new 
model, in terms of complexity, 
for the same input system. 
F our modeling techniques are 
used: Finite state machines 
for control and communica¬ 
tion systems, flowgraphs and 
trees for DSP applications, 
communicating processes for 
concurrent systems, and ob¬ 
ject-oriented models for soft¬ 
ware applications. 

Furthermore, based on 
the granularity of the model¬ 
ing techniques, two classes of 
models are available—those 
that consider the input sys¬ 
tem behavior only at the op¬ 
eration level, and those that 
consider the input system be¬ 
havior only at the process or 
functional-block level. The 
new modeling system em¬ 
ploys a variable granularity 

To external To other Iield-programmabl e 
memory systems-on-chips 

3. A merging of CPU, programmable logic, and configurable analog 

circuits let the researchers at SIDSA, Mikron, the University Politécnica 

de Catalunya, and the Universidad de Seville create a true field-

programmable system-on-a-chip that can accept analog or digital inputs 

and deliver analog or digital results. 

of the block. By using all the 
abstracted information, an ac¬ 
curate block timing model can 
be created and used to repre¬ 
sent the block’s temporal be¬ 
havior. 

Lastly, in paper 6.4, several 
perspectives of the recently 
initiated Virtual Socket In¬ 
terface Alliance (VSIA) will 
be presented by Laurence 
Cook of Toshiba America 
Electronic Components Inc., 
San Jose, Calif. The VSIA’s 
goal is to level the playing 
field of ASIC vendors by 
defining a common set of in¬ 
terface standards for inte¬ 
grating virtual components 
(blocks of IP software, 
firmware, hardware) into 
system ASICs. By doing so, 
it will be easier for ASIC de¬ 
signers to obtain blocks of IP 



This industry Has Always 

Been About Upgrading. 



■ As one of the largest 

I suppliers of analog and 
I mixed-signal IC prod-

I ucts for military and 

I aerospace applications, 

I National Semiconductor 
knows the upgrade path 

as well as anyone. 

WHAT WE KNOW BETTER THAN 

ANYONE ELSE IS INNOVATION 
Innovation in system integration and design. Testing 

standards and reliability assurance. And oiganizational 

and partnership strategies that make for fast, effective 

product design, development, and delivery—whether 

“off the shelf’ or customized for your environment 

and application. 

With ample bandwidth for high-speed active filters, 

for example, our new CLC449 wideband current feed¬ 

back amplifier delivers the signal processing perfor¬ 

mance required in today’s Mil/Aero applications—along 

with excellent differential gain and phase values, wide 

dy-namic range, and a very low power consumption 

rate. 

And our new Low Voltage Differential Signal¬ 

ing, or LVDS, quad line driver-receiver devices offer a 

data-link solution for Mil/Aero applications such as tar-

SYSTEM 

INTEGRATION 

AND DESIGN 
At National, we have more 

than 30 years’ experience in 

analog and mixed-signal 

At National it's 
engineering. And 

we’re using our 

expertise in sys¬ 

tem design and 

integration to cre¬ 

ate innovative 

solutions for 

space, radar, com-

get tracking, video, and other point-to-point (<10m) 

data transmissions where both high speed and very 

low’ EMI are essential. Pin-compatible with lower-per¬ 

formance LS, FAST, and CMOS RS-422 components, 

National’s QML LVDS driver-receivers deliver band¬ 

widths up to 77.7MHz (155.5Mbps), faster switching, 

and low noise at supply currents as low as 25mA (dri-

munications, and other Mil/Aero applications—from ver) and 11mA (receiver). 

interface and logic design to amplifiers and multiplexers, 

H-bridge drivers, 

digital/analog con¬ 

verters, tempera¬ 

ture sensors, and 

more. 

SCAN: BECAUSE THERE'S NO 

ALTERNATIVE TO RELIABILITY 
To ensure that today’s Mil/Aero systems can be tested 

quickly and economically, National helped create the 

IEEE 1149.1 Standard for Boundary SCAN Test. 

Boundary SCAN addresses the physical access issues 

raised by today’s dense, complex circuit board designs 



and advanced packaging techniques. So the SCAN test 

strategy improves system fault coverage and improves 

test throughput, thus cutting test and development costs 

and improving time to market. National offers a wide 

range of SCAN products for Mil/Aero applications in 

both package and cell-based custom options. 

NATIONAL: MOVING TO 

THE NEXT LEVEL IN MIL/AERO 
In today’s Mil/Aero environment, meeting 

spec means more than simply upgrading. It 

Each partner brings its unique core 

competencies to CBU, offering Mil/Aero 

customers a complete range of design 

services, deep submicron development 

technologies, and advanced manufac¬ 

turing services for producing highly-

integrated system-on-a-chip 

custom CMOS solutions. 

National can accept designs at 

virtually any stage. But from 

netlist hand-off to prototypes, the CBU’s mis¬ 

sion is always the same: Provide “first-time” 

working silicon in less than 12 weeks. 

ABOUT INNOVATION. 

means improv¬ 

ing performance 

while reducing 

scale, and reach¬ 

ing the market 

faster than ever. 

And that takes 

CBU: FILLING THE GAP higher levels of integration, and truly forward thinking 

IN CUSTOMIZED ASIC DESIGN about design, development, and delivery strategies. 

To fill the technology gap in high-density semi-custom For all of the above, there is no better partner titan 

National. No one with our expertise in mixed-signal 

integrated system design, process technology, or 

tools. And no one with our commitment to creat¬ 

ing customized solutions to both technical and 

development problems. If you’re looking 

for the next level in Mil/Aero system 

design, not just the next upgrade 

path, look to National. 

ASICs and answer the unique design service and sup¬ 

port requirements of the Mil/Aero marketplace, 

we’ve formed the Customization Business Unit, or 

CBU. A partnership with Cadence Spectrum 

Design Services of San Jose, California, and 

Aspee Technology of Sunnyvale, California, 

the CBU operates as a single business 

unit headed by National. 

CBU Business Methodology 

For more info on Mil/Aero products contact us at: 
Call: 1-800-272-9959 EXT 773 

IN EUROPE: +49 (0) 8141 351492/5 
WEB: http://www.national.com/appinfo/milaero 

NATIONAL SEMICONDUCTORS, fl K. are trademarks of National Semiconductor Corporation. ©1996 National Semiconductor Corporation. All rights reserved. 



E
L
E
C
T
R
O
N
I
C
 D
E
S
I
G
N
/
M
A
Y
 
TECH INSIGHTS 

MPEG-2 
bitstream Video input 

4. The heart of a real-time MPEG-2 encoder/decoder chip (a) developed by Mitsubishi Electric consists of a 

pair of dual-issue RISC processor cores that operate at a 250 MHz clock rate (b). Each core includes 32-

kbyte instruction and data caches and employs a very-long-instruction-word architecture to allow the full 

encoder chip to deliver a peak throughput of 1 gigaoperation per second. 

CICC PREVIEW 

and import them into their de¬ 
sign. The scheme also will 
make it easier for IP providers 
to create and distribute new 
blocks/functions. 

Additional discussions of 
design library creation and 
dedicated building blocks are 
distributed throughout the 
conference, but Session 15 
clusters a number of such pre¬ 
sentations to discuss library 
design and modeling. In paper 
15.2, designers from Kyoto 
University, Japan, detail 
P2Lib, a process-portable cell 
library and the tools used to 
create the library elements. 
One distinctive feature of the 
library and tools is the ability 
to quickly characterize the 
timing and power dissipation 
of the blocks. The analysis is 
done with an analytic-oriented 
methodology in conjunction 
with circuit simulation tools for 
accurate characterization. 

Dynamic Logic 
Another tool developed by 

researchers at the Depart¬ 
ment of Electrical Engineer¬ 
ing at the University of Wash¬ 
ington, Seattle, employs a 
self-timed dynamic-logic struc¬ 
ture as the basis for creating a 
logic family. Detailed in paper 
15.3, the clock-delayed domino 
logic was developed to provide 
non-dual-rail gates with in¬ 
verting or noninverting out¬ 
puts. That makes the logic as 
easy to synthesize as static cir¬ 
cuits and allows synthesis tools 
developed for static circuitry 
to be readily usable on this 
logic. Synthesis tests performed using 
benchmark circuits developed by the 
Microelectronics Research Center of 
North Carolina (MCNC, in Research 
Triangle Park) yielded speed improve¬ 
ments of from 2.17 to 6.28, compared 
to their static-logic counterparts. 

Creating a logic model to better sim¬ 
ulate and then fabricate a circuit, de¬ 
signers at Toshiba America Electronic 
Components, San Jose, Calif., detailed 
a full-function Verilog model of the logic 
for a phase-locked loop (paper 15.6). 
While most other models bypass the 
actual phase-lock function, this model 

accurately represents all the major 
characteristics of a PLL and allows the 
simulation of the effects of actual filter 
elements. Furthermore, the model will 
provide accurate representations of 
clock deskew from a clock tree as well 
as model the synthesis of other fre¬ 
quencies from a clock input. 

Most of the library blocks created 
by the tools will be reused in various 
chips, possibly through the use of com¬ 
pilers that will custom configure a li¬ 
brary block the system under design, 
or in many cases, as a predefined block 
that will just be “dropped” in. One ex¬ 

ample, presented in paper 15.1, de¬ 
scribed a reusable embedded DRAM 
macrocell developed by designers at 
Lucent Technologies, Murray Hill, 
NJ. Another is a 16-by-16-bit left-to-
right carry-free multiplier presented 
as paper 22.7 by researchers from Lu¬ 
cent Technologies and Bell Laborato¬ 
ries, both of Allentown, Pa. The multi¬ 
plier block can operate at 200 MHz 
when fabricated using a 0.35-pm 
CMOS process and was developed as a 
building block for use in next-genera¬ 
tion digital-signal processors. Another 
block described in paper 12.5 covers a 
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SIEMENS 

"Honey, I shrunk the 
T1/E1 solution'.' 

Presenting the world's most 
space-efficientT1/E1 solution. 

When you see what we've squeezed 
onto the new FALC54 (PEB 2254), 
you'll be amazed at its tiny size. 

Integrated clock, framer, controller 
and more. 

In addition to its on-board line inter¬ 
face, the FALC54 also integrates a 
clock for enhanced reliability, a framer, 
an HDLC controller, deepTx/Rx FIFOs 
(64Bytes in each direction), and a 
16-bit CPU interface. Yet it 
comes in an 80 
MQFP package. 

Perfect with 
the MUNICH32. 

Ideal for internet¬ 
working 
the FALC54 also 
integrates seamlessly with our highly 
successful MUNICH32 communica¬ 
tions controller, which handles up to 
32 data channels. 

The FALC54. It's one more small 
example of how Siemens—a world 
leader in communications ICs— 
offers you the solutions you're 
looking for. 

Contact Siemens 
for your T1 
Reference design 
kit. Ask for 
Ext. 4, Lit. Pack 
#M12A042. 

FALC54T1 
Reference Design 
Application Note 

1-800-77-SIEMENS 
http://www.sci.siemens.com 

©1996 Siemens Components, Inc. 
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250-MHz dual-port cursor RAM de¬ 
veloped by Mitsubishi Electric Corp., 
Itami, Japan. 
One logic area that can quickly 

leverage the IP is the programmable 
logic arena, which takes the IP, syn¬ 
thesizes the required logic, and then 
configures the programmable chip to 
overlay that logic on its configurable 
array. To make it easier to assimilate 
more complex IP blocks, designers at 
the programmable logic suppliers are 
defining new base-array architec¬ 
tures. For example, in paper 25.1, de¬ 
signers from Actel Corp., Sunnyvale, 
Calif., have crafted a high-perfor¬ 
mance, high-density sea-of-modules 
architecture that takes advantage of 
the company’s novel metal-to-metal 
antifuse configuration elements. 

Able to implement arrays with den¬ 
sities of from 5000 to 200,000 gates the 
sea-of-modules approach includes an 
improved logic cell, a flexible intercon¬ 
nect architecture, and full-featured 
“fracturable” flip-flops that are inter¬ 
mixed with the logic cells. The cell is an 
enhanced version of the multiplexer¬ 
based cell used in the company’s previ¬ 
ous FPGA families (Fig. 2). Over 4000 
logic functions can be mapped into the 
cell, and several different hierarchical 
cell clusters are then built from the 
logic cells and the flip-flops. 

Another synthesis-efficient array, 
detailed by researchers from the Mi¬ 
croelectronics Group of Lucent Tech¬ 
nologies, Allentown, Pa., in paper 25.3, 
highlights architectural improve¬ 
ments over previous OrCA families 
that make the chips in the 3C/3T fam¬ 
ily friendlier to logic synthesis tools. 
The array architecture includes look¬ 
up table combinatorial logic, an abun¬ 
dant number of flip-flops, and PAL-
type decoder blocks, all grouped in a 
twin-nibble fashion. The basic pro¬ 
grammable logic cell contains a pro¬ 
grammable function unit (PFU) and a 
supplemental logic and interconnec¬ 
tion cell (SLIC). Together, they pro¬ 
vide a flexible building block that sup¬ 
ports typical glue logic and most 
common functions that make up be¬ 
havioral-level code, such as adders, 
subtractors, counters, accumulators, 
comparators, multipliers, and single-
and dual-port RAMs. 
A research project at the Depart¬ 

ment of Electrical and Computer En¬ 
gineering at the University of 

Toronto, Ontario, Canada, has led to 
the development of an FPGA architec¬ 
ture that employs cluster-based logic 
blocks to achieve a more area-efficient 
logic array. Detailed in paper 25.5, the 
cluster analysis assumes “n” basic 
logic elements in a cluster, with each 
element consisting of a 4-input look-up 
table, a D-flip-flop, and a simple output 
multiplexer. The study examines the 
optimization of the logic to determine 
the best number of logic elements to 
put into a cluster, the total number of 
distinct inputs that the programmable 
routing can provide to each cluster, 
and how those factors affect chip area¬ 
efficiency. As a result of the analysis, 
the researchers concluded that a clus¬ 
ter containing four basic logic ele¬ 
ments would be the optimal size. 
Low power consumption is the 

thrust of an FPGA family developed by 
Altera Corp., San Jose, Calif., and de¬ 
tailed in paper 25.2. Designed for 3.3-V 
operation, the FPGAs will offer capaci¬ 
ties of up to 130 kgates and employ 
some internal circuit tricks to deal with 
the interface requirements as system 
power supplies go from 5 to 3.3, and 
eventually, to 2.5 V. In a second presen¬ 
tation in the same session (paper 25.4), 
designers from Altera provided details 
of a 5000-gate complex PLD fabricated 
with electrically-erasable configuration 
elements and a configurable frequency 
multiplier that allows the chip’s inter¬ 
nal clock frequency to run at up to 140 
MHz, thus allowing the circuit to han¬ 
dle high-speed buses and other high-
performance system needs. The EEP¬ 
ROM-based configuration cells are 
programmed through a serial interface 
that also is capable of being used as a 
JTAG-compatible test port. 

Analog Goes Digital 
Although digital logic lends itself 

best to field configurability, many ana¬ 
log systems would love to have a field-
programmable analog circuit. Just such 
a development will be described in pa¬ 
per 25.6—a joint effort between de¬ 
signers at Motorola Inc., Tempe, Ariz., 
the University of Arizona, Tucson, and 
Pilkington Micro-Electronics Ltd., 
Cheshire, U.K. The array consists of a 
sea of switch-capacitor-based analog 
cells that is surrounded by configura¬ 
tion logic. Some RAM is local to each 
analog cell, and that memory helps con¬ 
trol the function of the cell. The analog 

array can be programmed to perform 
many of the routine tasks associated 
with control systems: Linear and non¬ 
linear signal processing capabilities to 
provide a wide range of waveform gen¬ 
eration functions, or various phase and 
magnitude characteristics. 

Offering mixed-signal capabilities 
along with an on-chip processor core 
and blocks of programmable logic, a 
novel chip developed by SIDSA, Par¬ 
que Tecnológico de Madrid, Spain, in 
conjunction with WML of Solihull, 
England, Mikron GmbH, Eching, Ger¬ 
many, the Universität Politécnica de 
Catalunya, Barcelona, Spain, and the 
Universidad de Sevilla, Spain will be 
detailed in paper 6.4. The chip contains 
a set of programmable and intercon¬ 
nectable analog cells, a block of pro¬ 
grammable logic, and an 8051-equiva¬ 
lent microcontroller core implemented 
with synthesis tools (Fig. 3). 

The FIPSOC (field-programmable 
system on a chip) project will rely on a 
fully-integrated design and prototyp¬ 
ing environment that is being devel¬ 
oped to configure and evaluate the cir¬ 
cuit. The tools must not only handle the 
logic configuration needs of the FPGA 
section, but the analog configuration as 
well, not to mention the programming 
needs of the 8051 microcontroller. The 
chip is fabricated using a 0.5-pm triple¬ 
metal CMOS process provided by At-
mel Corp.’s ES2 division in Europe. 
The configuration cells in the array are 
MOS transistor switches controlled by 
RAM look-up tables. 
The use of modular design tech¬ 

niques and reusable building blocks is 
fairly obvious in functions such as mul¬ 
timedia circuits, which often require 
“standard” functions such as multipli¬ 
ers, ALUs, and memory arrays. A 
real-time MPEG-2 encoder/decoder 
chip developed by Mitsubishi Electric, 
for example, includes dual, identical 
CPU cores on the chip along with dual 
32-kbyte caches and many other 
blocks needed to perform the MPEG 
encoding in real time (Fig. 4a). De¬ 
signers estimate that the chip is about 
20% smaller using the dual CPU ap¬ 
proach that if they were to have cre¬ 
ated a chip employing dedicated logic. 
The processor core consists of a 

250-MHz, dual-issue RISC CPU, a 
hardware block that decodes very-
long-instruction words for execution 
on the CPUs, a 64-word-by-32-bit gen-
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eral-purpose register file, an integer 
unit with ALU, a pipelined 32-bit mul¬ 
tiplier, and dual 64-bit accumulators, 
and a memory unit that controls ac¬ 
cess to the caches (Fig. Jfb). When per¬ 
forming encoding, the chip employs 
both of the 250-MHz cores. The first 
performs the steps of coding mode de¬ 
cision, subtracting the previous frame, 
discrete cosine transformations, quan¬ 
tization, rate control, and scan. The 
second processor performs the IQ, in¬ 
verse DCT, and reconstruction steps, 
as well as system control tasks. Exter¬ 
nally, just some DRAM for the data 
buffering and a motion-estimation 
chip must be connected. 

On The Edge 
Eying visual communications, pa¬ 

per 11.2 describes the VLSI imple¬ 
mentation of a single-chip encoder/de-
coder developed by the Department of 
Information Systems Engineering at 
Osaka University, Japan. The circuit 
incorporates a new scheme for a de¬ 
tailed edge detector that can seek the 
horizontal and vertical edges simulta¬ 
neously, thus saving time. The circuit 
also can reuse the central processing 
element array for both the vector 

W 

quantization and motion estimation, 
thus reducing the amount of on-chip 
logic, and keeping the chip area to 
72.24 mm2 and the power consumption 
to just 147 mW when running at 10 
MHz. The chip can deliver QCIF im¬ 
ages (176 by 144 pixels) at 10 frames/s 
with a bit rate of less than 30 kbits/s. 

Tackling JPEG encoding and de¬ 
coding, researchers at Sanyo Elec¬ 
tric Co. Ltd., Anpachi-gun, Gifu, 
Japan, have a developed a compres¬ 
sion and decompression chip that can 
handle VGA-size images (640-by-480 
pixels) at up to 30 frames/s or handle 
still images with resolutions of up to 
2048 by 2048 pixels. In their presen¬ 
tation, paper 11.3, designers at Sanyo 
described the new JPEG compres¬ 
sion and decompression core that in¬ 
cludes the DCT and inverse DCT, a 
quantization and inverse-quantiza¬ 
tion block, and the Huffman 
coding/decoding block. Most of the 
blocks can execute in parallel, thus 
reducing the time needed to process 
the data—the chip can average one 
symbol per clock cycle. 

Discrete wavelet transforms will be 
the topic of paper 11.4 from the De¬ 
partment of Electrical Engineering at 

National Taiwan University, Taipei, 
Taiwan, R.O.C. The wavelet technol¬ 
ogy allows designers to implement a 
very efficient architecture for the one¬ 
dimensional discrete wavelet trans¬ 
form decomposition. The approach 
employs two stages of systolic decima¬ 
tion filter banks to guarantee a high 
throughput and optimal computation 
time. The wavelet technique decom¬ 
poses data into components of differ¬ 
ent frequencies, such that there is 
good time resolution at high frequen¬ 
cies and good frequency resolution at 
low frequencies. This approach is good 
for analyzing signals that have discon¬ 
tinuities or sharp spikes. 

Also in this session, a pair of pa¬ 
pers, one from NEC Corp., Tokyo, 
Japan, and another by Texas Instru¬ 
ments (TI) Inc., Dallas, (papers 11.5 
and 11.6, respectively) spell out in de¬ 
tail different approaches to audio de¬ 
coding functions for Dolby AC-3 and 
MPEG playback. The NEC effort led 
to the creation of a building-block 
that can be added to a design library 
as a core. TI designers, on the other 
hand, crafted their decoder as a sepa¬ 
rate chip with a dedicated 16-bit 
RISC processor at its center. 

High Frequency Dominates 
CICCs Analog World 

Photodetectors, Modulators, 
On The Agenda. PAUL McGOLDRKK 

Op Amps, Amplifiers, Filters, 
And Data Converters Are All 

In recent years, the CICC has been accused of being just a little too 
commercialized. However, at this 

year’s event, attendees may find it re¬ 
freshing to experience a range of ana¬ 
log technology papers that are much 
less commercially-oriented and are 
more in the research spirit that IEEE 
conferences usually are. 

In the analog world, the preponder¬ 
ance of development work appears un¬ 
doubtedly at the high-frequency end 
of the spectrum. Although there also 
will be a number of low-power, low-
voltage designs presented for sample-
and-hold uses, op amps, and log ampli¬ 

fiers, many of these designs are in¬ 
tended for further penetration of the 
RF market by reducing cost, improv¬ 
ing performance, or just changing the 
parameters about how we think about 
some problems. 
An invited paper from the Univer¬ 

sity of California at San Diego looks at 
the thorny area of what technology 
will win out for which part of the inte¬ 
gration of the single-IC radio. The ex¬ 
tremists at either end of the process 
spectrum won’t like the results, but 
the analysis presented makes sense. 

In some other papers, researchers 
detail several single-chip receivers, 

but the circuits were designed for 
somewhat specialized applications 
rather than serve as a general-pur¬ 
pose receiver. Additional presenta¬ 
tions at the conference describe re¬ 
search on low-voltage circuits that 
operate at supply levels of 1V. 

Analog Techniques 
Sample-and-hold amplifiers 

(SHAs) are crucial pieces at the data-
acquisition interface of multi-step ana-
log-to-digital converters (ADCs) and 
also serve as timing and bandwidth¬ 
limitation solutions at the input of one-
step flash and interpolative-architec-
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1. Fabricated with a production SiGe process, this low-noise amplifier developed by IBM 

operates at 6.25 GHz and exhibits a minimum noise factor of 2.2 dB and a gain of 20.4 dB. 

ture ADCs. SHAs are fundamentally 
difficult to design because they are al¬ 
ways the limiting factor in the overall 
performance potential of the acquisi¬ 
tion system. 

Behzad Razavi, a researcher at the 
University of California at Los Ange¬ 
les, provides an overview of design 
techniques for SHAs in high-speed, 
low-voltage ADCs with various archi¬ 
tectures (paper 5.1). Some design ex¬ 
amples for newer developments are 
described covering a series CMOS 
sampler, distributed sampling, 
switched emitter followers, all-npn se¬ 
ries sampling, and speed-up using an 
emitter follower and current impulse 
in a biCMOS SHA. 

Particularly useful is a 
novel technique for measur¬ 
ing the output spectrum of an 
SHA by re-sampling with an¬ 
other SHA integrated on the 
same chip, guaranteeing that 
the second SHA only samples 
the held levels, and also re¬ 
lieving problems of 50-0 ter¬ 
minations in testing. 

Analog Devices Inc., 
Wilmington, Mass., describes 
a wideband sampler based on 
a charge-domain gated gm 
cell. The sampler yields a 
measured spurious-free dy¬ 
namic range (SFDR) of 72 dB 
at 160 Msamples/s with a 

320.25-MHz input frequency (paper 
5.2). Instead of a switched current 
source in the tail of a differential pair, 
the charge-domain device uses a 
charge source in the tail; a fully-de¬ 
pleted charge transfer creates the 
sampling pulse that changes domains 
from the input voltage signal to the 
output charge signal. 

The test cell has been implemented 
in a 2-pm CMOS/CCD technology. 
Two different test set-ups were re¬ 
quired to measure performance in 
both the signal and noise arenas. 
SFDR was constant from low fre¬ 
quencies up to 320 MHz, and then fell 
fairly steadily to 55 dB at 960.25 MHz. 
Simulations suggest that about 18 dB 

might be added to the SFDR. The 
small area used by the sampler also 
suggests that practical architectures 
could use multiple samplers, also mak¬ 
ing the circuit suitable for other appli¬ 
cations such as ultra-low-power dis¬ 
crete-time amplifiers. 

Fully-balanced analog circuits offer 
the best immunity to interference 
from digital noise, a situation typical in 
mixed analog/digital circuit implemen¬ 
tations. Existing examples of fully-
balanced circuits require complicated 
design procedures such that the de¬ 
signer has to start from scratch even if 
a single-ended version of the circuit 
exists. Two new general methods of a 
fully-balanced design are presented 
by Toshiba Corp., Kawasaki, Japan 
(paper 5.3). The designs help to consid¬ 
erably reduce the design time and still 
yield high-performance results; the 
systems use a new architecture that 
can be directly related to the single-
ended circuit. 

In what has become a year of op 
amp developments, the Catholic Uni¬ 
versity of Leuven, Heverlee, Belgium, 
describes a fully-differential CMOS op 
amp with a complementary rail-to-rail 
input stage and a Class AB output 
stage (paper 5.4). The input stage has 
a novel biasing scheme that uses a cur¬ 
rent-regulating loop to keep the sum 
of the biasing currents constant. The 
gm variation is less than 4% while the 
0.7-pm CMOS technology can handle 
supply rails from 1.5 to 3.3 V. The 
unity-gain bandwidth is 4.3 MHz with 
a load capacitance of 15 pF and a 
power consumption of300 pW. 

Helsinki University of Technology, 
Espoo, Finland, will present two pa¬ 

pers associated with their de¬ 
sign work for digital commu¬ 
nications. The first paper 
involves a new temperature-
compensated logarithmic am¬ 
plifier that uses seven cas¬ 
caded limiting current 
amplifiers for piece-wise ap¬ 
proximation of the log func¬ 
tion, and a current peak de¬ 
tector for a 60-dB dynamic 
range of signal amplitude 
with a temperature accuracy 
within ±1 dB from -20 to 
+80°C. The amplifier was 
built in a 1.2-pm CMOS 
process and can operate with 
a supply as low as 2.2 V while 

2. The individual cell architecture of a multiple cell array developed at 

the Massachusetts Institute of Technology for mixed-signal calculations 

of pixel values in early vision applications. The results are then sent 

off-cell for additional processing. 
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consuming about 3 mW (paper 5.5). 
The second paper discusses the de¬ 

sign, for Nokia, of a 3-V, gmC-filter 
with on-chip tuning for the low-volt-
age channel selection for CDMA com¬ 
munications (paper 5.6). The chip also 
has a low current consumption (typi¬ 
cally 16 mA) and employs a novel float¬ 
ing-resistor transconductor. The sev¬ 
enth-order elliptical ladder filter uses 
14 transconductors with an extra one 
on the input to compensate for a 6-dB 
loss in the prototype. 

The filters are tuned with capaci¬ 
tor matrices that employ a 5-bit digi¬ 
tal control interface. This approach 
uses more chip area than does tuning 
the transconductor, but it also has a 
lower power consumption. Results 
show a passband gain in excess of 30 
dB, a ripple of less than 1 dB, and a 
minimum stopband rejection of 57 
dB. The circuit is fabricated on a dou-
ble-polysilicon, double-metal, 1.2-pm 
CMOS process. 

Advanced RF ICs 
The whole topic of high-level inte¬ 

gration for wireless communications is 
liable to bring out as many opinions as 
there are people asked. An invited pa¬ 
per from Lawrence Larson from the 
Center for Wireless Communications 
at the University of California at San 
Diego, summarizes the trade-offs be¬ 
tween the competing technologies in 
what is a hugely complex arena that 
many would argue from their own 
vested interests (paper 9.1). 

The predictions are that the semi¬ 
conductor content of a cellular handset 
will fall from the current $76 to about 
$58 by the year 2000, primarily be¬ 
cause of the increased integration us¬ 
ing CMOS. The logical extension of 
such CMOS integration to the radio 
functions to form a “single-chip CMOS 
radio” might seem plausible but the 
technical requirements are consider¬ 
ably more multidimensional. Com¬ 
pared to the digital IC, where power, 
speed, and yield are the major perfor¬ 
mance metrics, the RF IC also has to 
contend with issues of noise, linearity, 
gain, and efficiency. 

Larson covers the systems require¬ 
ments and the candidate technologies 
with time-to-market issues as well as 
performances. “In these areas,” Lar¬ 
son concludes, “traditional silicon 
bipolar and GaAs technologies possess 

floating-gate MOSFET current source in circuit 

form (a), and its cross-section (b). The two-

input gate structure allows for device 

operation in a DAC to be at less than 1 V. 

an edge at this time. Nevertheless, in 
the long run, CMOS technology will 
acquire many of these qualities, and 
silicon bipolar and GaAs technologies 
will find themselves increasingly 
pressed by competition with CMOS in 
the l-to-2.5-GHz frequency range. RF 
CMOS is one of the most actively re¬ 
searched areas in the integrated cir¬ 
cuits community.” 

One of the newer technologies, sili-
con-germanium, (SiGe), was able to 
report on a low-noise amplifier (LN A) 
at this year’s International Solid-State 
Circuits Conference with a 0.95 dB 
noise figure, a power gain of 10.5 dB 
and a 2-mW power dissipation at 2.5 
GHz. That results in a figure-of-merit 
of about 5.5 mW'1 (gain/(dc power x 
noise figure)). At CICC, impressive 
numbers also are reported for a 6.25-
GHz LNA using SiGe with a minimum 
noise figure of 2.2 dB, a gain of 20.4 dB 
and a dissipation of 9.4 mW, from 
IBM’s T.J. Watson Research Center, 
Yorktown Heights, N.Y. (paper 9.2). 
The LNA was fabricated using the 
company’s standard production-level 
technology with three levels of alu¬ 
minum metallization and conventional 
intermetal dielectric layers. 

The LNA consists of a cascode am¬ 
plifier with an emitter-follower output 
stage (Fig. 1). The effective imped¬ 
ance of the on-chip tank LC load is in¬ 

creased with the common-base cas¬ 
code transistor (Q2) while the input 
transistor is biased with a resistive di¬ 
vider. Current mirrors (Q4 and Q6) 
provide bias currents to the current 
sources (Q5 and Q7) in the two stages. 
Capacitor C2 bypasses the current 
source in the input stage and also mod¬ 
ifies the input impedance. 

The circuit was designed for opera¬ 
tion at 5.8 GHz but a process change 
modified the specific capacitance of 
the on-chip capacitors to set the peak 
at 6.25 GHz with the 3-dB bandwidth 
extending from 5.5 to 7 GHz. A higher 
figure-of-merit could be achieved by 
replacing the input current source 
with an inductor, reducing supply-rail 
needs to about 1.8 V and reducing 
power consumption. 
What is probably the first inte¬ 

grated front-end receiver with an in¬ 
tegrated image filter will be reported 
by Carleton University, Ottawa, 
Canada, and Nortel, Ottawa, Ontario, 
Canada, for the 1.9-GHz DECT band 
(paper 9.3). Using an external 2.2-GHz 
local oscillator for high-side mixing, 
the input LNA is followed by an image 
reject filter tuned at the image fre¬ 
quency of 2.5 GHz positioned before 
the Gilbert mixing cell for conversion 
to the IF. Conversion gain of 33.5 dB is 
achieved with a noise figure of 4.9 dB 
and 50 dB of image rejection at 2.5 
GHz. The image rejection can be 
tuned over the 2.4-to-2.63-GHz range. 
The part was fabricated in Nortel’s 
0.5-pm silicon bipolar technology that 
provides an fT of 25 GHz. Current con¬ 
sumption is 15.9 mA at 3 V. Further 
work is taking place to improve linear¬ 
ity and to match the RF input. 

Hewlett-Packard (HP) Laborato¬ 
ries, Palo Alto, Calif., reports a signifi¬ 
cant breakthrough in RF power am¬ 
plifier technology with a 1-W 
monolithic 800 to 900-MHz low-cost 
digital CMOS device operating at only 
2.5 V (paper 9.5). Typically, a GaAs, 
LDMOS, or biCMOS amplifier for 
these frequencies required a supply of 
about 5 V to achieve a 1-W output. Al¬ 
though the HP amplifier is primarily 
designed for constant-amplitude ap¬ 
plications, the potential exists for lin¬ 
earization using envelope elimination 
and restoration techniques. 

Input matching to the power ampli¬ 
fier is provided by a T-network trans¬ 
forming a 200-0 resistive load to 50 Í2. 
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4. A micromachined variable capacitor, built on a silicon substrate that can be included in 

monolithic devices such as VCOs, was developed at the University of California at Berkeley. The 

capacitance is adjusted by bias voltage's electrostatic action that moves the more flexible plate 

closer to the fixed plate. 

Gain stages were fabricated as band¬ 
pass stages with inductive loads, need¬ 
ing no de headroom and avoiding the 
low-frequency saturation problems of 
cascaded differential-pair amplifiers. 
Three stages, working in the Class A 
mode, then in Class AB, drive the 
third stage at the rail-to-rail voltage 
for Class C/D operation to drive a 
switched-mode output stage, similar 
to a Class-D amplifier. Small-signal 
gain is better than 30 dB with power-
added efficiency at 42% for the 0.8-pm 
fabrication process. 

One of the limitations on the imple¬ 
mentation of direct-conversion re¬ 
ceiver techniques is the process of lo¬ 
cal-oscillator (LO) self-mixing, where 
leakage of the LO signal back to the in¬ 
put amplifier stage and the antenna is 
reflected back to the mixer where it is 
converted as a de offset. A balanced 
harmonic mixer from Toshiba Corp., 
Kawasaki, Japan, has a structure that 
is inherently symmetrically balanced, 
separating the LO, RF and baseband 
signals (paper 9.6). The measured re¬ 
sults show that de offsets caused by 
self-mixing are reduced to levels that 
are less than the noise level. 

DVB, Filters, And Arithmetic 
Hyundai Electronics Industries, 

Kyoungki-do, Korea, and Odeum Mi¬ 
crosystems, San Jose, Calif., present 
an elegant single-chip DVB-compliant 
receiver with variable-rate QPSK de¬ 
modulation, Viterbi decoding, de-in¬ 
terleaving, and Reed-Solomon decod¬ 
ing (paper 11.7). Using a fixed-rate 
sample clock, the design seamlessly 
handles data rates from 1 Msymbol/s 

to 45 Msymbols/s. 
The symbol rate can be controlled 

within 0.01% of the desired value with 
possible timing errors corrected 
through a symbol-tracking PLL. The 
Viterbi decoder accepts 3-bit soft-de¬ 
cision samples of the I and Q compo¬ 
nents of the received signal with the 
core architecture tuned to a rate of 1/2. 
Depuncturing logic with an associated 
FIFO buffer precedes the core logic to 
equalize the data rates for the higher 
data rates of 2/3, 3/4, 5/6 and 7/8. 

Unlike conventional schemes 
where the encoder output is re-en¬ 
coded to compare with the input to 
verify synchronization, the scheme 
here is to use the principle of convolu¬ 
tion coding such that the convergence 
lengt h is substantially different in the 
in-sync and out-of-sync conditions. A 
novel change also is made in the 
Reed-Solomon decoder, where one 
Euclidean ALU with its associated 
register arrays is time-shared to re¬ 
place 16 ALUs. This block is clocked 
at twice the speed of the others in or¬ 
der to keep up with the input data. 
The result is that the decoder has 
been implemented with fewer than 
14,000 gates. 
A programmable analog arithmetic 

circuit is presented by MIT, Cam¬ 
bridge, Mass., with addition, subtrac¬ 
tion, multiplication, and division at 7 
bits of resolution (paper 12.6). The cir¬ 
cuit was designed for use in early-vi-
sion systems and can allow low-power 
operation while retaining most of the 
flexibility of a digital processor. The 
architecture of a single cell consists of 
a digital control register, an analog 

SHA to store data, the ALU and a 
switch fabric, which routes analog 
data among the storage unit, the 
ALU, and the four I/O lines (Fig. 2). 
The processor cells are arranged in a 
rectangular array in which each cell 
can communicate with its four neigh¬ 
bors, all of which can be executing a 
different instruction. 

In the complete array, limited only 
be the size of the die, the processing 
cells receive a stream of analog volt¬ 
ages from the imager for each pixel. 
The system requires that the pixel 
values and any mathematical opera¬ 
tion from its neighbors are used for 
such tasks as edge detection. Any re¬ 
maining processing would be done off-
chip in a digital processor. The 
ADC/DAC combination used in the 
processing is limited in the first imple¬ 
mentation by the fact that the output 
cannot go above the reference voltage 
or below zero. As a result, outputs can¬ 
not be higher than 255 or be below 
zero for subtraction. 
A position-sensitive photodetector 

using CMOS with a 16-by-16 binary 
array is discussed by the University of 
Oulu, Finland (paper 12.7). The array 
can detect multiple spot positions si¬ 
multaneously with sub-pixel accuracy. 
The array consists of a 16-by-16-ele-
ment photodetector array and addi¬ 
tional circuitry for global threshold 
setting, re-setting, and readout. Set¬ 
tings can be done from either an exter¬ 
nal current input, or from a current 
generated internally by background 
illumination sensors in the vicinity of 
each array corner. These sensors con¬ 
sist of four photodiodes sized the same 
as the pixel photodiodes, thereby pro¬ 
ducing the same current levels. The 
triggering level can be set from 0.5 to 4 
times the average background illumi¬ 
nation levels. 

Data Converters 
An invited paper from the Catholic 

University of Leuven, Heverlee, Bel¬ 
gium, discusses the problems encoun¬ 
tered as voltages are lowered on 
CMOS ADC operations (paper 13.1). 
At a supply rail of less than 2 V, it is no 
longer possible to implement 
switched-capacitor converters. That is 
due to the fact that there is no longer 
enough overdrive to turn on the tran¬ 
sistors used as switches. Techniques 
will be discussed in the presentation to 
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Over two billion 68HC05 microcon¬ 
trollers are now in operation around the 
world. Powering an ever-growing range 
of consumei; industrial, computing, com¬ 
munications, and automotive products. 
Our 68HC05, the world’s most 

popular MCU, is “customer-specified” 
for your system. In addition to the 150 
(and growing) types of 68HC05 MCUs, 
you can now select one of our fully 
upward object code compatible 
68HC08 microcontrollers. 

The 68HC08 Family offers even higher-
performance with faster clock speed 
options and more features for your 
system design. But the 68HC08 doesn’t 
just provide more instructions and regis¬ 
ters, it also runs 68HC05 object code. 

© 1997 Motorola, Inc. Motorola and M are registered trademarks of Motorola, Inc. All nghts reserved. 
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The world's first choice. 

And both the 68HC05 and 68HC08 
Families offer complete support and a full 
suite of third-party development tools. 
So, if your system needs a “world¬ 

class” 8-bit solution, specify the world’s 
first choice: Motorola. Our global 

manufacturing is already ramped-up 
to deliver production volumes 
anytime, anywhere. 
For more information on either the 

68HC05 or 68HC08 Families, call 
1-800-765-7795 ext. 881 or request 

by FAX at 1-800-765-9753. 
You may also visit our Web site at 

http://sps.motorola.com/csic. 
When it comes to 8-bit solutions, 
there’s a world of difference with 
Motorola MCUs. 
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show how to employ switched op amps 
instead of the voltage-multiplying 
techniques that have been suggested 
up to now. A 12-bit, A-Z ADC operat¬ 
ing at audio frequencies is introduced 
using such techniques with a 1.5-V 
supply rail and consuming less than 
100 pW. The disadvantage of the 
switched op amp is that although it al¬ 
lows for “true” low-voltage operation, 
it introduces additional active ele¬ 
ments at each integrator, except at the 
input, adding to the die area. Power 
consumption is not increased, how¬ 
ever, because the devices are only 
turned on for half the time. 

Oregon State University, Corvallis, 
Ore., describes the use of MOSFETs 
in their accumulation region as capaci¬ 
tors for a second-order switched-ca-
pacitor A-Z modulator, using only basic 
digital 1.2-pm CMOS (paper 13.2). 
Measured results from the 16-bit, 3-V 
modulator give a peak SNR of 96 dB 
and a peak S/THD (2nd to 5th harmon¬ 
ics) of 94 dB with a 6-kHz bandwidth, 
5.4-mW dissipation and a 3.6-V capaci¬ 
tor bias. The results show that it is 
possible to design high-linearity 
switched-capacitor circuits without 
double-polysilicon capacitor tech¬ 
niques. The prototype suffered from 
requiring large drive voltages which 
should be corrected by increasing the 
input capacitors. 
A more conventional implementa¬ 

tion using capacitors will be presented 
in paper 13.3 by researchers at the 
Nokia Mobile Phones R&D Center, 
San Diego, Calif. In their design of a 
second-order demodulator, they fabri¬ 
cated high-resolution A-Z DACs with 
a 0.5-pm low-power CMOS process, 
employing double-polysilicon and 
triple-level metal interconnections. 
The design neatly combines the DAC 
and second-order filter into the same 
step, eliminating the conventional 
post-analog filter. The resulting reduc¬ 
tion in die size to 0.18 mm2 and power 
to 700 p W are impressive, along with a 
dynamic range of 85 dB and an audio 
bandwidth of300 to 3400 Hz. 
A 0.9-V supply DAC has been de¬ 

veloped by the University of New 
South Wales, Sydney, Australia, using 
a standard 1.2-pm CMOS technology. 
An experimental 6-bit DAC was fabri¬ 
cated and it exhibited less than a 0.46 
LSB linearity error, a 5-Msample/s 
conversion rate and a power consump¬ 

tion of 320 pW. To operate in the 1-V 
supply range, a new floating-gate 
MOSFET current source was devel¬ 
oped (Fig. 3). Both the current-source 
and current-switch functions are com¬ 
bined into a single, two-input floating¬ 
gate PMOS transistor, MFG, whose 
inputs are Vs and Vb. Since the poten¬ 
tial of the floating gate depends on 
both inputs, it is possible to turn the 
current-source on and off with Vs, and 
to control the current output with the 
bias, Vb. The minimum supply voltage 
is equal to the threshold voltage of 
MFG plus the tum-on voltage. 

Fiber Preamp And Modulator 
A wide-dynamic-range and high 

transimpedance silicon bipolar pre¬ 
amplifier for 10-Gbit/s optical fiber 
links will be reported on by Hitachi 
Ltd., Tokyo, Japan (paper 14.3). The 
circuit uses a limiting amplifier after 
the transimpedance stage to over¬ 
come the trade-off with high dynamic 
range. A 3-dB bandwidth of 10.5 GHz 
was achieved with a transimpedance 
of 1 kQ, a dynamic input range of 2 
mA pk-pk and an equivalent noise 
current input of 12 pA/vHz using 35-
GHz bipolar technology. The transim¬ 
pedance fluctuation was only 0.5 dBQ 
from 50 MHz to 8 GHz, attributed to 
the optimization of the function resis¬ 
tance and the bias network. The tran¬ 
simpedance could be doubled to 2 kQ 
using the circuit’s differential outputs. 
The device is linear for input currents 
of less than 400 pA pk-pk (400-mV 
output voltage.) 
Hong Kong University of Science 

& Technology, Clear Water Bay, 
Hong Kong, and Broadcom Corp., 
Irvine, Calif., will present work on an 
all-digital implementation for a 
broadband PAM and QPSK modula¬ 
tor, avoiding the design pitfall of the 
separate DAC function at the trans¬ 
mitter being provided by a non-sys-
tem designer (paper 14.5). Here, the 
transmit DAC and FIR filtering 
functions are merged with significant 
reductions in complexity. The modu¬ 
lator produces a direct analog output 
at either baseband or IF. The imple¬ 
mentation is very efficient because all 
computations are performed in the 
analog current domain while the ana¬ 
log multiplier employs a current-divi¬ 
sion technique that is suitable for dig¬ 
ital CMOS processes. Coefficient 

tap-weights are in digital form and 
can be easily modified. 

Novel RF Techniques 
In one of those pushes to show 

that CMOS has a life outside base¬ 
band, Level One Communications, 
Sacramento, Calif., will present work 
in paper 20.3 on a low-noise, 1.6-GHz 
CMOS PLL with an on-chip, passive, 
loop filter. The complete IC consists 
of an LC VCO using spiral inductors, 
divider, phase detector with charge 
pump, and the loop filter. The refer¬ 
ence used is at 61.5 MHz, a division 
ratio of 26. The reference tone 
feedthrough is below -80 dBc with 
phase noise at -105 dBc/Hz at 200 
kHz offset from the carrier. The de¬ 
vice is functional from 2.7 to 5 V with 
a dissipation of 90 mW at 3 V. The 
tuning range of the oscillator is 1.6 
GHz ± 100 MHz. 

Philips Semiconductors, Sunny¬ 
vale, Calif., together with UCLA and 
the Sharif University of Technology, 
Tehran, Iran, explains their work on a 
method for precise wideband quadra¬ 
ture signal generation, necessary for 
any number of modern wireless sys¬ 
tems (paper 20.4). The oscillator out¬ 
put, fed from an integrator, passes 
through an improved ECL divide-by-
two stage to give the quadrature sig¬ 
nals. Any output phase error is con¬ 
verted to an error signal which is fed 
back to correct the difference. A phase 
accuracy of better than 0.5° was 
achieved over an output frequency 
range of 40 to 500 MHz without exter¬ 
nal tuning. 

The scheme’s accuracy depends on 
the phase detector that is a modified 
Gilbert cell. This must be highly sym¬ 
metrical and the layout used was such 
that circuit and layout mismatches 
should also be corrected by the loop. 
The part is being called the level-
locked loop (LLL) and is fabricated in 
1-pm biCMOS. 

Concorde Microsystems, along with 
the University of Tennessee, 
Knoxville, Tenn., will describe a single¬ 
chip, direct-conversion receiver for the 
VLF band of 10 to 100 kHz, providing 
both analog and digital I and Q outputs 
(paper 20.5). The VLF band has advan¬ 
tages for short-range RF sensing over 
the conventional portable bands. Up to 
about 100 feet, magnetic-wireless de¬ 
tection is simple, sensitive and requires 
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no license. The receiver implemented 
consists of a low-noise preamplifier, a 
direct-conversion mixer with I and Q 
outputs, and dual baseband IF stages 
with pin-programmed gain. The I and 
Q local oscillator signals are also pin¬ 
programmed in the PLL followed by a 
pin-programmed post divider. The re¬ 
ceiver is designed for the reception of 
phase-modulated signals in the 10 to 
100 Hz range. 
The University of California at 

Berkeley presents work on a micro-
machine-based variable capacitor for 
VCOs (paper 21.3). The capacitor is 
fabricated on a silicon substrate allow¬ 
ing its incorporation in a monolithic 
design (Fig. i). The capacitor consists 
of a thin aluminum plate suspended in 
air nominally 1.5 pm above a bottom 
aluminum layer and anchored with 
four mechanical folded-beam suspen¬ 
sions acting as springs. The low sheet 
resistance allows for the achievement 

of high Q factors. The size of the plate 
is a compromise between the achiev¬ 
able capacitor values and the warping 
of the plate. With a chosen plate size of 
200 by 100 pm, the nominal capaci¬ 
tance is 200 fF. 
When a de bias is applied across the 

capacitor, an electrostatic force pulls 
the top plate down, reducing the air¬ 
gap and increasing the capacitance by 
up to 50%. A prototype VCO built us¬ 
ing the technique in a Colpitts configu¬ 
ration and with a commercially avail¬ 
able inductor achieved a 400-fF tuning 
range from a nominal capacitance of 
800 fF. The circuit, where the para-
sitics increased the overall capaci¬ 
tance to about 2 pF, exhibited a mea¬ 
sured Q of 62 at 1 GHz. 
A GSM receiver will be described 

by Bell Laboratories (Lucent Technol¬ 
ogy), Murray Hill, NJ., using a modi¬ 
fied low-IF conversion process (paper 
24.4). The process has the LO and RF 

bands overlapping so that the output 
IF is low, but not actually direct con¬ 
version. This avoids some of the cur¬ 
rent problems of direct conversion 
with significant demands on the base¬ 
band filters. 

However, when the de offsets are 
moved away from the IF sufficiently, 
ac coupling can simply be used to re¬ 
move them. The dynamic range issues 
that are present with direct conver¬ 
sion are still a concern with low-IF 
techniques, and Bell experimented 
with a double-low-IF (DLIF) receiver 
that reconverts the low-IF outputs 
back up to frequencies where low-cost 
ceramic filters can be effective. The 
low-pass filters at the first IF need 
only be low-order to provide image re¬ 
jection for the second conversion. For 
GSM, Bell used half the channel spac¬ 
ing for the first IF (at 100 kHz) and 
then used 10.7 MHz for the second, a 
standard in consumer applications. 

EDA-Tool Improvements Advance 
Next-Generation Circuit Designs 
Submicron, RF, Clocking, And Low-Power 
Design Solutions Emerge At CICC. CHERYL AJLUNI 

With the EDA industry migrat¬ 
ing to smaller-geometry de¬ 
signs while incorporating 

greater complexity with higher-speed 
and lower-power circuitry, designers 
are faced with many challenges. All 
too often, there’s just not enough time 
or money to search for solutions. In 
fact, many designers are forced to 
piece together makeshift solutions 
from a grab bag of current design 
flows and available tools. Even though 
this approach has a number of limita¬ 
tions, it gets the job done. For the typ¬ 
ical designer working against tight 
time-to-market deadlines, just getting 
the design out of the door is the bot¬ 
tom line. But for some, the special 
challenges of deep-submicron, radio 
circuit, system clocking, and low-
power designs, make even achieving 
the bottom line a difficult task. 

As designers venture into the deep¬ 

submicron design area, they are faced 
with many issues that didn’t exist pre¬ 
viously. The complete domination of 
gate delays by interconnect delays, 
and the emergence of a host of issues 
related to device parasitics have ques¬ 
tioned the very usability of current 
tools and methodologies. Toward this 
end, two sessions at the CICC, Session 
8—Analysis For Deep Submicron, and 
Session 26—Physical Design Automa¬ 
tion, take a hard look at many of the 
concerns and issues related to deep¬ 
submicron design and current feasible 
options for designers floundering in a 
state of confusion. 

Gigascale Challenges 
In Session 8, Paper, 8.1, from re¬ 

searchers at the Georgia Institute of 
Technology, Atlanta, details the de¬ 
rivation of a stochastic interconnect 
distribution for gigascale integration 

(GSI). The distribution can be used for 
on-chip random logic networks and de¬ 
scribing optimal architectures for mul¬ 
tilevel wiring networks. This multi¬ 
purpose derivation can be employed in 
a number of ways: to enhance a criti¬ 
cal-path model for clock-frequency es¬ 
timation, to estimate dynamic power 
dissipation in signal wires, or to deter¬ 
mine the optimal scaling of the cross-
sectional dimensions of interconnects 
in a multilevel network. With this in¬ 
terconnect information chip size can 
be determined. 
Compared to other distributions 

which describe only local interconnect 
requirements, this new distribution 
offers an all-encompassing description 
of local, semi-global, and global wiring 
requirements. The researchers used 
the optimized three-tier network dis¬ 
tribution on a test chip and effectively 
showed that it could provide a 0.46X 
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reduction in chip size, or a 1.7X in¬ 
crease in clock frequency over the 
more conventional two-tier design. 

Inherent in the ability of designers 
to design ICs is the use of accurate and 
complete models for circuit simula¬ 
tion. Without these models, it is virtu¬ 
ally impossible to correctly character¬ 
ize the circuit elements and parasitics 
that comprise the IC. Papers 8.2 and 
8.4, from Motorola Inc., Tempe, Ariz., 
and Carnegie Mellon University, 
Pittsburg, Penn., respectively, ad¬ 
dress the issue of accurate models. 

Paper 8.2 provides more of an 
overview of the issues related to com¬ 
pact modeling. Details of some of the 
common and not-so-common guide¬ 
lines for compact modeling and char¬ 
acterization are offered, along with 
some of the typical numerical weak¬ 
nesses and corresponding solutions. In 
addition, researchers examine some of 
the often-overlooked aspects of high-
frequency modeling. 

Conversely, Paper 8.4 describes a 
technique for generating sparse RC-
interconnect macromodels. The tech¬ 
nique works by inserting an artificial 
intrinsic delay in the transconduc¬ 
tance terms between distant ports. 
This design is possible thanks to the 
low-pass filter characteristic of the 
RC-interconnect circuits. It effec¬ 
tively lightens the computational load 
during circuit simulation. With the de¬ 
lay in place, the ports are decoupled. 
Because any error that has been intro¬ 
duced can then be measured in terms 
of the poles and residues of the RC cir¬ 
cuit, accuracy versus sparsity trade¬ 
offs can be easily made. 

Constraint-Driven Placement 
Session 26 attacks the deep-submi-

cron issue from another angle by ex¬ 
amining the placement and routing 
(P&R) problems with their corre¬ 
sponding solutions. In Paper 26.1, Ca¬ 
dence Design Systems, San Jose, 
Calif., details the development of a 
new constraint-driven placement tool. 
This tool, the Device-Level Placer 
(DLP), attacks the problem of full-cus¬ 
tom mixed-signal design by providing 
the designer with a quick way of ob¬ 
taining feasible layout configurations 
and exploring the effects of applying 
different sets of constraints. 

The DLP software works by using 
a direct approach based on a combina¬ 

tion of techniques. These techniques 
include a force-directed placement, 
augmented by a min-cut partitioner 
that has been modified to guarantee 
the enforcement of an entire set of 
geometric constraints and iterative 
optimization. Any infeasible P&R con¬ 
figurations, typically due to overcon¬ 
straints, are automatically detected 
and the designer is notified. The tool is 
capable of handling full-custom lay¬ 
outs of cells with large sets of geomet¬ 
ric constraints. 

Paper 26.4 addresses a technique for 
placement of large-scale gate arrays 
using a fast-placement-improvement 
algorithm. Developed by Mitsubishi 
Electric Corp., Hyogo, Japan, the algo¬ 
rithm consists of a new cell-padding 
phase and a fast-iterative-improve¬ 
ment phase. In the padding phase, lo¬ 
cal-routing chip congestion is reduced 
by expanding the size of the cells in the 
congested regions and relocating them 
to eliminate the cell overlap. Relative¬ 
cell positions are preserved throughout 
the relocation process. The iterative 
improvement phase then minimizes 
the objective function that takes the lo¬ 
cal congestion into account. Its speed is 
derived from the use of a new gain-es¬ 
timation method to determine the best 
position in which to move a cell. 

Papers 26.2 and 26.3 from the Uni¬ 
versity of Washington, Seattle, and 
NTT System Electronics Laborato¬ 
ries, Kanagawa, Japan, respectively, 
focus on routing. The first paper offers 
a solution to the over-the-cell routing 
challenge that occurs in VLSI physi¬ 
cal-design automation. A newly devel¬ 
oped, multilayer, graph-based router 
that can handle obstacles on any layer, 
specifically addresses this problem. It 
works by improving the performance 
of a maze router with rip-up and 
reroute (R&R) capability. 
The second paper presents an 

overview of a routing methodology 
and CAD tools used in designing a gi¬ 
gabit/s LSI IC with deep-submicron 
technology. Net-classification tech¬ 
niques are employed, along with a 
high-performance router and a high-
precision delay analyzer. The analysis 
is based on a top-down/bottom-up hi¬ 
erarchical approach. To show the use 
of the tools, the presentation describes 
how the methodology was employed 
to design an ATM switch-element LSI 
using 0.25-pm CMOS/SIMOX technol¬ 

ogy. The resulting chip had a through¬ 
put of 40Gbits/s and an internal clock 
frequency of 312 MHz. Designing ra¬ 
dio circuits for use in the wireless/per-
sonal communications electronics 
market is another area that poses dif¬ 
ficulty for today’s designer, and is ad¬ 
dressed in Session 24—Radio Circuit 
Design Techniques. The challenge is 
how to effectively deal with the sec¬ 
tion of the system operating at RF. 

Many designers would like to be able 
to deal with RF the same way they deal 
with analog—by breaking the design 
into blocks, then simulating the differ¬ 
ent blocks separately. The blocks are 
then brought back together towards 
the end of the design cycle. All too of¬ 
ten, though, when this method is used, 
interface problems occur that can 
wreak havoc with a design. And, with 
the signal frequencies, time con¬ 
straints, and types of analysis required 
in RF design, using simulators such as 
Spice often results in poor accuracy, 
and drains on computation resources. 

Better Simulation Tools 
A few general- and special-purpose 

simulation tools have emerged in re¬ 
cent years specifically targeted for 
use in RF design, but, generally, they 
have not been understood well 
enough to be used properly. Paper 
24.1, a combined effort from re¬ 
searchers at Washington State Uni¬ 
versity, Pullman, Wash.; Lucent Tech¬ 
nologies, Murray Hill, NJ.; Bell Labs, 
Allentown., Penn.; and Lucent Micro¬ 
electronics, Allentown, Penn., specifi¬ 
cally addresses this lack of under¬ 
standing by attempting to demystify 
the features and limitations behind 
some of the tools currently available. 
Some of the basic concepts related 

to RF design, as well as RF simulation 
techniques, also are presented. The 
rest of the session details the method¬ 
ologies used and results of work done 
on five RF-based designs including a 
900-MHz RF low-noise amplifier in a 
0.9-pm CMOS (University of Califor¬ 
nia, Los Angeles in conjunction with 
Broadcom Inc., San Jose, Calif.), a 2-V 
low-power single-ended 1-GHz CMOS 
direct-upconversion mixer (KU Keu-
ven, Heverlee, Belgium, Lucent Tech¬ 
nologies and Bell Labs , Murray Hill, 
N.J.), a biCMOS double-low-IF re¬ 
ceiver for GSM (Samsung Electronics 
Co. Ltd., Kyunggi, Korea), a fully inte-
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grated 5-MHz-IF digital FM demodu¬ 
lator (University of Illinois, Urbana), 
and a completely integrated single-chip 
PLL with a 34-GHz VCO using 0.2-pm 
E-/D-HEMT-Technology (Fraunhofer 
Institute of Applied Solid-State 
Physics, Freiburg, Germany). 
Another session, Clocking And 

Low Power Methodologies (Session 
7), takes a hard look at how the in¬ 
creasing demands of VLSI chip design 
continue to challenge the limits of 
power and performance, specifically 
focusing on workable design and 
analysis techniques. A total of seven 
papers cover a variety of topics includ¬ 
ing a 3D parasitic distributed RLC ex¬ 
traction method for evaluation of the 
clock delay of VLSI multilevel inter¬ 
connects (Texas Instruments Inc., 
Dallas), and a genetic algorithm ap¬ 
proach for estimating the maximum 
power dissipation and instantaneous 
current through supply lines for 
CMOS circuits (University of Califor¬ 
nia at Santa Barbara). 

Of special interest is a hierarchical 
decomposition for single-stage clock 
designs presented in Paper 7.1. The 
technique works by splitting the design 
into global and local distributions, and 
replacing the leaf wiring of the clock 

route with shortest-path-style routing. 
This technique, ideal for designing the 
interconnect distribution for single-
stage clock circuits, can offer perfor¬ 
mance improvements in the 3X area, 
reduce the total wire used by 6%, and 
reduce the runtime by an order of mag¬ 
nitude on clock circuits with a few hun¬ 
dred to a few thousand latches. 

Researchers from IBM Microelec¬ 
tronics, Essex Junction, Vt.; Cadence 
Design Systems, San Jose, Calif.; and 
First PASS, NW Palm Bay, Fla., in 
Paper 7.2, also report on the develop¬ 
ment of a comprehensive clock 
methodology. Specifically optimized 
for microprocessor designs or other 
large integrated functions containing 
smaller sub-blocks or cores, the 
methodology incorporates a number 
of different components. Some of 
those components include the cluster¬ 
ing and balancing of clock loads, multi¬ 
ple-clock domains, a balanced clock 
router with variable-width wires to 
minimize skew, hierarchical clock 
waring, automated verification, an in¬ 
terface to the Cadence Design Frame¬ 
work II environment, and a complete 
network model of the clock distribu¬ 
tion, including loads. 

The methodology provides for good 

performance, and is able to minimize 
the design time without consuming 
large amounts of wiring tracks or 
adding needless wiring capacitance. 
Researchers will report on how this 
methodology was used to create an en¬ 
tire clock network—including verifi¬ 
cation, in less than three days with a 
clock skew for the entire chip of ap¬ 
proximately 180 ps. 

In Paper 7.5, researchers from 
Toshiba Corp., Kawasaki, Japan, de¬ 
scribe an automated design technique 
that reduces power by using two sup¬ 
ply voltages. The approach employs 
an Extended Clustered Voltage Scal¬ 
ing (ECVS) structure for synthesis, 
along with P&R techniques. The 
structure synthesizer works by clus¬ 
tering the gates off the critical paths. 
This design effectively reduces the 
voltage, saving power. Then a P&R 
tool assigns either the reduced or 
unreduced voltage to individual rows 
to minimize area overhead. As tested 
on the random logic modules of a me¬ 
dia processor chip, the combination of 
techniques was able to reduce the 
power by an average 47%, with a ran¬ 
dom logic area overhead of 15%. Addi¬ 
tionally, no degradation in the perfor¬ 
mance of the chip was witnessed. 

New Architectures, ICs, Processes 
To Open Communication Frontiers 
Developments In Wireless And ATM Systems 
Are Featured At This Year’s CICC. LEE GOLDBERG 

Making the ICs for the next gen¬ 
eration of communications net¬ 
works is not simply a matter of 

smaller, faster, and cheaper. While the 
speed and density of mircochips con¬ 
tinues to climb at a surprisingly pre¬ 
dictable rate, they are invariably out¬ 
paced by the performance 
requirements of the emerging Gigabit 
networks and universal wireless ser¬ 
vices. The real keys to electronics’ 
steady evolution are the quantum¬ 
leap innovations that lie beyond 
Moore’s curve, in the realm of solid-
state physics, information theory, and 

advanced mathematics. 
Developments presented at the 

CICC will pave the way not only for 
tomorrow’s ICs, but will serve as a 
foundation for technologies whose im¬ 
pact will be felt for many years to 
come. While the conference has 
yielded a wealth of developments in all 
areas of communications, perhaps the 
two that will see the most activity are 
wireless and ATM systems. 

Wireless Developments 
As wireless systems become more 

widely employed for both voice and 

data, several issues have arisen that 
may limit their aggressive price/per-
formance goals. For example, the 
trend toward using on-chip passive 
components is very promising, but the 
performance limitations of microma¬ 
chined capacitors and inductors are 
still far from ideal. In paper 20.2, “A 
Fully Integrated Spiral-L.C. CMOS 
VCO Set with Prescaler for GSM and 
DCS Systems,” researchers from 
ESAT-MICAS, Heverlee, Belgium, 
and Toshiba Corp., Tokyo, Japan, de¬ 
scribe a methodology for optimizing 
the design of spiral inductors, and how 
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1. These on-chip inductors were developed for use in high-performance 

VCOs that operate in the 900- and 1800-MHz region. An octagonal 

profile (a) yields a better inductance ratio than square profile inductors. 

The symmetrical configuration allows the use of a single inductor in a 

perfectly balanced differential oscillator (b). 

it is applied to VCOs operat¬ 
ing in the 900 MHz and 1.8 
GHz regions. Designs were 
done with a standard 0.4-p 
CMOS process. According to 
the authors, the inductor’s se¬ 
ries resistance and its para¬ 
sitic coupling to the substrate 
must be minimized to provide 
the phase-noise performance 
and power efficiency re¬ 
quired by cellular and PCS 
systems. 

Rather than using exotic 
techniques such as forming 
inductors with bonding wire, 
the authors applied finite-ele¬ 
ment analysis and simulation 
to look at how the conventional 
method of forming them in the chip’s 
metallization layers could be opti¬ 
mized. From this work, three impor¬ 
tant principles can be derived. The 
first states that the width of the con¬ 
ductor traces cannot be made ex¬ 
tremely large, otherwise the inductor 
will suffer from excessive high-fre¬ 
quency resistance, due to increased 
skin effect. Next, the inductor’s spiral 
must not be filled up with conductor 
traces to the middle of the coil, since 
the inner loops contribute much more 
to internal eddy current effects than 
to the component’s overall inductance. 
Finally, a coil’s surface area must be 
limited to minimize substrate losses. 

Using these lessons, an unusual 
! coil shape was devised, which com¬ 
bined an octagonal profile (for better 
inductance/resistance ratio), and a 
nested symmetrical coil layout that 
minimized surface area and allows 
the use of a single inductor in a per¬ 
fectly balanced differential oscillator 
(Fig. 1). The resulting designs yielded 
inductor Qs of 5.6 and 8.6 for the 900 
MHz and 1.8 GHz oscillators, respec¬ 
tively, and were successfully incorpo¬ 
rated into VCO/prescaler chips with 
excellent results. 

Also in session 20, the Integrated 
Circuits And Systems Laboratory at 
UCLA, Los Angeles, Calif., will de¬ 
liver a thorough overview discussing 
the “Challenges in the Design of Fre¬ 
quency Synthesizers for Wireless Ap¬ 
plications” (paper 20.1). The presenta¬ 
tion explains that frequency synthesis 
was more difficult to achieve than 
most electrical functions insofar as it 
involved performing algebraic opera¬ 

tions on frequencies. This type of task 
is much more difficult than on more 
commonly manipulated properties, 
such as current and voltage. The au¬ 
thors also examined the challenges 
faced at the architectural and circuit 
design level, and provided a detailed 
analysis of the advantages and disad¬ 
vantages of many of the most popular 
solutions (including integer-N, frac-
tional-N, dual-loop, and direct digital 
synthesis) employed today. 

Another area where significant ad¬ 
vances are being made is in active an¬ 
tennas. Active antennas use phased-
array techniques to shape their active 
region, allowing satellite systems, 
wireless LANs, and cellular networks 
to more highly segment coverage ar¬ 

eas and resist multipath and 
fading effects. Generally, 
these systems have been 
bulky and expensive, but re¬ 
searchers from Broadcom 
Corp., Irvine, Calif., and the 
Integrated Circuits And 
Systems Laboratory at 
UCLA, will address the is¬ 
sue in their paper, “A 42-
Mbit/s, Multi-Channel Digi¬ 
tal Adaptive Beamforming 
QAM Demodulator for Wire¬ 
less Applications” (paper 
14.4). This presentation de¬ 
scribes how advanced DSP 
techniques could be used to 
combine inputs from multi¬ 

ple antennas to create a “virtual” 
phased-array receiver. 

The paper uses a wideband coher¬ 
ent M-ary quadrature-amplitude mod¬ 
ulation (M-QAM) modem as an exam¬ 
ple. The modem they describe uses a 
frequency-hopped RF front-end, op¬ 
erating in the 2.4-GHz unlicensed ISM 
band. The receiver’s adaptive beam¬ 
forming network is designed to reject 
co-channel interference or provide 
anti-jamming capability. A chip to per¬ 
form these functions was fabricated in 
0.8-p CMOS. It is fed by a four-channel 
front-end that de-hops the signals 
from the antennas and feeds each sig¬ 
nal to its own analog-to-digital con¬ 
verter (Fig. 2). 

The digitized signals from the front 

2. A multi-channel, multi-antenna digital receiver can use its DSP capabilities to create an 

adaptive beam-forming system to "steer" its sensitivity, resolve multipath problems, and 

compensate for other fading phenomena. In this example, frequency-hopping signals from 

multiple antennas are fed through a front end where they are "de-hopped," digitized, filtered, 

and fed to the adaptive beam-forming filter (ABF) network. A decision-feedback network 

continuously adjusts the ABF's filter weight values. 
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end are fed into the demodulator chip, 
which performs a digital downconver¬ 
sion to baseband while simultaneously 
separating the complex I and Q signals 
of the QAM signal. After more filter¬ 
ing, the four channel signals are com¬ 
bined with the adaptive beam forming 
weights into a single, complex signal. 
These weights are derived from an 
adaptive feedback network that also is 
embedded in the chip. 

Evolving IC Processes 
At conferences like CICC, it is 

quite apparent that new develop¬ 
ments in semiconductor processing 
technology will continue to play a ma¬ 
jor role in defining the shape of tomor¬ 
row’s communications. Much of this 
research is aimed at producing high-
frequency devices on ordinary silicon, 
using as much standard CMOS pro¬ 
cessing technology as possible. By 
avoiding exotic materials and 
processes, developers hope to bring 
the cost of wireless, broadband, and 
other high-frequency communications 
applications within the reach of the av¬ 
erage consumer. 

One excellent example of this will 
be a discussion on employing “Thin-
Film Silicon on Insulator Technology 
for Portable Wireless Communica¬ 
tions” (paper 21.1), prepared in a joint 
effort between Motorola’s Communi¬ 
cation Products Laboratory, Mesa, 
Ariz., and the Electrical Engineering 
Department of the University of Cali¬ 
fornia, Los Angeles. The paper pro¬ 
vides a detailed look at the state-of-
the-art thin-film silicon-on-insulator 
(TFSOI) technology. Both bonding-
and-etchback and implanted-oxygen 
techniques are explored, while con¬ 
trasting their relative advantages and 
disadvantages. 

Meeting ATM's Challenges 
Despite persistent rumors of its 

demise, ATM is alive and well, and liv¬ 
ing in an increasingly large number of 
network backbones, telecommunica¬ 
tions networks, and other broadband 
infrastructures. With its standards fi¬ 
nally approaching maturity, the next 
hurdle ATM will face is the develop¬ 
ment of appropriately priced line-in-
terface and switching components 
that can handle the high speeds and 
complex protocols. 

Switching and cell processing func¬ 

tions can either be handled by fast, 
general-purpose RISC processors, or 
by state machines, fabricated in dedi¬ 
cated logic. While programmable 
processors such as the RISC types 
have the advantages of being able to 
track changing applications require¬ 
ments and standards, they cannot typ¬ 
ically handle data rates much above 
155 Mbits/s. 
On the other hand, dedicated logic 

is fast, but costly in terms of gate 
count, and runs the risk of being obso¬ 
lete as ATM standards evolve. One re¬ 
cent trend is a hybrid approach, which 
employs a processor whose architec¬ 
ture has been optimized for processing 
ATM cells. To date, only Maker Com¬ 
munications, Waltham, Mass., has a 
commercially-available architecture 
employing an ATM-optimized CPU, 
but there is considerable interest in 
this approach. 

Following this trend, an ATM-opti¬ 
mized processor will be presented in 
session 22 by the NEC Corp., 
Kawasaki, Japan. Entitled ‘‘An ATM 
Application-Specific Integrated 
Processor” (paper 22.1), the presenta¬ 
tion spells out the details of a new 
dedicated architecture that consists 
of a custom-crafted CPU core, a 
pipeline input cell buffer, and a con¬ 
tent-addressable memory (CAM). 
This architecture is intended to give 
the chip both high performance and 
reconfigurability. 

