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Raising the bar. 

250,000 gates strong. 

The newest, largest member of the FLEX® 10K 
embedded programmable logic family— the 
EPF10K250A — is now available. The EPF10K250A 

device combines the flexibility of programmable logic 
with the capacity and speed you need for even your 
largest gate array designs. 

Pump up your design efficiency. 

Whether you use VHDL or Verilog HDL, our easy-to-use 
MAX+PLUS® II development system fits into your existing 
design flow. The MAX+PLUS II software interfaces with 
all leading EDA tools, giving you the best quality of results 
with the most efficient combination of speed and area. 
Altera MegaCore™ and AMPP™ megafunctions, which are 
optimized for Altera device architectures, further increase 

MultiVolt™ I/O to 
interface to 5.0-, 3.3-, 
and 2.5-V systems, 
and is available in 
packages of upto 
600 pins, including 
BGA options. 

The biggest — 
bar none. 

Visit the Altera web 
site for more infor¬ 
mation about all 

Gate Array Design Starts by Gate Count (1997) 

I FLEX 10K device density covers more than 
80°o of gate array design starts 

FLEX 10K devices — and sign up for a free megafunction 
literature pack. Use the integration density of the EPF10K250A 
to raise the bar on your competition. 

design efficiency. 

When only the biggest will do. 

With 250,000 gates, the EPF10K250A covers 80% of gate array 
design starts. This device provides a 3.3-V core voltage with 

WWW. 
altera 
.com/bar 

© Copynght 1998 Alter« Corporation Alter«, FLEX. FLEX 1t)K. MAX+PLUS II, MegaCore. AMPR Mul»/olt and «pecrfic device designetions are trademarks and/or service marks oí Alara m the United States and other countnes 
AM other trademarks and service marks are the property cl their respective holders AM nghts reserved. 



Small spacer 
the next • CV 
generation. _ 

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

Next generation networking equipment 
can now achieve the same port spacing as 
RJ-45 copper systems - but with fiber 
optics. That’s because the MT-RJ trans¬ 
ceiver family is approximately half the 
width of today’s duplex-SC fiber interface. 
This increased port density means more 
bandwidth per card with lower overall 
system hardware cost compared to 
existing fiber interfaces. 

HP’s MT-RJ transceivers are available in a 
2x5 multi-source Small Form Factor (SFF) 
package for a variety of applications 
including Fast Ethernet, Gigabit Ethernet, 
ATM, SONET/SDH and Fibre Channel 
with speeds ranging from 100 Mb/s 
through 1.25 Gb/s. Add to that, availability 
of multimode and singlemode capability 
with 850 nm VCSELs, 1300 mu LEDs and 
1300 nm FP lasers and you have the 
largest selection in the smallest packages. 

Not only has HP reduced the size, but we 
know how to reduce your design worries 
too. With our proven, high-volume 
manufacturing and world-class applica¬ 
tion support, we’ll work with you now to 
design your higher-bandwidth, lower-cost 
systems and get you to market faster. 

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

www.hp.com/inFo/small 

Check out our website or call: 
1-800-537-7715 ext. 9978 

Ihpl HEWLETT® 
PACKARD 

[ Expanding Possibilities ] 

CSSD9804 
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radio frequency 

Portable power/ low-power/low- ' 
voltage technology, 

digital signal 
processing 

optimized 
hardware/software 

Mobile phones mean freedom to communicate wherever and whenever we choose. 

Philips Semiconductors is ready today with the competences and solutions you 

need to take that freedom to the next generation. Baseband (embedded DSPs), 

RF design and low-voltage/low-power technologies are at the core of our expertise. 

And our competence in hardware/software optimization, power management, 

mixed-signal ICs, speech recognition, LCD driver technology, packaging and 

MCMs, - along with the industry's broadest range of discretes - adds up to 



a capability that has made us a world leader in wireless communications ICs. 

With solutions covering the major mobile standards - digital cellular and cordless, 

paging, wireless data/LANs and GPS - Philips Semiconductors frees you to create 

the communications products for tomorrow’s generation. To find out more, visit 

■vww.semiconductors.philips.co-n/comms/ or call for more information 

USA 1-800-447-1500, ext. 1580. Europe fax +31-10-284-3181, quote “voice”. 

Asia fax +852-2811-9173, quote “ED”. 

i PHILIPS 

Lett wake Hwys betted 
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In the hotly contested modem business, 
you need the tools that will put your 
product in the winner’s circle. 
tas has been providing advanced test and 
evaluation solutions to modem industry 

leaders for over twelve years. 

With the advent of new modem 

technologies such as 56k, 
accurate and repeatable testing is 

more important than ever! 

Now TAS modem test systems deliver 
even more power and flexibility to help 
ensure the success of your product. 
■ TAS Series II PLUS and 100 Series 

Telephone Network Emulators are the “gold 
standard” of modem testing worldwide. 
These advanced instruments provide 
accurate, repeatable emulation of telephone 
exchange conditions, analog impairments, 
and digital transmission facilities. 

■ The tas 240 Subscriber Loop Emulator 
tests your modem 's ability to deal with the 
wide variety of central office to subscriber 
connections—an especially critical factor 
for V.34 and 56K modems. 

■ Gemini & Gemini-PC data analyzers 
thoroughly test the throughput and error¬ 
rateperformance of external, PC-Card. and 
controller-less modems. 

■ task it' Software automates the 
entire testing process and gives you 
comprehensive performance reports. 

If you are testing or evaluating 
subscriber or central site modems, 
give your product the best chance 
to win the race. 

Go with the advanced modem 
test and evaluation solutions 
from TAS. 

Telecom Analysis Systems, Inc. 

34 Industrial Way East « Eatontown, NJ 07724-3319 ■ Phone:(732)544-8700 • FAX: (732) 544-8347 ■ Email: sales@taskit.com ■ Internet: http://www.taskit.com 
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When A Leading Canadian Electronics 

Company Needed Reliable Infrared Switches, 

It Got Them From QT Optoelectronics. 
© 1998 QT Optoelectronics 

Our Willingness To Work With You Sets Us Apart. 

The standard plastic encapsulated IR switch couldn't 

survive the OEM's manufacturing process, much less 

the demanding application for which it was intended. 

So design engineers from QT Optoelectronics 

worked with the customer's test engineers to develop 

and produce a metal case IR switch. 

This is not unusual for QT Optoelectronics. Besides 

providing a wide range of standard compo¬ 

nents, the company is a leader in the design 

and production of custom IR products. 

What is unusual is that the metal IR switch proved so 

popular with so many customers QT Optoelectronics 

now offers it as a standard product. 

Of course we offer good products at a competitive 

price. We couldn't stay in business if we didn't. But it's 

our willingness, as well as our ability, to help a cus¬ 

tomer meet a unique requirement that sets us apart. 

Call 1-800-LED-OPTO for more informa¬ 

tion, or browse our on-line product catalog 

at www.qtopto.com. 
OPTOELECTRONICS 

United States 800-533-6786 • France 33 01/43.99.25.12 • Germany 49 089/96.30.51 • United Kingdom 44 01296/39.44.99 • Asia/Pacific 603/735-2417 
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K ' (Mere 

You're in 
the Driver's Seat ! 

_ 
CtRTfFIED 

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

DIGI-KEY® Volume Business Division 

1-800-344-4539 

Call, write, fax or visit us on the 

Internet for your FREE CATALOG toda¡ 

»About Digi-Key 
• Parts Search 
► Online Ordering 
► Order Status 
• Communication Center 
Electronic Catalog 
Industry Units 
New Product^ 

Digi-Key Corporation 
701 Brooks Ave South 

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

Order Online wwwdigikeycont 
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See Electronic Design Online's 
Table of Contents to preview 

what's in store for you on the web! 

NOW ONLINE: 
Get In On The Fun! 
Beginning October 1, Electronic Design will be holding a contest for EEs who 
fancy themselves as creative writers. If you like to write short stories or enjoy 
composing poems, now's your chance to show off your skills. But here's tne 
catcn-your prose must contain as many names of EDA tool vendors as possi¬ 
ble, and the piece cannot exceed 300 words in length. 

The contest will run until November 30. Winners will be announced via Elec¬ 
tronic Design Online on December 15, and they will be awarded one of a 
group of prizes donated by EDA tool vendors, bound like fun? For further de¬ 
tails, see our home page at www.elecdesign.com. 

ELECTRONIC DESIGN ONLINE 
TECHNOLOGY APPLICATIONS PRODUCTS SOLUTIONS 
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One Powerful Web Site. 
Power-One’s on-line PROBE helps you select 
the right power supply for your application. 

www.power-one. com 

AC/DC and DC/DC - One to 4000 Watts 
OC/DC Converters Over 100 Models from 1-30 Watts 

AC/DC Linears Over 70 Models from 6-280 Watts 

AC/DC Low-Power Switchers Over 100 Models from 30-250 Watts 

AC/DC Mid-Power Switchers Over 30 Models from 225-550 Watts 

AC/DC High-Power Switchers Over 10 Million Configurations from 500-4000 Watts 

Qpoiuerone 
pouter supplies 

740 Calle Plano • Camarillo, California 93012 
(800) 765-7448 • FAX (805) 388-0476 
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XILINX. 
The leader in 

programmable logic 
design software. 

^heck it out for yourself! Xilinx scores as the 
industry's most flexible and complete software 
solution available for programmable logic. And, 
with the introduction of version 1.5 for both our 
Alliance " and Foundation " Series 
Software, we now set a new 
standard for design simplicity. 

It all starts with a push¬ 
button interface that delivers high-performance 
results for every device we make. From our 3.3V 
FastFLASH " CPLDs, to our 1 million gate Virtex" 
FPGA, Alliance and Foundation Series Software 

now offers an unrivaled feature set that guarantees 
optimized performance. We call it AKA speed"1 

technology. You'll call it the most intuitive and 
efficient tool-set you've ever used! 

From the industry's 
broadest selection of 
pre-verified cores, to 
lightning fast compile times 

and board-level verification, Xilinx Foundation 
and Alliance Series software is designed to 
work the way you do. To deliver "hand-crafted” 
results...automatically! 

It's All About 
Software leadership 

www.xilinx.com 
E XILINX’ 

The Programmable Logic Company 

©1998 Xilinx, In., 2100 Logic Drive, San Jose, CA 95124. Europe +44-1 -932-4001 ; Japan +81-3-32979191; Asia +852-2424-5200; Xilinx s a registered trademark and The Programmable Logic Company is a service mark of Xilinx, In. 
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DPO? 
Been there. 
Done that. 



Better. Faster. 

Introducing the new LeCroy LC584AXL 
• Second-Generation Persistence Technology 

• Longest Acquisition Memory 

• Powerful CPU 

While some vendors have just announced the capability of capturing repetitive signals, formatting the data into 

a pixel map and then “digitally” aging the persistence display, LeCroy has provided this capability for two years. 

And now we have second-generation persistence technology that allows all the data in a persistence map 

to be used for precision measurements. The newest member of the LC family of color oscilloscopes sets two 

industry records: it provides 4 Mbytes of data acquisition memory per channel, and it offers a powerful CPU. 

If you work with complex signals, the extra memory and computing power will give you more precise signal 

capture and faster answers. Visit us on the web and see how to get there better and faster with LeCroy. 

LeCroy 
www.lecroy.com/axl 1 800 4LeCroy 

READER SERVICE 163 
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Serial/Parallel 
Conversion or 
Networks 

CY233 conneas up to 255 computers, 
peripherals, or remote sites. 5v CMOS 
40-pin IC works with RS232422 drivers. 
300 baud to 57.6K baud. Supports a 
token in Peer or Host ring LAN modes. 
Numerous other operational modes: 

Serial to Parallel 

Parallel Out. 
Strobes, 
and Mode 
Selection 

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

Party Line 
Alternate Topology tor 256 
8-Blt Ports or 2K I/O Lines 

Host Ring LAN 

Serial 

2 CY233» per Ni 

Master 
Server 

PO Bor 3000 ♦ San Gregorio CA 94074 
Tel 650-726-3000 ♦ Fax 650-726-3003 

CY233! 

CY23? 

www.ControlChips.com 

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

IEEE Down On H-1B 

The IEEE issued an “action alert” last month, urging its members and 
other technical professionals to tell Congress not to expand the H-1B visa 
program without providing worker safeguards. The IEEE has opposed 

the version of H.R. 3736 (passed by the House in July) which would raise H-
1B visa limits by 190,000 over the next five years. This bill would also limit re¬ 
cruitment and no-layoff provisions only to employers whose H-1B employees 
constitute at least 15% of their workforce. 

You’ll recall that many high-tech industry suits want Congress to lighten 
up on restricting the number of foreign workers allowed to enter the land of 
opportunity. That way, those workers can catch the first available bus to their 
office parks. On the flip side, IEEE-USA President John R. Reinert isn’t too 
thrilled with the idea that a portion of his 220,000-member U.S. engineering 
team could be standing in unemployment lines. 

“The increase is too large and too long, and the worker safeguards too lax 
to prevent harm to our high-tech workforce and the long-term vitality of the 
U.S. technical infrastructure,” says Reinert. He also fueled his argument by 
stating that in the past few months, 220,000 jobs have been cut by technology 
companies. And, the unemployment rate for electrical engineers has nearly 
tripled. 

“If there ever was a bad time for Congress to bring in a half-million inden¬ 
tured, high-tech guestworkers, this is it,” Reinert said. 

Apparently, proponents are scheduling a lot of lunch dates in Georgetown 
lobbying their favorite congressman to back the bill, which was scheduled to 
come to a vote in mid-September. And the IEEE is (as I write this in early 
September) getting its PR machine in motion to light a fire under its mem¬ 
bership so they will voice their opposition to their favorite politician. 

I received a ton of e-mail and letters from you when I addressed the 
U.S./foreign worker problem in previous editorials. The majority of you do 
not believe there is a shortage of skilled engineers in the U.S. And if there is, 
you point out, shouldn’t the company invest in additional training to bring its 
engineers up to snuff? Or, as some e-mail noted, shouldn’t the burden to up¬ 
grade skills be placed on the individual? 

All very good questions. I just hope Congress can get beyond Bill and Mon-

16 



microcontrollers are available right now—right off the shelf. 
Our most popular OTPs listed below are available worldwide 
through most Motorola distributors. 

Also available off that same shelf are four different levels 
of development support for each device—from free software 
on our website to high performance development tools. 

• Free Windows® software 
• $99* In-Circuit Simulator Kits (complete-fully assembled) 
• $950* Real-Time In-Circuit MMEVS Development Kits 
(complete-fully assembled) 

• $3,450* High Performance MMDS Development Kits 
(complete-fully assembled) 

... all with complete documentation and software. 

You don’t need to search the universe to find everything you need—OTP 
device specs, application notes, development tools, third-party developers, 
product availability, distributors and additional information—all you have to 
do is reach for your mouse and visit our virtual OTP shopping mail on the Web. 

We’re dedicated to getting you the OTPs with the development support you 
need. When you need them. Visit www.motorola.coni/semi/otp and 
see for yourself. 

DEVICE EPI10M RDM F IS OESISI-II III 
Mis) 

NNEÏS HIE NH»$ HII 

68HC705KJ1 1.2K 64 16 M68ICS05J 
68HC705J1A 1.2K 64 20 M68ICS05J 
68HC705P6A 4.6K 176 28 M68ICS05P 
68HC705C8A 8K 304 40,44 M68ICS05C 
68HC705C9A 16K 352 40,44 M68ICS05C 
68HC705B16 15K 352 52,64 M68ICS05B 
68HC705L16 16K 512 80 KITPGMR05L16 

KITMMEVS05KJ KITMMDS05KJ 
KITMMEVS05KJ KITMMDS05KJ 
KITMMEVS05P6A KITMMDS05P6A 
KITMMEVS05C KITMMDS05C 
KITMMEVS05C KITMMDS05C 
KITMMEVS05B KITMMDS05B 
KITMMEVS05L16 KITMMDS05L16 

Suggested resales 

© 1998 Motorola, Inc. Motorola is a registered trademark and DigitalDNA and the DigitalDNA logo are trademarks of Motorola, Inc. 

Windows is a registered trademark of Microsoft Corporation. 

'♦'DigitalDNA 
from Motorola 
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Paper Cuts, Ammonia Fumes, & Lawyers 

I used to be a young engineer-in-training. “Drafting dog” was my informal job title. As part of Northeastern University’s co-op program, I was a drafting 
dog on six-month cycles. During alternate six-month cycles, I studied toward 

my EE degree. The major requirements of the job included doing all the “dog” 
work in the drafting department. 

I was constantly filing and making copies of engineering drawings—every¬ 
thing from schematics and fabrication drawings to assembly drawings. Occupa¬ 
tion hazards arose, like the paper cuts made by the sharp edges of blueline paper 
and the strong stench of ammonia from the blueline machine. But, I stayed 
strong. I hung in there and actually became rather territorial about the drawing 
storage room. If someone took a drawing out to look at, I wouldn’t let anyone file 
it again except me. I didn’t want anything misfiled or misplaced. I ran a tight ship. 

Recently, memories of those days filtered up from the depths of my brain. Late 
this summer, the VMEbus International Trade Association (VITA) called upon 
its members to search for prior art (drawings and other documents) related to a 
pair of patents that Nortel intends to enforce. Prior art, in this case, refers to doc¬ 
uments dated before the Nortel patents were issued in 1985. Hearing about this, 
all I could picture were hundreds of managers of en¬ 
gineering departments sending drafting dogs like 
me searching through old flat files for drawings. I 
then imagined the drafting dogs making stacks of 
copies on the blueline machine. 

In case you haven’t heard, there’s a major tussle 
over patents going on in the bus/board business. 
Nortel, a formidable player in telecom and a mem¬ 
ber of VITA, claims the front-panel implementa¬ 
tions that comply with the IEEE 1101.10 standard 
require technology for which Nortel holds the 
patents. Nortel sent letters to a number of compa¬ 
nies with IEEE 1101.10-compliant products, asking 
them to contact Nortel regarding licensing require¬ 
ments. Both front-panel keying and EMI shielding, 
as specified in IEEE 1101.10, is an important part of 
VITA 1.1-1997 (VME64x extensions to VME64), a proposed ANSI standard. 

By calling for prior art, VITA is exploring two questions. First, do the Nortel 
patents cover 1101.10-compliant implementations? Second, if they do, does prior 
art exist that may not have come to light when the Nortel patents were issued? 
While patent examiners have a working familiarity with patent databases—and 
access to them—they may have missed prior art held in the public domain. Nat¬ 
urally, the manufacturers and users of VME technology are the best source for 
“public domain” prior art. VITA asked its members and VMEbus users to pro¬ 
vide them with any prior art which may be applicable to front-panel EMI shield¬ 
ing and keying. 

It’s too soon to tell what the impact of the Nortel patent situation will be on 
the VME business. If forced to pay licensing fees on the technologies, some of 
the smaller VME vendors will suffer the most. CompactPCI board vendors are 
caught up in this, too, because CompactPCI also makes use of the IEEE 1101.10 
front-panel technology. 

The growing importance of IP and patents makes the job of engineers, and 
particularly engineering mangers, all the more complex. In the past, engineer¬ 
ing managers “only” had to worry about meeting their very aggressive time-to-
market schedules and cost budgets, as well as the difficulties of concurrent soft-
ware/hardware development and test. Now, every time an engineer has a new 
idea on how to hook two gates together, he or she has to do a patent search to 
make sure no patent has been infringed. 

In my career, I never did rise to the level of engineering management. I won¬ 
der—would I rather deal with paper cuts and the smell of ammonia than with 
lawyers and patent disputes? It’s a tough call. 

Readers can reach me via e-mail atjeffc@empire.net 
© Copyright 1998 National Instruments Corporation. AN 
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Conference To Study 
State Of Telecomm In 
Bosnia-Herzegovina 

A conference to be held later this 
month in Geneva, Switzerland, 
will review the state of telecom¬ 

munications in Bosnia and Herzegov¬ 
ina, and adopt a blueprint for the re¬ 
construction of the network, systems, 
and facilities. The conference, spon¬ 
sored by the President of Bosnia and 
Herzegovina, Mr. Alija Izetbegovic, 
will also be among the first public 
gatherings where the new telecommu¬ 
nication law, elaborated under the 
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aegis of the International Telecommu¬ 
nication Union (ITU), will be pre¬ 
sented and explained. The ITU will 
work in close cooperation with the Eu¬ 
ropean Bank for Reconstruction and 
Development (EBRD) and the Office 
of the High Representative (OHR). 
Its aim is to inform business and eco¬ 
nomic partners of the measures taken 
to provide a clear and transparent 
telecommunication environment with 
a view to enlisting their support in the 
reconstruction efforts. 

The draft law is the result of more 
than one year of consultations and ne¬ 
gotiations between the representa¬ 
tives of Bosnia and Herzegovina, 
which took place at the ITU Head¬ 
quarters in March, April and May of 
this year. The law is regarded as one of 
the first major joint “products” arising 
from a consensual approach between 
all parties, and hopes to consolidate 
the country’s longer-term political and 
economic base through solid telecom¬ 
munications institutions. For the first 
time, representatives of the Council of 
Minister of the State as well as the two 
entities of Bosnia and Herzegovina— 
the Federation of Bosnia and Herze¬ 
govina and the Republika Srpska— 
have unanimously agreed on the 
country’s telecommunication legal 
framework. For more information, go 
to the ITU’s web site at 
www.itu.int/newsroom. re 

Alliance Promotes PXI 
For Measurement And 
Automation 

More than 40 test, measurement, 
and industrial companies have 
banded together to form the 

PXI Systems Alliance. Its purpose is 
to promote and maintain the PXI (PCI 
extensions for Instruments) specifica¬ 
tion. This specification adds instru¬ 
mentation capabilities to Compact-
PCI, an industrial computer standard 
supported by more than 300 compa¬ 
nies. National Instruments, Austin, 
Texas, announced PXI and the PXI 
specification in September 1997. 

The Alliance is composed of compa-
(continued on page 2L) 
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Integrating Our Strengths 
Unitrode Corporation and 
BENCHMARQ Microelectronics, 

Inc. have merged. This combination 

is unbeatable' Together, Unitrode 

and Benchmarq now offer a 

complete line of IC solutions 

for portable and standard power 

management applications, with 

much more to come. Check our 

website for more info! 

UCC3957 
The UCC3957 battery protector 

provides complete voltage 

protection and over-current 

protection for three or four 

cell lithium-ion battery 
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battery packs for equipment 

such as laptop computers 

and portable instruments. 
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UCC5341 and UCC5342 
Receiver and transceiver low 

current devices, these IrDA ICs 

are used ii portable electronics 

applications. These devices 

support the analog section of 

the IrDA 1.0 standard, and have 

very low current consumption 

when active, making them 

excellent when power 

savings is at a premium. 

bq2056 
The bq2056 charge-control 

IC for single-cell lithium-ion 

battery packs is ideal for 

precision low-dropout linear 

regulator design using a mini¬ 

mum number of components. 

Its proprietary AutoComp'“ 

technique enables the battery 

to reach optimal capacity in 

the shortest time. 
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UCC5638 
The UCC5638 SCSI Multimode 

active terminator provides a smooth 

transition from single ended to low 

voltage differential (LVD SCSI). 

It contains all functions required 

to terminate, auto detect and 

switch modes for SPI-2 bus 

architectures With the Quad Flat 

Pack packaging, the UCC5638 

offers the smallest footprint for 

space-constrained boards. 

www.unitrode.com/products/interface/ucc5638 htm Reader Service 169 

UCC3831/38531 
Unitrode’s UCC3831/38531 

family of hub power controllers 

provides a complete, fully USB-

compliant power management 

solution for self-powered USB 

hubs. The devices offer four 

separately regulated 5 V port 

power outlets, each capable 

of delivering at least 500mA, 

providing a single chip solution 

for most hub power applications. 

www.unitrode.com/products/linear/ucc3831.htm 
www.unitrode.com/products/powsup/ucc38531.htm 
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(continued from page 22) 
nies from North America, Europe, and 
Asia. Members share a common com¬ 
mitment to end-user success with 
open, multivendor PXI systems for 
applications in test and measurement, 
industrial automation, data acquisi¬ 
tion, and instrumentation. Their pri¬ 
mary goal is to improve the effective¬ 

ness of Compact-PCI solutions in mea¬ 
surement and automation through use 
of the PXI specification. The charter 
of the group is to promote PXI, ensure 
multivendor interoperability, and 
maintain the PXI specification. PXI 
Systems Alliance membership is open 
to vendors who share the PXI philoso¬ 
phy and objectives, and want to pro-
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duce and promote solutions compati¬ 
ble with alliance goals. 

Membership information is avail¬ 
able on the PXI Systems Alliance 
Web page at www. pxisa.com. jd 

0VI Approves IEEE 
1364 Verilog-AMS 
Standard Extension 

The EDA (Electronic Design Au¬ 
tomation) industry organization 
known as Open Verilog Interna¬ 

tional (OVI), Los Gatos, Calif., has re¬ 
cently announced its approval of the 
Verilog-AMS (analog and mixed sig¬ 
nal) standard. This standard, which 
serves as the analog/mixed-signal ex¬ 
tension to the IEEE 1364 Verilog 
HDL (hardware description lan¬ 
guage) standard, will help expand the 
reach of Verilog to both analog and 
mixed-signal designers. In addition, 
it’s expected to serve as a key enabling 
technology for the design of next-gen¬ 
eration complex systems and ICs. 

The standard, which traces its origin 
back to work done by OVI’s Technical 
Subcommittee (TSC) for Verilog-A in 
1994, is based on fundamental princi¬ 
ples of mathematics and physics. As a 
result, it enables the description of sys¬ 
tems composed of mechanical, electro¬ 
magnetic, and electrical sub-systems. 
In particular, it allows designers to 
work within the context of a top-down 
design methodology for analog and 
mixed-signal modeling. Here, they can 
use a single language to model and sim¬ 
ulate a mixed system, such as a caris en¬ 
tire brake system with its mechanical, 
electrical, and digital controls, as well 
as motors and analog drivers. 

Currently a number of companies 
are either planning to support, or are 
already using, the standard. These 
companies include Analogy, Apteq, Ca¬ 
dence, Motorola, National Semiconduc¬ 
tor, and Transcendent Design Technol¬ 
ogy. Efforts are now underway by OVI 
to pursue IEEE standardization of the 
Verilog-AMS standard. For more in¬ 
formation, or to receive the latest draft 
of the Verilog-AMS standard, contact 
OVI at (408) 358-9510; wmc.ovi.org. ca 

Edited by Roger Engelke 
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TECHNOLOGY BREAKTHROUGH 

First Commercial OSMs Shift 
I2O Momentum Into High Gear 

Taking a major step toward true 
software-driver independence for 
computer systems, the Intelligent 

I/O (I2O) Special Interest Group (SIG) 
has announced the availability of Op¬ 
erating System Service Modules 
(OSMs) from Microsoft Corp., Red¬ 
mond, Wash.; Novell Inc., Provo, Ut.; 
and SCO, Santa Cruz, Calif. 

Hewlett-Packard Co., Palo Alto, 
Calif.; IBM Corp., Armonk, N.Y.; and 
Sun Microsystems, Palo Alto, Calif., 
have also announced their support for 
the I2O architecture in future operat¬ 
ing-system products. 

An OSM is an integral component 
of the I2O architecture. It provides the 
interface between the host OS and the 
I2O message layer. It also represents 
the portion of the driver that forwards 
host-OS requests to a hardware de¬ 
vice module (HDM) for processing. 
I2O OSMs now include Microsoft NT 
4.0 (storage), Novell NetWare 4.11 
(Storage and LAN), and SCO 
LInixWare 7 (storage, management 
OSM, and LAN beta). 

More On The Way 
In addition, HP has announced that 

it plans to support the I2O architec¬ 
ture in its 64-bit, HP-UX 11 operating 
environment in the first quarter of 
1999. IBM will support the I2O specifi¬ 
cation in the next version of its OS/2 
Warp Server in early 1999. And, Sun 
Microsystems has announced that it 
will implement the I2O specification in 
its Solaris products. 

Traditionally, hardware vendors 
have had to write a specific driver for 
their card, then get it validated in the 
OS. With an I2O OSM, the company 
writes the top half of the driver as 
linked to a common interface. If all the 
hardware vendors write to that stan¬ 
dard interface, the OS vendor only has 
to validate one driver interface, yet, 
has access to many hardware drivers. 
Conversely, designers on the hard¬ 
ware side can write one driver, and 
have access to all of the operating sys¬ 
tems that support I2O. 

“For over a year, the major OS ven¬ 
dors have been in process with beta 
versions of these OSMs, which are 

available to SIG members on the I2O 
SIG web site,” says Michael Rex, In¬ 
tel’s marketing manager for I2O. 
“That’s helped product development, 
but now that there are commercial I2O 
implementations, computer system 
vendors can shift toward delivering 
products based on the I2O architec¬ 
ture specification,” says Rex. 

Formed in early 1996, the I2O SIG 
now boasts more than 135 members. 
Its basic objective is to provide an I/O 
device-driver architecture that is in¬ 
dependent of both the specific device 
being controlled and the host operat¬ 
ing system. This is achieved by logi¬ 
cally separating the portion of the dri¬ 
ver responsible for managing the 
device from the specific implementa¬ 
tion details for the OS it serves. 

By doing so, the device manage¬ 
ment portion of the driver becomes 
portable across multiple operating sys¬ 
tems. I2O also acts to hide the nature of 
the communication between various 
mechanisms, providing processor and 
bus technology independence. 

Meanwhile, the I2O SIG is working 
on a new version of the overall I2O 
specification. Code-named Yellow¬ 
stone, this release will include three 
key elements: support for Hot-Plug 
PCI, support for 64-bit addressing (or 
greater than 4 Gbytes of memory), 
and a new messaging model capable of 
polling. 

The new message scheme is ex¬ 
pected to enhance performance. The 
SIG has task forces focusing on each of 
the three areas, and they’re develop¬ 
ing a demo for proof of concept. By the 
end of the year, Rex expects those ef¬ 
forts will be complete. Following that, 
the documentation will be prepared, 
and Yellowstone ratified in the first 
quarter of next year. 

While most of the initial market of 
I2O is in LAN server and data-storage 
applications, there’s growing interest 
among specialty and embedded applica¬ 
tions. Today, storage and LAN are two 
very-well-defined classes for I2O. And, 
board vendor Cyclone Microsystems 
Inc., New Haven, Conn., wants to en¬ 
sure that within the I2O specification 
there is a generic class that doesn’t have 

to be classified as LAN or storage. 
With that in mind, the company 

crafted a generic OSM that lets very 
primitive messages do the work. Cy¬ 
clone made a proposal to the I2O steer¬ 
ing committee to make that generic 
class driver a part of the spec. Cur¬ 
rently, the committee and the I2O ar¬ 
chitects are reviewing the proposal, 
and “if everyone is favorable to it, we’ll 
approve it,” says Rex. 

Chip Vendor Participating 
For it’s part, chip vendor PLX 

Technology Inc., Sunnyvale, Calif., 
the only vendor actively participating 
in the I2O SIG, focuses on embedded 
applications. The company recently 
announced the newest version of its 
I2O software development kit (SDK). 
The SDK allows designers to create 
industry-standard and private-plat-
form PCI and I2O designs using the 
IBM PowerPC 401, Motorola MPC860 
PowerQUICC, and other micro¬ 
processors. The new SDK version 1.5b 
leverages advanced programming in¬ 
terface (API) libraries in PLX’s new 
PCI SDK 2.0 software development 
kit for PCI design. 

Software written for PCI 9080 ref¬ 
erence design kits requires minimal 
modifications to add support for new 
I2O-compatible chips, like PLX’s re¬ 
cently introduced PCI 9054 I/O accel¬ 
erator and IOP 480 I/O processor. 

The I2O SDK 1.5b features the 
PLX I2O Manager, which includes all 
the functions required to implement 
an I/O processor (IOP) as required by 
the I2O version 1.5 specification. 
These include the I2O shell message¬ 
passing protocol, configuration com¬ 
mands, and a set of general purpose 
commands. The libraries included in 
the I2O Manager may be linked to 
other control software for the IOP, and 
do not require an I2O real-time operat¬ 
ing system. 

IOP developers only need add the 
actual device-driver software appro¬ 
priate to the PCI chips on top of this 
messaging layer to create the finished 
IOP. I2O Manager relieves the devel¬ 
oper of the task of creating an I2O-ar-
chitecture-based messaging interface. 
F or more information on I2O, con¬ 

tact the I2O SIG, 404 Balboa St., San 
Francisco, CA 94118; (415) 750-8352; 
(415) 751-4829 (fax); www.i2osig.org. 

Jeff Child 
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TECHNOLOGY BREAKTHROUGH 

2. The pipeline in the UltraSPARC III RISC processor, being developed by Sun Microelectronics, 
has two major sections. The front end does most of the instruction setup, and the back end 
performs integer execution and in-parallel, floating-point, or graphics instruction execution. 

structions, as well as for floating-point 
add and multiply. Divide and square¬ 
root instructions have longer latencies: 
17 to 24 cycles depending on the opera¬ 
tion, and whether it’s single or double 
precision. A five-read-port/four- write¬ 
port register file supports the floating-
point/graphics pipeline. 

Like the Alpha processor, the Ultra-
SPARC III will employ a 64-kbyte, 
ievel-1 data cache, but it will be four¬ 
way set associative rather than two-
way. However, in addition to the data 
cache, the Sun processor includes a 2-
kbyte, level-1 prefetch cache and a 2-
kbyte, level-1 write-cache, both of 
which are also four-way set associative. 
The processor supports an off-chip, L2 
direct-mapped cache of from 1 to 8 
Mbytes, using a 256-bit-wide data bus 
to achieve a data-transfer bandwidth of 
6.4 Gbytes/s. Internal caches use 64-bit 
buses to move data, but also operate 
faster, with data transfer rates as high 
as 18.4 Gbytes/s (LI prefetch cache). 

The prefetch cache allows concur¬ 
rent fills and dual reads to occur. It han¬ 
dles eight outstanding software 
prefetch requests. The cache also man¬ 
ages autonomous hardware stride 
prefetches and fully coherent operation. 

Examining ways to lower cost and 
improve performance in their main-
fi-ame systems, designers at IBM devel¬ 
oped a multichip CMOS processor, the 
G5, to replace the G4 CPU in the S/390 
mainframes. The multichip module 
gives the S/390 faster cycle times; a bet¬ 
ter clocks-per-instruction ratio; im¬ 
proved reliability, availability, and ser¬ 

viceability; and architectural features 
that also improve performance. The re¬ 
sult is 150 MIPS in a uniprocessor con¬ 
figuration, and 1040 MIPS in a 10-way 
CPU configuration. Those numbers are 
about double that achieved with the G4 
and previous bipolar implementations. 

Based on a 0.25-pm (drawn) CMOS 
process with up to six levels of metal, 
and operating from a 1.9-V power sup¬ 
ply, the CPU developed for the module 
packs about 25-million transistors, and 
consumes about 25 W. Integrated onto a 
14.6-by-14.7-mm chip, the processor has 
been clocked in various laboratory test 
systems at up to 600 MHz. Initial com¬ 
mercial units, though, are specified for 
500-MHz operation. 

On the chip is a 256-kbyte, level-1 
cache (four-way set associative) that 
holds instructions, operands, and milli¬ 
code data. (Millicode is a type of microc¬ 
ode used to implement complex S/390 
instructions). The chip uses a 256-byte 
line size, and the cache is complemented 
by a 1024-entry, translation look-aside 
buffer and a 2048-entry branch-target 
buffer. The chip also includes a 32-kbyte 
writeable control-store that holds rou¬ 
tines for 64 of the most commonly used 
instructions executed by millicode. 

The CPU architecture is a single-is¬ 
sue, in-order execution structure, with 
a seven-stage pipeline. To deal quickly 
with interrupts and other operations, a 
special recovery-register unit (R-unit) 
on the chip holds a check-pointed copy 
of the processor’s microarchitected 
state (256 registers, each 32/64 bits 
long). And, shadow copies of the gen¬ 

eral-purpose registers, floating-point 
registers, and certain R-units are dis¬ 
tributed throughout the chip’s instruc¬ 
tion and execution units. So if some¬ 
thing goes awry, the processor can 
quickly recover its state and continue 
operation. 

The on-chip floating-point unit 
(FPU) supports IBM’s traditional S/390 
hex floating-point architecture, but now 
also supports IEEE-754-compliant ex¬ 
ecution. The FPU includes 121 new op¬ 
codes to support extended operations 
and new capabilities. 

As mentioned, the CPU is part of a 
multichip module that holds up to 12 
processor chips (10 active, two as 
spares); two L2 cache control chips; and 
up to eight, L2 cache dataflow/array 
chips. Additional resources on the mod¬ 
ule include four I/O channel interface 
chips, each with six ports that connect 
to the S/390 channel subsystem. Each 
port can run at 333 Mbytes/s in each di¬ 
rection, and all 24 ports can run simulta¬ 
neously. Complementing the CPU mod¬ 
ule are up to four memory cards, each 
containing four banks. Each card can 
hold 6 Gbytes of DRAM. 

Taking a different approach to sys¬ 
tem integration, designers at Hewlett-
Packard opted to cram as much cache as 
they could onto one of their PA-RISC 
processors. Consequently, in a presen¬ 
tation at Hot Chips, they wowed many 
attendees with the details of the PA-
8500, a 64-bit processor with 1.5 Mbytes 
of level-1 cache. With all the other asso¬ 
ciated memory support functions for 
the branch-target cache, tag bits, regis¬ 
ter files, etc., about 80% of the 140-mil-
lion transistors on the chip are used by 
memory-related circuits. The extensive 
use of memory also helps keep power 
consumption to an expected 10 to 15 W. 