The researchers identified a group 
of “primitive” ATM functions, such as 
accepting incoming cells, extracting 
header information, and recognizing 
different types of cells and processing 
them accordingly. Depending upon 
their complexity and how much the 
functions varied from cell to cell, they 
were implemented in various ways, as 
hardwired logic, software-program¬ 
mable logic, dedicated instructions 
within the CPU, or short groups of 
macro instructions that the processor 
carries out. 
The cell processor was imple¬ 

mented as a four-stage pipeline archi¬ 
tecture, with state-machine con¬ 
trolled memory buffering at each 
stage. The on-chip CAM was used to 
compress memory size requirements 
and speed the execution steps within 
the processor. 
ATM switching also is an area un¬ 

dergoing significant innovation. In 

small-to-medium-sized applications, 
many designers are turning to a 
shared-memory architecture, which 
stores incoming cells in a multi-byte¬ 
wide memory. A controller reads the 
cell’s address and tells the appropri¬ 
ate output port where to find it. If ad¬ 
ditional intelligence is added, prior¬ 
ity queue buffering can also be 
implemented. 

In “A Single-Chip Controller for 
1.2 Gbit/s Shared Buffer ATM 
Switches,” researchers from both the 
Japanese and U.S. divisions of NEC 
describe their switch design efforts, 
the switch architecture, and its poten¬ 
tial applications. The controller uses 
standard external SRAMs to form the 
switch’s cell buffers, header transla¬ 
tion tables, and control memories, 
thus greatly reducing the amount of 
specialized silicon required. The chip 
can support multiple line interface 
speeds, using a standard UTOPIA II 
interface. It also employs a novel 
buffer control scheme known as “re¬ 
queuing” which enables very high 
throughput multicast switching. 

A New Look At The PHY Layer 
The issues surrounding the physi¬ 

cal layer of ATM also will be addressed 
at CICC. Among those papers, one of 
the most intriguing is “A Skew-Toler¬ 
ant CMOS Level-Based ATM Data-
Recovery System With PLL Topol¬ 
ogy” (paper 22.3), presented by the 
University of Leuven, Heverlee, Bel¬ 
gium. It demonstrates a novel ap¬ 
proach to data recovery for high¬ 
speed networks that uses high-speed 
multi-sampling techniques rather 
than a PLL or DLL. 
A test chip was fabricated from 

standard cells in 0.7-p CMOS. From 
initial tests, it appears to be fairly im¬ 
mune to wander, clock- and data-jit-
ter, and propagation phase shift. The 
622-Mbit/s data-recovery system is 
capable of operating with a 25% toler¬ 
ance on the absolute position of the 
signal’s edge through the use of an in¬ 
telligent sample selector, whose func¬ 
tion is to extract the correct data 
from an oversampled input. In addi¬ 
tion to any performance issues, the 
elimination of on-chip PLLs bypasses 
the costly and difficult task of imple¬ 
menting a few highly demanding ana¬ 
log functions on a predominantly digi¬ 
tal chip. 
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Test Papers Target Mixed-Signal, 
Design-For-Test Topics 
Open-loop Feedback Helps Speed Verification Of A Charge-pump PLL’s Operating 
Frequency Range Without Frequency Measurements. JOHN NOVELUNO 

A lot of work has been done in re¬ cent years on design-for-testabil-
ity (DFT) strategies for digital 

circuits. But mixed, analog-digital cir¬ 
cuity is becoming more popular, and 
DFT techniques for these designs are 
not as well developed. Taking note of 
that, Session 10 of the Custom Inte¬ 
grated Circuits Conference (CICC) in¬ 
cludes a paper by G. Devarayanadurg, 
P. Goteti, and M. Soma from the Uni¬ 
versity of Washington, Seattle, who 
present a testability strategy for em¬ 
bedded charge-pump phase-locked 
loops that takes advantage of bound¬ 
ary scan. 
The proposed technique verifies 

the operating frequency range of the 
PLL without the time-consuming fre¬ 
quency measurements. Instead, the 
authors use the fact that the PLL’s op¬ 
erating range depends on the fre¬ 
quency range of its voltage-controlled 
oscillator (VCO). They propose con¬ 
verting the circuit’s closed-loop sys¬ 
tem with tight feedback and large 
variations in time constants into an 

open-loop circuit. They add a test pin 
for an analog test signal and use an 
IEEE-1149.1 scan register to shift in 
voltage values and disable the VCO 
feedback (see the figure). This tech¬ 
nique allows them to characterize the 
VCO by sampling its dynamic delay, 
which takes nanoseconds instead of 
the milliseconds needed for a fre¬ 
quency measurement. 
The area overhead for the DFT 

block was less than 10%. The authors 
say that neither the lock characteris¬ 
tics of the PLL, nor its operating fre¬ 
quency range were affected by the 
DFT block. A 5% shift in the time axis 
was noted. 
A wider discussion of DFT for 

mixed-signal circuits is featured in a 
paper examining ways to improve the 
testability of mixed-signal ICs by Gor¬ 
don W. Roberts of the Microelectron¬ 
ics and Computer Systems Labora¬ 
tory at McGill University, Montreal, 
Quebec, Canada. Roberts notes that 
these days analog circuitry often is 
embedded in a mixed-signal device 

with no external I/O access. And with 
the inherent difficulties of testing ana¬ 
log circuitry, compared to digital cir¬ 
cuitry, the analog testing could cost as 
much as 50% of product’s total cost. 

Roberts looks at some of the testing 
problems of analog circuitry. For ex¬ 
ample, a digital circuit’s function can 
be described by a closed-form expres¬ 
sion, like a set of Boolean equations. 
But analog functionality is always de¬ 
scribed by a nominal behavior and an 
uncertainty range, with acceptable er¬ 
ror typically as little as 0.1% to 1%. 

The author describes some possible 
solutions to the analog measurement 
problem, including two proposed ana¬ 
log test buses and built-in self-test 
techniques. One bus, which would al¬ 
low 100-MHz operation, involves ob¬ 
serving a node voltage at an external 
pin by first converting the voltage to a 
current using a local V-to-I circuit, 
then moving it off chip through the 
bus. Also discussed is the IEEE-
1149.4 test bus, which would be com¬ 
patible with the IEEE-1149.1 bound-

A proposed technique for increasing the testability of embedded charge-pump phase-locked loops adds a pin 

for an analog test signal and uses an IEEE- 1149.1 boundary-scan register to shift in voltage values and to 

disable the voltage-controlled oscillator feedback. 

ary-scan standard. That 
proposal is scheduled for a vote 
next year. 
A third paper in the session, 

from Thomas Almy of Tek¬ 
tronix Inc., Beaverton, Ore., 
describes a way to make pre¬ 
cise at-speed timing measure¬ 
ments via boundary scan. The 
technique embeds timing-ana¬ 
lyzer macros on an ASIC to 
take advantage of IEEE-
1149.1 and make timing mea¬ 
surements with a resolution 32 
times smaller than the clock 
period. The technique uses the 
boundary-scan Runbist com¬ 
mand and transmits measure¬ 
ment commands and results 
over the scan chain. The work 
was done under a Defense Ad¬ 
vanced Research Projects 
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Agency research contract. 
The design incorporates 16 chan¬ 

nels, each of which can capture or 
drive up to 62 events. More events can 
be handled by dividing a test into a se¬ 
quence of bursts. The scheme was suc¬ 
cessfully used to make on-chip, at-
speed timing measurements, and was 
more accurate than traditional auto¬ 
mated test equipment. 

Improvements Sought 
According to the author, the tech¬ 

nique can be improved by converting 
the analyzer design into ASIC macros. 
Making the design more flexible re¬ 
duces its size when its full capability is 
not needed. Finding a way to control 
the analyzer and circuit under test, 
without the need for a fast external 
pattern generator additionally im¬ 
proves the technique. Also, Tektronix 
contracted with Logic Vision Inc., San 
Jose, Calif., to incorporate the timing 
analyzer into its test synthesis tools. 

For designers not yet convinced of 
DFT’s importance in the overall suc¬ 
cess of a project, the session includes a 
tutorial that lays out the benefits, in 
fact the necessity, of using some kind 
of DFT technique for complex digital 
ICs. Alluding to the old practice of de¬ 
sign engineers completing their work 
and then “throwing the design over 
the wall” to the test engineer, a tutor¬ 
ial on DFT will be presented by the IC 
Business Div. of Hewlett-Packard Co., 
Palo Alto, Calif. 
The author, Peter C. Maxwell, 

notes that economic success depends 
heavily on time-to-market and prod¬ 
uct cost, both of which are strongly in¬ 
fluenced by the test process. Chip 
quality is a critical factor of production 
cost, and quality requirements map di¬ 
rectly to test, he says. 

In general, he says, DFT aims to 
improve the controllability and/or the 
observability of a circuit. Doing so 
makes the circuit more testable and 
provides higher fault coverages. 
Therefore, adding DFT to a design im¬ 
proves quality and shortens test de¬ 
velopment and execution time, which 
reduces cost. 
The paper discusses fault models, 

scan design, and DFT guidelines (in¬ 
cluding representative design rules). It 
also examines some cost/benefit trade¬ 
offs and concludes with some compo¬ 
nents needed for a composite test suite. 
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EIF '97 Highlights 
Technology Advances 
Design Engineers, Engineering Managers, And 
Company Management All Will Find Topics Of 
Interest At The Electronics Industries Forum. 

John Novellino 

The Electronics Industries Forum 
(EIF) of New England, the con¬ 
ference and exhibition formerly 

known as Electro, will make its debut 
May 6-8 at the World Trade Exhibition 
Center, Boston, Mass. The highlight of 
the Forum from the design engineer’s 
viewpoint will be the Technology 
Summit, with its 44 sessions covering 
seven tracks: Concurrent engineer¬ 
ing, automated test technology, elec¬ 
tromagnetic compatibility, micro¬ 
electronic assembly, computers and 
networks, communications, and bio¬ 
medical electronics. 
Four other summits—Interna¬ 

tional Standards, Supply Chain, Edu¬ 
cation and Industry, and Regional De¬ 
velopment—will appeal to the entire 
range of disciplines involved in the 
electronics industry. A trade show fea¬ 
turing manufacturers of components, 
devices, and systems will accompany 
the approximately 120 sessions in the 
conference and technical programs. 

“Our overall goal is to ensure that 
New England continues to be the 
breeding ground for technical innova¬ 
tions in this country,” said Fausto Mo-
linet, president of Matrix Interna¬ 
tional and chairman of the Technical 
Summit. “Our goal will be accom¬ 
plished by educating engineers and 
executives about the very latest de¬ 
velopments in electronic manufactur¬ 
ing and design.” 

Besides emerging technologies, the 
conference will cover business growth 
strategies, retaining jobs in New Eng¬ 
land, global marketing, and access to 
capital. “The Forum will bring to¬ 
gether representatives from the en¬ 
tire electronics marketplace—from 
company managers to engineers, from 
government officials to venture capi¬ 
talists, and from university professors 

to the engineering leaders of the fu¬ 
ture,” said Pete McCloskey, president 
of the Electronic Industries Associa¬ 
tion (EIA). The EIA and the IEEE 
Region I are among the 24 business, 
government, and educational organi¬ 
zation that formed a strategic alliance 
to sponsor the EIF. 

The concurrent engineering track 
tackles a subject that is becoming 
more important as time-to-market 
goals shrink. One session, TC2, pre¬ 
sents case histories from three major 
companies to show how virtual proto¬ 
typing supports concurrent engineer¬ 
ing by demonstrating detailed product 
functionality, even at the concept 
stage. As a result, says speaker Don¬ 
ald M. Stewart of The Concurrency 
Group, various disciplines, and poten¬ 
tial customers, can contribute to the 
product early in the design process. 
Another session, TC6, offers tips on 
how to use product platform planning 
to implement product strategies. The 
speaker notes that using common plat¬ 
form elements provides a number of 
benefits, but many companies have 
problems transitioning from single¬ 
project to multiple-project planning. 

With the increase in the use of elec¬ 
tronic equipment, including wireless 
devices, and the mandatory standards 
imposed in Europe last year, electro-

One session describes 
material and process 
improvements that 

may reduce the cost of 
MCM substrates. 

magnetic compatibility (EMC) is an¬ 
other issue of concern for many design¬ 
ers. Three sessions in the EMC track 
discuss various government and indus¬ 
try standards. Session TE2 focuses on 
the Federal Communications Commis¬ 
sion’s (FCC) technical requirements 
that ensure the compatibility of radio 
transmitters and electronic equipment 
and recent and proposed changes in 
equipment authorization require¬ 
ments. Another session, TE3, will pro¬ 
vide an update on the European EMC 
standards and regulatory issues, in¬ 
cluding certification procedures. Fi¬ 
nally, the multiple standards of indus¬ 
try groups for shielding effectiveness 
of conductive paints and coatings, gas¬ 
kets, and enclosures will be the subject 
of session TE5. 

In the communications arena, two 
of the six sessions revolve around In¬ 
ferno, Lucent Technologies’ operating 
system for multimedia, consumer, and 
network applications. Both presenta¬ 
tions include representatives from Lu¬ 
cent among the speakers. Session TT5 
will introduce Inferno to attendees 
and discuss some early applications. 
Session TT6, comprising a workshop 
and tutorial, goes into more detail. 

Three of the four remaining ses¬ 
sions involve RF and wireless tech¬ 
nology. TT3 is a shortened version of 
a tutorial on the principles of high-ef-
ficiency RF power amplifiers in 
classes B through F. TT4 discusses 
wireless local loops, which are 1- to 10-
GHz systems being using to provide 
POTS in Eastern Europe, Asia, and 
the Middle East. Higher-frequency 
versions (upper K band) are being 
looked at to offer competitive services 
in the U.S. The third session, TT2, ex¬ 
amines the application of fractal math¬ 
ematics to antenna design. The small 
profiles of antenns based on fractal 
matehmatics can be integrated into 
the transceiver casing, and thus made 
invisible to the consumer. 

Flow-control topics and switching 
predominate in the computers and 
networks track. Sessions TN2 and 
TN3 take up rate-based flow control 
and quantum flow control, respec¬ 
tively. Flow control for packet-data-
based data networks is discussed in 
session TN4. This presentation exam¬ 
ines interactions between TCP/IP and 
network flow-control mechanisms and 
across interfaces between packet and 
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cell networks. It considers packet 
quantum flow control as a core net¬ 
work capability. 
An important issue in IP switching 

networks is the definition of a flow and 
its granularity, which can vary over a 
wide range. Session TN5 looks into 
the trade-offs that must be considered 
and the limitations of the current tech¬ 
nology. The session contends that 
there is no one right aggregation level 
in IP switching systems, and that pa¬ 
rameter should be left to network de¬ 
signers to optimize. 
A strong emphasis on multichip 

modules (MCMs) and ball grid arrays 
(BGAs) are highlights of the micro¬ 

electronic assembly track. Session 
TM3 notes that although MCMs can 
improve performance and reduce the 
size of electronic packages, cost issues 
have inhibited their use. But the Con¬ 
sortium for Vehicle Electronics was 
started to address this and other prob¬ 
lems. The presentation describes sev¬ 
eral material and process improve¬ 
ments that potentially can reduce the 
cost of MCM substrates. Promising 
techniques include replacing expen¬ 
sive high-temperature resins with 
multifunctional epoxies, using alterna¬ 
tive reinforcements to enhance lami¬ 
nate dimensional stability, and pri¬ 
mary imaging with liquid resists. 

A session on flip chip technology for 
BGAs reviews the several flip chip as¬ 
sembly processes available and their 
suitability for different markets. The 
presenter argues that solder-bumped 
flip chips meet the widest range of cur¬ 
rent product requirements. The vari¬ 
ous solder-bumping processes also wall 
be analyzed for their strengths and 
weaknesses for both IC packaging and 
direct chip attach methods. 

How Valuable Circle 
Highly 525 
Moderately 526 
Slightly 527 

EIF '97 TECHNOLOGY SUMMIT TRACKS _ I 
Concurrent 
Engineering 

Automated Test 
Technology 

Electromagnetic 
Compatibility 

Microelectronic 
Assembly 

Communications Computers and 
Networks 

Biomedical 
Electronics 

Tuesday. May 6 
10:00-10:45 am. 
Motivators and 

metrics for product 
development 

Tuesday. May 6 
10:00 A.M.-Noon 
Automated test 

systems 
development trends 

Tuesday. May 6 
10:00-11:00 a.m. 
Medical device 

EMI-ANSI issues 

Wednesday,.May 7 
1:00-4:00 p.m. 

Advanced micro¬ 
electronics packag¬ 

ing technology 

Wednesday. May 7 
1:00-1:45 p.m. 
Evolution of a 

multistage switching 
network with broad¬ 

cast traffic 

Wednesday, May 7 
2:15-3:00 p.m. 
Fuzzy systems 
theory and 
applications 

Wednesday, May 7 
2:30-3:30 p.m. 

New electronic cir¬ 
cuits in optical 

analytical chemistry 
analyzers 

10:45-11:30 a.m. 
Three case histories 
of virtual prototypes 

■ to support concur¬ 
rent engineering 

2:30-5:00 P.M. 
Test instrumentation 
development trends 

11:00 a.m.-Noon 
Recent advances in 
FCC EMC and equip¬ 
ment authorization 

requirements 

4:15-5:00 p.m. 
SMT solder paste 
printing: Attaining 

perspective 

1:45-2:15 p.m. 
Fractal antenna ap¬ 
plications in wireless 
telecommunications 

3:00-3:45 p.m. 
Rate-based flow 

control 

Thursday. May 8 
8:45-9:45 a.m. 

Novel applications of 
spectroscopy for 

diagnostic breath testing 

11:30 a.m.-12:15 p.m. 
Design for quality 
(DFQ) for new 

products 

Wednesday. May 7 
10:00 A.M.-Noon 
Future automated 
test challenges and 

technologies 

2:30-3:30 p.m. 
Update on European 
EMC standards and 
regulatory issues 

Thursday. May 8 
8:45-9:30 a.m. 

Low-cost multichip 
module substrates 

2:15-2:45 p.m. 
High-efficiency RF 
power amplifiers, 
classes B though 

F-Principles 

3:45-4:30 p.m. 
Quantum flow control 

2:30-3:30 p.m. 
Design for 

j environment and 
life-cycle 

management 

3:45-5:00 p.m. 
Hearing aid-digital 

cell-phone 
interference issues 

9:30-10:15 a.m. 
High-volume 

excimer laser drilling 
of vias for MCM and 
BGA applications 

3:00-4:00 p.m. 
Current state of 

wireless local loop 

4:30-5:15 p.m. 
Flow control for 

packet data networks 

3:45-5:00 p.m. 
Designing for 
optimum 

performance 

Wednesday. May 7 
8:45-9:15 a.m. 

Shielding effective-
ness-Why don't we 
have a consensus 
industry standard? 

10:30-11:15 a.m. 
Flip chip technology 
for ball grid array 

4:00-5:00 p.m. 
Introduction to Infer¬ 
no and applications 

of Inferno in 
communications 

Thursday, May 8 
8:45-9:30 a.m. 
Levels of flow 

aggregation in IP 
switching networks 

Wednesday. May 7 
8:45-9:45 a.m. 

Secrets to success¬ 
fully implementing 
strategy through 
product platforms 

9:15-9:45 a.m. 
Electrostatic 

discharge-A tutorial 

11:15 a.m.-Noon 
BGA component 

considerations and a 
method for ball 
attachment 

Thursday. May 8 
8:45 a.m.-1:00 p.m. 
Workshop and 

tutorial on Inferno in 
programming and 

systems applications 

9:30-10:15 a.m. 
Overview of tag 

switching 

10:00-10:45 a.m. 
ISO 9000 in product 
design and team 
structure for new 

product development 

10:00-11:00 a.m. 
Noise filtering on 

cables 

Noon-1 :00 p.m. 
Photonics packaging 

automation 

10:00-1:00 p.m. 
Internet tutorial: Put¬ 
ting up your billboard 
on the information 
superhighway 

10:45-11:30 a.m. 
Making concurrent 
engineering work in 

your company 

11:00 a.m.-Noon 
EMC systems design 

10:30-11:15 a.m. 
Access to the home: 

Cable modems 

11:30 a.m.-12:15 p.m. 
Breakthrough ap¬ 
proach to engineer¬ 
ing-design problem 

solving 

11:15 a.m.-Noon 
Access to the home: 

ADSL 



Use it to test other DMMs for accuracy. 

The smart choice 

in a DMM. 

When there’s no margin for error, we’ve got the right tool for the job. Our new 900 

Series DMMs offers up to 0.06% basic DC volts accuracy. This makes it one of the most 

accurate families of True RMS DMMs in the business. Add to this a high-resolution 

40,000 count display and you’ll be confident working within the tightest of tolerances. 

What’s more, the 900 Series even measures temperature. For more information, please 

contact your Tekronix distributor or call 1-800-479-4490, action code 729, or visit us at 

www.tek.com 

Buy a DMM916 before July 31,1997, and 
we ll threw in an AIK01 and ATP01 
temperature lead sei free! Tektronix 

©1996 Tektronix Inc. MW 1541-01 



TECH INSIGHTS PRODUCTS 
PRODUCT FEATURE 
Data sheets on products like these can be found at www.penton.com/ed/ 

Transceivers Support Nearly Any Wireless Data Application 

The SX04x family of spread-spec¬ 
trum baseband controllers sim¬ 
plifies the design of direct-se¬ 

quence wireless data systems by 
integrating all of the baseband cir¬ 
cuitry required to implement a ra¬ 
dio. Depending on an application’s 
requirements, designers can choose 
different controllers with data rates 
ranging from 1 to 16 Mbits/s, and 
compatibility with the soon-to-be-fi-
nalized IEEE 802.11 wireless data 
standard. All the chips have a high 
level of programmability, enabling 
designers to tailor parameters such 
as data rate, chipping code length, 
and modulation format for a particu¬ 
lar application. 

Each SX04x transceiver controller 
contains a generic microprocessor in¬ 
terface and a full-duplex transmit re¬ 
ceive message processor circuit. The 
transmit section includes a data scram¬ 
bler, packet generator, CRC generator, 
pseudonoise (PN) code generator, and 

modulation mode formatter 
In the receive section, functions 

such as the PN code generator, syn¬ 
chronization and tau-dither tracking 
loop, integrate-and-dump control, data 
descrambler, packet decoder CRC 
checker, demodulator, and RSSI, are all 
handled on-chip. The chip’s baseband 
output, input, and receive PN code 
lines simplify interfacing to the SX051 
IF transceiver IC or any other radio’s 
IF section. 
For many controller applications, 

the SX043 transceiver’s low cost and 
flexibility make it a good choice. With 
a programmable chipping rate of up to 
64 Mchips/s, it can support a maximum 
data rate of 2 Mbits/s using QPSK or 
DQPSK modulation, and a PN code of 
length 63. 

At lower chipping rates, it can gen¬ 
erate code lengths of up to 2047 chips. 
This allows designers to select an opti¬ 
mal combination of transmitted 
power, system process gain, system 

bandwidth, and data rate for a particu¬ 
lar application. 

The SX043’s highly programmable 
architecture also enables it to employ 
a wide variety of well known other 
modulation schemes, including QPSK, 
DQPSK, and 8/16-level QAM. Its user-
controlled shutdown modes and 3.3-V 
(with 5-V option) operation make it 
ideal for power-sensitive handheld 
portable applications. Transmit-only 
and receive-only versions of the 
processor (SX041 and SX042) are 
available for cost-sensitive, single-di¬ 
rection applications. 

To accelerate the development 
process, a complete ISA bus-based 
evaluation kit also is available. It in¬ 
cludes the DEV043 ISA bus PC in¬ 
terface card, an interface cable, a 
fully functional baseband develop¬ 
ment board, and a set of software dri¬ 
vers. Using this software, the base¬ 
band section can be programmed and 
operated under the control of any 

We’d like to show you what our We’d 

High Performance Clock 
System Design Solutions 
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standard PC with an open ISA bus 
slot. A breadboard area on the base¬ 
band pc board and complete source 
code listings permit designers to make 
additions and modifications to both 
the hardware and software. 

If higher data rates are required, 
the SX049 spread spectrum trans¬ 
ceiver can be used to support data rates 
of up to 16 Mbits/s. Capable of both 
half- and full-duplex operation, the 
SX049 shares many basic features with 
the SX043, but in addition supports in¬ 
dependent transmit and receive codes, 
as well as selectable code scrambling to 
facilitate so-called “spectral whiten¬ 
ing.” It supports packetized synchro¬ 
nous protocol (HDLC), including abort 
sequence generation and checking, au¬ 
tomatic zero insertion/deletion, and ad¬ 
dress field recognition. 

Transmit- and receive-only vari-
nts of the SX049 also are available 
the SX047 and SX048, respectively) 

^plications where unidirectional 
^ration is desired. 
If standards-based wireless data is 

desired, the SX045 will enable rapid 

development of equipment that sup¬ 
ports the IEEE 802.11 wireless data 
standard. While its architecture bor¬ 
rows heavily from the other SX04x se¬ 
ries, it has additional features that 
help it perform the radio control and 
data-transfer functions of the physi¬ 
cal-layer convergence procedure 
(PLCP) and PHY layers, providing an 
integrated control/data interface be¬ 
tween the Media Access Controller 
(MAC) and the radio. 

With its generic microprocessor in¬ 
terface (8 bits of data, 6 bits of ad¬ 
dress), the SX045, sports 16-byte 
transmit and receive buffer FIFOs 
with programmable capacity flags. Its 
programmable 11-bit recirculating 
PN code generator is fully program¬ 
mable, with a default setting to the 
802.11 standard. 

Besides selectable data rates and 
modulation formats (1-Mbit/s 
DBPSK and 2-Mbit/s DQPSK), the 
controller has an on-chip despreading 
and early/late-correlator tracking 
loop that assists in precise tracking of 
the receiver’s correlation peak. Inter¬ 

face to the radio includes a clear¬ 
channel assessment circuit, a radio 
control port, as well as a Digital-to-
Analog Converter (DAC) that can be 
used to control the RF amplifier’s 
power level. 

Available now from the manufac¬ 
turer, the SX043 is priced at $18 each 
in 10,000-piece quantities. The com¬ 
panion SX041 and SX042 cost $8 and 
$13 each respectively. The DEV043 
development kit is available for $495. 
Sampling now, and available in pro¬ 
duction quantities in May of this 
year, the SX049 transceiver con¬ 
troller is priced at $21 each, with the 
SX047 and SX048 costing $10 and 
$15, respectively. The SX045 802.11 
transceiver is due out in the second 
quarter of this year, and is antici¬ 
pated to cost below $10 each in lots of 
10,000. 

American Microsyfems Inc. 
2300 Buckskin Rd. 
Pocatello, ID 83201 
(208) 233-4690 
CIRCLE 590 

LEE GOLDBERG 

Introducing the Clockworks' PLLs. 

new PLLsIdo to skew. 

The first high end, low-jitter 

solutions available off the shelf, 

ready to plug in and pare your timing budget 

down to almost zip. Less than 200 picoseconds. 

If you’re trying to line up the edges on a fast 

clock, from 25Mhz on up, you’re home. 

Lowest jitter. Tightest skew. Lowest price. 

Call today and talk to someone who knows 

fast clocking problems and can put the 

solutions in your hands in no time. 

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

www.synergysemi.com 

info@synergysemi.com 
A SYNERGY V* SEMICONDUCTOR 
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MEETINGS 

JUNE 
Canadian Wireless ‘97 Conference 

and Trade Show, June 3-5. Palais des 
Congres, Montreal, Quebec, Canada. 
Contact Monique Trottier, CWTA, 
275 ruse Slater St., Suite 2004, Ot¬ 
tawa, Ontario, Canada KIP 5H9; 
(613) 233-4888; e-mail: 
mtrottie@cwta.ca 

International Symposium on VSLI 
Technology, Systems, and Applications, 
June 3-5. Grand Hyatt Hotel, Tai¬ 
wan, China. Contact T. P. Ma, Dept, 
of Electrical Engineering, Yale Uni¬ 
versity, 15 Prospect St., New Haven, 
CT 06520-8284; (203) 432-4211; fax 
(203) 432-7769. 

Mixed Signal Test Workshop; June 3-
6. Seattle, WA. Contact M. Soma; 
(206) 685-3810; e-mail: 
soma@ee.washington.edu. 

American Control Conference (ACC 
‘97), June 4-6. Albuquerque Conven¬ 
tion Center, Albuquerque, NM. Con¬ 
tact Steven Yurkovich, Department 
of Elec. & Engrg., Ohio State Univ., 
2015 Neil Ave., Columbus, OH 43210; 
(614) 292-2586; fax (614) 292-7596; e-
mail: s.yurkovich@i.ee.org. 

IEEE International Conference on 
Communications (ICC 97), June 8-12. 
Montreal, Canada. Contact Celia 
Desmond, Stentor, Fl. 6b, 33 City 
Center Dr., Mississauga, Ontario 
L5B 2N5, Canada; (905) 615-6507; fax 
(905) 615-8421; e-mail: 
celia.desmond@tc.resonet.com. 

IEEE/MTT-S International Microwave 
Symposium (MTT 97), June 8-13. Con¬ 
vention Center, Denver, CO. Contact 
John Dunn, Dept, of Electrical & 
Computer Engineering, University 
of Colorado, Campus Box 425, Boul¬ 
der, CO 80309; (303) 492-5920; fax 
(303) 492-5323; e-mail: dunn@boul-
der.colorado.edu. 

IEEE International Symposium on Cir¬ 
cuits & Systems (ISCAS 97), June 9-12. 
Hong Kong Convention & Exhibition 
Centre, Hong Kong. Contact ISCAS ‘97 
Secretariat, Department of Electrical & 
Electronic Engineering, University of 
Hong Kong, Pokfalam Rd., Hong Kong; 
(852) 28592710; fax (852) 25598738; e-
mail: iscas97@hkueee.hku.hk. 

34th Design Automation Conference 
(DAC ‘97), June 9-13. Anaheim Con¬ 
vention Center, Anaheim, CA; Con¬ 
tact MP Associates Inc., 5305 Spine 
Rd., Suite A, Boulder, CO 80301; 
(303) 530-4333; fax (303) 530-4334. 

ASIA TELECOM ‘97 (TIA), June 9-14. 
Singapore, Asia. Contact (703) 907-
7736. 

IEEE International Conference on 
Consumer Electronics (ICCE), June 11-
13. The Westin Hotel O’Hare, Rose¬ 
mont, IL. Contact Diane D. Williams, 
67 Raspberry Patch Dr., Rochester, 
NY 14612-2868; (716) 392-3862; fax 
(716) 392-4397. 

Virginia Tech/MPRG Symposium on 
Wireless Personal Communications, 
June 11-13. Campus of Virginia Tech, 
Blacksburg, VA. Contact MPRG 
Conference Coordinator Jenny 
Frank (757) 686-3765, or Jack Lilly, 
(540) 231-4849 or 

International Solid-State Sensors 
and Actuators Conference (Transducers 
97), June 15-19. Hyatt Regency Ho¬ 
tel, Chicago, IL. Contact Kensal D. 
Wise, 1246 EECS Building, Univer¬ 
sity of Michigan, 1301 Beal Ave., Ann 
Arbor, MI 48109-2122; (313) 764-
3346; fax (313)747-1781. 

IEEE Digital Cross Connect Systems 
Workshop VII (DCS 97), June 16-19. 
Banff Park Lodge, Banff, Alberta, 
Canada. Contact James H. Simester, Lu¬ 
cent Technologies, P.O. Box 3030, Room 
4J-526, 101 Crawfords Corner Rd., 
Holmdel, NJ 07733-3030; (908) 949-7336; 
fax (908) 949-2724; e-mail: 
sims@bostare.hoatt.com. 

Third Conference on Object-Oriented 
Technologies & Systems (Coots 97), 
June 16-20. Marriott Hotel, Portland, 
OR. Contact USENIX Conference Of¬ 
fice, 22672 Lambert St., Suite 613, 
Lake Forest, CA 92630; (714) 588-8649; 
fax (714) 588-9706; e-mail: confer-
ence@usenix.org; Internet: 
http://www.usenix.org. 

IEEE International Conference on 
Systems, Man, and Cybernetics, June 
16-20. Hyatt Orlando, Orlando, FL. 
Contact James M. Tien, Chair, DSES 
Department, Rensselaer Polytechnic 

Institute, Troy, NY 12180-3590; (518) 
276-6486; fax (518) 276-8227; e-mail 
tienj@rpi.edu. 

IEEE/ASME International Conference 
on Advanced Intelligence Mechatron-
ics, June 16-20. Contact Hideki 
Hashimoto, Institute of Industrial 
Science, University of Tokyo, 7-22-1, 
Roppongi, Minato-ku, Tokyo 100, Ja¬ 
pan; (81) 3 3402 6231 ext. 2359; fax 
(81) 3 3423 1484. 

IEEE Sixth International Fuzzy Sys¬ 
tems Conference, June 20-25. 
Barcelona, Spain. Contact Ramon 
Lopez De Mantaras, IIIA-CSIC 
Campus U.A.B., 08193 Cerdanyola 
del Valles, Spain; (34) 3-580-95-7Ó. 

IEEE Power Electronics Specialis* 
Conference (PESC 97), June 22-27. R‘ 
gal Riverfront Hotel, St. Louis, M 
Contact Philip T. Krein, University 
Illinois, 1406 W. Green St., Urbana, I 
61801; (217) 333-4732; e-mail 
krein@uipesl.ece.uiuc.edu. 

IEEE International Symposium on In¬ 
formation Theory, June 29-July 4. Ulm, 
Germany. Contact Han Vinck, In¬ 
stitue of Experimental Mathematics, 
University of Essen, Ellernstr. 29, 
45326 Essen, Germany; (49) 201 
3206458; fax (49) 201 3206425. 

/A 
Sixth IEEE International Fuzzy Sy 

terns Conference, June 30-July 
Barcelona, Spain. Contact Ram 4 
Lopez de Mantaras, IIIA-CSj 
Campus U.A.B. 08193 Cerdanyola 
del Valles, Spain; (34) 3 580 95 70. 

JULY 
Fifth USENIX TCL/TK Workshop, July 

14-17. Tremont House Hotel, Boston 
MA. Contact USENIX Conference 
Office, 22672 Lambert St., Suite 613, 
Lake Forest, CA 92630; (714) 588-
8649; fax (714) 588-9706; e-mail: con-
ference@usenix.org; Internet: 
http://www.usenix.org. 

IEEE Power Engineering Society Sum¬ 
mer Meeting, July 20-25. Interconti¬ 
nental Hotel, Berlin, Germany. Con¬ 
tact Executive Office, IEEE Power 
Engineering Society, Post Office Box 
1331, Piscataway, New Jersey 088r’ -
1331; (908) 562-3864; fax (908) 9. ■ 
1769. 





Lambda’s UltraFlex Series 

Modular power 

supplies with any 

combination of 

outputs, delivered 

in two weeks. 

There’s no need to panic just because you 

need a power supply that doesn’t seem to 

be available from stock. In two weeks or 

less, Lambda will ship a prototype 400W or 

600W supply with any output voltages 

and signals you need. The UltraFlex Series 

provides high performance and high power 

density, with either a power factor 

corrected AC input or a 48VDC input. 

With leading edge and proprietary circuit 

design (280 KHz fixed frequency converters, 

synchronized circuits, planar magnetics), 

advanced thermal management and 

surface mount technology, these power 

supplies offer state-of-the-art power densi¬ 

ties, exceptional flexibility, reliability, and 

outstanding performance. 

Lambda's UltraFlex Series gives you the 

flexibility you need to cope with today’s fast-

paced new product development cycles and 

relentless time-to-market schedules. 



UltraFlex Features 

Customized Lambda has a complete selection of standard, off-the-shelf 
Power Supplies modules with varying combinations of output voltages, 
Available In currents, and system interface/monitoring signals. This 
2 Weeks ensures that your power supply is tailored to your specific 

needs without the high cost associated with a custom supply. 
And prototype quantities are shipped in just two weeks. 

Compact These high density, low profile packages measure only 
Packages 2.5 X 5-inches, fitting easily into tight system enclosures. 

Fully Regulated Lambda provides 1 to 10 fully regulated and independent 
& Independent outputs which can be used as + or - polarities. Select from 
Outputs 2V to 48VDC output modules to power any combination of 

logic, analog, or ancillary circuits. 

Universal The 85-265VAC wide range input meets worldwide require-
AC Input or ments, minimizing inventory and reducing system integration 
48VDC Input costs. Wide range 36V-75VDC input is also available. 

Power Factor Active power factor and harmonic correction circuitry ensures 
& Harmonic compliance to EN60555-2 and EN61 000-3-2, while improving 
Correction input power quality, line regulation, AC noise immunity and 

reliability worldwide. 

System Interface AC Power Fail, Global Inhibit, Module Inhibit, Output Good, 
& Monitoring Margin/Remote Adjust, Current Monitor, and Active Current 
Signals Share ensure ease of system design and integration. 

International Safety agency approvals to UL1950, CSA22.2 No. 234, 
Safety Agency EN60950/IEC950, and the CE mark (Low Voltage Directive) 
Approvals ensure compliance worldwide. 

Meets Worldwide Conducted EMI meets FCC/EN Level B specifications on all 
EMI Requirements AC input models. 

Input Transient Input transients, input noise, and ESD protection per 
Protection EN61 000-4-2/4/5 Level 3, ensure reliable operation through a 

multitude of operating conditions. 

Fixed Frequency Minimizes output noise and provides a means to externally 
Converters sync the power supply, avoiding system-sensitive frequencies. 
With Sync Input 

Remote Sense All outputs have remote sensing capability to offset external 
voltage drops, due to load lead losses or isolation diodes. 



How To Configure Your Standard UltraFlex Pc 

1. Select Your Power Supply Case. 
Refer to the Case Configuration and 
Output Module Code Guide. Base your 
selection on the total output power you 
need—either 400W or 600W—and the 
corresponding package size. 

2. List The Required Output Voltages and Currei 
Your Output Modules. 

Refer to the DC Output Module Codes Guide, 
with 2V to 48V outputs. You may choose as m. 
up to five module slot widths. Single output mo 
higher current requirements (refer to the currer 

UltraFlex Series 

U A K1-

Case Configuration & Output Power Code 
OUTPUT 
POWER CASE SIZE WEIGHT CASE INPUT 
(WATTS)_ (INCHES)_ LBS. CODE VOLTAGE 

400W 2.5x5x10 5.5 A 85-265 VAC 
600W 2.5x5x11 6.0 B 85-265 VAC 
600W 2.5x5x12 6.5 C 36-75 VDC 

(cases hold up to 5 module slots) 

Interface Signal Option Code -
SIGNAL 
CODE_ DESCRIPTION OF INCLUDED SIGNALS * FUNCTIONS_ 

J = NO OPTIONAL SIGNALS: The standard DC Output Module has Remote Sense, 
Overcurrent and Overvoltage Protection. 

K = INPUT SIGNALS (Global): Input Power Fail, 5V Standby, Global Inhibit, Fan 
Stop/Thermal Alarm, Fan Inhibit, Sync Input. 

T = OUTPUT MODULE SIGNALS: Module Inhibit, Margin, Remote Adjust, Output Good, 
Current Monitor & Current Share: Active Current Share & Module Inverter OK. 

Z = INPUT SIGNALS (Global): Input Power Fail, 5V Standby, Global Inhibit, Global 
Output Good, Fan Stop/Thermal Alarm, Fan Inhibit, Sync Input & OUTPUT 
MODULE SIGNALS: Module Inhibit, Margin, Remote Adjust, Output Good, 
Current Monitor & Current Share: Active Current Share & Module Inverter OK. 

Notes: 1. Output Module Signals and Current Share options only available on single output 
modules. 

2. Global Output Good Signal is provided with Input Signals option when individual 
modules have Output Signals option. 

3. Signals are valid with outputs loaded. 

Input Voltage & EMI Code — 
1 = PFC, 85-265 VAC, 50/60 Hz, Class B EMI 
4 = DC INPUT, 36-75 VDC, EN55022A 

Example: 
The above model (UAK1-HJJP) number is for an UltraFlex Power 
Supply, 400 Watts, 2.5x5x10 -inch Standard Case, Input Signals 
(Global) 85-265VAC, PFC, Class B EMI Input, with 4 Output 
Modules (defined at right). 

H = 5V/60A (2-slots) 
J = 12V/17A (1-slot) 
J = 12V/17A (1-slot) 
P = 24V/8.5A (1-slot) 

Total 5-slots 



ver Supply 

s You Need, and Select 

ie modules are available 
y modules as you need— 
jles may be paralleled for 
share option). 

3. Select Your Input and Output 
Interface Signals. 
Refer to the Interface Signals Option 
Code Guide. Select the fully config¬ 
ured Z option for 2 week delivery on 
prototype quantities. 

4. Call 1-800-LAMBDA-4 for pricing 
and delivery. 

5. For sample configurations and 
pricing, please turn to the next page. 

H J J P 
- 1-

Output Module Codes 
400 & 600 watt cases (A, B, or C Cases) can hold up to five module slot widths. 
OUTPUT MAX CURRENT AMPS MAX POWER WATTS Vout SLOT MODULE 
VOLTAGE « SOX © 50C ADJUST RANGE WIDTH CODE 

SINGLE OUTPUT MODULES 

2V 30.0 66 
2 V 60.0 132 
2 V 100.0 200 

3.3V 30.0 108 
3.3V 60.0 216 
3.3V 100.0 330 

5V 30.0 150 
5V 60.0 300 
5 V 100.0 500 

12 V 17.0 204 
12V 30.0 360 
12V 50.0 600 

15V 14.0 210 
15V 24.0 360 
15V 40.0 600 

24V 8.5 204 
24V 15.0 360 
24V 25.0 600 

28 V 12.0 336 

36 V 11.0 396 

48 V 4.0 192 
48V 8.0 384 
48 V 12.5 600 

DUAL OUTPUT MODULES5

12 V & 5V 10.0 & 4.0 150 
5V & 12V 10.0 & 4.0 150 
12V & 12V’ 10.0 & 4.0 150 
15V & 15V 8.0 & 3.0' 150 

1.8-2.2 
1.8-2.2 
1.8-2.2 

3.0-3.6 
3.0-3.6 
3.0-3.6 

4.5-6.0 
4. 5-6.0 
4.5-6.0 

10.8-13.2 
10.8-13.2 
10.8-13.2 

13.5-16.5 
13.5-16.5 
13.5-16.5 

21.6-26.4 
21.6-26.4 
21.6-26.4 

25.2-30.8 

32.4-39.6 

43.2-52.8 
43.2-52.8 
43.2-52.8 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

2 

2 

1 
2 
3 

A 
B 
C 

D 
E 
F 

G 
H 
I 

J 
K 
L 

M 
N 
O 

P 
Q 
R 

8 

3 

S 
T 
U 

1 V 
1 w 
1 Y 
1 Z 

NOTES: 

1. Peak Rating 10A and 4A for up to 1 minute. 
2. Other output voltages are available. Contact the factory with your specific needs. 
3. When using the 600W AC Case B, derate as follows: 
H Module: 5V@55A W Module: 5V@8A, 12V@4A 
V Module: 12V@8A, 5V@3A Y Module: 12V@8A, 12V@3A 
These modules have no derating up to 40°C for the 600W case. 

4. Spaces and dashes shown in the above catalog number are not used when entering order. 
5. On dual output modules, output 1 has the highest current rating. 



Sample Configurations Global Input Signal Option 

UltraFlex Quad Output 

MAX UNIT PRICE PER DELIVERED QUANTITY 
POWER OUTPUT 1 OUTPUT 2 OUTPUT 3 OUTPUT 4 1 5 10 25 MODEL 

400W 5V@30A 12V@17A 12V@10A 5V@4A $702 $585 $540 $502 UAK1-GJV 

400W 5V@30A 12V@17A 12V@4A 5V@10A 702 585 540 502 UAK1-GJW 

600W 5V@30A 12V@30A 12V@4A 12V@10A 814 732 666 610 UBK1-GKY 

600W 5V@30A 24V@15A 12V@4A 12V@10A 814 732 666 610 UBK1-GQY 

600W 5V@60A 12V@17A 12V@17A 5V@30A 897 807 734 673 UBK1-GHJJ 

600W 5V@60A 12V@17A 12V@4A 12V@10A 814 732 666 610 UBK1-HJY 

600W 3.3V@30A 48V@8A 12V@4A 12V@10A 814 732 666 610 UBK1-DTY 

UltraFlex Pent Output 

MAX UNIT PRICE PER DELIVERED QUANTITY 
POWER OUTPUT 1 OUTPUT 2 OUTPUT 3 OUTPUT 4 OUTPUT 5_ 1_ 5_ 10_ 25_ MODEL 

400W 5V@30A 12V@17A 12V@4A 5V@10A 48V@4A $822 $685 $633 $587 UAK1-GJSW 

600W 5V@60A 12V@17A 12V@4A 5V@10A 24V@8.5A 947 852 775 710 UBK1-HJPW 

600W 5V@60A 12V@17A 12V@4A 5V@10A 48V @4A 947 852 775 710 UBK1-HJSW 

Notes: 
1. These models include wide range 85-265VAC PFC input, FCC/EN Level B EMI Filter, Input Signals 

(Global), and Overtemperature Protection. 

2. All outputs include Remote Sense, Overcurrent & Overvoltage Protection. 

3. Output number does not represent output location. 

4. Single output modules may be paralleled for higher current ratings with current share option. 

5. Total output power and individual output current ratings may not be exceeded. 

6. Output ratings are valid from 0 to 40°C. See previous page for 50°C ratings. 

7. Output Module Signals and Current Share are optional. Contact the factory for price and availability. 

8. Output Module Codes must be in alphanumeric order. 



UltraFlex Series Specifications 

AC Input 
line. 85-265VAC, 47-63 Hz (Case A&B). 

DC Input 
36-75VDC on Case C. 

Inrush Current 
Less than 40A peak. 

Efficiency 
75% typical at nominal line voltage. 

EMI 
Conducted EMI conforms to EN55022, Level B, and 
FCC Docket 20780 Part 15, Subpart J, Class B for AC input 
versions. Conducted EMI to EN55022A for DC input models. 

Power Factor and Harmonic Correction 
All models are compliant with EN60555-2 and EN61 000-3-2, with 
up to 250 VAC input. Power factor is 0.998 typical at full load. 

Input Transient and ESD Protection 
IEEE-C62.41, Category A3; IEEE-587 Category B; 
EN61 000-4-2/4/5 Level 3. 

Regulated Voltage 
line regulation. Less than 0.1% for line variations from 

85-265VAC. Less than 0.2% for dual 
output modules. 

load regulation. Less than 0.4% for load variations from 
no load to full load and full load to no 
load. Less than 0.8% for dual output 
modules. 

cross regulation. Less than 0.1% between single output 
modules. Less than 3% between dual 
outputs with 25% load change on high 
current output. 

ripple and noise. Less than 0.33% or 15mV RMS. Less 
than 1.0% or 50mV pk-pk (less than 
50mV pk-pk on 5V and 12V outputs) on 
single output modules. Less than 1.0% 
or 50mV pk-pk on dual output modules. 

temperature 
coefficient . 0.02%/°C. 

Output Adjustment Range 
±10% of nominal output voltage on all models. 

Thermal Protection 
The power supply will shut down in the event of an overtempera¬ 
ture condition (the fan will continue to operate). To restore opera¬ 
tion, the supply must cool down and the AC input must be recycled. 

Overcurrent Protection 
Overcurrent protection on single output modules limits the 
current from 110% to 120% of current rating on outputs 
greater than 400W. (110% to 150% of current rating on 
outputs less than 400W.) Upon removal of the overload 
condition, normal operation resumes automatically. 

Overvoltage Protection 
Factory-set overvoltage protection from 120% to 130% of nomi¬ 
nal output on single output modules. Dual output modules have 
factory-set overvoltage protection of 120% to 140% of nominal. 
Internal circuitry will shut down the individual output module. 
Reset the OVP by cycling the input power. 

Preload 
External preload is not required on single output modules. Dual 
output modules require 1A minimum load on the highest current 
output (Output #1). 

Dynamic Response 
±25% load change (from 75% base at a rate of 1 A/psec) will 
result in output deviation of less than 2% or 100mV peak 
(125mV for less than 5V outputs). Output recovery to within 1% 
of nominal to be less than 300psec. 

Holdup Time 
The output voltage will remain within regulation limits for 
20msec at full load with nominal 115/230VAC line input. 

Remote Sensing 
Remote Sense compensates for total cable drop of up to 
0.5VDC. Available on all outputs. 

Isolation Ratings 
Conforms to safety agency requirements. 

Cooling 
Cooling is provided via an internal DC operated 
ball-bearing fan. 

Operating Temperature Range 
Full operation from 0°C to +50°C with 100% rated power 
on most models. Derate linearly from +50°C to 50% power at 
+65°C. Derate H, V, W and Y models in 600W case starting at 
+40°C to 50% power at 55“ C. 

Storage Temperature 
-40°C to +85°C. 

Military Specifications 
Shock — MIL-STD-81 0E, Method 516.4, Procedure I. 
Vibration — MIL-STD-810E, Method 51 4.4,Category l,TP1 . 

Mounting 
Two mounting surfaces on all models. 

Physical Data 

Case 
Code 
A 
B 
C 

Lbs. 
Ship 
7.5 
8.0 
8.5 

Weight 
Lbs. 
Net I 
5.5 
6.0 
6.5 

Dimensions 
(inches) 

2.5x5 x 10 
2.5 x5x 11 
2.5x5 X 12 

Safety Agency Approvals 
The UltraFlex Series meets UL 1950, CSA 22.2 No. 234, TUV, 
EN60950/IEC950, and SELV. All models carry the CE mark to 
indicate conformance to the Low Voltage Directive. 

Guarantee 
Lambda's three year guarantee includes labor as well as parts. 
Guarantee applies to operation within published specifications 
at the end of three years. 



The UltraFlex Series 

Curve B EMI 

Universal 85-265VAC Input 

Power Factor Correction 

Current Sharing 

Fan Stop I Thermal Alarm 

Output Current Monitor 

5V Standby Voltage 

Output Good Signal 

Synchronization Input 

Output Margining 

Remote Adjust 

Global Inhibit 

Individual Output Inhibits 

AC or DC Inputs 

Fan Inhibit Control 

lAMBDA/\ 
Electronicslnc.L^ 

By using a wide range 

of off-the-shelf 

modules, Lambda can 

configure a 400W or 

600W power supply 

with virtually any 

combination of 

outputs and signals 

and deliver it in just 

two weeks 

To order, or for more information on the 
UltraFlex Series, call 1-800-LAMBDA-4/5, 
8am to 8pm east coast time 

VISA 

Worldwide Lambda Staffed Sale* and Service Office* 

LAMBDA ELECTRONICS IS AN 

ISO 9001 
CERTIFIED COMPANY 

L-87A 497 

NEMIC-LAMBDA TAIWAN 
TEL 886-3-980-5255 

Worldwide Lambda 
Representative* 

?» 

515 Broad Hollow Road, Melville, NY 11747-3700 
Tel: 516-694-4200 Fax:516-293-0519 

Japan, Tokyo 
NEMIC-LAMBDA K.K. 
TEL81 -3-3447-4411 

Korea. Seoul 
NEMIC-LAMBDA KOREA 
TEL 82-2-556-1171 

Malaysia, Senai 
NEMIC-LAMBDA . M) SDN 
BHD 
TEL 60-7-599-3901 

Singapore 
NEMIC-LAMBDA(S) P'Et~D. 
TEL 65-251-7211 

Australia. Adelaide 
k.D Fishel & Co. PTY LTD 
TEL 61-08-277-3288 

Brazil. Sao Paulo 
Fbwerline Productos 
Electrónicas Ltda 
TEL: 55-1 1-601 -8250 

Chile. Santiago 

Worldwide WebeMe 

httpV/www.lairbdapower.com 

France, Pari* 
LAMBDA-COUTANT S.A 
TEL: 33- 1-60- 12- 14-47 

Germany. Achem 
LAMBDA ELECTRON CS 
GmbH 
TEL 49-07841 -6806-D 

Hong Kong 
NEMIC-LAMBDA HONG KCNG 
TEL: 852-2420-6693 

Israel. Tel Aviv 
NEMIC-LAMBDA LTD 
TEL: 972-3-902-4333 

Italy. Milan 
LAMBDA ELECTRONICS S.I.L. 
TEL: 39-2-660-40540 

TEL56-2-232-8616 
Mopelec 
TEL56-2-231-5381 

India. Bangalore 
CG Pc wer Conversion PVT. LTD 
TIL91-80-563-191 7 

Mexico 
Monterrey 
Canad.en Co 
TEL: 52-83-652020 

Mexico City 
Mi-xitek. S.A. 
TB.: 52-5-575-9929 

Venezuela. Caraca* 
Vessing. C A 
TEL: 58-2-241 -0081 

International, New York 
LAMBDA ELECTRONICS NC. 
Export Dept 
TEL 51 6-594-4200 

Canada 
LAWDA ELECTRONICS 
(CANADA) INC 
TB. ‘-8*30-361 -2578 

’d 4-695-8330 

China, Shanghai 
SHANGHAI NEMIC-LAMBÛA 
ELECTRONICS CO LTD 
TEu «-2 1-485-0777 

England. Ilfracombe 
COJTANT-LAMBDA LTD 
TEI 44-271-8-65656 

Input Power Fail 
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MARKET FACTS 

Slicing Off A Piece Of The GaAs Pie 

According to a new report, “GaAs 
IC and FET Market Review and 
Forecast 1996-2000,” from 

Strategies Unlimited, the worldwide 
market for gallium arsenide (GaAs) 
RF and digital semiconductor de¬ 
vices will spill over the $2 billion 
mark in 2000. GaAs integrated cir-

geted applications, such as cable and 
satellite TV will be serving up 11% of 
the world market. Computer net¬ 
working applications will see 6% of 
the market, and military and trans¬ 
port applications will swallow the re¬ 
mainder of the world market, 6%. In 
comparison to discrete devices, GaAs 

cuit (IC) and transistor 
(FET) demand is ex¬ 
pected to expand 15% 
per year over the next 
four years from $1.3 bil¬ 
lion in 1996 to $2.2 bil¬ 
lion in 2000. This mar¬ 
ket is driven by a strong 
global demand for com¬ 
munications applica¬ 
tions, such as data and 
satellite communica¬ 
tions and wireless tele¬ 
phones. These applica¬ 
tions will be eating up 
68% percent of the de¬ 
mand for GaAs ICs and 
FETs at the millen¬ 
nium. Consumer-tar-

World GaAs IC And FET Market In 2000 

“litary 5% Industrial 

Transportation 1% 

Computer 

9% 

ARTIST: JIM MILLER 

Source: Strategies Unlimited 

ICs are a faster growing commodity, 
expected to expand their market 
share from over 60% in 1996 to 75% 
in 2000. The push for greater produc¬ 
tion of wireless telephones will see 
analog IC sales rising from $655 mil¬ 
lion to $1.3 billion at the turn of the 
century. That growth represents a 
19% annual increase. Exploding 
rates of data communication are re¬ 
sponsible for the rise of GaAs digital 
ICs in gigabit communication net¬ 
works—from $115 million in 1996 to 
$327 million in 2000. The jump is seen 
as an annual growth of 30%. As far as 
the world share of GaAs device pro¬ 
duction goes, North America took 
47% of shipment revenues in 1996, 
shadowed closely by Japan with 44%. 
European production saw 7% of 
world shipments. The new report re¬ 
views the applications, markets, sup¬ 
pliers, and technology for GaAs RF, 
digital and microwave devices. The 
report is priced at $3950. Contact 
Strategies Unlimited, 201 San Anto¬ 
nio Circle, Mountain View, CA 94040; 
(415) 914-3438; fax (415) 941-5120; In¬ 
ternet; http://www.strategies-u.com. 

—DS 

THE ENVELOPE, PLEASE 

The very prestigious Medal of Excellence in Engi¬ neering from Vrije Universiteit Brussels, Belgium, 
was recently awarded to Joseph Keithley, founder 

of Keithley Instruments. The faculty of the engineering 
department presented the award to Keithley for his ca¬ 
reer contributions to engineering. 

Previous recipients of the award include W. Brandt 
Goldsworthy, William Hewlett, S. Honda, and David 
Packard. 

Keithley Instruments was founded in Keithley’s 
small workshop in Cleveland, Ohio, in 1946. The shop 

manufactured extremely sensitive scientific test and 
measurement instruments. Particular uses for the 
equipment included measuring very low levels of cur¬ 
rent, voltage, or resistance. 

Keithley was elected to the National Academy of En¬ 
gineering in 1992 for his contributions to electronic test 
and measurement. That same year he received the 
Cleveland Engineering Society Leadership Award. 
Keithley is a Fellow in the Institute of Electrical and 
Electronics Engineers, as well as a Fellow of the Amer¬ 
ican Association for the Advancement of Science. 
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40 YEARS AGO IN ELECTRONIC DESIGN 

Ideas For Design: Hybrid Hi-Fi Amplifier, 
L Feldman and S. A. Lipsky, Madison 
Fielding Corp., Brooklyn, N.Y. 
The development of a 

highly stable transistor¬ 
ized preamplifier has 
yielded a hum, noise, and 
microphonic-free “front 
end” for a standard vac¬ 
uum tube audio amplifier. 
As even the best vacuum 
tube preamplifiers have 
not yet been able to yield 
hum figures much in ex¬ 
cess of 60 db below full 
output, a transistorized 
unit is a considerable de¬ 
sign improvement. 
The circuit uses two 

npn transistors in the 
common emitter configu¬ 
ration. The input stage QI 
is a grounded emitter con¬ 
figuration with emitter resistor R2 bypassed to avoid a high input impedance 
(50,000 ohms) by means of emitter degeneration. The junction R2 and R3 is by¬ 
passed to ground by C2. Q2 operates as a high-gain amplifier. The output QI is 
fed to the base of Q2 through C6. An overall negative inverse feedback loop op¬ 
erates between the emitter of QI and the collector of Q2 to stabilize the gain, 
reduce distortion and provide equalization as described below. The overall 
gain of the preamplifier is better than 34 db. An input of 10 mv will give 0.5 v 
output at 1000 cps in the phono position. This gain includes 22 db of feedback 
used for equalization. 

The transistor circuit is called upon to amplify and equalize all low level 
sources such as microphone (which requires a flat response), phono (which re¬ 
quires the RIAA playback characteristic) and tape-head (which requires the 
7-1/2 in. per second NARTB playback curve). All equalization is accomplished 
by feedback for improved distortion by a three-position slide switch. The basic 
amount of feedback is about 22 db, leaving enough bass boost for the tape-head 
playback curve down to 40 cps. 

In the diagram, the switch is shown in the phono position where C4 deter¬ 
mines the bass cross-over frequency, R10 determines the mount of mid-fre¬ 
quency feedback, and C3 determines high frequency de-emphasis. In the mi¬ 
crophone position, only resistive feedback is employed (flat response) and in 
the tape-head playback position, the cross-over feedback is altered and de-em¬ 
phasis is removed. (Electronic Design, May 1, 1957, p. 78) 

This was one of the early Ideas for Design, which is still one of the maga¬ 
zine’s best-read sections. And we’re also still looking for good ideas to publish. 
In addition, we’ve increased our author stipend tenfold from $10 to $100 in the 
past forty years.—SS 

Editor’s Note: The May 1, 1957 editorial masthead was the first in which 
the name of one of the industry’s most experienced editors appeared: George 
Rostky got his start in publishing with us, moved to other magazines, later re¬ 
turned to Electronic Design as Editor-in-Chief, and is now Editor Emeritus at 
one of our worthy competitors, EE Times. Happy Anniversary, George!—SS 

BACK TO SCHOOL 

“Management Problems of the Tech¬ 
nical Person in a Leadership Role” is 
a seminar designed to assist technical 
specialists in making the transition to 
manager/supervisor. Among the top¬ 
ics that will be discussed include dis¬ 
covering what it takes to shift from 
technical specialist to effective leader; 
preparing solutions for common prob¬ 
lems encountered by technical man¬ 
agers; and learning to get what is need 
from nontechnical people. The semi¬ 
nar fee is $195 per person, and will be 
held in various locations around the 
country. For dates and other informa¬ 
tion, contact Fred Pryor Seminars, 
2000 Shawnee Mission Pkwy., 
Shawnee Mission, KS 66205; (800) 938-
6330; fax (913) 722-8585. 

“Intranets: Design & Implementa¬ 
tion” is a two-day workshop examines 
the business needs that an Intranet 
will address, the real system require¬ 
ments and costs associated, and how 
to provide the necessary infrastruc¬ 
ture, tools, and training to its users. 
Other topics of discussion include pos¬ 
sible Intranet applications, database 
integration, system and user manage¬ 
ment, available products and services, 
and client and server components. 
Course fee is $795. For more informa¬ 
tion, contact American Research 
Group, 114 Edinburgh So., Cary, NC 
27511; (919) 461-8600; fax (919) 461-
8646; Internet: http://www.arg.coni. 

FEEDBACK LAND 
So, we've begun hanging a few 
items on the old (and we do mean 
OLD) cubicle walls here in Has¬ 
brouck Heights, but there's still 
space for a letter from you. All fancy 
stationery aside, it's really the sug¬ 
gestions that concern us. Of course, 
we like love letters and fan mail, but 
like any good section in a successful 
magazine, we need to change and 
grow. Please send us your input. E-
mail us: Mike Sciannamea at 
mikemea@class. org, or Deb 
Schiff at debras@ csnet.net. 
Stamp afficionados may send their 
paper goods to: QuickLook, Elec¬ 
tronic Design, 61 1 Route 46 West, 
Hasbrouck Heights, NJ 07604. Our 
fax number is (201 ) 393-0204. 



Maximum Interconnect Solutions 

At Mill-Max, enduring qualities like reliability, trust, and ingenuity serve as the 
foundation for our commitment to innovative product development. We take 
great pride in our ability to respond to unique interconnect challenges. Our 
vertically integrated, 140,000 square foot plant allows total 
control of resources, from raw materials to finished product, 
which offers the highest level of technical flexibility. As 
North America’s largest manufacturer of precision machined 
IC sockets, connectors, and interconnect components, we 
apply experience and expertise to serve our customers with 
maximum interconnect solutions. 

Call today for your new Design Guide to IC Sockets and 
Interconnect Components. 516-922-6000 Or for technical 
support, e-mail us at: techserv@mill-max.com 

MAXIMUM 

withstand the ravages of time; structural 
integrity intact. Engineered in *47 BC for 
Maximum Reliability. 

Reliability. 
READER SERVICE 140 

* »FMüLí 

The Parthenon, temple at Athens. 
Its 46 Doric columns were 
specially proportioned and con¬ 
structed for maximum reliability 

Mill-Max Pin Receptacles. I 
Highly regarded engineering £

achievements in their own right. 
They offer wide compliancy: the 
ability to accept round, square and 
rectangular component leads. 
Each receptacle is comprised of a 
“multi-finger" hill hard beryllium 
copper contact installed into a 
precision machined shell. 29 sizes 
of contact are available to accept 
component leads in the range 
of ill 2 to 102” dia. The 
closed bottom design of the t <1 

receptacle prevents solder and 
flux contamination thus assuring 
maximum reliability. 

Visit us Online 
at www.niill-max.com 
and discover the latest in 

Ç application notes and 
pnxluct data. 

PurtheiipH, AtteM 
Built in celebration of the godded Atlujia. the 
Parthenon remaith an enduring lotiniofn to| 
extraordinary achievement in engjneenug and _ 
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TECH INSIGHTS 

Hie Right Tool 
for the Job! 

Technology changes. System and equipment requirements evolve. You need 
a power conversion company that meets your needs today, not yesterday. 

Conversion Devices, Inc. now offers well over 800 standard “Off-The-
Shelf” DC/DC converters to fit nearly every application requirement you 
may have today. But just as important, our continuing strong commit¬ 
ment to research and development; state of the art manufacturing tech¬ 
nology and stringent quality controls insure that we will offer the DC/DC 
converters needed for tomorrows applications. 

FAX: (508) 559-9288 A Member of the ADWEST Group 

CDI products range from 1W to 500W. Standard features include Ultra-
Wide input ranges, low profile packaging, current sharing capability, 
high efficiency, safety approvals and industry standard footprjnt//AII 
units are shipped from our ISO-9001 approved facili 

Call now for our new 160 page, four color handbook 

CONVERSION 

DEVICES, INC. TEL: (508) 559:

READER SERVICE 106 

CONFERENCE CALL 

The Society for Information Dis¬ play’s 1997 edition of its annual 
Symposium, Seminar, and Exhi¬ 

bition (SID ‘97) will be held May 11-
16 at the Hynes Convention Center, 
Boston, Mass. The event is described 
as a forum for discussion on advances 
in electronic-display products, tech¬ 
nology, systems, applications, manu¬ 
facturing, and testing. SID ‘97 in¬ 
cludes over 60 technical sessions, 330 
exhibit booths, and an evening panel 
session. Among the topics to be dis¬ 
cussed in the technical sessions are 
display-addressing techniques, opti¬ 
cal components, display phosphors, 
and interactive display systems. 
Featured are celebrations of two of 
the display industry’s most signifi¬ 
cant anniversaries: The 100th anni¬ 
versary of the invention of the Braun 
tube—the first modern cathode-ray 
tube (CRT)—and the 25th anniver¬ 
sary of the first active-matrix liquid¬ 
crystal display (AMLCD). For con¬ 
ference registration and other 
information, contact Mark Goldfarb, 
Palisades Institute for Research Ser¬ 
vices, 1745 Jefferson Davis Hwy., 
Suite 500, Arlington, VA 22202; (703) 
413-3891; fax (703) 413-1315. 

The 14th International Conference on Testing Computer Software 
will be held June 16-19 at the 

Sheraton Premiere (Tyson’s Corner), 
Washington, D.C. Test engineers, 
software engineers, development 
managers, and test managers are 
among the industry professionals 
who are urged to attend the confer¬ 
ence. Some of the topics that will be 
addressed at the conference are the 
management of software testing, the 
application of various software test¬ 
ing techniques, and Year 2000 Con¬ 
version testing. Full-day technical 
session subjects include “Founda¬ 
tions of Software Testing Tech¬ 
niques,” “Automating Software Test¬ 
ing,” and “Testing for Year 2000.” 
Vendor exhibits of products and ser¬ 
vices complete the conference pro¬ 
gram. For more information, contact 
USPDI, 612 Ethan Allen Ave., Suite 
100, Takoma Park, MD 20912; (301) 
270-1033; fax (301) 270-1040; e-mail: 
admin@uspdi.org. 



IC solutions 

for the hottest 

applications from 

2-u>ay wireless 

Paging to 

Windows“ CE 

Handheld PCs. 

These days, die biggest ideas in con¬ 
sumer electronics are all about die same 
size: Handheld. They’re now die “Wow” 
of Wall Street; die “Egad” of editors. And 
they’re the electronics industry offering a 
hand to millions who have not yet “gone 
digital.” For OEMs of successfill Personal 
Access products, their ever-increasing 
integration widiin die size, power and 
cost constraints of handheld systems is 
good reason to shake hands widi Hitachi. 

How to get bigger, better, smarter, 
smaller. Thanks to Hitachi’s ability to 
combine its best-selling line of MPUs, 
MCUs and advanced memory devices, 
and deliver these as integrated solutions, 

we have become die leading 1C supplier 
for handheld systems. In fact, Hitachi’s 
SuperH RISC Engine is the processor of 
choice for the overwhelming majority of 
the new Windows CE Handheld PCs. 

Hitachi helps you hit the small 
time. To learn how you can get small 
fast, phone 1-800-446-8341, ext. 800. Or 
visit our web site at www.hitachi.com. 

At Hitachi, we understand that the 
trick is not to think big; the trick is to 
think big, dien to think really, really small! 

HITACHI 
#1 in RISC Shipments 



Sharp's 8x8min, 8Mb, 

ball pid array 

chip-si« flash package 

(Actual size) 

Commit this to memory: Sharp offers one of the world’s largest capacities in Intel-compatible flash and one of the broadest lines of packages and densities-indudin^ 



SHARP 

* 
FLASH MB 1VS0V 

16Mb. X8/X16 
3.3V/5V 

16Mb 
x8/x16 

Dual Works 

16Mb 
x8/x16 
5V/5V 

16Mb 
x8/x16 
5V/12V 

8Mb, X81 

CSP 

8Mb 
xfl/x16 
5V/5V 

16Mb 
x8/x16 

3.3V/12V 

4Mb 
x8 

3.3V/ 
5V 

8Mb, x8 
SmartVoltage 

4Mb 
x8 

5V/5V 

8Mb, x8 
5V12V 

8Mb. x8 
SmartVoltage 4Mb 

x8/x16 
5V/ 
5V 

32Mb 
x8/x16 
3.3V/5V 

32Mb 
x8/x16 
5V/5V 

8Mb. x8 

CSP 

16Mb. x8 
SmartVoltage 

4Mb 
x8/x16 
3.3V/5V 

2Mb 
x8 

3.3V/ 
5V 

4Mb 
x8/x16 
5W5V 

16Mb. x8 
SmariVoltage 

8Mb 
x8 

5V/12V 

8Mb 
x6/x16 

Dual Works 

2Mb, x8 
5V/5V 

4Mb 
x8 

Dual Works 

is also 
the bißest. 

le smallest chip-size package of all. For all the reasons to source your Flash from Sharp, call 1-800-642-0261, ext. 404. Or jet detailed product data horn our web site. 

SHARP 
FROM SHARP MINDS 

COME SHARP PRODUCTS' 

www.sharpmej.com/flash 
READER SERVICE 233 (opynjht s w Sharp (l«ti<>«a Corp *11 rrçMs rwwd X 404 

Intel. 11 a tf^ietrt tiadnurk st hrtr Corp 

Far East North Headquarters: Tokyo. Japan. Tel: 427-21-5539 • Far East South Headquarters: Jurong Town. Singapore, Tel 65-268-6868 

Printed in U.S.A. READER SERVICE 208 

©1995, Molex Incorporated 
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tech insights/QuickLook 

TECH INSIGHTS/QuICKLoOK 

ISOuch— Compliance Pain 

If your company is having some trouble implementing its ISO/QS-
9000 quality initiatives, take 

heart—there’s help available. Rob 
Kantner, author of “ISO 9000 An¬ 
swer Book,” QS-9000 Answer Book,” 
and “Get ISO 9000—Or Get Lost!” 
looks at “ISO 9000: 10 Common Pit¬ 
falls” in the Winter 1997 issue of 
“Myriad Views” from Informative 
Graphics. 

The first pitfall is “working around 
the ISO/QS-9000 system.” This 
translates into not implementing the 
ISO 9000 system completely. Kant-
ner’s example is the issue of cus¬ 
tomer complaints and general prob¬ 
lem solving techniques. One thrust of 
the ISO structure is to institute a 
categorical documentation system, 
and use that system in daily business 
affairs. In the past, companies ad¬ 
dressed issues by treating them as 
one-time-only occurrences, solved 
the problems as they came up, failed 
to document them, and went on with 
business as usual. This first pitfall 
sees employees continuing to treat 
their corrective/preventive mea¬ 
sures in the same manner. Another 
place where this pitfall crops up is in 
the “approved vendor” process. Em¬ 
ployees are continuing to buy from 
unapproved vendors. New products 
and processes are introduced into 
manufacturing without proper docu¬ 
mentation. All of these issues will be 
picked up in internal audits, which, if 
the documentation were followed, 
would be held on a regular basis. 

Audit Policy 
The second pitfall, “playing cat-

and-mouse with registration asses¬ 
sors,” can be answered with the 
adage “honesty is the best policy.” 
Consultants tell businesses that they 
shouldn’t volunteer any information 
to the assessor, just answer the ques¬ 
tions and move on with the audit. By 
taking this tack, it tells employees 
that it’s policy to hide mistakes, 
fudge results, and treat assessors as 
inquisitors. But for ISO/QS-9000 to 
work, the company’s performance 
can only be improved by getting an 
effective assessment of the process. 
Dealing with the problems that crop 
up at any company in an honest and 

open way allows them to be ad¬ 
dressed in an equally realistic way. 