The main caches are divided into a 
500-kbyte instruction cache with four¬ 
way set associativity, and a 1-Mbyte 
data cache that is also four-way set as¬ 
sociative. Both caches support either 
32- or 64-byte line sizes. The I-cache 
provides four instructions per cycle to 
the CPU core, while the D-cache allows 
two accesses per cycle. This way, the 
CPU can rapidly access the data it 
needs, reducing latency. The data cache 
also employs a store queue for faster 
writes back to the memory, and allows 
data prefetching so that it can be 
prestaged for the CPU. 

Dave Bursky 
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Tech Insights 
ring power-management design issues for advanced microprocessors 

Ripple Regulator Takes Off 
On Merced's Command 

Hysteretic Controller Enables Speedy And Efficient Programmable 
Voltage-Regulator Modules For The 6^-Bit Processor. 

Ashok Bindra 

COVER FEATURE 

As microprocessor design 
rapidly jumps from 32- to 
64-bit architectures, 

st ringent design requirements 
follow right on its tail. Issues 
such as the load transient re¬ 
sponse and the amount of 
power a processor can dissi¬ 
pate have led to a demand for 
complex, low-voltage power 
controllers that push the per¬ 
formance envelope to new 
heights. 

Intel’s upcoming 64-bit 
Merced processor, for instance, 
requires about 30 A of operat¬ 
ing current at lower voltages. 
This is in stark contrast to the 
18 to 20 A needed by current 
generation 32-bit Pentium Ils 
and comparable processors. In 
addition, the power require¬ 
ments for this type of proces¬ 
sor shift rapidly with changes in load. 
The voltage regulator module (VRM) 
or dc-dc converter powering such a 
processor must be able to respond to 
these demands, while furnishing the 
multiple voltages needed by the 
processor’s CPU core and I/Os. Need¬ 
less to say, the new generation power¬ 
controllers are expected to consume 
very little power. They’ve raised the 
efficiency bar, but can all these fea¬ 
tures come at a low cost? 

Powering 64-Bit Processors 
Key semiconductor manufacturers 

of power-supply controllers have be¬ 
gun addressing the strict voltage and 

current requirements of the high per¬ 
formance 64-bit Merced procesor. 
Texas Instruments Inc. leads the pack 
with an early announcement of work¬ 
ing silicon that powers the Merced and 
any other foreseeable processor. TI 
exploited its 1.0-pm LinBiCMOS 
process to create the TPS5210. A pro¬ 
grammable, synchronous-buck-regu¬ 
lator controller, the TPS5210 meets— 
and even beats—the Merced’s power 
demands. 

To comply with Intel’s VRM specifi¬ 
cations for the 64-bit processor, which 
is expected to be released sometime 
next year, the TPS5210 is in produc¬ 
tion in 28-pin SOICs, as well as in the 

thermally enhanced optional 
TSSOP packages Evaluation 
boards and application notes 
for the latest controller also are 
available. Because the new 
part is highly integrated, TI es-
timates that the TPS5210-
based dc-dc converter solution 

will cost less than 
$9.00 (Fig. 1). 

The goal was to accomplish 
faster load-current transient 
response, as well as high con¬ 
version efficiency at both lower 
voltages and power dissipa¬ 
tion. TI engineers adopted a 
synchronous buck ripple regu¬ 
lator topology with a built-in 
hysteretic controller as op¬ 
posed to standard voltage or 
current-mode operation. This 
clever topology combines the 
high efficiency of pulse-width 

regulation with the dynamic regula¬ 
tion capability of series or shunt dissi¬ 
pative regulators. In essence, the hys¬ 
teretic power controller uses the 
output ripple as an error to control the 
output regulation. According to Dale 
Skelton, system design section man¬ 
ager for TI’s power management 
products, “This creates fast transient 
response by allowing the switching 
frequency to vary in proportion to load 
transients.’’ 
F or this type of converter, typical 

operating frequency ranges from 120 
to 250 kHz. “The input and output 
voltage values, the output filter com¬ 
ponents, and the the hysteresis win-
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TECH INSIGHTS HYSTERETIC POWER CONTROLLER 

dow set the operating frequency,” ex¬ 
plains Skelton. The device provides a 
user-selectable hysteresis window, 
which is set by two external resistors 
around the reference voltage (Fig. 2). 
The synchronous-buck-regulator con¬ 
troller compares the output voltage to 
the programmed window, turning the 
high-side MOSFET on and off to 
maintain the output voltage within the 
window. The maximum hysteresis set¬ 
ting is 60 mV. Propagation delay from 
the comparator inputs to the output 
drivers is less than 250 ns. As a result, 
according to Skelton, “the regulation 
is instantaneous.” 

“The user-selectable hysteretic 
controller and the droop compensation 
in the TPS5210 dramatically reduce 
the overshoot and undershoot caused 
by the load transients,” notes Les 
Hodson, system engineering manager 

for TI’s power management products. 
“Consequently,” he adds, “despite 
high current transient rates, the con¬ 
troller can recover to the original out¬ 
put value in about 2 ps.” Internal tests 
indicate that, at a 2.0-V output, the 
TPS5210 power controller can meet 
step load increases from 0.1 to 20.4 A 
in 1.0 ps (Fig. 3). With the droop com¬ 
pensation circuit, Vqut transient reg¬ 
ulation does not fall outside of a 2% 
limit. The tests show that the tran¬ 
sient peak-to-peak ripple is 111 mV 
for a 2.0-V output. Recovering to full 
value, however, takes about 2.2 ps. 

Higher Efficiency 
According to TI, the synchronous-

buck regulator controller design 
achieves 90% or better efficiency over 
a wide range of load currents. At a low 
load, however, the efficiency drops be¬ 

low 80%. The total power dissipation 
for the device is only 120 mW. 

“Using the optimized LinBiCMOS 
process keeps the power dissipation 
low, while permitting higher function¬ 
ality on-chip,” states Hodson. “Plus,” 
he adds, “the output accuracy is within 
±1% over the full operating tempera-
time range.” The controller even main¬ 
tains the specified accuracy at output 
voltages as low as 1.3, according to TI. 
This accuracy is maintained over the 
full operating temperature range, 
says TI. 

Other key features of this highly in¬ 
tegrated device include active dead¬ 
time control, noise immunity circuitry, 
2-A synchronous-buck drivers, an in¬ 
ternal-drive regulator, and program¬ 
mable soft-start capability. The inte¬ 
grated controller chip also has lossless 
current sensing, adjustable current 

limiting, overvoltage protec¬ 
tion, Vcc undervoltage lock¬ 
out, an inhibit comparator, user 
adjustable droop compensa¬ 
tion, 30 V rated bootstrapped 
high-side driver and a “power¬ 
good” output circuit (Fig. 4). 

The deadtime control pre¬ 
vents shoot-through current 
from flowing through the main 
power FETs during switching 
transitions. To do this, it ac¬ 
tively controls the turn-on 
times of the MOSFET drivers. 
“This period is less than 100 ns 
with the TPS5210,” says Hod¬ 
son. “Conventional designs of¬ 
fer twice as much. The hys¬ 
teretic power controller 
provides improved noise im¬ 
munity to make the unit less 
sensitive to layouts on pc 
boards,” states Hodson. “With 
conventional converters, this 
aspect of dc-dc converter de¬ 
sign is very critical, as it affects 
noise pickup and generation to 
degrade the end performance 
of the design.” Nevertheless, 
TI recommends proper layout 
for the TPS5210 and provides 
guidelines for laying it out in a 
dc-dc converter design. 

The on-chip, 2-A low- and 
high-side drivers are designed 
to drive low-on-resistance n-
channel MOSFEIk Internally, 
they’re connected to an 8-V 
gate-voltage regulator. The 

V| = 12 V 

1 nH 

820 nF 
—1—0.1 

10 nF 

0.1 nF 

0.033 nF 

5V 

M 

TPS5210 

1nF 

1. This typical design schematic uses the Tl TPS5210 controller for a 2-V output at 19 A. The supply voltage 
for this circuit is 12 V. For such a dc-dc converter, TI estimates the total bill for materials can be under $9.00. 
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National's New Lithium-ion 
Charge Controller — the high 

accuracy you need to boost 
your wireless designs. 
•’ ±0.5% output voltage accuracy 

for maximum protection without 

degradation of cell capacity 

• Pin selectable for coke or graphite 

chemistries (4.1V or 4.2V) 

Adjustable charge current control 
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safe and reliable cell charges 
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National's LM3621 is quite simply the most highly integrated, full-function Lithium-ion charger IC you can 

get. Regulation accuracy of ±0.5% — without external precision resistors—increases the cell's rated 

capacity. Adding a battery-performance edge to a wide range of Lithium-ion-

powered portable applications, like cellular and cordless phones, pagers, PDAs, palm¬ 

top PCs, camcorders, digital cameras, and medical and scientific instruments. 

So get National's new Lithium-ion battery charge controller. 

And create smaller, more effective Lithium-ion based designs. 

For more 

information-

—-national .com/ 
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1-800 272-9959
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TECH INSIGHTS HYSTER ETIC POWER CONT ROLLER ] 

High 
current 

2. The ripple regulator utilizes a hysteretic controller to accomplish ultra-fast load-current 
transient response, as well as over 90% efficiency over a wide output-current range. 

high-side driver can be configured ei¬ 
ther as a ground-referenced or float¬ 
ing bootstrap driver. Likewise, the 
output drivers incorporate overcur¬ 
rent shutdown and crossover protec¬ 
tion to eliminate destructive faults in 
the output FETh. 

A softstart current source, made 
proportional to the reference voltage, 
minimizes variations in the softstart 
timing when changes are made to the 
output voltage. It controls the rate at 
which the output powers up. A built-in 
overvoltage circuit disables the output 
drivers if the output voltage rises 

above the 15% of the nominal value. 
The latch remains set until the Vcc 

goes below the undervoltage lockout 
value. A 3-ps deglitch timer is in¬ 
cluded for noise immunity. Likewise, 
the overcurrent protection circuit 
monitors the current through the 
high-side FET. As a result, it also pro¬ 
tects the high-side FET from short 
circuits. The power-good circuit moni¬ 
tors for an undervoltage 
condition.When the output drops be¬ 
low 7% of the nominal output voltage, 
the power good pin is pulled low. 

While the TTL-compatible inhibit 

3. This load-transient waveform shows that the TPS5210 can respond 
to a load step of 0.1 to 20.4 A in less than 1 ps. 

pin enables the controller, it also can 
dominate power sequencing. To do 
this, it just locks out controller opera¬ 
tion until the system logic supply ex¬ 
ceeds the input threshold voltage of 
the inhibit circuit. Consequently, the 
inhibit and undervoltage lockout cir¬ 
cuits ensure that the system supply 
voltages (12.0,5.0, or 3.3 V) are within 
operating limits prior to controller op¬ 
eration. 

Programmable Output 
An internal, 5-bit digital-to-analog 

converter (DAC) supplies a program¬ 
mable output voltage in accordance to 
Intel’s 5-bit voltage-identification 
(VID) codes. The 5 VID pins are in¬ 
puts to this network. Also, the TTL-
compatible inputs are internally 
pulled upto 5 V. The programmable 
output-voltage range is 1.3 to 3.5 V. 
While the step increments between 
1.3 and 2.1 V are 50 mV, the incre¬ 
ments between 2.1 and 3.3 V are in 
steps of 100 mV. The output voltage is 
within ±1.0% of the nominal setting 
over the junction temperature range 
ofOto+125 °C. 

The input supply voltage range for 
the synchronous-buck-regulator con¬ 
troller is 11.4 to 13.0 V. The typical 
supply current for the controller unit 
is rated at 3 mA. 

Price And Availability 
The TPS5210 is available in 28-pin 

SOICs and TSSOPs from TI and its autho¬ 
rized distributors. In quantities of 10,000, 
the hysteretic power controller is priced at 
$2.25 each. Starting now, designers can also 
obtain a TPS5210 evaluation module. 

Texas Instruments Inc., Semiconductor 
Group, SC98075, P.O. Box 172228, Denver, 
CO 80217; (800) 477-8924 ext. 4500; 
unvw.ti.com. CIRCLE 519 

4. The higher on-chip functionality of Tl's TPS5210 hysteretic controller 
can be achieved at low power dissipation using the semiconductor 
supplier's 1.0-pm LinBiCMOS process. 
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National's ADC1173 Analog-to-Digital Converter is specifically built for portable imaging and video. 

Available in a space-saving TSSOP package, our 3V A/D converter consumes less power while 

providing the industry's best performance. And converting high-speed 
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digital cameras and camcorders, not to mention consumer and 

PC video. Basically, it's all the performance you can carry. 

For more 
information . 
— natlona| com/ 

See/ADC1173 

’ 2 72-9959

National Semiconductor 

TH 

WHAT CAN WE BUILD FOR Y 0 Ü ? 



TECH INSIGHTS 
DESIGN APPLICATION 

Solving The Year 2000 
Real-Time Clock Dilemma 

Failure Of Any Part Of A System To Provide, Recognize, Or Process 
Dates Into The Next Century Can Cause Catastrophes. 

JIM LOTT, Dallas Semiconductor Corp., 4401 S. Beltwood Pkwy., Dallas, TX 75244; (972) 371-4000; 
fax (972) 371-4370; e-mail: jim.lott@dalsemi.com. 

Ever since the development of the electronic computer, we have shot 
up the development curve. Instead 

of a single, large computer tied to a 
teletype machine for input and output, 
we now use interdependent systems, 
connected over networks, capable of 
sending, receiving, and processing 
data from around the world. In 
essence, the mainframe computer 
serves as the brain for these complex 
networks, with PCs acting as gate¬ 
ways between the mainframe and the 
embedded systems generating data. 
While microprocessors lie at the heart 
of the computers that handle most of 
the communications and control func¬ 
tions, microcontrollers dominate the 
embedded applications. 

Open And Closed Systems 
Microprocessor-driven computers 

fall into the category of open systems, 
while microcontrollers pervade the 
low-end, closed systems. An open sys¬ 
tem is loosely defined as a system that 
can be programmed by the end user, 
with full access to the hardware. The 
best example of an open system is the 
personal computer. The supplier can’t 
control the compliance of applications 
developed by the end user. However, 
the liability of the supplier is greatly 
diminished when it provides a fully 
year-2000-compliant platform along 
with the hardware specifications and a 
year-2000 (Y2K) impact statement. 

In fact, the open PC-AT architecture 
has become a major force in the embed¬ 
ded-systems arena. PC motherboards 
are used in applications ranging from 
ATM machines to monitoring and con¬ 
trol systems in electric power plants. 
Systems range in size from the ruggedi¬ 
zed rack-mount, highly visible indus¬ 
trial chassis to the single-board comput¬ 

ers in small black boxes. The flexibility 
of open systems makes them attractive 
for embedded-systems applications. 

The closed system denies the end 
user direct access to the hardware. The 
manufacturer installs the operating 
system (OS) or hardware interface, and 
end-user applications can only access 
the underlying hardware through the 
OS. The system is supplied with the OS 
interface specifications only. Informa¬ 
tion covering direct access to the hard¬ 
ware is not provided. 

Y2K Failure Points 
All of the layers of a computer sys¬ 

tem must process date-related informa¬ 
tion before, during, and after the cen¬ 
tury date change. If any part of a 
system fails to provide, recognize, or 
process dates into the next century, 
complete system failure may occur. 

When viewed from a data-process-
ing perspective, applications programs 
occupy the top level of the system hier¬ 
archy. While the OS lies between the 
program and the hardware. 

The applications program handles 
the manual and automatic database en¬ 
tries, and manipulates the data. Date 
entry should require a four-digit year 
with valid date checking. Invalid dates 
such as February 30,1999, must not be 

allowed. If the two-digit-year method is 
used, the application program should 
use a windowing technique to expand 
the year to four-digits prior to entry 
into a database. Database sorts will fail 
if it is not compliant. An applications 
program requiring the current date will 
either access the system clock through 
the OS or bypass the OS and go directly 
to the hardware clock. 

Most OSs will maintain a system 
clock. The OS, of course, gets the time 
for the system clock from the Real-
Time Clock (RTC). Some OSs do not 
maintain a system clock, and depend on 
direct access to the RTC for the date 
and time information. 

Some closed systems do not have a 
true OS. The applications program han¬ 
dles all of the OS functions. This type of 
program consists of a compiled, higher-
level language intermixed with assem¬ 
bly language. The assembly language 
routines take the place of the compiler 
run-time routines that make OS calls to 
access the hardware. 

The Software Clock 
The system clock maintained by the 

OS is actually a software clock. Soft¬ 
ware clocks exist in a umber of systems, 
even those with a hardware RTC. The 
software clock is synchronized with a 

TABLE 1: SIMPLE CLOCK ARCHITECTURE 
Y2K Capable Y2K Compliant 

Seconds Seconds 

Minutes Minutes 

Hours Hours 

Day of week Day of week 

Date of month Date of month 

Month Month 

Year Year 

Century 
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time tick derived from a crystal oscilla¬ 
tor, and provides a periodic interrupt to 
the processor. It’s usually maintained 
by the OS in the form of a binary 
counter, which is incremented by the 
processor with each time-tick interrupt. 

The system clock usually provides 
the OS higher time resolution than the 
1-s resolution provided by most hard¬ 
ware RTCs. The resolution appears 
normally in fractional seconds based on 
the period of the time-tick interrupt of 
the processor. The count in the system 
clock usually represents the passage of 
time since the beginning of a reference 
year. The reference year, or epoch, is 
usually the year that a particular sys¬ 
tem or OS was developed, and is differ¬ 
ent for each system. 

Battery-backed CMOS RTCs did 
not exist in the early days of computing. 
The current time was entered manually 
every time the system was powered-
up. Modern systems have a battery-
backed RTC built-in to remove the re¬ 
quirement for manual time entry. 

The current time, whether entered 
manually or read from the RTC when 
the system is powered up, has to be 
converted to the correct format 
needed to initialize the system clock. 
The conversion process involves sub¬ 
tracting the epoch from the current 
year. The remainder is the elapsed 
time since the epoch that needs to be 
converted to seconds. The elapsed 
time is used to initialize the software 
clock, which will count from that value 
at the period of the time tick. 

A common source of error with the 
system clock is the failure to service the 
time-tick interrupt every time it occurs. 
The operating system will normally ser¬ 
vice interrupts from multiple sources as 
part of its housekeeping functions. Crit¬ 
ical service routines will leave the inter¬ 
rupts disabled until they are finished. If 
the interrupt cannot be serviced fast 
enough, two or more time-tick inter¬ 
rupts can occur while the interrupts are 
disabled. Only one of the time-tick in¬ 
terrupts can be serviced under these 
conditions. All critical interrupt-service 
routines that can not be interrupted 
must complete their service within one 
time tick. 