Pitfall Three, “appointing a junior 
person as management representa¬ 
tive,” deals more with the politics of 
an organization than the ability of the 
individual to actually do the job. 
Coming into a business during the 
ISO/QS-9000 process can be more 
than overwhelming. What is needed 
in this position is an individual who 
has the confidence of top manage¬ 
ment, years of experience in the com¬ 
pany, respect of all involved, and 
someone who truly understands the 
process. Most of all, this person must 
have the attitude of improving the 
company’s worth by implementing 
the ISO 9000 system. 

Correcting The Corrections 
“Inhibiting the corrective action 

process,” Pitfall Four, addresses the 
problems that arise when companies 
fool around with the corrective/pre¬ 
ventive action process. According to 
Kantner, they do this by publishing a 
list of “permissible” topics for correc¬ 
tive action requests (CARs), re¬ 
stricting who can initiate CARs, and 
insisting that CARs be approved by 
managers before reviewed. These re¬ 
strictions limit the power of CARs. 
In the ISO 9000 process, all employ¬ 
ees should have the power to issue 
CARs and submit them to impartial 
individuals for consideration. Al¬ 
though some companies brag about 
the small number of CARs that are 
issued, the real number they should 
be examining is the number of frivo¬ 
lous CARs that are initiated. 

In the ugly end of the business is 
Pitfall Five, “using the ISO/QS-9000 
system to discipline people.” In some 
cases when a CAR is written or an in¬ 
ternal audit goes badly, the employee 
most closely involved gets written up 
or is reprimanded. What should be 
happening is that names are left out 
and functional titles are used instead. 
If it is an employee performance is¬ 
sue, management should treat it as a 
training issue. If further incidents oc¬ 
cur, it then becomes a personnel is¬ 
sue—but outside of the ISO/QS-9000 
system. 

Pitfail Six, “working the correc¬ 
tive action process only partway,” 

seems pretty self-explanatory, but 
common sense doesn’t always pre¬ 
vail. Even if a company has the ISO 
9000 corrective/preventive action 
subprocess implemented, it must be 
followed up. When CARs aren’t fol¬ 
lowed up, companies will find the 
same causes showing up in their fu¬ 
ture CARs. The source of the prob¬ 
lem often isn’t found until a pattern 
appears in the CARs. Not only is the 
follow-up process required by the 
standard, but it is key to the correc¬ 
tive/preventive process. 

Another political pitfail, number 
seven, “appointing only supervisors 
and managers as auditors,” can lead 
to dissension among the ranks. By 
forming an internal ISO/QS-9000 au¬ 
dit team made up of individuals from 
every level and function of the com¬ 
pany, compliance heads are spread¬ 
ing out the workload, involving peo¬ 
ple in the process who ordinarily 
don’t have a lot of “power” in the or¬ 
ganization, and promoting teamwork 
in the company. 

The eighth pitfall, “creating bales 
of procedures, work instructions, and 
forms,” may seem tough to avoid, but 
following the Bauhaus tradition of 
“Less Is More” does work. Standard 
operating procedures don’t need to 
fill volumes. People just won’t use 
them, if that’s the case. Quality poli¬ 
cies can be kept to under 50 pages. 
Auditors aren’t interested in the size 
of your documented process, they 
want to see how you implement it. 

Pitfail Nine, “having a vague, 
meaningless quality policy state¬ 
ment,” means that the company is 
trying to protect itself from failing 
quality audits. Quality policy state¬ 
ments must be pertinent to the com¬ 
pany and customers. Related goals 
and objectives must be specific and 
measurable, and easily understood. 

Finally, “accepting less than full 
compliance with the system” is a trap 
that employers fall into when their 
staff falls short, and they decide to 
just “work around” them. Tolerating 
that behavior defeats the purpose of 
ISO/QS-9000, creating two systems: 
the official and the real. Management 
must work to get all workers on the 
team, and keep them there. 
Rob Kantner may be reached at 

(313) 722-4334, or via his web site: 
http://www.cris.com/~rob4334/iso.htm. 

—DS 



Speaker 

TLV320AC36 starts at $2.14 

3-V operation 

20-mW operating mode 

5-mWstandby mode 

2-mWpower-down mode 

© 1996 Tl 1830-1I 

TMS320 

DSP 

System 
Clock 

TCM320ACXX 

VBAP 

Compatible with TMS320 and other 

industry-standard DSPs 

Price is per device in quantities of 1,000 
in 20-pin package. 

Available in 20-pin SOIS 48-pin TQFP 

20-pin PDIP 

Voice-band audio processors (VBAP™) from Texas 

Instruments provide a full-duplex interface between 

voice/audio signals and a DSP. This single-chip, single¬ 

rail audio CODEC provides simultaneous transmit 

encoding (ADC) and receive decoding (DAC) with 

transmit and receive filtering and 8-kHz framing for a 

standard voice channel. The family of VBAP devices 

is pin-selectable for 8-bit companded p-law or A-law 

and 13-bit linear mode. 

V Texas 
Instruments 

Direct interface to piezo speaker and electret 

microphone 

Fora free Wireless & Telecommunications Products data book and 
VBAP application report, contact us at: 

1-800-477-8924, ext. 5021 
or http://wmv.ti.com/sc/5021 

> Clock and Frame 
Generation 

Low-Cost, Single-Rail h 
Voice-BandCODEC. ■ 

Serial Data 
F-

Master Clock _ 

Frame Sync 

Primary 

Application 

13-bit Linear Mode Master 

Clock (MHzl 

Supply 

p-Law Device A-Law Device 

IS-19, IS-54-136, 

Digital Cordless. 

CO and P8X 

TLV32OAC36 TLV32OAC37 ¿048 3V 

TCM32QAC36 TCM32OAC37 2 048 5V 

IS-19, IS-54A36 

Digital Cordless, 

CO and PBX. 

(Noise Cancellation 

Disabled! 

TLV32OAC56 TLV32OAC57 2.048 3V 

TCM320AC56 TCM320AC57 ¿048 5V 

DECT TLV32OAC40 TLV32QAC41 1.152 3V 

GSM TCM32QAC38 TCM32QAC39 ¿600 5V 
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SGS-THOMSON MICROCONTROLLERS ARE 
MAKING THEMSELVES RIGHT AT HOME 



LET OUR MICROS 
MAKE YOUR 
PRODUCT A 

HOUSEHOLD WORD 
The reason SGS-THOMSON’s 8-bit ST62 family of MCUs is making 

itself at home in so many household appliances can be summed up 

in one word: Value. ST62 devices deliver more performance in less 

space for less money. Even the core is optimized for cost-effective 

operation. Add ESD protection and unmatched noise immunity and 

you begin to understand why the ST62 is opening doors to consumer 

applications that remain closed to ordinary MCUs. 

All ST62s contain ROM. RAM. an 8-bit timer 

with 7-bit programmable prescaler and multifunctional 

individually programmable I/O ports. Also available: 

Devices with high-current buffers to directly drive 

LEDs or TRIACs, along with a wide range of 

peripherals such as PWM and LCD drivers. A wide 

operating voltage range and robust design allow ST62 

microprocessors to be powered directly from a battery 

or the main with minimum external components. 

In addition to the extensive ST62 family, 

SGS-THOMSON offers other 8-32 bit micro solutions 

such as ST7. ST9. ST10 and ST20 families. All of these 

products are fully supported with extensive devel¬ 

opment tools including C compilers for most families. 

So why not let our micros help make your product a 

household word. To find out more fax 617-259-9442, 

write SGS-THOMSON, 55 Old Bedford Road. 

Lincoln, MA 01773, or e-mail: info@stm.com. And 

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

Additional 
ST62 MCU 

Applications 

washing 
machine 

power tool 

heater 

UPS 

thermostat 

scale 

programmable 
timer 

vacuum cleaner 

home bus 

ST6 
The 8-bit MCUs of 
choice in automotive 
and industrial as well 
as consumer appli¬ 
cations. Instruction 
set and addressing 
modes maximize 
code efficiency. 

ST7 
Powerful industry 
standard 8-bit core, 
surrounded by 
numerous advanced 
peripherals. 3K to 
48K of ROM with 
different RAM sizes. 
Choose EPROM 
and OTP versions 
for proto-typing. 
On-chip EEPROM 
is also available 
for integrated data 
storage. 

ST9 
8/16-bit micro family 
fills requirements of 
most advanced 
computer, consumer, 
telecom, industrial 
and automotive 
applications. 

Service and Technology 
©1996 SGS-THOMSON Microelectronics. All rights reserved. 
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OUR 8-BIT MICROS 
ARE BECOMING 

HOUSEHOLD WORDS 
DEVICE 

PROGRAM 
MEMORY RAM EEPROM 

A/D 
INPUTS TIMERS 

SERIAL 
INTERFACE I/O's PACKAGE 

OTHER 
FEATURES 

ST6200 IK ROM 64 4x8-Bit Ix8-Bit 9 DIP/SO16 

LED or TRIAC driver 

ST6201 2K ROM 64 4x8 -Bit 1x8 Bit 9 DIP/SO16 

ST6203 IK ROM 64 1x8-Bit 9 DIP/SO16 

ST6208 1KROM 64 1x8 Bit 12 DIP20/SO20 

ST6209 IK ROM 64 4x8-Bit Ix8-Bit 12 DIP20/SO20 

ST6210 2K ROM 64 8x8-Bit 1x8-Bit 12 DIP20/SO20 

ST6215 2K ROM 64 16x8-Bit 1x8-Bit 20 DIP28/SO28 

ST6220 4K ROM 64 8x8-Bit Ix8-Bit 12 DIP20/SO20 

ST6225 4K ROM 64 16x8 - B it Ix8-Bit 20 DIP28/SO28 

ST6240 8K ROM 216 128 12x8Bit 2x8-Bit SPI 16 QFP80 
LCD driver (segment) + LED or 

TRIAC driver, 32KHz oscillator ST6242 8K ROM 152 6x8-Bit Ix8-Bit SPI 10 QFP64 

ST6245 4K ROM 140 64 7x8-Bit 2x8-Bit SPI 11 QFP52 

ST6253 2K ROM 128 7x8-Bit 2x8Bit 13 DIP20/SO20 
auto-reload timer + LED or 

TRIAC driver + PWM 

ST6260 4K ROM 128 128 7x8Bit 2x8-Bit SPI 13 DIP20/SO20 

ST6263 2KROM 128 64 7x8-Bit 2x8-Bit 13 DIP20/SO20 

ST62Ó5 4K ROM 128 128 13x8Bil 2x8Bit SPI 21 DIP28/SO28 

ST6280 8K ROM 320 128 12x8-Bit 2x8Bit SPI, UART 22 QFP100 LCD driver (dot matrix) + auto-reload 

timer + LED or TRIAC driver ST6285 8K ROM 288 8x8-Bit 1x8 Bit SPI, UART 12 QFP80 

ST7291 8/16/24K ROM 256/384 1 xl 6-Bit 19 DIP28/SO28 
wake-up function + power saving & 

standby modes + power supply monitor 

ST7294 6KROM 224 256 1x1 6-Bit 22 DIP28/SO28 
wake-up function + power saving 

& standby modes + WDG 

ST9036 16KROM 224+256 8x8-Bit 2x1 6-Bit SPI+SCI 56 LCC68 WDG + handshake + Direct 

Memory Access 
ST9040 16K ROM 224+256 512 8x8-Bit 2x1 6-Bit SPI+SCI 56 LCC68 

ST90R50 224 8x8-Bit 3x1 6-Bit SPI+2xSCI 56 LCC84 WDG + 2 handshakes ♦ Direct 

Memory Access + 16 M Bit address ST90R52 224 8x5-Bit 3x1 6-Bit spi+2xsa 52 QFP80 

Abbreviations: Packages: 
ADC = Analog to Digital Converter SPI = Serial Peripheral Interface DIP = Dual In Line LCC = Leaded Chip Carrier 

SCI = Serial Communications Interface USART = Universal Synchronous/ QFP = Quad Flat Pack SO = Small Outline 
WDG = Watchdog AsynchronousReceiver/Transmifter S = Shrink 

Also check out our new ST62 REALIZER 
The ST62 REALIZER is a user-friendly tool that assists designers in developing applications based on the ST62 family. A 

graphical schematic description of the application is used to automatically generate the executable code for the ST62 and to run 
simulations for verification of the program function. The complete tool set runs under Microsoft WINDOWS* environment. 

For more information fax 617-259-9442 
Complete product information at http://www.st.com 

© 1996 SGS-THOMSON Microelectronics. All rights reserved. 
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TECH INSIGHTS/QuICkLoOK 

HOT PC PRODUCTS 

In the “big news of 1997” category, Boca Research shipped their first 
56K Internet Modem at the end of 

February. Boca’s unit uses Rockwell 
Semiconductor Systems’ K56Plus 
chip set. Boca had been testing Rock¬ 
well’s chip set since late January. 

Boca is one of the founders of the 
Open 56K Forum, which is an indus¬ 
try-wide coalition of technology lead¬ 
ers in the communication and compu¬ 
ter industries that are trying to 
achieve widespread implementation 
of the 56K modem technology. Their 
focus is on finding a 56K protocol that 
will ensure interoperability between 
modem brands. 
The 56K technology, called 

K56flex by Rockwell, works on the 
assumption that there is a purely dig¬ 
ital connection to the phone network 
that ISPs and corporations already 
use for remote access. The slower 
modems, on the other hand, run on 
the thinking that both ends of the 
modem conversation have an analog 
connection to the public-switched 
telephone network. The transmis¬ 
sion speeds are limited to 33.6 kbits/s 
because the data signals must be con¬ 
verted from digital to analog and 
back again. 

The K56flex technology digitally 
encodes the downstream (from the 
ISP to the user) data instead of mod¬ 
ulating it. The method is asymmetri¬ 
cal, though, because typical up¬ 
stream transmissions—usually 
consisting of mouse clicks and key¬ 
board commands to the central site— 
require less bandwidth. The up¬ 
stream transmissions will continue to 
be sent at the 33.6-kbits/s rate. The 
technology is primarily targeted to¬ 
ward Internet users who tend to 
download big files such as sound, 
video, or multimedia files. 
The new modems will be shipped 

with CompuServe, America On-
Line, and NETCOM’s NETCOM-
plete Internet software, as well as 
Total Entertainment Network Inter¬ 
net gaming software. Pricing is ex¬ 
pected to run between $149 and $169. 
For more information, contact 

Boca Research, 1377 Clint Moore 
Rd., Boca Raton, FL 33487-2722; 
(561) 997-6227; fax (561) 997-7189; In¬ 
ternet: http://www.bocaresearch.com. I 

Cybox is a battery-powered pocket-sized PC. Cybox uses an Intel 386EX processor, 1-16 
Mbytes DRAM, flash EPROM, and a com¬ 

plete 3.3-V design. Featuring two PCMCIA 
slots and a graphic interface for standard moni¬ 
tors and flat-panel displays, the unit measures 
12 cm by 8 cm by 2 cm (about 4.7 in. by 3.1 in. by 
1.5 in.). 

The Cybox Design Sample, on the other hand, 
comes with 4 Mbytes of flash EPROM and 4 
Mbytes of RAM. The Design Sample comes with 
BIOS and ROM-based DOS. There also are util¬ 
ities that support the burn-in of user applica¬ 
tions into the flash EPROM, or the installation 
of an interlink connection to another computer 
via a serial line. 

Both units are available from American EL-
TEC. The Design Sample allows users to create 
application-oriented hardware and software 
configurations. Examples of these applications 
include data acquisition, mobile Internet access, 
navigation systems, and plant control. 

Pricing for the Cybox Design Sample begins 
at $2000. 

Formore information, contact American ELTEC Inc., 101 College Rd. East, 
Princeton, NJ 08540-6601; (609) 452-1555; fax (609) 452-7374; Internet: 
http://www.eltec.de. 

Drag and Zip version 2.0 is a software program that allows users to man¬ 
age their compressed files and archives with the zip, tar, and gz exten¬ 
sions. The tool also lets Internet surfers decotie then- encoded files from 

within Windows 95 or NT. 
The new software from Canyon Software gives PC users new ways of ex¬ 

tracting and viewing their zip files through a flexible zip file manager that 
works with both Explorer and Canyon’s Drag and File program. Embedded 
folders can be listed in the zip file listing or in a left-hand window, as in Ex¬ 
plorer. Additionally, multiple zip files can be viewed one at a time. Drag and 
Zip 2.0 is the only zip file viewer that includes a vims scanner. 

Users can create self-extracting zip files. Within these zipped files, regular 
files may be launched or viewed. For users who send their files to other users 
who may not have the program, auto-launch self-extractors can be created. 
These self-extractors will extract the files from the archive, then automati¬ 
cally launch the application to which the file belongs. 

Zip files that have been encoded with Uuencode and MIME formats can be 
unencoded with Drag and Zip. On the flip side, Drag and Zip also will create 
files encoded with Uuencode and MIME formats. The new version’s file 
viewer now supports ASCII text, bmp, pcx, and some tif formats. 
The program requires users to have 486 or better machines that have 8 

Mbytes of RAM and 2 Mbytes of hard disk space. 
Sample versions of the Drag and Zip version 2.0 program can be down¬ 

loaded at C/NET’s download.com site (http://www.download.com), Canyon 
Software’s World Wide Web site (http://www.canyonsw.com) or Bulletin 
Board System (415) 453-4289, or from Canyon’s forum on CompuServe (GO 
CANYON). 

Drag and Zip is priced at $30. Drag and Zip usera with the 32-bit version 
can upgrade at no extra charge. 

For more information, contact Canyon Software , 1537 Fourth St., Suite 
131, San Rafael, CA 94901; (415) 453-9779; fax (415) 453-6195. 



T
R
O
N
I
C
 D
E
S
I
G
N
 /
M
A
Y
 1
,
1
9
9
7
 

TECH INSIGHTS/QuICKLoOK 

Information Mine Fields 

Education and the entire concept of the local library in the state of 
West Virginia are experiencing a 

metamorphosis. West Virginia’s pub¬ 
lic schools and libraries are working 
with VTLS Inc. to bring InfoMine 
workstations to residents in the 
state’s rural areas. The workstations 
provide access to the Internet, e-
mail, and a large number of library 

catalogs throughout the state. 
The plan between West Virginia 

and VTLS entails installing 175 In¬ 
foMine workstations in at least one 
high school in each county, and in se¬ 
lected rural public libraries. The ob¬ 
vious benefit of the program is that 
the team is bringing the Internet and 
numerous sources of information to 
residents in West Virginia’s rural ar-

New Metallized Film Capacitors Handle 
Your Most Demanding Applications. 

You'll get high performance 
and small size with these new 
radial-lead film capacitor lines 
from IC State-of-the-art 
construction technology delivers 
highest performance and 
affordable pricing. They're also 
non-inductive and self-healing 
tor long life. 

•MKP class X2. metallized polypropylene, 
box style. .0047 to l.OpF range: 250 or 
275 VAC at 50-óOHz. For power line noise 
suppression and antenna coupling. 
•MMR Epoxy dipped metalized polyester. 
.01 to l.OpF range. 100 to 630VDC 
Double-sided metallized film construction 
for improved performance. 
•STR Stacked film construction. 0.01 to 2 2\iF 
range: 50 to 100VDC. Extremely small size. 
5% tolerance standard 

For complete details, contact your local distributor or IC today. 

j^LINOIS CAPACITOR, INC. 

3757 W Touhy Ave. Lincolnwood. Illinois 60645 
(347) 675- 1760 • Fax (847) 673-2850 

Ask for 
Free Catalog. 

Samples 
Upon Request 
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eas who’ve never had them before. 
As it stands today, 120 of the work¬ 
stations have been installed. 

At the workstations, the software 
available to users includes the VTLS 
EasyPAC, VTLS Z39.50 Client, a 
terminal emulator program, and 
Netscape. Staff at West Virginia’s li¬ 
braries also have access to the VTLS 
EasyCAT. The EasyCAT software 
allows librarians to download and 
edit bibliographic records from West 
Virginia’s union catalog. Along with 
VTLS’ on-site training of the librari¬ 
ans, the company developed a 45-
minute training video to train future 
users. 

Each InfoMine workstation is pro¬ 
tected by a security software pack¬ 
age. The security software ensures 
the integrity of the workstation’s 
configuration. Additionally, the In¬ 
foMine workstations are outfitted 
with new laser printers. 

The Internet is pumped through 
the libraries’ computers via subhubs 
using T-l lines. The information su¬ 
perhighway’s traffic is monitored by 
VTLS to prevent busy lines. Also, 
statistical information that is in¬ 
tended to contribute to the upgrad¬ 
ing of the lines will be collected from 
the traffic monitoring. According to 
the director of the West Virginia Li¬ 
brary Commission, Dave Childers, 
the InfoMine system is already being 
used on a consistent basis with very 
few problems. 

The funding for the InfoMine pro¬ 
ject came from three grants. For the 
purchase of the Internet worksta¬ 
tions, installation, software, and 
training, the U.S. Department of Ed¬ 
ucation granted the project $2.5 mil¬ 
lion. The U.S. Department of Com¬ 
merce and the Appalachian Regional 
Commission each granted the project 
$225,000 and $55,000, respectively, 
for salaries and the purchase of addi¬ 
tional workstations, network equip¬ 
ment, and telecommunication ser¬ 
vices and software. 
The project is a statewide initia¬ 

tive between VTLS, The West Vir¬ 
ginia Network for Educational Tele¬ 
computing, the State Department of 
Education, and the West Virginia 
University. 
For more information, contact 

VTLS Inc., 1800 Kraft Dr., Blacks¬ 
burg, VA 24060-6351; (540) 557-1200; 
fax (540) 557-1210; Internet: 
http://www.vtls.com.—DS 



' From Allegro 

The Answer For Reducing 
Magnetic Offset 

The New A3516 Hall-Effect Sensor Utilizes 
the Advantage of Chopper Stabilization 

At first it wasn’t obvious, how do we take our 

already well established Hall-Effect Sensor line, 

and make it even better. But we did! 

By combining technologies, we perfected the 

revolutionary Chopper Stabilization technique 

to reduce offset in a Hall-Linear Device. This 

breakthrough allowed for a significant 

improvement in offset drift over existing linear 

Hall devices. 

How about 10 times better. 

The new A3516 is a 

I monolithic integrated 

circuit which incor¬ 

porates a single Hall 

element, a high gain 

amplifier, a voltage 

regulator and offset 

applications in automotive—motorcycles, 

too—or harsh industrial applications. 

At Allegro, one way we continue our 

leading-edge tradition is through the 

intelligent use of combining new tech¬ 

nologies to make an even better product. 

cancellation circuitry that includes an oscillator, Visit Our New Web Site 
chopper stabilization circuitry, and differential filter 

capacitor, all to create a temperature-stable device 

Complete information on many of the products 

offered by Allegro are now right on our web site at 

ideally suited to linear and rotary position sensing http://www.allegromicro.com. 

M  The Clear Choice for Hall-Effect Sensors. 

'Allegro'' 
■ ■ V  MieroSystems, Inc. 

CALL 1 (5 0 8) ALLEGRO 

115 Northeast Cutoff, Worcester, Massachusetts 01615 http: / / w w w . allegromicro, com 
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TECH INSIGHTS/QuICKLqOK 

FREE STUFF 

A full-line catalog of engineered sys¬ tem components from Nolu Plas¬ 
tics Inc. helps guide users through the 
steps in specifying conveyor compo¬ 
nents, leveling pads, rollers, handles, 
guide rails, position indicators, and 
stock and custom extrusions. For a 
free catalog, contact Nolu Plastics 
Inc., 900 C Tryens Rd., Aston, PA 
19014; (610) 358-1770. 

Hewlett-Packard Company’s 1997 
edition of its Test & Measurement 
Catalog is now available. Included are 
descriptions of over 1500 products, 
systems, and services. Also featured 
are product-comparison charts, tutor¬ 
ial material, and descriptions of other 
available literature. For a free catalog, 
contact Hewlett-Packard, 3000 
Hanover St., Palo Alto, CA 94304; 
(800) 452-4844, ext. 5177; Internet: 
http://www.hp.com/go/tmc97. 

OFF THE SHELF 

“The New Manufacturing Engi¬ 
neer—Coming of Age in An Agile 
Environment" published by the So¬ 
ciety of Manufacturing Engineers 
(SME) articulates the role of the 
manufacturing engineer in the 21st 
Century. The book examines why 
the role of manufacturing engineers 
has changed and why they will be the 
catalysts for success in manufactur¬ 
ing. Topics that are addressed in¬ 
clude manufacturing technologies, 
inventory and expense control tech¬ 
nologies, and manufacturing perfor¬ 
mance metrics. The 320-page book is 
priced at $45 ($39 for SME mem¬ 
bers). For more information, contact 
SME, One SME Drive, P.O. Box 930, 
Dearborn, MI 48121-0930; (800) 733-
4763; fax (313) 271-2861; Internet: 
http://www.sme.org. 

“Software System Testing and Qual¬ 
ity Assurance" shows readers how 
to create and maintain reliable, ro¬ 
bust, high-quality software. The 
book covers unit testing to system 
testing, and also provides an 
overview of new techniques for secu¬ 
rity testing, recovery testing, config¬ 
uration testing, background testing, 
and performance testing. Integra¬ 
tion testing strategies help to ensure 
that software components are com¬ 
patible, while a wide range of tech¬ 
niques find and repair bugs at the 
unit and system levels. The 358-page 
book is priced at $55.95. For more in¬ 
formation, contact the Penton Insti¬ 
tute, 1100 Superior Ave., Cleveland, 
OH 44114; (800) 223-9150; fax (216) 
696-6023; Internet: http://www.pen-
ton.com. 

It's "T Time," Says 

The International Telecommunica- ; 
tion Union (ITU) recently re- ! 
quested all telecommunications ! 

administrations that their telephone ¡ 
switches and networks should be able ¡ 
to handle international telephone ¡ 
numbers up to 15 digits in length. Un- ! 
til now, most telecommunications । 
switches dealt with numbers of 12 dig- ; 
its or less. But because of plans by a ¡ 
number of telecommunications carri- I 
ers to introduce 15-digit numbers, it I 
was necessary to upgrade switching ; 
equipment to enable the continued ( 
free flow of telecommunications traffic 1 
between countries. 

To deal with this situation, the ITU i 
designated 11:59 p.m., December 31, ; 
1996, as “Time T.” All ITU Member ¡ 
States were notified of the need to up- ; 
grade equipment to enable them to ! 
continue to receive normal traffic, j 
Time T also stipulated that additional ; 
digit analysis capabilities be brought ¡ 
into service, with 7-digit analysis re- ; 
quired on some international calls. ! 
(The complete timetable for network ! 
changes is detailed in ITU-T Recom- ; 
mendations E. 162 and E. 165.) 
The ITU made sure that the re- ! 

quirements of Time T were imple- ! 
mented in a coordinated way across ! 

ITU 

the world. Countries that failed to 
comply with Time T and did not ex¬ 
pand the number-handling capacity of 
their equipment would only be able to 
make operator-assisted calls to coun¬ 
tries that had expanded their number¬ 
ing plan to 15 digits (see the figure). 

Subscribers and users in Country B 
would not be able to call subscribers in 
Country A, who need more than 12 
digits, while all subscribers and users 
in Country C would be able to call all 
subscribers in Countries A and B. The 
service providers/operators in Coun¬ 
try A, who could normally receive calls 
from all over the world (Countries A, 
B, and C) would only be able to receive 
calls from Country C. Calls from 
Country B would not be successful be¬ 

cause the latter did not have the nec¬ 
essary digit capability. 

Calling subscribers and users in 
Country B. who prior to Time T had 
direct contact with all subscribers in 
Country A, would no longer be able to 
call subscribers in Country A directly. 
The negative impact of noncompliance 
with the requirements of Time T 
would have been both on the called 
subscribers and service providers/op¬ 
erators in Country A, as well as on the 
calling subscribers, users, and the in¬ 
volved service providers/operators in 
Country B. 

According to the ITU’s Telecommu¬ 
nication Standardization Bureau, the 
implementation of network upgrades 
had gone smoothly, and consumers 
should not experience any difficulties 
in placing international calls. The 
ITU-T Study Group 2 had given 10-
years’ prior notice and planned and 
managed the worldwide move to 15-
digit network capacity. To date, most 
countries have made the transition 
and implemented the new procedures 
without much difficulty. 

For further information on these 
and other international telecommuni¬ 
cations developments, contact the 
ITU. Place des Nations, CH-1211 
Geneva 20 Switzerland; +41 22 730 51 
11; fax +41 22 733 72 56; Internet: 
http://www.itu.ch.—MS 



Introducing 
the world's smallest 
wirewound inductor 

Our new 0603 surface mount in¬ 
ductor is the industry's smallest 
wirewound coil, measuring just .067" 
x.045"x.040". 

Like all Coilcraft chip inductors, it 
has exceptionally high Q values, with 

parts, and you'll 
find significant 
performance 
advantages. 
Our Q factors 
are often twice 

Coilcraft 0603 wirewound us 
competitor's non .vire.. ounc inductors 

L 

3.9 nH 
6.8 nH 
12 nH 
33 nH 

100 nH 

SRF 

>6000 5600 
5800 3750 
4000 2700 
2300 1500 
1400 830 

DCR 

.08 .25 

.11 .30 

.13 .40 

.22 .65 

.58 2.50 

many parts topping 75 at 1.7 GHz. 
And because of its ceramic body, 

as high, SRF's are 50 to 70% higher, 
and DC resistance is three to four 
times lower! 

For complete specifications on our 
new 0603 inductors, check out the 
Coilcraft Web site or call for a cata¬ 
log. For prototyping, order our Cl 12 
Designer's Kit with samples of all 19 
values from the series. 

Now you don't have to sacrifice performance 
for a small form factor. 

DELIVER^ CALL BY V Cary IL 60013 800/322-2645 Fax 847/639-1469 
WWWittp7/www.coikraft.com DNÄF4X B00/651-6974 
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TECH INSIGHTS/QuiCKLqOK 

QUICKNEWS 

In response to an International Data Corp, research study that 
showed the worldwide unmanaged 

Ethernet hub market growing at a 
rate of 92% from 1995 to 1996, Allied 
Telesyn International has cut its 
prices on 4- and 8-port unmanaged 
hubs 30% and 35%, respectively. Ad¬ 
ditionally, the study found that the 
unmanaged hub market remains 
steady at 14.2 million ports in 1996. 

Providing the same functionality 
as the larger hubs (network parti¬ 
tioning, no configuration require¬ 
ments, and packet regeneration), the 
unmanaged hubs also come with net¬ 
work diagnostic LEDs located on the 
front. The LEDs help in fault isola¬ 
tion and troubleshooting. 

Pricing on Multiport Twisted-Pair 
Micro Hubs is as follows: for the AT-
MR415T 4-port hub, $74 (down from 
$106); for the AT-MR815T 8-port 
hub, $96 (down from $148). 

For more information, contact Al¬ 

lied Telesyn, 19015 N. Creek Pkwy., 
Suite 200, Bothell, WA 98011; (206) 
481-3784; fax (206) 483-9458; Inter¬ 
net: http://www.alliedtelesyn.com. 

Expanding on its Nijmegen, The Netherlands, plant, Philips Semi¬ 
conductor has invested another 

$15 million in the company’s discrete 
RF product line. The discrete prod¬ 
ucts wafer fab at Nijmegen is one of 
five separate wafer fabs at the site. 

Now, a total production area of 
3000 square meters is operational. 
All critical wafer handling areas 
meet class-100 clean room require¬ 
ments. Products that are currently 
manufactured at the Nijmegen plant 
include CATV modules, cellular-
phone RF power modules, general-
purpose broadband transistors, and 
video modules. 

The $15 million investment will be 
going to special equipment required 
in the double-polysilicon process to 

produce Philips’ new fifth generation 
RF wideband transistors. Equip¬ 
ment to be installed initially includes 
EPI-layer deposition, fine-line met¬ 
allization, and rapid thermal anneal 
machines. 
The rapid thermal annealing 

process is paramount to the im¬ 
planted dopants in the first layer of 
epitaxial polysilicon. There are very 
steep doping profiles required in the 
base and emitter regions of the RF 
wideband transistors. Additionally, 
new wafer test equipment will be in¬ 
stalled at the plant. 
The packaging technology also is 

essential here. The new transistors 
must maintain their performance and 
meet new miniaturization levels. 

For more information, contact 
Philips Semiconductors, 811 E. Ar¬ 
ques Ave., P.O. Box 3409, Sunnyvale, 
CA 94088-3409; (408) 991-3614; fax 
(708) 296-8556; Internet: http//www. 
semiconductors.philips.com. 

ITT Schadow Inc. 
8081 Wallace Road 
Eden Prairie, Minnesota 55344 
Tel: (612) 934-4400 • Fax: (612) 934-9121 

Ultraminiature, Ultra Low 
Profile SMT Switches 

ITT Cannon 
SWITCH PRODUCTS 

KSR 
Series 
• Top actuated 
• Ultra miniature dimensions: 
(L:6.0 W:3.7 H: 2.5mm) 

• Fully sealed 
• Soldering process: IR 
• Actuation force: 120g to 450g 

KSS 
Series 
• Side actuated 
• Ultra low profile (H: 1.6 mm) 
• Ultra miniature dimensions 

(L: 7 mm x W: 4.4 mm) 
• Soldering process: IR 
• Actuation force: 200 and 400 g 

• Top actuated 
• Miniature dimensions: (62x6.2 mm) 

• Fully sealed 

Series 
• Side actuated 
• Low profile: (H: 1.5 mm) 

• Non sealed 
• Soldering process: IR and Wave • Soldering process: IR 
• Actuation force: 110g to 550g • Low actuation force: 90g 

Call Today for a copy of the ITT Cannon Switch 
Products catalog: (612) 934-4400 

Take a Closer Look at 
ITT Cannon Surface 
Mount Tact Switches 
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“Stop Noise Two Ways” 

Most people know that a pacifier will stop noise, 
sometimes very quickly, other times it takes a little 
longer. The method, however, works. Add a little 
sweetness and it works even faster. And for certain 
applications the pacifiers come in different shapes 
and sizes. 

power filtering and signal filtering. We don't add any 
sweeteners. What we do add is our patented planar 
filters. The technology with a proven track record, 
combined with the industry's best connectors— ours. 
Both technologies fully integrated, for best results 
in filtering. 

• ISO 9001 CERTIFIED • 

CONEC QUALITY 
PEACE OF MIND 

Conec Filter Connectors stop noise as well. Noise 
created by EMI/RFI in today's high speed digital 
systems. And just like pacifiers, Conec Filter 
Connectors come in different configurations -
industry standard d-sub, high density d-sub, filltered 
adapters, modular jacks and combo d-sub, with 

Contact us today and put a little sweetness in your life. 
You can find us at our website: 
http://www.conec.com, or 
e-mail 24926@ican.net 

"TECHNOLOGY IN CONNECTORS' 
72 Devon Rd., Unit 1, Brampton, Ontario Canada L6T 5B4 

Tel: 905-790-2200 • Fax: 905-790-2201 
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CJTARING INTO THE FACE 

SHOULD MAKE YOU FEEL AS 

For an engineer, each project should be a new beginning. 

A time when you can reach again for something that has never 

been done before. 

Choose your embeddedprocessor 

It will, however, take a particular kind of embedded 

processor to break the dam-to let the best thinking move 
from your mind to the application. NEC’s 64-bitVR Series™ 

is that processor. The remarkable MIPS™ RISC architecture 

that can release you from what has been and move you to 

where things could be. 
So what, exactly, makes NEC’s MIPS RISC architecture 

the most sensible choice for office automation, consumer and 

internetworking designs? First and foremost, the price/performance 

issue. The fact is, no other processors provide better MIPS per 
dollar than our VR4300,™ or VR50(>0™ processors. And no other 

processor in its class offers more MIPS per watt than theVR4100.™ 
NEC’s MIPS RISC architecture also enables forward com¬ 

patibility. It’s extremely scalable and uses common code libraries. 

In other words, this is an architecture with a sharply defined 

migration path. Giving you a connection to future processors 

and backward compatibility to existing code. 
It is an amazing thing to create a successful design. The only 

problem is, you’re being asked to do it faster than ever. Which is 

why NEC offers a comprehensive solution, including support 

for PCI Bus interface and laser printer control peripherals. We 

also provide companion chipsets and third-party tools. 

When you think about it, finishing a project in record 

time is a pretty good thing. Because it means you get to move 

on to the next one. 
Call us for more information about the VR Series at 

1-^00-366-9782. Ask for Info Pack 195. 



VR5000. Paramount performance, 

incredibly affordable. This is 

the ultimate embedded processor 

for advanced applications like 

internetworking 

VR4300. A high level of 

performance at an extremely low price. 

Ideal for office automation products, 

video games and X-terminab. 

VR4100. An uncompromising 

combination of performance and 

serious power management makes this 

a perfect choice for personal digital 

assistants and hand-held terminab. 

Vr4100 PPC403GA Vr4300 PPC6O3 VrSOOO PPC604 

Frequency 40MHz 25MHz 133MHz 80MHz 200MHz 100MHz 

Bus Interface 32-brt 8/32/64-brt 32/64-bit 32/64-bit 64-bit 64-bit 

l-Cache Size 
D-Cache Size 

2KB 
1KB 

2KB 
1KB 

16KB 
8KB 

8KB 
8KB 

32KB 
32KB 

16KB 
16KB 

Pin Count/Package 100 PQFP 160 CQFP 120 PQFP 240 CQFP 
256 BGA 

272 BGA 
223 CPGA 

304 CQFP 
256 BGA 

SPECint92/SPECfp92 45 VAX MIPS — 80/60 75/85 — 128/120 

SPECint95/SPECfp95 — — - ... 5.5/5.5 ... NEC 
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INTERNET NEWS 

Introducing SemioMap, the first Java Discovery Search application, 
Brand-new company Semio Corp, 
makes the software available at their 
web site—http://www.semico.com. 
The tool uses data visualization to 
display logical connections between 
text and ideas via graphical maps. 

Java Discovery Search works by 
analyzing and categorizing text in 
real time. If a user wants to find in¬ 
formation about a certain topic, a 
query would be entered and the con¬ 
tent would be returned. The search 
would then yield results in a number 
of different categories and subcate¬ 
gories in a format that resembles a 
box diagram with data placed in de¬ 
scending importance. 

Currently, the two types of 
searches available are exhaustive 
and solution. Exhaustive searches 
look for all the relevant documents. 
Solution searches look for a specific 
answer to a specific query. 

Discovery Search technology 
works on a different premise—look 
for information about the subject and 
organize that information so that 
users can understand what’s avail¬ 
able. SemioMap allows users to ex¬ 
amine their results without scanning 
or reading large numbers of docu¬ 
ments. Essentially, it does the job of 
several web surfers by indexing con¬ 
tent as they go along. 

For more information, contact 
Semio Corp., One Twin Dolphin Dr., 
Redwood Shores, CA 94065; (415) 
802-2940; fax (415) 802-2942. 

For the Internet user who likes everything to come to them in a 
personalized manner, Open Sesame 
is the place to go. All surfers have to 
do is click on the URL and all of the 
latest books, CDs, upcoming con¬ 
certs, movies, and television pro¬ 
grams that interest them pop up on 
the page. 

The site works by taking a quick 
interest profile, and updating it when 
users click on different places in the 
site. Through its Learn Sesame intel¬ 
ligent agent the site becomes more 
adept at choosing information that 
the user prefers the more often the 
user visits the site. Open Sesame 
uses both user clustering and repeti¬ 
tive behavior learning technologies 
to deliver personalized information 
and suggestions to the user. 

Open Sesame is updated on a daily 
basis, and needs no proprietary desk¬ 
top software other than a standard 
web browser or e-mail package. 
Partnership programs are available 
for both Open Sesame and Learn 
Sesame. The Open Sesame service 
can be used for free at the web site. 

For more information, contact 
Open Sesame, 55 Wheeler St., Cam¬ 
bridge, MA 01238; (617) 491-3474; fax 
(617) 868-0780; Internet: http://www. 
opensesame.com. 

Master's Degree By 
Remote education has been 

steadily evolving with the techno¬ 
logical advances of the Internet, as 
well as satellites. A surprising 
amount of undergraduate and grad¬ 
uate degree programs are churning 
out well-educated students who’ve 
received in-depth instruction by 
the use of advanced satellite televi¬ 
sion technology. One such institu¬ 
tion taking advantage of the tech¬ 
nology is the National Technology 
University (NTU). The school has 
offered a master’s degree program 
in management of technology since 
1989. 

Founded in 1984, the school’s phi¬ 
losophy is based on bringing tech¬ 
nology education to the workplace. 
Currently, NTU is the only univer¬ 
sity in the United States to offer 
technical managers a degree pro¬ 
gram in management of technology 
that lets them stay on the job while 
interacting with top engineering 
and management professors via the 
school’s satellite system. 

Professors participating in the 

Satellite 
masters of technology program at 
NTU represent such higher-educa¬ 
tion icons as Lehigh University, 
George Washington University, 
Georgia Institute of Technology, 
Rensselaer Polytechnic Institute, 
and Rutgers University. 

The NTU program allows mas¬ 
ter’s students to integrate their ed¬ 
ucation with their current job, and 
advance their professional develop¬ 
ment—an ideal situation for most 
technology professionals. The 
school stresses that their master’s 
program is not a “techno-business 
degree where technology courses 
are merely add-ons to traditional 
MBA course work,” according to 
NTU’s chair of the management of 
technology program, Al Bean. 

Designed to anticipate and re¬ 
spond to industry needs, the two-
year program is focused on a 
global-economy outlook. The pro¬ 
gram comprises an integrative field 
research project, a sequential set of 
nine courses, and a two-week inter¬ 
national study mission. Each class 

has approximately 30 students. The 
students progress as a group, con¬ 
centrating on the complexities of 
strategic business knowledge in the 
context of technology. 
The courses take an in-depth 

look at business and management, 
engineering, and science disci¬ 
plines. Additionally, the program 
covers areas such as innovation is¬ 
sues and methodologies; bringing 
new technologies to market; tech¬ 
nology transfer; integrating tech¬ 
nology into an organization’s 
strategic objectives; and managing 
business, finance, international sci¬ 
ence, technical resources, and tech¬ 
nology issues. 

Students who are already partic¬ 
ipating in the program have gained 
the advantage of building a very 
wide network comprised of a num¬ 
ber of top computer, telecommuni¬ 
cations, technology, and science 
professionals. 

For more information on the pro¬ 
gram, contact National Technical 
University, 700 Centre Ave., Fort 
Collins, CO 80526-1842; (970) 
495-6400; fax (970) 484-0668; In¬ 
ternet: http://www.ntu.edu.—DS 



SIP Diode Bridges 
for space saving solutions 

in Power Supply & Motor Designs 

Forward Rectified Currents 

Rangel A to 25A 

Reverse Voltage 

800V @ 6A 

600V @ 25A 

- UL Recognition 

Low Noise Versions 

Schottky (60V & 4A) 

and MOSFET (450V, 

12A & .62Q) Bridges 

included in product line 

Global Technology— Local Presence • 

Power Diodes and 
Transistors 

in Isolated TO-220 and 

TO-247 Packaging 

- MOSFET families 

60V 

500V & 900V 

Single/Dual Diode Versions 

— Schottky - Vf = 0.4V 

Fast Recovery - trr = 35ns 
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Non-isoiated versions 
also available in low 
profile D & D2 type 

packaging 

Extensive product selection of Diodes with wide range of rectified forward currents 

MOSFETs with wide range of drain currents 

Eliminates the need to isolate device in manufacturing 

Shindengen America, Inc. 
Toll Free 800-543-6525 EIF (ELECTRO-May 6-8) Show Booth #407 

5999 New Wilke Rd.. Suite 406, Rolling Meadows, IL 60008 
www.Shindengen.com 
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80FF 

Y2K UPDATE 

Back in late January, the Year 2000 
Information Center (http:// 
www.year2000.com) conducted 

an informal survey of its visitors, 
asking various questions about their 
companies’ Year 2000 Date Change 
(Y2K) plans. The results were sur¬ 
prising in some cases and frightening 
in others. Approximately 1100 peo¬ 
ple completed the survey. Following 
is a discussion of the study results 
with accompanying commentary by 
Peter de Jager. 
On the subject of user groups, 38% 

of the respondents answered that 
they were not members of user 
groups and that they did not plan to 
join any in the future; 44% said that 
they weren’t members of user 
groups at the time of the survey, but 
intended to join one in the future; and 
18% of the respondents replied that 
they were members of user groups. 
De Jager found that it was “surpris¬ 
ing that 38% of the respondents have 
no intention of joining a Y2K user 
group, especially when that is the 
number one source of ‘unbiased’ ven¬ 
dor information.” 

In a related question, “Is your 
company a member of an Industry¬ 
based Y2K Forum?” 53% of those re¬ 
sponding answered that they weren’t 
and didn’t plan to in the future, 29% 
answered that they weren’t, but 
planned to join one, and 18%, again 
answered that they were members of 
a Y2K Forum. According to de Jager, 
“The benefits which can be gener¬ 
ated from these forums exceed just 
feedback on vendors. These groups 
have the ability to set standards and 
even force vendors to comply with 
these standards.” 
WHO REALLY KNOWS THE SCORE 
Bear in mind that de Jager’s sur¬ 

vey is completed by “mostly the pro-
grammers/analysts,” and that the re¬ 
sults tend to be a bit more reliable 
than those found with the managers 
who “tend to paint a rosy picture.” 
More demographics will be coming in 
the future as more participants fill 
out the survey. 

Speaking of management, another 
question directly addressed the 
higher-ups’ awareness of the Y2K 
compliance issue. Answering “Do 
you believe your company’s execu¬ 

tive management is aware of the real 
risks involved in this project?” 24% 
said “no,” 63% said “yes,” and 13% 
said “don’t know.” Since a quarter of 
the decision makers are unaware of 
the real risks, the question is, de 
Jager says, “who’s going to bring 
them up to speed?” 

Taking a look at media exposure, 
69% of the respondents said that 
they thought that there hasn’t been 
enough coverage of the issue, 28% 
thought that the coverage matched 
the size of the problem, and 3% ex¬ 
pressed that there is too much cover¬ 
age of Y2K. “The press is still in the 
early awareness stages, and the in¬ 
terviews reflect that,” says de Jager. 
Examining the information avail¬ 
able, most of it comprises press re¬ 
leases of new tools, licensing agree¬ 
ments, and consulting services. 
Additionally, the articles which ex¬ 
plain the story of Y2K are nearly 
identical in nature, blaming the pro¬ 
grammers for their “lack of fore¬ 
sight.” Stories will change dramati¬ 
cally by the end of 1998, exclaiming 
failed systems, widespread panic, 
and exorbitant programming and re¬ 
programming rates. 

SCARY NUMBERS 
One of the frightening numbers of 

the survey is the 11% of respondents 
who replied that their organizations 
had not performed a Y2K Impact As¬ 
sessment and do not plan to. Odds 
are they won’t be in business by then 
if the rest of their policy consists of 
this “head-in-the-sand” approach. 
More frightening numbers: 30% of 
the respondents have yet to start an 
Impact Analysis and only 18% have 
completed their Impact Analysis. 
These figures “seem to fly in the face 
of other surveys which claim 85% of 
CIOs say they do have a plan, but 
verifies my observations that no 
more than 35% of all companies are 
‘really’ working on this project,” as¬ 
serts de Jager. 
More scary numbers are in the 

replies to the question, “Based upon 
your assessment, what percentage of 
your software applications (including 
vendor software) will be impacted by 
the Y2K unless fixed?” Of the re¬ 
spondents, 10% said that 0% to 10% 
of their applications would be af¬ 

fected, 6% said 0% to 20%, 5% said 
20% to 30%, 5% said 30% to 40%, 5% 
said 40% to 50%, 6% said 50% to 60%, 
7% said 60% to 70%, 9% said 70% to 
80%, 9% said 80% to 90%, and a 
whopping 28% said that they just 
didn’t know. According to de Jager, 
the 28% with no idea of what per¬ 
centage of their software would fail 
at the millennium correlates with the 
30% of respondents who have yet to 
perform an Impact Analysis. Even 
more notable, “41% of the respon¬ 
dents found more than 50% of their 
applications to be Y2K incompati¬ 
ble,” says de Jager. 
The final question of the survey, 

“Based upon your project plan, what 
percentage of these applications do 
you intend to fix, replace, renovate?” 
again reinforced fact that a large per¬ 
centage of the Y2K-aware commu¬ 
nity still has a long way to go before 
their systems are compliant. Dipping 
into the numbers, 7% of the respon¬ 
dents replied that they would fix or 
replace 0% to 10% of their software 
applications, 2% said 0% to 20%, 3% 
said 20% to 30%, 2% said 30% to 40%, 
2% said 40% to 50%, 2% said 50% to 
60%, 3% said 60% to 70%, 4% said 
70% to 80%, 5% said 80% to 90%, 35% 
said 90% to 100%, and 36% said that 
they didn’t know how many software 
applications they would repair or re¬ 
place at the millennium. De Jager 
says that he’s concerned with the 
“36% of the respondents who have no 
idea how much work is ahead of 
them.”—DS 

Wanted: An Embedded 
Systems Engineer 

According to Peter de Jager, one 
of the most-needed experts the 
Y2K industry needs is the 
Embedded Systems engineer. 
"Despite all the allegations of the 
press, we are VERY reluctant to 
speculate about the areas in 
which we're not experts," he 
says. So, step up to the plate if 
that's your background —your 
input is quickly becoming crucial. 
E-mail Peter de Jager at 
pdejager@ hookup.net, or call his 
office: (905) 792-8706. 



SIEMENS 

RT series relays 
are small in size, 
but deliver big 
performance 

RT series relays rise only 0.62” 
(15.7mm) above the PC board, but 
they switch up to 16A at 240VAC. 
And they provide 8mm spacing 
between contacts and coil for more 
than 5kV isolation. That's a level of 
performance you might not expect 
from a relay this small. 

The RT doesn't sacrifice life 
expectancy, either. Life at various 
loads is appropriate for appliances, 
HVAC systems, industrial controls, 
and computer peripherals. 

Check out these features: 
• Silver-nickel 90/10 contacts 
• SPST-NO through DPDT contacts 
• 8, 12, and 16 amp models 
• Choice of immersion cleanable 
or flux-tight enclosure 

• Withstands 10kV surge 
• Sensitive, 400mW coil 
• UL Class F insulation system 
• UL recognized, CSA certified, 
VDE approved 

How do we top all that? Easy. We 
produce the RT on fully automated 
lines for consistent quality, then use 
environmentally-friendly, returnable 
plastic shipping containers. And we 
provide the level of service you've 
come to expect from Potter & 
Brumfield Products Division, an 
ISO9001/QS9000 company that's 
been delivering dependable, 
innovative switching solutions for 
more than 60 years. 

Find out more. From the U.S. or 
Canada, use a touch-tone phone 
and our automated fax-response 
system. Simply dial 812.386.2561 
and request document #7800. Or, 
follow the prompts to speak with 
your sales representative. 

Siemens Electromechanical Components, Inc. 
Potter & Brumfield Products Division 
200 South Richland Creek Drive 
Princeton, IN 47671-0001 
Fax 812.386.2072 
e-mail: info@ae.sec.siemens.com 

Potter & Brumfield Products Division 
Siemens Electromechanical Components, Inc. 
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Introducing the 

Breakthrough 64M 
Synchronous DRAM. 

\Its' precisely what servers have been waiting for.] 

You know something’s up 
when you see a bunch of network 
servers voluntarily queuing up 
out in the street. 

Well, what they seem to know 
is what you should too: the 
performance-boosting part that 
servers crave, the 64-meg 
Synchronous dram, is now avail¬ 

able in volume production, or at 
least it is here at Samsung. 

We’ve had working samples 
of this 100 mhz chip for some 
time. And just as we were 
with samples, we’re ahead of 
the competition with actual 
production too. 

What that in turn means is 

that you’re now in a position to 
put yourself ahead of your own 
competition too. Because the 64-
meg part gives you the density 
you absolutely require for servers 
(and in many cases for work¬ 
stations), while also delivering 
the performance advantages you 
can only get from the new 

© SAMSUNG SEMICONDUCTOR, INC., I996. 



AMSUN 

Or write to sdram Marketing, 
Samsung Semiconductor Inc., 
3655 North First Street, San Jose, 
California 95134. 

’ Synchronous design. 
Like we said: the part every¬ 

body’s been waiting fon 
At Samsung, we’re proud 

of this breakthrough product 
because, like the first i6m, 

64M, and even 256M dram, and 
like many of our leadership 
SRAMS, the new sdram helps 

extend our worldwide leadership 
in memory products. 

But more than that, we’re 
proud it can help our customers 
continue to attain leadership too. 

And incidentally, we promise 
you won’t have to wait in line. 

For details on the new sdram, 
please call 1-800-446-2760 today. 

SEMICONDUCTOR 

Still A Generation Ahead. 
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One of 
THE BEST 
WEAPONS 
TO FIGHT 
VIOLENT 
CRIME 
DOESN'T 
COST 
A DIME. 

1-800-WE-PREVENT 
CALL TO RECEIVE FREE INFORMATION. 

TAKE A BITE OUT OF 

«CRIME 
Crime Prevention Coalition and 

Ed tÆ'KSK’ 01 u s Department of Justice 
( i n i. ’ 01993 National Crane Prevention Council 

FLIPPING THROUGH THE INTERNET ROLODEX 

http://www.hh.avnet.com: Sail 
into the new Hamilton Hallmark 
homepage to find easily-accessible 
links to the company’s products, re¬ 
sources, services, and events. Sup¬ 
plier product announcements can be 
found, as well as prices and availabil¬ 
ity of 25,000 products, in the Prod¬ 
ucts section. Reference design kits, 
leading technical publications, tech¬ 
nical advice, and FAQs can be spot¬ 
ted in the Resources section. ASIC 
design services also can be found at 
the site. 

http://www.cemacity.org: 
Looking for the Consumer Electron¬ 
ics Manufacturers Association 
(CEMA)? Search no more, because 
CEMA’s homepage has all the latest 
information on the Consumer Elec¬ 
tronics Show (CES), in addition to all 
the CEMA-sponsored trade shows 
including CES Mobile Electronics 
and CES Habitech. In the Conven¬ 
tion Center, visitors will find exhibi¬ 
tor lists, fact sheets, programs, 
events, and registration for housing 
and attendance. Press releases are 
found in the CEMACITY Gazette. 
Members and future members can 
meet at Town Hall, and e-mail 
CEMA membership staff. The Gov¬ 
ernment Plaza features the latest 
testimony from Capitol Hill and 
CEMA’s position on various issues. 

http://www.industry.net/ 
kavlico: Don’t get caught in the un¬ 
dertow on your way to Kavlico’s new 
homepage! The pressure and posi¬ 
tion sensor manufacturer has put its 
company and product information on 
over 80 screens linked to the home¬ 
page. Descriptions about the com¬ 
pany’s manufacturing facility, pres-

¡ sure sensor technology, automotive 
and diesel engine applications, 
HVAC and industrial pressure sen¬ 
sors, and OEM sensor modules can 
be found here. Detailed specifica¬ 
tions for voltage output pressure 
sensors and 4 to 20 mA current out¬ 
put pressure transmitters are at the 
site, as well as a synopsis of Kavlico’s 
electromechanical position sensors 
for aerospace applications. E-mail 
contacts for visitors to the site also 
are available. 

http://www.spectran.com: Vis¬ 
itors to SpecTran’s new site will find 
that it features information on the 
company’s communication-grade and 
specialty optical fibers, cables, and 
related products. Visitors to the site 
can pick up SpecTran’s latest news 
releases, financial highlights, and in¬ 
formation on career opportunities. 
Additionally, there is a literature li¬ 
brary comprising the company’s an¬ 
nual report, 10K report, quarterly 
report, product information, and 
technical articles. Also found at the 
site are brochures on SpecTran’s 
three subsidiaries. 

http://www.micromo.com: 
Swimming through the sea of URLs 
on the web might lead you to Mi¬ 
croMo Electronics’ page. The web 
site was started in response to cus¬ 
tomer survey results that said that 
customers wanted up-to-date prod¬ 
uct and technical information avail¬ 
able on the World Wide Web. Mi¬ 
croMo’s main products are coreless 
motors and related technologies. 
Featured items at the site include 
new applications notes, selector 
guides, annotated links to other engi¬ 
neering sites, technical and Internet 
tutorials, and a downloadable cata¬ 
log. The catalog comes in Portable 
Document Format, and can be read 
via Adobe Acrobat Reader, which is 
available for downloading at the site. 

http://www.compliancenet.com: 
Compliance-conscious ‘net surfers 
will probably want to stop off at The 
Boxleitner Group’s ComplianceNET 
site. The continuously-updated di¬ 
rectory has complete listings of 
legally mandated regulations and 
standards for hundreds of electronic 
and electrical products for countries 
worldwide. Topics found at the site 
include electromagnetic compatibil¬ 
ity, product ergonomics, product en¬ 
vironmental requirements, product 
quality requirements, and product 
safety. Also, proposed regulations 
and standards are listed here. The di¬ 
rectory is indexed by country and 
product, providing an easy way to 
track a standard or regulation. A free 
test of the directory is available at 
the site. 



Application Table 

UART 

RESET Decoder 
IR RXD U RXD From PIN 

16xCLK 
BAUDOUT IR TXD 

Encoder To LED U TXD 
SOUT 

TIR1000 

The TIR1000 at only $1.15 The TIRIOOO IrDA-compatible encoder/decoder from 

Texas Instruments exchanges serial data from a UART 
IrDA-compatible data transfer 

to an IrDA-compatible transceiver for data transfer at 1200 bps to 115 Kbps data rate 

a maximum rate of 115.2 Kbps to another system. By 3-V and 5-V supply 

board space and system cost for “cordless” data con-Decodes negative or positive pulses 

8-pin SOIC nections in PCs, notebooks, peripherals and other 

electronic devices. 

Price is per device in quantities of 1,000. 
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Interfaces seamlessly with a DART and transceiver eliminating extra glue logic, the TIRIOOO reduces the 

Cordless File Transfer between PCs, 
notebooks and PDAs 

Walk-up LAN connection to office networks 

Download data from PCs and notebooks to 
cellular phones and pagers 

Transfer images from digital cameras to PCs 
and printers 

Program or perform diagnostics on an 
automobile or industrial equipment with a 
hand-held device 

nr Texas 
Instruments 

RESET 

Optoelectronics 

For free data sheets and product information, contact us at: 

1-800-477-8924, ext. 5015 
or http://www.ti.com/sc/5015 

115 Kbps IrDA Controller 
with UART Interface. 



MEETINGS 

JULY 
IEEE Signal Processing Workshop on 

Higher Order Statistics, July 21-23. 
Banff Centre for Conferences, Banff, 
Alberta, Canada. Contact Keh-Shin 
Lii, Department of Statistics, Uni¬ 
versity of California, Riverside, 900 
University Ave., Riverside, CA 
92521; (909) 787-3836; fax (909) 787-
3286; e-mail: ksl@ucrstat.ucr.edu. 

IEEE Nuclear & Space Radiation Ef¬ 
fects Conference (NSREC ‘97), July 21-
25. Snowmass Conference Center, 
Snowmass, CO. Contact Dennis B. 
Brown, Naval Research Laboratory, 
Code 6612, Washington, DC. 20375; 
(202) 767-5453; fax (202) 404-8076; e-
mail: dbbrown@ccfnrl.nvy.mil. 

AUGUST 
40th Midwest Symposium on Circuits 

and Systems, Aug. 2-6. Hyatt Re¬ 
gency Hotel, Sacramento, CA. Con¬ 
tact Sharon Baumgartner, Depart¬ 
ment of E&CE, University of 
California, Davis, CA 95616; (916) 
754-6216; fax (916) 752-8428; e-
mail:mwscas97@ece.ucdavis.edu. 

IEEE International Geoscience & Re¬ 
mote Sensing Symposium (IGARSS ‘97), 
Aug. 4-8. Singapore International 
Convention Exhibition Centre, Sun¬ 
tec City, Singapore. Contact Kwoh 
Leong Keong, CRISP, National Uni¬ 
versity of Singapore, Faculty of Sci¬ 
ence, Lower Kent Ridge Rd., S 
119260 Singapore; (65) 7727838. 

Memory Technology, Design, & Test 
Workshop, Aug. 11-12. San Jose, CA. 
Contact F. Lombardi; (409) 845-5464; e-
mail: lombaixli@cs.tamu.edu. 

IEEE International Symposium on 
Electromagnetic Compatibility (EMC 
‘97), Aug. 18-22. Contact John Os¬ 
burn, EMC Test Systems LP., 2205 
Kramer Lane, Austin, TX 78758; 
(512) 835-4684 ext. 669; fax (512) 835-
4729. 

SEPTEMBER 
Telecom Interactive ‘97, Sept. 8-14. 

Geneva, Switzerland. Contact (703) 
907-7736. 

Fifth European Congress on Intelli¬ 
gent Techniques and Soft Computing 
(EUFIT ‘97), Sept. 8-12. Aachen, Ger¬ 

many. Contact Promenade 9, 52076 
Aachen, Germany; (49) 2408 6969; fax 
(49) 2408 94582; e-mail: eufit@mit-
gmbh.de; Internet: http://www.mit-
gmbh.de/elite/elite/eufit.html. 

ICSPAT/DSP WORLD 1997, Sept. 14-
17. San Diego Convention Center, 
San Diego, CA. Contact Denise 
Chan, Miller Freeman Inc. (415) 278-
5231; e-mail: dsp@exporeg.com. 

MCM Test Workshop, Sept. 14-17. 
Napa Valley, CA. Contact Y. Zorian, 
(408) 453-0146 ext. 227; e-mail: zo-
rian@lvision.com. 

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

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

AUTOTESTCON ‘97, Sept. 22-25. Dis¬ 
neyland Hotel, Anaheim, CA. Contact 
Robert C. Rassa, Hughes Aircraft, 
P.O. Box 92426, MS R07/P553, Los 
Angeles, CA 90009-2426; (310) 334-
4922; fax (310) 334-2578; e-mail: 
rcrassa@ccgate.hac.com. 

Electrical Overstress/Electrostatic 
Discharge Symposium, Sept. 23-25. 
Santa Clara Convention Cen¬ 
ter, 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 
Exhibition (CIEE ‘97), Sept. 24-28. 
China International Exhibition Cen¬ 
tre, Beijing. Contact Gu Jinjing, 
CEIEC, P.O. Box 140, Beijing, 
100036 China; (Oil) 8610 6822 3909; 
fax (Oil) 8610 6821 3348 

Eastern Regional Conference on 
Crystal Growth & Epitaxy, ACCGE/East-
97, September 28-0ct. 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.com, or Ed Porban-
sky, Conference Secretariat, 163 
Carson Dr., Colonia, NJ 07067; (908) 
382-1806. 

Embedded Systems Conference, 
Sept. 29-0ct. 3. San Jose Convention 
Center, San Jose, CA. Contact Miller 
Freeman Inc. (415) 278-5231; e-mail: 
esc@exporeg.com. 

OCTOBER 
OEMed 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. 

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. 

IEEE Ultrasonics Symposium, Oct. 7-
10. Marriott Hotel, Toronto, Canada. 
Contact Stuart Foster, Dept, of Med¬ 
ical Biophysics, Room S-658, Sunny-
brook Health Science Ctr., 2075 
Bayview Ave., Toronto, Ontario, M4N 
3M5, Canada; e-mail: stuart@owl.sun-
nybrook.utoronto.ca. 

Sixth IEEE International Conference 
on Universal Personal Communications, 
Oct. 12-16. Hotel del Coronado, San 
Diego, CA. Contact Gail Weisman, 
IEEE Communications Society, 345 E. 
47th St., New York, NY 10017; (212) 
705-7018; fax (212) 705-7865; e-mail: 
g.weisman@ieee.org. 

Sixth IEEE International Conference 
on Universal Personal Communications 
(ICUPC ‘97), Oct. 13-15. Contact Tony 
Acampora, MC 0409, Bldg EBU1, 
UCSD, 9500 Gilman Dr., La Jolla, CA 
92093-0409; (619)534-5438; fax (619) 534-
2486; e-mail: acampora@ece.ucsd.edu. 

Conference on Domain-Specific Lan¬ 
guages (DSL), Oct. 15-17. Red Lion Re¬ 
sort, Santa Barbara, CA. Contact 
USENIX Conference Office, 22672 
Lambert St., Suite 613, Lake Forest, 
CA 92630; (714) 588-8649; fax (714) 588-
9706; e-mail: conference@usenix.org; 
Internet: http://www.usenix.org. 
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AD9057 192 mW 8-Bit 
60 MSPS 

Introducing 
The Industry’s Lowest Power 

High Speed Converters. 

Analog Devices ADCs: The competitive edge. 

Suddenly, There’s A New Standard 
In Low Power 8- And 1 O-Bit Converters 
The company that set the standard in high speed 
converters continues to introduce innovative, 
low power, single-supply ADCs to cost- and 
power-sensitive mass markets. 

AD9057 AD9054 AD9200 AD9070/71 

Res. (Bits) 8 8 10 10 

Speed (MSPS) 40/60/80 135/200 20 100 

Power (mW) 192 500 80 600 

Package SSOP TQFP SSOP/TQFP SO/DIP 

Price* $4.95/ $23.00/ $5.85 $68.00 
$5.95/ $44.00 
$9.95 

Faxcode 2007 2093 2114 2052/2035 

Low Power And Low Cost 
Our new AD9057 ADC, for instance, costs 35% 
less than the closest competitor. Yet it offers supe¬ 
rior performance with a low power dissipation of 

only 192 mW at full speed and less than 10 mW 
in the power-down mode. And this ADC is just 
one example. With our broad portfolio, you’ll 
find a high-performance, low-power, 8- and 
1 O-bit ADC solution for every need. 

Breakthrough Single Supply 
Check out the highest speed, single-supply ADCs 
available today. Performance that was once the 
domain of high-powered flash converters is now 
available with the AD9054 and AD9070/71. 
Each runs off a low-power, single-supply system. 

Higher performance and lower power for less 
money. Sounds like a real easy decision. 

For immediate delivery of information regarding 
samples call 1-800-ANAL0GD (262-5643) and 
mention ad code 3051. For data sheets dial 
AnalogFax® at 1-800-446-6212 and enter 
Faxcode It or visit us on the World Wide Web. 

□ 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. 
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CONSUMER ELECTRONICS HIGH-PERFORMANCE 3D ACCELERATOR 

I. In the TEX chip is a major processing block containing an array of parallel processors and logic 
to implement the polygon processing and control. Another portion of the chip contains the P-Pipe 
logic, which provides a PCI-to-PCI bridge to where a 2D PCI graphics processor can be attached. 

I 

bandwidth transfers. Most of the oper¬ 
ations needed to compute translu¬ 
cency, hidden-surface removal, and 
antialiasing require high-speed com¬ 
putations to perform real-time opera¬ 
tions. One of the more-complex opera¬ 
tions, the time-perspective correction, 
also requires a division operation per 
pixel, thus making it one of the most 
math-intensive operations. 

Bus bandwidth becomes the limit¬ 
ing factor for Z-buffering and various 
surface attributes. For anisotropic 
texturing, coherency is not the same 
and caching is more difficult because 
of the different possible shapes used 
for texturing. 

In addition to the strong polygon 
support, the key block on the chip that 
lets the circuit deliver top-notch 3D 
graphics is the overall PixelSquirt II 
technology, which alleviates the main 
bottleneck in interactive 3D graphics, 
the pixel fill rate (Fig. 1). The technol¬ 
ogy is based on the concept of parallel 
fixed-purpose processors that maxi¬ 
mize the fill rate based solely on the 
geometry (XYZ) of the triangles. The 
“processor” in this case has been 
shrank to a point that a large number 
of processors can be included on a cus¬ 
tom chip at a very cost-effective price. 

As mentioned earlier, the TEX chip 
can achieve near-workstation perfor¬ 
mance—on a 1024-by-768, 24-bit per 
pixel screen with a 30-Hz frame rate, 
the circuit can deliver 10,000 trian-
gles/frame (300,000 triangles/s, with 
each triangle a MIP-mapped 100-pixel 

element with bilinear texturing using 
RGB lighting. This can be achieved for 
real applications executing on a PC 
that operates with a 33-MHz PCI bus, 
with 1 to 4 Mbytes of optional texture 
memory, and employs the Triton II or 
better motherboard chip set. 

Theoretical peak performance of 
the TE X-based system includes the 
ability to deliver 150 million textured 
pixels per second (each pixel is MIP-
mapped and has bilinear texturing), or 
deliver 1 million polygons/s, with each 
polygon containing 10 pixels with RGB 
lighting, RGB specular, fog, alpha, and 
floating-point input. Top resolution of 
1024 by 768 pixels with 24 bits/pixel at 
53 frames/s (10,000 polygons/frame, 
tri-MIP-mapped and Z-buffered) can 
be achieved—yielding a pixel data rate 
of more than 150 Mpixels/s. 

To deliver the rendered images for 
games, VRML environments, and 
other applications, the TEX processor 
places minimal overhead on the host 
processor, and appears mostly as a PCI 
or AGP device attached to the host. 
However, it contains several additional 
buses, one of which is a local PCI bus. 
That bus is generated by a block called 
the P-Pipe, which implements a PCI-
to-PCI bridge to allow additional func¬ 
tions such as a 2D graphics processor 
to be included on the same board. All 
PCI traffic except the polygon list (10 
Mbytes/s) is moved to the back end of 
the P-Pipe over this bus to communi¬ 
cate with the 2D PCI graphics chip. 
The host PCI bus is a master/slave in¬ 

terface and includes big- and little-en¬ 
dian support for various hosts. 

To achieve high performance tex¬ 
ture mapping, an on-chip high-perfor¬ 
mance DRAM texture storage area of 
1 to 4 Mbytes (or more) would ideally 
be required. However, by incorporat¬ 
ing a local memory bus interface on 
the chip, it’s designers were able to lo¬ 
cate that memory off chip without any 
significant performance penalty. That 
memory can be formed using multi¬ 
bank DRAMs or synchronous graph¬ 
ics DRAM (SGRAM). 

The overall flow of data through the 
TEX chip is similar to that of the PIX 
processor, with one significant differ¬ 
ence—the TEX can write directly to a 
2D device’s linear or rectangular 
frame buffer, as well as to main mem¬ 
ory. That is possible since the host is 
no longer directly involved in the pixel 
texture mapping operations. Inputs to 
the TEX chip are in the form of a Y-
sorted triangle list, similar to the PIX 
chip, but the format has been en¬ 
hanced for lower-overhead application 
programming interface support. Im¬ 
provements in this area include the 
addition of scatter-gather DMA and 
floating-point input formats. 

To do the integration effectively, 
designers had to carefully balance the 
work done by the processor array and 
that done by other logic. Thus, the 
processor array employs an on-chip 
“active-triangle” display list to render 
a scene in scanline raster order. The 
engine starts by reading a driver-pre¬ 
pared display list from memory to up¬ 
date the on-chip list and then, after 
setup, visibility determination, and in¬ 
terpolation, starts to deliver the ren¬ 
dering data, beginning with the top¬ 
most texel (or a blend of texels) for 
each pixel in the scene in left-to-right, 
top-to-bottom order (as how one 
would normally read a page of text). 

After being textured and accumu¬ 
lated (for translucent pixels), the resul¬ 
tant pixel stream passes into the for¬ 
matter block on the chip, which buffers, 
dithers, and formats the data. The re¬ 
sulting 3D image is sent directly to the 
2D frame buffer, either over the host 
PCI bus or through the P-Pipe. Float¬ 
ing-point format conversion, from 32-
bit floating-point notation to 16-bit in¬ 
teger values, also is incorporated on the 
chip. This capability is optimized for 
reading application-programming in-



Direct-to-Digital Temperature 
Measurement with a New Interface 
The Dallas Semiconductor family of 1-Wire™ • 
and 3-wire temperature sensors has a new mem¬ 
ber: the 2-wire DS 1621 Digital Thermometer 
and Thermostat. With this popular interface, the 
industry’s most accurate digital thermometer can 
now serve a host of new applications, including 
PCs, microprocessors, and hand-held PDAs. 

The DS 162 1 is the most accu- v \ 
rate digital temperature sensor in the in¬ 
dustry: +0.5°C over the commercial range and 
+1 ,0°C over the industrial range. 

The DS 162 1 is the only digital temperature sensor 
that can achieve 13-bit (or 0.03125cC) resolution, 
important for applications that monitor fast rates of 

We’ve Got 
e Your Busses 
1 Covered 

The DS 1621 ’s addressable interface can be temperature change. 
multi-dropped, letting you address up to eight 
chips along a 2-wire bus. Better yet, you can 
put any device with a 2-wire interface on the 
same bus for multi-function capability. 

• The DS 162 1 is the only digital temperature sensor 
to store the temperature limits in EEPROM, 
alleviating the need to power up to default limits 
and then re-set the device. 

Like our other temperature sensors, the DS 162 1 
Digital Thermometer and Thermostat converts 
temperature directly to a 9-bit digital number in 
less than one second, eliminating the need 
for an A/D converter. The DS 162 1 can 
also function as a standalone thermostat 
with a user-definable and changeable 
set point. 

And that’s not all. 

The DS 1621 features a wide power supply 
range— from 2.7V to 5.5 V—in a single device. 

The DS 162 1 can be configured to continuously 
perform temperature conversions in the 
background. Temperature reads will always 
output the last completed conversion and not 
inhibit the conversion in progress. 

Is the 2-wire bus going in your direction? Then hop right on. For more information on 
our family of Thermal Sensors, or to order a DS 1621K Development Kit, give us a call. 

Visit our Web site at http://www.dalsemi.com/ 
4401 Beltwood Parkway, Dallas, Texas 75244-3292 ❖ Phone: 972-371-4448 ❖ Fax: 972-371-3715 
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CONSUMER ELECTRONICS HIGH-PERFORMANCE 3D ACCELERATOR 

terface format software with 
little driver (software) over¬ 
head—offloading the task 
from the CPU and giving bet¬ 
ter overall 3D performance. 

In addition to the basic op¬ 
eration at 33-MHz for the PCI 
host-bus interface, the 3D ac¬ 
celerator also can run that in¬ 
terface at the 66-MHz speed 
required by the AGP inter¬ 
face. A local DRAM bus with 
a selectable 32- or 64-bit mem¬ 
ory bus width and the P-pipe 
local PCI bus also are incorpo¬ 
rated on the chip. Lastly, the 
memory interface includes 
support for SGRAM and 
multibank DRAM to maxi¬ 
mize the data transfer rate. 

The on-chip AGP support 
lets it handle the double-clock 
option, which clocks the bus at 
133 MHz. Also, the AGP in¬ 
cludes a split-transaction ca¬ 
pability, which allows the bus 
to hide the 20+ clock latency of 
read operations, allowing 
those clock periods to be re¬ 
claimed for other uses. Lastly, 
the AGP interface provides 
virtual address translation for 
easier data manipulation. 

The internal polygon man¬ 
ager on the chip determines 
when to load primitives, and 
where to store them once 
loaded. The first word of the 
primitive describes the type 
of primitive (point, line, trian¬ 
gle), and determines how 
many additional words are 
needed to fully specify the 

2. Various 3D graphic subsystem architectures can be implemented with 
the TEX processor. In this first example (a), the TEX chip connects to the 
host PCI or AGP port and the 2D graphics processor connects to the PCI 

PCI bus connects to the 2D 
VGA graphics chip, which in 
turn, sends the data to the 
display (Fig. 2a). 

Alternate system architec¬ 
tures include a scenario in 
which the TEX chip is on a 
separate AGP add-in card 
with only the texture memory 
(Fig. 2b). In this case, the 3D 
information transfers bidirec¬ 
tionally over the AGP port, 
while the host system trans¬ 
fers pixel data to the PCI¬ 
based 2D display engine. In a 
third option, the TEX chip, 
the host system, and the 2D 
graphics accelerator are all 
transferring the display lists 
and the pixel data over the 
PCI bus (Fig. 2c). 
An additional interface on 

the chip includes a universal 
serial bus port to aid in sys¬ 
tem configuration. For video 
support, the chip also can per¬ 
form 4:2:2 YUV-to-RGB color 
conversion, bilinear interpo¬ 
lation scaling, and provide 
support for multiple video 
windows. The chip operates 
from a either a 3.3- or 5-V 
supply but internally oper¬ 
ates at 3.3 V, while the I/O 
lines can interface to either 
3.3 or 5-V systems. 
Both Reality and S-MOS 

have developed drivers for 
Microsoft Windows 95, Win¬ 
dows NT, Direct X support, 
and other operating environ¬ 
ments. Also available are 
software tools for developing 

primitive. A full description of bridge port. Or (b), the TEX chip can be used on a separate card that custom drivers. 
connects to the host via the AGP port, while the 2D graphics subsystem 
connects to the host over the PCI bus. Lastly (c), a PCI only approach 
can be used, in which the TEX subsystem is on one card, the 2D legacy 
graphics on a second card, and both connect to the host via the PCI bus. 

the primitive includes data de¬ 
tailing the primitive type, the 
point color and alpha, the line 
color and alpha and perspec¬ 
tive correction, and many tri¬ 
angle aspects. Those aspects include 
the triangle type (flat, Gouraud shaded, 
textured), RGB color (flat, Gouraud) or 
texture ID and ST (texture coordinates 
to sub-texel accuracy for bi-linear) co¬ 
ordinates (textured), triangle texture 
antialiasing (texture: point, bi-linear, or 
MIP-mapped), and triangle options 
such as per vertex Alpha, fog, specular; 
MIP-mapped. Triangle texture options 
include the address (local), size (power 
of two), MIP-map flag, texel format 

( 16/24/32-bit, etc.), and wrapping vs. 
clamping for each S and T. 

The multiple-bus architecture of 
the TEX chip makes it simple to im¬ 
plement various system solutions that 
cater to different price points. In the 
complete 2D/3D system on a card that 
plugs into a PCI or AGP port, the 
TEX chip provides the host interface, 
while tying into on-board texture 
memory and generating the local PCI 
bus from the P-Pipe port. That local 

Price And Availability 
The TEX 3D accelerator conies in 
a 208-lead TQFP In 10,000-unit 
quantities, the TEX ch ip sells for 
$35 apiece. Samples will be avail¬

able in the fourth quarter, with production 
quantities available in early 1998. 

S-MOS Systems Inc., 150 River Oaks 
Parkway, San Jose, CA 95134; Sandeep 
Gupta, (408) 922-0200; http://www.smos.com. 

Reality Simulation Systems Inc., 150 
River Oaks Parktvay, San Jose, CA 95134; 
(408) 435-5565. CIRCLE 538 

How Valuable Circle 
Highly 539 
Moderately 540 
Slightly 541 



EXPERT ADVICE FROM FUTURE ELECTRONICS 

Global 
expertise in 
Electronic Component 
Supply 

Life cycle analysis for 
availability and market trends 

Y 

Vision. For almost 30 years, we have 
provided our customers with a clear view 
on what’s going to happen next. 

Today, focusing on the future is the only 
way to get ahead. It may be the only way 
to survive. 

As a Future Electronics partner, you 
have access to more than 300 electronic 
component experts who provide 

• Product life cycle analysis 
• Global inventory trends 
• Bills of material review 
• Alternate source availability. 

No other distributor offers this level 
of knowledge & competence - So take 
full advantage of your Future Electronics 
partnership by putting our experts 
to work for you. 

We put your needs first. Nothing heroic 
about that. It’s simply smart. Since your 
success is ultimately ours, let’s look to 
the future together. 

For more information call: 
1 • 8 0 0 ■ F U T U R E • 1 Ext. 2255 

http://www.future.ca 
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If you don't get Harris, 
you won't get the picture. 

Only the new Harris 
multimedia chipset gives 
you full color and sync 
during VCR FF playback. 

• HMP81 12 video decoder has patented 
comb filter for better color and sample 
rate converter for better sync 

• HMP81 56 encoder gives you 
sharper images, multiple input and 
output standards 

• Complete support, samples, eval boards, 
data sheets, app notes, and tech briefs 

• Call 1-800-HARRIS ext. 7697 
for our multimedia brochure 

• Visit our multimedia web site 
(www.semi.harris.com/multimedia/) 

Harris 
HMP8112 
NTSC/PAL 
Decoder 

\ i ' i' _s 

For more information: Call 1-800-4-HARRIS and ask for ext. 7697 
Internet http://www.semi.harris.com - Technical assistance E-mail centapp@harris.com 

AnswerFAX: 1-407-724-7800, doc 7064 
your next big idea is a trademark of Harris Corporation. Screen images simulated. 

Only the beginning. 
Availability 

HMP8112 NTSC/PAL 
Decoder_ Now 

HMP8115 NTSC/PAL 
Decoder_ Q2 

HMP81 54 NTSC/PAL 
Flicker Filter Encoder Q2 

HMP8156 NTSC/PAL 
Encoder Now 

HMP8171 NTSC/PAL 
Encoder w/Macrovision Q3 

HMP8173 NTSC/PAL 
Encoder w/Macrovision (SCART) Q3 

HMP9701 16-Bit AC'97 
Audio Codec Q2 

HARRIS 
X*/ SEMICONDUCTOR 
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CONSUMER ELECTRONICS 
VIDEOCONFERENCING 

Videoconferencing Is Getting 
Better And More Affordable 

Dedicated Chips, High-Power Microprocessors, And Innova¬ 
tive Software Are Making Possible High-Quality And Low-
Cost Computer-Based Videoconferencing Systems. 

Jules H. Gilder 

Videoconferencing has been capturing peoples’ 
imaginations ever since AT&T demonstrated 
its original PicturePhone over 30 years ago. 

The problem then, as it is now, was bandwidth. In 
the 1960s, the enormous amounts of data that had 
to be sent to produce a quality video image and 
sound in real time required the use of leased tele¬ 
phone lines. Because of the expense of the lines, 
and the specialized equipment needed to imple¬ 
ment videoconferenc-

broad cast-quality video. 
Despite the hardware and software advances, 

standards are still the key to the success of video¬ 
conferencing. Despite the availability of industry 
standards, there’s a lack of interoperability among 
different videoconferencing systems designed to 
the same standard (see “Standards are the key,” p. 
96). Nevertheless, the emergence of dedicated 
video processors has propelled videoconferencing 

to new heights. 
ing, its use was limited 
to large companies that 
could afford the invest¬ 
ment. 

The situation is sig¬ 
nificantly different to¬ 
day. Currently, the 
market for videocon¬ 
ferencing systems is 
over $3 billion. By the 
year 2002, the market 
is expected to grow to 
$35 billion. True, band¬ 
width is still the key is¬ 
sue, but semiconductor 
and software technol¬ 
ogy have joined forces 
to make it manageable 
at a reasonable cost. 
Whereas early systems 
would cost hundreds of 
thousands of dollars to 
implement, today’s sys¬ 
tems cost in the hun¬ 
dreds or thousands. 

In addition, leased 
telephone lines are no longer required. POTS Art Courtesy: Lucent 

(Plain Old Telephone Service) lines can be used to Technologies 

get quite acceptable results with video-frame 
rates of 6 to 15 frames per second (fps). This is 
sufficient for situations where there is very little 
motion by the parties If the ability to show con¬ 
tinuous motion is needed, then an ISDN tele¬ 
phone line will be required. With ISDN and the 
appropriate hardware, frame rates of 20 to 30 fps 
can be achieved, yielding results that are close to 

Video Processors 
Ever since PCs ap¬ 
peared on the scene, 
designers have been 
repeatedly faced with 
the same question: 
“Should the video prob¬ 
lem be solved with ded¬ 
icated hardware or 
software?” And the an¬ 
swer is always the 
same: “It depends.” 
The arguments are al¬ 
ways the same. The 
hardware approach is 
faster, but it’s more ex¬ 
pensive. The software 
approach is cheaper, 
easier to install, and 
easier to maintain and 
upgrade. So why 
should it be different 
when it comes to video¬ 
conferencing? It isn’t. 
When videoconfer¬ 

encing was first conceived, engineers instinctively 
knew they could do it. It required specific hard¬ 
ware and was expensive, but they knew what had 
to be done. A software solution wasn’t even con¬ 
sidered because many of the hardware develop¬ 
ments (e.g., high-speed modems, inexpensive per¬ 
sonal computers, and digital cameras) that make a 
software solution possible didn’t exist yet. As the 
supporting hardware became available and con¬ 
sumer demand for videoconferencing grew, an in-

IC
 D
E
S
I
G
N
/
M
A
Y
 1

,
1
9
9
7
 



‘
(
T
R
O
N
I
C
 D
E
S
I
G
N
/
M
A
Y
 1
,
1
9
9
7
 
CONSUMER ELECTRONICS VI DE OC O N F E R E N C IN G j 

1. The AV4400 single-chip video/audio processor is at the heart of 
Lucent Technologies AVP-III videoconferencing processor. The AV4400 
implements the ITU H.32x standards, along with microcode and host 
software. Based on a 32-bit RISC processor, the AV4400 features 
video scaling at the input and output, forward and reverse discrete 
cosine transforms, variable-length encoding and decoding (VLE/D), 
hardware motion estimation, a 16- or 32-bit host interface and direct 
connection of up to 2 Mbytes of DRAM for frame storage. 

expensive software solution 
became feasible. 

The factor that will deter¬ 
mine whether you go with a 
hardware or software solu¬ 
tion is the desired video-im¬ 
age quality. For the highest 
quality, you still need to use 
dedicated videoconferencing 
processors. Three major sup¬ 
pliers of videoconferencing 
chips are Lucent Technolo¬ 
gies with its AVP-III proces¬ 
sor, 8x8 Inc. with its Video 
Communication Processor 
(VCP), and Texas Instru¬ 
ments with its TMS320C8x 
family of processors. 
The three-chip AVP, the 

original audio/video process¬ 
ing device for building a 
videoconferencing system, 
was introduced back in 1992 
by AT&T. Last year, Lucent 
Technologies, an AT&T 
spin-off, introduced the 
AVP-III, a third-generation 
0.35-pm CMOS single-chip 
version, the AV4400. 

The AV4400 is fully compliant with 
ITU-T international standard H.320 
(which contains the specifications for 
ISDN videoconferencing), and the 
H.324 standard (which contains speci¬ 
fications for videoconferencing over 
regular telephone lines). Each of 
these “umbrella” standards contains 
additional standards that define the 
video and audio compression algo¬ 
rithms that must be used. For exam¬ 
ple, H.261 and H.263 specify the tech¬ 
niques to be used for video 
compression for ISDN and POTS sys¬ 
tems, while G.723 and G.728 are stan¬ 
dards that specify compression for au¬ 
dio systems on POTS and ISDN 
systems. JPEG and MPEG-1 support 
also are built into the chip. The 
AV4400 has a 32-bit RISC processor 
core with an associated programma¬ 
ble signal-processing array. 
The AV4400 connects to its host 

processor via a 16- or 32-bit interface 
that allows the host to initialize and 
control registers and internal SRAM 
(Fig. 1). It also allows input and out¬ 
put of compressed and uncompressed 
audio and video. 
The chip requires no external 

SRAM, but instead uses conventional 
or synchronous DRAM. Although 3.3-

V DRAM is preferable, 5-V DRAM 
also can be used. The control processor 
on the chip is a 32-bit RISC processor. 
It contains a 3-kbyte data-word in¬ 
struction SRAM. The processor per¬ 
forms coding control (dynamic adjust¬ 
ment of frame rate and quantization), 
global control (servicing requests for 
the various coprocessors), bit stream 
header encoding and decoding, and 
memory management. 

The AV4400 can be programmed to 
work in one of two modes—constant 
frame rate or constant quality. Ac¬ 
cording to James G. Rank, Lucent’s 
Product Marketing Manager for vi¬ 
sual communications solutions, most 
people use the constant-quality mode. 
That means, if there’s a lot of motion, 
the frame rate will decrease, but the 
image quality will stay the same. In 
the constant-frame-rate mode, the 
user generally doesn’t care about the 
video image. He just needs to send a 
certain number of frames per second. 
The price you pay for this mode of op¬ 
eration, if you have a lot of motion, is 
“blockiness.” 

Using a dedicated videoconferenc¬ 
ing chip doesn’t tie up the processing 
power of a CPU, and allows it to per¬ 
form data-sharing operations that 

would otherwise be impossi¬ 
ble. To foster this sharing of 
data and applications during 
a video conference, Lucent 
has licensed data collabora¬ 
tion software from Data-
Beam Corp, and is making it 
available to OEMs. The soft¬ 
ware is known as the Collabo¬ 
rative Computing Toolkit. It 
provides third-party devel¬ 
opers with building blocks for 
adding real-time, multipoint, 
and data-sharing capabilities 
to new or existing applica¬ 
tions, based on ITU’s T.120 
standard. 

A Pair Of Engines 
The VCP chip from 8x8 Inc. 

is another contender for 
videoconferencing applica¬ 
tions (Fig. 2). The 0.5-pm 
CMOS chip performs all of 
the processing required for 
various video compression 
and decompression algo¬ 
rithms. Its programmable ar¬ 
chitecture enables it to per¬ 

form both MPEG encoding and 
decoding. It handles H.320, H.323, 
H324, and various fractal and wavelet¬ 
based algorithms. 
The chip, notes Kevin Deierling, 

8x8’s Director of IC development, is a 
custom one. It gets its processing 
power from two internal programma¬ 
ble engines. The first, a vision con¬ 
troller, is a 32-bit MIPS-X RISC en¬ 
gine that performs higher-level 
functions such as syntax decoding, 
system multiplexing, and frame-rate 
conversion. The second, a vision 
processor, is a single-instruction, mul¬ 
tiple-data (SIMD) 64-bit programma¬ 
ble DSP specially architected to per¬ 
form video processing. 
Whereas most DSPs are good at 

performing multiply-accumulate 
(MAC) operations, the SIMD DSP in 
the VCP chip can do eight MACs at 
the same time. As a result, instead of 
working on a single pixel at a time as 
most other DSPs do, the 8x8 chip can 
work on eight pixels simultaneously. 

This processing engine performs 
the core video codec tasks of motion 
search, motion compensation, discrete 
cosine transforms (DCIh), and inverse 
DCTs. In addition, specialized pro¬ 
grammable hardware provides bit-
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CONSUMER ELECTRONICS VIDEOCONFERENCING 

slice Huffman encoding and 
decoding. Also, dedicated 
hardware performs video 
pre- and post-processing, in¬ 
cluding input and output scal¬ 
ing and temporal filtering. 
Temporal filtering is particu¬ 
larly valuable with noisy ana¬ 
log video signals. 
An advanced 0.35-pm ver¬ 

sion on the way, the VCPex, 
will have MPEG-2 decode 
support, and will be able to 
overlay text over live video 
with no impact on the encod¬ 
ing or decoding process. 

Like the Lucent AVP-III 
processor, the VCP chip sup¬ 
ports CIF (Common Inter¬ 
mediate Format) resolutions 
of 352 by 288 pixels, which 
are specially designed to 
make it easy to display the 
image on either a PAL or 

TMS320CBX- DSP -

3. The TMS32OC82 processor from Texas Instruments can be used with 
a graphics chip and video palette to implement a videoconferencing 
system that costs less than $200. 

that can deal with this, but 
that involves a tradeoff of 
the filtering for the sharp¬ 
ness of the image. 
The company feels that it 

won’t be long before H.323-
based products for use on 
LANs and intranets will 
catch up to, and even pass, 
ISDN chips. Presently, a 
company using videoconfer¬ 
encing spends tens of thou¬ 
sands of dollars to set up a 
special videoconferencing 
room with an ISDN line. 
With H.323, if you have a ded¬ 
icated ISDN line, you can call 
out to one of your other sites 
and then simply run a packet¬ 
based protocol, PPP, over the 
same ISDN line. Suddenly, 
suddenly everybody’s desk¬ 
top with an H.323 capability 
added can then go out 

NTSC system. It also supports QCIF 
(Quarter CIF) resolutions of 176 by 
144 pixels. While these resolutions 
might lead you to believe that the size 
of your image would be small, espe¬ 
cially on a large, high-resolution 
screen, that’s not necessarily the case, 
because the processor can scale the 
video image to occupy the full screen. 

In fact, notes Deierling, if you take 

a 352-by-288-pixel image and scale it 
up to full screen size using VGA reso¬ 
lution (640 by 480 pixels), it produces 
an image that is the same quality you’d 
get with VHS video tape. Of course, 
the image can be scaled larger, like 
1024 by 768 pixels, but then you start 
to see some problems such as blocking 
artifacts (checkerboard patterns on 
the video image). Filters are available 

2. The VCP Video Communication Processor from 8x8 Inc., shown here in a videoconferencing 
board, is a hybrid dual-processor chip that contains a 32-bit MIPS-X RISC engine that operates 
as a vision controller. It handles syntax decoding, system multiplexing and frame-rate 
conversion. Its 64-bit programmable DSP is designed to perform video processing. 

through this ISDN gateway. So, in¬ 
stead of having just one special room 
for videoconferencing, everyone on 
the LAN can have that capability. 

Texas Instruments (TI) has devel¬ 
oped two general-purpose DSP ICs 
optimized for video processing—the 
TMS320C80 and TMS320C82. Accord¬ 
ing to Rick Rinehart, TI’s C8x Pro¬ 
gram Manager, the TMS320C80 has 
about 1.5 times the processing power 
of the TMS320C82. The C82, he con¬ 
tinues, is meant to be used in systems 
with data rates up to 128 kbits/s, while 
the C80 processor is ideal for rates 
above 128 kbits/s. 
The less-expensive C82 saves 

board space by consolidating multiple 
processors into a single chip (Fig. 3). 
It integrates two DSPs and a RISC 
master processor on the same silicon. 
Another cost and space-saving fea¬ 
ture is on-chip cache memory, which 
eliminates the need for external, 
high-cost SRAM to support each 
DSP. Instead, the system’s memory 
uses lower-cost DRAM. Instruction 
cache memory for each DSP consists 
of 4 kbytes, and data RAM is 12 
kbytes. The 0.5-pm CMOS 3.3-V chip 
is housed in a 240-pin PQFP. Each of 
the DSPs on the chip has a 64-bit in¬ 
struction word. Says Rinehart, “It 
would take 10 to 15 typical DSPs and 
general-purpose microprocessors to 
equal the performance of the C82 in 
video applications.” 
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CONSUMER ELECTRONICS VIDEOCONFERENCING 

For higher-performance systems 
such as full-room videoconferencing 
systems, designers can use the C80 
processor. Like the C82, it integrates 
multiple processors on a single chip. In 
this case, however, there are four 32-
bit DSPs along with a RISC processor. 
This chip is housed in a 305-pin ce¬ 
ramic PGA package. 

One of the newest chips to be used 
for videoconferencing comes from 
Analog Devices. Part of Analog’s 
SHARC DSP family of processors, it 
is known as the ADSP-21061. A key 
feature of this processor is its low cost, 
$49 in OEM quantities. It increases 
MFLOPS performance per dollar 
while maintaining code and pin com¬ 
patibility with its more expensive pre¬ 
decessors: the ADSP21060 and 
ADSP21062. 
The new SHARC processor fea¬ 

tures 1-Mbit of on-chip SRAM, 6 DMA 
channels and 2 serial ports with 240 
Mbit/s capability ( 40 Mbit/s bidirec¬ 
tional). Housed in a 240-pin PQFP 
package, the unit operates at 5 V. The 
processor in the ADSP-21061 is the 
same 32-bit floating point DSP found 
in the more expensive members of this 
processor family, and operates at 120 
MFLOPS with an instruction execu¬ 
tion time of 25 ns. The chip’s memory 
is organized into two banks for both 
dual operand fetches and independent 
core and DMA fetches. As a result of 
dual-ported memory, all I/O can occur 
in parallel with the core processing 
unit. The host/extemal port interfaces 
with up to 4 gigawords of off-chip 
memory, other peripherals, other 
SHARC processors in a cluster and a 
host processor 
A low-cost development kit is avail¬ 

able to go along with this inexpensive 
processor. Dubbed the EZ-KIT Lite, 
this DSP development systems sells 
for just $179. It offers both an ADSP-
21061-based add-in board and an opti¬ 
mizing ASNSI C compiler, code com¬ 
pactor, linker, loader, instruction-level 
simulator and runtime library. 

Software Libraries Available 
To make these processors suitable 

for use in videoconferencing, TI has 
developed assembly language soft¬ 
ware libraries that allow the proces¬ 
sors to implement the ITU H.320 and 
H.324 videoconferencing standards. 
TI does not, however, support the 

H.323 standard because they stopped 
developing libraries for these proces¬ 
sors and assigned the software devel¬ 
opment team to work on programs for 
next-generation products. Software li¬ 
braries are available to third parties, 
who then make them available to cus¬ 
tomers who purchase the C8x chips. 

Audio coder standards G.722, 
G.723, and G.728 also are supported in 
libraries, meaning that the same chip 
can handle both the audio and video 
processing. This contrasts with dedi¬ 
cated videoconferencing chip sets that 
have one chip that handles video, an¬ 
other that does the audio compression, 
and yet another one that does the echo 
cancellation. 

IAT AG, Vogelsang-Turgi, Switzer¬ 
land, a European company that is go¬ 
ing public soon, will be doing a lot of 
work with these processors, particu¬ 
larly in the development and mainte¬ 
nance of the software libraries. An¬ 
other company using the chips is Sony, 

8x8 Incorporated 
2445 Mission College Blvd. 
Santa Clara, CA (missing ZIP) 
(408) 727-1885 
Circle 558 

Analog Devices 
3 Technology Way 
Norwood, MA 02062 
(800) 262-5643 
Circle 559 

Connectix Corporation 
2655 Campus Drive 
San Mateo, CA 94403 
(800) 950-5880 
Circle 560 

Creative Labs, Inc. 
1901 McCarthy Blvd. 
Milpitas, CA 95035 
(408)428-6600 
Circle 561 

IAT AG 
Geshafthaus Wasserschloss 
Aarestasse 17, Ch-5300 
Vogelsang-Turi, Switzerland 
41-56-223-5022 
Circle 562 

whose monitor division produces the 
Mini 1000 desktop videoconferencing 
system. The C82 also is being used by 
a Japanese manufacturer of stand¬ 
alone video telephones, and an Ameri¬ 
can telecom company that is coming 
out with a similar product. 

Because the TI chips are program¬ 
mable, unlike dedicated video proces¬ 
sors, they can be programmed to 
adapt to changing standards. “When 
we first started,” recalls Rinehart, 
“there was an H.261 video coder and a 
G.728 audio coder. Later, the G.722 
coder was added. Subsequent to that, 
the standard was modified again to in¬ 
clude the H.263 video standard. So the 
H.320 evolved from a single video, sin¬ 
gle audio codec standard to one that 
includes several audio and video stan¬ 
dards. As technology improves, the 
ITU modifies the standard appropri¬ 
ately to take advantage of the better 
video quality that becomes possible. 
Because our support for these stan-

Intel Corporation 
2111 N.E. 25th avenue 
Hillsboro, OR 97124 
(800) 538-3373 
Cirde 563 

Lucent Technologies, Inc. 
Microelectronics Group 
555 Union Blvd. 
Room 30Q-050BA 
Allentown, PA 18103 
(800) 372-2447 (US), 
(800) 553-2448 (Canada) 
Circle 564 

Sony Electronics 
3 Paragon Drive 
Montvale, NJ 07645 
(800) 686-SONY 
Circle 565 

Texas Instruments, Inc. 
Semiconductor Group 
SC-95071 
Literature Response center 
PO Box 172228 
Denver, CO 80217 
(800) 477-8924 x 4500 
Circle 566 

Contact Information 
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dards is implemented in the assembly 
language software that runs on our 
programmable processor, we’ve been 
able to accommodate these changes by 
just upgrading our software modules. 
There has been no hardware change 
required at all.” 
As far as a total software approach 

to videoconferencing using the com¬ 
puter’s own CPU, such as the one sup¬ 
ported by Intel, Rinehart notes that 
the performance you can get from 
such systems is limited. The Pentium 

does pretty good at the low picture 
resolutions it currently supports and 
the 28,800-bit/s bandwidth that is now 
commonly available. 

“If that’s the biggest bandwidth 
pipe that ever ends up on people’s 
desktops or in their homes, then Intel 
is going to be very successful,” says 
Rinehart. “But, if you look at what it 
takes to do H.263 at 15 fps, that’s well 
beyond what Intel is able to deliver 
with the MMX, and in order to get 
quality videoconferencing, you will 

need a coprocessor. That will continue 
to be true as long as the bandwidth 
available to us continues to grow.” 
He points out that the increased use 

of the Internet and video-on-demand 
systems coming into the home will fos¬ 
ter that bandwidth growth. These 
higher-frame-rate, higher-resolution 
applications will require more comput¬ 
ing power and increase the demand 
for video coprocessors. 
When designing a videoconferenc¬ 

ing system, there are several things 

Standards Are The Key 

A key issue for today’s videocon¬ ferencing systems is interoper¬ 
ability. Although there numer¬ 

ous types of videoconferencing 
systems available, most are incom¬ 
patible with each other. As videocon¬ 
ferencing becomes more popular, 
standardization becomes more criti¬ 
cal. Recognizing this, the Interna¬ 
tional Telecommunications Union 
(ITU) has drawn up a set of stan¬ 
dards that are platform-indepen¬ 
dent and will insure that videocon¬ 
ferencing System A will be able to 
talk to System B. 

Just because there’s an industry 
standard doesn’t mean that com¬ 
plete compatibility is automatic. 
The problem is the ITU deliber¬ 
ately writes the standards so they 
are platform-independent both 
from a hardware and a software 
point of view. However, when an in¬ 
dividual vendor tries to implement 
the specification, there’s always a 
chance for ambiguities to crop up. 

To illustrate the point, consider 
describing to two different people 
how to build a house. Now ask one 
to build the right side and the 
other one to build the left. Chances 
are pretty good that the two 
halves would not fit together. Un¬ 
til you actually try to fit the pieces 
together, you don’t realize that you 
didn’t get enough information. The 
same is true of industry standards. 
Ambiguities always crop up dur¬ 
ing the implementation phase, and 
the parties involved have to agree 
on how to account for them. Once 
they do, an implementor’s specifi¬ 

cations have to be written. 
The initial videoconferencing stan¬ 

dard, H.320, came out in 1992 and 
deals only with ISDN-based systems. 
While popular in Europe, ISDN 
videoconferencing systems have not 
become as popular or widely avail¬ 
able in the U.S (see the figure). 

More recently, with the availabil¬ 
ity of 28.8 kbit/s modems and sophis¬ 
ticated compression techniques, the 

ITU developed a videoconferencing 
standard, H.324, designed for regu¬ 
lar telephone lines. Approved only 
last year, the standard will insure 
that all videoconferencing systems, 
whether standalone or computer-
based, and whether hardware- or 
software-driven, will be able to talk 
to each other. The standard specifies 
a common method for video, voice 
and data to be shared simultane¬ 
ously over a single analog line. 
Voice data is compressed down to 
6000 bits/s and assures that the 
quality will be as good as that on 
current long-distance calls. The 
rest of the bandwidth, over 22,000 
bits/s, is used by the compressed 
video. Should any bandwidth 
problems arise, all efforts are 
made to maintain the audio con¬ 
nection, and the video data is al¬ 
lowed to suffer the consequences. 
Another standard, H.323, deals 
specifically with LAN-based video¬ 
conferencing. This is another area 
where industry experts see much 
potential growth. The reason for 
the expected growth here is that in¬ 
tranets and corporate LANs are 
growing rapidly, and simple text¬ 
based e-mail is being replaced by 
video e-mail. In addition, as the In¬ 
ternet overcomes its growing pains 
and becomes a more reliable mes¬ 
saging medium, video e-mail will 
emerge, and videoconferencing via 
the Internet will become more pop¬ 
ular. And, by having a videoconfer¬ 
encing gateway on an intranet, 
everyone one on the intranet can 
get videoconferencing capability. 
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A Winning Solution for IPC Applications Key Specifications 
ADS1212 and ADS1213 are complete, wide dynamic range, 22-bit 
delta-sigma converters operating from a single +5V supply. ADS1212 
is a single channel A/D; ADS1213 is a 4-channel multiplexed version. 
Both include a flexible synchronous serial interface which is 
SPI compatible, and a 2-wire mode for low-cost isolation. 
Burr-Brown's proprietary “Turbo” modulator mode of operation 
allows the ADS1212 and ADS1213 to achieve effective resolutions of 
16 bits at a sample rate of 1kHz. Effective resolution of 22 bits is 
achieved by using a low-noise input amplifier at conversion rates up 
to 10Hz. VB|AS generated from VREF allow drift characteristics to track 
over temperature thus providing high accuracy for the complete 
application over temperature extremes found in industrial environments. 

• Differential Inputs 

• Internal or External Reference 

• 20 Bits Effective Resolution at 10Hz: 16 Bits at 1kHz 

• Package Options: 
ADS1212—18-pin DIP, 18-lead SOIC 
ADS1213—24-pin DIP, 24-lead SOIC, 28-lead SSOP 

ADS1212 is priced from $7.25 in 1000s; 
ADS1213from $8.15 in 1000s 

INL DNL Resolution Resolution Power Dissipation Reader 
Model (%FSR) (Bits) (Bits at 10Hz) (Bits at 1kHz) (mW) FAXLINE# Service# 

ADS1210 ±0.0015 No Missing Codes 24 20 26 11284 88 

ADS1211 ±0.0015 No Missing Codes 24 20 26 11284 89 

ADS1212 ±0.0015 No Missing Codes 22 16 1.4 11360 90 

ADS1213 ±0.0015 No Missing Codes 22 16 1.4 11360 91 

For Technical Information: http://www.burr-brown.com/Ads/ADS1212-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,-41 05 • Insight Electronics: (800) 677-7716 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAP (Canada): (800) 567-3623 
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CONSUMER ELECTRONICS VIDEOCONFERENCING 

that engineers must take into account I 
when selecting a chip or chip set to do I 
the job. As mentioned earlier, increas- ¡ 
ing bandwidth is key. Within three ¡ 
years, predicts Rinehart, we’re going 
to need to support bandwidths of 
l.õMbit/s full duplex, which will give us 
real TV-quality compressed video. 
That kind of bandwidth and quality is 
going to be needed before videoconfer¬ 
encing is embraced by the consumer in 
a big way, and that can be supported 
now with a programmable solution. 

Rinehart notes that designers 
should realize that digital cameras 
are going to be the standard input de¬ 
vice. Also, a flexible solution must be 
used because as we’ve already seen, 
standards in this area are constantly 
changing, and you don’t want to have 
to produce new hardware every time 
a new modification to the specifica¬ 
tion is approved. 

Cost is another factor. Rinehart 
says that the $70 cost of the 
TMS320C82 will eventually drop to 
around $40, and that the higher-per¬ 
formance TMS320C80, which now 
costs about $150, also will come down 
in price. Even at today’s prices, the 
cost of a videoconferencing solution is 
not high. In fact, in addition to the 4 
Mbytes of EDO DRAM required by 
the H.320 software libraries, you only 
need five chips to build a videoconfer¬ 
encing system using TI’s C8x proces¬ 
sor chip: The chip itself, a system con¬ 
trol ASIC (FPGA), a video-capture 
chip, an analog-to-digital converter 
(ADC), and an ISDN interface. Total 
chip cost is about $175. One thing to be 
aware of is that if you decide to use 
TI’s C8x processors, you’ll need to li¬ 
cense the software libraries. That runs 
between $50,000 and $100,000. 

Looking Good 
When all is said and done, quality is 

what turns out to be important in a 
videoconferencing system, and video 
quality is best when dedicated hard¬ 
ware is used. Bear in mind that there 
are no objective standards for measur¬ 
ing quality. You can look at resolution 
and frame rate all you want, but 
they’re tied to the data rate and the 
blockiness effect. With a 28.8-kbit/s 
modem, you can get a frame rate of 10 
to 12 fps with a little bit of motion. 
With no motion at all, that rate can 
jump to 15 fps. That assumes QCIF 

resolution of 176 by 144 pixels. 
If you need to use a higher-resolu- ! 

tion image, you’re going to have ; 
abandon POTS and opt for ISDN as ; 
your transmission medium. With [ 
ISDN, you get much more band¬ 
width. For example, you can combine 
two B channels and get 128 kbits/s. 
This allows you to increase your reso¬ 
lution to a CI F format of 352 by 288 
pixels. That’s four times the amount 
of data. Nevertheless, ISDN can han¬ 
dle that and still give you a solid 
frame rate of 15 to 20 fps. 

If that’s still not good enough, and 
you need something approaching 
broadcast quality, you can go to 384 
kbits/s and get a frame rate of 30 fps. 
This type of throughput would be re¬ 
quired for telemedicine or distance¬ 
learning applications. The ITU stan¬ 
dards define data rates as high as 2 
Mbits/s and the AV4400, the C VP, and 
the TMS320C8X processors support 
that data rate. 

More To Come 
With all of the features that these 

videoconferencing chips contain, you 
might think there’d be little room for 
improvement. Not so. Although Lu¬ 
cent’s Rank would not comment on if 
his AVP-III chip would be upgraded, 
when it might happen, or what new 
features it would contain, he did spec¬ 
ulate on some things that may be in¬ 
cluded in a new version of the chip. 
These include additional audio pro¬ 
cessing algorithms such as an acoustic 
echo cancellation function, support for 
MPEG-2, support for DVD, and built-
in modem capability. He even noted 
that a CMOS digital camera is now 
available on a single chip, and it also 
might be possible to include that. 

The comprehensive capabilities of 
Lucent’s AVP-III videoconferencing 
chip has attracted much attention, and 
several manufacturers have already 
announced products that are based on 
it. Among the first is Boca Research’s 
BocaPRO Video Phone Elite. De¬ 
signed by Boca with the help of Lu¬ 
cent Technologies and software from 
MultiMedia Access Corp., the unit has 
a suggested retail price of $399 and 

! can be used with a home-video cam-
! corder or a desktop color camera that 
¡ also is available from Boca. 
; The BocaPRO Video Phone Elite is 
! a PCI-bus-based card that supports 

connections to the desktop via the ITU 
H.324 (POTS) specification. It uses a 
single dial-up line to send simultaneous 
audio and video. The unit’s real-time 
compression and decompression of au¬ 
dio and video signals provides for a 
video-frame rate of 15 fps. It uses echo 
cancellation to produce a high-quality 
audio signal and can accept NTSC or 
PAL camera inputs. Even 486-based 
computers can be used. 

The power of the AVP-III chip be¬ 
comes evident with VIC Hi-Tech 
Corp.’s Video Packer Pro. This is a 
codec card that makes it possible to 
use plain-vanilla 486 PCs for videocon¬ 
ferencing applications. The card 
comes with VIC’s Global Phone 2.0 
videoconferencing software. The soft¬ 
ware also permits application sharing 
and supports TWAIN scanning of doc¬ 
uments and images into a whiteboard 
for simultaneous viewing during 
videoconferencing sessions. 

ELSAvision For Windows NT 
The first PC I-based, single-board 

solution for ISDN, videoconferencing, 
and multimedia for the Windows NT 
platform is ELSAvision from ELSA, 
Inc. Using the VCP chip from 8x8 Inc., 
the ELSAvision board combines 
H.320 videoconferencing with a 128-
kbit/s ISDN adapter, collaborative 
computing software, and MPEG-1 
video playback. One other feature of 
the board is its ability to transfer high-
resolution still images. Detailed still 
pictures (704 by 575 pixels or four 
times the CIF resolution) can be sent 
and saved at the remote station. 

While many videoconferencing sys¬ 
tems use a 176-by-144- or 352-by-288-
pixel image that only takes up a small 
portion of the video screen, the EL¬ 
SAvision card goes far beyond that. It 
can display a 30-fps video conference 
at the maximum resolution of the 
user’s graphics adapter up to 1600 by 
1200 pixels. All of this extra process¬ 
ing power does not come cheap, how¬ 
ever; the system sells for $1499. In¬ 
cluded in that price is the PCI board 
that contains the videoconferencing 
interface, an analog camera, headset, 
Intel ProShare Premier 2.0 applica¬ 
tion sharing software, and communi¬ 
cations software. 

Another product that uses 8x8’s 
¡ VCP chip is produced by 8x8 itself. 
1 Known as the ViaTV Phone, this $499 



A/D Converter Solutions 

Low Power A/D Converters 
for Imaging & Communications 

ADS900 Family—Operates Down to +2.7V Key Specifications-ADS900 
Whether it’s imaging or communications, Burr-Brown’s new 
ADS900 family of high speed pipelined A/D converters provides 
the options you need for today’s demanding applications. ADS900 
uses digital error correction techniques to provide excellent 
differential linearity required for imaging, while low distortion and 
high SNR provides the extra margin needed for communications, 
video, and instrumentation applications. Incorporating a high 
bandwidth track/hold, quantizer, reference, and low power 
requirements, ADS900 family is your complete A/D converter solution. 

Supply Range +2.7 to +3.7V 

• Low Power 54mW at +3V 

High SNR 49dB 

• No Missing Codes. 

• Very Small 28-Pin SSOP Package 

• Priced from $4.10 in 1000s. 

Guaranteed 

Speed Supply Power Reader 
Products Bits (MHz) (V) (mW) REF FAXLINE# Service# 

ADS900 10 20 3 54 Inf FAX¿//V£ 11347 80 

ADS901 10 20 3 49 Ext FAXLINE 11340 81 

ADS902 10 30 5 130 Ext FAXLINE 11359 82 

ADS930 8 30 3/5 66 @ 3V lot FAX LINE 11348 83 

ADS931 8 30 3/5 63 @ 3V Ext FAXLINE 11349 235 

For Technical Information: http://www.burr-brown.com/Ads/ADS900-Ad.html 

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

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 • SEMAD (Canada): (800) 567-3623 
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CONSUMER ELECTRONICS VIDEOCONFERENCING 

product is designed to be connected to ! 
your telephone line and television set ! 
and gives you videoconferencing capa- । 
bility without a computer. The unit ; 
comes with an integrated video cam¬ 
era that has a resolution of 752 by 480 
pixels. 

The unit was developed, according 
to 8x8’s Deierling, in an effort to in¬ 
crease the demand for the company’s 
VCP chip. Deierling notes that his 
chip sells very well in high-end video¬ 
conferencing systems, but there’s not 
enough volume there. Hence the push 
into the consumer market. 

The Software-Only Approach 
Not everyone developing videocon¬ 

ferencing systems is using a dedicated 
processor chip. In fact, few semicon¬ 
ductor manufacturers besides Lucent 
and 8x8 are offering a complete hard¬ 
ware solution. Even National Semi¬ 
conductor has developed and is selling 
software codecs—known as NS Video 
Codecs—to handle the compression 
and decompression needed for video¬ 
conferencing applications. 

Today, most videoconferencing sys¬ 
tems use the software-only approach. 
In fact, the two biggest vendors of 
videoconferencing systems—Picture¬ 
Tel and Intel—which account for over 
80% of the market according to a recent 
Frost & Sullivan report, use the soft¬ 
ware approach. PictureTel actually has 
products that use both the hardware 
and software approach, but they seem 
to be putting a lot of effort into soft¬ 
ware these days. Connectix, a manufac¬ 
turer of inexpensive video cameras 
ideal for videoconferencing applica¬ 
tions, also uses the software approach, 
and has just announced an agreement 
with PictureTel and will soon be releas¬ 
ing a H.324-compatible product. 
The attractiveness of software 

codecs is that they can run on any ma¬ 
chine. In addition, there is no need to 
buy expensive add-on hardware, and 
installation is quick and easy. You also 
don’t have to open up your computer 
to install any hardware. Another plus 
is the ease with which it can be 
adapted and updated to accommodate 
new interfaces. Instead of changing 
hardware, you only have to install a 
new software driver. 

Software-based videoconferencing 
systems is where much of the action is 
these days, especially in the consumer 

market. Many companies are offering ! 
software-based products, including ! 
Connectix, Creative Labs, and Intel. ; 
Low cost is the key attraction of this 
technology, with packages starting as 
low as $9.95. 

Connectix manufactures inexpen¬ 
sive digital video cameras for use with 
computers, so it’s not surprising that 
the company would put together a 
package that would make it easy for a 
user to implement videoconferencing 
on his or her computer. Priced at only 
$49 for just the software or $149 with a 
black and white Connectix QuickCam 
digital camera, and $249 with a color 
QuickCam, the VideoPhone 2.0 pack¬ 
age is available for both PC and Macin¬ 
tosh computers. It requires a 28.8-
kbit/s modem, an ISDN connection, or 
a TCP/IP network. User-friendliness is 
designed into the software and it auto-

When all is said and 
done, quality is what 

turns out to be 
important in a 

videoconferencing 
system. 

matically negotiates call settings. This 
takes into account the speed of your 
computer, connection speed, and com¬ 
pression formats available. The pro¬ 
gram then selects the best frame size, 
color depth, frame rate, video and audio 
compression, and bandwidth available. 

Performance of this system de¬ 
pends on the type of processor in your 
computer and how you make your con¬ 
nection to the receiving computer. 
John Beaver, software developer at 
Connectix, notes that the system will 
work well on a computer with a 90- or 
100-MHz Pentium processor. How¬ 
ever, the company recommends that a 
133-MHz Pentium machine be used to 
take advantage of the more aggres¬ 
sive compression technologies built 
into the product without having to 
worry about what else is running on 
your system. 

If you’re going to make y oui- video¬ 
conferencing connection via the Inter¬ 

net, you can expect to get good audio 
and see video at the rate of only 1 to 3 
fps. By using two computers equipped 
with DSVD-enabled modems and 
making a direct-dialed connection be¬ 
tween the two computers, perfor¬ 
mance will jump to between 6 and 8 
fps. And, if both computers are con¬ 
nected to each other via a lOBaseT 
network configured as TCP/IP, per¬ 
formance increases to 8 to 15 fps, de¬ 
pending on network traffic. 

Best known for its standard Sound 
Blaster audio cards, Creative Labs has 
several entries in the videoconferenc¬ 
ing arena. The least expensive of these 
is Video WebPhone, Personal Version. 
Priced at $9.95, this full-featured pro¬ 
gram offers live video and high func¬ 
tionality. Unlike many video-phone ser¬ 
vices that require users to go to a 
central server to communicate, this 
program allows users to simply type in 
the recipient’s e-mail address to make 
the connection. The program requires a 
28.8-kbit/s modem, an ISDN line, a 
LAN or intranet, and can deliver color 
video at a rate of 12 fps. Some features 
of this videoconferencing software in¬ 
clude the ability to capture and save 
video snapshots, full-duplex voice com¬ 
munications, a fully integrated voice¬ 
mail system, MIDI music-on-hold capa¬ 
bility, mute microphone for off-line 
conversations, the ability to send mes¬ 
sage via an on-line Notepad, and en¬ 
cryption to keep conversations private. 
A more advanced version of the pro¬ 
gram that can handle four telephone 
lines with conferencing capabilities is 
available for $49.95. Still another ver¬ 
sion of the product, a hardware/soft-
ware combination, comes bundled with 
a video camera and sells for $169. 

Creative’s high-end videoconfer¬ 
encing product is known as Share Vi¬ 
sion PC3000 and sells for $699. The 
package includes a PC communica¬ 
tions card, a video-capture and com¬ 
pression card, a high-speed V.34 mo¬ 
dem, a hands-free audio headset, and 
the Share Vision PC3000 software 
which allows you to collaborate with 
others via interactive whiteboards 
and application sharing. 

Share Vision uses a Vector Adap¬ 
tive Transform Processing (VATP) al¬ 
gorithm to compress a user’s voice, 
video image and computer data (in the 
form of real-time application sharing, 
interactive whiteboards or file trans-
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Don't Limit Your Product’s Capabilities—Use Web Technology. 
Visit us at http://smallest.pharlap.com to see how you can develop embedded applications that take full advantage of the web. 

Making The Most Out Of Your Products 

Phar Lap’s TNT Embedded ToolSuite® 
Realtime Edition, complete with Realtime 
ETS™ Kernel, now comes with our robust 
networking protocol—ETS TCP/IP! This 
cutting-edge feature allows your customers' 
mainframes, workstations, or PCs to 
communicate with products on the factory 
floor, in the lab, or at remote sites—all using 
Web technology! 

As a result, electronic OEMs can use this 
technology to create intelligent machines 

and instruments for an unlimited number 
of applications such as medical instruments, 
robotics, avionics equipment etc. 

In addition, we support a variety of network 
protocols as well as industry standard tools 
such as Visual C++, Borland C++, CodeView, 
and Turbo Debugger. 

Never Underestimate The Power Of The Web 

Because Phar Lap's TNT Embedded ToolSuite 
comes wi± development tools, a Realtime 
ETS Kernel and ETS TCP/IP, it is a one-stop 
shopping product with enormous power! 

To find out more, catch us on the 
“World’s Smallest Web Server” today at URL 
http: / /smallest.pharlap.com or call a Phar Lap 
sales representative. Let your products realize 
the power of Web technology! 

The 32-Bit x86 Experts 

Embedded Development — Simply on Target™ 

Phar Lap Software, Inc. 60 Aberdeen Avenue, Cambridge, MA 02 138 • Tel: (6 17) 66 1 -1510 • Fax: (6 17) 876-2972 • http://www.pharlap.com 

READER SERVICE 157 



E
L
E
C
T
R
O
N
I
C
 D
E
S
I
G
N
 /
 M
A
Y
 1

,
1
9
9
7
 

VIDEOCONFERENCING 

Sinewave TCXO • 2mm Profile • Surface Mount 

HIGH PERFORMANCE 
LOW PROFILE 
SURFACE 
MOUNT 
TCXO 
The ES6300 and ES6400 
provide the high degree of 
frequency stability required 
by the most demanding 
applications. Cellular. Wireless. 
RF. Microwave. Instrumentation 

This low profile surface-mount package delivers 
extraordinary reliability. Stability from ±1.5 ppm, 
temperature ranges up to -30°C to +85°C and the ability 
to withstand high temperature reflow means solid performance. 

The low profile design includes three different external and internal 
trim options, 4 or 6 pad configuration and a 3.0V supply voltage 
option so you can specify the exact device to meet your needs. 

ECLIPTEK engineers and customer service representatives are 
available by telephone or e-mail to help you find the right component 
for your application. Dial 1-800 ECLIPTEK for accurate answers, 
guaranteed quality and on-time delivery. Ask for your free copy of 
our new International Sourcebook for Crystals and Oscillators. 

ECLIPTEK" 
CORPORATION 

1-800-ECLIPTEK • (714) 433-1234 Fax 
ecsales@ecliptek.com • http://www.ecliptek.com 
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fers) to the point where they can be 
transmitted on the narrow bandwidth 
of a telephone line. Topical compres¬ 
sion ratios are 350:1. The result is a 
video rate of up to 15 fps. 

Although the Intel ProShare Con¬ 
ferencing Video System 200 is hard-
ware/software bundle, the videocon¬ 
ferencing functions that are normally 
found on dedicated chips is per¬ 
formed in software. The hardware 
that comes with this $1499 system in¬ 
cludes an ISA-bus ISDN card, an In¬ 
tel Smart Video Recorder Pro mo¬ 
tion-video card, a video camera with 
a tilting stand, and an earpiece. The 
software implements the H.320-com-
patible codec so the system is com¬ 
patible with videoconferencing sys¬ 
tems from other manufacturers. The 
system also features a multipoint 
control unit that lets you link several 
colleagues together in a single video 
conference. 

The software provides a lot of func¬ 
tionality, including a video answering 
machine that delivers a video greeting 
when you’re not available and will 
record the caller’s video message. Ex¬ 
tending this concept a bit further, Intel 
has included a conference-recording 
machine so you can record important 
conferences and play them back later. 

ProShare also features a multipoint 
notebook into which document im¬ 
ages, spreadsheets, and so on can be 
imported and marked up with others 
in the conference. Collaboration is en¬ 
couraged even more with the soft¬ 
ware’s multipoint application sharing 
that allows conference participant to 
take turns editing a shared document 
directly in the software application it 
was created in. 

For all its power, system require¬ 
ments for ProShare seem extremely 
modest. Intel specifies a DX2 proces¬ 
sor running at 66 MHz as the mini¬ 
mum CPU needed along with 16 
Mbytes of RAM and 45 Mbytes of 
hard-disk space. 

Jules Gilder is a freelance writer 
specializing in high-technology sub¬ 
jects including consumer electronics. 
He may be reached at (718) 259-4752. 

How Valuable Circle 
Highly 555 
Moderately 556 
Slightly 557 
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Quicklogic 
Leading The Revolution in FPGAs 

QuickLogic engineered its FPGAs and tools the 
k way you would, to save maximum time. 

1-800-842- FPGA 
email: info@quicklogic.com http://www.quicklogic.com 
In Europe, call +49 (89) 899 143 28 or fax +49 (89) 857 77 16. 

©1996 QuickLogic is a registered trademark of QuickLogic Corporation. 
All other trademarks are the property of their respective companies. 

^B • Maximum interconnect on all devices 
means no manual routing. . .ever 

IB • Maximum engineering support 
hotline staffed by expert FPGA designers 

• Maximum tool quality and ease of use 
in one low cost, comprehensive package 

’ • Maximum training, minimal learning curve 
t embedded Verilog/VHDL training software 

I / Call, or visit our website for complete 
information on how QuickLogic’s FPGAs can 

offer rhe ultimate time-saving solution for 
Verilog/VHDL designers. 

Sen^co«1
i ActO» 

Because Our FPGA « 
b Engineering is Better. 

Quickest Time to Design 

QL2009 QL2007 QL2005 
Avail. Gates 9K-11.5K 7K-9K 5K-6.5K 
Max. FFs 1236 912 636 
Logic Cells 672 480 320 
I/Os 225 174 156 
Available_ Now Now Now 1 
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IS SUDDEN SOLUTIONS 

Get on board with Samtec 
Sudden Solutions. Call 1-ÔOO-SAMTEC-9 
for our new Board Interface Atlas. 

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

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

BOARD INTERFACE SYSTEMS 

9001 United States • Scotland • Singapore • Germany • France 
www.samtec.com 

1-800-SAMTEC-9 • Faxback: 1-888-SAMFAX-9 • Internet: http://www.samtec.com • E-mail: info@samtec.com 
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PIPS 
• Power 
• Interconnections 
• Passives 
• Switches & Relays 
• Optoelectronics 

NiCd— Still The Popular 
Low-Cost Battery Solution 

Despite The Falling Cost Of “Greener” And Longer-lasting 
Alternatives, NiCd Batteries Remain Prevalent In Low-Cost, 

Consumer-oriented Applications. 
STEPHEN WOOD, 

TelAlert, 8100 Sagl Pkwy., Covington, GA 30209; (770) 787-6500; fax (770) 385-7933 

As portable electronic devices pro¬ 
liferate, supplying inexpensive, 
long-lasting power from an ever¬ 

shrinking battery package remains a 
challenge. While significant advances 
have come in the form of rechargeable 
lithium-ion (Li-Ion) and related 
chemistries, their prohibitive cost has 
relegated these chemistries to high-
end applications where long life is es¬ 
sential. A low-cost alternative is the 
tried-and-true nickel-cadmium (NiCd) 
battery which, despite its carcinogenic 
content, remains very popular in the 
highly competitive consumer market 
where cost is everything. This end of 
the market is so competitive that 
nickel-metal hydride (NiMH) batter¬ 
ies, which come at a reasonable cost 
premium, are finding it difficult to gain 
a foothold despite their “green” status. 

Along with cost, a common percep¬ 
tion that there is a considerable tech¬ 
nological difference between NiCd 
and the relatively new NiMH batter¬ 
ies, is contributing to the slow pene¬ 
tration of NiMH. While there are 
some differences, mostly with respect 
to charging, the two chemistries are in 
fact, quite similar. 

Structure 
All batteries are made of one or 

more electrochemical units called 
cells. The cells may be connected in se¬ 
ries, in parallel, or both to form a bat-

1. The primary difference between NiCd and NiMH batteries lies in the chemical make-up of the 
negative electrode. Where cadmium is used in the NiCd cell, hydrogen, in the form of a metal 
hydride, is used in the NiMH cell to give it greater capacity. 

tery of a given voltage and capacity. 
The cell consists of three major com¬ 
ponents; the anode, the cathode, and 
the electrolyte, (Fig. 1). The anode is 
the negative electrode, and is referred 
to as the reducing or fuel electrode. It 
supplies electrons to the load (external 
circuit being powered) as it is reduced 
during operation. The cathode is the 
positive electrode, and is referred to 
as the oxidizing electrode. It accepts 
electrons from the load and is oxidized 

during operation. The electrolyte is an 
ionic conductor. Electrons, as ions, are 
transferred between the anode and 
cathode via the electrolyte. 
The primary difference between 

NiCd and NiMH batteries lies in the 
chemical make-up of the negative elec¬ 
trode. Where cadmium is used in the 
NiCd cell, hydrogen is used in the 
NiMH cell. In both cases, the negative 
electrodes are made using a highly 
porous, sintered-nickel structure as 
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NiCd BATTERIES 

Discharge curves ol NiCd cylindrical cell at various discharge temperatures at 1C rate Discharge curves ol NiCd cylindrical cell at various discharge rates at room temperature 

Discharge curves of NiMH cylindrical cell at various discharge temperatures at 1C rale Discharge curves of NiMH cylindrical cell at various discharge rates at room temperature 

PIPS 

£ 

c 

free-liquid electrolyte in the cell. The 
oxygen permeability of the separator 
is important in facilitating the diffu¬ 
sion of oxygen to the negative elec¬ 
trode for oxygen-recombination at the 
end of charge and during overcharge. 

the substrate. The active material 
(cadmium for the NiCd, hydrogen in 
the form of a metal hydride for the 
NiMH) is then introduced into the 
substrate by an appropriate bonding 
process. The use of hydrogen in fabri¬ 
cating the negative electrode provides 
a higher energy density than can be 
obtained using cadmium. Conse¬ 
quently, the negative electrode can 
take up less volume in the NiMH cell, 
leaving room for a larger-volume posi¬ 
tive electrode for greater battery ca¬ 
pacity for a given battery size. 

Everything else is essentially the 
same for both electrochemistries. The 
positive electrode is made by using a 
porous, sintered-nickel substrate 
which is subjected to a multistep 
process resulting in the precipitation 
of nickel hydroxide as the active mate¬ 
rial. A solution of potassium hydroxide 
serves as the electrolyte. Though the 
electrolyte is an aqueous solution, a 
minimum amount is used, and it is ab¬ 
sorbed by the separator. The separa¬ 
tor is made of an electrically insulating 
material which is oxygen permeable 
and highly absorbent to the potassium 
hydroxide. A small amount of elec¬ 
trolyte also may be absorbed by the 
electrodes. The absorption is quite 
complete, and there is virtually no 

Performance 
As might be expected of two such 

similar electrochemistries, the dis¬ 
charge characteristics are essentially 
the same, for NiCd (Figs. 2a and 2b) 
and for NiMH (Figs. 2c and 2d). Both 
types are characterized by a flat dis¬ 
charge profile with a discharge volt¬ 
age that is dependent on current 
and/or temperature. Generally, the 
higher the current or the lower the 
temperature, the lower the operating 
voltage. This correlation is due to the 
internal resistance increasing with in¬ 
creasing current and lower tempera¬ 
tures. Even so, these batteries out¬ 
perform most other types of portable 
secondary (and primary) batteries op¬ 
erating under the same conditions. 

Also dependent on discharge cur¬ 
rent and temperature is the ampere-
hour capacity of the battery. The sym¬ 
bol “1C” indicates a current flow equal 
to the ampere-hour capacity of the 
battery for one hour. F or example, a 
battery rated at 700 mA-hr is dis¬ 

charging (or charging) at a rate of 1C 
when 700 mA of current flows through 
the battery. A rate of C/10 (or 0.1C) 
would be 1/10 the capacity. Typically, 
the best performance range for NiCd 
is between -20° and 30°C. NiMH does 
the best from 0° to 40°C. Again, as dis¬ 
charge rate increases or temperature 
decreases, the capacity decreases. 
Specially designed cells are available 
for operation in extreme temperature 
or load conditions. 
The ampere-hour capacity also is 

dependent on end voltage. End volt¬ 
age or cut-off voltage is the voltage at 
which discharge current to a load is 
stopped, e.g. when the circuit is 
opened. Most battery manufacturers 
recommend an end voltage of one volt 
per cell. The cells can be discharged to 
a lower voltage, but this is not recom¬ 
mended because damage to individual 
cells can result. 

As might be expected, service life 
also is affected by operating condi¬ 
tions. Most manufacturers specify a 
service life of about 500 to 1000 
charge/discharge cycles, depending on 
operating conditions. The service life 
will decrease under more demanding 
operating conditions. Storage also is a 
factor. Batteries should be stored in a 
cool (20° to 30“C), dry place. High tem-

2. As might be expected of two such similar electrochemistries, the discharge characteristics of NiCd (a and b) and NiMH (c and d) batteries are 
essentially the same. Both types are characterized by a flat discharge profile, with a discharge voltage that is dependent on current and/or 
temperature. Generally, the higher the current or the lower the temperature, the lower the operating voltage. 
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Cell temperature curves of NiCd cylindrical cell at quick charging rates. Charging curves of NiCd cylindrical cell at quick charging rates 

Cell temperature curve of NiMH cylindrical cell at quick charging rates Charging curves of NiMH cylindrical cell at quick charging rates 
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tolerant of overcharge than NiMH. 
The reasons involve increases in tem¬ 
perature and pressure inside the cell 
during charging and overcharge. The 
charge reaction of NiCd is endother¬ 
mic while that of NiMH is exothermic. 
Therefore, the NiCd cell will not heat 
up during charge, but will begin to 
heat as it reaches full charge and goes 
into overcharge. The NiMH cell will 
begin generating heat as soon as 
charging begins. The overcharge reac¬ 
tion is exothermic for both electro¬ 
chemistries. As full charge is ap¬ 
proached and as the cell moves into 
overcharge, a significant increase in 
cell temperature will occur. Because 
the NiMH cell temperature starts ris¬ 
ing at the beginning of charge, its tem¬ 
perature will be higher than that of 
the NiCd cell at this point. Continued 
overcharge, even at the standard rate 
of C/10, will be accompanied by contin¬ 
ued temperature rise in the NiMH 
cell, and damage will occur. The tem¬ 
perature of the NiCd cell, on the other 
hand, will stabilize while overcharge 
at the C/10 rate continues, and no 
damage will occur. In fact, it’s best for 
both battery types to terminate 
charging at any rate exceeding C/20, 
once 150% charge input is reached. 

peratures during storage, charging, or 
operation can shorten service life. 
A truly accurate prediction of bat¬ 

tery life is virtually impossible due to 
the variability in conditions to which 
the battery can be exposed. These 
conditions include rate of charge, 
overcharge, and discharge; cycle fre¬ 
quency; operating and charging tem¬ 
peratures; battery age; cell compo¬ 
nents; and design. 

and begins to generate oxygen. The 
internal cell pressure continues to 
build until the safety vent opens and 
deterioration results. 

Cell-capacity matching can help 
minimize the effect, but the best way 
to avoid it is to set a one-volt-per-cell 
cutoff voltage for battery packs con¬ 
taining 3 to 10 series-connected cells. 
A higher cutoff voltage is recom¬ 
mended for batteries containing more 
than 10 cells in series, or for discharge 
rates exceeding 1C. 

Charging 
Charging a sealed NiMH battery is 

very similar to charging a sealed NiCd 
battery (Figs. 3a, 3‘b, 3c, and 3d). Con¬ 
stant current charging is recom¬ 
mended for both systems and the 
highest capacity is attained by charg¬ 
ing to about 150% of the charge input. 
Excessive heat or internal pressure 
build up (overcharge beyond the oxy¬ 
gen recombination ability) must be 
avoided in both cases. Nevertheless, 
from an application standpoint, charg¬ 
ing methodology is perhaps the most 
critical difference between NiCd and 
NiMH batteries. 
As mentioned previously, the NiCd 

electrochemistry is considerably more 

Polarity Reversal 
Polarity reversal can occur in bat¬ 

tery packs containing three or more 
cells connected in series. It is unlikely 
that all of the cells making up a battery 
pack will have the same capacity, so as 
the pack discharges, the lowest-capac¬ 
ity cell will reach full discharge first. If 
discharge continues beyond this point, 
the cell can be driven into a reversed-
polarity condition. 
The polarity reversal occurs in 

stages beginning with complete deple¬ 
tion of the positive electrode, which 
starts the generation of hydrogen gas 
within the cell. A small amount of the 
gas may be absorbed by the negative 
electrode, but then pressure begins to 
build in the cell. Next, the negative 
electrode reaches complete discharge 

3. From on application standpoint, charging methodology is perhaps the most critical difference between NiCd and NiMH batteries —with NiCd (a 
and b) being considerably more tolerant of overcharge than NiMH (c and d). Constant-current charging is recommended for both types, and the 
highest capacity is attained by charging to about 150% of charge input. Excessive heat or internal pressure build up (overcharge beyond the 
oxygen recombination ability) must be avoided in both cases. 
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4. NiCd (a) and NiMH (b) batteries can be stored in either a charged or 
discharged state. Both types are considered to have poor charge 
retention during storage, with the rate of discharge depending on cell 
design and storage temperature. The discharge mechanisms include a 
slow decomposition of the electrodes. The condition is reversible by 
subsequent charging, and has no permanent effect on battery capacity. 

The charge-input percent¬ 
age is a measure of the 
amount of input current 
(charge current) to the bat¬ 
tery over time, relevant to 
the specified battery capac¬ 
ity. For example, a 1.2-A-h 
battery charging at a rate of 
C/10 (120 mA) would reach 
150% charge input in 15 
hours. A charge rate of C/20 
to C/40, considered a mainte¬ 
nance charge, can be contin¬ 
ued indefinitely. Also re¬ 
ferred to as trickle charging, 
the low rates are intended to 
compensate for the self-dis-
charge of the battery, al¬ 
though they’re typically only 
about 1% of capacity per day 
for both types. 

Another consideration and 
potential problem is gassing. 
As the cell begins to over¬ 
charge, the positive electrode 
starts to generate oxygen 
gas. The negative electrode 
recombines the oxygen gas 
which keeps the internal 
pressure from building to a 
damaging level. Of course, 
there is a limit to this ability which, in 
turn, sets the maximum overcharge 
rate that can be tolerated. The charge 
rate must be below that which causes 
oxygen gas generation to exceed the 
gas recombination rate. The maxi¬ 
mum charge rate will be lower at 
lower temperatures because the oxy¬ 
gen recombination is slowed down, 
causing the internal pressure to build 
faster for a given charge rate at lower 
temperatures. In any case, if the inter¬ 
nal pressure becomes too great, a 
built-in safety vent will open to vent 
the gas. A loss of electrolyte will en¬ 
sue, causing a reduction in the capac¬ 
ity and overall performance of the cell. 
One manufacturer of battery-charge 
controller ICs has a patented process 
by which the battery is “burped” peri¬ 
odically during fast charge to relieve 
the build up of internal gasses. 

Fast charging is typically done at 
rates of 0.5C to 1C. Some special tech¬ 
niques may allow even higher rates. 
NiMH is generally more suited to fast 
charging although specially designed 
fast-charge NiCd batteries are avail¬ 
able. Very careful and precise control 
must be exercised at these high 

charge rates. The most challenging as¬ 
pect of fast charging is in terminating 
the charge before too much over¬ 
charge occurs. Several methods are in 
use, and often more than one is em¬ 
ployed to ensure success. 

Probably the most popular termi¬ 
nation method for fast charging NiCd 
batteries is negative delta voltage de¬ 
tection (-AV). When a NiCd battery is 
charged at high rates, a characteristi¬ 
cally sharp rise in cell voltage occurs 
just as the cell reaches about 100% 
charge input. The voltage peaks at 
about 120% to 125% charge input, then 
begins to fall off. The decreasing volt¬ 
age (-AV) is taken as an indicator of 
full charge and can be used to trigger 
either a complete shut off or a reduc¬ 
tion in charge current. 

This method is less suitable for fast¬ 
charge termination of NiMH batteries 
because the voltage swing is much less 
pronounced, therefore more difficult 
to detect. The method is, however, 
used with NiMH, but virtually always 
in combination with one or more other 
termination methods. Charge rates 
below C/2 do not produce a readily de¬ 
tectable -AV, even in NiCd batteries. 

A slightly less risky method 
used for NiMH fast-charge 
termination is zero AV detec¬ 
tion. Rather than waiting for 
a drop in voltage, the charge 
is terminated when the volt¬ 
age has peaked and is holding 
steady. 
The preferred charge ter¬ 

mination method for NiMH is 
delta temperature/delta time 
(AT/At). The temperature 
rise is monitored and timed. 
The charge is terminated 
when a predetermined incre¬ 
mental temperature rise is 
detected. This method is not 
significantly influenced by 
ambient temperature and 
provides long cycle life. 
Delta temperature cutoff 

minimizes the influence of 
ambient temperature by us¬ 
ing it as a reference. The 
charge is terminated when a 
rise in cell temperature, 
above the ambient tempera¬ 
ture, exceeds a predeter¬ 
mined value. This method re¬ 
quires a specific cutoff value 
for each type of battery which 

is determined by the size and number 
of cells used, their configuration, and 
the battery’s heat capacity. 

Charge termination based only on a 
fixed cell-temperature value (temper¬ 
ature cutoff) is easily rendered inaccu¬ 
rate by the influence of ambient tem¬ 
perature, and can lead to overcharge 
or undercharge by causing late or 
early charge cutoff. Such a method 
may be used to back up other termina¬ 
tion schemes, but should never be 
used as a primary method. Timed 
charging is sometimes used for low 
charge rates or topping charges. A 
topping charge may be applied imme¬ 
diately after the termination of a fast 
charge to ensure a complete charge. 
Timed charging is not used as a pri¬ 
mary termination method for fast 
charging because the charge state of 
the battery, before charging, is not al¬ 
ways known. 
Many battery manufactures recom¬ 

mend a three-step charging method. 
The first step is a fast charge, typically 
at the 1C rate and terminated by the 
-AV or AT/At termination method. 
Then the topping charge is applied at 
the C/10 rate and terminated by a 
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timer after 30 minutes to 1 hour. The 
final step is a maintenance charge at a 
rate between C/20 and C/50. The 
maintenance charge may be of indefi¬ 
nite duration. 

It is considered good practice to 
employ a thermal cutoff device to pro¬ 
tect the battery from heat damage by 
opening the circuit if the battery tem¬ 
perature exceeds about 60°C. Some 
designs for this incorporate a thermal 
switch in the battery pack itself where 
it can best detect the battery tempera-
ture, protecting the battery from 
overheating. 

Storage 
NiCd and NiMH batteries can be 

stored in either a charged or dis¬ 
charged state. Both types are consid¬ 
ered to have poor charge retention 
during storage, with the rate of dis¬ 
charge depending on cell design and 
storage temperature (Figs. 4a and 
4b). The mechanisms include, among 
other things, a slow decomposition of 
the electrodes. The condition is re¬ 
versible by subsequent charging, and 
has no permanent effect on battery ca¬ 
pacity. Long storage periods (i.e. over 
one year), may result in significant 
self-discharge and an increase in inter¬ 
nal resistance. In this case, the battery 
should be cycled (charged and dis¬ 
charged) two or three times to restore 
full capacity. 