If the system clock is in a format that 
is not readable by humans, problems 
arise for the OS, and in some cases, ap¬ 
plications programs. Date and time en¬ 
try to the system is in a human-friendly 

TABLE 2A: Y2K CAPABLE REAL-TIME CLOCK 
DS1643: Y2K-Capable Real-Time Clock 

Address 
Data 

Function 
B7 B6 B5 B4 B3 B2 B1 B0 

1FFF Year 00-99 
1FFE XXX Month 01-12 
1FFD X X Date 01-31 
1FFC 

X
XXX Day 1-7 

1FFB X X Hour 00-23 
1FFA X Minutes 00-59 
1FF9 osc Seconds 00-59 
1FF8 w R I Control 

TABLE 2B: Y2K COMPLIANT REAL-TIME CLOCK 
DS1743: Y2K-Compliant Real-Time Clock 

Address 
Data 

Function 
B7 B6 B5 B4 B3 B2 B1 B0 

1FFF Year 00-99 
1FFE XXX Month 01-12 
1FFD X X Date 01-31 
1FFC BF X X X I Day 1-7 
1FFB X X Hour 00-23 
1FFA X Minutes 00-59 
1FF9 osc Seconds 00-59 
1FF8 w r I Century tens I Century units Century 19-20 

format, as is the date and time output. 
There are three conversion routines 
that can be a source of errors. The rou¬ 
tines that convert data from the RTC 
format to the system format, humanly 
readable format to system format, and 
system format to humanly readable 
have to be written and tested for correct 
date conversion before, during, and af¬ 
ter the century date change. 

Leaping With The RTC 
The typical RTC has all of the count¬ 

ing circuitry needed to provide sec¬ 
onds, minutes, hours, days of the week, 
dates of the month, months, and two-
digit years. Only two of the clock regis¬ 
ters will be examined here. The day-of-
the-week counter has a counting range 
of 1 to 7. The RTC does not have 
enough processing power to calculate 
the day of the week from the informa¬ 
tion entered into the date-of-the-
month, month, and year counters. The 
day of the week has to be calculated ex¬ 
ternally, and entered into the RTC 
when the other registers are loaded. 
The two-digit year counter has a 
counting range of 00 to 99; it will count 
from 00 to 99, then roll over to 00. 

Basically, RTCs fall into two cate¬ 
gories: Y2K capable and Y2K compli¬ 
ant. The limitation of the Y2K-capable 
RTC is that it only has a two-digit year 
counter. It will provide the correct time 
of day, date of the month, month, and 
two-digit year with proper leap-year 
compensation up to 2099. Software in¬ 
tervention is required to determine if 
the first two fields are 1 and 9 or 2 and 0. 

Close examination of the leap-year 
rules shows that using the rule of four is 
all you need to provide correct compen¬ 
sation to 2099. The leap-year rules, as 
shown below, are that every year 
evenly divisible by four is a leap year, 
except if the year is evenly divisible by 
100—unless it is also evenly divisible by 
400, in which case it is a leap year. The 
year 2000 is evenly divisible by four and 
400, which makes it a leap year. The 
years 1900 and 2100 are evenly divisible 
by four and 100, which prevents them 
from being leap years. 

Leap-Year Calculations: 
leapyear = NO; 
if((year mod 400) == 0) 
leapyear = YES; 

else 



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

for 27 years, Standard Microsystems Corporation has 

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

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

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

Our new corporate symbol reflects a new SMSC — a 

company that casts its expertise far beyond the Personal 

Computer, across all high technology digital and analog 

integrated circuit disciplines. Our dramatically expanded 

breadth of product brings tangible value to every customer. 

OEM developers are enjoying increased choice and 

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

ease and convenience advantages of a proven single¬ 

source supplier. Distributors are offering a broader line 

card, expanding their ability to deliver. SMSC is now 

bigger, broader and more diversified than we’ve ever 

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

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

we’re more than a PC I/O company. 

desktop portable ethernet connectivity consumer MEMS 

smsc 
STANDARD 
MICROSYSTEMS 
CORPORATION 

More to Build From. 

©1998 Standard Microsystems Corporation, 80 Arkay Drive, Hauppauge. NY 11788 
FaxBack Information Service (516) 233-4260. Visit our website at www.smsc.com 
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Apex Microtechnotogy 
PWM Amplifiers • Power Amplifiers • DC/DC Converters 

8th Edition 
Data Book 
Here's your Power Linear and 
PWM Amplifier applications 
text book. Now available on 
CD-ROM. The new 8th edition 
Apex Power Integrated Circuits 
data book contains: 

• 24 Application Notes 
• 75 Power Linear product 

data sheets 
• 11 PWM Amplifier product 

data sheets 

Request your free 
copy today! 
On the web: 
www.apexmicrotech.com 

By E-mail: 
prodlit@apexmicrotech.com 

By phone: 
1-800-862-1021 

Australia, New Zealand (08) 8277 3288 

Belgium/Luxembourg (323) 458 3033 

Canada (613) 828 6881 

Daehan Minkuk (02) 745 2761 

Danmark 70 10 48 88 

Deutschland (089) 614-503-10 

España (1) 530 4121 

France (01) 33-1-46878336 

Hong Kong 2389 0800 

India 22 413 7096 

Israel 972 3 9274747 

Italia (02) 6640-0153 

Nederland (10) 288 2500 

Nippon (3) 3244-3793 

Norge (63) 898 900 

Österreich (1) 203-79010 

Peoples Rep. of China 852-233-48188 

Rep. of South Africa (021) 23 4943 

Singapore 842 5840 

Sverige (8) 795 9650 

Taiwan-Rep. of China (02) 696 2700 

United Kingdom (1438) 364194 
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New Computer Aided Power Design Tool, 

High Power Delivery PWM Amplifiers: 

SA03/SA04/SA06 _ 

SA03 Magnetic Bearing Driver 

SHUTDOWN 
CONTROL 

ILIM/SHDN 

I SENSE B 

11 SENSE A 

(v)--

Features I 
• Up to 5000W continuous v 
• Up to 30A output continuous (SA03) 
• Up to 500V bridge supply (SA06) 
• Analog or digital input 
• Half bridge models available 

CONTROL 
SIGNAL -

GNÚ, 

MAGNETIC 
BEARING 
COIL 

RSENSE 

RSENSE 

5K 

5^ 

CLKOUT 

0—r 
-PWM/RAMP T, 

OSC 

PWM Amplifiers Product Selector Guide 
Model Efficiency loUT Supply 

Cont. 

SA01 
SA02 
SA03 
SA04 
SA06 
SA07 
SA13 
SA14 
SA16 
SA50 
SA51 

97% 
94% 
97% 
97% 
97% 
94% 
97% 
97% 
97% 
97% 
97% 

20A 16V-100V 
10A 16V-80V 
30A 16V-100V 
20A 16V-200V 
10A 16V-500V 
5A 5V-40V 
30A 16V-100V 
20A 16V-200V 
10A 16V-500V 
5A up to 80V 
5A up to 80V 

Switching 

Frequency 

42kHz 
250kHz 
22kHz 
22kHz 
22kHz 
500kHz 
22kHz 
22kHz 
22kHz 
45kHz 

external set 

Power 
Delivery 

2000W 
800W 
3000W 
4000W 
5000W 
200W 
3000W 
4000W 
5000W 
400W 
400W 

SV 

Full/Half 
Bridge 

Full 
Full 
Full 
Full 
Full 
Full 
Half 
Half 
Half 
Full 
Full 

Motor Driver 
with Tach Feedback 



Power & PWM Amplifiers 
Download our Power Design Tool and design the easy way! 

Power Tools? 
New PWM Amplifiers, New Power Amplifiers 

•-__ oV-
' ¡.¡J* i 

New High Voltage 

Power Op Amp 

in Power SIP: PA 15 

Features 
• 450 Supply (±225V) 
• 3.8mA MAX Standby current 
• 200mA Output current 
• 1.0" L X .25" W Footprint 
• Programmable current limit 

New High Power 

Power Op Amp 

in Power SIP 

Features 
• 10A output 
• ±10V to ±45V 
• 135W internal power dissipation 
• 1.22" L X .25" W Footprint 

YOKE DRIVER: V 

Asymmetrical Supply Magnetic Deflection 

l-Ai Rf 
At 

PA13 

High Voltage Amplifiers Product Selector Guide 
Model Supply IOut ^standby Slew Package 

Peak Rate 

PA08 30V-300V 200mA 8.5mA 30V/ps TO-3 
PA15 100V-450V 300mA 2mA 20V/ps PowerSIP 
PA41 100V-350V 120mA 2mA 40V/ps TO-3 
PA42 100V-350V 120mA 2mA 40V/ps SIP 
PA44 100V-350V 120mA 2mA 40V/ps PSOP 
PA85 30V-450V 350mA 25mA lOOOV/ps TO-3 
PA88 30V-450V 200mA 2mA 30V/ps TO-3 
PA89 150V-1200V 100mA 6mA 16V/ps PowerDip 

Current Amplifiers Product Selector Guide R9 

Package Supply 

Bidirectional Small Motor Drive 
READER SERVICE 140 

PA03 
PA05 
PA04 
PA10 
PA12 
PA26 
PA45 
PA46 

30V-150V 
30V-100V 
30V-200V 
20V-90V 
20V-90V 
5V-40V 

30V-150V 
3OV-15OV 

Slew 

Rate 

8V/ps 
100V/ps 
50V/ps 
3V/PS 
4/ps 

1.2V/ps 
27V/ps 
27V/ps 

High 
Model 

PowerDip 
PowerDip 
PowerDip 
T0-3 
T0-3 
SIP 
T0-3 

PowerSIP 

lour 
Peak 

30A 
30A 
20A 
5A 
10A 

2.5A X 2 
5A 
5A 

Power 

Dissipation 

500W 
250W 
200W 
67W 
125W 
36W 
85W 
85W 

New Computer Aided 
Power Design Tool 
Apex's new computer aided 
Power Design Tool is a self¬ 
documented spreadsheet that 
automates the tedious 
calculations associated with: 

• stability analysis 
• internal power dissipation 
• current limit 
• PWM filter design 

This spreadsheet also includes 
examples which can be used 
as tutorials on power op amp 
design. This design tool is 
free and can be downloaded 
from the Apex web site at 
www.apexmicrotech.com. Upon 
execution it is suitable for Excel 
5.0 through Excel 97. 

Efficient Hybrid and 
Monolithic Designs 
With more than 85 models of 
high power, high voltage and 
PWM amplifiers, Apex Microtech¬ 
nology has the off-the-shelf sol¬ 
utions to help trim your design 
time. You'll work smarter, faster. 
You'll reduce your circuit's over¬ 
all size and weight, plus reduce 
procurement time and costs. 
Many Apex power and PWM 
amplifiers have evaluation kits 
available to provide the hard¬ 
ware and PC boards to get our 
amplifiers wired into your cir¬ 

cuits fast! All Apex amplifiers 
are available for purchase in sin¬ 
gle unit quantities. 

MICROTECHNOLOGY 

5980 N. Shannon Road 
Tucson, Arizona 85741-5230 

www.apexmicrotech.com 



TECH INSIGHTS 
PRODUCT INNOVATION 

Power-Conversion Chip Cuts Energy 
Wastage In Off-Line Switchers 

High-Voltage Controller Enables Energy-Efficient, Economical 
Alternatives To AC Wall Adapters And Standby Power Supplies. 

Ashok Bindra 

While the efficiencies of power¬ 
conversion chips and power 
sources continue to improve, 

energy wastage in stand-by mode re¬ 
mains astonishingly high. For exam¬ 
ple, ac wall adapters are still plugged 
in and consume power, even though 
gadgets like TVs, VCRs, and cordless 
phones are supposedly off. And, the 
problem is expected to worsen as 
more electronic consumer products 
pervade the home. 

This wasted energy costs money, 
as well as contributes to pollution. Ac¬ 
cording to a study conducted by 
Lawrence Berkeley National Labora¬ 
tory, Berkeley, Calif., in the U.S. alone, 
consumers pay over $3.5 billion annu¬ 
ally to keep a variety of electronic wid¬ 
gets in stand-by mode. To curb such 
wastage, several energy-saving 
guidelines have been established 
around the world. The U.S. Energy 
Star program, for example, has been 
extended to consumer electronics, 
with efforts underway to cover home 
audio and DVD players. Likewise, 
Germany’s Blue Angel legislation is 

catching momentum in Europe. 
To enable a new class of energy-ef¬ 

ficient off-line ac adatpers and stand¬ 
by power supplies, Power Integra¬ 
tions Inc. has crafted a radically new 
switcher solution for low-power (10 
W and below) applications (Fig. 1). 
And, at the heart of this solution is a 
proprietary controller chip called 
TinySwitch. 

“This new design reduces the en¬ 
ergy wastage from the 1.2 W (typical) 
seen in today’s conventional, linear, ac 
wall adapters (or bricks) to less than 
100 mW,” says Shyam Dujari, director 
of marketing at Power Integrations. 
Plus, he adds, it provides a compact, 
light-weight adapter or stand-by sup¬ 
ply with universal input. Because 
fewer low-cost external components 
are needed with this solution, the total 
system cost is also significantly cut, 
notes Dujari. By comparison, pulse¬ 
width-modulated (PWM) based off¬ 
line switchers are bulky and cost 
more, according to Dujari. 

Designed to be a simple, on/off con¬ 
trol device, the TinySwitch integrates 

on-chip a 700-V power MOSFET; os¬ 
cillator; high-voltage, switched-cur-
rent source; current limit; and thermal 
shutdown circuitry (Fig. 2). Unlike 
the conventional PWM controller, it 
uses an on/off control to regulate the 
output voltage. In this scheme, when 
the on-chip oscillator is enabled, it 
turns the power MOSFET on at the 
start of each cycle. The MOSFET is 
turned-off as soon as the output cur¬ 
rent reaches the upper limit. 

The maximum on-time of the power 
MOSFET is determined by the duty 
cycle signal (DMAX) of the internal os¬ 
cillator. Also, the current limit and 
switching frequency for a given 
TinySwitch is fixed, while the power 
delivered is proportional to the pri¬ 
mary inductance of the transformer. 
Because the TinySwitch is powered 
directly by the incoming high voltage, 
it eliminates the need for an auxiliary 
bias winding and associated circuitry, 
thereby simplifying the design of the 
transformer. In fact, the manufacturer 
recommends standard, low-cost trans¬ 
formers based on ferrite cores like 
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CCD Signal Processing 

Low Power, Low Cost Digital Camera IC Low Power, Low Cost Digital Scanner IC 

Digital Imaging 
Solutions 

St' 

VSP2000 is a complete digital camera IC providing signal conditioning 
and 10-bit analog-to-digital conversion for Charge Coupled Devices 

(CCD) array signals. It features Correlated Double Sampling to 

extract video information from the pixels, -0 to +34dB gain range with 
analog control for varying illumination conditions, and black level 

clamping for an accurate black level reference. VSP2000's 150mW 
at 2.7V operation makes it suitable for pártanle applications such as 

digital still cameras, while its 1 G-bit 18MHz conversion rate make it 

a great choice for PC/Video conferencing and security cameras. 

VSP3000 is a complete, three channel Image Signal Processor 
for CCD or Contact Image Sensors (CIS). Each channel contains 

sensor signal sampling, black level adjustment and a 

programmable gain amplifier. The three inputs are multiplexed into 
a high speed, 12-bit 10MHz analog-to-digital converter. Input 

circuitry can be configured by digital commands for CCD or CIS. 

Correlated double samplers and a black clamp are provided for 
CCD sensors. For CIS devices, tie VSP3000 provides correlated 

single samplers and reference input. 

Key Specifications: 
• Correlated Double Sampling 

• Portable Operation: 

Low Voltage.Down to 2.7V 

Low Power.150mW at 2.7V 

• Gain Range.0 to +34dB 

•High SNR.53dB 

• Priced from^75jin 1000s 

FAXL//V£/ 11432 

Key Specifications: 
• Three Correlated Double Samplers 

• 3-Channel, 6MHz Color Mode 

• Internal or External Voltage Reference 

• +3V or +5V Digital Output Compatibility 

• Available in 48-lead LQFP Surface-Mount Package 

• Priced from(^7§yin 1000s 

FAXL/fi/f# 11444 

Ml www burr-brown com 
BURR - BROWN 

■Maa 
Burr-Brown Corporation • P.O. Box 11400« Tucson, AZ • 85734-1400 • Call (800) 548-6132 or use fULINE (800) 548-6133 • http://www.burr-brown.com/ 
Distributors Arrow: (800) 777-2776 • Digi-Key Corp: (800) 3384105 • Insight Electronics: (888) 4884133 • J.l.T. Supply: (800) 246-9000 • Sager Electronics: (800) 724-3780 • SEMAD (Canada): (800) 567-3623 
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3. The device employs simple on/off control mechanism to operate in the current limit mode, so that it can deliver the same energy every cycle. The 
current-limit operation rejects line-frequency ripple. The current limit and clock cycle for each device is fixed. 

EE 16, which is available from multi¬ 
ple sources. 

Novel Operation 
The very-high loop bandwidth of 

the device provides excellent tran¬ 
sient response and fast turn-on, with 
practically no overshoot, claims Du-
jari. As per the data sheets, the turn¬ 
on time is about 1.0 ms at no load. 
Plus, he adds, the fixed current-limit 
operation rejects the line ripple, as the 
energy delivered is independent of the 
input voltage (Fig. 3). Other features 
include glitch-free output when the 
input is removed, and thermal protec¬ 
tion. No loop compensation is needed. 
The thermal shutdown threshold is set 
at 135°C, with 70°C hysteresis. Conse¬ 
quently, when the junction tempera¬ 
ture exceeds 135°C, the power MOS¬ 
FET is disabled. It remains disabled 

until the die-junction temperature 
goes under 70°C, at which point it is 
re-enabled. 

Under no-load condition, the 
TinySwitch consumes only 30 to 60 
mW at 115/250-V ac input. As a result, 
stand-by supplies based on the 
TinySwitch can meet Blue Angel, En¬ 
ergy Star, Energy 2000, and European 
cellular phone standards. This smart 
integration of a high-voltage MOS¬ 
FET switch with low-voltage control 
and protection functions is made pos¬ 
sible by the company’s proprietary 
CMOS process. 

The TNY253/254/255 are the first 
three members of the TinySwitch 
family. Aimed at TV/VCR stand-by 
solutions, the TNY253 is rated for 5-W 
supplies. Likewise, TNY254 delivers 
up to 8 W for cellular phone chargers 
and PC stand-by supplies. Both the 

2. This functional block diagram shows that the TinySwitch controller packs an oscillator, Enable 
circuit, 5.8-V regulator, under-voltage circuit, hysteretic over-temperature protection, current 
limit, leading-edge blanking, and a 700-V lateral power MOSFET. This is made possible by the 
semiconductor supplier's proprietary 3.0 pm single metal CMOS process. 

TNY253 and TNY254 switch at 44 
kHz to minimize EMI filtering re¬ 
quirements, and permit the use of a 
simple snubber clamp to limit drain 
spike voltage. 

However, the TNY255 uses a 
higher switching frequency of 130 kHz 
to deliver up to 10 W for applications 
like cell phone chargers and PC stand¬ 
by power. All three units allow the use 
of low-cost, E E16 core transformers. 
Typical conversion efficiency offered 
by a TinySwitch-based power con¬ 
verter is 70%-to-75%. 

“The efficiency is constant all the 
way down to very-low power,” states 
Power Integrations’ vice president of 
engineering, Balu Balakrishnan. In 
PWM-based switchers, the losses stay 
fixed, as a result, the efficiency goes 
down with load, Balakrishnan says. By 
comparison, he adds, the TinySwitch 
skips cycles at low load to keep the 
switching losses lower and efficiency 
higher. 