Longer storage times or higher 
storage temperatures may require 
more cycles for full recovery. Except 
for specially designed cells, storage at 
temperatures above 30°C should be 
avoided, because permanent damage 
due to seal and separator deteriora¬ 
tion can result. As mentioned above, 
storage temperatures should remain 
in the range of 20° to 30°C. 

Memory Effect 
This term is mostly associated with 

NiCd batteries, because NiMHs are 
less prone to the effect, although it can 
appear in both battery types under 
certain conditions. Memory effect, 
technically known as voltage depres¬ 
sion, describes a condition of apparent 
low capacity due to repetitive cycles of 
shallow discharge and recharge. That 
is, the battery is only partially dis¬ 
charged, to about the same degree 
each time, and then recharged. Upon 
subsequent attempts at full discharge, 

the output voltage steps down to a 
lower value for the latter portion of 
the discharge period. 

The battery seems to remember 
the lower capacity defined by the shal¬ 
low cycles and does not deliver full ca¬ 
pacity all the way out to the original 
cutoff voltage. The drop in discharge 
voltage occurs because the active ma¬ 
terials inside the cell that are not in¬ 
cluded in the shallow discharge¬ 
charge cycling undergo a change in 
physical characteristics, increasing re¬ 
sistance. The effect is most pro¬ 
nounced when the discharge termina¬ 
tion occurs at higher-end voltages (i.e. 
1.2 V per cell), and is accelerated by 
operation at higher temperatures. 

The discharge rate also is a factor. 
At higher discharge rates, the depth of 
discharge is less for a given end 
voltage—less of the active material is 
cycled, causing a greater loss in capac¬ 
ity. Improvements in battery technol¬ 
ogy and charging techniques have 
kept this problem to a minimum. This 
has given some manufacturers of both 
NiCd and NiMH batteries the confi¬ 
dence to now claim that their products 
display “no memory effect.” 

Although chemistry is said to be a 
much slower-moving science than 
electronics, battery technology con¬ 
stantly improves. The parameter lim¬ 
its stated or implied in this article are 
generalized. Battery manufacturers 
take advantage of subtleties in elec¬ 
trochemistries and tweak their prod¬ 
ucts to enhance certain features or to 
suit specific applications. Don’t be sur¬ 
prised to find batteries with perfor¬ 
mance and specifications that exceed 
those discussed here. 

Stephen R. Wood is a Senior New 
Product Development Engineer for 
TelAlert, Covington, GA. 
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Smart Battery Standards Simplify 
Portable System Design 

Due To Their Ability To Normalize The Interfaces Between Batteries And Their 
Host Systems, SBS And SMBus Have Quickly Become De Facto Standards. 

DALE STOLITZKA, National Semiconductor Corp., Analog Products Division, 2900 Semiconductor Dr., Santa Clara, 
CA 95052-8090; (800)-272-9959; http://www.national.com. 

The continuing boom in portable electronics is largely dependent 
upon the growing sophistication of 

portable energy sources and the cir¬ 
cuits that manage their usage. Today's 
battery-management circuits are de¬ 
signed to optimize battery-charging 
functions and routinely report back to 
the user on the battery status. When 
these management circuits are pack¬ 
aged with the batteries in an inte¬ 
grated energy pack, the combination 
becomes an intelligent battery. 

The intelligent battery communi¬ 
cates with the host computer and 
provides fuel-gauging and charge¬ 
control capability. These batteries 
monitor the environment and the op¬ 
erating conditions, calculate the 
state of the battery's charge, and 
communicate with the host through a 
simple interface. 

Industry-wide standards for smart 
battery designs, with particular refer¬ 
ence to the host-to-battery interface, 
have become necessary to ensure cost¬ 
efficiency, to improve design integrity, 
and to streamline the system de¬ 
signer’s tasks. After a period of stan¬ 
dards development and refinement, 
the leading standard which has 
emerged is the Smart Battery System 
(SBS). Its associated communications 
standard is the SMBus. 

Ownership of the SBS is in the 
hands of a broad-based Core Group, in¬ 
cluding Duracell, Energizer, Toshiba, 
Varta, Intel, Benchmarq, Linear Tech¬ 
nology, Maxim, Mitsubishi, and Na¬ 
tional Semiconductor. SBS was devel¬ 
oped by Intel and Duracell. 
Under the guidance of the SBS 

Core Group, SBS and SMBus have be¬ 
come the de facto smart-battery stan¬ 
dards. The newly established SBS Im-
plementers Forum is actively 

soliciting industry participation to en¬ 
sure that future versions of SMBus 
will address needed improvements 
such as simplified addressing of multi¬ 
ple batteries, the addition of error 
management and opportunities for 
cost reduction. 

Smart Battery Features 
In multiple-battery systems, the 

host needs some type of mechanism to 
discern between separate batteries. 
However, the SMBus architecture 
currently only has provisions for a sin¬ 
gle-battery address, rigidly assigning 
the hexadecimal address 16H to any 
smart battery in the system. Today’s 
system architectures, therefore, re¬ 
quire an additional hardware mecha¬ 
nism called a battery selector, which 
the host must set to communicate with 
or charge each specific battery. Be¬ 

cause the SMBus specification already 
has two data bits in reserve for expan¬ 
sion purposes, these are being consid¬ 
ered for use to allow designers to have 
direct addressing of multiple batteries 
in a system. 

Error management on the SMBus 
is another key improvement. Noise on 
the bus is already a concern and will 
grow significantly with the advent of 
more powerful batteries and power 
switching among batteries and other 
systems on the bus. The use of error 
detection and management methods, 
such as parity checking or cyclic re¬ 
dundancy check (CRC) to maintain 
data integrity will become imperative 
with the next generation of Smart-
Battery notebooks. 

The Implementers Forum also may 
consider how a battery can operate in 
a master-only host system where sys-
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tem peripherals, including the battery, 
are only slaves rather than masters 
and slaves. The hardware cost in this 
design choice is less because each node 
does not need to be a master (50% less 
logic). However, the downside is more 
host overhead for polling the bus to 
determine the status and require¬ 
ments of each node. This option will 
likely be an architectural choice struc¬ 
tured to be compatible with existing 
master/slave Smart Batteries. 
As with many standards, there re¬ 

main a number of key issues that sys¬ 
tem designers should keep in mind 
when selecting chip sets to implement 
their smart battery systems. These in¬ 
clude command set variations, ac-tim-
ing issues, and de-voltage issues. 

Although support of the smart bat¬ 
tery Data Specification (SBDS) is a 
basic requirement for any selected 
chip set, not all implementations are 
exactly alike. Some may not even sup¬ 
port the full SBDS command set, fo¬ 
cusing upon only the key commands 
and gracefully ignoring others. In ad¬ 
dition, there are certain basic com¬ 
mands that may require some level of 
interpretation, depending upon the 
chip set and/or battery (see the table). 

AC Timing Issues 
Two key considerations with regard 

to an SMBus chip set’s ac characteris¬ 
tics are the ability to respond to the 
SMBus l(X)-kbps Start Bit and the ca¬ 
pability for taking advantage of the 
Stretch Bit data-response option (see 
the figure). Adequate Start Bit re¬ 
sponse is necessary to enable the 
SMBus to run at the highest possible 
speed while maintaining predictable 
communications performance. 

The provision for a Stretch Bit al¬ 
lows for some types of devices, such as 
a smart battery’s microcontroller 
(supporting both the bus and main¬ 
taining battery data), to take more 
time than is available in a lOOKHz-
rate data frame. 

The intelligent battery 
communicates with 

the host computer and 
provides fuel-gauging 
and charge-control 

capability . 

The Stretch Bit allows the SMBus 
chip set to hold down the bus clock for 
a specified period of time before re¬ 
sponding to a data request. In the case 
of a smart battery, this can be very 
useful in providing time for the micro¬ 
controller to fetch battery status data 
from data memory and deliver it to the 
bus, all within a single, stretched clock 
cycle. Depending upon the hardware 
chip design, such a multistep opera¬ 
tion might take as much as 100 ms, 
however the SMBus specification does 
not allow for Stretch Bits of longer 
than 25 ms. 

Unless the SMBus chip set and mi¬ 
crocontroller are rigidly designed and 
selected to meet the 25-ms require¬ 
ment, the integrity of the data re¬ 
sponse and the predictability of the 
bus can be negatively impacted. 
Therefore, the SMBus specification 
requires that a slave device, which ex¬ 
ceeds the 25-ms requirement, must 
immediately release both its clock and 
data lines and reset itself. 

DC Voltage Issues 
Another key concern regarding 

SMBus chip selection is matching bus 
and battery de levels with the de volt¬ 
ages used in overall system design. 
With the steady trends to lower sup¬ 
ply levels in portable-computer de¬ 
signs, there is an evolving concern 
about disparities between system de 
levels, the voltage levels required by 

the SMBus specification, and the 
smart battery’s internal voltages. 
Most logic systems assume that all 
chips communicating within a common 
system will be operating at the same 
Vcc levels, however with a smart bat¬ 
tery system, such as assumption is 
typically not the case. The battery’s 
chips are getting their supply locally 
regulated and the BIOS chip on the 
host side is receiving its power from 
the host. 
F or instance, with emerging new 

2.5-V logic devices, the host’s BIOS 
chip may only be able to drive to its 
maximum Vcc of 2.5 V, with the ac¬ 
tual output voltage ranging some-
wherebetween 2- and 2.4- V. Since 
the SMBus specification requires 
that an input level for a high should 
be at least 1.4 V, it will recognize the 
BIOS chip output as a logical high. 

However, most silicon devices in 
smart batteries are looking for logi¬ 
cal highs that are a percentage of 
their voltage levels (typically at 3 or 5 
V). A 3-V device would be looking for 
70% of its supply voltage, or at least 
2.1 V to recognize as a logical high. 
Obviously, this inconsistency could 
lead to misinterpreted logical highs 
and a resultant degradation of data 
accuracy and integrity. 

While overall system designers 
can temporarily get around this prob¬ 
lem by continuing to use 3- and 5-V 
logic, in the long run the responsibil¬ 
ity is on the semiconductor manufac¬ 
turer and the battery system de¬ 
signer to ensure that the smart 
battery silicon can consistently rec¬ 
ognize the 1.4-V logical high levels 
used in SMBus. 

More information on SBS and SM¬ 
Bus can be obtained from the SBS 
specifications home page website at 
http://www.mediacity.com/~sbs/. 

Dale Stolitzka is the senior systems 
design manager for the Analog Divi¬ 
sion at National Semiconductor. He 
graduated from Cornell University 
with M.S. and B.S. degrees in applied 
physics with concentrations in electri¬ 
cal engineering. 

How Valuable Circle 
Highly 545 
Moderately 546 
Slightly 547 

SBDS COMMANDS REQUIRING INTERPRETATION 
SBDS Command Area of Concern 

Battery Mode Calibration bit is different between batteries. All bits in this command 
are not supported by all vendors. 

Alarm Warning Broadcast frequency varies from 10 s to over 60 s between vendors. 
Max Error Is it fixed at 2% or truly meaningful? 

Battery Status Are error warnings supported? What does initialized mean, and when 
is it sei or clear? 

Device Chemistry Types must be in text, only some chemistries are specified. 
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design the phones of 
the future 

Tomorrow’s wired phones will have to be special - special features, special 

performance.That will demand special components. Philips Semiconductors 

has the widest product range in wired telephony, including discretes. 

Increasing performance, reducing power consumption, adding features. 

Complete solutions, silicon and software, backed by our own systems labs 

to provide reference designs and support. 

Take our PCD33xx family of telecom micro¬ 

controllers for featurephones. Low voltage, 

lowest power consumption anywhere, 8-bit 

microcontroller core, DTMF, EEPROM, OTP, 

all on-chip. Or take the TEA111x family, 

providing all the speech processing and 

transmission functions you need, coupled 

with exceptional EMC performance. 

Contact us for a copy of our new ’Wired’ brochure, or visit 

our web site. USA phone 1-800-447-1500, ext. 1381. Europe 

fax +31-40-272-4825, quoting 'WD'. Asia fax +852-2811-9173, 

quoting ‘WD’. Web site: www.semiconductors.philips.com 

Lett wwke, betted 

PHILIPS 
READER SERVICE 231 
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PIPS PRODUCTS 
RECHARGEABLE BATTERIES 

MANUFACTURERS OF RECHARGEABLE BATTERIES 

Manufacturer 
Available 

chemistries 

Standard 
sizes 

available 
Custom 
options 

Output 
voltage 
range 

Maximum 
energy 
density 

Charge 
retention 

Charge/ 
recharge 
cycles 

Charge 
time 

Operating 
temperature 

range 
Bolder Technologies Corp. 
Wheat Ridge, CO 
Ann Johnson 
(303) 422-8200 ext. 556 
fax (303) 422-8180 
e-mail: ann.johnson@ 
boldertmf.com 
CIRCLE 494 

Lead acid 9/5 subC Not at 
this time 

Nominal 
2.1 V 

28 Wh/kg; 
68 Wh/L 

Charge loss of 
about 0.2% 
per day 

Over 500 Less than 
15 min 

TBD 

Eagle Richer Industries 
Seneca. MO 
Earl Anderson (417)776-2256 
fax (417) 776-2257 
CIRCLE 495 

Lead acid 0.5 to 
60 Ah 

Yes 2 to 24 V 37.5 Wh/kg 97% per month Over 200 16 to 
24 hrs 

-50 to 74°C 

Energizer Power Systems 
Gainesville, FL 
Energizer Fulfillment Service 
(800) 67-POWER 
http://www.energizer.com 
CIRCLE 496 

NiCd AA, AAA, 
Cs. 18650 

Yes 

-

1.2 V 150 Wh/L; 
50 Wh/kg 

1 % loss per 
day 

500 15 min 
(minimum) 

-20° to 70“C 

NiMH 1.2 V 200 Wh/L; 
60 Wh/kg 

1% loss per 
day 

500 1 hr -20' to 50°C 

Li-Ion 3.6 V 300 Wh/L; 
120 Wh/kg 

0.3% loss per 
day 

500 1 to 2 hrs -20“ to 60 "C 

Hawker Energy Products Inc. 
Warrensburg. MO 
Kalyan Jana (800) 964-2837 
fax (800) 283-2948 
e-mail: info@hepi.com 
CIRCLE 497 

Sealed lead 
acid 

2.5 to 
40 Ah 

Yes Any 
multiple of 

2V 

Over 35 
Wh/kg 

Less than 19% 
discharge per 

week 

400 (full 
DOD) 

Less than 
1 hr 

-65 to 65°C 

Maxell Corporation of America 
Fairlawn, NJ 
(201) 794-5900 
fax (201)796-8790 
CIRCLE 498 

Li-Ion. 
NiMH, 

Li-MNO; 

NiMH=AAA, 
Lithium* 
18650, 
17650. 
14650 

No 1.2 to 3.6 
V 

Plainview Batteries Inc. 
Plainview, NY 
Bernie Erde (800) 642-2354 
fax (800) 249-2876 
CIRCLE 499 

NiCd. NiMH Range of 
button and 
prismatic 

cells 

No Nominal 
1.2 V 

N/A NiCd retains 
50% over 1 yr; 
NiMH retains 
70% over 1 yr 

500 to 1000 NiCd. 12 
hr: NiMH 
prismatic, 

1 hr 

Charge: 0“ 
to 55“C; 

Discharge: 
-20° to 55°C 

Portable Energy Products Inc. 
Scotts Valley, CA 
Darrell Musick (408) 439-5104 
fax (408) 439-5118 
e-mail: darrell.pep@aol.com 
http://www.portable-energy.com 

■CIRCLE 500 

Sealed lead 2 to 5 Ah Yes 2 V per 
cell 

106 Wh/L Loses 2% to 
3% per month 

on shelf 

200 to 
2000 

depending 
on DOD 

(average is 
500) 

8 to 10 hrs -20° to 50°C 

Rayovac Corp. 
Madison, Wl 
DeAnne Boegli (608) 275-4414 
fax (608) 275-4577 
e-mail: boegli@rayovac.com 
http://www.rayovac.com 
CIRCLE 501 

Alkaline AAA. AA. 
C, D 

No 1.5 V 25 

TNR Technical Inc. 
Sanford, FL 
(800) 346-0601 
fax (407) 321-3208 
e-mail: tnrbattery@aol.com 
http://www.batterystcre.com 
CIRCLE 502 

NiCd, 
NiMH, 

sealed lead 
acid 

50 mAh to 
10Ah 

1/3 AAA 
to Super F 

1.25 to 
3.6 V 

500 to 1000 1 to 12 to 
14 hrs 

Ultralife Batteries Inc. 
Newark, NY 
Greg Smith (201) 930-4900 
fax (201)930-1144 
e-mail: ubigreg@aol.com 
http://www.ulbi.com 
CIRCLE 503 

Li-Ion Call 
company 

Yes 4.2 to 
3.4 V 

125 Wh/kg; 
250 Wh/L 

Over 90% per 
month (ie; 

batteries lose 
less than 10% 
of charge per 

month) 

Over 500 1 hr -20’ to 60C 

Eagle-Picher, Technologies Div. 
Joplin, MO 
Bob Cottingham (417) 623-8000 
fax (417)781-1910 
bcott@epi.tech.com 
http://www.epi-tech.com 
CIRCLE 512 

NiCd 2 to 
100 Ah 

Yes 1.2 V 91 hrs/L 80% after 30 
days 

Over 
40,000 

1 hr -40° to 75°C 

Li-Ion 300 mAh 
to 10 Ah 

Yes 3.6 V 
nominal 

123 Wh/kg 10% or 
less/month 

1500 2.5 hrs -18° to 45°C 

Zn-Air 5 to 150 Ah Yes 1.4 V 88 to 220 
Wh/kg 

36 hr activated 
or 5 yr dry 

50 to 125 • -2.9“ to 
50-C 

Lead acid 0.5 to 
60 Ah 

Yes 2. 4, 6, 
and 12 V 

37.5 Wh/kg 97% per month Over 200 16 to 
24 hrs 

-50’ to 74-C 
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What you need is a logic analyzer that can manage time. 

Dealing with the pressures of today’s deadlines means having to get things done 

yesterday. And the fastest, most accurate way to debug your designs is with the TLA 700 

Series logic analyzer. We’ve combined microprocessor trace with 500-picosecond timing 

through the same probes simultaneously, as well as 500-picosecond resolution across all 

channels and an optional 5GS/s DSO. No logic analyzer is better or easier to use for iden-

The quickest, most 

accurate way to identify 

system problems. 

tifying elusive hardware/software problems. Test Drive a TLA 700 logic analyzer and 

decide for yourself. Call 1-800-426-2200, when prompted press 3, and request code 3004 

today, or visit us at www.tek.com/mbd/tla700 

For a Test Drive, contact: 
AT&T Capital; Continental Resources; Electro Rent Corp.; 
GE Capital; McGrath Rent Corp.; Teiogy. Tektronix 

©1997 Tektronix Inc. MW13B1-1 
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PIPS PRODUCTS 
PRODUCT FEATURE 
Data sheets on products like these con be found at www.penton.com/ed/ 

IC And Power Module Designed To 
Drive Intel's Klamath Processor 

Designed to Intel’s voltage-regula-
tor-module (VRM) specification 
for Klamath motherboards, the 

MP60-F VRM is the second in a family 
of next-generation modules from 
Semtech Corp, to target such high-end 
microprocessors. Previous modules 
catered to the Pentium Pro, P54C, and 
P55. The module is rated for 14.5 A and 
includes a 5-bit programmable output 
voltage ranging from 2.0 to 3.5 V in 
100-mV increments, and from 1.8 to 
2.05 V in 50-mV increments. 

Offered as a quick solution for im¬ 
proved time to market, the module 
uses the company’s SC1151 standard 
buck voltage-mode controller, which 
comes with a 5-bit digital-to-analog 
converter, a power-good signal, and 
shutdown, overvoltage, and overcur¬ 
rent protection. The controller is able 
to regulate the output voltage to 
within 1% of the programmed value, 

operates at a fixed frequency of 100 
kHz, and has an efficiency of 85%. The 
remaining silicon (MOSFET and 
Schottky diode) needed to produce the 
power supply are placed externally on 
the MP60-F module. 

Also contained on the module are a 
series of low-ESR electrolytic capaci¬ 
tors, giving a total capacitance of 7000 
pF. By keeping the ESR below 10 mil, 
the leading-edge transient is kept to 
less than 120 mV for a 12-A load tran¬ 

sient—well within Intel specifications. 
The buck converter’s output induc¬ 

tor is set at 4 pH. Semtech doesn’t rec¬ 
ommend changing this value more 
than ± 25% without careful considera¬ 
tion of the intended application due to 
the effects on peak-to-peak current 
ripple. This determines the output 
voltage ripple and the output current, 
below which the operating mode will 
be discontinuous. 

The MP60-F comes with a 40-pin 
VRM header connector, has an effi¬ 
ciency of greater than 80% at full load, 
and meets Intel Klamath VRM 8.1 
specifications. Pricing for the 
SC1151CS is $2.75, while the MP60-F 
module goes for $14.50 each in 1000-
unit lots. Delivery is from stock. 

Semtech Corp. 
652 Mitchell Rd. 
Newbury Park, CA 91320-2289 
Alan Moore (805) 498-21 11 
fax (805) 498-3804 
e-mail: amoore@semtech.com 
Web: http://www.semtech.com 
CIRCLE 513 

PATRICK MANNION 

SURFACE MOUNT THERMISTORS 

Free Thermistor 
Samples For Testing. 

PTC, Tempsistor and glass encapsulated thermistors. 
These small devices are ideal when fast response 
times and interchangeability are required. 

THERMODISC 
MIDWEST COMPONENTS PRODUCT GROUP 

P.O.BOX 3303, MUSKEGON, Ml 49443 • (616) 777-4100 • FAX (616) 773 4214 

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

any of your technical application questions. 

(616) 777-4100 
READER SERVICE 173 

We’ll get this deskpi team 
an air fitter to their exact specs... 
and Bellcore compliant. 
Universal custom-designs air filters that meet UL 94 
requirements for electronics/telecommunications and 
other hi-tech equipment with cooling blowers and 
fans. Fax us your specs and in 5 days you’ll get a pro¬ 
totype for testing. And production units in 1-2 weeks. 

ISO9002 Certified 

Universal air filter 
rnmpjnq 

On Spec... On Time... Everytime! 

1624 Sauget Ind. Parkway • Sauget, IL 62206 
800-541-3478 • FAX 618-271-8808 • www.uaf.com 

READER SERVICE 174 

120 



E’RE WITH YOU 
ALL THE WAY. 

From design through final tests and ongoing technical support, 
we deliver complete probe cable assemblies for ultrasound. 

You have challenging requirements for signal integrity, miniaturization, termination 
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. 

READER SERVICE 20S 



STRATEGIC PARTNERS 
WORKING TOGETHER 
Information has always been a part of the developmental strategy needed for success in the OEM market. In today’s fast-paced, 
competitive global market environment, technology information 
has become a priority. Systems designers not only want to know 

what their strategic supply 
partners are doing today, but 
where they’re going. Designers 
and suppliers must now work in 
tandem to align enabling 
technology with the customer’s 
system requirements. These 
strategies demand strong 
partnerships in the development 
of competitive products. 

A third strategic partner 
completes this alliance. This 
partner’s mission is to observe 
and report today’s product 
availability by its editorial staff 
of respected experts, while 
constantly probing for the next 
generation of enabling 

technology. The constant flow of exclusive and vital information 
helps to bring systems designers and suppliers together as 
strategic partners. It also provides engineers and engineering 
managers with an enhanced ability to bring more competitive 
products to market, faster. 

ELECTRONC K8KN 

1^.1 O. TU 1995 ISS« 59 

D*AMt 64 b>t CPU» Set Hi, Diyhnl P.c 

Analog Advenir» In Protest Aad Graft, 

MMkntknm TetUolofm Gel A Boost Eras HiyU* In 

HIX -Bated Desi,. Teal, Mere Up Te TU Soar., let 

Electronic Design is that strategic information partner — a 
partner who provides the information that helps the systems 
designer make those critical decisions that stay the course of the 
technology road map. 

Technology Roed Msp 

Your Strategic Information Partner. HYour Strategic Information Partner. 

ELECTROBIIC DESIGN I o 

TIME 



PIPS PRODUCTS 
PRODUCT FEATURE 
Data sheets on products like these can be found at www.penton.com/ed/ 

Miniature Fiber-Optic Interconnection 
Doubles Port Densities 

Although much progress has been 
made toward getting fiber-optic 
technology down to the local loop, 

cost and space requirements remain 
major stumbling blocks. In an effort to 
overcome these hurdles, AMP Inc. 
along with Hewlett-Packard, has an¬ 
nounced support for the freshly 
minted Mini-MT fiber-optic intercon¬ 
nect. They see Mini-MT as the next 
step beyond SC connectors for 100-
Mbit and 1-Gbit Ethernet, as well as 
622-Mbit ATM applications. 

According to Mike Peppier, Direc¬ 
tor of Product Marketing for the Opti¬ 
cal Interconnection Systems group at 
AMP, the key to the connection sys¬ 
tem is the ability to fit a two-fiber, du¬ 
plex connector in the space of a single 
SC connector or RJ-45 UTP interface. 
As a result, port densities will double 
in network and similar applications. 

The connector uses a proven ferrule 

technology similar to the multifiber 
MT style, but in a smaller size. Fibers 
are on 0.750-pm centers. The connec¬ 
tor is field-installable and has fewer 
pieces than the SC interface to reduce 

labor costs. The system allows use of 
ribbon fiber, which is smaller and less 
expensive than zipcord fiber and is 
easier to pull. 
The transceiver has a profile of 9.8 

mm and comes in a 10- or 20-pin DIP, 
giving it half the footprint of a stan¬ 

dard SC duplex transceiver. Target 
data rates are 100 Mbits/s to 1.6 
Gbits/s. Depending on the data rate 
and application, the devices will use ei¬ 
ther a 1300-nm LED, 1300-nm laser, or 
a 850-nm VCSEL for multimode or 
single-mode interfaces. 

With multisourcing a key prerequi¬ 
site, the connector is being developed 
jointly by AMP, Siecor, and USConec. 
AMP and Hewlett-Packard, under a 
multisource agreement, are indepen¬ 
dently developing the transceivers in 
conjunction with standards bodies. 
Samples are available now, with pro¬ 
duction quantities scheduled for the 
third quarter of this year. 
AMP Inc. 
P.O. Box 3608 
Harrisburg, PA 17105-3608 
Alan Sappe(egu) (717) 986-5160. 
Hewlett-Packard Co. 
530 1 Stevens Creek Blvd. 
P.O. Box 58059 
Santa Clara, CA 95052-8059 
Inquiries: (800) 537-7715, ext. 9920. 
CIRCLE 514 

PATRICK MANNION 

People are making 
a lot of NOISE about the fact 

that our AMPLIFIERS 
don’t make 
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. We’ll 
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. TZC1-RQN 

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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IC Packaging Light Enough To Make Your Ideas Fly. 
amkor 

C7W 

Signal 
Inductance 

Thermal 
Resistance 

Mounted 
Height 

An exciting new generation of 
ultra-compact laptops, PDAs, 
camcorders and wireless 
products is taking off right 
now. Launched on the wings 
of dramatically thinner and 
lighter IC packaging. 

Introducing patented 
SuperBGA, high perfor- 5® 
manee ball grid array (BGA) 
IC packaging from Amkor. 

Low-profile 1,2mm and 
1.4mm mounted heights, 
enable you to down-size your 
best ideas and improve their 
performance. Advanced 
materials and multilayer capa¬ 
bilities boost speeds beyond 
1.0 GHz. Direct attachment of 

heat spreader substantially 
increases power handling 
capabilities while providing 
EMI/RFI shielding. Moisture 
sensitivity exceeds JEDEC 

level 2 requirements. 
With ball counts 

from 20 to 680, and 
body sizes from 

7x7mm to 50x50mm, 
microprocessors, DSPs, 

ASICs, amplifiers and gate 
arrays will be soaring to new 
performance heights. 
So why just get your ideas 

off the ground when you can 
make them fly. Call the Amkor 
service center nearest you or 
(602) 821-2408 ext. 2000. 

Ball/Lead Count: J 204 SuperVGA B 208 Plastic Quad Flatpack B 223 Ceramic BGA 
Pkg. Body Size: 27x27mm 28x28mm 47x47mm 

anam 
AMKOR Electronics, Inc. 

Defining Tomorrow's 
Technology Today. 

Asia 
Tel: 63.2.815.4777 
Europe 
Tel: 33.50.40.9797 
Korea 
Tel: 82 2.460.5280/5287 
Japan 
Tel: 81.3.3446. 1881 
Singapore 
Tel: 65.324.0722 
Taiwan 
Tel: 886.35.733.717 
USA West 
Tel: 408.496.0303 
USA Southwest 
Tel: 602.821.5000 
USA Midwest/East 
Tel: 214.580.1879 

4.5 i 

4.0 — 

3.5 ■ 1 ■ 

3.0 
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PIPS PRODUCTS 
POWER 
Data sheets on products like these can be found at www.penton.com/ed/ 

VRLA Battery Has High 
Ampere-Hour Rating 
The DDH valve-regulated lead-acid 
battery ranges in capacity from 120 Ah 
to 4000 Ah in 24- or 48-V configura¬ 
tions. and 2000 Ah in a non-paralleled 
configuration. The battery fits in 19-, 

23-, or 30-in. relay racks, and targets 
wireless and telecommunications 
backup applications. A proprietary seal 
allows plates to grow without stressing 
the cover or post seal. Pricing starts at 
$4050 for 24-V, 120-Ah systems, and de¬ 

livery is two weeks. 
Yuasa-Exide Inc., P.O. Box 14145, 

Reading, PA 1961 2-41 45; (800) 538-
3627; fax (610) 372-8613; 
alfoss@yuasa-exide.com; 
http://www.yuasa-exide. com. 

CIRCLE 567 

Fast Charger Protects And 
Conditions Li-Ion Batteries 
The ABP1175-LIC is a fast-charger 
board for Li-Ion batteries that includes 
a pre-charge qualification cycle that de¬ 
tects shorted, open, or damaged cells. 
Other features include a low charge 
current to condition the battery when 
the battery voltage drops below the 
low-voltage threshold and LED charge 
status and fault indication. A two-
phase fast-charge cycle provides regu¬ 
lated constant current in phase one and 
regulated constant voltage in phase 
two. Fast charge terminates upon the 
detection of a minimum charge current 
and/or a maximum time out. Pricing is 
from $229 and delivery is 12 weeks. 

ABP, 1 1407 Potomac Oaks Dr., 

Rockville, MD 20850; Eyal Halevy 
(30 1)424-1 760; fax (30 1 ) 424-5222. 

CIRCLE 568 

Multiple NiMH or NiCd Button 
Cells Come In Single Package 
The Integrated Battery comprises 
two, three, or four 35- to 500-mAh, 1.2-
V NiMH or NiCd button cells in a sin¬ 
gle sealed, nickel-plated, cold-rolled-
steel case. The integrated construction 

reduces the possibility of intercell con¬ 
nection failures and short circuits. 
Nominal voltages are 2.4, 3.6, and 4.8 V. 

Plainview Batteries Inc., 23 New¬ 
town Rd., Plainview, NY 11803; (516) 
249-2873; fax (516) 249-2876. 

CIRCLE 569 

Optical Encoders_available now from Grayhill 

G ray hill's Series 61 Optical Encoder 
delivers the reliability your 
application needs...when your 
production schedule demands it! 

Now you can have Grayhill reliability in an optical 
encoder switch. 

Use it as a mouse...a tuning function... 
a frequency selector...or to measure low 
RPM...whatever your design requires. 

The Grayhill Series 61 Panel-Mount Optical Encoder 
delivers over 1 million cycles of operation. And we can 
deliver them now, not later, at competitive prices. 

The Series 61 offers: 

• Standard resolution— 16, 24 and 32 positions. 
• High resolution— 25, 32, 50, 64, 100 and 128 pulses per channel 
per revolution. 

• Lower power consumption with single 5Vdc power supply. 
• Choice of integral data input pushbutton. 
• Custom design capabilities. Options include operating torque, 
terminations, pushbutton operating force. 

• Design and production compliance to 1SO-9001 . 

Access Series 61 information via our Web site— www.grayhill.com— 
or request Catalog No. 1 via phone or fax. 

561 Hillgrove Avenue 
P.O. Box 10373 
LaGrange, IL 60525 
Phone: 708/354-1040 
Fax: 708/354-2820 
Internet: http://www.grayhill.coni 
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LOW-POWER DESIGN 
A Collection of CSEM Papers 

• General Tutorial Papers 

• Digital Circuits 

• Devices and Analog Circuits 

• Low-Power Systems 

O
ver 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 -[-ota | _ 

□ Master Charge □ American Express □ VISA □ Check (payable to Electronic Design) 

Account Name _ Account # _ 

Signature _ Expiration Date _ 

Name _ Title _ 

Company_ 

Company Address_ 

City_ State _ Zip_ 

Phone Fax E-mail 

Mail to: 
ELECTRONIC DESIGN 
61 1 Route 46 West 
Hasbrouck Heights, NJ 07604 
Attn: Jeanne Sico 



PIPS PRODUCTS 
POWER 
Dola sheets on products like these can be found at www.penton.com/ed/ 

Lithium Batteries Are Custom 
This line of lithium batteries comes 
with three different chemistries and 
can be custom engineered to specific 
OEM requirements. Available 

chemistries are lithium-thionyl chlo¬ 
ride with energy densities ranging 
from 500 to 600 Wh/kg and 80% capac¬ 
ity retention for 10 years, as well as 
rechargeable lithium-ion polymer and 
lithium-ion inorganic. 

Battery Engineering Inc., 1636 
Hyde Park Ave., Hyde Park, MA 
02 136; Robert Fay (6 17)361 -7555; 
fax (61 7) 361-1835; 

e-mail: info@batteryeng.com 
Web: http://vww. batferyeng. com 
CIRCLE 570 

Lithium Cells Provide 
Extended Service Life 
These lithium thionyl chloride, coin¬ 
size batteries have an output of 3.6 V 
and an operating lifespan rated at over 
10 years. The devices have an operat¬ 
ing temperature range of -55° to 75°C, 
with a 125°C upper limit available on 
some models. The hermetically sealed 
batteries come in a range of configura¬ 
tions, including 1/10 D, 1/6 D, and BEL 

versions. 
Tadiran Electronic Industries, Inc., 2 

Seaview Blvd., Port Washington, NY 
11050; Sol Jacobs (516) 621 -4980; fax 
(5 16) 621 -4517; Internet: http://www-
tadiranbat.com. CIRCLE 571 

Synchronous Boost Converter 
Operates Off IV 
Designed for low-voltage operation, 
the UCC3941 synchronous boost con¬ 
verter features 1-V-input operation 
startup guaranteed under full load on 
the main output, with operation down 
to 0.4 V. The device allows a step up to 
3.3 V, 5 V, or an adjustable output at 500 
mW for a single cell. An auxiliary 9-V 

I output is provided. Other features in-
! elude an adjustable output power limit 
; control and an adaptive current mode 
; to minimize switching and conduction 
¡ losses. Pricing is $2.78 each per 1000 
I and delivery is 10 to 12 weeks. 

Unitrode Corp., 7 Continental Blvd., 
' Merrimack, NH 03054-0399; Mickey 
; McClure (603) 424-2410; fax (603) 
I 429-8963; http://www.unitrode.com. 
! CIRCLE 572 

BBS 
ILC DATA DEVICE 
CORPORATION® 

For more information call: 
(516) 567-5600 ext. 7633 

or E-mail: amour@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, (201) 785-1734, FAX: (201) 785-4132 
UK: +44(0) 1635-81 11 40. FAX: +44 (0) 1635-32264; IRELAND: +353-21-341065, FAX: +353-21-341568 

FRANCE: +33-(0)1 -4 1-16-3424, FAX: +33-(0)- 1-41 -16-3425; GERMANY: +49-(0)81 41 -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 

VISIT OUR WEBSITE AT: 
http://www.ilcddc.com 
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PIPS PRODUCTS 
PASSIVE COMPONENTS 
Dato sheets on products like these can be found at www.penton.com/ed/ 

Planar Transformers 
Feature Low Profile 
The Low Profile International Series 
planar transformers are pin-for-pin 
compatible with the existing industry 
standard for low-profile transformers. 

The devices are designed to meet 
VDE 0805, and can be interchanged 
with the company’s Flathead Low 
Profile printed-circuit-mount trans¬ 
formers. Available in 2- and 6-VA ver¬ 
sions, the devices have heights of 0.72 
in. and 0.895 in., respectively. Output 
voltages range from 5 to 230 V. 

Signal Transformer Co., Inc., 500 
Bayview Ave., Inwood, NY 11096-
1792; (516) 239-5777; (516) 239-
7208. CIRCLE 573 

Varicaps Target Low-Voltage 
Communications 
Specially designed for operation at 3 V 
in portable equipment, the BB155 var¬ 
icap replaces the TV tuners typically 
used in these applications. This re¬ 
duces the capacitance spread from 
±10% to a maximum of ±5%. Their 
typical value is ±3%. This translates 
to a spread of 45.2 to 49.8 pF at 0.34 V 
and 24.55 to 26.70 pF at 2.82 V. The 
BB155 comes in a surface-mount 
SOD323 package. Pricing is $0.12 each 
in volume. 

Philips Semiconductors, P.O. Box 
218, 5600 MD Eindhoven, The 
Netherlands; +31 40 2 722091 ; fax 
+31 40 2 724825. CIRCLE 574 

Accurate Oscillator Needs No 
External Reference 
Packaged as an 8-pin SOIC, the 
DS1075 EconOscillator provides 1% 
accuracy with no external timing com¬ 
ponents. If greater accuracy is re¬ 
quired, an external crystal reference 
can be added to the circuit. Features 

include on-chip enable and power¬ 
down functions, and a programmable 
on-chip prescaler and divider for mul¬ 
tiple operating frequencies over the 
02- to 100-MHz range. Pricing is $1.70 
each per 1000. 

Dallas Semiconductor, 440 1 South 
Beltwood Pkwy., Dallas, TX 75244-
3292; Rob Brown (972) 371-371 9; 
fax (972) 371-3715; Internet: 
http://www.dalsemi.com. CIRCLE 575 

SAW Filter Targets 
CDMA Applications 
The FB F033 is a 210.38-MHz SAW fil¬ 
ter that’s compatible with CDMA PCS 
phone architectures. The filter comes 
in a hermetic SMT package and has a 

bandwidth of over 1.26 MHz. 
Thomson Components and Tubes 

Corp., Special Products Div., 40G 
Commerce Way, Totowa, NJ 0751 1; 
(201)81 2-9000; fax (201) 81 2-9050. 

CIRCLE 576 

Rotor And Stator Components 
Are Interchangeable 
Available without motor housings or 
end caps, these rotors and stators are 
designed to allow interchangeability to 
eliminate the need for matched sets. 
This is further facilitated by tight toler¬ 
ances on the stator OD, bearings jour¬ 
nals, and shafts. Precision ball bearings 

can be incorporated into the rotor. De¬ 
pending on size, voltage ratings are 
available up to 250 V, with output rat¬ 
ings of 1/500 to 1/2 horsepower. 

Eastern Air Devices Inc., 1 Progress 
Ave., Dover, NH 03820-5449; Karen 
Russo (603) 742-3330; fax (603) 742-
9080 CIRCLE 577 

Resistor/Capacitor Array 
Terminates High-Speed Circuits 
Comprised of one resistor and one ca¬ 
pacitor in series, the RCC18 chip 
comes in a 1206-size package and is de¬ 
signed for the termination of high¬ 
speed digital circuits. The device has a 

resistance range of 100 to 300 Q and a 
voltage rating of 50 V. The capacitance 
range is 22 to 100 pF. The resistance 
and capacitance tolerance is 20% while 
maintaining a dissipation factor of 5% 
maximum. The chip comes on 8-mm 
tape with 5000 pieces/reel. Pricing is 
$35 each in 1000-unit lots and delivery 
is 8 weeks. 
Rohm Electronics, 3034 Owen Dr., 

Nashville TN 370 J 3; Fred Froutan 
(6 15)641 -2020; fax (6 15)641 -2022. 

CIRCLE 578 
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DOUBLE-BREAK 
SUBMINIATURE BASICS 

May be subminiature in size but 
these basics switch up to 10 
amperes with 100,000 minimum 
cycle life; over 1 million cycle 
mechanical life! Constructed in 
accordance with MIL-S-8805/7. 
Precision operating points. UL 
recognized. Replaces ITW 
Switches Type 16. 
Ask for OTTO B5 series. 

READER SERVICE 243 

We have your missing piece! 
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. 
We are ISO 9001 Registered. 

OTTO's Standard Line of Switches 

We offer you 
Engineering Excellence 

Every Day 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 • www.ottoeng.com 

READER SERVICE 1S4 

ENVIRONMENT-FREE 
SEALED SWITCHES 

Withstands immersion and corro¬ 
sive atmospheres. Designed for rug¬ 
ged duty both mechanically and 
electrically. One-piece stainless steel 
housings sealed at the plunger with 
ring seals and at the base with glass-
to-metal header. Replaces C-H/ 
Eaton Hll, Microswitch EN and 
ITW Type 63. 
Ask for OTTO P6 series. 

READER SERVICE 244 

SEALED MINI TOGGLES 
Rugged and highly reliable, these 
toggles weigh 25% less than others. 
Positive detent. Non-teasible con¬ 
tact transfer. One or two poles, mo¬ 
mentary, maintained and lever-lock¬ 
out operation. Rated 5 A. Quali¬ 
fied to MIL-S-83731. Replaces C-H/ 
Eaton 88, Micro-switch TW. 
Ask for OTTO T3 series. 

READER SERVICE 245 

SINGLE & DOUBLE-BREAK 
BASICS 

Commercial and Military grades, 
available in nine sizes. Switch up 
to 16 amperes. UL recognized and 
CSA certified. Replace C-H/Eaton, 
Microswitch, Unimax, ITW 
Switches and others. 
Ask for OTTO Basics. 

READER SERVICE 246 



Leading edge performance has been a defining 
feature of Audio Precision products since the 
inception of our company in 1984. Thousands of our 
System One audio analyzers are in use worldwide, 
selected by design engineers for high performance 
and by test engineers for our comprehensive pro¬ 
grammable analog and digital audio measurement 
capabilities. 

Now our System Two true Dual Domain audio ana¬ 
lyzerjoins the System one, setting a new standard 
for performance and flexibility in audio frequency 
test & measurement. 

separate, independent hardware for direct audio 
measurements in.both domains, plus additional and 
extensive interface measurement capability in¬ 
cluding jitter measurements, eye patterns and all 
other parameters described in AES3, the serial audio 
interface standard. 

The new standard of System Two is represented by 
performance specifications such as guaranteed 
analog generator and analyzer residual THD+N 
of -108 dB, guaranteed analog signal flatness of 
=0.01 dB for the generator and analyzer: and 24 bit 
digital signal generation with 48 bit fft dynamic 

System Two is a true Dual Domain analyzer. Other test 
instruments may have both analog and digital inputs 
and outputs ... but they're not true Dual Domain! 
They rely on performance-limiting converters to pass 
analog signals back and forth to a DSP core of digital-
only hardware. Passing signals through a/d or d/a 
converters for every measurement robs the test 
instrument of performance. System two includes 

range. 

From aircraft to automobiles, satellites to cell 
phones, headsets to hearing aids, System Two 
represents a new standard for audio frequency test 
& measurement applications. Compare for yourself ■ 
our worldwide force of representatives will be 
pleased to provide comprehensive specifications 
and a true Dual Domain on-site demonstration. 

ZludioT^ 
precision 

Audio Precision 
PO Box 2209 
Beaverton, Oregon 97075-3070 
Tel: (503)627-0832 FAX: (503)641-8906 
US Toll Free: 1-800-231-7350 

INTERNATIONAL DISTRIBUTORS Australia: AT Electrones Pty Ltd Tel 2 439 3744 Austria: ELSINCO GmbH Te 1i 815 04 00 Belgium: Trans European Muse NV Tei 2 466 5010 Brazil: INTERWAVE LTDA 
Tel (21 ) 325-535’ Bulgaria: ELSINCO Rep Office Sofia Tei <2* 958 12 45 Canada: GERRAUDlO Distribution. Te- 416) 696-2779 China. Hong Kong: A C E tint I) Co Ltd . Tel 2424-0387 Croatia: ELSINCO Rec Office Zagrec 
Tel 1 68 09 14 Czech Republic: ELSINCO Praha spoi s ro . Te 2) 49 66 89 Denmark: npn Elektronik aps Tei 86 57 15 11 Finland: Geneiec OY Tei 77 813 31 1: France: ETS Mesureur Tei d) 45 83 66 41 Germany: 
RTW GmbH & Co KG Tei 221 70913-0 Greece: KEM Electrones Ltd Tei 1 67 48514 5 Hungary: ELSINCO Budapest KFT Te, h 269 18 50 India: Electro Dynamics. Ter 512 364713 Israel: Dan-Ei Technologies. Ltc 
Tel 3-647 8770 Italy: Audio Link s n c Tel 52 1 648723 Japan: TOYO Corporation Tel 3 (5688 1 6800 Korea: BAP International Co . Ltd Tel 2 546-1457 BAP i Kumi Office > Tei 546 53-7347 8 Malaysia: Test Measurement A 
Engineering Sdn Selangor i Tei 3 734 1017 Test Measurement A Engineering Sdr ( Penang . Tei 4 6422088 Netherlands: Heynen B V Tei 485 496 111 New Zealand: Audio A Video Wholesalers Tel 7 847-3414 Norway: 
Lydconsult. Tei 47-69-178050 Poland: ELSINCO Polska sp z o o . Te. (22) 39 69 79. Portugal: Acutron Eiectroacustica LDA Tel 1 9414087 9420862. Singapore: TME Systems Pte Ltd Tei 747-7234 Slovakia: 
ELSINCO Slovensko s ro . Tei 7i 784 165 South Africa: SOUNDFUSION MFG Tei 11 477-1315: Spain: Telco Electronics. S A . Tei 1 531-7101 Sweden: TTS Tai A Ton Studiotekmk AB. Tei 31 52 51 5C Switzerland: 
Dr. W A Gunther AG Tei 1 910 41 41 Taiwan R.O.C.: Double Advance Tech Tei 2-596 0696 Thailand: Masswortd Company Ltd . Tel 2-294-4930 United Kingdom: Thurtby Thandar instruments Ltd Tei (1480) 412451 

Dual Domain, is a registered trademark of Audio Precision 
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Analog Outlook 
■ Exploring the world of analog, mixed-signal and power developments 

Obtain Higher Effective Resolution 
For Temperature Measurements 

Combining Hardware and Software Techniques In AX ADC Circuits 
With Front-End Analog Gain Can Provide The Right Performance. 

BONNIE C. BAKER, BuiT-Brown Corp., 6730 S. TYicson Blvd., Tucson, AZ 85706; (520) 746-7984; fax (520) 746-7467; 
e-mail: baker_bonnie@bu7T-broum.com. 

■ M easuring small signals from 
■Ul sensit ive process-eont rol >eie 
IVI sors has always been a chal¬ 
lenge for the analog designer. Sensing 
elements, such as thermocouples, 
RTDs and bridges, have outputs that 
produce voltages from hundreds of 
millivolts to several volts. In contrast, 
prior to analog signal conditioning of 
these sensors, the delta output volt¬ 
ages of these sensors that represent a 
change in temperature, pressure, 

light, etc., are relatively low—in the 
sub-millivolt or millivolt range. These 
small deltas are usually the signal of 
most interest in process-control or in¬ 
strumentation systems. 

Careful analog signal conditioning, 
in combination with a 12- to 16-bit ana-
log-to-digital converter (ADC), usu¬ 
ally captures the pertinent informa¬ 
tion from the sensors. In this design 
topology, the task of signal enhance¬ 
ment falls on the analog front end, 

which is usually expensive and suscep¬ 
tible to noise. An alternative approach 
would be to use a high-resolution 
ADC, thereby reducing or completely 
eliminating the need for a complex 
analog front end. 

Delta-Sigma (A-E) converters have 
significantly improved the achievable 
resolution and accuracy of ADCs 
while also lowering the overall system 
price. These converters digitize ana¬ 
log voltages to extremely high de-

1. A thermocouple con be interfaced with an instrumentation amplifier and a A-Z ADC to achieve 21 -bit accuracy for a full-scale input range of 50 
mV. the cold-junction compensation circuit shown uses a diode an a resistive network on an isothermal block. 
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ANALOG OUTLOOK TEMPERATURE MEASUREMENT 

TABLE 1: OVERSAMPLING (TURBO) MODES 
FOR BURR-BROWN’S ADS1 21 2 ADC_ 

Sample rate 
(Hz) 

Turbo 1 
(bits, rms) 

Turbo 2 
(bits, rms) 

Turbo 4 
(bits, rms) 

Turbo 8 
(bits, rms) 

Turbo 16 
(bits, rms) 

10 20 21 21 

20 19 20 21 21 

40 18 20 21 21 21 

50 17 19 20 21 21 

60 17 19 20 21 21 

100 15 17 19 21 21 

250 12 14 16 19 20 

grees of resolution, up to 20 to 24 bits, 
rendering least significant bit (LSB) 
sizes equal to or better than 1 million 
divisions of full scale (220 = 1,048,576). 
A 22-bit-accurate ADC has a dynamic 
range equivalent to 132 dB. If the dy¬ 
namic range of the system ADC is rel¬ 
atively high, the cost of the application 
can be lowered. In addition, system 
complexity is reduced, making the de¬ 
sign easier. 
A A-E converter intended for in¬ 

dustrial type measurements is opti¬ 
mized for accurate, low-frequency 
data conversions. Techniques such as 
input modulation by the use of inte¬ 
gration and digital filtering nearly 
eliminate the analog anti-aliasing fil¬ 
ter, while achieving greater accuracy. 
The trade-off for superior perfor¬ 
mance in accuracy is frequency. The 
sampling bandwidth may be a limita¬ 
tion in some circuits, however, the 
measurement of temperature or pres¬ 
sure variables are slow-changing enti¬ 
ties, which reduces the speed require¬ 
ments of the signal path. 

Not A Total Solution 
As good as it sounds, the A-E ADC 

does not solve all of the problems for 
these types of applications. Although 
digital filtering techniques are utilized 
by this type of converter, even higher 
resolution or bandwidths may be re¬ 
quired in a critical application. 

The frequency response of the con¬ 
verter is dictated by the level of over-
sampling and sophistication of the on-
chip digital filters. A lower 
oversampling ratio leads to a higher 
frequency response, but also a lower 
effective resolution. The design trade¬ 
off of resolution versus data rates 
when A-E converters are used in a 
system are examined in this article. 
Although the A-E converter brings 

the circuit designer considerably 
closer to achieving the desired results, 
the total application may still require 
additional resolution and speed. 

Enhancements of a system contain¬ 
ing a A-E ADC can be achieved with 
digital software gain techniques and 
the addition of front-end analog gain 
blocks. Digital gain beyond the capa¬ 
bility of the ADC is attainable using 
techniques such as microcontroller or 
microprocessor data shifting, some¬ 
times termed “software gain.” The 
technique of shifting the output bits of 
the ADC in the microprocessor is not 
new. However, the arrival of A-E ADC 
technology necessitates a reexamina¬ 
tion of this technique. 

The use of software gain can change 
a 20-bit system with a signal gain of 1, 
to a 14-bit system with a gain of 64. Al¬ 
though this technique is effective, it 
does not increase the dynamic range of 
the ADC. An additional analog gain 

stage is required in hardware to 
achieve higher effective resolution. 
With this new design approach, the 
combination of using the A-E ADC’s 
internal gain, the converter’s over-
sampling capability, software digital 
gain, and hardware analog gain, allows 
one to easily achieve an overall system 
gain as great as 1024 and resolutions 
up to 15 bits (Fig. 1). With this type of 
performance, industrial process-con¬ 
trol systems can take full advantage of 
A-E ADCs. 

How Is It Done? 
How does a A-E converter obtain 

its good dynamic range? The funda¬ 
mental design topology of the ADC is 
based on a single-bit quantizer with a 
digital filter. This is in contrast to the 
multi-bit architectures used in con¬ 
verters such as sub-ranging or succes¬ 
sive-approximation devices. 
A state-of-the-art A-E converter 

has an input programmable-gain am¬ 
plifier (PGA), a multi-order charge¬ 
balancing ADC (which replaces the 
single-bit quantizer), offset and full-
scale system calibration capability, 
and a programmable digital filter (Fig. 
2). These four functional blocks assim¬ 
ilate to allow for a high resolution con¬ 
verter that has more analog and digi¬ 
tal functions than ever before. In this 
manner, the A-E ADC has reduced the 
complexity of the analog input cir¬ 
cuitry as well as lightened the load for 
the microcontroller or microprocessor 

2. Block diagram of a generic high-performance A-E ADC. This type of modulator has an input 
programmable-gain amplifier that's followed by a multi-order charge-balancing section that 
performs the first step in low-frequency noise-reduction, and digitizes the signal ones and zeros. 
This stage is followed by a digital low-pass filter. 
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Hamamatsu Solid State Photo Diodes. 
Quality and performance that brings peace of mind. 

HAMAMATSU 
France +33-1 -69 53 71 00 • Germany +49-81 52-3750 
Spain +34-3 582 44 30 • Italy +39-2-935 81 733 
Sweden +46-8-703 29 50 • UK +44-181-367-3560 E-mail: usa@hamamatsu.com 

For technical literature or application assistance, call 
l-8(X)-524-0504. 
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ANALOG OUTLOOK TEMPERATURE MEASUREMENT 

on the digital side of the device. 
To understand the function of the 

multi-order charge-balancing ADC, a 
conceptual drawing of a first-order 
stage is shown in the insert (Fig. 2, 
again). Following the signal path 
around the digital servo loop, the volt¬ 
age at the analog input of the single¬ 
bit quantizer is differentiated against 
the output (X5) of the 1-bit digital-to-
analog converter (DAC). The differ¬ 
ence of analog input X! and the output 
of the 1-bit DAC results in an analog 
voltage at X2. X2 is integrated result¬ 
ing in a negative- or positive-sloping 
output with time (X3). 

The sign of the slope at the output 
of the integrator is dependent of the 
sign of the input signal at X2. When 
the voltage at X3 equals the compara¬ 
tor reference voltage, the output of 
the comparator changes from a 1 to a 0 

TABLE 2: TABULAR REPRESENTATION OF THE EFFECTS OF DATA SHIFTING USING A 
MICROCONTROLLER SHIFT-REGISTER ALGORITHM AND BURR-BROWN’S ADS1 21 2 ADC 

or a 0 to a 1, depending on the previous 
state. The digital output of the com¬ 
parator (X4) is clocked into the 1-bit 
DAC, as well as clocked into the digi¬ 
tal filter stage. At this time, the 1-bit 
DAC clocks its analog output voltage 
change to the difference amplifier. 
This creates a completely different 
output voltage at X2, causing the inte¬ 
grator to create a sloping output in the 
opposite direction. 
The output of the multi-order 

charge-balancing converter in is a 1-
bit digital stream. The series of ones 
and zeros at X4 is not only sent to the 
servo 1-bit DAC, but also to the digital 
filter stage. The digital filter of the A-
Z converter uses oversampling and 
averaging techniques, processing the 
signal to higher accuracy. Common 
digital filter blocks used in A-E con¬ 
version systems are either finite im¬ 

pulse response (FIR) or infinite im¬ 
pulse response (HR) types. The FIR 
digital filter is more stable than the 
HR filter and has a linear phase re¬ 
sponse. On the other hand, the HR 
digital filter has a sharper transition 
region allowing for a lower-order filter 
than the FIR filter would require for 
the same general filtering results. 
Usually the digital filter and decima¬ 
tion filter functions are combined, af¬ 
fecting the dynamic range and the out¬ 
put data rate collectively. 

Recalling the signal output of the 
charge-balancing converter in, the 
output at X4 is a series of digital ones 
and zeros (Fig. 2, again). The output 
state of the charge-balancing con¬ 
verter (a 1 or a 0) is clocked into the 
digital filter and stored in a FIFO reg¬ 
ister. The clock used at this point in the 
signal path is called the sampling 

Note: FS = full scale, PGA = the gain setting of the ADC, SWG = software gain. The system gain is the combined gain of the ADC and the software gain. The 
input range is determined by the ADC input range plus the effects of software gain. As the bits are shifted to the left, the MSB is “thrown away" reducing the 

full-scale range of the overall system. 

Gain 
System 
gain 

Input 
range 

Effective 
resolu¬ 
tion 

DB21 
(MSB)/ 
DB20 

DB19/ 
DB18 

DB17/ 
DB16 

DB15/ 
DB14 

DB13/ 
DB12 

DB11/ 
DB10 

DB9/ 
DB8 

DB7/ 
DB6 

DB5/ 
DB4 

DB3/ 
DB2 

DB1/ 
DBO 

PGA= 1 1 5V 20 2.5/1.25 0.625/ 
0.3125 

0.156/ 
0.078 

0.039/ 
0.0195 

0.009/ 
0.0048 

0.0024/ 
0.0012 

0.0006/ 
0.0003 

0.00015/ 
0.000076 0.000019 

0.000009/ 
4.8 X 
IO-6

X/X 

PGA = 2 2 2.5V 20 1.25/0.625 0.3125/ 
0.156 

0.078/ 
0.039 

0.0195/ 
0.009 

0.0048/ 
0.0024 

0.0012/ 
0.0006 

0.0003/ 
0.00015 

0.000076/ 
0.000038 

0.000019/ 
0.000009 

4.8 X 
10“6/ 
2.4 X 
10“6

X/X 

PGA= 4 
* 

1.25V 20 0.625/ 
0.3125 

0.156/ 
0.078 

0.039/ 
0.0195 

0.009/ 
0.0048 

0.0024/ 
0.0012 

0.0006/ 
0.0003 

0.00015/ 
0.000076 

0.000038/ 
0.000019 4.8 X 10“6

2.4 X 
IO"6/ 
1.2x 
10“6

X/X 

PGA = 4 
SWG = 2 

8 Equiva¬ 
lent FS = 
0.625V 

19 0.3125/ 
0.156 

0.078/ 
0.039 

0.0195/ 
0.009 

0.0048/ 
0.0024 

0.0012/ 
0.0006 

0.0003/ 
0.00015 

0.000076/ 
0.000038 

0.000019/ 
0.000009 

4.8 X 
10“6/ 

2.4 X 10-6

1.2x 
to^/x 

x/x 

PGA = 4 
SWG = 4 

16 Equiva¬ 
lent FS = 
0.3125V 

18 0.156/ 
0.078 

0.039/ 
0.0195 

0.009/ 
0.0048 

0.0024/ 
0.0012 

0.0006/ 
0.0003 

0.00015/ 
0.000076 

0.000038/ 
0.000019 

0.000009/ 
4.8 X 
10“6

2.4 X 
IO"6/ 

1.2 X 10“6

X/X x/x 

PGA = 4 
SWG = 8 

32 Equiva¬ 
lent FS = 
0.1562V 

— 
17 0.078/ 

0.039 
0.0195/ 
0.009 

0.0048/ 
0.0024 

0.0012/ 
0.0006 

0.0003/ 
0.00015 

0.000076/ 
0.000038 

0.000019/ 
0.000009 

4.8 X 
IO-6/ 
2.4 X 
IO“6

1.2 X 
lO^/X 

X/X x/x 

PGA = 4 
SWG = 

16 

64 Equiva¬ 
lent FS = 
0.078V 

16 0.039/ 
0.0195 

0.009/ 
0.0048 

0.0024/ 
0.0012 

0.0006/ 
0.0003 

0.00015/ 
0.000076 

0.000038/ 
0.000019 

0.000009/ 
4.8 X 
10“6

2.4 X 
10"6/ 
1.2x 
IO-6

X/X x/x x/x 

PGA = 4 
SWG = 
32 

128 Equiva¬ 
lent FS = 
0.039V 

15 0.0195/ 
0.0009 

0.0048/ 
0.0024 

0.0012/ 
0.0006 

0.0003/ 
0.00015 

0.000076/ 
0.000038 

0.000019/ 
0.000009 

4.8 X 
10-6/ 
2.4 X 
10"6

1.2x 
loAx 

x/x x/x x/x 

PGA = 4 
SWG = 

64 

256 Equiva¬ 
lent FS = 
0.0195V 

14 0.0009/ 
0.0048 

0.0024/ 
0.0012 

0.0006/ 
0.0003 

0.00015/ 
0.000076 

0.000038/ 
0.000019 

0.000009/ 
4.8 X 
10"4

2.4 X 
IO-6/ 
1.2x 
IO 4

x/x x/x x/x x/x 
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ANALOG OUTLOOK TEMPERATURE MEASUREMENT 

De input 

levels 

Full scale 

- 1-bitdata 

OV 

AA 
modulator 

1/2 full-scale input 

0 
1 
0 
1 
0 
1 
0 

Average 
= 0.5 

1-bitdata streams 

1/4 full-scale input 

1 “I 

0 Average 
0 =0 25 

0 _ 
1 
0 

0 
0 

3/4 full-scale input 

1 -

1 Average 
1 =0.75 
0_ 
1 
1 
1 
0 

3. The simplest digital filter is an averaging system in which the analog 

signal is clocked into the filter os a series of representative ones and 

zeros. This example illustrates a 4X averaging filter, where 4 digits are 

taken and averaged, giving on overall higher resolution than the 

original 1 -bit system. This filter provides a sin (x)/x transfer function 

that can be used to effectively eliminate line frequency. Although this 

filter increases resolution, it also requires more time than an FIR or HR 

digital filter. 

clock. The sampling clock is a 
derivative of the system 
clock, the PGA gain, the 
oversampling rate and the 
decimation ratio. In the case 
of the Burr-Brown ADS1212 
and ADS1213 ADCs, the 
oversampling rate, also 
known as the Turbo rate, is 
adjustable to 1, 2, 4, 8 or 16. 

Digital Filtering 
Both the digital filter and 

decimation filter, or combina¬ 
tion thereof, utilize arith¬ 
metic tools to reduce the sys¬ 
tem noise, consequently 
achieving a conversion 
process with a higher dy¬ 
namic range. This filtering 
action can be best understood 
by examining the most sim¬ 
plistic digital filter, the aver¬ 
aging filter (Fig. 3). 

With this filter topology, 
as with all filter topologies, a 
predetermined number of 
samples are required to compute the 
final value. The digital averaging filter 
waits an appropriate number of clock 
pulses for its FIFO register to fill with 
ones and zeros from the charge-bal¬ 
ancing converter stage (Fig. 3, again). 
Once the register is full, the ones and 
zeros are averaged to arrive at the 
computed output value which is pre¬ 
sented at the output of the ADC. 

To observe this operation, consider 
the three different de input levels. In 
this averaging digital filter, the FIFO 
register has four positions. If the input 
to the A-Z charge-balancing converter 
is approximately one-half full scale, 
the output of the charge-balancing 
converter would be a steady stream of 
alternating ones and zeros with a 50% 
duty cycle. Consequently, the FIFO 
register would be filled with an equal 
number of ones and zeros. Since the 
digital filter averages a predeter¬ 
mined four samples at a time, the av¬ 
erage of four binary numbers result¬ 
ing from a one-half full-scale-range 
input would be 0.5. If the de analog in¬ 
put is changed to one-quarter full 
scale, the resultant output of the 
charge-balancing converter would 
change to a string of the code 1000. 
This would result in an output value of 
0.25. It is useful to note that the origi¬ 
nal system was only capable of produc¬ 

ing either a one or a zero. By defini¬ 
tion, this system is a 1-bit digitizer. By 
collecting samples from this stream of 
ones and zeros at consistent time in¬ 
tervals and averaging by a factor of 
four, the 1-bit system is transformed 
to a 2-bit system. 

Four time samples of the 1-bit data 
at the output of the modulator are av¬ 
eraged; but in fact, any number of 
samples can be used in the calculation. 
As shown, the accuracy of the conver¬ 
sion process improves with the in¬ 
crease in the number of samples that 
are averaged. Unfortunately, there is 
a design trade-off for this particular 
digital filter. More samples mean 
higher dynamic range, but also in¬ 
creased conversion time. The conver¬ 
sion time of the simple averaging digi¬ 
tal filter can be decreased with 
alternative approaches like a rolling 
average filter or a variety of more so¬ 
phisticated filters. 

Oversampling in conjunc¬ 
tion with digital filtering is a 
technique used to reduce the 
quantization noise level in the 
system. From an analog de¬ 
signer’s perspective, this 
could be translated as in¬ 
creased system gain. Conse¬ 
quently, analog circuit com¬ 
plexity is simplified because 
of a reduction of analog gain, 
possibly resulting in the elim¬ 
ination of a gain stage. 
To illustrate this point, a 12-

bit ADC with a full-scale 
range of 1 V is used. The LSB 
size of this converter would 
be 244 mV. The system LSB 
size can be reduced 4X by im¬ 
plementing an external ana¬ 
log gain of 4 V/V. In this case, 
the system would be able to 
resolve to an LSB size of 61 
mV. In digitizing systems, the 
signal-to-noise ratio (SNR) is 
improved with increased 
oversampling. 

The conversion process will have a 
theoretical 6-dB or 1-bit improvement 
in the SNR for an oversampling factor 
of 4. If the oversampling of the system 
is increased 16X, it would be equiva¬ 
lent to applying a gain of four, in that 
the LSB size has changed from 244 
mV to 61 mV. 
A user of Burr-Brown’s A-E ADCs 

can select the desired oversampling 
ratio (or Turbo mode, as specified by 
Burr-Brown). For example, if a device 
such as the ADS1212 is configured in a 
Turbo mode 1 (oversampling = 1), the 
charge-balancing converter oversam¬ 
ples at 20 kHz allowing the ADS1212 
to achieve 20 effective bits at 10 Hz. In 
contrast, a TYirbo mode 2 configuration 
oversamples at 40 kHz. The effective 
resolution with respect to frequency is 
shown (Table 1). 

In the table, a combination of TUrbo 
mode (or oversampling multiple) and 
decimation ratio is changed resulting 

TABLE 3: TEMPERATURE COEFFICIENTS OF 
VARIOUS THERMOCOUPLE TYPES 

ISA Type Metals used for wires 

Temperature coefficient 

(pV/°C at 0” C) 

E Chromel/constantan 58.5 

J Iron/constantan 50.2 

K Chromel/alumel 39.4 

T Copper/constantan 38.0 
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ANALOG OUTLOOK TEMPERATURE MEASUREMENT 

4. The input stoge of the Burr-Brown ADS1 21 2/1 213 A-X ADC uses a switched-capacitor topology(C|ond 

C^ C3 and C4) to sample the signal as well as perform the gain function. 

in a change in the data rate and the ef¬ 
fective bits at the output of the A-E 
converter, the ADS1212. As the 
Turbo mode increases, the effective 
bits resolution also increases. As the 
decimation ratio is decreased, the 
sample rate increases. The ADS1212 
is configured with a gain setting of 
one and a 1-MHz clock. 

Signal Gain On-Chip 
With the A-E converter, oversam¬ 

pling is used effectively to improve the 
dynamic range or reduce the quantiza¬ 
tion noise levels of the conversion 
process. To further enhance the effec¬ 
tive resolution of the converter, the 
converter is configured with a differ¬ 
ential input and a PGA stage. User -
selectable PGA gains of 1, 2, 4, 8, or 16 
are possible. 

The circuit implementation of the 
PGA stage is shown, where the inputs 
are differential, followed by a 
switched-capacitor amplifier (Fig. 4). 
A combination of oversampling and 
capacitor gain is used to achieve the 
specified gains. The input signal to the 
PGA stage of the converter is clocked 
onto the front-end capacitors (Cl and 
C2) on the rising edge of the sampling 
clock. The charge that’s stored on 
these capacitors is then transferred to 
the second pair of capacitors C3 and 

C4) on the falling edge of the sam¬ 
pling clock. If the PGA gain is one, 
the first signal is sent forward from 
the second pair of capacitors to the 
modulator at the time of the next ris¬ 
ing clock edge. Additionally, the input 
signal is sampled a second time and 
that charge is stored on the first pair 
of capacitors (Cl and C2). 

For PGA gains greater than 

one—like a gain of two—the 
second rising clock edge does 
not transmit the signal from 
the second capacitor pair to the 
modulator section. The second 
pair of capacitors (C3 and C4) 
retain the original charge from 
the first sample and adds it to 
the charge from the second 
sampled input. In this manner 
the charge on the second pair 
of capacitors is approximately 
doubled. As the gain of the 
PGA stage is increased to 2, 4, 
8, or 16, more time is required 
to fully sample the input. 
A functional diagram of the 

complete A-E ADC is shown 
(Fig. 5). The input to this con¬ 
verter rejects common-mode 
voltages to 160 dB because of 
its differential inputs. The accu-
racy/resolution capability are 
enhanced with the programma¬ 
ble system offset calibration, as 
well as, the full-scale range cali¬ 
bration capacity with the on-

chip microcontroller. A A-E converter, 
such as the ADS1212 or ADS1213, are 
precision, wide-dynamic-range, 22-bit, 
devices operating from a single +5-V 
supply. The ADS1212 is a single-chan¬ 
nel ADC and the ADS1213 is a 4-chan-
nel multiplexed version of the 
ADS1212. These products offer 3-wire 
serial interface capability, a command 
structure, and a register set that allows 

Analog Analog Reference Reference 
ground Vqq out in Vbjas X¡n X0U| 

5. The full representation of a A-E ADC is shown above. Not only does this circuit digitize the 

input signal with a combination of noise-shaping and noise-reduction techniques, it also relieves 

the microcontroller of some overhead tasks such as offset and full-scale calibration. 
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ANALOG OUTLOOK TEMPERATURE MEASUREMENT 

interfacing to all of the popular micro¬ 
processors. In addition, the differential 
inputs are useful when a direct connec¬ 
tion to transducers is required. 

Software-Added Gain 
Initially, the converter should be 

optimized using the internal PGA gain 
and oversampling features of the 
ADC. Subsequent increases in gain 
are performed by shifting the data 
within the registers of the microcon¬ 
troller or microprocessor. Software 
data shifting changes the relative 
weighting of the data bit while keep¬ 
ing the dynamic range of the con¬ 
verter constant. In this manner, the 
relative weighting of the data bit is de¬ 
creased, or in terms of gain, there’s an 
increase in signal gain. 

The concept of software data shift¬ 
ing is shown (Table 2). The first four 
rows of information in the table illus¬ 
trate the effects of changing the inter¬ 
nal PGA gain of the converter. F or ex¬ 
ample, a PGA gain of 2 will provide a 
system gain of 2 with an input range of 
2.5 V. The converter shown in the 
table has 22-bits of actual output, but 
its effective RMS accuracy is 20 bits 
with a 10-Hz bandwidth. The effective 
LSB size, with the converter set to a 
gain of 2, is 2.4 mV. To further enhance 
the LSB size, a gain of 4 can be se¬ 
lected. In this case, the effective LSB 
size is 1.2 mV. 
A further gain of two can be imple¬ 

mented with software shifting. Each 
shift to the left provides additional 
gain of 2X. For instance, a software 
gain of 16 is equivalent to shifting the 
bit registers by four positions. Note 

A-Z convertershave 
significantly improved 
the achievable resolu¬ 
tion and accuracy of 
ADCs while also low¬ 

ering the overall 
system price. 

that the value of the LSB size has not 
changed, but has changed positions in 
the output word from the DB2 posi¬ 
tion to the DB6 position in the byte. 

Although this technique is effec¬ 
tive, it does not increase the dynamic 
range of the converter. In contrast, 
the software gaining technique is a 
low-cost approach to enhancing the 
gain of the system, at the expense of 
increased microcontroller overhead 
time. 