To simplify using TinySwitch de¬ 
vices in power-supply applications, 
Power Integration’s engineers have 
readied several reference designs and 
application notes. These include a 1.5-
W TV/VCR stand-by circuit, an 8-W 
PC stand-by supply, and a 3.5-W cellu¬ 
lar phone charger. In addition, there is 
a 0.5-W off-line ac adapter. Evaluation 
boards are also available for these ap¬ 
plications. 

Price And Availability 
The TinySwitch TNY253/254I255 devices 

are available in 8-pin DIP and 8-pin SMD 
packages. In 10,000-piece quantities, the 
prices range from $0.75 to $0.81 each. 

Power Integrations Inc., 477 N. Mathilda 
Ave., Sunnyvale, CA 94086; (408) 523-9265; 
wunv.powerint.com CIRCLE 451 
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ÄT 5ns THEY RIP. BUT CPLD PERFORMANCE ISN'T MEASURED IN NANOSECONDS ALONE. 

The MACH® family of CPLDs. 32 to 512 macrocells. 32 to 256 I/Os. Speed is speed (and in this case, 5ns). But high 

density and maximum flexibility also provide cost-effectiveness and faster time to 

market. Pick your definition of performance. Call 1 .888.862.847 2. 

www.vantis.com/machad 

I BEYOND PERFORMANCE 

VANTIS 

© 1998 Vantis Corporation. Vantis, the Vantis logo, SpeedLocking and Beyond Performance are trademarks of Vantis Corporation. MACH is a registered trademark of Vantis Corporation. 

An AMD Company. 



Once again, we've finished ahead of the field: 

Introducing the WORLD’S FIRST 
128M DRAM. 

[By the way, what happened to the field?} 

It’s the highest-density dram ever 
made available in production volume. 

It’s a single chip that has 
hundreds of times the capacity of 
the computer that took Apollo 11 
to the moon. 

It’s the 128M Synchronous dram, 

The pc \x>o-CompUant, 128M sdram 
COMPONENTS 

KM416S8030T-GL 8mxi6 
KM48S16030T-GL i6mx8 
KM44S32030T-GL 32MX4 

MODULES 

KMM377S6427TI-GL 512MB DIMM* 

KMM377S3323T-GL 256MB DIMM 

KMM466S1723T2-FO 128MB SODIMM 

and if you want it in quantity, 
the place where you can get it 
now is Samsung. 

The 128M is particularly notable 
when you put it into a module. For 
instance, we offer a 128-megabyte 
SODIMM, for notebooks. And dimms 

& Samsung Semiconductor, Inc., 1998. 'Assembled with Samsung 128M dramj, stacked by packaging-technology partner staktek* 



with capacities up to 512 mega¬ 
bytes, for high-end applications 
like servers. 
When you think about what 

that kind of capacity will do for 
your customers’ applications, you 
see one thing. 

A product that will let you— 
like us — finish well ahead of 
the field. 

For complete information, visit 
www.samsungsemi.com, now. Or 
call 1-800-446-2760 or write 
to dram Marketing, Samsung 

Semiconductor Inc., 3655 N. First 
St., San Jose, CA 95134. 

SEMICONDUCTOR 
Still A Generation Ahead. 
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TECH INSIGHTS/QuICkLoOK 

40 YEARS AGO IN ELECTRONIC DESIGN 

Ad: High-Speed Switching 
High-speed switching...with reliable T/I silicon transistors. New improved 

TI 2N337 and 2N338 specifications provide greater design flexibility 
for your switching circuits...nuclear coun¬ 
ters.. .pre-amplifiers...RF amplifiers...455 
KC IF amplifiers...and many other high-
frequency applications. 

You get high gain at low current levels with 
TI diffused silicon transistors. High alpha cut¬ 
off...10 me min for 2N337, 20 me min for 
2N338...and extremely low collector capaci¬ 
tance assures optimum performance in your 
switching and high-frequency amplifier appli¬ 
cations. (Advertisement, Electronic Design, 
October 1,1958, p. 43) 

One of the good things about semiconductor 
device ads in the transistor era was that they 
could include actual circuit diagrams, always 
welcomed by design engineers.This ad high-

HfMSP££û j&áK 

lights TI’s emergence as one of the leaders in the semiconductor industry. In the 
lower left hand comer, the ad trumpets the claim, “World’s Largest Semicon¬ 
ductor Plant.”—Steve Scrupski 

Editorial: Have Convention, Must Travel 
A glance at the calendar of meetings, conferences, and symposiums in this is¬ 

sue presents the engineer with a problem. If he wants to keep up with the “lat¬ 
est developments” in electronics and see the “latest products,” he must say 
goodbye to his wife, kids, and office. Even the convention commuter will miss 
some meetings, since there are many overlaps. 

Which one will you attend? Can you afford to miss that one? Tradition under¬ 
lines many get-togethers and they must go on. A check on the freshness of tech¬ 
nical papers to be presented reveals the paucity of new disclosures. You fre¬ 
quently see a lack of theme; a frantic futility for the meeting agenda to be all 
things to all people. Take in such gatherings to renew social acquaintances or to 
see some new geography, not to keep up with electronics. Only the large conven¬ 
tions, such as this month’s NEC, can appeal to broad numbers and at the same 
time provide a solid diet for the specialist. If travel is not an obstacle, conven¬ 
tions on single subjects offer the best meat. 

Of course, an impelling reason to attend conferences is to meet engineers 
working in the same field. The swapping of notes is often worth the rail fare. But 
isn’t this area the least well planned by most convention sponsors? Even the 
most gregarious engineer has small chance of gaining useful information by ran¬ 
domly sampling strangers. Small talk at cocktail parties reigns over shop talk. 
One of the most effective mediums for channeling multilateral communication is 
a workshop or scheduled discussion session. A good leader can set group dy¬ 
namics into motion. Everyone picks up worthwhile ideas. 

It looks like conventions will continue to spawn. The discriminating conven¬ 
tion goer will have to choose wisely if he is not to waste his time. A few protests 
(ours included) over the dull reading of papers has burgeoned into a campaign 
for improvement. Voice your opinion on the planning of conventions to facilitate 
the exchange of information by engineers. It will pay off.—James A. Lippke 
(Electronic Design, October 1,1958, p. 15) 

The NEC was the National Electronics Conference, usually held in Chicago. 
Although the editorial is obviously dated—note the references to only male engi¬ 
neers and to the rail trip—its major points are still relevant.—Steve Scrupski 

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

Looking for news on the Gigabit Ethernet market? “Gigabit Net¬ 
works,” from IGI Consulting, 

might be worth checking out. This 
1998 study has been updated with 
some current and in-depth research. 
Also thrown in are bits of informa¬ 
tion and viewpoints from market 
leaders and individuals in the Giga¬ 
bit Ethernet Alliance. 

The report ranges from the evolu¬ 
tion of Gigabit Ethernet to an expla¬ 
nation of the technology and the 
most up-to-date Gigabit Ethernet 
standards. It addresses current is¬ 
sues in the market, such as the pros 
and cons of copper and fiber cabling. 
Problems and issues that could arise 
from this usage, such as fiber differ¬ 
ential mode delay, are discussed. 

The battle between Gigabit Eth¬ 
ernet and ATM technologies is also 
spotlighted. With their individual 
strengths, each of these applications 
can win out against the other. Yet, 
their weaknesses, as well as the fact 
that each aims toward different ap¬ 
plications, make it hard to predict a 
winner. 

Great emphasis is placed on the 
driving forces behind the Gigabit 
Ethernet market. A five-year fore¬ 
cast takes a close look at obstacles 
that may hinder market growth. 

As technology moves from Ether¬ 
net to Fast Ethernet and then on to 
Gigabit Ethernet, it would help to 
have a strategy to effect a quicker 
and smoother transition. The study 
provides one, as well as an outline of 
factors that will ensure a successful 
Gigabit Ethernet market. 

Background information on Giga¬ 
bit Ethernet fills in essential infor¬ 
mation, such as hardware, network 
use. characteristics tables on net¬ 
work interface cards, Gigabit Eth¬ 
ernet switches, and routing 
switches. Vendor and product infor¬ 
mation examines Gigabit Ethernet 
vendors and their products, includ¬ 
ing company information, product 
applications, and prices. 

For more information, contact the 
Information Gatekeepers Inc., 214 
Harvard Ave., Boston, MA 02134; 
(617) 232-3111; fax (617) 734-8562; 
www.igigroup.com.—NK 



Time For A Little Noise Reduction? 
The New Allegro A68OO Series Soothes the 
Irritations Usually Found in VF Display Drivers 
If you work with vacuum-fluorescent displays, then you 

know that electronic noise can really disrupt system 

capabilities. Allegro's new A6800 series VF display drivers 

feature slew rate limiting to reduce noise and optimize your 

Brighter, clearer, and now a 
lot less noise... the A6B00 
Series Vacuum-Fluorescent 
display drivers from Allegro. 

display performance. 

Over the years, Allegro has 
developed a track record of leader¬ 

ship and expertise in the VF display 
driver market with the design and 

manufacture of the industry-standarc 

UCN5800 series. The A6800 is our 

latest generation of VF display driver technology 

incorporating the new features that today's systems 

demand at a competitive price. 

The A6800 series features a serial input with CMOS shift 

registers and latches for direct interfacing to microproces¬ 

sor-based systems. All members of the series achieve data 

rates up to 33 MHz (with 3.3 V or 5 V logic 

supply). They also include inter-digit blank¬ 

ing and npn darlington outputs with 

40 mA source capability. 

The A6800 series... It’s the new baby on 

the block that comes with a little peace 
and quiet— from Allegro. 

Call us today to sample its performance. 
For more information on our complete line 

of power ICs, mixed-signal ICs, and 

sensors, check our web site at 

www.allegromicro.com or e-mail us at 

Powerlnterface@deceater.orgella.com 

32 Bit 
6818 

20 Bit 
6812 

12 Bit 
6811 

1O Bit 
6810 

Allegro A6B00 series 
comes in 10-, 12-, 20-, or 
32-bit configurations, 
designed to pacify all 
your applications. 

The Clear Choice for Power Interface Displays 

MicroSystems. The. 

115 Northeast Cutoff, P. O. Box 1 5036, Worcester. Massachusetts 01606 

READER SERVICE 98 
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JUST 4 THE KIDS 

For years, people have adored Dr. Seuss. Many held on to their child¬ 
hood copies of classics like Green 

Eggs and Ham. So, it’s no surprise that 
these books still introduce children to 
reading. Thanks to Broderbund Soft¬ 
ware Inc., Novato, Calif., these works 
are now available as a series of three in¬ 
teractive CD-ROMs. Known as Dr. 
Seuss Preschool, Dr. Seuss Kinder¬ 
garten, and Dr. Seuss Kindergarten 
Deluxe, these CD-ROMs don’t just en¬ 
tertain your child. They also teach 
reading and math skills. 

The Dr. Seuss Preschool CD-ROM 
features graphics, five original songs, 
and over 200 animations for children 
ages two to four. It begins with the 
child being greeted by a singing Cat in 
the Hat as he travels to Seussville. 
Once there, the child is introduced to 
some of the CD-ROM’s starring char¬ 
acters. The elephant hero Horton uses 
positive reinforcement to guide the 
child through learning experiences. 
Horton and the child help baby Elma 
Sue find her mother. This adventure 
leads the child through multiple activi¬ 
ties, including more than 250 lessons. 

Through the interaction with the 
Seuss characters, the child engages in 
many different reading and math ac¬ 
tivities. These include: 

• Mayzie ABC, which teaches letter 
recognition, alphabet sequence, and 
upper- and lowercase letters. 
• Floob Phonics focuses on phonics, 
reading readiness, and vocabulary. 
• Pop’s Rhymes instructs the child in 
auditory discrimination, book basics, 
and sentence building. 
• In Monkey Matching, the child 
learns phonics, listening, and mem¬ 
ory skills. 
• Yertles Counting Turtles focuses on 
numbers, quantities, and counting. 
• Fox in Socks Sorting teaches sorting, 
classifying, sizes, colors, and patterns. 
• Fish Follies helps the child learn at¬ 
tributes, shapes and sizes, and fol¬ 
lowing directions. 
• Sneezlebee 123s covers counting, 
numbers, and matching. 

The child’s progress is tracked, let¬ 
ting parents see what skills their child 
successfully completed, as well as the 
areas that may require practice. With 
three skill levels for each activity, the 

child remains challenged. 
The Dr. Seuss Kinder¬ 

garten and Kinder¬ 
garten Deluxe CD-
ROMs star more than 50 
popular Dr. Seuss char¬ 
acters. Targeted at chil¬ 
dren ages four to six, 
they teach skills needed 
for Kindergarten. 

In each CD-ROM the 
child joins the zany 
zookeeper, Gerald Mc¬ 
Grew, on a search for ex¬ 
otic animals. Along the 
way, they travel to exciting places like 
Bumble Tub Creek and the storybook 
land of Barbaloots, where they can 
harvest truffula fruits. 

Travelling through this virtual 
world exposes the child to a host of 
reading and math activities, including: 

• Bippo Alphabet, which teaches al¬ 
phabet sequencing, upper- and lower¬ 
case letters, and reading readiness. 
• Bumble Thb Phonics focuses on phon¬ 
ics, consonant blends, and spelling. 
• Thidwicks Rhymes concentrates on 
reading, sentence building, and audi¬ 
tory discrimination. 

• East/West Beast Logic 
focuses on discerning 
similarities and differ¬ 
ences, as well as classify¬ 
ing and logic. 
• Sneetch Patterns 
teaches pattern recogni¬ 
tion, sequencing, and at¬ 
tributes. 
• Snuv Glove Matching 
concentrates on counting, 
shapes and patterns, and 
memory skills. 
• Birthday Pet Measure¬ 
ment introduces the child 

to measurement, estimation, and quan¬ 
tities. 
• Barbalot Math teaches addition, sub¬ 
traction, and counting. 

Much like the Preschool CD-ROM, 
this program tracks the child’s 
progress and skill level. The skills ac¬ 
quired should put the child ahead of 
the class upon entering Kindergarten. 
Each Kindergarten Deluxe CD-ROM 
contains a full year of Kindergarten ba¬ 
sics, along with a printable workbook 
CD-ROM that includes more reading 
and math lessons, math flashcards, and 
a number- and letter-writing tool. 

If you grew up reading Dr. Seuss, 
you’ll appreciate these animated, inter¬ 
active CD-ROMs which blend colors, 
original music, a rich mix of sound ef¬ 
fects, and zany graphics. The action is 
so engaging that your child will want to 
use the CD-ROM’s over and over— 
much like reading a book. But luckily, 
you won’t have to do all the reading. 
Best of all, the child learns as they play. 

Dr. Seuss Preschool, Kindergarten, 
and Kindergarten Deluxe are now 
available at retail stores for $19.95, 
$19.95, and $29.95, respectively. For 
more information, contact Broderbund 
Software Inc., 500 Redwood Blvd., P.O. 
Box 6121, Novato, CA 94948; (415) 382-
4400; www.broderbund.com. 

Marifrances D. Williams holds a 
degree in Liberal Studies from San 
Diego State University, Calif. She is 
currently a fifth-grade teacher at Los 
Ranchos Elementary, San Luis 
Obispo, Calif Williams specializes in 
the identification of advanced tech¬ 
nology for the use of child-focused ap¬ 
plications. She may be reached at 
williamsofsm@lightspeed.net. 
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What would it take to push your idea of an oscilloscope into a new dimension? 

Let’s start with a completely new class of oscilloscopes. They're called Digital Phosphor Oscilloscopes, or DPO for short. With them you can 

understand complex, rapidly changing waveforms at a glance. Find even the rarest glitches. And get real-time visual and statistical insight into 

the distribution of edge jitter. Even when you're pushing data at gigabit speed. Because with DPO, being able to see more means you can work faster. 

For a quick demonstration, go to www.tek.com/dpo1/ Or call 1-800-426-2200, ext. 3023, to learn about the ne* dimension in oscilloscopes. 

© 1996 Tektronix. Inc All rights reserved Tektronix is a registered trademark ol Tektronix 
Tektronix” 
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Test Your Skill And Win Big Prizes! 

So you work in the electronics in¬ 
dustry. You probably have a laun¬ 
dry list of impressive credentials. 

Well, we at Electronic Design 
would like to add one more credit to 
that list: Winner of the 1998 Elec¬ 
tronic Design Automation (EDA) 
Challenge. All you have to do is enter 
the 1998 Electronic Design EDA 
Challenge contest, running from Oc¬ 
tober 1 to November 30. 

The rules are simple. You pick a 
topic. Then, write about it in any for¬ 
mat you choose. Your submission can¬ 
not exceed 300 words. Sound easy 
enough for you? There’s just one 
catch—you have to use as many 
names of EDA tool vendors as you 
can. For example, you can work their 
names into the regular text or just 
talk about them as vendors. There’s 
probably tons of ways to include their 
names, so it’s basically up to you. 

Just remember that the person 
with the most EDA tool vendors in 
their text, along with the most cre¬ 

ative use of the ven¬ 
dors’ names, wins. 
For quick reference 
and some extra 
help, a list of all 
EDA tool vendors 
will be provided on 
Electronic De¬ 
sign’s web site. 
Winners will be 
announced via 
the web on De¬ 
cember 15, and 
some of the more 
innovative entries 
may even be published 
in the magazine. 

Winners will receive a 
prize donated by sponsoring EDA 
tool vendors, including Accel Tech¬ 
nology, IKOS, InterHDL, Model 
Technology, MINC, Novas Software, 
Oread, Transcendent, VeriBest, and 
Xynetix. There’s no catch. You don’t 
have to buy anything. Guaranteed! 
And, just look at some of the exciting 

prizes you could win: 
a Magellan GPS 
400XL Satellite Navi¬ 
gator, a Tripmate GPS 
navigation system, 

a Palm Pilot, and 
an Iomega Zip 
Drive. There’s 
also EDA tools 
such as Novas 
Software’s De-
bussey or MINC’s 
VHDL Easy, a CD 
player, cash awards, 
a Dilbert Survival 
Pack and Dilbert desk 

calendar, and—a gift for 
anyone who has a child—Beanie Ba¬ 
bies. And, this is only the beginning! 

Log onto the Electronic Design 
web site to get a complete listing of 
all prizes, participating EDA tool 
vendor sponsors, and contest details. 
While you’re there, check out our lat¬ 
est addition to the EDA Technology 
Lab: EDA Technical Company Pro¬ 
files. This section will provide you 
with the information you need to de¬ 
termine which EDA tool vendors can 
provide the type of solutions you 
want. It outlines which companies 
solve which problems, how much 
these solutions cost, and what plat¬ 
forms they support. 

Instead of just telling you which 
companies do verification, for exam¬ 
ple, you can find out which ones offer 
code coverage, formal verification, 
and HW/SW coverification tools. Or, 
if pc-board design is your game, you 
can find out which companies offer 
signal integrity, packaging, and 
virtual prototyping solutions. The 
best part of this web information is 
that it isn’t marketing hype. It’s just 
valuable technical information that 
can position you in the right direc¬ 
tion. Don’t pass this or the contest 
up. You don’t want to miss out on 
the fun! 