Front-End Analog Gain 
The A-Z converter has the ability to 

enhance the accuracy of the signal con¬ 
version by means of its internal PGA 
gain and digital filter stages. In the 
event that the optimum combination 
of the two internal stages of the con¬ 
verter cannot provide the required 
system LSB size, other methods like 
an external input gain stage using an 
instrumentation amplifier can be used. 

For example, an optimum configu¬ 
ration for the ADS1212 with a data 

rate of 10 Hz would be a Turbo (over¬ 
sampling-rate) setting of 4 and a PGA 
gain setting of 4. F or a 10-Hz data rate 
and zero input, the effective output 
RMS noise level of the ADS1212 
would be about 0.975 mV RMS (typi¬ 
cally). In a system where the thermo¬ 
couple is connected directly to the con¬ 
verter’s inputs, one LSB for a K-type 
thermocouple, which has a delta out¬ 
put range of 50 mV for a temperature 
delta of 1250°C, would equal about 
6.094 m°C. The effective resolution for 
this system would be 21.3 bits RMS. 
This is not a practical solution, how¬ 
ever, since the K-type thermocouple 
output range of 50mV (maximum) 
would never achieve the converter’s 
full-scale input range of 2 V. 

Using an external instrumentation 
amplifier, like the Burr-Brown 
INA128, as an analog gain stage 
changes the effective full-scale and dy¬ 
namic range of the overall system 
(Fig. 1, again). The instrumentation 
amplifier is followed by the A-Z con¬ 
verter and, finally, the microcontroller. 
With the converter properly config¬ 
ured for optimum internal analog gain 
and digital filtering, the overall circuit 
achieves the best SNR performance. 

Sensing devices, such as thermo¬ 
couples, RTDs, and strain gauges re¬ 
spond to physical or mechanical occur¬ 
rences. These occurrences are 
converted to voltages or currents that 
are conditioned in the electronics of 
the process-control system. 

The sensitivity of these tempera¬ 
ture sensors or strain gauges varies, 
depending on their construction. For 
example, the thermocouple is an inex-
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pensive way to sense large tempera¬ 
ture changes in the ranges of 0 to 
1700°C. Two dissimilar metals are con¬ 
nected together to construct a ther¬ 
mocouple. An E MF voltage is created 
as a result of the temperature differ¬ 
ence from one end of the metals to the 
other. The sensitivity of four different 
thermocouples is shown (Table 3). 
The temperature-sensing system 

previously illustrated uses a K-type 
thermocouple whose sensitivity is 
39.44 pV/°C at 0°C and typically oper¬ 
ates over 0 to 1250°C (Fig. 1, again). 
The delta output voltage response of 
the thermocouple for 0 to 1250°C 
would be about 50 mV. 

In this circuit, the 2.5-V voltage ref¬ 
erence of the converter biases the 
diode and also sets the common-mode 
voltage of the inputs and the output 
stage reference of the instrumentation 
amplifier. The optimal full-scale 
INA128 output swing of 2.25 to 4.25V 
is achievable with the common mode 
of the thermocouple inputs biased to 
2.25 V (implemented with resistor 
R3). The INA128 output swing re¬ 
strictions dictate that the gain of the 
instrumentation amplifier is 40 V/V. 
The 1N4148 diode has drift character¬ 
istics of -2 mV/°C. It is physically lo¬ 
cated on the isothermal block along 
with wire junctions of Alumel/copper 
(135.9 pV/°C at 0°C) and Chromel/cop-
per (96.5mV/°C at 0°C). This offsets 
the undesirable temperature effects of 
these wire junctions. A voltage di¬ 
vider across the diode (RI and R2) is 
used to subtract the errors generated 
by the two junctions of Alumel/copper 
and Chromel/copper. 

The optimum configuration for the 
ADS1212 with a data rate of 10 Hz 
would be a Turbo (oversampling rate) 
setting of 4 and a PGA gain setting of 
4. For a 10-Hz data rate and zero in¬ 
put, the effective output RMS noise 
level of the ADS1212 would be about 
0.975 pV RMS. This is approximately 
21-bit accuracy with a full-scale input 
range of 2 V. For a full-scale input of 50 
mV, which is the voltage range that 
the thermocouple is capable of produc¬ 
ing from 0 to 1250°C, the effective res¬ 
olution of that input range is a little 
better than 15-bit accurate. 

With the INA128 in the circuit con¬ 
figured for a gain of 40, the output 
noise of the instrumentation amplifier 
is: (see equation 1 listing). 

The effective LSB size at the ther¬ 
mocouple is about 6.3 nV RMS. This is 
calculated with the following formula: 
(see equation 2 listing). 

In the system where the INA128 
is placed in the signal path, one LSB 
for a K-type thermocouple would 
equal about 0.157p°C. Note that this 
is almost a 40X improvement over 
the system with the A-E converter 
alone. The ideal effective resolution 
of this entire system is approxi¬ 
mately 23 bits RMS to a full-scale in¬ 
put range of 50 mV. Since the con¬ 
verter is capable of only 21-bit 
accuracy, it limits the effective reso¬ 
lution of the system to 21 bits with a 
full-scale range of 50 mV. 

In general, a combination of PGA 
and oversampling of the A-E ADC 
should be implemented as a first-pass 
attempt to improve system resolution 
of the circuit. If additional accuracy or 
resolution is required, external analog 
gain is a viable option.The finishing 
touches of the signal conditioning is 
performed by the microcontroller, 
where software gain or bit shifting is 
used. Using these three techniques or 
any combination is an effective way of 
tackling the challenging design prob¬ 
lems when dealings with sensor mea¬ 
surements. 

Suggested Reading: 

• 1996 Burr-Brown Corp. Seminar 
Manual, Chapter 1, LI -1,1,7, Burr-
Brown Corp. 
• “Delta Sigma A/D Conversion Tech¬ 
nique Overview,” AN-10, Crystal 
Semiconductor, Corp. 
• “Programming Tricks for Higher 
Conversion Speeds Utilizing Delta 
Sigma Converters,” AB-106, Bonnie 
C. Baker. 
• “Giving A-E Converters a Little 
Gain Boost with a Front End Analog 
Gain Stage,” AB-107, Bonnie C. Baker. 

Bonnie Baker is Senior Applica¬ 
tions Engineer, Data Products Div., at 
Burr-Brown. She holds an MSEE 
from the University of Arizona, Tuc¬ 
son. 
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ANALOG OUTLOOK 

Low-Offset And Low-Power 
Universal Op Amps Arrive 

PRODUCT INNOVATION 

A Pair Of Wide-Bandwidth, Low-Power Op Amps 
Offer Designers Basic Building Blocks That Can 
Play Many Roles In Analog Ch' Mixed Systems. 

Frank Goodenough 

For analog designers, 1997 can be classified as the “Year of the Op 
Amp.” It all started at the Interna¬ 

tional Solid State Circuits Conference 
(ISSCC) this past February with a 
number of papers that described some 
very innovative op amps. Many of 
these devices, however, are still in the 
development stage, and will not be ap¬ 
pearing anytime soon on distributors’ 
shelves. On the other hand, a few am¬ 
plifiers have reached the so-called 
merchant market-packing specifica¬ 
tions that may be broad enough to 
qualify them for the title of universal 
op amp in years to come. 
One of these op amps, Motorola’s 

MC33502, has already seen the mer¬ 
chant market light-of-day (Elec¬ 
tronic Design, Feb. 17, p. 87). Now, 
two more ISSCC ‘97 op amps are 
headed for widespread availability. 
From Texas Instruments (TI) comes 
the TLC4501/02 (single/dual) family, 
potentially the ultimate universal pre¬ 
cision op amp for systems powered by 
the ac line. It offers self-calibration at 
power-up, which cuts the maximum 
offset voltage of some models to less 
than 50 p V. 
A trio of general-purpose, low 

power amplifiers from Maxim also are 
included in the op amp class of ‘97. The 
MAX4162, and its dual and quad sib¬ 
lings, the MAX4163 and MAX4164, 
also rate universal status for their 
ability to handle a wide range of differ¬ 
ent applications. They offer 200 kHz of 
bandwidth at a maximum quiescent 
current of a mere 35 pA from a single 
5-V rail. Moreover, they couple an 
open loop gain of 90 dB with a rail-to-
rail I/O swing. 
A third IC op amp, a power op amp 

from Burr-Brown that sports rail-to-
rail I/O and is rated at 70 V and 3 A, also 

is headed for the merchant market (see 
"Power Op Amps Sport Rail-to-Rail 
I/O Control Up To 3 A At 70 V,”p. 150). 

Both the TLC4501/02 and the 
MAX4162/3/4) are in the mold of uni¬ 
versal devices of yesteryear, the OP-
07 and the 324. The OP-07 was noted 
for handling precision tasks, while the 
324 was known for its general-purpose 
and low-power abilities. 
The digital self-calibrating 

TLC4501 may be the ultimate preci¬ 
sion IC op amp because its forebear¬ 
ers, the chopper stabilized IC op amp 
and the analog auto-zero IC op amp, 
never really caught on. That may have 
been due to the continuous noise from 
the chopper, the advent of very-low 
offset voltage op amps such as the OP-
07, or the even-lower offset voltage op 
amps that followed it. On the other 
hand, their high cost may have done 
them in. The TI amplifiers offer much 
better noise performance than the 
older devices. For example, peak-to-
peak input noise from 0.1 to 10 Hz is 
less than 1.5 pV (typical). 

Op Amp, Heal Thyself 
In the simplest of terms, self-cali-

bration in the TLC4501 and its kin oc¬ 
curs during the first 300 ms after 
power is applied (Fig. 1 ). At power-up, 
both op amp input pins are switched to 
ground and the negative feedback loop 
is opened. During the 300 ms self-cali¬ 
bration period, a successive approxi¬ 
mation (SAR) analog-to-digital con¬ 
verter (ADC) inside the TLC4501 
measures the offset voltage and stores 
it in a register. 
When conversion and storage are 

complete, the op amp inputs are recon¬ 
nected and the digital word in the 
SAR register representing the offset 
voltage is applied to the CAL-DAC 

(Calibration digital-to-analog con¬ 
verter. It’s also the DAC in the SAR 
ADC.). The CAL-DAC’s output cur¬ 
rent is applied to the op amps input via 
the current mirror formed by FETs 
M30/M31 (Fig. 1, again). The self-cali¬ 
bration circuit bucks out the offset to 
less than 100 pV worst case (offset for 
some family members runs under 40 
pV). Moreover, the offset after calibra¬ 
tion is repeatable to within 3 pV fol¬ 
lowing successive calibrations. The 
circuit handles offsets up to 5 mV. 
When a calibration (cal) is complete, 

most of the calcircuitry drops out of 
the normal signal path through the op 
amp so that the cal operation and cir¬ 
cuits do not interfere with op amp op¬ 
eration or performance. 

Generally, a cal is performed only at 
power up, but a “cal-on-command” is 
available and could be required if the 
system’s initial conditions change with 
time or temperature. However, a cal re¬ 
quires removing power from the op 
amp for over 300 ms, not a happy 
thought in most systems. To eliminate 
the need for cal-on-command, the basic 
design is optimized for superior de 
characteristics. As a result, offset volt¬ 
age drift vs. temperature is less than 1 
pV/°C, while bias current runs 1 pA, 
CMRR (Common-Mode Rejection Ra¬ 
tio) is specified at better than 90 dB, 
open-loop gain typically comes in at 
better than 120 dB, and PSRR (Power-
Supply Rejection Ratio) runs 90 dB. 

Since the precision data acquisition 
systems for which this op amp is aimed 
often see a wide range of de common¬ 
mode voltages, a CMRR at de on the 
order of 120 dB is often necessary. 

While they run off 5-V rails, these 
self-calibrating op amps also offer vir¬ 
tually rail-to-rail output characteris¬ 
tics, swinging their output within 100 
mV of either rail. Moreover, they can 
drive loads of less than 1000 Í2 and 
maximum output current runs 50 mA. 
For short-circuit protection, output 
current cuts off if the load draws +60 
mA or -70 mA for more than 1 ps. 

Other TLC4501/02 specifications 
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ANALOG OUTLOOK MICROPOWER OP AMPS 

VDD 

H lcaH l 
M10 M20 

TLC4502 

CAL 

M11 

CAL 

CAL DAC 

Test mode 

LOGIC oscillator 

Low-pass 

filter 

suiting it for universal precision appli¬ 
cations include good ac specifications. 
For example, unlike many precision 
op amps, it easily handles high fre¬ 
quency sine waves. Unity gain band¬ 
width approaches 5 MHz, full-power 
bandwidth is rated 1 MHz, and at 10 
kHz, THD (total harmonic distortion) 
driving 1000 Q with 2.5 V, runs less 
than 0.08%%. It also handles high¬ 
speed pulses. Slew rate is specified at 
a minimum of 1.5 V/ps, and the output 
settles to 0.01% of final value in 2.2 ps. 

The TLC4501/02 are not microp¬ 
ower op amps like the Maxim family of 
devices, but they’re not power hogs, 
either. A single op amp typically re¬ 
quires just 1.5 mA from a 5-V supply. 

CAL 

— CLOCK 

Read/write 

Digitally-Compatible CMOS 
The TLC4501/02 amplifiers are 

built on a 1-pm digital CMOS process. 
They use no bipolar transistors or 
JFEIh (Fig. 1, again). They represent 

M13 output node into a high imped¬ 
ance state during cal. The full-scale 
output current from the CAL DAC 
runs about 10% of the input FET ‘s 
“tail” current. It modulates the cur¬ 
rent in each input FET to adjust the 
offset. As noted earlier, during cal, the 
op amp is completely removed from 
the signal path. The output transistors 
(M10 and Mil) are cut from the power 
rails leaving the output floating while 
the small replica FEIh (M20 and M21) 
provide the op amps’ output signal to 
the CAL circuit. Compensation capac¬ 
itors Cel, Cc2, and Cc3 are no longer 
required because the feedback loop is 
open. The op amp runs open loop and 
acts as the ADC’s comparator. 
An on-chip RC oscillator (bottom of 

figure) runs the SAR algorithm dur¬ 
ing cal. As the offset voltage ap¬ 
proaches zero, the op amp enters its 
linear operating range. Due to the cir¬ 
cuit’s high gain and wide bandwidth, 

—o Output 

To CAL 

circuit 

a general purpose precision op amp 
that can be incorporated in a mixed-
signal “system-on-a-chip.” Alterna¬ 
tively, both the technology and the ar¬ 
chitecture lend themselves to a 
custom system-oriented design that 
can correct for system offsets, and/or 
cal-on-command. 

To achieve high performance, TI’s 
IC design team chose a three-stage 
topology with two gain stages fol¬ 
lowed by the rail-to-rail complemen¬ 
tary common source class AB output 
stage (Fig. 1, again). To maximize 
CMRR, the input MOSFET pair, Ml 
and M2, are cascoded by MOSFETs 
M5 and M6. The extra FET input pah; 
M3 and M4 bypass the 2nd amplifier 
stage at high frequencies to improve 
closed-loop stability. This typical ana¬ 
log circuit-design “trick” mandates 
matching the transconductance of Ml 
and M2 with that of M3 and M4. 
MOSFET switches the M12 and 

1. An on-chip SAR-ADC performs self calibration in the TLC4502 op amp at power up. It measures the IC's offset voltage, stores it digitally in a 

register and when calibration is complete, applies it to the CAL DAC the output of which nulls the input offset voltage via current mirror M30/M31. 

CAL — 

CAL/TEST — 

(Mode) 

CAL, 
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high-frequency noise may 
drive the output from rail-to-
rail, potentially limiting the 
accuracy of the offset, nulling 
operation. To eliminate this 
problem, the IC’s designers 
inserted a low-pass filter, fol¬ 
lowed by a Schmitt trigger, 
between the op amp’s output 
and the SAR. 

Micropower R-R I/O 
Most op amps today per¬ 

form tasks that a few years 
ago would have been done by 
an amplifier built with a cou¬ 
ple of discrete transistors. 
Now, it’s easier, quicker, 
and—from a system point of 
view—cheaper to just buy an 
op amp, drop it in, and forget 
about any circuit design. And 
most applications require 
just a few dB, or at most tens 

swings to within 30 mV of the plus rail 
and to within 18 mV of the minus rail. 

Operating conditions for the previ¬ 
ous specifications and those that fol¬ 
low occur while running off a 3-V rail 
with a 10-kQ load connected to 1.5 V. 
Typically, while putting out 1.4 mA, 
the output can still swing to within 150 
mV of the plus rail and closer than 250 
mV to the minus rail. Maximum out¬ 
put (short-circuit current) runs 15 mA. 

The op amp’s designer did not sac¬ 
rifice basic op amp specifications to 
achieve wide-bandwidth, and rail-to-
rail I/O coupled with single-supply 
micropower operation. That is, it’s a 
“real” op amp. Typical offset voltage 
is rated at less than 1 mV, offset tem¬ 
perature coefficient is less than 2 
pV/°C, and open loop gain is better 
than 100 dB. 

uses n-type transistors (npns 
or n-channel FETs). The n-
type devices handle input sig¬ 
nals more positive than the 
plus rail, the p-type devices 
take on signals more negative 
than the minus rail. 

All of these op amps per¬ 
form their basic task of pro¬ 
viding a rail-to-rail input. 
However, most early ampli¬ 
fiers suffered from severe 
crossover distortion around 
zero. That is, as operation 
shifted between p- and n-type 
devices, offset voltage often 
changed significantly at the 
shift point. Newer rail-to-rail 
input op amps call for trim¬ 
ming the offsets of both input 
stages closely to zero to beat 
the problem (an expensive 
process). In a more recent at¬ 
tack on the problem, the de¬ 

signer substituted an n-channel deple¬ 
tion-mode FET for the p-channel 
FET, thus demanding a nonstandard 
CMOS process. 

The designer of the MAX4162 fam¬ 
ily took a different tack. He kept a con¬ 
ventional differential input stage but 
added a pair of charge pumps (Q 
pumps) that produce VB+ and VB-
(Fig. 2). The regulated output of the 
two charge pumps raise the supply 
voltages for the input stage, the 
folded-cascode second stage and the 
gate-drive voltage for the output (3rd) 
stage, approximately 2 V above and 
below the signal-referenced supply 
rails, V+ and V- which tie to the op 
amp’s pins. 

That is, if operating from a single 3-
V supply, the plus and minus supply 
rails for the op amp’s first two stages 
sit at +5 V and-2 V, respectively. In ad¬ 
dition, the gate drive (gate-to-source 
voltage) for the plus and minus output 
stages can be greater than their drain-
to-source voltage. 

If a designer is familiar with charge 
pumps, it’s the obvious way to provide 
an op amp with rail-to-rail input speci¬ 
fications. But it’s not easy to put Q-
pumps on a chip with an op amp. It has 
been tried before, albeit unsuccess¬ 
fully, because the noise developed by 
the pumps when they switch the input 
supply rails can become a major prob¬ 
lem. In these op amps, the switching 
noise appears on the boosted supply 

Pumping Charge 
Over the past few years, a number of 

analog IC op amp designers have taken 
on the challenge of coming up with a de¬ 
vice whose input could swing beyond 
both rails. Early attempts were in bipo¬ 
lar processes, and more recently—as 
high-performance CMOS op amps be¬ 
came popular—in CMOS. To achieve 
rail-to-rail inputs, IC designers, using 
both processes, created two relatively 
conventional long-tailed pair (differen¬ 
tial) input stages operating in parallel. 
One stage uses p-type transistors 
(pnps or p-channel FETs) the other 

2. A pair of charge pumps (Q pumps) in the MAX41 62 provide the op 

amp with rail-to-rail input specifications by boosting the plus and minus 

supply rails (V+ and V-) by approximately 2 V. 

of dB, of gain at frequencies between 
de and a few tens of kilohertz. 

In the days of split-V supply rails, 
the 741 and the 324 could easily drive 
1000-Í2 loads with a few volts (peak-to-
peak). Today, as supply rails drop in 
both voltage and quantity (no more 
split supplies), and low-power 
portable systems abound, designers 
demand single-supply, micropower, 
general-purpose op amps that offer 
rail-to-rail input and output while dri¬ 
ving a practical load. And the Maxim 
MAX4162 op amp family handles 
those applications well. 

These devices offer the analog sys¬ 
tem designer, who must beg for every 
pA of supply current, a device for 
many general-purpose op amp appli¬ 
cations. For example, while aimed at 
portable systems, a few of these op 
amps could drop into a line powered 
system, upgrading it (or fixing a mis¬ 
take) without demanding a review of 
the power budget. Not only do they of¬ 
fer a unity-gain bandwidth of200 kHz, 
but they provide this bandwidth at a 
maximum quiescent current of just 35 
pA from a single 5-V rail. 
As if that were not enough, these op 

amps offer rail-to-rail input and output 
from either a single 2.7- to 10-V rail or 
a split supply (1.35 V to 5 V). That is, 
the specification calls for a CMRR of 
76 dB for input voltages from 0.25 V 
below the minus rail to 0.25 V above 
the plus rail. The output typically 
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rails, but only 100 g V of it rides on the 
op amp’s output. 
The op amp’s 200 kHz unity-gain-

bandwidth also helps eliminate that 
noise problem. That’s because the 
noise typically runs between 500 and 
700 kHz, well beyond the op amp’s 
bandwidth. Moreover, it’s coherent, so 
it can be filtered from a signal simply 
by adding a capacitor in parallel with 
the feedback resistor. 

The noise also is output-related and 
does not change with closed-loop op 
amp gain. A low-pass filter between 
the output of each pump and each 
boosted supply rail helps keep the 
noise on the op amp’s output below 100 
p V. Most op amps boasting of rail-to-
rail outputs employ gain in the third 
(output) stage, taking the output from 
the common collectors or drains of 
complementary output transistors. 
Such op amps with three gain stages 
are more difficult to compensate. In¬ 
stead, the Q-pumps contribute to the 
op amp’s rail-to-rail output perfor¬ 
mance. As noted earlier, they increase 
the gate-drive voltage of the common¬ 
source connected, output-stage MOS¬ 
FETs, thus turning them on harder 
with smaller signals. 

Price And Availability 
Heeding its broad general application, as 

well as its aim at portable applications, 
Maxim's MAX4162 has been crammed into a 
tiny 5-pin SOT-23-5 and also into the more 
common SO-8 package. It operates over the 
“extended" industrial temperature range of ■ 
40 to +85°C. It runs with as much as 10 V be¬ 
tween its supply pins. In quantities of1000, 
pricing starts at $0. 75 each. In similar quanti¬ 
ties, the dual MAX4163 goes for $1.20 each, 
while its quad sibling the MAX4164 goes for 
$2.10 each (that’s less than 53 cents per op 
amp). Small quantities are available from 
stock. 

Maxim Integrated Products, 120 San 
Gabriel Dr., Sunnyvale, Calif., (408) 737-7600. 

The dual version of Texas Instruments 
self-calibrating op amp the TLC45O2 comes in 
the common 8-pin SOIC. In quantities of 
1000, the C version, which offers a maximum 
offset voltage of 100 mV and operates over the 
commercial temperature range, goes for $1.18 
each. Small quantities of the single, dual, and 
quad versions are available from stock. 

Texas Instruments Inc. Semiconductor 
Group, SC-96061, Literature Response Cen¬ 
ter, P.O. Box 172228, Denver, CO 80217; (800) 
4 77-8924, ext. 4500. CIRCLE 55 1 
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ANALOG OUTLOOK 
PRODUCT INNOVATION 

Power Op Amps Sport Rail-to-Rail 
I/O Control Up To 3 A At 70 V 
General-Purpose Power ICs Handle 0.5 A 
And 3 A, Driving 22 £2 And 136 £2 While 
Operating From A Single 70-V Supply. 

Frank Goodenough 

When most system designers 
think power ICs, they think 
switching devices such as sim¬ 

ple MOSFETh with self-protection fea¬ 
tures, high-voltage MOSFET drivers 
(virtually all of which sport on-chip self¬ 
protection), pulse-width-modulated 
(PWM) motor drivers, complete PWM 
switching regulators, or even linear-
voltage regulators such as the low-
dropout (LDO) regulator. However, 
there is another kind of linear-power IC, 
the power op amp. And a pair of op amps 
from Burr-Brown, the OPA547 and 
OPA548, are truly power ICs (Fig. 1). 

However, most power op amps lack 
features that users of many small-sig¬ 
nal op amps today take for granted. But 
Burr-Brown’s ÖPA547 and OPA5481 
offer three such features: 

• Single-supply operation. These 
ICs operate with the positive supply 

rail anywhere between 8 V and 70 V, if 
the negative supply rail is at 0 V. 

• Rail-to-rail input. The input com-
mom-mode voltage can swing from 
100 mV below the negative rail to 
within 3 V of the positive rail and still 
perform in a linear mode while provid¬ 
ing a common-mode rejection ratio 
(CMRR)of80dB. 

• Rail-to-rail output. While continu¬ 
ously putting out 3 A, the OPA548’s 
output can swing from 3.5 V above the 
negative rail to 3.7 V below the positive 
rail. While continuously putting out 500 
mA, its lower-power sibling, the 
OPA547, can swing its output from 1.6 
V above the negative rail to 2.2 V below 
the positive rail. 

Both the OPA547 and OPA548 also 
offer the system designer two fea¬ 
tures not found in most power op 
amps: A programmable current limit, 

1. The two power transistors in the Burr-Brown OPA547 op amp (large blocks) each consist of 

120 individual BJTs, each with an emitter ballast resistor. 

and a shutdown pin that also indicates 
the status of the on-chip thermal shut¬ 
down circuit. 

Aimed at applications ranging from 
low-power, programmable power sup¬ 
plies and servo-motor drivers to audio 
amplifiers, these are real op amps. Nei¬ 
ther de nor ac specifications have been 
sacrificed to achieve operation from a 
single-supply rail and provide rail-to-
rail I/O. For example, while operating 
from split ±35-V supply rails, both op 
amps sport a maximum offset voltage 
of ±5 mV that varies just ±25 pV/°C, 
and a typical voltage noise of 90 
nV/^Hz. While driving 10 Q with 60 V 
p-p, the 3-A OPA548 features a typical 
open-loop gain of 90 dB, a typical gain¬ 
bandwidth product of 1 MHz at a gain 
of 1, a slew rate of 10 V/ps, typical full¬ 
power bandwidth of 54 kHz, and total 
harmonic distortion (THD) at 1 kHz of 
0.05%. Its 500-mA sibling, the OPA547, 
offers similar or better performance. 
While the continuous current rating of 
the OPA548 runs 3 A, the chip handles 
peak output currents of 5 A. The 500-
mA OPA547 handles peaks of 750 mA. 
As noted above, conventional split¬ 

supply operation also is possible. But it 
need not split at 35 V, because both op 
amps operate with as little as 8 V be¬ 
tween the supply pins. The positive rail 
could be set at 65 V and the negative 
rail at -5 V, or vice-versa. Alternatively, 
the devices can still run in a digital sys¬ 
tem if powered from a 3.3-V logic rail 
and a negative ECL rail. 

Quiescent current draw under no 
load conditions is not a critical issue. 
Still, it’s less than ±12 mA maximum 
and that typically drops to 4 mA during 
thermal shutdown. 

Fancy Features 
Both the OPA547 and OPA548 offer 

the system designer several features 
not found on all power op amps. These 
include a DAC/resistor programmable 
current limit and a shutdown (or out-
put-enable) pin that also displays the 
status of the on-chip automatic thermal 
shutdown circuit. The automatic ther-



ANALOG OUTLOOK POWER OP AMPS 

2. The Burr-Brown OPA547 op amp sports user-programmable current limits which can be set digitally by connecting a voltage or current DAC to 

the current-limit-set pin. The status of the thermal shutdown circuit is another feature available to users. 

mal shutodwn circuit is mandatory to¬ 
day on power ICs of all flavors. (Fig. 2). 

Connecting a voltage or current 
DAC (or a resistor tied to the negative 
rail) to either chip’s current-limit-set 
pin lets the user program the current 
limit digitally with a DAC (referenced 
to the negative rail). Alternatively, the 
user sets a fixed current with a resistor 
connected to the negative rail. Tables 
on the data sheets define the resistor 
value, or the DAC current or voltage, 
for a wide range of currents between 0 
and currents above each chip’s rated 
current. Leaving the pin open cuts the 
current off at zero. Connecting it to the 
negative rail sets the OPA547 current 
at 750 mA and the OPA548 current at 5 
A, limiting their peak currents. 

The 31.6 kQ resistor located between 
the current-limit-set pin and the I-limit-
set voltage reference is trimmed to pro¬ 
vide those maximum current limits 
(Fig. 2, again). The positive and nega¬ 
tive I-limit-set circuit blocks cut off the 
chive to the npn output stages when the 
current limit is reached. 

During normal operation, the dual¬ 

function Status/Output-Enable pin 
normally sits at least 2.4 V above the 
negative rail. It can be left open or 
pulled to that voltage. Pulling the pin 
low (to at least 800 mV above the nega¬ 
tive rail) disables the output in under 10 
ps. The thermal shutdown circuit goes 
into operation when the die tempera¬ 
ture hits approximately 160°C. It re¬ 
sets when the die has cooled to 140°C. 
The voltage on the status pin drops to 
800 mV above the negative rail when 
the thermal shutdown signal kicks in. 
Note that all voltages on the 
Status/Output-Enable pin are refer¬ 
enced to the negative rail. If these op 
amps are running off a single positive 
supply (with the negative rail con¬ 
nected to 0 V), their logic voltages are 
compatible with most of today’s logic. 
However if the op amps are running off 
split or negative supplies, the negative 
rail may be -70 V. In that case, special 
circuits (provided on the data sheet) 
will be required to interface with any 
conventional logic (optical isolators 
may be the simplest way). 

The op amps are built on a 70-V bipo¬ 

lar process that allows vertical npn and 
lateral pnp transistors, as well as p-
channel JFETs. The OPA547 and 
OPA548 differ chiefly in the size of their 
output transistors. The OPA547’s out¬ 
put transistors take up a little less than 
half the die while those in the OPA548 
take up about 70% of its die. Each of the 
npn output transistors in the OPA547 
consists of an array of 120 individual 
transistors, each with its own emitter¬ 
ballast resistor (Fig. 1 again). 

Price And Availability 
The OPA54 7 and OPA548 come in the stag¬ 

gered-lead, 7-pin, TO-220 package and the 7-
lead DDPAKfor surface mounting. Their 
specifications hold over the extended indus¬ 
trial temperature range and they can operate 
over the military temperature range. In quan¬ 
tities of 1OOO, the OPA547S go for $4-09 each. In 
similar quantities, the OPA548s are priced at 
$545 each. 

Burr-Brown Corp., P.O.Box II4OO, Tuc¬ 
son, AZ 85734; (800) 548-6132. CIRCLE 534 

How Valuable Circle 
Highly 535 
Moderately 536 
Slightly 537 
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C74A (XO) V79A (VCXO) TV72A (TCVCXO) 

Web Address 
Direct-To-Product: 

www.bliley.com/c74a.htm 

Logic: 
“0” level .5 V maximum 
“1” level 2.4 V minimum 

0.520" X 0.520" X 0.235" 
all maximum dimensions 

Output: 
TTL/CMOS 
(can drive either) 

Features 
•Small size, low cost Stratum IV 
Frequency Stability 

•Voltage Controlled Crystal 
Oscillator for Phase Lock 
Applications 

•Custom Design Available 

Specifications 
Oscillator Type: 

Voltage Controlled 
Crystal Oscillator 

Frequency' Range: 
500 kHz to 50 MHz 

Output: 
CMOS/TTL compatible 
(can drive either) 

Temp. Stability: 
±30 ppm maximum 
over -10’ C to +70" C 

Aging: 
10 ppm maximum for 10 years 

Voltage Control: 
±50 ppm typical or 
±150 ppm typical 
(to be specified) 
Vc Range +0.5 volts to +4.5 volts 
Positive Slope 

Vc Linearity: 
<10% 

Power Supply: 
+5.0 Vdc ±5% 30 mA maximum 

Case Size: 
0.820" X 0.520" X 0.200" 
all maximum dimensions 

Web Address Direct-To-Product: 
www.bliley.com/v79a.htm 

Temp. Stability: 
±30 ppm maximum 
over -40' C to +85’ C 

Storage Temperature: 
-55'C to +125'C 

Features 
•Small Size 
•Stratum III Frequency Stability 
•Temperature Compensated 
Voltage Controlled Crystal 
Oscillator for Phase Lock 
Applications 

•Custom Design Available 

Specifications 
Oscillator Type: 

Temperature Compensated 
Voltage Controlled 
Crystal Oscillator 

Frequency Range: 
8.192 to 24.00 MHz 

Output: 
TTL (1-2 gate drive capability) 

Temp. Stability: 
±0.37 ppm maximum over 
O' C to +70' C to include Power 
Supply changes 

Aging: 
2.5 ppm maximum for 10 years 

Voltage Control: 
±10 ppm minimum 
±15 ppm maximum 
Vc Range +0 volts to +4.0 volts 
Positive Slope 
10% linearity maximum 

Power Supply: 
+5.0 Vdc ±5% 13 mA maximum 

Case Size: 
0.990" X 0.915" X 0.500" 
all maximum dimensions 

Web Address DirectTo-Product: 
www.bliley.com/tv72a.htm 

Specifications 
Oscillator Type: 

Crystal Clock Oscillator 

Frequency Range: 
500 kHz to 45 MHz 

Aging: 
10 ppm maximum for 10 years 

Power Supply: 
+3 0 Vdc and +5.0 Vdc 
Specify either +3.0 Vdc or 
+5.0 Vdc 

Symmetry: 
50% ±10% 

Our Broad Range of Oscillator Capabilities 
Continues To Demonstrate the Breadth Of 

Our In-House Standard 

The Bliley standard of dynamic, single-source capability is a tradition of consistency 
- in performance, specifications, reliability and engineering service. Visit our world-wide website for 

an interactive review of Bliley crystal oscillators and quartz crystals. 

BLILEY ELECTRIC COMPANY -
2545 West Grandview Boulevard, P.O. Box 3428 Erie, PA 16508-0428 

Tel.: (814) 838-3571 Fax; (814) 833-2712 E-Mail: info@bliley.com Web Address: http://www.bliley.com 

READER SERVICE 101 



Software Technology 

RAJIV DEODHAR, Intel Corporation, 5(MX) West Chandler Blvd., Chandler, AZ 85226, MS CH6-418, (602) 554-3929 

Exploring the world of operating systems, programming languages, and software tools 

COMPILER OPTIMIZATION TECHNIQUES 

bridge from host to target invisible. A 
seamless connection between host and 
target boosts productivity more than 
a slick environment on the host. Code 
compiled and linked on the host should 
be conveniently downloaded to the 
target. The host-side debugger should 
be able to readily examine and modify 
code and data using symbolic notation. 

Compilers for embedded develop¬ 
ment are based on the same technol¬ 
ogy as desktop and workstation envi¬ 
ronments. However, they are required 
to provide better access to the hard¬ 
ware. The following nine compiler fea¬ 
tures are common: 

• Robust support for writing in-line 
assembler within high-level language 

Today’s high-quality optimizing 
compilers have made assembler 
language programming necessary 

only to access special processor in¬ 
structions. Compiler technology con¬ 
tinues to advance, bringing with it ad¬ 
vantages for embedded-software 
applications for mainstream proces¬ 
sors that will be brought to market in 
the near term. 
A complete software development 

environment consists of a compiler, as¬ 
sembler, linker and debugger, object¬ 
module display tools, debug informa¬ 
tion stripper, source editor and 
browser, “make” or other project man¬ 
agement facility, and object-code li¬ 
braries. Desktop environments such 
as those from Microsoft or Borland are 
tightly integrated. They feature a rich, 
interactive, fully integrated set of de¬ 
velopment tools, all accessed from a 
single graphical user interface. Tem¬ 
plates for standard functions are of¬ 
fered. The editor is language-aware, 
and guides the user into the most ap¬ 
propriate context for editing his or her 
program. 
The user interfaces of environ¬ 

ments used for embedded develop¬ 
ment still lag their desktop counter¬ 
parts, but they do offer support for a 
wider variety of execution environ¬ 
ments. Embedded development is al¬ 
most always cross-compilation. The 
compilation system runs on a host sys¬ 
tem, and the program being developed 
is intended to run on an embedded 
CPU in a custom execution environ¬ 
ment. The challenge is to make the 

Embedded Applications Are Driving The Evolution Of Optimizing Compilers 
That Speed Up Software Development And Simplify Code Debugging. 

Optimizing Compiler Technology 
Streamlines Complex Systems 

Optimization Local 

Function¬ 
level File-level 

Program¬ 

wide 
Profile-
driven 

Peephole optimization / _ 1 
Tail-call elimination 

Memory-access coalescing / 

Constant folding and 
propagation 

✓ 

Common subexpression 

elimination 
/ / 

Strength reduction / / 

Loop-invariant code motion / ✓ / 
'nstruction scheduling / / 

Dead/unreachable code 

elimination 
/ y / / 

Register allocation / / / ✓ / 
Parameter passing in 

registers 
✓ ✓ ✓ / 

Branch optimizations / 

Variable live-track separation ✓ 

Global variable migration to 

registers 
/ / 

Loop unrolling / / 
Function inlining / ✓ / / 
Superblock formation / 
Basic block rearrangement / 
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SOFTWARE TECHNOLOGY E M B EDDED COMPILERS 

functions for performance-critical 
code or providing access to specialized 
hardware. 

• Correct implementation of the 
volatile keyword in the presence of 
compiler optimizations so that hard¬ 
ware registers may be accessed and 
modified reliably. 

• The ability to create position-in-
dependent code when a mem¬ 
ory-management unit is un¬ 
available. 

• Support for thread-spe¬ 
cific or task-specific data sec¬ 
tions to enable creation of 
reentrant programs. 

• Facilities for burning 
code into ROM. 

• Direct support in the 
compiler for writing inter¬ 
rupt routines. 

• Well-defined Application 
Binary Interfaces and object 
module format standards to 
allow interoperability of de¬ 
velopment tools from inde¬ 
pendent vendors. 

• The ability to interface 
with real-time operating sys¬ 
tems. 

• The ability to customize 
structure layouts and align¬ 
ments of data objects. 

There are many categories 
of programming languages: 
functional languages de¬ 
signed for symbol manipula¬ 
tion, interpretive languages 
such as awk and perl, lan¬ 
guages designed for set manipulation, 
parallel programming languages, and 
so on. C and C++ are likely to domi¬ 
nate embedded software development 
for the foreseeable future. Java has 
just appeared on the horizon. It 
promises many of the benefits of C++, 
and is vastly simpler. There is tremen¬ 
dous appeal in creating a universally 
executable program using Java. How¬ 
ever, it is uncertain if Java’s operating 
environment is viable. The perfor¬ 
mance hit from interpretation and the 
additional development and debug¬ 
ging issues raised by adding an inter¬ 
preter to the mix make it hard to pre¬ 
dict the final acceptance of Java. 

Optimization Expectations 
An application designer may be 

more concerned with either speed or 
memory space. Unfortunately, opti¬ 

mizing for one usually penalizes the 
other. This tradeoff is particularly true 
for RISC processors. Most compilers 
offer switches for selecting code space 
or run time as the overriding consider¬ 
ation during optimization. 

Application run-time performance 
is usually the chief concern of the de¬ 
signer, but sometimes, particularly in 

cost-sensitive embedded applica¬ 
tions, speed may have to be traded 
for memory. Frequently, using less 
memory simply means avoiding opti¬ 
mizations that offer speed ups, but in¬ 
crease code size. 
An extreme example of code space 

reduction is offered by some compila¬ 
tion systems that generate com¬ 
pressed machine code. The program¬ 
mer designates which functions in his 
program are not time critical (such as 
error-handling functions), and the 
compiler or linker compresses the ma¬ 
chine code generated for the functions. 
The compiler generates special code 
for calling compressed functions. In¬ 
stead of transferring control to a com¬ 
pressed function, an intermediate rou¬ 
tine is called. The routine expands the 
code of the function (possibly on the 
stack), before jumping into the code to 

execute it. Naturally this is slow, but 
the expectation is that such functions 
are rarely executed. 

Most designers are willing to trade 
some memory space for enhanced per¬ 
formance. As the size of the source¬ 
code window examined by the com¬ 
piler is expanded, optimizations 
improve because the compiler can 

make more informed deci¬ 
sions. Unfortunately, compile 
time and memory require¬ 
ments make it impractical to 
always examine the largest 
possible window. As the 
source code window expands, 
compiler algorithms take 
ever longer to run, in the 
worst case, taking exponen¬ 
tially as much time as the size 
of the window. File bound¬ 
aries form another barrier. 
When a compiler begins look¬ 
ing across source files to gen¬ 
erate code, dependencies be¬ 
tween source files are 
introduced. A change in one 
file may require recompila¬ 
tion of other files. 
An added dimension comes 

from introducing run-time 
profile information into the 
optimization process. The 
compiler may tailor its opti¬ 
mizations based on a run¬ 
time profile. 

Compiler Optimizations 
Constant Folding and Propa¬ 

gation—Programmers rarely write 
expressions containing only constants, 
but constant expressions arise from 
the use of symbolic constants. Con¬ 
stant folding occurs when the compiler 
recognizes expressions with constant 
operands and performs the computa¬ 
tion at compile time. Constant propa¬ 
gation takes known constant values of 
variables and substitutes them into 
later references to the variables. The 
two techniques feed on each other. 
Folding can lead to recognition of vari¬ 
ables with constant values, and propa¬ 
gation can yield more folding opportu¬ 
nities. 
Common Subexpression Elimina¬ 

tion—This optimization recognizes 
and eliminates repeated occurrences 
of the same computation. After a re¬ 
sult has been computed it is saved in a 
register (if available) or memory, and 

1. In a basic block-rearrangement scheme, code block C is executed far 

fewer times than blocks A, B, and D (a). If the compiler has profile 

information on the relative usage of each block, it can move a seldom-

executed block of code so that it is not in the sequence with 

frequently-executed blocks (b). The cluster of frequently-executed 

instructions can then run more efficiently. 
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Lack of Board Space 
Bugging You??? 

NEW SOT-23 Tiny Package Amps from 
the High Performance Amplifier Leader 

Footprints about one-fourth of the 
board space compared to the SO-8 

SOT-23 SO-8 

EL2150C 125 MHz 
5 mA, Single Supply Amp 

• +3V to ±6V Operation 
• Input/Output - Common 
Mode to Ground 

• $2.29 in 1,000 units 

EL2170C 70 MHz 
1 mA, Current Mode Amp 

• +3V to ±6V Operation 
• 100 mA Output Current 
• $1.90 in 1,000 units 

EL2180C 250 MHz 
3 mA, Current Mode Amp 

• +3V to ±6V Operation 
• 1200 V/ps Slew Rate 
• $1.99 in 1,000 units 

Attention Designers! 
E-mail us with your e-mail address so that we can 
keep you apprised of the most recent product info, 
and we’ll send you our new 1997 Data Book. 

Contact factory to find out about other amplifiers that will be available in the SOT-23 package 

élantec 
HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 

Elantec’s full amplifier product line is available in our 1997 Data Book, 
1997 Short Form Selection Guide, or call our literature hot line at 1 -(8OO)-882-2109. 
faxback service: l-(8OO)-328-21 13, e-mail: info@elantec.com, 
and our world wide web site: http://www.elantec.com - For samples/technical 
questions: l-(888)-ELANTEC. 

ELANTEC SEMICONDUCTOR, INC. ■ 675 Trade Zone Blvd. ■ Milpitas, CA 95035 ■ (408)945-1323 ■ (800)333 6314 ■ FAX (408) 945 9305 
European Sales: 44 171 -482 4596 ■ FAX 44-171 267 1026 

Distributed by: Marshall Industries ■ Insight Electronics ■ Nu Horizons ■ Gerber Electronics ■ Zeus/Arrow 

READER SERVICE 111 
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SOFTWARE TECHNOLOGY EMBEDDED COMPILERS 

reused when needed later. Most pro¬ 
grammers avoid common subexpres¬ 
sions, but they can arise from behind-
the-scenes code generation for array 
or structure member references. 

Loop-invariant Code Motion—In 
this technique the compiler systemati¬ 
cally examines every loop in the pro¬ 
gram and moves sub-expressions that 
do not change inside the loop to a point 
outside the loop where they are com¬ 
puted only once. 

Strength Reduction—Strength re¬ 
duction seeks to replace expensive op¬ 
erations with cheaper ones. For in¬ 
stance, a multiply or divide by a power 
of two may be converted to shift-left 
or shift-right. Array indexing within a 
loop may be replaced by a pointer that 
is incremented with each loop iteration. 

Function Inlining—Function in¬ 
lining is the process of replacing the 
body of a function at its point of call. 
An immediate saving occurs by elimi¬ 
nating the call-return overhead. Fur¬ 
ther speed improvement is obtained 
from elimination of unnecessary 
checks as described in dead code re¬ 
moval, below. A more subtle, but mea¬ 
surable speed up is derived from im¬ 
proved use of the instruction cache. 
Dead Code Removal—This opti¬ 

mization removes code that cannot be 
reached or performs no useful compu¬ 
tation. Dead code may occur from 
maintenance performed on the pro¬ 
gram. It also may be caused by opti¬ 
mizations such as function inlining 
coupled with constant propagation. 
F or example, a function may check a 

parameter value and perform one of 
several possible actions. At some point 
the function may be called with a con¬ 
stant parameter value. If the function 
is inlined, the constant parameter 
flows into the function body and allows 
the compiler to strip away all code ex¬ 
cept that which handles the case se¬ 
lected by the constant value. 

Instruction Scheduling—For su¬ 
perscalar processors or even proces¬ 
sors with queued-memory accesses, 
rearranging instructions to maxi¬ 
mize parallelism speeds up program 
execution. 

Register Allocation—Holding val¬ 
ues in registers is faster than reading 
and writing values from memory. Effi¬ 
cient allocation of available machine 
registers is an important compiler op¬ 
timization. A programmer coding in 
assembler language can manage ma¬ 
chine registers quite effectively up to 
a certain code size and complexity. Be¬ 
yond that, a compiler is better 
equipped to optimize scarce register 
resources. 

Peephole Optimization—This opti¬ 
mization consists of minor touch-ups 
to the code within a two or three-in¬ 
struction window. For instance, two 
adjacent instructions may be com¬ 
bined into a single, more complex in¬ 
struction. Separate compare and 
branch instructions can be merged 
into a single compare-and-branch in¬ 
struction. 

Processor-specific Optimizations— 
As the name implies, these are specific 
to a particular processor, and may 

range from simple peephole optimiza¬ 
tions to specialized instructions to per¬ 
form complex operations. For in¬ 
stance, using a block-move instruction 
to replace a call to “memcpy.” 

Loop Unrolling—1This technique 
reduces the cost of setting up a loop 
relative to performing useful work 
within it. By replicating the body of 
the loop multiple times, the number of 
iterations of the loop is reduced, low¬ 
ering the number of instructions 
wasted in managing the loop itself. 
A summary of optimization tech¬ 

niques categorized by the source code 
examined is given in the table. Some 
optimizations are feasible only when 
profile information is available. Others 
are improved by profile information. 

Performance Profiling 
The ability to profile application 

programs is included in most compila¬ 
tion systems. Profiling is either statis¬ 
tical or precise. Statistical profiling is 
less intrusive, but the information is 
approximate. Precise profiling is in¬ 
trusive, but yields better information. 

Statistical profiling uses a periodic 
timer interrupt. The code space of the 
program is divided into equal sized 
buckets with a counter associated 
with each bucket. At each timer tick 
the program counter value is used to 
select the associated bucket and its 
counter is incremented. Running the 
program for a sufficient length of time 
produces a statistical program profile. 
The data is typically displayed as a his¬ 
togram of source function versus time. 

2. In superblock formation, the compiler replicates certain blocks and trades an increase in code size for 

larger blocks of code that can be optimized more effectively. Since block C executes fewer times than 

block B (a), the compiler moves C out of the loop in a series of steps. A new block, D', is cloned from 

block D (b). And from D', an new empty block, H, is created that permits C to be moved out and a 

superblock to optimize the sequence of instructions (c). 

This profile is useful in identi¬ 
fying hot spots in the program 
for hand-tuning. However, 
since the hierarchy of function 
calls is not captured, a low-
level utility routine may show 
up as heavily executed, with no 
indication of which higher-
level routine is causing the fre¬ 
quent execution. 
Some compilation systems 

offer a compiler-code genera¬ 
tion option that generates ex¬ 
tra code to collect execution 
counts. A simple approach 
places code to increment a 
counter in each basic block. 
More sophisticated compilers 
select a strategic subset of ba¬ 
sic blocks from which complete 
and precise execution counts of 
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Engineering Bulletin 
New Product and Applications Information for Design Engineers 

Enhance Product Performance 
Reduce System Bottlenecks 
• 5MHz SPI 
• Fastest SPI Ó4K 

Secure System Data 
• Block Lock - Segmented Data Blocks 
• Programmable Hardware Write Protection 
• In Circuit Programmable ROM Mode 

Reduce Board Space 
Requirements 
• Small Thin 
TSSOP Packaging 

Prolong Battery Life 
• <lpA Standby Current 
• 1,8V to 5.5V Power Supply 

Xicor, Block Lock Protection and Serialflash Memory ore registered trademarks of Xicor, Inc. 

World Wide Web: http://www.xicor.com 
Corporate Headquarters: Phone (408) 432-8888, Fax (408) 432-0640, Attn: Marketing Literature Dept. 

For further information on these protiucts. please use the publication 's reader service number or contact one of the nearest sales offices listed below. 
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all basic blocks may be derived. In ei¬ 
ther case, this approach is intrusive in 
that both the code and data size of the 
program increase. However, the pro¬ 
file collected is precise. The execution 
counts of each source statement are 
precisely known for that run. The pro¬ 
file information may be used in several 
ways: it can assist the programmer in 
identifying which parts of the pro¬ 
gram to hand-tune, it can yield test 
coverage information, or it can be au¬ 
tomatically fed back to the compiler to 
guide its optimizations. Functions or 
blocks that are never executed be¬ 
come immediate candidates for being 
exercised through new tests. 
A variation on precise profiling is 

user-instrumented profiling. The com¬ 
piler does not insert any probes on its 
own. It requires the user to insert 
probes at points in the program that 
are of interest. The program is exe¬ 
cuted as usual and each hit of a probe 
is counted. At completion, the execu¬ 
tion counts of the probes may be corre¬ 
lated with the source code of the pro¬ 
gram and displayed. This method 
highlights user-selected aspects of 
program execution. 

The most effective use of profile in¬ 
formation is automatic compiler opti¬ 
mization based on the profile. In this 
technique, the compiler reads a run¬ 
time profile of the source code being 
compiled and makes code optimization 
decisions based on that profile. The ef¬ 
fectiveness of this type of optimization 
has long been recognized in academia, 
but industry adoption has been slow 
for a number of reasons. Recently, 
however, most of the barriers to using 
profile-driven optimization have been 
removed. 

Although simple in concept, profile-
driven optimization presents substan¬ 
tial management issues that have 
made it difficult for users to adopt: 

• Two compilation steps are 
needed—the instrumentation step 
and the recompilation step. Users are 
required to ensure that their sources 
do not change between these steps. 

• There are two sets of object files 
to manage—instrumented objects and 
recompiled objects. In a traditional 
makefile environment this is possible 
only with manual and error-prone 
shuffling of object files. 

• A change in even a single source 

file renders a profile useless since 
there is such a tight correlation be¬ 
tween the instrumentation counters 
and the source code. 

• Incremental profiling, or collect¬ 
ing a profile of a subset of the source 
files at a time, is not supported. 

Recently, production compilation 
systems have appeared that solve all 
of these problems. The solution has 
been to redesign the user interface to 
support automated object-module 
management and source-file depen¬ 
dency analysis, and to store the pro¬ 
files in a more flexible format. 

The development of a sophisticated 
object-module management system 
with integrated source code depen¬ 
dency checking, was a breakthrough 
in simplifying profile-driven compiler 
optimization. A Program Database, 
implemented as a directory on a host 
file system, stores multiple versions of 
object modules derived from a single 
source module. Source modules may 
be compiled with profile instrumenta¬ 
tion code, may be built with debug 
code, or may be optimized using a pro¬ 
file. All object modules reside within 
the Program Database, and the com¬ 
piler and linker switches used in a spe¬ 
cific build determine which version of 
object module for a particular source 
module is linked into the final image. 
The management of object modules is 
done by the compiler and is invisible to 
the user. 

Dependency analysis is automati¬ 
cally performed by the system. For in¬ 
stance, if a source module has changed 
then the module is recompiled before 
it is linked into the program. However, 
if there are effects of the changed 
source on other source modules, then 
those modules also are recompiled be¬ 
fore being linked into the program. 
Only those recompilations are per¬ 
formed that are required by interfile 
dependencies. 

Since multiple versions of object 
modules are stored in the Program 
Database, it is always possible to find a 
reusable object module, even though 
the last build of that module used dif¬ 
ferent compiler switches. For in¬ 
stance, substitutions can be used to al¬ 
ternate between debug and optimized 
program versions, with both versions 
of the object modules transparently 
stored and retrieved from the Pro¬ 

gram Database. Few or no compila¬ 
tions might actually be issued to ob¬ 
tain a requested program version, de¬ 
pending on the source changes made 
to the program. 

Allowing profiles to be reused after 
small program changes was another 
significant improvement in the usabil¬ 
ity of profile-driven compilation. With 
this capability profiling may be incor¬ 
porated into the test and debug cycle, 
or even the development cycle, with¬ 
out requiring that profile-driven com¬ 
pilation be preceded by a profile-gath¬ 
ering step. This feature is based on the 
concept of a stretched profile, wherein 
an existing profile is extrapolated to 
fit a slightly changed source program. 
Naturally, the more extensive the 
changes to the source, the less accu¬ 
rate the stretched profile. Incremen¬ 
tal profiling also is supported. If mem¬ 
ory is so tight that a program cannot 
be profiled all at once, a full profile can 
be obtained by collecting profiles for 
disjoint program pieces, and then 
merging the partial profiles. 
Some of the performance benefits 

of automatic profile feedback can be il¬ 
lustrated with two optimization exam¬ 
ples that are only feasible with run¬ 
time knowledge of the program. 

Basic Block Rearrangement— 
Matching the execution sequence of 
basic blocks (in time) with their tex¬ 
tual sequence in the object program 
(in space) improves instruction cache 
utilization (Fig. la). The example illus¬ 
trates the rearrangement of an if-
then-else statement in which the then 
part is executed much more fre¬ 
quently than the else part. The if con¬ 
dition is represented by block A. The 
then and else parts are blocks B and C, 
respectively. Block D represents the 
statements after the if-then-else state¬ 
ment. The numbers within the blocks 
indicate execution counts (true/false 
counts in the case of the if statement). 
The run-time profile indicates that 
block B is executed 99 times, while 
block C is executed only once. Nor¬ 
mally, a compiler would lay the blocks 
down in the order A, B, C, and D. 
However, with profile information at 
hand, a better order is A, B, D, and C 
(Fig. lb). The rarely executed code in 
block C is moved out of the way. 
Blocks A, B, and D form a cluster of in¬ 
structions that is frequently executed. 

Superblock Formation—A su-
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perblock is a single-entry multiple¬ 
exit sequence of instructions. Su¬ 
perblock formation is a process of se¬ 
lective code replication to form larger 
and larger blocks that can be very ef¬ 
fectively optimized. For example, the 
loop formed by basic blocks A, B, C, 
and D consists of an if-then-else state¬ 
ment. At run time the then part (block 
B) is executed 100 times out of 105. 
The compiler moves block C out of the 
loop in successive steps (Fig. 2a). 
Then, block D is cloned to create D’ 
(Fig. 2b). Next, a new empty block, H, 
is created. D’ transfers to H, which 
falls through to A (Fig. Sc). The struc¬ 
ture now consists of two nested loops. 
Loop A, B, and D is nested within loop 
H, A, B, D, C, and D’. Finally, blocks A, 
B, and D are merged into a single su¬ 
perblock that may be optimized with¬ 
out interference from block C. 

Debugging Aids 
An important consideration when 

evaluating a compilation system is de¬ 
bugging support. Regrettably, as the 
code is more aggressively optimized it 
becomes more obscure and harder to 
debug. The ability to debug optimized 
code is very useful in reducing time-
to-market of production software. 
There are two main schools of thought 
when it comes to debugging optimized 
code—truthful behavior and expected 
behavior. 

In providing expected behavior, 
the compilation system is determined 
to present the user with a view of the 
program that is based exactly on the 
source code as written. No recourse is 
needed to the generated code. The 
user may examine and modify vari¬ 
ables, set breakpoints at source state¬ 
ments, and step through the program 
just as though it had been naively 
compiled to maintain a one-to-one re¬ 
lationship between source code and 
object code. As one might imagine, 
maintaining this illusion becomes 
harder as optimizations increase, 
variables migrate between registers 
and memory, and code is rearranged 
and deleted. Many solutions for mod¬ 
eling common compiler optimizations 
are available, and this is an area of ac¬ 
tive academic research. However, 
providing expected behavior is not al¬ 
ways possible. 

Truthful behavior is the other ex¬ 
treme. It takes a pragmatic approach, 

involving the user in the optimizations 
performed, forcing him or her to de¬ 
bug the program as it appears in the 
generated code. This approach is eas¬ 
ier to implement, but not very user-
friendly. The debugger may often sup¬ 
press information when it cannot 
guarantee its correctness. 
The best approach combines the 

expected behavior with truthful be¬ 
havior. As long as possible, expected 
behavior is provided. When informa¬ 
tion is lacking or an operation re¬ 
quested by the user cannot be per¬ 
formed, the debugger falls back to 
truthful behavior. With newer object¬ 
module formats such as IEEE-695 
and ELF/DWARF, considerable flex¬ 
ibility is available to the compiler to 
represent the mapping between 
source and object code. A usable de-

As processor architec¬ 
ture departs from the 

traditional scalar model, 
the burden on the 
compiler increases. 

bugging environment may be pro¬ 
vided in the presence of extensive 
compiler optimization. 

The DWARF debugging informa¬ 
tion format specification is rich enough 
to meet the needs of source-level de¬ 
bugging of all major programming lan¬ 
guages. Two important issues are ad¬ 
dressed by DWARF: the mapping 
between program variables and their 
machine representations, and the 
mapping between source statements 
and the machine instructions that im¬ 
plement the statements. 

To adequately capture the location 
of a variable through its lifetime, 
DWARF has location expressions and 
location lists. Location expressions al¬ 
low a variable’s location to be deter¬ 
mined in a language-independent 
manner even if complex addressing 
mechanisms are used. Location lists 
allow a variable to move back and 
forth from memory to register(s), yet 
provide the debugger with precise in¬ 
formation about the location of the 

variable at any point in the program. 
To deal with compiler optimizations 

that add, delete or duplicate code, 
DWARF has the ability to express a 
many-to-many relationship between 
source statements and machine in¬ 
structions. Thus, if a function is inlined 
at multiple sites, setting a breakpoint 
at a line in that function may be han¬ 
dled by the debugger by setting 
breakpoints within each instance of 
the inlined function. DWARF also can 
deal with optimizations that produce 
shared code (e.g. common subexpres¬ 
sion elimination) and optimizations 
that eliminate code altogether. 

Future Trends 
Some of the newer processor archi¬ 

tectures such as digital-signal proces¬ 
sors (DSPs), present a challenge to C 
and C++ compiler writers. C and C++ 
were designed for conventional 
processors. Their expressions and 
control structures map easily on to the 
processor’s instruction set. In fact, di¬ 
rect access to the hardware was one of 
the goals of the designers of C. As 
processor architecture departs from 
the traditional scalar model, the bur¬ 
den on the compiler increases. At the 
next level of complexity, superscalar 
processors require that the compiler 
keep separate issue paths busy. More 
specialized architectures such as 
DSPs cause compilers significant 
problems. 

Most DSPs are single-instruction¬ 
multiple-data processors, that is, a sin¬ 
gle instruction has the capability of op¬ 
erating on multiple pieces of data in 
parallel. To exploit these architectures 
while compiling standard C or C++ 
programs requires that the compiler 
extract parallelism in the program. 
This function is difficult, and most 
DSP algorithms tend to be coded in as¬ 
sembler language. Very-long-instruc-
tion-word (VLIW) processors, as well 
as multiprocessors exacerbate this 
problem. This is an area of active acad¬ 
emic research. 

Compiler optimization technology 
will continue to evolve with processor 
architecture. In the past, processor 
designs were undertaken without 
much consideration for the compiler. 
Large areas of silicon were underused 
because designers neglected to take 
compilers into consideration. How¬ 
ever, compiler and processor interde-
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It’s Truel 
Analog Simulation Really Works... 

...when you have the right software tools. With ICAP/4, 
The Virtual Circuit Design Lab, you can simulate the toughest 
System, IC, and Board-level designs with the greatest of ease. 

You said you would do more simulation if 
the tools were easier to use. Well here 
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pendence is increasing. Early RISC 
architectures placed a considerable 
burden on the compiler to exploit the 
performance potential of the proces¬ 
sors. The newer VLIW-style architec¬ 
tures make compiler awareness im¬ 
perative if the processor is to be 
utilized to its capacity. 

The embedded area has tradition¬ 
ally lagged the desktop by several 
years. In the past, retired or unsuc¬ 
cessful desktop processors have found 
their way into embedded applications. 
This environment is quickly changing. 
The processing demands of embedded 
applications are accelerating. Main¬ 
stream desktop CPUs will find their 
way into high-performance embedded 
applications ever sooner. As a conse¬ 
quence, desktop development envi¬ 
ronments will be used in the embed¬ 
ded arena, as well. 

The rich, graphical user interfaces 
that we have come to expect on the 
desktop will be taken for granted in 
the embedded arena. Tighter integra¬ 
tion between host and target tools will 
shorten the software development cy¬ 
cle. Debugging of optimized code also 
is going to be increasingly important. 
Software developers will demand the 
ability to optimize their code, yet not 
give up debugging capabilities. To 
shorten software development cycles, 
compiler optimizations will be enabled 
from the start. Performance demands 
will result in whole-program and pro¬ 
file-driven compiler optimizations en¬ 
tering the mainstream. Overall, in¬ 
creasing performance and usability 
demands placed by software develop¬ 
ers as well as continued evolution of 
processor architecture make this an 
active area both for research and for 
deployment of commercial software 
development environments. 

Rajiv Deodhar manages compiler 
development at Intel for i960 proces¬ 
sors. He has developed assemblers, 
linkers, editors and compilers for 
over fifteen years, the last seven at In¬ 
tel. He received his BSEE, and his 
Master's in Computer Science, both 
from the Indian Institute of Technol¬ 
ogy, Bombay. 

How Valuable Circle 
Highly 542 
Moderately 543 
Slightly 544 
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CASE Tool Automatically Generates Code From Graphical Designs 

Anew CASE tool uses a newly de¬ 
veloped standard notation to de¬ 
sign and analyze object-oriented 

software, visually animate execution 
behavior, and automatically generate 
code from designs. Dubbed Rhapsody 
by iLogix, the tool keeps the activity 
of developing code at the higher de¬ 
sign level for as far into the project as 
possible. This addresses the classic 
conflict between the need to take time 
to plan a design and the rush to start 
manually writing code. Given the size 
and complexity of today’s 32-bit em¬ 
bedded designs, iLogix maintains that 
the only way to achieve reasonable 
schedules is to concentrate activity on 
higher-level design. 

Rhapsody uses the Unified Modeling 
Language (UML), which was recently 
submitted to the Object Management 
Group (Framingham, Mass.) as a pro¬ 
posal on standard object models and no¬ 
tation. UML is a synthesis of three pop¬ 
ular- design and notation methodologies: 

The Jacobson Use Case method, the 
Object Modeling Technique (OMT), and 
the Booch notation. These have evolved 
in UML into, respectively, message se¬ 
quence charts, object model diagrams, 
and state charts. Message sequence 
charts describe interactions between 
objects and their environment, such as 
external events, time-outs, and the ac¬ 
tions of other objects. Scripts that de¬ 
scribe the use case being modeled can 
be added to a notation column on the se¬ 
quence chart. 

Object model diagrams are static di¬ 
agrams that describe the elements and 
relationships that comprise the struc¬ 
ture of the system. In an object-ori¬ 
ented scenario, they show class inheri¬ 
tance. State charts model complex 
event-driven behavior. Tools for ex¬ 
pressing behavior, including states, his¬ 
torical properties, transitions, and com¬ 
pound transitional connectors, are 
available from a tool bar. State charts 
are hierarchical to show greater levels 

of detail of state machines within larger 
objects. Once created, state charts can 
be animated to validate the behavioral 
model before code is generated. The 
UML also includes a management¬ 
level browser view of the system which 
appears as a directory tree showing the 
relationship between all of the ele¬ 
ments in the code. The browser allows 
viewing, partitioning, and modification 
of the entire object model. 
UML models can be used to auto¬ 

matically generate production C++ 
source code. Code generation can pro¬ 
duce complete executables or specific 
files such as source, libraries, or make 
files. Code generation also can be cus¬ 
tomized to meet the needs of embedded 
and real-time systems. Rhapsody 
works with commercially available de¬ 
velopment environments and compil¬ 
ers. For the Windows95 and Win¬ 
dowsNT environments, it supports 
Microsoft Visual C++; for SunOS and 
(continued on page 162) 
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(continued from page 161) 
Solaris, it uses Sun SC3; and for the Vx-
Works real-time embedded environ¬ 
ment, it supports the GNU gcc 2.6-95 
compiler. The integration with inte¬ 
grated development environments 
(IDEs) such as Visual C++ gives the 
modeling world of Rhapsody access to 
code editing, management, and debug¬ 
ging facilities bundled with IDEs. 

Once code is generated, it can be 
compiled using one of the third-party 
tools. Compiler messages can be 
viewed in a window in the design envi¬ 
ronment. Clicking on a compiler error 
takes the focus of the process to the lo¬ 
cation of the error. The user has a view 
of the error’s area within the design 
environment and also within the 
source code. 

Rhapsody’s animation capability is 
designed to tightly couple the design 

A building-block approach to de¬ signing and simulating nonlinear, 
continuous time systems is possi¬ 

ble with Simulink 2. Simulink 2 pro¬ 
vides a library of several hundred pre¬ 
built blocks that can be selected and 
connected together using a graphical 
editor to build a model of a dynamic 
system. Once built, the model can be 
run and will generate data to further 
refine the design. Virtual oscilloscopes 
can be attached to points of the model 
to monitor behavior. 

The simulation tool is a response to 
the need for the accurate modeling of 
nonlinear systems and in complex con¬ 
trol applications for automotive and 
aerospace design applications. An¬ 
other sizable application area involves 
the design of DSP-based systems, 
such as radar and acoustics. 
A large selection of “solvers” for 

complex differential equations are 
available. These can model the behav¬ 
ior of a system in continuous time. In 
addition, the tool provides triggering 
and enabling state events that can in¬ 
stantaneously change the dynamics of 
the nonlinear system to replicate real-
world conditions. Working with the 
Matlab 5 design and math analysis tool, 
Simulink 2 can provide a complete vir-

(i.e., the high-level graphical represen¬ 
tation of the system) to the actual im¬ 
plementation running on the target. 
Animating the message sequence 
chart lets you follow the message flow 
between objects. 

State-chart animation displays the 
behavior inside of objects. The state¬ 
chart animation is hierarchical, mak¬ 
ing it possible to delve deeper into the 
state transitions that take place within 
objects. Finally, the animation capabil¬ 
ity of the project browser lets you fol¬ 
low the changing data values within 
objects. 

iLogix 
Three Riverside Dr. 
Andover, MA 01810 
(508) 682-2100 
Web: http://www.ilogix.com. 
CIRCLE 515 
TOM WILLIAMS 

tual prototyping environment. 
Simulink 2 is used by connecting 

various functional blocks, such as 
“gain” blocks, filters, integrators, 
summation blocks, and user-defined 
custom blocks, to build a model of the 
“plant” or system to be simulated. 
Other blocks, such as PID blocks, are 
used to model a controller that’s 
wrapped around the plant to form a 
closed-loop system. Matlab 5 provides 
input stimulus for the model and re¬ 
ceives and analyzes the numerical 
data generated by the simulation. 

The combination of complex differ¬ 
ential equations for nonlinear simula¬ 
tion with state events gives the tool 
the ability to model a system’s re¬ 
sponse to changing real-world condi¬ 
tions. For example, a plant may be 
running under a given set of condi¬ 
tions such as an engine idling with the 
clutch freewheeling. When the clutch 
is engaged, a load is placed on the 
plant and power may be applied. 
These two events signal discrete state 
changes that immediately change the 
nonlinear dynamics of the system. 
This will require perhaps a new set of 
differential equations or change the 
structure of the existing equations to 
model the new conditions. 

Such state changes can be used to 
design systems that require multiple 
modes of control, for example aircraft 
operating at different altitudes and air¬ 
speeds or under different flight rules 
such as combat. In addition, Simulink 2 
supports modeling so-called “stiff’ sys¬ 
tems that may have higher and lower 
frequency dynamics in the same model. 
For instance, a system may have high 
frequency dynamics to model its elec¬ 
trical behavior and lower Irequency dy¬ 
namics to model mechanical behavior. 

Simulink 2 is designed to be inte¬ 
grated with the Matlab 5 analysis tool. 
In fact, it requires Matlab 5 to operate. 
Simulink 2 models the physics of the 
system, which can be developed by 
putting together the blocks from the 
library or custom blocks written in C, 
Fortran, or the Matlab language. Mat¬ 
lab may, for example, be used to define 
a custom control algorithm. That algo¬ 
rithm then can be placed in the con¬ 
troller portion of the simulation. 
When the simulation runs, the re¬ 

sults can be viewed on one of the vir¬ 
tual scope displays, and the model can 
be interactively fine-tuned. Alterna¬ 
tively, the numerical data generated 
by the simulation can be fed back into 
Matlab 5 for analysis and refinement. 
The analysis then produces improved 
control laws that are fed back to the 
simulation. This iterative process lets 
users refine their prototype until it 
works to their liking. 

In addition to its general analysis 
tools, Matlab 5 incorporates a number 
of toolboxes for specialized design and 
analysis. These include control design, 
fuzzy/neural systems, and many oth¬ 
ers. It also has its own programming 
language, which generates Simulink 
blocks from the analysis activity. 

The Math Works 
24 Prime Park Way 
Natick, MA 01760 
(508) 647-7000 
Web: http://www.mathworks.com 
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Simulation Tool Models Nonlinear 
Dynamic Systems As Building Blocks 



har-bus 64 New 160 Pin 
Connector For VME64 

New connector series satisfies the new 64-
bit computer architecture’s requirement for 
higher speeds, more I/O and additional func¬ 
tionality. Offering a five row connector solu¬ 
tion that is 100% backward compatible with 
the popular 96-pin Eurocard connectors, the 
new har-bus 64 has 160 pins with prelead¬ 
ing contacts for live insertion. New contact 
rows can be used to improve signal speed of 
VME bus and as ground contacts. Current 
96-pin Eurocard connectors mate to the 160 
pin connectors, allowing all PCB’s to be 
used in new or existing backplanes. 
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har-pak®2.5MM 
High Density 
Connector system 
Developed for back¬ 
plane and daughter¬ 
board applications in 
modern rack systems. 
The 5 row 2.5 mm 
connector design 
offers solderless PCB 
terminations, optimum 
utilization, of space 
three dimensional mod-
ularity, high contact 
density, EMI protec¬ 
tion, and the ability to 
double-side surface 

mount components on daughter cards with¬ 
out loss of a 15mm card pitch. The har-pak 
connector system permits using a three 
dimensional 2.5mm grid. With the exception¬ 
al capabilities of the connector, only one con¬ 
nector style is required to solve your power, 
signal, ground, and high data rates, simplify¬ 
ing the design and manufacturing of future 
systems. The compliant pin technology uti¬ 
lizes the same 1mm plated through hole 
standard for many DIN 41612 compliant pin 
technologies.The consistency in design uses 
the many years of manufacturing and design 
experience already available. These attribut¬ 
es combined can lead to new advancements 
in board-level designs: 15mm card pitch with 
double sided surface mounted daughter 
cards, butterfly or mid-plane techniques, 
modular design both horizontally and verti¬ 
cally, low number of system components 
combination with other standardized packag¬ 
ing systems, and lower applied costs. 

READER SERVICE 328 

New SEK “Press’n Snap” Press In 
Header 
The new “press'n Snap” low profile press-in 
headers can be added to single or double¬ 
sided surface mount printed circuit boards 
any time after reflow. Press-in terminations 
of the two row .100” pitch headers permit 
easy installation into plated through holes 
without soldering. Removable temporary 

inserts allow any flat die to press the con¬ 
nectors. The straight header is shrouded by 
four plastic walls and available in versions 
from 6 to 64 contacts. The mating connec¬ 
tors are flat ribbon terminated socket con¬ 
nectors from HARTING's SEK range. These 
can be latched to the headers by using the 
locking levers installed onto the strain relief. 
The levers secure the socket connector to 
the end walls of the header. Placing the 

locking levers on the socket instead of the 
PCB header saves valuable board real 
potato 
READER SERVICE 326 

NEW HIGH DENSITY 
MICRO-COAXIAL CONTACTS 

Designed for high speed data transfer rates. 
Can be used in the iec 1076-4-2 2.5mm High 
Density connector system, har-pak®. Provides 
more space efficiency, high frequency capabili-
tiy, easy handling, low applied cost and appli¬ 
cation with current equipment and emerging 
metric equipment practices. Designed for PCB 
termination on both daughter card to backplane 
connection; allowing users to bring signal 
directly into the backplane without a cable tran¬ 
sition. 
READER SERVICE 327 

HARTING's Han-Drive Series of connectors mokes thn 
oisconnecting/reconnecting a plug. Based on 

Complete information 
and expert application 
assistance available 

Han-READER 

har-mik IDC Flat Cable Connector READER SERVICE 330 

Take advantage of the high quality, dependable performance and service that HARTING 
is known for wcr/dwide. Let us make a winning connection for you. 

Coll 847-519-7700, Fax 847/519-9771 or Write: 

CONNECT 
FOR A WINNING 
PERFORMANCE 
WHEN IT COUNTS 

IDC flat cable mount SCSI 2 & 3 connectors are the 

newest additions to HARTING's har-mik growing 
family. The shielded or non-shielded 50 and 68 contact 

connectors can be 'daisy chained’ for connecting drives and 

providing I/O in RAID, disk array, servers, P.C.'s and other 

storage systems applications. 

HARTING's new 
Han-Modular System 

enables you to assemble a 

connector to meet your specific 

needs. Different modules permit trans¬ 

mitting electric signal, power, RF, coax, optical, 

pneumatic end liquid combinations in the same connector. 

High flexibility allows using combinations of different 

modules ror varied applications. System is ideal for use 

in assembly machines factory automation, logistics, 

machine tools, railway and robotic applications. À 

HARTING's har-bus 64 connector series satisfies tó» 

HARTING's Han-Drive Series of connectors makes three-phase motor interchange as fast and easy as 
oisconnecting/reconnecting a plug. Based on the design of the original Han heavy duly industrial connec¬ 

tors, this new series of compact connectors offers proven contact technology, high working voltage, superior 

operating security and attractive pricing. Designed for a working voltage or 400 V contact to contact, and 230 

V horn contact to ground [per VDE 0110). Rated at 16 A, the Han E crimp contacts will accept wire sizes to 14 
AWG max. Insulator is glass fiber reinforced polycarbonate. These new connectors are ideal for applications in 

three-phase motors and high amperage electric heating elements. 

the new 64-bit computer architecture's requirement for 

higher speeds, more I/O and additional functionality. Offering a five row connector solution 

that is 100% backward compatible with the popular 96-pin Eurocard connectors, the new 

har-bus 64 has 160 pins with preleading contacts for live insertion. New contact rows can be 
used to improve signal speed of VME bus and as ground contacts. Current 96-pin Eurocard connec¬ 

tors mate to the 160 pin connectors, allowing all PCB's to be used in new or existing backplanes. 

HARTING con put a winning 
line up on your team. The compre¬ 

hensive line of high quality, depend¬ 

able connectors con help assure a 

superior system performance for you. 

HARTING's innovative designs can help 
you find effective and efficient solutions, and 

HARTING's modern manufacturing facilities 
and progressive production techniques assure 

prompt, dependable delivery of high quality 

connectors when you need them. 

Han-Modular «UM» StRVICt 133 
har-bus 64® »um» «»via 332 

Available from authorized 
HARTING Distributors 

YOUR FUTURE IN INTERCONNECTION 

HARTING Elektronik, Inc. of North America 
2155 Stonington Ave., Suite 212 
Hoffman Estates, Illinois 60195-521 1 
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Experience The New Qatar 
DSOs From LeCroy 

Get the Complete Picture with 
our color DSOs. Our innovative 
approach to the use of color 
gives you... 
• Analog Persistence, an analog 
view of your signals with millions 
of data points stored in memory 
for complete analysis. 

• A 9" Color Viewing Area, with 
a 50% larger viewing area than 
a conventional 7" display. 

• Full Screen Mode allows you 
to toggle the menus off and 
utilize the entire viewing area for 
your signal. 

• Transparent Display Mode 
allows you to clearly differenti-

1-800-4-LeCroy 
http://www.lecroy.com 

Offer good only while supplies last. 

•Trademark of IBM Microelectronics 

ate overlaid signals. Overlap area 
is shown in a unique color and 
managed dynamically as waveforms 
are updated. 

But that’s not all! Besides the unique 
implementation of color, which saves 
you time, we also give you the 
complete picture with the best 
capture and analysis features all driven 
by a PowerPC™* microprocessor. 

If you are a DSO user, or plan 
to purchase one in the next 
12 months, get a FREE Panoramic 
35mm camera by requesting 
more information on our new 
color DSOs. 
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PEASE PORRIDGE 
BOB PEASE 

Bob's Mailbox 
Hi. Bob: 

Your column about team¬ 
work inspired me. This letter 
is about impedance match¬ 
ing, or maybe architecture.... 

Pat’s Rule #1: Teams must 
“happen;” they can be guided 
but they cannot be forced to 
occur. Very nonlinear. 

If we gather the right co¬ 
hort, the result is almost magical. But 
the wrong cohort is just a “group;” a 
team that didn’t “jell.” It will generate 
tremendous internal strife and small 
results; entropy at its finest. 

The business community’s present 
approach to teamwork treats every¬ 
one like gas molecules: Put enough of 
them together and maybe “the magic” 
will happen. It’s seeking critical mass 
but it’s getting liquefied employees. 
And it doesn't know why. 

Scientific method is supposed to be¬ 
gin with observation, then proceed to 
hypothesis and testing. Unfortu¬ 
nately, lots of folks skip the observa¬ 
tion and proceed directly to the test¬ 
ing. They’d do well to fall back a bit.... 

Consider groups that occur in na¬ 
ture, like animal packs. Dogs and hu¬ 
mans are much alike, so they are a 
good candidate. Every pack has a 
leader, an “alpha.” No pack has two al¬ 
pha members for very long; one will be 
driven away; the remaining members 
will be subservient. And they will form 
an effective internal “pecking order.” 
A pack with small internal strife is a 

very effective organism. In fact, it’s so 
effective that we humans have laws to 
protect us from it. Unfortunately, we 
humans also fancy ourselves “superior” 
to other animals, so we form our packs 
arbitrarily, then wonder why they fail. 
And we generate endless discus¬ 

sions about the “qualities of leadership” 
then jam the boss’s kid into the alpha 
position even though he or she has a 
naturally subservient personality (rel¬ 
ative to other members of the pack). 

Pat’s Rule #2: Employees are valu¬ 
able because if you add one, or take 
one away, you change the entire na¬ 
ture of the pack. Major transfer func¬ 
tion revision. Not necessarily bad, but 

way different] 
I don’t talk much about this 

stuff because the people 
around me generally don’t 
like to picture themselves ac¬ 
cordingly. But I do use it as a 
gauge, especially when I’m 
seeking an impedance match 
with a new customer (inter¬ 
nal or external). I think of it 

as the “personality domain.” 
I look for the “alphas;” the movers 

and shakers in their organization. And 
I try to identify the “doers” as well. 
Each is useful; each is necessary; each 
can help my company thrive, even if 
they don’t (or cannot) explicitly recog¬ 
nize their own roles. 

This pastime also helps me identify 
(and avoid) organisms with severe in¬ 
ternal strife; a strong impedance mis¬ 
match; a poor transfer function. They 
won’t succeed until they change, but 
they could drag my company (my 
pack) down in the process. 
And now the disclaimer: Pat’s 

Rule #3: I’m only occasionally correct 
(but I survive). The operative pos¬ 
ture is the “observation” mode; I try 
to stay there as much as possible. 
And I try to inhibit my ego. Your 
readers can respond to this letter at 
71501.2521©CompuServe.com. 
PAT BARRETT, PE 
Barrett & Associates Engineering 
Portland, Ore. 

Your analogies seem realistic: Peo¬ 
ple are (generally) all different, and 
they interact differently (unpre-
dictably) when put in groups. When 
projects gets so complicated they can’t 
be done by 1 or 2 people, the team prob¬ 
lems sure do add a whole new com¬ 
plexity. And recognizing that you can 
survive despite being right only a frac¬ 
tion of the time—sounds like true en¬ 
lightenment!! TNX!—RAP 

All for now. I Comments invited! 
RAP / Robert A. Pease / Engineer 

Mail Stop D2597A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

Need some help 
with that? 

Turn your 

excess inventory 

into a 

tax break 

and help 

send needy 

kids to college. 

Call for your 

free guide 

to learn how donating 

your slow moving 

inventory can 

mean a generous 

tax write off 

for your company. 

Call (708) 690-0010 

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

Excess inventory today... 
student opportunity tomorrow 
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PENTON'S 

s?«. 

Electronic Design 
Product Mart 

Phone (_ )_ FAX (_ )_ E Mail 

I would like to order Item Numbers: _ _ 

Method of Payment: 

Check/Money Order (U.S. Dollars made Payable to The Penton Institute) 

add shipping, $5.00 for first Item, plus $1 .00 for each additional Item 

and tax where applicable. 

□ Bill My Company. Ref. Purchase Order No._ 

□ V'sa □ MasterCard □ American Express □ Discover 

Account No._ Exp. _ 

Cardholder_ 

Signature _ 

http://www:penton.com 
The Penton Institute • 1100 Superior Avenue • Cleveland, Ohio 44114-2543 

Software System Testing 
and Quality Assurance 
Boris Beizer 

This guide shows readers how to 
create and maintain reliable, 
robust, high-quality software. 
Using non-technical, easy-to-
follow language, the author 
covers the gamut from unit 
testing to system testing and 
provides new and effective 
techniques for security testing, 
recovery testing, configuration 
testing, background testing, and 
performance testing. Integration 

testing strategies ensure that software components 
are compatible, while a wide range of techniques find 
and repair bugs at the unit and system levels. 

358 pages, hardcover book, S55.95, Item B2454PM 

Smalltalk/V: Practice and Experience 
W. Lalonde & J. Pugh 

Devoted to applications 
programming in Smalltalk. 
Each chapter is based on a 
column published in JOOP and 
Smalltalk topics are addressed 
within the context of practical 
and useful case studies, such 
as the design of classes with 
multiple representations, the 
importance of generalization, 
and the use of multi-level 
facilities and encapsulators. The accompanying disk 
provides full source code. 

185 pages, softcover book, $39.00, Item DB2566PM 

SMALLTALK 

numt ui nrtnnft 
WILF LALONDE • JOHN PUGH 

and your 

Name. 

request will be answered electronically. 
1. Design/Mechanical Engineering/Manufacturing 

2. Electronic Engineering/Wireless Communication 

3. Office/Ergonomics/Safety/Government 

4. Foodservice/Lodging/Hospitality and Tourism 

5. Industry Week 

Ordering and Information 
800-223-91 50 by phone Mon. ■ Fri. 9 to 5 EST. 216-696-6023 fax us anylime. 
For a free catalog ONLY call 800-585-1515 >>AAa . 

Address_ Mail Stop 

City_ State_ .Zip 

Country_ Postal Code_ 

CD ROM, S99.00, Item C111PM 

Effective Software Customer Support 
Richard S. Gallagher 

A fundamental resource to 
providing high-quality, cost 
effective customer support E services in today’s mass-

' market software industry. 
QupP° rl Examines the relationship 
j between a software support 

operations and its surrounding 
organization, the role of 
support data in the product 
marketing and development 
process, and recent issues 
such as electronic support 

forums and support automation. 
Features include software problem 

diagnostics procedures; coverage of support 
automation tools that help control costs and provide 
customer feedback to the rest of the organization; 
practical suggestions for running day-to-day 
operations in a support center; and guidelines for 
dealing with software customers. 

320 pages, softcover book, $39.95, Item B2459PM 

Encyclopedia of Electronic 
Circuits on CD-ROM 
R. Graf & W. Sheets 

Instant access to 1,000 of the most 
popular circuits. Access this giant 
collection of circuits with schematic 
viewer. Every type of electronic 
device is included. This CD will 
help you design optimum circuits 
with less time and effort. 

Books Books 

CD ROM 
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WALT'S TOOLS AND TIPS 

The Well-Stocked Toolbox 
Some Handy Resources To Keep You Up To Date. 

During the initial planning for this 
column, in thinking about what 
would be a good analog related 

theme, we came up with the idea of 
those Tools and Tips which an analog 
engineer finds useful. That moniker 
then became the name of this column. 
Let’s spend some space on what this 
can mean to the reader. 

First, to keep a flavor of diversity, 
the tools and tips need not always be 
electronic circuits related, but rather 
any topic which could, directly or indi¬ 
rectly, be a useful analog engineering 
tool. And, what the heck, it also can be 
for just fun now and then, since we’re 
all human. 

This thinking first evolved into the 
Internet-related columns, which not 
only provide useful information on 
getting started and communicating ef¬ 
fectively, but hopefully also allow you 
to enjoy the process. But more impor¬ 
tantly, these kinds of tools and tips 
open an avenue for you. The path leads 
to some of the greatest sources of in¬ 
formation, ones which it would seem 
downright careless to disregard. Sure, 
it takes some extra work, and perhaps 
learning a few new computer tricks, 
but the end result is worthwhile. This 
topic reiterates a broader point from 
above—it often takes some real work 
to survive in today’s world. 

Other tool examples are books and 
software, which will be discussed 
more specifically from time to time, 
particularly when a new or important 
development takes place. 

Speaking generally, traditional 
textbooks and other key technical lit¬ 
erature are obviously important tools 
in the analog engineer’s bag of tricks. 
And, this is another area in which you 
will need to keep updated on an ongo¬ 
ing basis. A staple of key analog de¬ 
sign references should be part of your 
library, headed up at the top by text¬ 
books and handbooks of analog design 
techniques. You also should be reading 
and filing magazines with analog de¬ 
sign related content, such as Elec¬ 
tronic Design, as well as its Special 
Analog Supplements. 

TIP: You also can supplement this 

with archival information from the ED 
website.1 Some companies also pub¬ 
lish their own technical journals, con¬ 
taining worthwhile tutorial informa¬ 
tion in addition to standard product 
information. Examples here would be 
such publications as Hewlett-
Packard’s Hewlett-Packard Journal, 
(http://www.hp.com/) and Analog Dia¬ 
logue from Analog Devices. 
Whenever you can, try to attend 

manufacturers’ seminars. They offer 
closer insight into the techniques and 
technology behind the latest parts. 
Also, they are unusually good oppor¬ 
tunities to meet factory personnel, and 
to query them firsthand on the latest 
devices. Having participated in sev¬ 
eral Analog Devices seminar 
tours over the last few years, 
I can say that they are well-
timed occasions for bringing 
designers in the field and ap¬ 
plication engineers together. 
They also can establish dia¬ 
logues useful to both parties.2

These sources should be 
supplemented by manufac¬ 
turers’ catalogs, application 
notes, and seminar books. 
Since many manufacturers 
are now deemphasizing the 
huge printed catalog required for a 
large product line, you’ll also want to 
supplement your printed catalogs. 
Three ways to supplement your cache 
of catalogs are with CD-ROM ver¬ 
sions, vendors’ fax-back services, or 
World Wide Web site acquired data 
sheets. Component manufacturers’ 
and distributors’ web sites also can 
provide great sources of much 
broader technical information. 

TIP: A useful resource which has 
numerous semiconductor homepage 
links is Gray Creager’s website: 
http://www.scruznet.com/~gcreagerl 
index.htm. The links of Dan Burke’s 
site let you bypass top level stuff and 
go directly to the relevant data sheet 
search engine page. See: 
http:lluyww.crhc.uiuc.edu/~dburke/ 
databookshelf.html. 

You also can establish one-on-one 
contact with vendor application engi¬ 

neers for specific technical support on 
their products. Here “specific” is in¬ 
tended to convey that this type of sup¬ 
port is meant to help you in the most 
effective application of the manufac¬ 
turer’s part. It is not intended to be a 
general open-ended consultation 
source (no one would ever try to mis¬ 
use application resources like that, 
would they?). Check your vendor’s 
catalog or web site for specifics on 
contacting them by phone, fax or e-
mail. You’ll probably find that the ar¬ 
ray of extra help that’s potentially 
available to customers is definitely 
not something that will make you 
wish for the “good old days.” For ex¬ 
ample, availability of the complex 
modern evaluation and demo boards 
for IC parts is something relatively 
unheard of until recently, and these 
boards can definitely make your de¬ 
signjob both faster and easier. 

Your electronic distributors can be 
useful in many ways, beyond 
the basic availability of parts. 
They also are a continuous 
source of catalog information 
on their various lines, so get 
to know your distributors. 

TIP: A useful website with 
links to many U.S. distribu¬ 
tors (complete with URLs 
and other contact informa¬ 
tion) can be found at: 
htt.p://www.hitex.com/chipdir/ 
dist/us.htm. 

So, those are some of the 
tool and tip necessities related to ana¬ 
log design and its support. This article 
is but a start, and you may have some 
additional input or comments for a fu¬ 
ture column. Feel free to write and 
share your thoughts on these or other 
analog issues. 

References: 
1. The Electronic Design site is at 
http:llvrww.penton.com/edlresourcel 
index.html. 
2. The Analog Devices website at 
http://www.analog.com has the 
contents of recent seminars and 
Analog Dialogue on line. 

Walt Jung is a corporate staff ap¬ 
plications engineer for Analog De¬ 
vices, Norwood, Mass. A longtime 
contributor to Electronic Design, he 
can be reached via e-mail at 
Walter.Jung@Analog.com. 

WALT JUNG 
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SURFME MOUNT VW's J13” 
Time after time, you'll find Mini-Circuits surface mount voltage 
controlled oscillators the tough, reliable, high performance 
solution for your wireless designs. JTOS wide band models 
span 25 to 1910MHz with linear tuning characteristics, low 
-120dBc/Hz phase noise (typ. at 100kHz offset), and excellent 
-25dBc (typ) harmonic suppression. JCOS low noise models 
typically exhibit -132dBc/Hz phase noise at 100kHz offset, and 
phase noise for all models is characterized up to 1MHz offset. 
Miniature J leaded surface mount packages occupy 
minimum board space, while tape and reel 
availability for high speed production can 
rocket your design from manufacturing 
to market with lightening speed. 
Soar to new heights...specify 
Mini-Circuits surface mount VCO’s. ACTUAL SIZE 

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

JTOS/JCOS SPECIFICATIONS 
Mortel 

JTOS-50 
JTOS-75 
JTOS-100 
JTOS-150 

JTOS-200 
JTOS-300 
JTOS-400 
JTOS-535 

JTOS-765 
JTOS- 1025 
JTOS- 1300 
JTOS- 1650 
JTOS-1910 

JCOS-820WLN 
JCOS-820BLN 
JCOS-1100LN 

Freq. Range Phase Noise Harmonics 
(MHz) (dBc/Hz) (dBc) 

SSB@ WkHzTyp. Typ. 

25-47 -108 -19 
37.5-75 -110 -27 
50-100 -108 -35 
75-150 -106 -23 

1C0-200 -105 
150-280 -102 
200-380 -102 
300-525 -97 

485-765 -98 
885-1025 -94 
900-1300 -95 
1200-1650 -95 
1625-1910 -92 

-25 
-28 
-25 
-28 

-30 
-28 
-28 
-20 
-13 

780-860 -112 -13 
807-832 -112 -24 
1079-1114 -110 -15 

^■une’ 
1V to: 

15V 
16V 
16V 
16V 

16V 
16V 
16V 

16V 
16V 
20V 
13V 
12V 

20V 
14V 
20V 

Current (mA) Price 
©+12VDC Sea. 

Max. (5-49)* 

20 13.95 
20 13.95 
18 13.95 
20 13.95 

20 13.95 
20 15.95 
20 15.95 
20 15.95 

20 16.95 
22 18.95 
30 18.95 
30 19.95 
20 19.95 

25 (@9V) 49.95 
25 (@10V) 49.95 
25 (®8V) 49.95 

Notes: ’Prices for JCOS models are for 1 to 9 quantity. --Required to cover frequency range. 
See “RF/IF Designer's Guide" or “VCO Designer's Handbook" for complete specifications. 

DESIGNER'S KITS AVAILABLE 
K-JTOS1 1 of each (10 pieces): JTOS-50. 75, 100. 150. 200, 300, 400. 535. 765, 1025, only $1 49.95 
K-JTQS2 1 of each 17 pieces): JTOS-50. 100. 200. 400. 535, 765, 1025. only $99 
K-JTOS3 2 of each « pieces): JTOS-1300, 1650, 1910, only $1 14.95 

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com 

CUSTOM PRODUCT N E E D S. Let Our Experience Work For You. F 234 Rev Orig 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 
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IDEAS FOR DESIGN 

Circle 520 

Digital Control Selects Analog 
Cycles And Burst Frequency 

ALAN ERZINGER and RON MANCINI 
Harris Corp., Semiconductor Sector, P.O. Box 883, MS58-095; 

Melbourne, FL 32902-0883. 

Repetitive pulse bursts are re¬ 
quired for impulse testing and 
for burst data-transmission 

schemes. Impulse testing subjects 
the device under test to a unit im¬ 
pulse or doublet, and the response 
waveform is analyzed to determine 
the circuit’s performance. 

Burst data-transmission systems 
send out repetitive pulse bursts. The 
pulse burst repetition rate is decoded 
by filtering to select between differ¬ 
ent transmitting systems, and the 
number of pulses in a burst form a 
command. It’s easy to design pulse 
burst systems with digital circuits, 

but the results are better when ana¬ 
log circuits are used because triangu¬ 
lar waveforms and sinewaves fit the 
theory much better. Also, these 
waveforms produce much less ring¬ 
ing and overshoot during transmis¬ 
sion than digital waveforms. 

Figure 1 illustrates the transmitted 
signal and the continuous sinewave 
from which it’s derived. Because the 
HA4600 buffer has an enable/disable 
feature, it will pass or reject the input 
waveform depending on the state of 
the enable pin (Fig. 2). The trick is to 
control the enable input to the 
HA4600 so that it passes the number 
of input cycles required to form the 
burst count, while it rejects the num¬ 
ber of input cycles required to form 

2. Incorporating digital control logic, this analog system can generate pulse-burst input waveforms up to 10-MHz with little degradation. 
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IDEAS FOR DESIGN 

the correct repetition frequency. 
The input signal also is present at 

the input to the HFA3046 transistor 
array, which has been configured as a 
high-speed, high-gain comparator. 
The comparator squares up the input 
signal and applies it to the inputs of 
the two counters, X and Y. The X 
counter controls the buffer enable, 
and it determines how many cycles of 
the input waveform get passed to the 
output. The four switches, Sx0 
through Sx3i are binary-coded. Con¬ 
sequently, if two switches (Sx0 = 1 cy¬ 
cle and Sxl = 2 cycles) are closed, 
three cycles of the input sinewave 
will be passed to the output. 

Furthermore, the input signal is 
connected to the Y counter, which con¬ 
trols the repetition rate by determin¬ 
ing the off period between pulse 
bursts. The four switches Sy0 through 
Sy3 are binary coded. When all of these 
switches are closed, the off period will 
be 16 times the period of the input 
waveform. With the X and Y counters 
set as described earlier, the repetition 
rate is the reciprocal of (16+3) times 
the period of the incoming waveform. 
If a longer repetition rate is desired a 
flip-flop or another counter can be 
added in series with the output of the 
Y counter to extend the off time. 

The specifications for the compara¬ 
tor are very demanding, including the 
ability to function with low input volt-

1. The photo shows on analog burst-transmitted signal and the continuous sinewave from 
which it's derived. Only a minor amount of crossover distortion can be observed in the burst¬ 
output waveform, which will typically have a negligible effect on the system function. 

ages, very low storage delays, fast 
switching speeds, and no reflections 
back to the input. No off-the-shelf 
comparator met these requirements, 
so the HFA3046 was configured as a 
comparator. R6, R7, and R8 bias the 
long-tailed transistor at 10mA, which 
is the optimum point for speed. R5 and 
R6 are small enough to discharge 
quickly, thus preventing saturation. 

The H A4600 was chosen for the en¬ 
able amplifier because of its very high 
bandwidth (480 MHz), and low cost. If 
gain is required, a HA5020 or 
HFA1145 enable op amp can be used 
instead of the H A4600. 

Configured as shown, the circuit will 

handle 10-MHz input signals with little 
degradation. The limit on frequency re¬ 
sponse is the speed of the logic and the 
comparator delay time. The compara¬ 
tor delay time can be eliminated by 
one-shotting out the delay. 

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. 

Circle 521 

Waveform Generator Produces 
Biological-Stimuli Signals 

J. MILLAR and T.G. BARNETT 
Queen Mary and Westfield College, University of London, Mile End Rd., 

London, England El 4NS; phone: 0171-982 6366; fax: 0181-983 0467. 

Electrical simulators are widely used in biological research for 
the study of evoked potentials in 

man and other applications. Indeed, 
versions are on sale in local health 
stores or via mail order for treat¬ 
ment of pain. However, for the stim¬ 
ulation to be most effective, the 
pulse shape needs to be a certain 
configuration: It has to be bipolar 
and have only one edge, similar in 
form to two sawtooth waveforms 

back-to-back with the second in¬ 
verted (Fig. 1). 

This type of waveform is gener¬ 
ally described as a Zeta waveform. 
Zeta waveforms can be generated 
very easily by using commercially 
available arbitrary waveform gen¬ 
erators. But this approach can be 
expensive, particularly for a “one-
of-a-kind” project. 

Another possible solution would 
be to use a PROM and digital-to-

1. Zeta waveforms, typically produced by 
arbitrary waveform generators, are essential 
for maximum efficacy in electrical simulators 
used in biological research. 

analog converter. However, the best 
solution is to generate the waveform 
from analog components with little 
time and effort and low cost. 
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SINGLE SOT RESET IC MONITORS 
3V/5V, 5V/1 2V, 5V/24V, ... 

SYSTEMS 
Vcc Undervoltage + 

Adjustable Undervoltage 

Vcc(+5V) vmi

Vcc Undervoltage + 
Adjustable Undervoltage + Dual 

Adjustable Undervoltage 

♦ 8pA ISUPPLY 

♦ 4 Timeout Delays: 1/20/1 40/1 120ms 

♦ Factory-Trimmed Vcc Reset Thresholds; 
2.5V to 5.0V in 100mV Increments 

♦ Guaranteed Reset Valid to Vcc = 1V 

♦ Guaranteed Over Temperature 

♦ Immune to Short Vcc Transients 

♦ 5-Pin SOT Package 

PART 

FACTORY¬ 

TRIMMED Vcc 

RESET 

ADJUSTABLE 

UNDERVOLTAGE 

RESET 

ADJUSTABLE 

OVERVOLTAGE 

RESET 

MANUAL 

RESET 

INPUT 

OUTPUT 

MAX6305 ✓ 
MAX6306 ✓ ✓ ✓ Open-Drain RESET 

MAX6307 ✓ ✓ ✓ 
MAX6308 ✓ 
MAX6309 ✓ ✓ ✓ CMOS RESET 

MAX6310 ✓ ✓ ✓ 
MAX631 1 ✓ 

CMOS RESET MAX6312 ✓ ✓ ✓ 
MAX6313 ✓ ✓ ✓ 

FREE pP Supervisory Design Guide-Sent Within 24 Hours! freefKeÒ^^ 
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. 6380 

6:00 a.m. - 6:00 p.m. Pacific Standard Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 
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IDEAS FOR DESIGN 

2. This simple and compact circuit offers a low-cost alternative to using arbitrary waveform 
generators for producing Zeta waveforms. 

The circuit operates as follows 
(Fig. 2): U1A and U1B form a trian¬ 
gle waveform generator using R6 to 
offset the output so that it’s a posi¬ 
tive-going signal. The amplitude is 
set by R2 and R3, and the ramp’s 
rate of rise is set by RI and Cl. Us¬ 
ing the values shown, the output has 
an amplitude of ±1 V with rise and 
fall times of 0.5 ms giving a total 
Zeta duration of 1 ms. 
U1C provides an inverted output 

of U1B. When the reset pin on U3 is 
triggered, its QI output goes low 
and the short across Cl by one half 
of the analog switch (U4) is re¬ 
moved. At this time, the output of 
UI A will be negative and the output 
of U1B will start to ramp up. During 
this time, the output of the circuit is 
taken via the other half of the ana¬ 
log switch from U1B. 
When the ramp reaches its posi¬ 

tive voltage threshold, the output of 
U1A goes positive and U1B will 
start to ramp down. The output of 
U1A is taken via U2A and U2B 
(both inverting Schmitt triggers 
with special input circuitry that pro¬ 
tects the input from negative volt¬ 
ages and allows them to level shift) 
to the clock input of U3. It’s also 
taken to the analog switch, which 
now takes the output of the circuit 
from U1C (which has an output 
ramping up from the negative maxi¬ 
mum to 0 V). At 0 V, the output of 
UI A will go negative, resulting in 
the QI output of U3 going high and 
again shorting Cl. This produces 0-
V output until the next trigger input 
resets U3 and the cycle is repeated. 

Circle 522 

Special BIOS Interrupt For Real-Time 
Data Acquisition And Control 

J. JAYAPANDIAN 
IGCAR, Materials Science Div., Kalpakkam, PIN 603102, Tamil Nadu, India; 

fax 0091-04114-40360; e-mail: msd@igcar.ernet.in. 

A PC’s BIOS contains a special “dummy” interrupt (I NT ICH) 
that does nothing unless a rou¬ 

tine is provided for it. At startup, the 
vector for the interrupt points to an 
IRET (interrupt return) instruction. 

When the interrupt is called, it simply 
returns (see the figure). 
The INT 1C interrupt is a hard¬ 

ware interrupt that automatically oc¬ 
curs 18.2 times per second, and the 
“dummy” interrupt is invoked by the 

BIOS timer interrupt after it updates 
the time-of-day count. This “dummy” 
interrupt is available in all PCs and 
can be used for data acquisition and 
control in process control instrumen¬ 
tation. Some examples are sensing 



NEW 2.7V 12-BIT ADC IN SO-8 
==y DRAWS ONLY 10p A 

1- to 8-Channel Serial ADCs Combine Low Power, Small Packages and Performance 

in 
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The new MAX 1241 ADC is designed for 3V, 3.3V, and 5V applications. It requires only 0.9mA at 
73ksps, and only 10pA at 300 samples/sec, which helps keep you well within your power 
budget in portable and battery-powered applications. The MAX1241 complements existing 
4-cnannel (MAX1247) and 8-channel (MAX147) devices (see table). For 10-bit applications, use 
the pin- and software-compatible MAX 1243/MAX 1249 and MAX148, which have 1, 4, and 8 
channels, respectively. 

Choose Maxim’s Low-Power & Small-Footprint ADCs 

PART 
RESOLUTION 

(BITS) 

NUMBER OF 

CHANNELS 
PACKAGES 

MAXIMUM SPEED 

(ksps) 

2.7V to 5.25V 

OPERATION 

AUTO-

POWERDOWN 

MAX 1241 12 1 8-Pin SO/DIP 73 Yes Yes 

MAX 1247 12 4 16-Pin QSOP/DIP 133 Yes Yes 

MAX 147 12 8 20-Pin SSOP/DIP 133 Yes Yes 

MAX 1243 10 1 8-Pin SO/DIP 73 Yes Yes 

MAX 1249 10 4 16-Pin QSOP/DIP 133 Yes Yes 

MAX148 10 8 20-Pin SSOP/DIP 133 Yes Yes 

FREE A/D Converter Design Guide-fóní 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. 6380 

6:00 a.m. - 6:00 p.m. Pacific Standard 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 
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IDEAS FOR DESIGN 

By changing the vector to point to a procedure in your particular 
program, a PC's "dummy" interrupt (INT 1 CH) can be called 18.2 times 
per second for use as a real-time timing reference. 

/* Sample Program written in Turbo uses "1C' Interrupt: •/ 

•include <stdio.h> 
•include <dos.h> 
•include <conio.h> 

•define INR 0X1C /* 0X1C - The clock tick interrupt *I 

void interrupt ( *oldhandler) (void) ; 
int count=0; 

void interrupt handler (void) 
( 

/* disable interrupts during the handling of the interrupt */ 
disable (); 

/* increase the global counter */ 
count++; 

/* reenable interrupts at the end of the handler */ 
enable (); 

/♦ call the old routine */ 
oldhandler (); 

) 

int main (void) 
{ 

/* save the old interrupt vector */ 
oldhandler = getvect (INTR) ; 

/* install the new interrupt handler */ 
setvect (INTR, handler) ; 

/* loop until the counter exceeds 100 */ 
while (count < 100) 
printf ("count is %d\n' ,count) ; 

/• reset the old interrupt handler */ 
setvect (INTR, oldhandler); 
return 0; 

} 

and controlling of pressure, flow, fur¬ 
nace temperature, a motor’s RPM, etc. 

To take advantage of this feature, 
simply change the vector for this in¬ 
terrupt to point to a procedure in your 
program. Then that procedure will be 
called 18.2 times per second. Care 
should be taken to minimize execution 
time when writing this interrupt han¬ 
dler. Typically, 18 times per second is a 
sufficient amount of time for the inter¬ 
rupt handler to achieve its tasks. 

Variables in process control instru¬ 
mentation are very slow compared to 
this INT ICH time of occurrence. 
Looking at the figure, the variable 
COUNT is incremented by one every 
INT ICH until the count reaches 100. 
A similar procedure can be written 

in the place of COUNT, for both sens¬ 
ing a port in the add-on card and writ¬ 
ing an appropriate control function 
value to the control port. The data 
written to the control port may be for 
proportional, integral, differential, or 
on/off control functions. 

In the figure, the vector for inter¬ 

serid in Your Ideas for Design 
Address your Ideas for Design 
submissions to Ideas for Design 
Editor, Electronic Design, 611 
Route 46 West, Hasbrouck 
Heights, NJ 07604. 

rupt ICH is changed to point to a pro¬ 
cedure called COUNT. Remember 
that once the vector is changed, 

COUNT will immediately be invoked 
every 18th of a second. Be very careful 
about saving changed registers. 

Need an inventory solution? 

We have one. 
Donating your excess 

inventory earns a 
generous tax write-off 

for your company. 
And creates college 

scholarships for 
needy students. EAL 

can convert your 
donation of inventory 

into financial aid. 
A GREAT SOLUTION. 

Request a free guide 
to learn more. 
Ca// (630) 690-0010 
Fax (630) 690-0565 
Email 
scholar@eduassist.org 

EÆÎL 
Educational 
Assistance Ltd. 
P.O. Box 3021 
Glen Ellyn, IL 60138 

Excess inventory today ... student opportunity tomorrow 



FIRST 2.7V 10-BIT ADCs 
USE LOWEST POWER 
IDOpA @ 1Oksps, 1 pA Power-Down—Ideal for Portable Devices 

The MAX 148/MAX 1249 reduce power requirements in 3V 10-bit applications. They are the lowest power 3V ADCs available and the only 
ones with a power-down mode. In addition, these 10-bit ADCs are the first to operate down to +2.7V. Other features include a 3-wire serial 
interface and space-saving packages. The 8-channel MAX148 comes in a 20-pln SSOP, while the 4-channel MAX1249 comes in an even 
smaller 16-pin QSOP (about the same area as an 8-pin SOIC)! For portable applications, look to the MAX 148/MAX 1249 for your lowest 
power, lowest voltage, and smallest size solutions. 

♦ +2.7V to +5. 25V Operation—Guaranteed! 

MAX1249 

D j 

THE MAX148/MAX1249 OFFER 

ykiyJXMki 

QSOP-16 
PACKAGE IS 
SHOWN ACTUAL 
SIZE! 

4 Single-Ended/2 Differential Inputs 
16-Pin QSOP Package 

Ultra-Low Supply Current: 
0.9mA @ 133ksps 
100pA @ 10ksps 
10pA @ 1ksps 

Pin-Compatible 12-Bit Upgrades 
(MAX147, MAX1247) 

NOW AVAILABLE! 

FREE FULL LINE DATA CATALOG 

ON CD-ROM 

CONVERSION RATE (ksps) 

FREE A/D Converter Design Guide-Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-722-8266 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 6380 

6:00 a.m. - 6:00 p.m. Pacific Standard Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 

8 Single-Ended/4 Differential Inputs T 
20-Pin SSOP Package fMAX148 

PEN-ENTRY devices 
SCANNERS 
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NEW PRODUCTS 
COMMUNICATIONS 

T1 Signals Mapped To 
SONET/SDH Formats 
The QT1M chip maps four T1 1.544-
Mbit/s signals to and from North Amer¬ 
ican-based SONET or ITU-based SDH 
formats. For SONET applications, the 
T1 signal is mapped asynchronously to 
and from a Virtual Tributan' 1.5 within 
an STS-based signal. For the ITU’s 
SDH applications, the T1 signal is as¬ 
signed into a Tributary-U nit 11 using ei¬ 
ther the VC-3 or VC-4 mapping hierar¬ 
chy. The QT1M meets both ANSI 
Tl. 105-1995 and Bellcore GR-253-
CORE Issue 2 standards. The chip sup¬ 
ports new standards capabilities, in¬ 
cluding 3 bit RDI, unequipped code 
detection/alarms, and path label mis¬ 
match detection/alarms. Potential ap¬ 
plications include add/drop multiplex¬ 
ers, terminal multiplexers, digital loop 
carrier systems, digital crossconnect 
systems, and single and dual unidirec¬ 
tional rings. The QT1M is provided in a 
160-pin plastic quad flat package and re¬ 
quires a single 5-V supply. LG 

TranSwitch Corp., 8 Progress Dr., 
Shelton, CT 06484. (203) 929-8810; 
fax (203) 926-9453. CIRCLE 655 

Chip Set Lengthens Li-Ion 
Battery Life In Mobile Phones 
A new chip set offers a significantly 
longer battery life in mobile phones us¬ 
ing lithium-ion batteries—total con¬ 
verter effectivity is more than 90%. 
The set consists of the high-speed PBM 
IC SÍ9160BQ and the application-spe¬ 
cific N- and P-channel complementary 

MOSFET SÍ6801DQ. According to the 
manufacturer, the SÍ9160BQ is the first 
fully integrated controller that works 
with a frequency beyond 1 MHz. It al¬ 
lows synchronization in the system 
clock above the signal and signal-pro¬ 
cessing frequencies. On the other hand, 
its frequency is well beyond the carrier 
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frequencies, eliminating potential dis¬ 
turbances. The chip set’s core element 
is the SÍ9160BQ controller. This chip 
has its own voltage reference of 1% 
band separation, a clock of600 kHz to 2 
MHz, a 25-MHz, low-voltage, error¬ 
correction amplifier, a fast differential 
amplifier, and delay circuitry in the 
nanosecond range. At 3.5 V, the power 
MOSFET SÍ6801DQ has an on-resis¬ 
tance of 180 mil. Its effective input ca¬ 
pacity is 0.79 nF. AV 

Ternie, P. O. Box 35 35, 74025 Heil¬ 
bronn, Germany; fax +49-7131/99 33 
42. CIRCLE 656 

BONeS Crack Asynchronous-
Transfer-Mode Design 
The BONeS Asynchronous Transfer 
Mode Verification Environment is cre¬ 
ated specifically for quick and easy de¬ 
sign of ATM-compliant products, espe¬ 
cially in the wireless and multimedia 
design domains. It’s the first tool to pro¬ 
vide comprehensive support for all 
three areas of high-level design: sys¬ 
tem architecture, protocol modeling, 
and performance evaluation. System 
architects use BONeS for design cap¬ 
ture, simulation, and analysis before 
hardware and software partitioning 
have been designated. Key capabilities 
include system building blocks, multi¬ 
layer protocol modeling, performance¬ 
analysis tools, and application-specific 
support. Available now, the BONeS 
ATM VE is priced at $25,000. Prerequi¬ 
sites include BONeS Designer, priced 
at $18,000, and the Finite State Ma¬ 
chine Editor, which costs $6000. LG 

Cadence Design, Alta Group, 555 N. 
Mathilda Ave., Sunnyvale, CA 94086. 
(408) 733- 1595; (408) 523-4601. 

CIRCLE 657 

Integrated Module Family 
Adds Long-Reach Capability 
A recent addition to the family of STM-
4/OC-12 integrated modules offers 
“long reach.” The device features a dis¬ 
persion capability of up to 3200 ps/nm 
and an optical span of up to 160 km, ac¬ 
cording to the G652 optical-fiber stan¬ 
dard. Sensitivity is -35 dBm, and over¬ 
load capability is better than -8 dBm. 
The 1914 SDH family consists of 

transmitter and receiver modules that 
provide interfaces for SDH or SONET 
systems operating at 622 Mbits/s. 

They’re compatible with applicable 
ITU-T, Bellcore, and ANSI standards. 
These modules are used in transmis¬ 
sion systems like digital cross-connects 
or add-drop multiplexers, as well as 
ATM switches. Requiring a single 5-V 
power supply, the SDH family operates 
within a temperature range of 0 to 70°C 
or -40 to +85°C. Functions such as clock 
recovery, signal reshaping, data retim¬ 
ing, and digital alarms are provided by 
the receiver modules. 

Automatic optical output power con¬ 
trol is assured by the transmitter mod¬ 
ules. The dimensions of the intermedi¬ 
ate-reach versions are 23 mm by 35 mm 
by 11 mm, while the dimensions of the 
very-long-reach versions are 57 mm by 
51 mm by 11 mm. The transmit module 
contains a cooler-less, pigtailed coaxial 
laser and laser driver ASIC. AV 

Alcatel SEL AG, 70430, Stuttgart, 
Germany; phone +49-711/821-
43843; fax +49-71 1/821-46055. 

CIRCLE 658 

Powerful Omni Antenna Is 
Compact Enough For PCMCIA 
The DAC2450 is an ultra-miniature ce¬ 
ramic dielectric antenna element, de¬ 
signed for use in 2.4-GHz wireless 
LAN cards. This round, vertically po¬ 
larized patch antenna features a low 
profile of 6.5 mm, suiting it for mount¬ 
ing within expanded PCMCIA Type 2 
cards. Its unique design provides omni¬ 
directional capability and is resistant to 
the types of interference that are 
caused by operation near large metallic 
objects, such as automobiles and com¬ 
puter equipment.With a center fre¬ 
quency of 2450 MHz, it exhibits a 3-dB 
receiving bandwidth of 100 MHz, a 50-
£2 impedance, and a peak gain of 0 dBi. 

Available now, the DAC2450 costs 
$5 each in 1000-piece quantities. LG 

Toko America Inc. 1250 Feehanville 
Dr. Mount Prospect, IL 60056; (847) 
297-0070; fax (847) 699-7864; Web: 
http://www.tokoam.com. CIRCLE 659 



NEW 1 ppm/°C REFERENCES 
GUARANTEE 0.02% INITIAL ACCURACY 

Maxim’s 2.5V, 4.096V, and 5.0V References Limit Noise to Only 2.8pVrms* 

♦ 1ppm/°C Temperature Coefficient — ♦ 1.5pVp.p Noise (0.1Hz to 10Hz) 

♦ 0.02% Initial Accuracy ♦ ±15mA Source/Sink Current 

♦ Low, 1,8mA Quiescent Supply Current ♦ Available in 8-Pin SO/DIP 
Maxim's new family of precision references uses a low-power temperature compensation 
scheme to achieve the excellent temperature stability normally found in costly, power-hungry 
heated references. 

* 10Hz s / s 1kHz *‘1OOO-piece price. FOB USA 

PART 
TYPICAL OUTPUT 

VOLTAGE 

(V) 

TYP/MAX TEMPCO 

(ppm/-C) 
INITIAL ACCURACY 

(%) 
MAX NOISE* 

(pVRMS) 

OPTIONAL NOISE 

REDUCTION & 

VOLTAGE TRIM 

PRICE** 

($) 

MAX6225A 2.5 1.0/2.0 ±0.04 2.8 Yes 4.65 
MAX6241A 4.096 1.0/2.0 ±0.025 4.0 Yes 4.65 
MAX6250A 5.0 1. 0/2.0 ±0.02 5.0 Yes 4.65 
MAX6225B 2.5 2.5/5.0 ±0.1 28 Yes 2.25 
MAX6241B 4.096 2.5/5.0 ±0.1 4.0 Yes 2.25 
MAX6250B 5.0 2.5/5.0 ±0.1 5.0 Yes 2.25 

FREE Reference Design Guide-^ni Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-376-6650 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 6380 

6:00 a.m. - 6:00 p.m. Pacific Standard 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 
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NEW PRODUCTS 
EMBEDDED 

Debugging Tools Support 
Windows Developers 
SoftlCE Windows debuggers for Win¬ 
dows NT and Windows 95 are kernel-
mode components that can be installed 
as a boot driver, system driver or auto¬ 
matic driver for on-demand debug¬ 
ging. SoftlCE for Windows NT also 
can be installed as a manual driver for 
debugging any program running on 
Windows NT or system-level code. 
Moreover, it debugs all system mod¬ 
ules, including boot drivers, system 
drivers, system services, all Win32 
and Winl6 applications, DLLs, and all 
DOS programs, including DOS exten¬ 
der applications. 

Additional features include soft¬ 
ware and hardware breakpoints, con¬ 
ditional C breakpoint expressions, and 
debugger-macro and system-wide ob¬ 
ject search facilities. Other capabili¬ 
ties are hierarchical object directory 
display, Win32 fault trapping and ex¬ 
ception handling, symbolic display of 
OS internals, and system-wide event 
monitoring. 

The product works with both retail 
and checked versions of Windows NT. 
System requirements include an Intel 
386/486/Pentium single-processor 
platform, Windows NT 3.51 or NT 4.0 
Beta, 16 Mbytes of RAM minimum, 
and 2.5-Mbyte disk space. SoftlCE for 
Windows 95 offers many of the fea¬ 
tures of the NT version for debugging 
16- and 32-bit Windows applications, 
including support for dynamically 
loadable virtual device drivers. Sys¬ 
tem requirements are IBM-compati¬ 
ble 386, 486, or Pentium PC running 
Windows 95, 2 Mbytes of hard disk 
space, and compatibility with Mi¬ 
crosoft, Borland, Symantex, and Wat-
com C compilers, ml 
NuMega Technologies, 9 Townsend 

West, Nashua, NH 03063; (603) 889-
2386 or 800-4-NUMEGA; e-mail: 
info@numega. com 

CIRCLE 660 

Software Simplifies Analysis 
Of Inertia Generators 
A new Windows-based software pro¬ 
gram can help designers of mechani¬ 
cal drive systems quickly calculate 
the inertia generated by individual 
rotating drive components. The pro¬ 
gram uses physical dimensions sup¬ 

plied by the user to calculate inertia. 
Because the physical data may not al¬ 
ways be available in a single format, 
the program accepts a variety of 
physical data for each parameter. 
The designer lays out the system 

by dragging and dropping icons repre¬ 
senting up to eight system compo¬ 
nents in series, such as a single lead 
screw, a parallel cylinder or rod, a pul¬ 
ley, a nip roller, conveyor pulleys, and 
a gearbox. Different measurement 
systems can be used, and the user can 
make notes within the program for fu¬ 
ture reference. When the calculation is 
completed, the program prints out an 
application data sheet. Both the print¬ 
out and exit screen can be user-modi¬ 
fied for individual requirements and 
preferences. Extensive help screens 
are provided. 

The software package consists of 
two standard 3.5-in. diskettes that run 
on any PC equipped with Microsoft 
Windows. Sizing and Selecting Soft¬ 
ware for Inertia Generators can be 
downloaded from WeCell BBS. ml 

Warner Electric Advertising Dept., 
449 Gardner St., South Beloit, IL 61080; 
(815) 389-3771; WeCell BBS: (815) 
389-6440. 

CIRCLE 661 

Integrated Environment 
Motorola Processor Systems 
Embedded Support Tools Corp. (EST 
Corp.) has integrated its visionICE 
scalable emulation system with Soft¬ 
ware Development Systems’ Sin¬ 
gleStep source-level debugger and the 
Wind River Systems Tornado devel¬ 
opment environment for supporting 
the Motorola 68300, PowerPC, and 
ColdFire-based microprocessor fami¬ 
lies. With plug-and-play compatibility 
thanks to SDS’s SingleStep source¬ 
level debugger, visionICE provides 
one integrated environment under a 
single interface. It can handle every 
phase of the embedded life cycle, from 
hardware debugging to driver devel¬ 
opment to C source debugging. 

Features of the visionlCE/Sin-
gleStep integration include support 
for IEEE695 compilers such as Cross¬ 
Code, as well as the Elf/Dwarf and 
PowerPC EABI embedded stan¬ 
dards; Flash programming capabili¬ 
ties; crash diagnostics; real-time oper¬ 
ating system support; and high-end 
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emulation. Integration with Tornado 
provides a background debug mode 
support for the Tornado development 
environment. 

Developers of deeply embedded ap¬ 
plications with minimal target re¬ 
sources can use a BDM connection to 
port the VxWorks real-time operating 
system to custom hardware, and then 
debug their applications. EST’s vision¬ 
ICE can be customized to fit any de¬ 
velopment strategy, from low-cost tar¬ 
get control through full-scale trace 
emulation. Modules for multiple 
trace/event systems, overlay memory, 
Ethernet communications, and logic 
analysis can be shared across any 
number of development seats. 

Pricing for the visionICE compo¬ 
nents is $4250 for the base visionCON-
TROL system and $6800 for the vi-
sionNET system, ml 
Embedded Support Tools Corp., 120 

Royall St., Canton, MA 02021-9725; 
(6 17) 828-5588; fax: (6 17)821 -2268. 

CIRCLE 662 

Accurate Sparc Model 
Suits Embedded Designs 
CAE Plus Inc. has come up with a 
clock-edge accurate C Sparc model for 
the embedded-system IC market. In¬ 
cluded in the model are the SPARC 
and coprocessor plus I/Os. The model 
has a five-stage pipeline with register 
forwarding, delay instruction with an¬ 
nul option, plus eight register window 
and three read/write ports for register 
files. It accurately models stalls result¬ 
ing from load dependencies and exe¬ 
cutes the instructions from instruction 
memory identical to real hardware. C 
models developed by the company 
provide RTL accuracy with execution 
speed 1000 times faster than HDL 
simulation speed. They require no 
simulator and can be executed simul¬ 
taneously on multiple PCs. System IC 
specifications must be validated prior 
to RTL coding. The company’s model¬ 
ing specialists and processor architec¬ 
ture experts can modify the SPARC 
model based on custom implementa¬ 
tion architecture and instruction set, 
and deliver a customized clock-edge 
accurate C model in a few weeks. 
CAE Plus Inc., 9130 Jollyville Rd. 

#340, Austin, TX 78759; (512) 338-
01 65; fax (51 2) 338-01 92. 

CIRCLE 663 



SMALLEST INVERTING DC-DC CHARGE 
PUMP IS Ÿ4 SIZE OF THE 7660 

S0T23-5 Device Delivers 25mA: 2.5x the Power of the 7660! 
The MAX828 and MAX829 are the world’s smallest inverting DC-DC converters. They come in 5-pin 
SOT23-5 packages and convert a positive voltage into a negative output in cellular phone, LCD, data-
acquisition, and analog-signal-measurement applications. Only two small external capacitors are needed 
to complete the circuit. Typical output resistance is just 20Q, permitting useful outputs up to 25mA. 

♦ Smallest Circuit: 
S0T23-5 Package 
3.3pF Capacitors 
No Inductors 

♦ 60pA Quiescent Supply 
Current (MAX828) 

♦ Switching Frequency 
Above the Audio Range 
(MAX829, 35kHz) 

♦ 20Q Output Impedance 

♦ 1.5V to 5.5V Input Range 

Use the MAX828 where low power consumption is critical. The 
higher-frequency MAX829 fits smaller spaces and low-noise audio 
applications (because its switching frequency is above the audio 
range). 

REPLACE YOUR 7660! 

• SAVE SPACE 
• SAVE BATTERY LIFE 

• SAVE COST 

PARAMETER 7660 MAX828 MAX829 

BOARD AREA 
in2 0.048 0.013 0.013 
mm2 31.0 8.3 8.3 

HEIGHT : mm) 1.75 1.45 1.45 
Rout(Q) 55 20 20 
fose (kHz) 10 12 35 

SUPPLY CURRENT (pA) 110 60 150 
PRICE* ($) 1.05 0.80 0.80 

•10.000pc. recommended resale (FOB USA). 

-40°C to +85°C 
Temp. Range 

FREE Power Supply Design Guide-Sent Within 24 Hours! 
Includes: Data Sheets and Cards for Free Samples 

CALL TOLL-FREE 1-800-376-6650 for a Design Guide or Free Sample 
For Small-Quantity Orders Call (408) 737-7600 ext. 6380 

6:00 a.m. - 6:00 p.m. Pacific Standard Time 
http://www.maxim-ic.com 

MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders 

yuiyjxizki 

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. SE Spezial Electronic, KG Denmark, Arrow-Exatec A/S; Finland Yleiselektroniikka Oy; France 
Maxim France, Distributors Maxim Distribution, ASAP Germany Maxim GmbH, Distributors Maxim Distribution, Spezial Electronic Kt. Ireland FMG Electronics; Italy, Centro 
Direzionale Colleoni, 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. 

/Hyl XI ZVI a registered trademark ef Maxim Integrated Products. © 1997 Maxim Integrated Products. 
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NEW PRODUCTS 
SOFTWARE 

RTOS Adds Features For 
Safety-Critical Designs 
The OSE Delta real-time operating 
system includes features designed 
specifically for building safety-critical 
applications. The RTOS detects errors 
in programming or those due to hard¬ 
ware failure and automatically in¬ 
vokes action to handle the error and 
ensure the system remains in a safe 
state. Blocks of processes, redirection 
tables, user numbers, and powerful 
memory configurations allow develop¬ 
ers to build an application providing 
maximum safety and high perfor¬ 
mance. Supervisory features enable 
processes to request supervision of 
other processes and resources. If 
processes or resources being super¬ 
vised become inaccessible (process 
killed, network failure, or remote 
board failure), the process requesting 
supervision is notified so that it can 
take appropriate action. OSE Delta is 
the fourth implementation level of the 
OSE message-based RTOS family, 
which brings special capabilities for 
fault tolerance, safety-critical applica¬ 
tions, run-time configuration, and dis¬ 
tribution. ML 

Enea OSE Systems AB, P.O. Box 232, 
Nytorpsvagen 5B, S- 183 23 Taby, Swe¬ 
den; +46(0)8 638 50 00; fax: +46(0)8 
6385050. CIRCLE 664 

New Feature Set Enhance 
Object Request Broker 
The Orbix 2.1 object request broker 
from Iona Technologies is a perfor¬ 
mance-critical ORB with real-time so¬ 
lutions providers ISI, VXWorks, and 
QNX. Several new features provide a 
25% performance improvement over 
previous versions, including full Cobra 
2.0 features and full Internet Inter-
ORB Protocol (HOP) standardization 
for point-to-point transport at the 
wire level. 

Orbix 2.1 now supports the Dy¬ 
namic Skeleton Interface, which al¬ 
lows a server to receive an operation 
call, even for an object of which no 
knowledge is known prior to compile 
time. New extended filter support al¬ 
lows Orbix 2.1 to deliver symmetric 
response mechanisms for transac¬ 
tions. This detection service supports 
both client and server failures and ini¬ 
tiates appropriate actions. 

Distributed free with Orbix 2.1 is 
OrbixNames, which allows objects to 
be named independent of any proper¬ 
ties of the object, such as its server or 
host name. Also, GUI features for 
Windows developers provide access to 
tools such as Visual Basic, Power¬ 
Builder, and Delphi for linking local 
and remote OLE and ActiveX objects 
into developer applications. An opti¬ 
mized portability allows Orbix 2.1 to 
bring together specific features (such 
as multithreading and support of 
Asynchronous Winsock on Windows 
NT) of numerous operating systems 
into a coherent development environ¬ 
ment. Orbix 2.1 costs between $2500 
and $5000 per developer license, de¬ 
pending on operating system, ml 

Iona Technologies Inc., 20 1 Broad¬ 
way, Floor 3, Cambridge, ALA 02139; 
(6 17) 679-0900; fax (6 17) 679-0910. 

CIRCLE 665 

Prototyping System Tests 
Real-Time Embedded Designs 
Embedded-system developers can 
now use the tailorable code-genera¬ 
tion techniques of Statemate Magnum 
from i-Logix Inc. to generate a virtual 
prototype that runs on the host plat¬ 
form. It also can create an embedded 
prototype that runs on the target 
processor under the VxWorks RTOS 
of the Tornado development environ¬ 
ment of Wind River Systems Inc. Sys¬ 
tems then are able to be tested in a re¬ 
alistic environment, minimizing the 
time and expense of building multiple 
physical prototypes. 

Providing an interactive cross-de¬ 
velopment environment, the Tornado 
tool suite incurs little or no overhead 
in target resources. Included are the 
VxWorks scalable real-time operating 
system, which executes on the embed¬ 
ded target processor, and communica¬ 
tions options such as Ethernet, serial 
line, BDM, ICE, or ROM emulator for 
target connection to the host. Tornado 
also supports the use of third-party 
and custom tools. 

In a typical example, automotive 
power-train engineers can model the 
functionality and behavior of the 
power train in Statemate Magnum’s 
graphical language, verify system be¬ 
havior through graphical simulation, 
then automatically generate code that 
runs under VxWorks on a target 
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processor in the car. Through i-Logix’s 
Graphical Back Animation technology, 
the software running in the car can be 
observed at the graphical level in 
Statemate Magnum, ml 

i-Logix Inc., Three Riverside Dr., An¬ 
dover, MA 01810; (508) 682-2 100. 
CIRCLE 666 

Reference Drivers Tie 
PCI Cards To Windows NT 
Windows NT Reference Drivers de¬ 
veloped by Blue Water Systems Inc. 
are available for PCI card designs us¬ 
ing the S5933 PCI interface chip from 
Applied Micro Circuits Corp. 
(AMCC). The drivers support the 
AMCC Matchmaker Development Kit 
for the S5933 chip sets. Source code is 
available on request from Blue Water 
Systems, or on the company’s Web site 
at httpJIwww. bluewaters ystems, com. 
Samples for controlling the interface 
chip include pass-through mode ac¬ 
cesses, bus mastering, and mailbox us¬ 
age.’ 
The PCI Reference Drivers are 

based on Blue Water Systems’ WinDK 
Class library and the WinDK Device 
Driver Development Kit for develop¬ 
ing high-speed device drivers for Win¬ 
dows NT 3.51 and 4.0. They’re in¬ 
tended for use as a template for 
commercial NT drivers. Also, they can 
be expanded upon using WinDK for 
attaching new hardware to Windows 
NT platforms. The WinDK Kit sup¬ 
ports Microsoft’s Windows NT DDK 
kernel mode driver development, in¬ 
cluding registry, resource/port assign¬ 
ment, event logging/debugging/trace 
functions, multiple queues, address 
mapping, filtering, and so on. PCI Ref¬ 
erence Drivers are available at no 
charge. 

The WinDK Device Driver Devel¬ 
opment Kit for Windows NT 4.0 or 
3.51, including six months free support 
and 90 days free upgrades, is $795. An 
introductory price of $595 is available 
for the WinDK Intel version. System 
requirements are NT 4.0 or 3.51, Intel, 
Alpha, PowerPC, and Microsoft Vi¬ 
sual C++ version 4.x. ML 

Blue Water Systems Inc., 190 West 
Dayton, P.O. Box 776, Edmonds, WA 
980-0776; (206) 771 -3610. 
Applied Micro Circuits Corp., 6195 

Lusk Blvd., San Diego, CA 92121; (800) 
755-2622. CIRCLE 667 



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 

(916) 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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EUROPEAN 
PRODUCTS 

Infrared Transceiver Modules 
Meet IrDA Standards 

Three new infrared data-link modules, the I RM 3001, 
IRM 3105, and IRM 6000, provide point-to-point 
connectivity in half duplex mode. When combined 

with the appropriate software, the modules meet the 
standards of the Infrared Data Association (IrDA). The 
modules are specifically designed for transmission over 
short distances up to one meter, eliminating the need for 
cables and associated interconnect mechanical issues. 
Even with very close positioning, there is, according to 
the manufacturer, no signal overload. 
The transceiver module supports data rates of 9.6 

kbits/s to 115.2 kbits/s with a supply voltage between 3.2 
V and 5.5 V and a transmission angle of ±30°. Power con¬ 
sumption in standby mode is below 1 mA. The IRM 3001 
and IRM 3105 modules measure 13 mm by 6 mm by 6 
mm, while the slim-line version IRM 6000 has dimen¬ 
sions of 9.1 mm by 4.1 mm by 4.3 mm. 

The IRM 3105 and IRM 6000 incorporate DIL con¬ 
nections, and the IRM 3001 has single-in-line connec¬ 
tions. Other designs with supply voltages down to 2.7 V 
and data rates up to 4 Mbits/s are currently beign devel¬ 
oped. AV 

Siemens Semiconductors, Infoservice RK F/B3, 90713 
Fuerth, Germany; fax: +49-91 1/978 33 21. 

CIRCLE 490 

IC Enables DC Supplies To Be 
Housed In Slim-Line Power Plugs 

A high-voltage BCD Powerlogic IC allows constant-voltage/constant-current de supplies to be housed 
in universal slim-line power plugs that plug di¬ 

rectly into 90- to 280-V ac-line supplies. Target applica¬ 
tions for the IC include fast chargers for cellular and 
cordless telephones. 

The TEA 1401, otherwise known as the Self-Oscillat¬ 
ing Flyback Power Supply Controller, derives feedback 
on output voltage and current from an auxiliary winding 
on the isolation transformer, eliminating the need for 
any current- or voltage-sensing circuitry on the second¬ 
ary side of the transformer. 

Furthermore, it includes an on-chip 650-V/0.5-A 
DMOS switching FET. Therefore, the only other com¬ 
ponents required in an electronic power plug capable of 
charging 10- to 20-W loads are an ac-line supply filter 
and rectifier, a miniature transformer, and a few passive 
components and diodes. The component runs at fre¬ 
quencies up to 145 kHz. AV 

Philips Semiconductors, Marketing&Sales "TEA 1401t 
Power Plug IC," P.O. Box 218, 5600 MD, Eindhoven, The 
Netherlands; telephone: +31 40 27 22 091 ; fax:+31 40 
2724 825. 

CIRCLE 491 

Time-Gated Power Meter 
Targets Digital Radio Testing 

The latest RF & microwave power meter designed by Sematron UK adds a time-gated measurement 
option and power sensors specifically aimed at the 

new generation of digital radio communications sys¬ 
tems. Time gating makes it possible to accurately mea¬ 
sure average power within a user-specified time slot, or 
within a user-defined portion of any time slot. 

The new power meter, called the Giga-tronics 8540C, 
can perform this measurement more accurately and at a 
lower cost than, say, spectrum analyzers or digital radio 
test sets. Thus, the meter allows for wider test limits 
and guarantees specifications, increasing throughput 
and production yield and reducing rework costs. 

Complementing the novel power meter is a new 
range of sensors that give measurement capability to 40 
GHz. One such sensor is the 80601A, which can provide 
up to 30 fully settled power measurements per second. 
It also handles the wide bandwidth required for testing 
CDMA and similar modulation schemes used in wire¬ 
less local loop equipment. 

The 8540C comes in a compact (215 mm by 89 mm by 
368 mm) bench mount case. A wide range of options are 
available, such as rack-mount kits, rear-panel connec¬ 
tors, and additional internal memory for storing up to 
128,000 “burst-mode” readings for subsequent down¬ 
load. RE 
Sematron UK Ltd., Sandpiper House, Aviary Court, 

Wade Rd., Basingstoke, Hant RG24 8GX, phone: 01256 
812222; fax: 0125681 2666. CIRCLE 492 

DC-DC Converter Outputs 
Range From 24 to 110 V 

Generally speaking, dc-dc converters offer a reliable 
and cost-saving alternative to secondary batteries. 
For instance, they have lower operating and main¬ 

tenance costs. They also have reduced capital replace¬ 
ment costs and a longer system lifetime. One such ex¬ 
ample is the PU 1000, the latest dc-dc converter offered 
by Polyamp AB. It’s able to provide output voltages 
from 24, 48, 60, to 110 V de using input voltages varying 
from 24 to 440 V de. The device is certified to a number 
of key industry standards, such as the CE mark. 

According to the company, the PU 1000 can test all of 
its equipment to higher levels than that required by in¬ 
ternational directives. It’s conventional cooling system 
features an efficiency of more than 90%. Moreover, up 
to ten units can be connected in parallel. RE 

Polyamp AB, P.O. Box 925, S-191 29, Sollentuna, Swe¬ 
den; phone: +46 8 359 350; fax: +46 8 96 187; e-mail: 
info@polyamp.se; Web: http://www.polyamp.se. 

CIRCLE 493 
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READER'S RESPOND 

Gender Equity For EE's 
I am responding to your Feb 3. “EE 

Currents & Careers” article (“Give 
Your Daughters Legos And Erector 
Sets...” p. 179). Although not an Elec¬ 
tronic Engineer, I have held various 
technical positions in electro-mechani¬ 
cal manufacturing and data communi¬ 
cations cabling distribution design 
since 1981. My childhood consisted of 
playing with toy blocks, Lincoln logs, 
Legos, horses, and cars. I was consid¬ 
ered a “tomboy.” I have two brothers 
and both are engineers. 

I firmly believe that in today’s job 
market, it is a much more difficult 
process to prove credibility and level 
of expertise and experience as a 
woman in the field of engineering. My 
memories of various past job inter¬ 
views recalled some unusual discus¬ 
sions which a potential employee may 
wish to anticipate and create witty 
and/or serious responses for the inter¬ 
viewer. One time, an older gentleman 
who was interviewing me spread out a 
schematic larger than his desk in front 
of me and asked what I would do if the 
device did not work. I said, “First, I 
would see if it was plugged in.” An¬ 
other time, a rather portly gentleman 
asked if I would be able to lift their 
standard piece of equipment (weigh¬ 
ing 75 lbs.). My response was, “I can 
pick it up and play catch with you, if 
you like.” Often, the interviewer will 
ask if I am “put off’ by foul language in 
the workplace. You may guess my re¬ 
sponse on that one. 

One time, the president (a Mechani¬ 
cal Engineer) of a company presented 
me with a fabrication and design issue 
for my “test.” I made my suggestions 
on the spot. I was hired for that job, 
and when I arrived for my first day of 
work, he had already implemented my 
suggestion. A headhunter recently 
said to me, “I have spoken to 50 people 
with your industry certification and 
not one was a woman.” My response to 
that was, “Oh yes, 10% of us are 
women.” Of course, that figure was off 
the top of my head, I think it is closer 
to 6%. 
Beth R. Levin, RCDD 
Seaside Park, NJ. 

The road to being accepted for in¬ 
nate talent and ability to excel in a po¬ 
sition is often littered with landmines. 
From sensitivity to language to learn¬ 

ing the difference between assertive 
and aggressive, my journey in tradi¬ 
tionally male-dominated fields has 
been filled with challenges. Then, 
thankfully, there are those gentlemen 
who have taken a mentoring posture 
in our professional relationships. 
And, I agree that one of the most im¬ 
portant assets in any situation is a 
sense of humor.—Debra Schiff 

A Spacey Proposal 
I concur with your Feb. 17 editorial 

(“Where Do Our Priorities Lie?” p. 
18). As a project that would be a prac¬ 
tical national science (and engineer¬ 
ing) project, I propose the develop¬ 
ment of the Lunar Power System. 
This type of system has the potential 
of solving global energy and environ¬ 
mental problems while stimulating 
meaningful growth in science and en¬ 
gineering. It entails colonizing the 
moon and is the most reasonable next 
step for space development. Recent 
cost-benefit analyses indicate that it is 
the least expensive way to meet the 
world’s energy requirements by the 
year 2010 (approximately 18 ter¬ 
awatts). If the $100 billion that may be 
spent on the space station were spent 
on the LPS over a ten-year period, it 
could result in approximately 10 gi¬ 
gawatts of clean energy for the Earth. 
The economy of scale associated with 
the LPS rapidly reduces the cost per 
gigawatt so that less than one cent per 
kilowatt-hour is realistic for global 
scale energy levels (18 terawatts). 
Dan Greenwood 
President 
NETROLOGIC Inc. 

HP And Lee de 
Regarding Andrew Aiken’s Feb. 3 

letter concerning Lee de Forest’s 
presence at the Hewlett-Packard 
Company in 1957: 

Speaking as someone who was pre¬ 
sent at the time, I’d like to offer a clar¬ 
ification. Mr. de Forest was not work¬ 
ing at Hewlett-Packard; he was 
visiting, as consequence of his visit to 
the 1957 WESCON show at which he 
was featured. Posing at a lab bench 
with Bill Hewlett and Barney Oliver 
was no more than somebody’s idea of a 

nifty photo opportunity. 
Someone who actually was working 

at HP at the time was Cy Elwell, by 
whom de Forest was employed at the 
early part of his career. It was clear 
from Oy’s many stories of the old days 
that de Forest was definitely not a fa¬ 
vorite of his. Yet pictures taken during 
that same visit show Cy and de Forest 
smiling at each other, even shaking 
hands, or perhaps with arms draped 
around shoulders—I can’t recall for 
sure. 

Interested parties who want to 
know more about de Forest’s deserved 
position—or lack of same—in the early 
history of electronics would do well to 
read the autobiography of de Forest, 
Lessing’s biography of E.H. Arm¬ 
strong, and Tom Lewis’ recent book on 
de Forest, Armstrong, and Sarnoff. 
Larry Johnson 
Los Altos, Calif. 

NASA And Me (Or You) 
Regarding the Jan. 20 Technology 

Briefing (“To Infinity And Beyond!”p. 
20): 

I agree completely with your agenda 
for NASA, but don’t go to work there. 
The first thing that will happen is that 
you will find out that there are rules 
against lobbying and advertising—after 
all, NASA already gets government 
money and it is somehow unfair for it to 
act like it is important in the “eyes of the 
customer.” Your PR activities would be 
taken as having the appearance of self-
promotion and that would be too much 
for the ethics department to have to deal 
with. 

It’s a real conundrum. If there was a 
way to work in space R&D without us¬ 
ing government money, I’d be working 
there already; but there isn’t, at least not 
yet. I could work for a private company, 
but I still couldn’t do this work except on 
contract to the government. As it is, 
since this is the only source of funding for 
space exploration, I currently work as 
close to the top of the food chain (and at 
the best place within the “stupid rules 
laden” system) as I can get—JPL. 