Please send all entries to Cheryl 
Ajluni, 2025 Gateway Pl., Ste. 354, 
San Jose, CA 95510, or via e-mail at 
cjajluni@class.org. Be sure to include 
your name, address, company affilia¬ 
tion, phone number, and e-mail ad¬ 
dress. All Electronic Design read¬ 
ers are eligible to participate, unless 
employed by EDA tool vendors. 

Cheryl Ajluni 

Need To Know What They Know? 

Your Information Edge 

5 

When you need to know, get to know Penton Research Services. 
You can start by asking for this informative brochure, today. 

Penton Research Services 
1100 Superior Avenue • Cleveland, OH 44114-2543 
Call: 216.696.7000 Toll-free: 800.736.8660 
Fax: 216.696.8130 
E-mail: research@penton.com 
http ://w w w. penton .com/corp/research 

Get To Know Penton Research Services 
Somewhere out there are people who want to buy what you have to sell. 
From the executive considering distribution alternatives - to the engineer 
looking for a solution to a design problem - to the purchasing manager 
seeking new sources of supply - each one is looking for ways to make his 

or her company more competitive. 

The professionals at Penton Research Services can help you discover what they buy and 
why, from whom - and even what they are looking for. Before you decide on a new 
product or marketing effort, invest in the knowledge you can trust from Penton -
a leader in business information and communications for over 100 years. 

481 



WS A fifi WAY 10 THE 
IAHST DSP/ANALOG INFORMATION. 

REGISTER ERR IHE Tl DSP/ANAIOG SEMINARS. 
In 22 cities in 40 days, Texas Instruments 

will hold free seminars on the latest high-

performance DSP and Analog products. 

It’s a great opportunity to find out why TI 

is the technology and performance leader in 

DSP, Analog and Mixed-Signal, making us the 

ideal semiconductor partner to help bring 

your designs to market faster, at a lower cost 

and with more differentiation. 

We’ll provide up-to-the-minute informa¬ 

tion on the newest devices, design methods 

and real-world applications that can help 

you maximize your potential. The first-day 

seminar is DSP-exclusive. The second day, 

Analog-exclusive. For the broad picture, 

attend both. 

And of course you won’t leave empty-handed. 

You’ll have access to free and discounted items 

including all the tools you’ll need to be most 

productive when working with TI. 

To register, or for more information, call 

1-800-477-8924, ext. 1998, or visit our Web site. 

Sepf. 28-29 - Philadelphia, PA 
Sept. 29-30 - Baltimore. MD 

Oct 1-2 - Atlanta. GA 
Oct. 5-6 - Orlando. FL 
Oct. 6-7 - Dallas. TX 
Oct 7-8 - Minneapolis, MN 
Oct. 8-9 - Cleveland. OH 

Oct. 12-13 - Chicago. IL 
Oct. 13-14 - Detroit. Ml 
Oct. 14-15 - Toronto. Ontario 
Oct. 15-16 - Houston. TX 
Oct. 19-20 - Denver. CO 
Oct. 20-21 - Phoenix. AZ 
Oct. 21-22 - Seattle. WA 
Oct. 22-23 - Woodland Hüls, CA 
Oct. 26-27 - San Jose, CA 
Oct. 28-29 - Newport Beach. CA 
Oct. 29-30 - San Diego. CA 
Nov. 2-3 - Boston. MA 
Nov. 3-4 - Baleigh. NC 
Nov. 4-5 - Hochester. NY 
Nov. 5-6 - Fairfield. NJ 

r.ti.comZscZseminar 

15-8957R 
© 1998 TI 

The World Leader In DSP Solutions Texas 
Instruments 
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Lolli-Pop Tunes 

Okay, so we’ve all heard those 
strange stories about people ac¬ 
tually receiving radio signals 

through the metal plates in then- head. 
Wacky stories also come around about 
the same thing happening from a fill¬ 
ing or some other metallic object im¬ 
planted in the body. Those stories, 
though bizarre, might not even mea¬ 
sure up to the strangeness of music 
emanating from a lollipop. 

Actually, the music comes from the 
lollipop holder. This new toy, called the 
Silent Shout, is battery operated. To 
play music inside people’s mouths, it 
vibrates a lollipop that has been in¬ 
serted into the device. There’s a selec¬ 
tion of songs that can be played, in¬ 
cluding a hip-hop rhythm. The sound 
is conducted through the teeth. It then 
echoes into the inner ear, which means 
that no one else can hear it. 

This invention comes from Bandai 
Co., the same people who brought 
Tamagotchi pets to the world. Most 

adults I know find those little elec¬ 
tronic pets about as cute as Barney. 
They must be on to something, though, 
because the kids just love them. 

The toy will be released in Japan 
first, selling for the equivalent of about 
$10. Meanwhile, back in the U.S., a 
similar toy has been introduced. Called 
Sound Bites, it comes from CAP 
Candy, a division of Hasbro Inc. 

For more information, contact 
Bandai America, 5551 Katella Ave., 
Cypress, CA 90630; (714) 816-9500; fax 
(714) 816-6711; www.bandai.com.—NK 

TIPS ON INVESTING 

New All-In-One Investment For Family Savings 

All investors face the same dilemma: How 
can one participate in the high returns of 
the stock market, but deal with the fear 

of losing principal at the same time? Parents 
in particular feel like they’re stuck on the 
horns of this dilemma. Financially, they have 
to meet the college objective. The older the 
child, the more accelerated the growth needs 
to be...Introducing a new Smith Barney all-
in-one investment for growth and safety, par¬ 
ticularly well-suited for parents and chil¬ 
dren’s savings. 

Principle Protection Equity-Linked 
Notes 
These unique securities, if held to maturity, combine the 
growth potential of stocks with the principal protection of 
bonds. 
How Principal-Protected Equity-Linked Notes Work 
Each equity-linked note is a debt obligation of an issuer. It 
provides a return, which is tied or “linked” to the perfor¬ 
mance of a particular stock index, or basket of stocks. Unlike 
a typical bond, which generally pays semiannual interest and 
returns the principal amount at maturity, principal-pro¬ 
tected equity-linked notes pay little or no semiannual inter¬ 
est. Instead, at maturity, they repay all of the principal plus 
a percentage of any appreciation in the stock index you’ve 
chosen. 
Benefits of Principal-Protected Equity-Linked Notes 
The terms of each equity-linked note vary. Collectively, how¬ 
ever, they offer these benefits to investors: 

• Growth potential 
The return at maturity on principal-protected equity-
linked notes is tied to the performance of a particular 
stock index or basket of stocks, offering investors partici¬ 
pation in these potential growth opportunities. 

• Diversification 
Their link to a variety of stock indices can further diversify 
an existing portfolio mix of stocks, bonds, mutual funds, and 
cash. 

•Preservation of capital 
At maturity, principle-protected equity-linked 
notes return your original investments (or the 
predetermined percentage of principle), re¬ 
gardless of market performance. 
•Liquidity 

While most principle-protected equity-
linked notes are structured as “buy-and-
hold” investments, they are typically listed 
and traded on a major exchange to buy or 
sell at anytime prior to maturity. 
•Low minimum investment 

Minimum investments start as low as an af¬ 
fordable $15 per unit. 

As far as tax considerations go, holders of equity-linked 
notes issued after August 13,1996 are required to recog¬ 
nize interest income at a predetermined rate in each tax 
year—prior to the note’s maturity. This amount is deter¬ 
mined by using the yield that would be paid by the issuer on 
noncontingent debt that has similar terms and conditions 
as the equity-linked note. A schedule of the income amount 
will be provided in the prospectus. Investors should consult 
with their tax advisors and review the prospectus for this 
and other tax considerations. 

Although the note’s principal is protected at maturity, 
depending on the market prior to maturity, it can trade 
above or below the issue price. Some of the market move¬ 
ments that can affect the value of a note include the index 
level, the volatility of the index, interest rates, and the re¬ 
maining time to maturity. Holding all else constant, as the 
index level and volatility rise, the value of a note should in¬ 
crease. As they decline, the value of a note should decrease. 
When interest rates rise, on the other hand, the value of a 
note should decrease. The value of a note should go up as in¬ 
terest rates decline. 

For a free brochure and help in setting up an “Equity-
linked note account,” write or call Henry Wiesel, first vice 
president of investments, qualified plans coordinator at 
Smith Barney, 1040 Broad St., Shrewsbury, N.J. 07702; 
(800) 631-222Í ext. 8653. 

HENRY WIESEL 
CONTRIBUTING EDITOR 



ÍIESII» DE» ONLINE 
TECHNOLOGY-APPLICATIONS-PRODUCTS-SOLUTIONS 

Get Immediate Online Access 
To Worldwide Technology 

Tronic Design Online has been created for you, the design 
engineer, as the world's most comprehensive technical 

informaron resource and solution center, It offers a compendium 
of topics—from the contents of current Electronic Design issues 
including all the articles, schematics, and QuickLook features 
to ED University, Pease Porridge, Career/Job Bank, and more. 
Link up to our web site todoy for online forums, direct links to 
industry organizations and advertisers, trade show previews, 

industry surveys, technology archives, and humor. In addition, 
you can now utilize ED JetLINK, the industry's fastest “drill down" 
tool to find application- and market-specific product so.utions 
and vendors with a minimum number of clicks in one site visit. 

www.elecdesign.com 
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HEADS UP 

The wearable is coming into its 
own. These body-worn comput¬ 
ers have been around for a few 

years, but earlier machines were un¬ 
derpowered and too clunky for prac¬ 
tical use. New hardware is starting 
to look a lot better. The support soft¬ 
ware, input/output, and communica¬ 
tions infrastructure require the 
brunt of the effort, but the possibili¬ 
ties leave us wondering. Can the ben¬ 
efits justify the considerable efforts 
needed to deploy a wearable-based 
computing solution? 

A wearable computer repackages a 
full-function PC into a form factor that 

voice-activated tem¬ 
plate to complete re¬ 
ports right in the field. 
And, hands are still free 
to use tools or hoist one¬ 
self into position to do 
the inspection. 

Repair and mainte¬ 
nance technicians can 
load entire libraries of 
documentation onto the 
wearable as Interactive 
Electronic Technical 
Manuals (lETMs). With 

smoothly is no walk in 
the park. Nevertheless, 
many organizations are 
moving ahead with these 
projects. 

Major automobile and 
aircraft manufacturers 
are now looking at pro¬ 
duction, inspection, or 
repair scenarios. Trans¬ 
portation infrastructure 
organizations are evalu¬ 
ating wearables to 
gather and process infor-

the tiny video camera and wireless 
network, they can send a picture back 

mation on bridges, signs, and other el¬ 
ements. And, the military is inter¬ 

can be worn on the body. Commercial 
providers like Xybemaut, Fairfax, Va., 
and Interactive Solutions Inc., Sara¬ 
sota, Fla., favor a box-like PC configu¬ 
ration. Along with a battery pack, it 
mounts on a user’s belt. ViA Inc., 
Northfield, Minn., configures their 
product as two interconnected mod¬ 
ules in a flexible belt configuration. All 
are Pentium-class machines, with big 
hard drives and lots of memory. 

Wearables come with voice-recog¬ 
nition software, microphones, and 
earphones. Users can choose several 
display options: from a head¬ 
mounted, Cyborg-like device to more 
traditional flat-panel displays. Some 
allow pen input, while others have 
miniature keyboards mounted on the 
user’s wrist. 

What’s more, wearables feature 
serial, parallel, and PCMCIA (PC 
Card) slots that permit many other 
modules to be plugged into them. 
Video cameras, cell phone connec¬ 
tions, GPS modules, wireless LAN 
connections, and even virtual 
toolsets are available and under in¬ 
vestigation for various applications. 

How do you decide if you need a 
wearable? Suppose you’re a techni¬ 
cian on an assembly line where, 
every so often, a manufacturing ma¬ 
chine needs to be calibrated. To get 
the line back up, you have to climb on 
top of the machine and use a compu¬ 
ter to perform the calibration. You 
really can’t bring a laptop up there, 
so it would help to have a wearable. 

Another use is for the highly mobile 
inspectors gathering data on aircraft, 
bridges, or industrial equipment. With 
a wearable, the user can construct a i 

to a remote, expert help desk to solve a 
problem. Also, parts can be located and 
ordered through the web. These po¬ 
tential capabilities are exciting the mil¬ 
itary and commercial transportation 
and equipment industries. 

The list goes on. The point is, wear¬ 
ables are evolving into a human com¬ 
puter hub, permitting users to mix 
and match modules to fit certain appli¬ 
cations. They enable a new class of mo¬ 
bile computing, eliminating some 
shortcomings in laptop portability. 
Yet, they have more horsepower than 
PDA-class devices. Dick Urban, 
deputy director of the electronic tech¬ 
nology office at the Defense Advance 
Research Projects Agency (DARPA), 
has dubbed the development of these 
related technologies, “humionics,” or 
human electronics. 

While the benefits—getting a pro¬ 
duction line up faster, or repairing a 
tank in the battlefield—are compel¬ 
ling, a considerable amount of infra¬ 
structure must accompany the wear¬ 
able. It’s a bit like the integration of 
laptops into the computing toolbox. A 
lot of software, support hardware, and 
training was needed to make them an 
efficient part of the infosphere. In fact, 
commercial wearable suppliers them¬ 
selves suggest that buying the wear¬ 
able is only 10% of the task. 

For example, building lETMs, com¬ 
plete with animations and video clips, 
is a huge job for complex gear. Building 
templates or navigation procedures 
that work for pen, keyboard, or voice is 
a task. Connectivity applications re¬ 
quire an entire wireless network to be 
installed over the work area. Hooking 
everything together to make it work 

ested in repair and maintenance, as 
well as military police and logistics 
services applications. 

So, where are we in this nascent 
industry? I would call it the late eval¬ 
uation phase. My guess is that these 
tests will soon prove the worth of 
some highly targeted wearable appli¬ 
cations. Sales should begin to pick up 
from current low levels. 

Perhaps the key to the wearables 
market, like many others, will be 
tested, usable software that solves 
specific problems better than the al¬ 
ternative solutions. The players are 
gathering. General Motors, Detroit, 
Mich., is developing extensive lETMs 
for car repair, while Lockheed Martin, 
Moorestown, N.J., is doing similar 
things for the Navy’s ships. Large 
companies could end up being the big 
drivers behind this platform. 

Traditional laptop makers could 
also expand into this area. IBM, San 
Jose, Calif., has already demonstrated 
a prototype of a repackaged Think 
Pad 760 in a wearable configuration. 
And smaller, specialized devices from 
companies like FEDEX or UPS could 
grow into devices that begin to look a 
lot like wearables. So, keep an eye out 
for the latest in computer fashion. 

Chris Chinnock holds a BSEE I 
from the University of Colorado and 
reports on flat-panel displays and 
other emerging technologies His 
company, Technical Marketing Ser-

noloan relatlons services to tech-
notogy>ompanies chinnock can be 

«°« <IO» 
Hit) H06), e-mail: chrischinnock® 
comptserve.com. 
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FT • FS SERIES MODUFLEX ® SWITCHERS 

DESCRIPTION 
The FT and FS Series are comprehensive 
lines of ultra compact power factor corrected 
models derived from our Moduflex® family of 
switching power supplies. This series utilizes 
advanced technology to produce a high 
quality input current wave form that is 
compliant to the harmonic requirements of 
EN61000-3-2. Based on modular 
construction, “off the shelf" modules permit 
high volume manufacturing with an 
outstanding quality level assuring timely 
delivery at a competitive cost. 

Three classes of output modules are 
available. The STANDARD outputs allow 
short duration surge currents on all 
auxiliaries for hard starting loads. Optional 
CURRENT LIMITED outputs have square 
current limiting and feature wireless droop 
current sharing. Optional ENHANCED 
outputs have square current limiting, one wire 
star point current share, output good logic 
signal with LED, nominal 5V local bias, 
individual inhibit and margining. For 
requirements that cannot provide minimum 
load on the main output, the ZERO 
PRELOAD option is available for main 
outputs up to 500 watts. 

DELIVERY 
Choose stocked units or construct a model 
number using stocked modules for fast 
delivery. Otherwise, form a model from the 
adjacent page to meet your specific re¬ 
quirements. Contact factory for deliveries on 
models derived from non-stocked modules. 

FEATURES 
■■ 0.99 power factor. 
■■ 5.5 watts per cubic inch. 
■i 1-7 outputs, 400-1000 watts. 
■■ 120 kilohertz MOSFET design. 
■■ Universal input. 
■■ UL, CSA, TÜV (IEC, EN), CE. 
■■ FCC, EN Class A EMI. 
■■ IEC, EN Immunity. 
■1 All outputs: 

Adjustable 
Fully regulated 
Floating 
Overload and short circuit protected 
Overvoltage protected 

■■ Standard features include: 
System inhibit 
Fan output 

m Options and accessories include: 
Power fail monitor 
Redundancy 
Current Limited Outputs 
Enhanced Outputs 
Zero Preload 
End fan cover 
Top fan cover 
Rack Assemblies 

STOCKED MODELS - Available in 3 days. 

‘400W models include power fail monitor, current limited modules, zero preload and end fan cover options. 

600W models include the same options except fan cooling is built into the unit. 

Max 
Power Output 1 Output 2 Output 3 Output 4 Model* 
400W 5V @ 50A 12V@ 12A 12V@12A 5V @ 10A FT46A2332-45P 
400W 5V @ 50A 12V @ 12A 24V @ 6A 12V @6A FT46A2363-45P 
600W 5V @ 60A 12V@ 12A 12V@ 12A 5V @ 10A FT46C2332-13P 
600W 5V @ 60A 12V@12A 24V @ 6A 12V @6A FT46C2363-13P 

UNITS FROM STOCKED MODULES - Available in 2 weeks. 

Series 

Configuration 

Power Code 

Output #1 Code 

FT 44 B 2 3 3 6 - YY X 

Output #1 Variant 

Sum of Option Codes 

Output #4 Code 

Output #3 Code 

Output #2 Code 

Configuration: 
Power Code: 
Output Codes: 

Option Code: 

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

OPTIONS 

Replace the YY with the sum of 
the Option Codes 

Option 
Code Function 

00 None 
01 Power Fail Monitor 
02 Redundancy 
04 Current Limited 
08 Zero Preload 
16 Enhanced 
32 End Fan Cover 
64 Top Fan Cover 



MODEL SELECTION 
Models are available in power ratings of 400 to 1000 watts, with 
corresponding code letters A through E. See Power Code chart. 

Output modules are available in six types: J, K, L, M, N and P in 
nominal power ratings from 75 - 500 watts. Type M, N and P 
modules are variable power rated depending upon the unit 
power rating. The M, N and P Module table directly below shows 
the corresponding multiplier applicable to the output current 
ratings of the M modules and allowable power ratings for the N 
and P modules. For example, a 750 watt multiple will have its M 
type module configured to produce 120A @ 5V or 12A @ 48V. 
The voltage and current rating of output modules are listed in the 
table of output types. This table assigns an alpha-numeric code 
designating the nominal voltage rating of the module. 