More power to you. I’d like to see your 
editorial on the front page of the Los An¬ 
geles Times (with them in favor, of 
course). 
Courtney.Duncan@Jpl.Nasa.Gov 
via e-mail 
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EE Currents & Careers 
■ Exploring employment and professional issues of concern to electronic engineers 

Strong Communication Skills 
Improve Advancement Possibilities 
Robert Keenan 

Attitudes and philosophies are 
changing in today’s business 
world. Gone are the hierarchal 

structures of the 1950s, 60s, and 70s. 
Enter flatter organizations and cross¬ 
functional teams in the 90s. These new 
approaches have reinvented tradi¬ 
tional company cultures. All employees 
in today’s business environment, espe¬ 
cially engineers, have had to adapt to 
these changes to survive and succeed. 

In the past, engineers were per¬ 
ceived simply as people sitting at 
workbenches designing projects morn¬ 
ing, noon, and night. Managers saw en¬ 
gineers as the behind-the-scenes play¬ 
ers who developed the company’s 
products. But now, engineers are seen 
by managers as important business 
tools who develop manufacturable 
products while cutting costs through 
extensive interaction with marke¬ 
teers, sales personnel, and 
customers.One of the musts in this en¬ 
vironment is having a firm grasp on 
the technology. At the same time, 
however, the development of strong 
communication skills is becoming a 
growing necessity for engineers. 
Norm Tarowsky, education man¬ 

ager for Hewlett-Packard (HP) Co.’s 
Components Group, San Jose, Calif., 
says that possessing good communica¬ 
tion skills is extremely important for 
engineers. He says that companies in 
the past saw engineers as people who 
worked in the backroom. However, 
Tarowsky says that companies now 
view engineers as people who have to 
work in teams, collaborate with people 
on a worldwide basis, and also work 
with other departments when develop¬ 
ing products. To operate in these envi¬ 
ronments, HP needs engineers with 
strong communication skills. 

Lucent Technologies’ Microelec¬ 
tronics Group, Berkeley Heights, NJ. 

also wants their engineers to have ex¬ 
cellent communication skills. For exam¬ 
ple, Judy Miller, senior manager of Mi¬ 
croelectronics International University 
for Lucent, says that in a factory set¬ 
ting, engineers must have the ability to 
communicate changes and in high-level 
designs to the non-technical hourly 
workers (see “Improving Oral Com¬ 
munication Skills,” p.185). 

Overall, engineers need to improve 
interpersonal skills that encompass 
reading, writing, oral, listening, and 
critical thinking skills. One of the pro¬ 
grams developed at the college level 
to address these issues for young en¬ 
gineers is the WRITETALK Commu¬ 
nication System. 

WRITETALK 
The WRITETALK Communication 

System is set up to improve engineer¬ 
ing communication skills on college 
campuses. IEEE President Charles 
Alexander and James Watson, presi¬ 
dent of Watson Associates, Mansfield, 
Ohio, developed the program in 1987 
with the help of Wayne Bennett. Ac¬ 
cording to Alexander, the basis for 
WRITETALK is to incorporate pro¬ 
grams to improve communication skills 
in the engineering curriculum, not 
through additional courses outside the 
core engineering program. He says 
that separate courses—such as public 
speaking and composition—do not in¬ 
still the importance of communication 

An engineer's success 
is directly proportional 
to his or her ability to 

communicate. 

to young engineers. By implementing 
communication topics in a technical 
curriculum, young engineers will learn 
the importance of these skills. 

According to Watson, the goal of 
the WRITETALK program is to help 
students become aware of and de¬ 
velop a process for gaining good com¬ 
munication skills. The program is de¬ 
signed to improve a wide variety of 
communication skill sets such as ef¬ 
fective technical communication, time 
management, memo writing, resume 
and cover-letter writing, oral presen¬ 
tations, listening skills, group inter¬ 
action, interpersonal skills, and labo¬ 
ratory report writing. 

Alexander says that improving 
these skills allows engineers to be 
more successful in the workplace. “An 
engineer’s success is directly propor¬ 
tional to his or her ability to communi¬ 
cate,” he says. 

Rutgers’ Wireless Information 
Networking Laboratory (WINLAB) 
New Brunswick, N.J., and Virginia 
Tech’s Mobile and Portable Research 
Group (MPRG), Blacksburg, Va., do 
not use the WRITETALK program, 
but incorporate developing communi¬ 
cation skills in their engineering 
classes. At WINLAB, the develop¬ 
ment of communication skills in the 
technical curriculum arrives in the 
form of writing papers and oral pre¬ 
sentations. Jack Holtzman, professor 
of electrical and computer engineering 
and associate director of WINLAB, 
agrees that incorporating these skills 
in technical classes raises their impor¬ 
tance in students’ minds. 

Holtzman notes that one major 
communication problem students 
have is selecting information when 
making presentations. “Students tend 
to flood the audience with details,” he 
says. By incorporating presentations 
into course work and providing feed¬ 
back, WINLAB students learn how to 
stress the main points and main con¬ 
clusion of their presentations. “It 
makes them think: Why am I doing 
this and what’s important?” adds 
Holtzman. 
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Ted Rappaport, professor of electri¬ 
cal engineering and director of MPRG, 
says that during the past few years, 
industry companies have conveyed a 
need for engineers that can write and 
communicate effectively. Like Rut¬ 
gers, MPRG incorporates project and 
oral presentation components to its 
class work. Beyond that, graduate stu¬ 
dents make presentations to potential 
MPRG sponsors. “Their ability to con¬ 
vince sponsors about the importance 
of their research is how we stay in 
business,” says Rappaport. 

Rappaport indicates that his stu¬ 

dents are savvy and demonstrate good 
oral communication skills when an au¬ 
dience is defined for them. However, 
he is concerned about student’s writ¬ 
ing skills. “This is one skill that we 
could do better across the board,” he 
adds. As a result, graduate students 
spend as much time on improving 
writing skills as they do on enhancing 
research and analytical skills in the 
MPRG program. 

Overall, MPRG and WINLAB 
have seen success when incorporating 
communication skills in their technical 
programs. Rappaport says that pro¬ 

gram-sponsor companies favorably 
remark on MPRG graduate’s commu¬ 
nication skills. 

Holtzman says that the feedback 
he receives on WINLAB’s graduates 
is that they have a running head 
start due to the total education pack¬ 
age—which includes their communi¬ 
cation skills. 

Training Programs 
But young engineers only make up 

a part of the total wireless community. 
To help engineers on staff, companies 
have turned to training programs to 

Improving Oral Communication Skills 

When the word “communication” is mentioned to 
most engineers, thoughts of RF transmission and 
Internet connection immediately jump into mind. 

But, the word also has another meaning. In today’s busi¬ 
ness environment, more engineers are working in 
teams, dealing with customers, and making presenta¬ 
tions at trade shows and conferences. In this environ¬ 
ment, the engineer must be an efffective communicator. 

One communication skill most companies look for in 
an engineer is strong oral skills. As a result, engineers 
who improve their oral skills are a more marketable 
commodity. 

Here are some tips that can help engineers improve 
their oral communication skills. 

1. Know Your Audience—Today’s engineers increas¬ 
ingly find themselves making presentations to cus¬ 
tomers, team members, and management. In an August 
1995 article in the Public Relations Journal, James 
Beckham, Jr. says that to better deal with customers or 
companies, a speaker must identify topics that are im¬ 
portant to the audience. 
James Watson, president of Watson Associates, 

Mansfield, Ohio, agrees. In The Communication Con¬ 
nection, Watson says, “Each audience member is differ¬ 
ent in their need for information. It is important to rec¬ 
ognize different needs.” 

2. Anecdotes—In any oral communication situation, 
formal or informal, anecdotes can improve the quality of 
a presentation. By using anecdotes or stories, the engi¬ 
neer can make points clearer to the audience, and the 
audience can more easily relate to the speech. 

“Think of the last time you were sitting with friends 
and wanted to express an idea or make a particular 
point. You probably told a story to bring that point 
home,” Beckham says. He adds that anecdotes are one 
technique that can be used to make a thought more un¬ 
derstandable. 

J. Delivery—Preparation is very important in any 
oral communication situation. But, delivery is equally as 
important. If not properly delivered, even the best re¬ 

searched speeches or sales presentations may flop. 
One way to effectively deliver a presentation is re¬ 

hearsal. Through rehearsal, an engineer first becomes 
acquainted with the presentation. 

Acquaintance with the speech, however, is only half 
the battle. In her book “How to Write & Give a Speech” 
(St. Martin's Press, New York, 1992), Joan Detz says 
that presenters should become comfortable with the 
gestures, pauses, and emphases they will use during the 
speech. “It is not enough to know the content of your 
speech,” she says. Detz suggests that people rehearse 
their presentation in front of a mirror or a small group. 
When delivering a presentation, good eye contact 

also is vital. “When you look at people, they believe you 
care about them,” Detz says. By looking audience mem¬ 
bers directly in the eye, Detz says that the speaker cre¬ 
ates sincerity. She adds that by making contact with as 
many people as possible, the speaker can get the audi¬ 
ence more involved in the speech. 

Eye contact also provides immediate feedback to the 
presenter. By making visual contact with audience 
members, an engineer can tell how he or she is doing 
and can make adjustments during the speech to in¬ 
crease audience interest. 

During delivery, the speaker should consider rate, 
variety, emphasis, clarity, volume, and rhythm. By eval¬ 
uating all of these areas during rehearsal, the overall ef¬ 
fectiveness of the presentation can be improved. An¬ 
other delivery tip is to avoid reading a speech 
word-for-word. A better technique is to develop an out¬ 
line which serves as a guide to the presentation. 

J. Style—Presenters must develop their own style 
when making an oral presentation. According to Wat¬ 
son, style cannot be taught. 

In the March 1994 issue of Boardoom Reports, Ed 
English, public speaking trainer for the American Man¬ 
agement Association, Leawood, Kans., says that pre¬ 
senters must perfect the communication styles and 
techniques that work best for them. “What works for 
one person might not help another.” 
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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 

COMMUNICATIONS 

improve communication skills. 
Lucent, Motorola, and HP offer de¬ 

velopment programs for engineering 
staff members. Engineers meet with 
their managers and decide on the 
skills that need improvement. Com¬ 
munication skills are one topic covered 
in these meetings. Once an engineer 
decides what communication skills 
need to be improved, he or she seeks 
out a course or courses to respond to 
those needs. 

Lucent, Motorola, and HP offer 
many different avenues for technical 
people to improve their communica¬ 
tion skills. Solutions are available 
through classroom environments, 
seminars, workshops, satellite con¬ 
ferencing, CD-ROMs, the Internet, 
and local-area network (LAN)-based 
systems. 
One reason for several teaching 

platforms is time constraints on engi¬ 
neers. “It seems like engineering time 
is precious,” Lucent’s Miller says. “It 
is tough for engineers to break away 
from work.” However, Miller says the 
classroom environment is not being 
eliminated—particularly for commu¬ 
nication courses. 

Clearly, companies stand to benefit 
by encouraging engineers to improve 
their communication skills. Sandy 
Pallett, regional training consultant 
for Motorola University, Tempe, 
Ariz., says that by encouraging engi¬ 
neers to hone their communication 
skills, Motorola believes that it can 
meet customer needs better and gain 
a competitive advantage in the mar¬ 
ketplace. 

Not surprisingly, engineers have 
started to realize the need for im¬ 
proved communication skills. “I 
think the recognition is there,” Pal¬ 
lett says. “Engineers realize that in 
order to get their work done they 
have to talk to and influence another 
human being.” 

Robert Keenan is an associate edi¬ 
tor at Wireless Systems Design Maga¬ 
zine. He may be contacted at 611 
Route 46 West, Hasbrouck Heights, 
NJ 07604; (201) 393-6250; e-mail: 
robkwsd@aol.com. 
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Electronic Design catalog/literatiire review 
ROM Short Form 
AMI’s masked ROMs of¬ 

fer low-power, drop-in 
replacement for EPROMs 
without the added cost. The 
3-volt parts work in 2.7- to 
3.6-volt battery applica¬ 
tions. The low-volt devices 
work in 3- to 5.5-volt appli¬ 
cations. For information on 
AMI’s masked ROMs, call 
Tamara Drake, (208) 233-
4690 or visit our home page 
at httpyAvww.amis.com. 

CIRCLE 250 

AMERICAN MICROSYSTEMS INC. 

SINGLE BOARD COMPUTERS 
ICP Acquire Inc. is a 

manufacture of single 
Board computers, provide 
Backplane, rackmount 
chassis , and Industrial 
Power supplies. Including: 
3-20Slot BP, 386/486/Pen-
tium SBC, 3-20Slot chassis, 
DC-12V/24V-48V PS and 
85-265V AC PS. Contact 
Allen, phone: 415-967-7168 

WoMHKPMMrSaFFlT 

CIRCLE 251 

ICP ACQUIRE, INC. 

HI PERF CABLE ASSEMBLIES 

CIRCLE 252 

PRECISION INTERCONNECT 

Brochure for engineers 
needing to know the cur¬ 
rent level of advanced capa¬ 
bilities in the integrated de¬ 
sign and manufacture of 
microminiature cables and 
high density terminations. 

COMMERCIAL RELAY 
Informative 12-page relay 

selection guide features 
Midtex’s broad line of in¬ 
dustrial and general pur¬ 
pose relays. Midtex designs, 
manufactures and markets 
low-level relays. Midtex de¬ 
signs, manufactures and 
markets low-level relays, 
PC board power relays, gen¬ 
eral purpose relays rated at 
3 Amps to 15 Amps to 30 
Amps, time delay relays 
and solid state relays. Call 
(915) 772-1061 for a free 
Commercial Relay Selection 
MIDTEX 

SELECTION GUIDE 

CIRCLE 253 

CRYSTAL OSCILLATOR CATALOG 
A new product catalog and 

selection guide from Cham¬ 
pion technologies features 
their full line of crystal oscilla¬ 
tors. Technical 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: 847/45 V1000 CIRCLE 257 

CHAMPION TECHNOLOGIES 

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. CIRCLE 259 

IRONWOOD ELECTRONICS 

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 

CIRCLE 262 

APEX 

RF/IF DESIGNER'S GUIDE 
180 page RF/IF De¬ 

signer’s Guide is looked 
with informative features 
such as practical articles, 
definitions of terms, envi¬ 
ronmental and reliability 
test procedures, answers to 
frequently asked surface 
mount technology ques¬ 
tions, and more! It also con¬ 
tains the most complete and 
up-to-date specifications 
and price information about 
all Mini-Circuits signal pro¬ 
cessing components. CIRCLE 254 

MINI-CIRCUITS 

DEVICE PROGRAMMERS & HANDLERS 
The Data I/OÒ catalog k 

the direct-order source of 
affordable tools for users of 
programmable devices. 
From design software to de¬ 
vice programming and au¬ 
tomated handling systems, 
the Data I/O catalog offers 
unbeatable values on the 
high quality tools you need. 
Call 1-800-332-8246, ext. 
806 

DATA I/O 
CIRCLE 323 

1997 DATA ACQUISITION CATALOG 
lOtech’s 1997 catalog de¬ 

scribes its PC-based data 
acquisition and IEEE 488 
hardware and software 
products. These include 
parallel-port- and PCM¬ 
CIA-based portable data ac¬ 
quisition systems; ISA-bus¬ 
based data acquisition 
boards; associated signal¬ 
conditioning products; and 
IEEE488 instruments, con¬ 
trollers, and accessories. 
Tel: (216) 439-4091 Fax: 
(216) 439-4093 E-mail: 
sales@iotech.com WWW: 
http://www. iotech .com 

CIRCLE 260 

IDtech, Inc. 

WINDOWS NT/95 GPIB SOLUTIONS 
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 NI488.2M software 
for windows NT and windows 
95. 
NATIONAL INSTRUMENTS 

CIRCLE 263 

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 66Mz 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 

Pentiurrf Processor 
In-circuit Emulators 

CIRCLE 255 

INTERNATIONAL SOURCE BOOK 
The International Source 

Book offers detailed specifi¬ 
cations on Ecliptek’s 
through-hole and surface¬ 
mount crystals, oscillators, 
and inductors. Visit our 
internet site at 
http://www.ecliptek.com. 
Phone (714) 433-1200 
Fax (714) 433-1234, or 
E-mail ecsales@ 
ecliptek.com 

CIRCLE 258 

ECLIPTEK CORPORATION 

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. 

CIRCLE 261 

PROTO EXPRESS 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative. 
Our SALEs Offices are in 
the back of the magazine 

YOUR COMPANY 
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Electronic Design catalog/literature review 
1997 DRAM DATABOOK 
Virtually the entire book 

is new! Features Micron 
sync DRAM data sheets, 
SDRAM DIMMs and 
SODIMMs, updated info on 
-5 EDO timing, plus new 
data on the SGRAM and 
SGRAM SODIMMs. In¬ 
cludes waveforms, block di¬ 
agrams, timing parameters 
and more, in over 1,100 
pages. Request your copy 
today! 
www.micron.com/mti 

CIRCLE 265 

MICRON SEMICONDUCTOR 

POLYFOLD AIR FILTERS 
Polyfold air filters from Uni¬ 

versal Air filter are the com¬ 
pany’s newest entries into 
general purpose air filtration 
where high dust holding ca¬ 
pacity and low resistance are 
required. The filter comes in 
both permanent and dispos¬ 
able models. Uni-Foam media 
is used in permanent models 
and polyester media is used in 
disposable varieties. Polyfold 
filters meet the following stan¬ 
dards and classifications: UL 
Class 2, UL 94 HF-1; Bellcore 
TR-NWT-000078 and more. 
UNIVERSAL AIR FILTER 

CIRCLE 266 

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, con¬ 
sumer, computer indus¬ 
trial, automotive and mili¬ 
tary products to adapt to 
changing software and op¬ 
eration environments. Call 
(408) 432-8888 Ext. 3336. 

XICOR 

DESIGN GUIDE TO IC SOCKETS 

CIRCLE 268 

MILL-MAX features its 
newly expanded family of pre¬ 
cision machined interconnect 
components including PCB 
pins, wrapost & solder termi¬ 
nals plus a complete line of 
SIP, DIP & PGA sockets. The 
guide highlights over 70 new 
products in pins, surface 
mount components & large I/O 
PGA sockets. A glossary, ap¬ 
plication notes make the 
MILL-MAX catalog your pri¬ 
mary resource for Maximum 
Interconnect Solutions. 

AllSNN SUIDI 

TO IC SOCItTS 

ANS INTIICONNECT 

COMPONENTS 

MILL-MAX 

HARTING har-mik 
Harting har-mik 4 color 

brochure shows and de¬ 
scribes comprehensive 
range of 0.050” pitch minia¬ 
ture connectors designed to 
meet the requirements of 
Internal and External con¬ 
nections of the future. Re¬ 
duced size: contact density. 
847/519-7700 or Fax: 847/ 
519-9771. 

CIRCLE 271 

HARTING ELEKTRONIK, INC. 

TELECOM SOLUTIONS 
Teltone’s 224-page Data¬ 

book features a wide range of 
products for network inter¬ 
face applications, including: 
DTMF Receivers, DTMF 
Transceivers w/Call Progress 
Detection, MF Trunk Signal¬ 
ing ICs, Cal) 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. 

DATABOOK 

CIRCLE 274 

TELTONE 

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 li¬ 
braries, library browser and 
search engine, and auto¬ 
mated move, select and edit 
in MicroSim PCBoards. 
Call 1-800-357-1636 or 
browse http://www.i-t.com 
for more information. 
INTERFACE TECHNOLOGIES 

CIRCLE 277 

JUMBO CATALOG 
APEM’s jumbo 340 page 

catalog features: Submini & 
mini toggles, rockers, pad¬ 
dles & pushbuttons, includ¬ 
ing washables. DIP switches 
including models for auto¬ 
matic insertion, surface 
mounting and washables. 
Industrial toggles, rockers, 
paddles & pushbuttons, in¬ 
cluding lighted models and 
antivandal pushbuttons. 
Extensive offerings of switch 
hardware and accessories, 
including sealing boots and 
indicator lights. 

CIRCLE 269 

APEM 

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, E-
Mail: sales@tanner.com 

TANNER RESEARCH 
CIRCLE 272 

“X86and 683xx/HC16 
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. microtekintl .com 
Voice: 800-886-7333 

Design Tips” 

CIRCLE 275 

MICROTEK INTERNATIONAL 

30 MHz Function and Arbitrary Waveform 
The DS345 creates synthe¬ 

sized (DDS) sine, square, tri¬ 
angle and ramp waveforms 
with 1 mHz frequency resolu¬ 
tion. Arbitrary Waveforms of 
up to 16k points with 12 bit 
resolution can also be gener¬ 
ated. Capabilities include AM, 
FM, PM and burst mode as 
well as linear and logarithmic 
frequency sweeps. The GPIB 
and RS-232 interface option 
provides easy communication 
with computers and includes 
software for creating arbitrary 
waveforms. 

CIRCLE 278 

STANFORD RESEARCH SYSTEMS 

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 

SIGNUM SYSTEMS 

50 

DIFFERENTIAL MEASUREMENTS 
A discussion of sing;e-

ended and differential scope 
measurements on ground 
referenced and floating sig¬ 
nals. differential amplifier 
characteristics such as com¬ 
mon mode rejection ratio 
and commen mode range 
are covered. 1-800-376-7007 

UNDERSTANDING 
DIFFERENTIAL 
MEASUREMENT 
CAPABILITY IN 

OSCILLOSCOPES 

PREAMBLE INSTRUMENTS 
CIRCLE 273 

1V SYNCHRONOUS BOOST CONVERTER 
Unitrode Corporation's 

UCC3941, a IV synchronous 
boost converter, is optimized 
to operate from low input volt¬ 
ages such as those provided 
from a single or dual cell bat¬ 
tery. Ideal for demanding ap¬ 
plications such as pages and 
PDAs, the UCC3941’s wide in¬ 
put voltage range can also ac¬ 
commodate such power 
sources as alkaline, NiCd and 
NiMH batteries. For more in¬ 
formation, please contact 
Mickey McClure at (603) 424-
2410. 
UNITRODE 

CIRCLE 276 

Short-Form RAFI Switch Catalog 
A 36 page catalog, “A Se¬ 

lection of RAFI Products, 
No. 9608," features a select 
group of RAFI nonillumi¬ 
nated and illuminated 
pushtutton switches, key¬ 
lock and selector switches. 
Drawings, specifications, 
accessories and complete 
part numbers are included. 
Most RAFI components are 
VDE approved; some are 
UL recognized and CSA cer¬ 
tified. Contact Gina Weg¬ 
ner, (800) 334-7729. 

C&K COMPONENTS, INC. 

CIRCLE 279 
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Electbinic Design catalog/literature review 
SWITCHING POWER SUPPLIES 
ABSOPULSE ELEC¬ 

TRONICS LTD. has been 
designing and manufactur¬ 
ing telecom quality power 
supplies since 1982. The 
complete line includes stan¬ 
dard or custom DC/DC con¬ 
verters, AC/DC rectifiers, 
inverters and dimmable 
back light inverters. Please 
fax us your requirements at 
613-836-7488. 

CIRCLE 280 

FAST TURNAROUND PROTOTYPES 
Accutrace offers the Best 

Quality along with Excel¬ 
lent Service and Best 
Turnaround Time. Our ca¬ 
pabilities include SAME 
DAY Prototypes, Instant 
Quotes, SMOBC & LPI, 
Scored Panels, Electrical 
Testing, SMT & Thru Hole. 
Complete CAD/DFM, Gold/ 
Nickel Plating, Blind & 
Buried Vias, 
UL Approved and more. 
Tel: 408-748-9600. 
Fax: 408-748-1982 CIRCLE 281 

MACINTOSH-BASED EDA TOOLS 
Get a copy of our new 

guide to Electronics Design 
on the Apple Macintosh. 
Features Design Works 
schematic capture, simula¬ 
tion. PCB layout FPGA de¬ 
sign and other solutions. 
Call (800) 444-9064 

CIRCLE 282 

ABSOPULSE ELECTRONICS LTD. ACCUTRACE INC. CAPILANO COMPUTING 

ON-LINE CATALOG 
Visit http7/www. 

keyelso.com and quickly lo¬ 
cate up-to-date Electronic 
Hardware and Interconnect 
Components. Website in¬ 
cludes photos, drawings and 
specifications. Listings in¬ 
clude PCB Components & 
Hardware, Interconnect Com¬ 
ponents, Battery Connectors 
& Holders, Mechanical Hard¬ 
ware, Panel Hardware plus a 
monthly product spotlight. 
General information such as 

CIRCLE 283 capabilities and ISO 9002 are 
clearly defined. 
KEYSTONE ELECTRONICS CORP. 

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 

CIRCLE 284 

DATAMAN 

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 

MODEL TECHNOLOGY 

CIRCLE 286 

RELIABILITY PREDICTION 
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 

CIRCLE 289 

T-CUBED SYSTEMS 

CABLE PRODUCTS CAPABILITY GUIDE 

BAY ASSOCIATES 

Designed to aid engineers 
in their cable, wire, assem¬ 
bly, and high-tech intercon¬ 
nect applications, this free 
Cable Products Capability 
Guide from Bay Associates, 
Menlo Park, CA, features 
the company’s unique prod¬ 
ucts, services, materials 
and processes. 

ca«ble« 
bil-i-ty 

CIRCLE 287 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative. 
Our SALEs Offices are in 
the back of the magazine 

YOUR COMPANY 

C-PROGRAMMABLE 
Save time and money.. 

Our controllers are ideal for 
control, test or data acquisi¬ 
tion applications with a mix 
of analog/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 

CONTROLLERS 

CIRCLE 292 

INTEGRATED DEVELOPMENT SYSTEMS 
IN CIRCUIT EMULA¬ 

TORS FROM CACTUS 
LOGIC PROVIDE ID Al 
TIME, SOURCE LEVEL 
DEBUGGING FOR 8051, 
68HC1 1^80/180, 6502,80251, 
AND 8085 FAMILIES OF 
MICROPROCESSORS. 

CACTUS LOGIC 

LOW COST 16-BIT CONTROLLERS 
Easy to program in Bor-

land/Microsoft C/C++. Low 
Cost, High quality. Reli¬ 
able, Compact, Made in 
U.S.A. More than 20 con¬ 
trollers with ADC, DAC, 
solenoid drivers, relay, PC-
104, PCMCIA, LCD, DSP 
motion control, 10 UARTs, 
100 I/Os. For industrial 
control, test, and data ac¬ 
quisition. Customer boards 
design. Save time and 
money. Phone: 916-758-
0180, FAX: 916-758-0181. 
tern@netcom.com 
http://www.tem.com CIRCLE 285 

TERN, INC. 

ADHESIVES AND SEALANTS 
Master Bond Inc., Hack¬ 

ensack, NJ manufactures 
over 3000 grades of adhe¬ 
sives, sealants and coat¬ 
ings. Line cosists of epoxies, 
anaecobics, cyanoacrylates, 
silicones and acrylics. One 
and two part systems are 
available. Tel 201-343-
8983. 

MASTER BOND INC. 
CIRCLE 288 

WE SHIP PROTOS SAME DAY 
Imagineering specializes 

in FAST TURNAROUND, 
High Quality, Multi-layer, 
FR4 PC Boards. Other Ser¬ 
vices include SMOBC & LPI, 
Bare Board Electrical Test¬ 
ing, Gold/ Nickel Plating, 
Scored Panels, Blind & 
Buried Vias, Complete 
CAD/DFM Service, 
UL Approved and more. 
Tel:847-806-0003 
Fax: 847-806-0004 

CIRCLE 291 

IMAGINEERING, INC. 

APPLICATION NOTE 
Covers how to make safe 

and reliable measurements 
on switching power sup¬ 
plies operating on line. In¬ 
cludes such difficult mea¬ 
surements as upper gate 
drive and transistor satura¬ 
tion characteristics. Tells 
how to quantity measure¬ 
ment corruption caused by 
high dv/dt common mode. 1-
800-376-7007 

POWEB SUPPLY I 
MEASUREMENTS I 
t'pper Gate Drive etc. I 

USING THE 
1855 DIFFERENTIAL AMPLIFIER 
TO MAKE SWITCHING POWER 

SUPPLY MEASUREMENTS 

PREAMBLE INSTRUMENTS 
CIRCLE 294 
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Electronic design catalog/literature review 
OFF-THE-SHELF-OPTICS 

CIRCLE 295 CIRCLE 297 

DELKER CORPORATION AMERICAN MICROSYSTEMS INC. 
ROLYN OPTICS CO. 

W65C02S - BASED PRODUCTS 

CIRCLE 298 CIRCLE 299 CIRCLE 309 

WESTERN DESIGN CENTER INNOVATIVE INTEGRATION 

SHARP 

t 9Æ?' <HTCCflATEO CtACIKTS 

■ 
CIRCLE 302 CIRCLE 303 CIRCLE 304 

ANSOFT 
MODEL TECHNOLOGY SHARP MICROELECTRONICS 

A WEALTH OF SWITCH INFORMATION NEW SWITCHING REGULATORS 

CIRCLE 264 CIRCLE 307 ITW VORTEC 

CIRCLE 301 
YOUR COMPANY KEITHLEY INSTRUMENT YOUR COMPANY 

Maxwell 
On Target 

Grayhill’s 320 page cata¬ 
log provides you with elec¬ 
tromechanical switch data, 
reference material, dimen¬ 
sional drawings and photos. 
Catalog No. 1 includes in¬ 
formation on DIP Switches, 
rotary Switches, Keyboards 
and Keyboard Modules, the 
detailed information allows 
the catalog user to select 
the proper product for their 
application right down to 
the part number. Phone: 
(708)482-2131. Fax: (708) 
345-2820. 
GRAYHILL, INC. 

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. 

Power Trends, Inc. has 
released a new 80 page full¬ 
line catalog for its complete 
line of Integrated Switching 
Regulators and DC to DC 
converters, the catalog in¬ 
troduces significant new 
products along with exten¬ 
sions to existing product 
lines. Complete specifica¬ 
tions, photos and standard 
applications are provided 
for each product along with 
mechanical configuration 
options and ordering infor¬ 
mation. 
POWER TRENDS, INC. 

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. Formore 
information, call 503- 641-
1340 or visit our home page 
http://www.model.com 

VORTEX COOLERS™ 
Cool enclosures without 

Freon. Exceptionally reli¬ 
able since they have no 
moving parts of compres¬ 
sors to fail. Vortex Coolers 
are compact, economical 
and easy to install, cooling 
capacities to 2500 BTUH. 

Free 130 page product 
catalog from Rolyn, largest 
supplier of off-the-shelf op¬ 
tics. 24 hour delivery of sim¬ 
ple or compound lenses, fil¬ 
ters, prisms, mirrors, 
beamsplitters, reticles, ob¬ 
jectives, eyepieces & thou¬ 
sands of other stock items. 
Custom products & coat¬ 
ings also. Phone: (818)915-
5707, Fax: (818) 915-1379 

SHARP FIFOs 
First-in, First-out memo¬ 

ries are just the stuff the 
no-nonsense design envi¬ 
ronment of the '90s is 
meant to build on. Used as 
data buffers between sys¬ 
tems operating at different 
speeds, FIFOs conserve 
valuable board space, 
streamline design tasks 
and reduce system cost. 
Sharp’s new 1997 IC Short 
Form Catalog is packed 
with information about 
Sharp FIFOs. 

FLAT FLEX CABLE 
Méritées Multi-signal In¬ 

terconnects Terminated to 
Flat Flex Cable. This cable 
assembly saves space, is 
cost effective and easy to 
install. The low profile, 
overmolded strain relief is 
designed for critical me¬ 
chanical applications. The 
folding and flexing features 
of the flax flex cable solve 
difficult routing require¬ 
ments. The assemblies are 
available with 31 or 41 con¬ 

ductors. 

MERITEC 

MAXWELL ON TARGET 
Electromagnetics based I 

EDA solutions for high I 
speed and high frequency f 
design. 2D/3D RLGC ex- I 
traction and SPICE model I 
generation for high speed I 
interconnects, IC packages. I 
Signal integrity, ground I 
bounce, and EMI enclosure I 
design rules. S-parameters, I 
antenna parameters includ- I 
ing gain, directivity for RF I 
and microwave design. I 

PRECISION-EXPANDED 
MicroGrid precision ex¬ 

panded foils in ferrous, non¬ 
ferrous, precious and al¬ 
loyed metals, light, flexible, 
mesh-like material for 
EMI/RFI/ESD shielding, 
electrical and heat conduc¬ 
tivity. Process variations 
include: annealing, stretch¬ 
ing, flattening & sellvage 
edging. 

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 

THE MULTICHIP PRODUCTS DIVISION 
The Multichip Products 

Division of American Mi¬ 
crosystems, Inc. provides 
design, manufacture and 
test services to customers 
needing a multichip solu¬ 
tion. AMI offers a full range 
of substrate, die attach and 
packaging for multichip 
products. For more infor¬ 
mation on MPD, call (208) 
233-4690 or visit our home 
page http://www.amis.com 

INNOVATIVE INTEGRATION 
Innovative Integration 

sells Blazingly Fast Data 
Acquisition Products. 
FREE DSP & Data Acquisi¬ 
tion Products Catalog Call 
818-865-6150, Fax: 818-
879-1770. Email: techsprt@ 
innovativedsp.com or web: 
htttp://www. innova-
tivedsp.com 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative. 
Our SALEs Offices are in 
the back of the magazine 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative 
Our SALEs Offices are in 
the back of the magazine 
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Electronic Design catalog/literature review 
OMRON RELAYS, SWITCHES, MORE 
Standard Product Cata¬ 

log shows Omron’s most 
popular relays, switches, 
and sensors. The 176 page 
catalog also includes card 
readers, time delay relays, 
totalizers, limit switches 
and temperature con¬ 
trollers. Literature sent 
only to addresses in the 
U.S.A. Omron Electronics, 
Inc. Call toll-free 1-800-55-
OMRON or e-mail 
EDLit@oei.omron.com 

CIRCLE 308 

OMRON ELECTRONICS. INC. 

P&B RELAYS & BREAKERS 
Catalog lists stock relays 

and circuit breakers from 
Potter & Brumfield prod¬ 
ucts division. Describes 
electromechanical, solid 
state and time delays, as 
well as thermal and mag¬ 
netic circuit breakers. Nu¬ 
merous options. Fax: (812) 
386-2072, email: 
info@ae.sec.siemens.com 

SIEMENS ELECTROMECHANICAL 

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. 

CIRCLE 310 

E-SWITCH 

ENCLOSURES & ACCESSORIES 
AVAILABLE 
Bud Industries’ new 

Standard Products Catalog 
provides technical data and 
ordering information on 
over 3,000 products ranging 
from large relay racks and 
cabinets to desktop and 
portable instrument cases 
including a full line of 
NEMA and other plastic en¬ 
closures. Also included is 
information on computer 
workstations, custom fabri¬ 
cation and a wide range of 
enclosure accessories. 

BUD INDUSTRIES, INC. 

CIRCLE 311 

New Product & Application Guide 
This new Keithley Metra-

Byte publication covers 
board-level data acquisition 
and communication prod¬ 
ucts, including multi-func¬ 
tion analog, digital I/O, and 
stepper-motor control 
boards; signal conditioning 
accessories; PC-based in¬ 
struments; and PC/IEEE 
488 and RS-232/422/485 in¬ 
terfaces. Also covered are 
data acquisition 

CIRCLE 314 

KEITHLEY METRABYTE 

Take OrCAD’s Software for a Spin 
The OrCAD Desktop Solu¬ 

tions demo CD is filled with 
everything you’ll need to 
evaluate out solutions, and 
try them out with your own 
designs: product overviews, 
data sheets, third-party in¬ 
formation, evaluation ver¬ 
sions of OrCAD’s software, 
and more, Call OrCAD DI¬ 
RECT at 1-800-671-9505 or 
visit our web site at 
htt://www.orcad.com 

OrCAD 
CIRCLE 317 

B&K PRECISION 
B&K Precision’s full line 

catalog features their fam¬ 
ily or Universal Device Pro¬ 
grammers which offer com¬ 
prehensive device libraries, 
excellent performance, and 
high flexibility at a competi¬ 
tive price. Four different 
models program EPROMs, 
EEPROMs, Flash Memo¬ 
ries, MICROs, PALs, 
EPLDs, GALs, PEELs, 
EPLAs, and bipolar PROM 
devices, and they are ideal 
for TTL, CMOs, DRAM and 
SRAM IC resting. 
B&K PRECISION 

CIRCLE 312 

SPECTRA® DEVELOPMENT SYSTEM 
Microtec’s Spectra devel¬ 

opment system combines 
our renowned development 
tools - including the XRAY 
debugger and C & C++ 
compilers - with VRTX, the 
most proven, robust RTOS 
in the industry. Spectra 
addresses the full range of 
embedded applications, 
from austere, minimal 
resource systems with no 
real-time operating system 
requirements, up to 
complex, resource-intensive 
systems. 1-800-950-5554 
MICROTEC 

CIRCLE 315 

OrCAD Layout Products 
OrCAD Layout Products 

are full featured PCB lay¬ 
out and routing systems 
that include new features 
such as a gridless, shape¬ 
based autorouter, full com¬ 
puter-aided manufacturing 
(CAM) capabilities, a new 
3,000 footprint library with 
complete documentation 
and interactive polar place¬ 
ment support for circular 
boards. Contact OrCAD 

DIRECT at 1-800-671-9505 CIRCLE 318 
OrCAD 

FREE CATALOG ON DISK 
Vicor’s interactive elec¬ 

tronic catalog guides users 
through the selection and 
configuration process for 
the company’s complete line 
of modular power solutions. 
Contact: Vicor Express. 
Phone: 800-735-6200 
E-mail: vicorexp@vicr.com 

CIRCLE 320 

VICOR 

THERM-O-DISC 
This new20 page catalog 

showcases Therm-O-Disc’s 
full line of NTC and PTC 
thermistors including disc, 
rod, glass encapsulated, 
and the new surface mount 
configurations, plus inrush 
current suppressors, 
ceramic current limiters, 
linear PTC’s, temperature 
switches, varistors and 
NTC assemblies. 
Phone:616-777-4100, 
Fax: 616-773-4214 

CIRCLE 321 

THERM-O-DISC. 

NEW FULL LINE SAMTEC CATALOG 
Samtec’s new Sudden So¬ 

lutions Guide F-197 fea¬ 
tures Board Interface Sys¬ 
tems for unique solutions 
for card-to-board, board-to-
board and off-board applica¬ 
tions. Patented flex-card 
systems, micro, surface 
mount and standard pitch 
board-to-board systems, 
and right-angle and cable 
systems are shown. Phone: 
800-SAMTEC-9 (800-726-
8329) Fax: 812-948-5047. 

CIRCLE 313 

SAMTEC 

SuperTAP IM Emulator for x86 
The new standard in high-

end in-circuit emulators, 
SuperTAP solves tough 
hardware/software integra¬ 
tion problems, debugs 
firmware and software, 
maximizes embedded 
system quality and perfor¬ 
mance. Palm-sized, full 
processor speed, easy set 
up, at half the price of 
chassis-based emulators. 1-
800-426-3925. 

CIRCLE 316 

APPLIED MICROSYSTEMS 

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 319 

SHARP MICROELECTRONICS 

YOUR CATALOG COULD BE HERE 
For information regard¬ 

ing this section, circle the 
number below, or call your 
local sale representative. 
Our SALEs Offices are in 
the back of the magazine 

YOUR COMPANY 
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http :// www .s1 er raprotoexpress.com 

PROTO EXPRESS CIRCLE 415 

SIERRA 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold 

PCMCIA 

Metal Core & Thermobonded PCB's 

Up to 22 Layers 

Multichip Modules 

VISIT OUR HOT NEW WEB SITE 

HIGHEST OVERALL CUSTOMER SERVICE RATING 

1108 West Evelyn Avenue, Sunnyvale, California 94086 

Phone: (408)735-7137 ■ FAX: (408)735-1408 ■ MODEM: (408)735-9842 

E-mail: protoexpressyinternetmci.com 
FTP Address: ftp:protoexpress.com 

‘FOR MORE DETAILS, 
CALL: (800) 499-9905 
Tel: (847) 290-8697 
FAX: (847) 290-8691 
Modem: (847) 290-8694 

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 

OVERNITE PROTO'S CIRCLE 412 

CMX-RTX” RTOS 
Source Code Included • NO Royalties 

80x51, 8051-XA, 80C251, 
80196/296, 80x86, Z80/180, 
80C165/166/167, ST9, ST10, 
68HC11/12/16, 68K, 683xx, 
H8/300H, TLCS-900, ARM, 

M16C, SH, NEC Kx and More. 
CMX-RTX RTOS supports all variants of a processor 

family & over 25 compiler vendors. CMXBug included. 

CAN Communications Layer - Available NOW 

Compilers Simulators Debuggers 
Available for most of the above processors 

_ including 68HC05 & PIC16/17_ 

Phone: (508) 872-7675 Fax: (508) 620-6828 
EMail: cmx@cmx.com WWW: www.cmx.com 

5 Grant Street • Suite C 
Framingham, MA 01701 USA CMX 

COMPANY 
CMX CIRCLE 403 

ELECTRONIC 

New Products/Services 
Presented By The Manufacturer. 

Ib Advertise, 
Call Kimberly A. Stanger 

At 201/393-6080 

REAL-TIME IN-CIRCUIT >tL-iimc in-umuuii 

DEBUGGING & DEVELOPMENT 

SIGNUM SYSTEMS CIRCLE 419 

WINDOWS 
A MOUSE 

USER INTERFACE 
FREE USER SUPPORT 

EXTERNAL UNIT WITH NO PLUG-IN CARDS 

OUTSTANDING PERFORMANCE AT A REALISTIC PRICE 

ON-THE-FLY ACCESS TO 

PROGRAM ANO 

DATA MEMORY 

REAL-TIME 
TRACE FILTERING 

<ÍU1ívF\OTín ? THOUSAND OAKS, CALIFORNIA 

LmirE 1-800-838-8012 
Web Home Page — http://www.signum.com 

32OC25 
In-Circuit Emulators 

80196 • 8051 • 80186 • Z8 
DSP • HPC • 8085 • Z380 

Th« Boards Sams Evening 

_ Aha Atwfnife: 
a Prototypes & Productos) Ouantttes a 24 Hrs. Modems 

a SMOBC & LPI a Sdectve & Bondable Gold 

a Single Through Mublayer PCB's a Instant Quotations 

NEXLOGIC 
T f C H N O l O G I ÍS 

3046 Scow Blvd • Sonta Cloro. CA 95054 
Tal: (4M) 727-3500 • Fax: (408) 727-7307 - Internet http: www.nexlogic.com 

NEXLOGIC CIRCLE 409 

[■Programmable 
íaatrallers 

The Miniature Controller 
Specialist since 1983 

Z-World provides a complete software 

and hardware solution for embedded systems and 

control applications. Our low cost miniature con¬ 

trollers provide a variety of digital I/o, adc, dac, 
and RS232/RS485 communications. For only $195, 

our Dynamic C™ integrated C development system 

allows you to create real-time multi-tasking pro¬ 

grams up to 512K (approx. 20,000 lines of C code). 

Controller pricing from $79. Quantity discounts 

start at 5 units. 

1724 Picasso Ave. 

Davis. CA 95616 

916.757.3737 

916.753.5141 FAX 

http://www. zworld.com 

For immediate information, use our 24-Hour Autow. 
Call 916.753.0618 trom your fax Request catalog #18 

Z-WORLD ENGINEERING CIRCLE 423 
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ACCUTRACE CIRCLE 400 

OPTION CARI) BRACKETS 

USA 

Priced as low as $.09 each 
DB CONNECTOR AND 

CUSTOM OPENING COVERS 
Flexible tooling - no tooling or setup charge for stan¬ 
dard openings. Prototype, short run, high volume pro¬ 
duction, short lead time. Choice of pre or post plated 
finishes - nickel, chrome, zinc, custom. Stamped from 
premium .029 - .032 thick stock - 1010 CRS, stainless 
steel. Custom tooling available. 

Call or fax us your print for a quick quote 

PC Products 
(800)472-9828 

Fax: (201)643-8078 
240 King Blvd. Newark. NJ 07102-2106 

PC PRODUCTS _ CIRCLE 414 

500 MS/sec, 8 bit, A/D ISA board 
500MHz analog bandwidth 
2 analog input channels 

Memory expandable to 1GB 
200 MB/sec Auxiliary Bus 

Compatible System Components Available 

(909)734-3001 • Fax:(909)734-4356 
sales@signatec.com 

http://www.signatec.com 

We Supply Solutions! 
SIGNATEC CIRCLE 418 

SURF SHOP 
Development Boards 
For: Motorola 68360 

PACIFIC SOFTWORKS CIRCLE 413 

Electrical Battery 
Contacts & Terminals 
• CAD Design and Prototypes 
• Applications Engineering for 
Design Assistance 

*^7*7^ For further information call: 

PacCNC. Phone: 616 677-1268 
0-1 640 Lake Michigan Dr ^X: 61 6 677-1 269 
Grand Rapids Ml 49544 email: paccnc@ix. netcom.com 

PacCNC CIRCLE 416 

Flashlite 'i» 

Single Board 
Computer 
with DOS and 
Utilities $195 

• 8 Mhz V-25 + Processor 
• 512 KB RAM 

• 256 KB Flash 
• 2 Serial Ports 

Ideal for embedded controller applications: 
2 fast L>MA channels • 8 analog inputs with programmable 
comparator levels • priority interrupt controller with vector 
or register bank switching. 

Simple and quick software development: 
Create on a PC compatible computer • download in .EXE 
or .COM format to flash disk • test and debug through the 
console serial port • modify the startup batch file to load 
and execute the application on reset or powerup. 

JK microsystems © 
1275 Yuba Ave , San Pablo,CA 94806 • 51 0 236-1 151 

fax 510 236-2999 http://www.dsp.com/jkmicro 

JK MICROSYSTEMS_ CIRCLE 407 

Palm-Sized PC Loaded with I/O 
Imagine getting serial, disk, digital, and analog I/O 
all on a palm-sized PC! We also threw in DOS 
6.22, CAMBASIC. networking, flash file and diag¬ 
nostic software. No memory to buy - it has DRAM, 
SRAM and flash. Standalone or ISA bus operation. 
-40° to 85°C. Starting at $375 in small quantities. 

Octagon Systems Corp. 
6510 W. 91st Ave., Westminster CO 80030 

Tel: 303-430-1 500, Ext. 4200 
Fax: 303-426-8126 

_ www.octa.com_ 

OCTAGON SYSTEMS CORP._ CIRCLE 411 

68HC16 683xx 
In-Circuit Emulators 
&. Background Mode Debuggers 

■ 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. 

Fax-On-Demand 
Literature Request Service 

408-378-2912 

noHau 
CORPORATION 

NOHAU CORPORATION 

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 

CIRCLE 410 



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 
May 12 
May 27 
June 9 
June 23 
July 7 
July 21 
August 4 
August 18 
September 2 
September 15 
October 1 
October 13 
October 23 
November 3 
November 17 
December 1 
December 15 

Closing 
4/2/97 
4/17/97 
4/30/97 
5/14/97 
5/29/97 
6/11/97 
6/25/97 
7/9/97 
7/24/97 
8/6/97 
8/22/97 
9/3/97 
9/12/97 
9/24/97 
10/8/97 
10/22/97 
11/5/97 

LOGICAL DEVICES CIRCLE 408 

All in One 
Modular Programmers 

WWW.ECAD.COM 
ORDER LINE 1 800 331-7766 
LOGICAL DEVICES INC. DENVER COlORaDO USA 

Tel 303 279-6868 =AX: 302 279-6809 

LOGICAL 
DEVICES, INC. 

Gang or Development. 

• Universal EPROM.EPLD head 
• Direct Docking Gang PLCC or DIP 
• RS-232/ Windows and DOS 
• Xilinx, Altera, Atnwl, Lattice CPLDs 
• Motorola. Microchip, Zilog, Intel 
Philips, Atmel Micros 

• EPROM Emulator/Exerciser Head 
• Cluster multiple units for production 

MEMBRANE KEYBOARDS/ 
KEYPADS SWITCHES 

TOUCH CIRCUITS PANELS/ 
GRAPHIC FILMS 

INJECTION MOULDED 

PANELS/ OVERLAYS + 

NAME PLATES 

LOW COST + TOP QUALITY + 

FAST DELIVERY 

HENRI was found in 1985 is one of Professional 

Membrane Switch Manufacturer in Taiwan for years of 

experience to provide you all needs of Keyboard/Keypad 

in types of Tactile/Non-Tactile/Embossing/Flat Cable 
Etes, for using in all Consumer Products including 

Electrical, Electronics and Computerizing Industries. 

For further details, please contact-

Johnny Lin/Marketing Manager 

HENRI MEMBRANE SWITCH MFG. CO., LTD. 

TEL: 886-2-299-0096 

FAX: 886-2-299-0106 

E-MAIL: HENRILIN @ms7.HINET.NET 

HENRI MEMBRANE SWITCH MFG. CIRCLE 424 

SNAP ACTION 
THERMOSTATS 

Reliable, surface mounted, snap-action 
thermostats make or break current to 
temperature-critical devices. Some models 
open on temperature rise, others close, at 
fixed set points between 35°F and 500°F. 
Average delta is 30°F. Various mounting and 
terminal options. Some units feature manual 
reset. Broad selection from stock. Attractive 
discounts in OEM quantities. Four-color catalog, 
free samples, and quotations on request. 

SEOSS PRODUCTS CO 
7580 Stage Road, Bueno Park, CA 90621 

(714) 521-8673, or C800) 229-2332 
FAX (714) 739-1507 

SELCQ PRODUCTS CO._ CIRCLE 417 

’ Tanner 
180 N. Viñedo Ave., Pasadena, CA 91107 • Tel: 1818) 792-3000 • Fax: (818) 792-0300 of ùnrgr Research. Inc / EDA 

Toolt featuring L-Edtt~giT-Splce~y 

E-mail: aalaa Otannar.xm 

Full Chip Simulation 

1 Million+ Device Layout Capability 

UPI for Customizing to Specific Needs 

Affordable for Every Designer - Under $10K 

Low Support & Maintenance Fees 

Windows 95/NT/3.1, Mac & Unix Support 

Training & Design Services Available 

i FREE DEMO Visit our Web site: www.tanner.com/eda 

A Tanner EDA Solutions 
Design Software for IC, MCM & MEMS Applications 

TANNER RESEARCH CIRCLE 420 



DIRECT CONNECTION ADS 

The only 
PCI Bus Card 
w/eight 
simultaneous 

A/D channels 
& onboard 

DSP! 

• 60 MHz (30 MIPS) TMS32OC32, 32-bit 

foating point DSP 

• Half-size, IBM PC Plug-in Card (PCI Bus) 132 

Mb/sec, 32-bit Plug-n-Play1 interface 

• 128-512 Kbytes, zero-wait SRAM 

• 4 Kb bidirectional FIFO 

• Instrumentation-grade analog I/O: 

• 1 6-bit digital I/O 
Eight, 100 kHz, 1 6 bit A/D channels 
Programmable gain: 1,2, 4, 8 
1 20 dB/decade anti-alias filter 
8:1 S.E. muxes - up to 64 analog inputs 
4:1 DIFF muxes - up to 32 analog inputs 
Two 100 kHz, 1 6-bit D/A converters 

Ultimate DSP 
Debugger 
Package 

A Innovative 
Integration 

EMAIL:techiprt@ 
innovative-dsp.com 
WEB:http://www. 
innovative-dsp.com 

From concept to 
hljh-volumt production... 
CALL 818-865-6150 or 
fax 818-879-1770 

Works with all Texas Instruments DSPs - C3x, C4x, C5x 

ISA Plug-in JTAG controller included at no extra charge 

Code Composer is an integrated DSP software development 

environment w/Debugger, Editor & Project Manager. 

INNOVATIVE INTEGRATION CIRCLE 406 

©Advin 

PILOT-USd-P/us Universal Programmer 

#1 in Expandability 
* S/W expandable, free updates via BBS 

* True low voltage support * Gang expandable 
• Package type expandable: PLCC.QFP.TSOP, SOIC, 
PGA.BGA.etc. * Approved by all major semi mfrs. 
* Satisfaction Absolutely Positively Guaranteed. 

800-627-2456, 408-243-7000, 
FAX: 408-736-2503. www.advin.com 

ADVIN SYSTEMS INC._ CIRCLE 401 

teOWERPi 

GOULD ELECTRONICS CIRCLE 404 

GOUtD FTS 

W LITHIUM 

Thin Rectangular Format 
Solder/Pressure Contact 
Customized Capacity 
A. B, C, Sizes 
3 and 6 Volts 
Lightweight 

Gould Electronics Inc.. Powerder* Division 
34099 Mefinz Pkwy., Eastlake. Ohio 44095-4055 
216-918-6060 800-722-7890 Fax: 216-91^6030 

3CXXXM 

9U 

■X GOULD 
rifMn.Vs 

A-Core& A-Engine" 
PRICES START AT 

$79 Qty 1 • $28 OEM 
• High Performance. Compact. Reliable 
• Easy to program in Borland/Microsoft C/C++ 

2.3'x22‘ A-Ccrn 

3.6*x2.3" A-Engine 

AMD1MES. 

50+IO 

Î112-MADC 

3 UARTs, 3 timers 
2 PWM. Bal+RTC 

Clixary 

Development kits 

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. 

40MHz! 

216 F Street, Ste. 104, Devi», CA 95616, USA 

'TE T) NT Tel: 916-758-0180 • Fax:916-758-0181 
1 LI\.1N http://www.tern.com 

INC. tern@neteom.com 

TERN, INC. CIRCLE 421 

In Circuit 

Emulators 
for 

8051 "X68HC1J 

6502^Tzi80 
Over 50 Variants Supported 
Symbolic and source ievel debugging 
Supports all major compilers 
30-day money-back guarantee 
Free single board computer with purchase 

> Other processors available 

Call 800-847-1998 

CACTUS LOGIC CIRCLE 402 

Oil 
Thermo 
Heating 

Modules & 
or Better P 

O% 
i your 
MBlectric 
Coaling 
Get Equal 

e rformance 
and Quality 
Mow Have... G 

Thao You 
uaraoteed! 

Standard and Custom Up 

HiTech Techlnlologies Inc. 
P.O. Box 535 f/Newtown, Pa 18940 

Tel: 21 5.321 .601 2 !• Fax: 215.321.6067 
1.800.755.4507 

HI-TECH TECHNOLOGIES CIRCLE 405 

Easily create 
and manage 
multi-assembly 
Parts Lists. 

Designing Something? 
This Parts List software is for Engineers, 
Designers and Prototypers!! 
Windows-based 
program helps you 
stay organized. 

. Keep track of Specs & Drawings 

. Create boms and Kit lists 

. Generate RFC's & (EX only) P.O.s 

. calculate Product Costs 

Parts Vendors 
...for independent and departmental projects, alone or in a workgroup. 

SE S99 s‘ , Call 800-280-5176 
Wyvv 916-273-1985 

Extended S299 +s/h Fax 916-477-9106 

Requires 486. 10 meg PO Box 2270, Grass Valley. CA 95945 
min ram, Win 3.x or 95 www trilogydesign com 

TRILOGY DESIGN CIRCLE 422 

Elame 

Detardation 

(94V-0) 

Dead-man 

Key 

(optional) 

for OEM 
• Keyboard Sheet 
• Protocol 
■ Case Color 
■ Source Voltage 

Push-lock-type 

Emergency 

Stop Button 

Cable Clamp 

Light Weight : 290g 

Compact : 200 X 86 X 25mm 

JPY48, 000 

Universal : RS232C protocol • Bead man key 

http://dynax-corp.com 

E-mail : sales@dynax-corp.com 

Tel :+ 81-423-60-1621 

Fax:+81-423-60-1837 CORPORATION 

DYNAX CORPORATION CIRCLE 428 



DIRECT CONNECTION ADS 

1997 
Mailing Closing 
Dates Dates 
July June 2 

Call or fax: September 
Kimberly Stanger November 

August 1 
October 1 

201/393-6080 
Fax: 

201/393-0240 

ELECTRONIC DES 

Plug-in 
Hot 
Swap 
Power 
Rack 

MAKE YOUR OWN 

Kepco. Inc. introduces series HSF, plug-in power modules, 
ranging from 50-150 watts and offering voltages from 3.3V to 
48V. You can easily plug in up to 8 of the smaller size modules 
side by side in a 19" rack or up to 6 of the larger units. They may 
be mixed as well. This allows users to customize multi-output 
power racks with simple module exchange. The front panels 
provide on-off switching, voltage trimming control and status 
LEDs. The rear panel offers connections for a-c input and d-c 
output as well as connectors to access such features as remote 
error sensing and forced current sharing which allows you to 
parallel like modules for hot-swap N+1 redundancy. Or-ring 
diodes are built in. Prices: 50W-S292; 100W-S346: 150W-S375. 
The 19 "power racks are $599 each in 6-unit, 7-unit and 8-unit 
arrangements. Available off-the-shelf. < 

KEPCO. INC. Dept NYS-05, Flushing. NY 11352 
Tel: 718-461-7000 • Fax: 718-767-1102 — 
E-mail: hq@kepcopower.com ^KEPCO 
URL: http://www.kepcopower.com the power supplier • 

KEPCO_ CIRCLE 425 

Reach Over 130,000 Qualified Leads 
With This Cost-Effective Medium. 

BLACK & WHITE 1X RATE 3X RATE 6X RATE 
Advertisers $2,842 $2,724 $2,627 

Non-advertisers $3,059 $2,923 $2,794 

2-Color, add S295 4-Color, add $588 

ELECTROIflC DESIGN 

PC/104 SBC 
100% PC/AT Compatible 

66, 100, 133 MHz 

16 til PC/104 IF 
IDF and FDE IF 

C0M1, COM2, LPT 

imbedded System BIOS 

Flash Fíe System 
Watchdog Timer 

Remote Console Mode 
Fast Boot / Dark toot 

aalySVDC 

Oper at. Temp. 0*-70° 

Call / Mail for your FREE MANUAL and informations about our other 
PC/104 products. Soon we wit start a representing office m' San Jose CA. 

I Heisterbergallee 72 

30453 Hannover / Germany 

FOR 001 49 511 / 40 0000 
FAX: 001 49 511/40 000 40 

http: //vH".Kil.de/ssv/pclO4 
SSVHannover@tonline.de 

PC/104 Products: 386FX LAN Controller 
CAR Controller PCMCIA Digital I/O 

SOFTWARE SYSTEMS GmbH 

SOFTWARE SYSTEMS VERTRIEB CIRCLE 427 

BEC1MMC DESIGN Online 

www.penton.com/ed 

ARCHIVE ISSUES OF ED 
CURRENT ISSUES OF ED 
QUICKLOOK-NEWS 
CIRCUIT DESIGN 
MARKET RESEARCH 

• SUBSCRIPTIONS 
ED CD-ROM & MORE! 

AC/DC Electronic Load 
Plug-in Modules & Mainframe 

For AC/DC Power Supply Testing 

3310 series 3250 series 

DC Dynamic AC/DC 

Load Module Load Module 

‘Suitable for AC/DC, DC/DC, 

DC/AC, and AC/AC testing. 

‘Dynamic DC Load from 

0.05Hz-10KHz(75W-300W). 

‘AC/DC Load from DC to 1KHz 

(300VA). 

PRODIGIT ELECTRONICS 
TLL:886-2-9 18-2620 http://www.prodigit.com 

FAX:886-2-91 2-9870 E-Mail:sales@prodigit.com 

PRODIGIT ELECTRONICS_ CIRCLE 426 

3320 series 

DC Static 

Load Module 

rrs very WELL 
MADE IN TAIWAN 



tiffTUNIC BESIGN ENGINEERING CAREERS 
RATES: S180 PER COLUMN INCH, COMMISSIONABLE TO AGENCIES 

MATERIALS SALES STAFF 
Ad material to: Penton Publishing, Classifieds Dept. Recruitment Sales Rep.: Jon Eggleton 
Attn.: Jon Eggleton, 1100 Superior Ave., Cleveland, OH 44114 (800) 659-1710, (216) 931-9832 

FAX: (216) 696-8206 

ELECTRONIC DESIGN 
wants to be your company's professional 

recruitment specialist! 
Reach 165,000 decision-makers in the areas of 

Design & Develoment Engineering 
and EOEM Management! 

Take advantage of all Electronic Design has 
to offer! Place your recruitment ads in the 

upcoming issue of Electronic Design. 

For further information, contact 
JON EGGLETON 

(216) 931-9832 or fax (216) 696-8206 
Visit our site today at— 

http://www.penton.com/corp/classifieds 
e-mail: careerlink@penton.com 

X__ _ ——-



MmkBMílnhriní 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 

□- 7 
ELECTRONIC DESIGN 

wants to be your 
company's professional 
recruitment specialist!! 

Reach decision¬ 
makers in the areas of 
Design & Development 
Engineering and EOEM 
Management! 
Take advantage of all 

Electronic Design has 
to offer! Place your 
recruitment ads in 
Electronic Design & on 
the Internet for one 
month for only an 
extra $ 100/ad ! ! 

Please contact: 
JON EGGLETON 
(216) 931-9832 

or fax (216) 696-8206 

Visit our site today at 
http://www.penton. 
com/corp/classifieds 

e-mail: 
career1ink@penton.com 

CAREER OPPORTUNITIES 

ELEC DSGN ENGINEERS 
Professional representation from award-winning recruiting 
fitm with 355 affiliate offices in the U.S. & Canada. On-going 
needs tor BSEE's experienced in PLODCS controls, PCS & 
Wire Hamess Dsgn, Anaiogüigital HW & SW Dsgn Engrs. 
Salaries S45-65K FEE & RELOCATION PO Current resume 
to: J. GIFFORD INC., 5310 E. 31st St, #1203, Tulsa, OK 
74135, 918-665-2626, FAX 918-665-2800 Web 
Address: www.jgjftord.com E-Mail: jobs@jgflord.com 

Circle no. 240 on reader service card 

BSEE-Downhole Tools 

Tulsa & Houston positions for BSEE with downhole 
tool design exp. Solid Growth co & oppty. S55-75K. 
Current resume to J. Gifford Inc., 5310 E 31st, 
«1203, Tulsa OK 74135, 918-665-2626 or 

FAX 918-665-2800 

Circle no. 241 on reader service card 

EMPLOYMENT 

CAREER DEVELOPMENT 
OPPORTUNITIES 

PRI operates Search Support Center for 400 Search 
Offices Nationwide. High Demand for Embedded 
Controls, Sensors, Power Supply, Communications 
Eq, Automotive & a myriad of other Design & 
Development fields. Jr. to very advanced. $45-
100K+. ALL FEES PAID Contact Jerry or Mark at 
Professional Recruiters, Inc., 7253 Grover, Omaha, 
NE, 68124. 1-800-999-8237. Fax: 402/397-7357. 

Circle no. 242 on reader service card 

PLACE YOUR AD 
V) ON THE 

INTERNET 
umIIi Pelton PuLLühúuj, 

You can... 
...have access anytime. 
...see more ads than just your current 
magazine. 

...find out about the company you would 
be applying for. 

FOR DETAILS... Call 
Jon Eggleton 

® (216) 931-9632 

TRW Automotive Electronics 
Farmington Hills, Michigan 

Electronic Engineering 
Opportunities 
Put your energy and creativity to work for 
the leader in state-of-the-art automotive 
electronics R&D and manufacturing. TRW 
seeks individuals who desire a broad scope of 
responsibility, career growth opportunity and 
a dynamic environment. 

• Project Managers 

• Product Development Managers 
• Individual Contributors 

Be part of the teams that conceive, develop, 
launch and follow into production systems for 

state-of-the-art airbag/crash control, electronic 
steering, and RKE/convenience systems. 

• Embedded Software Engineers 
Experience with C assembly, real-time embedded 
microprocessors, algorithm, DSP and control 
systems. 

* Hardware Engineers 
• RF staff engineer 

• Power conversion—high-amp, low voltage 
• Microprocessor-based control systems 
• Sensor Systems 

• Supplier Quality Engineer 
• Component Engineer 
Experience in IC, wafer fabrication. 

* Reliability Engineer 
CQE, math background, BS EE/MS, 2 or more 
years experience preferred for all positions. 

• Test Engineer Functional 

TRW/AEG offers Fortune 100 level compensa¬ 
tion and benefits and excellent relocation 
assistance. Respond to TRW; c/o Myers & 
Associates; P.O. Box 238; Allen TX 75013-
0238; Fax 972-390-1329; E-mail 
TRW30BS@aol.com. 

Check out our Web site at 

" WWWJU.PHA-USA.COM/TRW-JOBS. 

An Equal Opportunity 
Employer, M/F/D/V. 

For further information 
on how to place an ad in 
ELECTRONIC DESIGN 

contact 
Jon Eggleton at 
(216) 931-9632 

or fax (216) 696-6206 
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ELECTRONIC DESIGN 
Chairman and CEO: Thomas L. Kemp 
President and COO: Daniel J. Ramella 

Group President: James D Atherton 

Vice President Ancillary Product & Sales: Drew DeSarle 

Publisher. John French 
Hasbrouck Heights, NJ; (201) 393-6060 
National Sales Manager: Russ Gerches 
Hasbrouck Heights, NJ; (201) 393-6045 
Director Of Marketing Walker Johnson 
San Jose, CA (408) 441-0550, FAX: (408) 441-6052 
Production Manager: Eileen Slavinsky 
Hasbrouck Heights, NJ; (201) 393-6093 
Marketing Research Administrator: Deborah Eng. 
Hasbrouck Heights. NJ; (201) 393-6063 

Advertising Sales Staff 

Hasbrouck Heights: Judith L. Miller 
Sales Asst.: Judy Stone Hernandez 
61 1 Route #46 West, Hasbrouck Heights, NJ 07604, 
Phone (201) 393-6060, Fax: (201) 393-0204 
Boston & Eastern Canada: Ric Wasley 
Sales Support: Karen Harrison 
60 Hickory Drive, Waltham, MA 02154, 
Phone: (617) 89OO891FAX: (617) 890-6131 
North Califonia/Colorado: ' < Signor (408) 441-0550 
Chicago/Midwest: Lisa Zurick 
Sales Assistant: Dawn Heili 
180 N. Stetson Ave., Suite 2555 Chicago, IL 60601 ; 
(312) 861-0880 FAX: (312) 861-0874 
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James Theriault (408) 44 1 -0550 
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San Jose: 
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Jeff Hoopes (408) 441-0550 
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Direct Connection Ads & Direct Action Cards: 
Kim Stanger (201) 393-6080 

General Manager, European Operations: John Allen 
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Phone 44 (0)- 1 - 295-271003 FAX: 44 (0)1- 295-272801 
Netherlands, Belgium: Peter Sanders, 
S.I.P.A.S. Rechtestroat 58 1483 Be De Ryp, 
Holland Phone 01 1-31-299-671303 Fax: 01 1-31-299 671500 
France: Fabio Lancellotti 
Defense & Communication 
10 Rue St. Jean 75017 Paris France 
Phone: 33 142940244. FAX: 33-143872729 
Spain/Portugol: Miguel Esteban 
Publicidad Internacional Pza. 
Descubridor Diego de Ordas, 
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Phone 91/441 6266 FAX 91 /44 16549 
Scandinavia: Paul Barrett 
IMP Hartswood, Hallmark House 
25 Downham Road, Ramsden Heath, 
Billiricay, Essex, CM 11 1PV, UK. 
Phone:44(0)- 1-268-71 1560, Fax:44(0)-1 -268-71 1567 
Germany, Austria, Switzerland: Friedrich Anacker 
InterMedia Partners GmbH Deutscher Ring 40 
42327 Wuppertal, Germany 
Phone: 49 202 71 1 091 Fax: 49 202 712 431 
Hong Kong: Kenson Tse 
IDG International Marketing Services 
Suite 25F, One Capital Race, 18 Luard Rood,Wanchai, Hong Kong 
Tel: 852 2527-9338 Fax: 852-2529-9956 
Israeklgal Elan, Elan Marketing Group 
22 Daphna St., Tel Aviv, Israrl 
Phone:972-3-6952967 FAX: 972-3-268020 
Toll Free in Israel only: 177-022-1331 
Japan: Hirokazu Morita, 
Japan Advertising Communications 
Three Star Building 3-10-3-Kanda Jimbocho 
Chiyoda-Ku, Tokyo 101, Japan 
Phone: 3 3261 4591 FAX 3 3261 6126 
Korea: Young Sang Jo, 
Business Communications Inc. 
K.P.O. Box 1916, Midopa Building 146 
Dangiu-Dong, Chongo-Ku, Seoul, Korea 
Phone: 01 1 -82-2-739-7840 FAX: 01 1^2-2 732-3662 
Taiwan: Charles Liu, President, 
Two-way Communications, Co., Ltd. 
12F/1, No.99, Sec.2 
Tun-Hwa South Rood, Taipei, Taiwan. 
Phone: 01 1-886-2-707-5828;FAX: 01 1-886-2-707-5825 
United Kingdom: John Maycock 
John Maycock Associates 
Redlands, Tapton House Road 
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25 to2000MH^fCOS from 

freq, range 

NEW POS- 1060 
NEW POS- 1400 
NEWPOS-2000 

Model 
POS-50 
POS-75 
POS-100 
POS- 150 

POS-200 
POS-300 
POS-400 
POS-535 

POS-765 
POS- 1025 

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 

Current (mA) 
0+12VDC 

Max. 
20 
20 
20 
20 

20 
20 
20 
20 

22 
22 
30* 
30* 
30* 

Harmonics 
(dBc) 

Typ. 
•19 
-27 
-23 
-23 

-24 
-30 
■28 
-26 

-21 
■23 

DESIGNER’S KITS: 
K-POS1 $124.95 (contains tea. all models except POS-1060 to -2000). 
K-POS2 $79.95 (contains 1ea. all models except POS-75.- 150.-300, -1060 to -2000) 
K-POS3 $79.95 (contains 2ea. models POS-1060,-1400,-2000). 

Freq. Range 
(MHz: 
25-50 

37.5-75 
50-100 
75-150 

100-200 
150-280 
200-380 
300-525 

485-7E5 
685-1025 
750-1060 
975-1400 
1370-2000 

♦Max. Current (mA) © 8V DC. 
Notes: Tuning voltage 1 to 16V required to cover 

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 010kHz Typ. 
-110 
-110 
-107 
-103 

-102 
-100 
-98 
■93 

-85 
-84 
-90 
-95 
-95 

It’s a fact! With Mini-Circuits new PCS family of shielded, laser sealed 
voltage controlled oscillators, you pay less and get more...Superior 
Performance, Top 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 

_ - - .—- —,- 1 to 20V for POS-1060 
to -2000. Models POS-50 to -1025 have 3dB modulation bandwidth. 100kHz typ. 
Models POS-1060 tc -2000 have 3dB modulation bandwidth. 1 MHz typ. 
Operating temperature range: - 55°C tc +85°C. 

£□ Mini-Circuits” 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http //WWW. minicircuits, com CIKLÍ READER SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 229 Rev Ong 



8-bit USB Microcontrollers for Under $1 
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 

ION and Ihstant-On Now are trademarks of Cypress Semiconductor Corp. 

DEVICE 
MAX 
RAM 

MAX. 
EPROM 

NUMBER 
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 _4KL 10 18-pin DIP 

CY7C634xx 2S6 Bytes 8KB 31 40-pin DIP 
48-pin SSOP 

CY7C635XX 256 Bytes 8 KB 39 48-pin SSOP 

* 

The easy-to-use $J560cY3650 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 

http://www.cypress.corn/cypress/whathot/hot top.htm 