‘When an N or P module is used as the main output, 
the allowable power and the module current ratings 
must not be exceeded. 

Unit 
M Module Current 

Multiplier 
N/P 

Module* 
Power 
Code 

Power 
Rating 

Single 
Output 

Multiple 
Output 

Allowable 
Power 
Rating 

A 400W 0.8 0.5 250W 
B 500W 1.0 0.6 300W 
C 600W 1.2 0.8 400W 
D 750W 1.5 1.2 500W 
E 1000W 2.0 1.5 750W 

! Output Types* 
Output Module Type 

Code Volts 
J 

Amps 
K 

Amps 
L 

Amps 
M 

Amps 
N/P 
Amps 

0 2 10 20 30 100 60 
1 3.3 10 20 30 100 60 
2 5 10 20 30 100 60 
3 12 6 12 24 42 42 
4 15 5 10 20 33 33 
5 18 4 8 16 28 28 
6 24 3 6 12 21 21 
7 28 2.5 5 10 18 18 
8 36 2 4 8 14 14 
9 48 1.5 3 6 10 10 
A 2.2 10 20 30 100 60 
B 2.4 10 20 30 100 60 
C 2.7 10 20 30 100 60 
D 3 10 20 30 100 60 
E 3.6 10 20 30 100 60 
F 4 10 20 30 100 60 
G 4.5 10 20 30 100 60 
H 5.7 10 20 30 90 60 
J 6.3 10 20 30 80 60 
K 7 9 18 30 70 60 
L 8 8 16 30 62 60 
M 9 8 15 30 56 56 
N 10 7 14 30 50 50 
P 11 7 13 27 45 45 
Q 13.5 6 11 22 37 37 
R 17 5 9 18 30 30 
S 19 4 8 16 26 26 
T 21 4 7 14 24 24 
U 23 4 7 13 22 22 
V 26 3 6 12 19 19 
w 29 3 5 10 17 17 
X 32 2 5 9 16 16 
Y 40 2 4 8 13 13 
Z 44 2 4 7 12 12 

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

HOW TO ORDER 
To form the proper model number defining a custom requirement, 
select the letters FS or FT to designate the series, then choose the 
desired configuration and list the configuration code. Insert the power 
code letter for the power level and follow with the output code numbers 
or letters for each specific output. Enter a dash and from the option 
table insert the sum of the option codes. Where lower power is desired 
for the main module, an N module can be substituted and is denoted 
by a letter N in the output variant position. In addition, when no 
preload is available for the main output, choose Option Code 08 and 
add a P in the output variant position. For an enhanced main and 
current limited auxiliaries, specify both 04 and 16 option codes. 

HARMONIC CORRECTED 500W QUAD SWITCHER 

FT 44 B 2 3 3 6 - YY X 
Series FT" 

Configuration-1 
Power Code-

Output #1 Code-

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

OUTPUT CONFIGURATIONS 

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

Output Unit Power Rating 
Config 400W 500W 600W 750W 1000W 

12 • . X • X X 

24 • • X 

26 • • X • X X 

30 X 

32 • • X 

34 • • • X • X 

36 • • • X • X X 

38 X 

40 X 

42 • • • X • X 

44 • • • X • X X 

46 • • X • X X 

48 X X 

50 X 

52 • • • X • X X 

54 • • X • X X 

56 X X 

62 • • X • X X 

64 X X 

72 X X 

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



SPECIFICATIONS 

INPUT 
90-264 VAC, 47-63 Hz. 

POWER FACTOR 
0.99 typical. 

EMISSIONS 
FCC 20780 Part 15/EN 55022, Class A Conducted. EN 
61000-3-2, Harmonics. EN 61000-3-3, Voltage Fluctuations. 

IMMUNITY 
IEC 1000-4-2/EN 61000-4-2, Electrostatic Discharge. IEC 
1000-4-3/EN 61000-4-3, Radiated Field. IEC 1000-4-4/EN 
61000-4-4, Electrical Fast Transients. IEC 1000-4-5/EN 
61000-4-5, Level 3 Surge. IEC 1000-4-6/EN 61000-4-6, 
Conducted Field. 

INPUT SURGE 
230 VAC - 38 amps max. 115 VAC - 19 amps max. 

EFFICIENCY 
75% typical. 

HOLDUPTIME 
20 milliseconds from loss of AC power. 

OUTPUTS 
See model selection table. Outputs are trim adjustable ±5%. 

OUTPUT POLARITY 
All outputs are floating from chassis and each other and can 
be referenced to each other or ground as required. 

LINE REGULATION 
Less than ±0.1% or ±5mV for input changes from nominal to 
min. or max. rated values. 

LOAD REGULATION 
±0.2% or ±10mV for load changes from 50% to 0% or 100% of 
max. rated values. 

MINIMUM LOAD 
Main output requires a 10% minimum load for full output from 
auxiliaries. Use Option 08 if no minimum load is available for 
mains up to 500 watts. Singles require no minimum load. 

RIPPLE & NOISE 
1% or 100 mV, pk.-pk., 20 MHz bandwidth. 

OPERATING TEMPERATURE 
0-70°C. Derate 2.5%/°C above 50°C. 

COOLING 
A min. of 10 LFS* for models without internal fans directed 
over the unit for full rating. Two test locations on chassis rated 
for max. temperature of 90°C. 600 watt, 750 watt and 1000 
watt models have built-in ball bearing fans. 
"Linear feet/second. 

TEMPERATURE COEFFICIENT 
±0.02%/°C. 

DYNAMIC RESPONSE 
Peak transient less than ±2% or ±200 mV for step load 
change from 75% to 50% or 100% max. ratings. 

RECOVERY TIME 
Recovery within 1%. Main output - 200 microseconds. 
Auxiliary outputs - 500 microseconds. 

SAFETY 
Units meet UL 1950, CSA 22.2 No. 950, EN 60 950, IEC 950. 

ISOLATION 
Conforms to safety agency standards. 

INPUT UNDERVOLTAGE 
Protects against damage for undervoltage operation. 

SOFT START 
Units have soft start feature to protect critical components. 

OVERVOLTAGE PROTECTION 
Standard on all outputs. 

REVERSE VOLTAGE PROTECTION 
All outputs are protected up to load ratings. 

OVERLOAD & SHORT CIRCUIT 
Outputs protected by duty cycle current foldback circuit with 
automatic recovery. Standard auxiliaries have additional back¬ 
up fuse protection. Options 04 and 16 have square current 
limiting with automatic recovery when overload is removed. 

THERMAL SHUTDOWN 
Circuit cuts off supply in case of local over temperature. Units 
reset automatically when temperature returns to normal. 

FAN OUTPUT 
Nominal 12 VDC @ 12 watts maximum. 
INHIBIT 
TTL compatible system inhibit provided. Option 16 has indi¬ 
vidual output inhibit. 
REMOTE SENSING 
On all outputs except standard and 04 Option outputs 75 
watts or less. 
SHOCK & VIBRATION 
Shock per MIL-STD 810-E Method 516.4, Procedure I. 
Vibration per MIL-STD 810-E Method 514.4, Category 1, 
Procedure I. 
MECHANICAL 
CASE SERIES WATTS 
1 FT 400W/500W 
3 FT 600W 
4 FS 600W 
5 FT 750W 
6 FS 750W 
7 FS 1000W 

H X W X L 
2.50” X 4.93" X 8.00” 
2.56" X 5.08" X 10.03" 
2.56” X 5.08” X 11.00” 
2.63” X 5.20” X 10.03” 
2.63” X 5.20" X 11.63” 
2.56" X 7.13” X 11.63” 

OPTIONS 
POWER FAIL MONITOR 
Optional circuit provides isolated TTL and VME/VXI compatible 
ACFAIL signal providing 4 milliseconds warning before main 
output drops by 5% after an input failure. A SYSRESET signal 
following VME timing requirements is provided when an N 
module is used as a main output. Both logic signal outputs can 
sink current per the VME specification. 

REDUNDANCY 
Optional Or-ing diodes for hot pluggable N+1 redundant oper¬ 
ation. For FT Series 500 watt & 750 watt models with 1-4 out¬ 
puts. Main output current limited to 100 amps. Remaining out¬ 
puts 16 amps max. 
CURRENT LIMIT 
Option provides on all outputs: 
■ Square current limit with auto recovery. 
■ Wireless droop current share for parallel or N+1 redundant 

operation. 

ZERO PRELOAD 
Optional circuit removes need for preload on main output up 
to 500 watts. 
ENHANCED 
Option provides on all outputs: 
■ Square current limit with auto recovery. 
■ Single wire active current share for parallel or N+1 

redundant operation. 
■ DC output good logic signal with LED indicator. 
■ Logic inhibit. 
■ Nominal 5V bias. 
■ Margining. 
END FAN COVER 
Optional cover with brushless DC ball bearing end fan which 
provides the required air flow for full rating. 

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

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

Specifications subject to change without notice. 

PRODUCTS POWER 

/ / 290 WISSAHICKON AVENUE, P.O. BOX 1369, NORTH WALES, PA 19454 
// PHONE: 215-699-9261 • FAX: 215-699-2310 • TOLL FREE: 1-800-523-2332 

// E-MAIL: sales@deltroninc.com • VISIT OUR WEB SITE: www.deltroninc.com 
98703A 



a man is known 
by the 

company he seeks out to 
helo him design 

he keeps 

With the r ght design partner, even your most outrageous, most advanced, "they-said-

it-couldn't-be-done" ideascan beat the competition to market. Which is why so many of the 

world's leading OEMs would prefer to keep Celestica their little secret. 

For 10 years we've been working with the biggest names in technology to design and build 

solutions that make cutting-edge technology—well, cutting edge. In the process, we've acquired 

perhaps the broadest range of memory manufacturing experience in the industry, from high-

volume, industry-standard modules to highly customized, one-of-a-kind solutions. 

We've also invested millions in testing equipment. Ourtwo new Advantest*T5581 testers, for example, 

deliver high throughput while testing modules at the higher speeds demanded by today's 

technologies—which is how we test every module we build. (We thought you'd like to know that.) 

Our connections are no small potatoes, either: Our memory for the latest Pentium® II processor¬ 

based systems and our PC100 memory are already on the market. And plans for Rambus RIMM 

modules and DDR memory are well under way. 

So call us at 1-888-899-9998 and ask for document #7123. We'll send you a copy of "Breaking 

the Speed Limit: PC100 Memory" with a list of our latest Intel Pentium Il-compatible memory 

upgrades. Or look for it at www.celestica.com/memory/100mhz.html. Because the secret to making 

sure your designs become great products is often in the company you keep. 

©1998 Celestica, Inc. Celestica s a trademark of Celestica, Inc. All other trademarks and registered trademarks are the property of their respective owners. 

AunDHsjno^i^ ebv®electronics »»iiilt. « Hi hall«*»«- ^Insight ^Pioneer TIME 
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And when he 

discovers Celestica, 

it to himself. 
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All the LCD features you need 

Operating temperature: O’C to +50'C A backlight inverter is attached to all models. 

Factory environments vary widely. That’s why NEC TFT LCD screens let you pick the optimum features for 
your application. Features include a 12.1" size, 800 x 600 
resolution, ultra-wide viewing angle and high luminance. 

Touch-sensor panels are attachable. 
Whatever your requirements for FA systems, we 

have a TFT LCD screen that will make your system look 
its best. For further information, contact NEC today. 

Features Large screen High resolution Ultra-wide viewing angle High luminance 
High luminance Wide viewing angle 

Model number NL8060AC31-12 NL8060AC26-11 NL6448AC33-24 NL6448AC33-27 NL6448AC33-18 
Screen 12.1” 10.4" 10.4” 10.4" 10.4" 
Pixel numbers 800 x 600 800 x 600 640 x 480 640 x 480 640 x 480 
Display colors 262,144 262,144 262,144 262,144 262,144 

Luminance 250cd/m2typ. 190cd/m2typ. 190cd/m2typ. 250cd/m2typ. 200cd/m2typ. 

Viewing angle Up 357down 55' Up 207down 45' Up/down ±80' Up 557down 40" Up 307down 20' 
Right/left+60‘ Right/left ±45' RighVleft ±80' Right/left ±60' Right/left ±45" 

The right components to baild yottr reputation 

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

just imagine 

NEC MULTIMEDIA 
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Embedded Systems 
Embedded Operating Systems Face 
Greater Productivity Demands 

Customizable Off-The-Shelf Software And Integrated Network¬ 
ing Solutions Speed Time-To-Market For Embedded Systems. 

Loren Werner 

ative meetings are being held between leading com¬ 
panies, such as the Wireless Application Protocol 
(WAP) Forum, originally founded by Nokia, Erics¬ 
son, Motorola, and Unwired Planet. They were 
joined in June by RTOS vendor Geoworks, a sup¬ 
plier of smart-phone software. Similar meetings 
among leading consumer electronics manufacturers 

seeking to develop stan¬ 
dards within their indus¬ 
try are underway. 

New Paradigms 
Market desire for in¬ 

creased productivity 
and standards has 
raised expectations over 
the level of functionality 
and integration deliv¬ 
ered by embedded OSs 
and software develop¬ 
ment tools suppliers 
(Fig. 1). Chief among 
the paradigm shifts for 
embedded systems is 
the transition to large 
software development 
teams with hundreds, or 
even thousands, of pro¬ 

grammers. They may be spread across several con¬ 
tinents, working on joint projects between major 
multinational corporations. Large design groups 
must evaluate such issues as the choice of appropri¬ 
ate hardware platforms, embedded OSs, develop-
ment/debugging tools, and vendor service and sup¬ 
port, to optimize application software productivity, 
reliability, and overall speed of system integration. 

Today, products using embedded systems range 
from resource-constrained and price-sensitive prod¬ 
ucts using 4-, 8-, and 16-bit processors, to robust pro¬ 
grams that may contain millions of lines of code, im-

Converging market forces, evolving technolo¬ 
gies, and new paradigms for creating applica¬ 
tion software inspire designers to consider is¬ 

sues beyond operating system (OS) compactness, 
and productivity tool capabilities when developing 
embedded systems. Mounting pressure to imple¬ 
ment ever more functionality in software, made pos¬ 
sible by increasingly 
powerful, cost-effective 
microprocessors, fuels 
“feature wars” among 
segments of the embed-
ded systems market¬ 
place, particularly in 
consumer electronics. 
Shrinking market win¬ 
dows for each genera¬ 
tion of consumer elec¬ 
tronics products force 
embedded systems de¬ 
signers to bring more 
capable products to 
market under stringent 
time constraints. Today, 
the consequences of er¬ 
rors in software devel¬ 
opment that result in 
time-to-market delays 
may have enterprise-wide effects, whose impact can 
cost millions of dollars in lost revenues, or even drive 
companies out of business. 

Quest For Standards 
No resolution appears forthcoming that will ad¬ 

dress the industry split between OSs based on pro¬ 
prietary application programming interfaces 
(APIs), and those with open system architectures. 
Early movement toward some industry-specific 
standardization has begun among companies whose 
products depend upon embedded systems. Cooper-

Art Courtesy: 
Bombadierlnc. 
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■ Mating the software and the hardware that power invisible computing 



/
O
C
T
O
B
E
R
 
1
,
1
9
9
8
 

EMBEDDED SYSTEMS EMBEDDED OPERATING SYSTEMS 

1980 1990 1996 1998 

'Percent of total software supported by RIOS vendor in a typical embedded device 

1. Increasing demand by designers for greater functionality drives on-going expansion of operating-system 
capabilities in off-the-shelf RTOS products. (Courtesy: Wind River Systems) 

remain between OSs in 
modularity, proprietary 
APIs versus open-system 
architecture, interrupt 
handling, available devel¬ 
opment tools, target 
processor support, and 
hardware memory pro¬ 
tection. 
Unique OS architec¬ 

tures, vertical market¬ 
specific capabilities, and 
OS vendor focus within 
specialized markets, are 
contributing to the rela¬ 
tive suitability of different 
OSs for particular applica-

plemented on powerful 32-bit proces¬ 
sors, in memory-rich environments. 
Embedded OSs are also used in ad¬ 
vanced surveillance systems like the 
CL-327 Guaitlian Vertical Take-Off and 
Landing (VTOL) Unmanned Aerial Ve¬ 
hicle (UAV) from Bombadier Inc. (see 
the opening illustration). The system’s 
flight-control software has been de¬ 
bugged and optimized by Cygnus Solu¬ 
tions’ GNUPro Toolkit for Windows NT. 

Although home-grown, real-time ex¬ 
ecutives and very-lean, real-time OS 
(RTOS) kernels still account for the 
lion’s share of applications built with 4-, 
8-, and 16-bit processors, some highly 
scaleable, off-the-shelf products play ef¬ 
fectively under tight design constraints. 
Ina 16-bit automotive controller used 
by General Motors, for example, Wind 
River’s WindStream, an engineered 
subset of the company’s VxWorks 
RTOS, runs along with user application 
code in just 40 kbytes. Forth Inc. re¬ 
ports its compact Forth language runs 
in a real-world multitasking application, 

on an 8-bit 8051 processor. 
Shipments of 4-bit processors hit an 

all-time high in 1997, and industry de¬ 
mand for low-end devices shows no in¬ 
dication of diminishing. The automotive 
industry alone, producing 40 million 
cars annually that typically incorporate 
four major microprocessors and up¬ 
wards of a dozen low-end chips each, 
consumes about one-half billion low-end 
processors annually. 

While demand for low-end devices 
remains strong, it’s high-end micro¬ 
processors that are reshaping the de¬ 
sign of embedded systems. Competitive 
pressure to span the broadening range 
of processors available, from low-end 
chips to high-end, 32- and 64-bit devices 
(with 128-bit offerings coming), influ¬ 
ences offerings from RTOS vendors. 
While high-end design environments 
tend to reduce emphasis on OS compact¬ 
ness, RTOS product features move 
closer together as competing vendors 
strive for a “lean, highly-modular, fea¬ 
ture-rich” model. Significant differences 

tions. Designers in the smart-phone 
market, for example, might benefit 
from the specialized capabilities Ge¬ 
oworks incorporates into its GEOS-SC 
OS. These include hooks to facilitate 
graceful recovery from lost data-trans-
mission connections when sending e-
mail, which may occur when wireless 
phone users drive through tunnels. 

Memory Protection 
The need for hardware memory pro¬ 

tection to facilitate software develop¬ 
ment for large, complex programming 
tasks, underscores one significant, dif¬ 
ferentiating characteristic between 
RTOSs. Although real-time executives 
and OSs, which do not support hard¬ 
ware memory protection, remain suit¬ 
able for applications in which code and 
OS run together in global address 
space, they depend entirely on software 
mapping to lay out memory space, and 
such software protocols as mutexes to 
avoid memory corruption (Fig. 2). 

Programming schemes like these are 

2. Real-time executives provide no memory protection for 
multithreaded executable code. All processes and operating-system 
components run unprotected in the kernel mode. As a result, a failure 
(like a corrupted pointer) in any kernel component causes the system to 
crash or become unstable. The only way to recover is to reboot. 
(Courtesy: QNX Software Systems Ltd.) 

Memory 
protected 

Monolithic 
kernel 

Hardware 

3. Under a monolithic kernel architecture, MMU-based protection for all 
application processes running in the user mode prevents their memory 
space from being overwritten. But, a significant number of operating¬ 
system components and system drivers still run unprotected in the kernel 
mode. The likelihood of kernel faults increases as the amount of code 
running in the kernel increases. (Courtesy: QNX Software Systems Ltd.) 



Vicor Releases The 48 Volt Family. 

48 Vdc Input Family 
Designed for communications and 

other distributed power systems 

8 Outputs 

3.3V, 5V, 12V, 15V, 24V, 28V, 48V 

24 New Modules 
2nd Generation DC-DC Converters 

3 Package Sizes 
Maxi— 4.6 x 2.2 x 0.5 in 

Mini—2.28 x 2.2 x 0.5 in 

Micro—2.28 x 1 .45 x 0.5 in 

50-500 Watts 
Power densities up to 10OW/in J

Available From Stock 
Call 800-735-6200 now to order! 

Component Solutions For Your Power System 
25 Frontage Road. Andover. MA 01810 Tel: 978 470 2900 • Fax: 978 475 6715 READER SERVICE 134 

www.vicr.com 



EMBEDDED SYSTEMS EMBEDDED OPERATING SYSTEMS 

vulnerable to system-wide crashes 
from a variety of conditions. These in¬ 
clude a single errant pointer, accidental 
data-structure corruption, or uninten¬ 
tionally modifying code regions. The 
vulnerability of non-memory-protected 
coding schemes makes them prescrip¬ 
tions for disaster, where large software 
development teams are tasked with 
creating complex applications. Hard-
ware-based memory protection pro¬ 
vides the appropriate alternative. 

While most RTOS vendors now offer 
memory protection, not all provide the 
same degree of support for the proces¬ 
sor-based memory management unit 
(MMU). In particular, some OSs only 
perform hardware allocation of physical 
memory to different regions. More com¬ 
plete OS MMU support, like the Reli¬ 

able Processing Environment of the 
LynxOS from Lynx Real-Time Sys¬ 
tems, facilitates virtual addressing that 
translates logical addresses to the phys¬ 
ical address space. Furthermore, many 
real-time OSs do not implement run¬ 
time memory protection for both appli¬ 
cation-level processes and OS compo¬ 
nents. This would be done to avoid 
performance degradation due to MMU-
induced overhead. 

In contrast to the real-time execu¬ 
tive architecture shown in Figure 2, the 
monolithic kernel architecture of many 
real-time OSs separates OS functions 
within the kernel from application code 
outside the kernel mode (Fig. 3). While 
application code benefits from MMU 
protection under this architecture, dri¬ 
vers and other system elements that 

run in the kernel mode remain in what 
is essentially a global address space. 
They also are subject to kernel faults, 
which can cause system crashes. 

OSs built around microkernel archi¬ 
tectures, like QNX from QNX Software 
Systems Ltd., implement only core ser¬ 
vices in the kernel (Fig. 4L QNX pro¬ 
vides such higher-level OS services as 
file system, device I/O, and networking, 
through optional processes running in 
the protected mode, along with user ap¬ 
plication code (Fig. 5). 

Reliability 
Hardware memory-protection sup¬ 

port plays one key role in the vital issue 
of how the OS supports reliability in 
embedded systems. While the need to 
select an embedded OS with a demon-
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strated track record of reliability is self- ! meet such application requirements ! testing as part of a system intended for 
evident in such life-critical applications 1 vary. High levels of reliability have ! avionics/air traffic control. 
as avionics and medical instrumenta- ; been achieved undena variety of differ- ¡ Microtec, for example, has taken its 
tion, it’s importance in mission-critical ; ent OS architectures. The effectiveness ; VRTXsa OS a step further in the FAA 
and highly-available applications such ; of the QNX microkernel architecture is ; certification process by putting it 
as communications switches, factory ! demonstrated in its performance, run- 1 through the testing procedure on a 
control, and even consumer electronics, ! ning one Olin chemical factory non-stop ! standalone basis. The company’s 
should not be overlooked. While system ’ for eight years, without a single shut- ¡ VRTXsa multitasking kernel, run-time 
failures in consumer electronics prod- ¡ down for code maintenance. Code main- ; library, and BSP device drivers and ini-
ucts may not put lives at risk, consumer | tenance has been performed on the Olin ; tialization software have all passed the 
intolerance of unreliable products can ! control application over the last eight ! FAA’s most stringent level of testing, 
put the livelihood of companies at signif- 1 years on a real-time, hot-swap basis. i and have received FAA Level A certifi-
icant risk. Overall system reliability of- ¡ Many OSs deliver the high levels of ¡ cation—the highest level possible. 
ten becomes a part of the design re- ; reliability required for applications like | 
quirement for embedded systems in 1 avionics and air traffic control systems. 1 Software Productivity 
such highly-available and fault-tolerant ! All such systems for domestic use are ! As time-to-market pressures de¬ 
applications as those associated with in- ! subject to extensive FAA testing and ; crease developers’ tolerance of hurdles 
frastructure equipment in telecom, ¡ certification before going into service. ¡ to software productivity, vendors place 
avionics and industrial control. j Typically, an OS does not receive such ! increasing emphasis on providing solu-

Steps taken by OS manufacturers to ! testing by itself, but undergoes FAA ! tions to promote faster product (level-
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opment. These include various ap¬ 
proaches to powerful, integrated devel¬ 
opment tool sets; complete pre-inte¬ 
grated packages for such services as 
networking and connectivity; vertical, 
market-specific, customizable applica¬ 
tions software; and full-blown 
design/prototyping services. 

Examples include Wind River’s Tor¬ 
nado tool set, integrated with the com¬ 
pany’s VxWorks OS, and the pRISM+ 
integrated tool environment for the 
pSOS+ OS from Integrated Systems 
Inc. (ISI). ISI provides access to third-
party tool solutions to enhance 
pRISM+ through the Common Object 
Request Broker Architecture 
(CORBA) standard. pRISM+ also pro¬ 
vides a consistent user interface across 
the broad range of compilers ISI sup¬ 
ports. ISI evaluates industry compiler 
offerings, and supports those which 
provide the tightest, most efficient code 
for each target microprocessor. 

Attention to relevant details in appli¬ 
cation language support can play an im¬ 
portant role in promoting software de¬ 
velopment productivity, and run-time 
code reliability under real-time condi¬ 
tions. ISI notes that many RTOS ven¬ 
dors support only standard libraries 
supplied by compiler vendors for C and 
C++ application codes. ISI augments 
support for standard libraries by pro¬ 
viding reentrant versions. With reen¬ 
trant libraries, code operations that are 
interrupted in mid-execution can return 
to execution without suffering data cor¬ 
ruption. ISI claims that use of its reen¬ 

trant libraries promotes code reliability 
and productive code development by 
preventing very obscure, difficult to 
track bugs in embedded applications. 

Suppliers of compilers and develop¬ 
ment tools seek to shorten access to 
tools for new chips through close rela¬ 
tionships with semiconductor manufac¬ 
turers. Chip makers, RTOS vendors, 
and tool makers frequently cooperate 
early in new chip design cycles to pro¬ 
mote effective alignment between chip 
capabilities and software support. This 
sometimes creates software simulators 
that allow code development for new 
target processors long before the chips 
are ready for delivery. 

Increasingly, software vendors, such 
as Cygnus Solutions, speed access to 
development software for new chips 
through porting agreements. These al¬ 
low chip manufacturers to ship licensed 
software with their semiconductor 
products. Cygnus Solutions specializes 
in supplying highly optimized GNU 
compilers and associated develop-
ment/debug tools. 

Customizable Solutions 
Another class of solutions that 

speeds embedded product develop¬ 
ment involves integration of software 
functions onto a chip. This technique 
saves developers code generation and 
integration time. Some of these prod¬ 
ucts are targeted for particular mar¬ 
kets, such as STMicroelectronics’ STPC 
multimedia, “PC on a chip.” The chip is 
designed to provide multimedia capa¬ 

bilities for such high-volume digital con¬ 
sumer devices as set-top boxes, game 
consoles, and web-enabled TVs. The 
STPC integrates a high-performance, 
x86 processor; graphics subsystem; 
video pipeline; comprehensive core 
logic with support for PCI, ISA, IDE, 
DMA; and interrupt controllers. 

Other solutions, such as the 
NET+ARM offering from Osicom, pro¬ 
vide integration of the processor, 
RTOS, and a full suite of networking 
protocols and applications. These are 
necessary to enable networking for the 
rapidly-emerging classes of such web-
manageable devices as office equipment 
(printers, photocopiers, and fax ma¬ 
chines), and industrial switches (Fig. 6). 

While shrink-wrapped software so¬ 
lutions are nowhere near a reality for 
embedded systems, customizable, off-
the-shelf software is appearing from 
Spyglass Inc. and Agranat Systems 
Inc., among others. They provide em¬ 
bedded web browsers and embedded 
web microservers. Designers can en¬ 
able Internet connectivity and web-
manageable products more quickly by 
customizing and integrating products 
like these into their systems, than by 
creating home-grown equivalents. 

Another path to rapid product devel¬ 
opment involves accessing design, con¬ 
sulting, software engineering, and ini¬ 
tial product prototyping services, 
available from a number of RTOS ven¬ 
dors. Last March’s merger between 
Annasoft Systems and Intrinsyc Soft¬ 
ware Inc., for example, provides con-

4. The QNX microkernel implements four services: interprocess 
communication, low-level network communication, process scheduling, 
and interrupt dispatching. There are a few kernel calls associated with 
these services. In total, these functions occupy roughly 12,000 lines of 
code, and provide the functionality and performance of a real-time 
executive. (Courtesy: QNX Software Systems Ltd.) 

5. Under a microkernel architecture that implements full memory 
protection at run time, very little code is run in the kernel mode that 
could cause it to fail. This architecture allows individual processes and 
operating-system components to be started and stopped dynamically, 
and updated or changed on the fly, without having to bring the system 
down. (Courtesy: QNX Software Systems Ltd.) 
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6. The NET+ARM-12, from Oskom Technologies, provides an integrated solution for enabling 
Ethernet/lnternet connections in embedded systems. It combines a 12-MIPS ARM 
microprocessor, the pSOS+ RTOS from Integrated Systems, and networking software designed 
for loading into user-supplied RAM and/or ROM. (Courtesy: Osicom Technologies Inc.) 

suiting engineering services addressing 
every critical phase of the embedded 
systems design process, from platform¬ 
level integration (including hardware 
design and packaging), through applica¬ 
tion-level integration, for projects 
based on Windows CE and NT. 

Evaluating the cost-performance 
provided by services like these requires 
weighing their fees against reducing 
time-to-market for new products. ISI 
Design Center (formerly Doctor De¬ 
sign) may offer special appeal to risk¬ 
sensitive companies. Among its com¬ 
prehensive range of engineering 
consulting services, it offers risk reduc¬ 
tion in such areas as test and verifica¬ 
tion, project management, cost contain¬ 
ment, resolving performance and 
technical challenges, and addressing 
regulatory/environmental concerns. 

Embedded Java 
While enhanced software productiv¬ 

ity through Java’s “write-once, run-
everywhere” ideal has not been 
achieved for embedded systems, 
progress toward a viable, embedded 
Java is underway at Sun Microsystems, 
Hewlett- Packard, and NewMonics Inc. 
Sun’s measured approach to defining a 
stable, meaningful specification for a de¬ 
terministic, real-time, embedded Java 
involves a comprehensive analysis of in¬ 
dustry needs, as well as an in-depth re¬ 
view of how Java can be trimmed for 
embedded applications. 

For those not content to wait for 
Sun, HP and NewMonics offer their 

own cleanroom virtual machines that 
support deterministic Java for embed¬ 
ded applications. HP’s virtual machine, 
originally conceived for internal use in 
the company’s embedded devices, is 
now commercially available. HP says 
its virtual machine supports the same 
kind of deterministic behavior available 
from C and C++. This makes it suitable 
for use as the primary implementation 
language for many classes of embedded 
real-time applications. 

Similarly, NewMonics says its vir¬ 
tual machine for Java, called Portable 
Executive Reliable Control (PERC), 
also provides fully deterministic behav¬ 
ior. Both HP and NewMonics agree 
that further testing is in order to deter¬ 
mine whether Java on their virtual ma¬ 
chines will be speed-limited for some 
real-time applications. 

While a fully viable form of embed¬ 
ded Java edges toward emergence, 
other methods to achieving portable 
code, such as the recent embedded C++ 
initiative, are being explored. Forth has 
also been used to create virtual ma¬ 
chines that execute portable bytecode. 
One such application runs in Europay 
International’s processor-independent 
Open Terminal Architecture (OTA) for 
smart-card terminals in Europe. 

Opinions vary as to whether the 
real-time version of Windows CE, ex¬ 
pected mid-year 1999, will give Mi¬ 
crosoft the kind of dominance in the em¬ 
bedded market that the software giant 
has in the desktop market. Some estab¬ 
lished RTOS and tool vendors predict 

abject failure for Microsoft, while oth¬ 
ers foresee sweeping success. Many are 
hedging their bets by adding Windows 
CE to their product offerings while 
waiting to see where the chips fall. 

Critics point to Microsoft’s missing 
support infrastructure when it comes to 
addressing the specific needs of embed¬ 
ded systems designers. They also ex¬ 
press doubts as to whether Windows 
CE will be sufficiently lean for embed¬ 
ded systems environments, or fast 
enough for hard, real-time applications. 

On the other side of the question, Mi¬ 
crosoft proponents see the Win32 API 
that underlies Windows CE, as a means 
to achieving code portability between 
applications for embedded systems. Mi¬ 
crosoft supporters also view the 
5,000,000 programmers familiar with 
Win32 as an attractive solution to 
scarce software development re¬ 
sources. But, independent software 
vendors made gun-shy by their experi¬ 
ence with Microsoft in the desktop mar¬ 
ket may prove reluctant to develop ap¬ 
plications for Windows CE. 

Microsoft hopes to circumvent short¬ 
comings due to the lack of support infra¬ 
structure by distributing Windows CE 
through established RTOS vendors. 
The company will rely on them to pro¬ 
vide required consulting, service, and 
support to Windows CE customers. As 
for real-time performance for the com¬ 
ing version of Windows CE, Microsoft 
is targeting a sub-50-ps response time 
(on a Pentium 133), support for nested 
inteiTupts, semaphores, and 32 or more 
priority levels. Whether Microsoft will 
deliver all this in a package sufficiently 
modular to achieve the compact foot¬ 
print required remains to be seen. 

The entry of other industry giants, 
drawn by the huge potential of the em¬ 
bedded market could influence Mi¬ 
crosoft’s future in this arena. Some em¬ 
bedded OS vendors hint at possible 
alliances with major computer compa¬ 
nies to champion their established, 
credible, RTOS technologies. If such al¬ 
liances develop, the coming turf war 
could make things very interesting. 

Loren Werner is a former trade jour¬ 
nal editor who now provides marketing 
communications and writing services 
through his consulting company, Tech-
Source, Phoenix, AZ. Werner obtained 
his BA degree from the University of 
California at Irvine. 
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“Microtek in-circuit emulators gave me 
more features for the best price. ” 

You want to do it right, and meet project 
deadlines. That’s not easy, especially when your 
debug environment includes RTOS and C++ 
support. And more hardware hides deeper 
inside silicon. 

You can’t escape these challenges, and neither 
can we. That’s why we pack more features and 
interoperability into our emulators.. 

Only Microtek emulators offer integrated state 
analysis with clock-cycle time stamping - a 
traditional logic analyzerfeature -which allows 
you to track down the cause for system crashes 
that’s impossible for a software debugger to find. 
At the same time, we have integrated high-level 
source display... the kind logic analyzers can 
only show with a complicated connection to the 
target, multiple tool interfaces and non-
interactive, post-processed source display. 

You can quickly view executed code coverage 
from your emulator without a separate tool 
interface, and without instrumenting your code 
or maintaining separate builds. Plus, now you 

can run your Microtek emulator from any seat 
on the network. 

No other emulator offers integrated state 
analysis. No other emulator offers our 
advanced trace and trigger system. No other 
emulator offers SWAT"Software Analysis Tools. 

While other so-called emulator companies are 
de-emphasizing their emulator business, we 
continue to build ours. This means you can 
choose the performance options you need -
from entry-level to the most advanced in the 
industry, all at competitive prices. 

MICROTEK 
In-Circuit Emulators 

1 (800) 886-7333 
Phone: (503) 645-7333 Fax: (503) 629-8460 
Email: info@microtekintl.com 
www.microtekintl.com 
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Ask for our latest technical papers: 

1. Using Microtek Emulators with WindRiver's Tornado 
2. How to Emulate a Single Target System on a Network 
3. Instruction-Level Execution and Branch Code Coverage 

4. Emulator Integrates Logic Analyzer State Analysis and High Level Trace 
5. Mature, Cost-Effective In-Circuit Emulators for NT Workstations 

FREE 
AppNotes 
for the following 

processors: 

Pentium® II 

Pentium® 

National NS486“ 

Intel486” 

Intel386 ’EX/CX/SX 

Am 186/188“ 

Intel 186/188 

683XX/HC16 

8051/52'251 

Financing 
Options 
Available 
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for the work you hove to do. 
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so they’re virtually undetectable at your load. 
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remotely, using GPIB. (VISA architecture supported.) 
Relax, you’re running a cool, calm well-behaved 

100 watts. Ignore the storms outside. 
• Low Noise • Fast Recovery • Fast Programming 
Keypad Dota Entry • 2 Line Alphanumeric Display 
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Tel: (972) 579-7746 • Fax: (972) 579-4608 • E-Mail: kepcotx@aol.com 

READER SERVICE 1S1 



PIPS 
• Power 
• Interconnections 
• Passives 
• Switches & Relays 
• Optoelectronics 

Optical Interconnects Penetrate 
Local-Network Realm 

Thanks To Advances In Laser, Packaging, And Test Technology, 
Optical Interconnects Prepare To Give Moore’s Law New Life. 

TIM BOUR, Cielo Communications Inc., 325 Interlocken Pkwy., Bldg A, Broomfield, CO 80021; (303) 460-0700; 
fax (303) 466-0290; www.cieloinc.com. 

The evolution of computer systems 
over the past two decades shows a 
tremendous increase in processing 

ability per square inch, as postulated 
by Moore’s Law. However, a closer 
look at the progression of interconnec¬ 
tion technologies shows growth trends 
that, while impressive, have not kept 
pace with processing capabilities. As a 
result, the movement of acres of data 
generated by high-speed processors 
has been hampered, making the inter¬ 

implementation. Recent advances in 
laser, packaging, and testing, however, 
are lowering this technology’s cost pre¬ 
mium, such that it is now penetrating 
both WANs and LANs. 

As costs come down, technologies 
such as Gigabit Ethernet (GbE), which 
leverage existing Ethernet standards, 
are ideally positioned to provide the 
bridge between existing, copper-based, 
10/100Base-T local networks and new, 
higher-bandwidth optical infrastruc¬ 

tures. At the same time, fiber-based, 
high-speed data-storage networks, 
such as Fibre Channel, are rapidly be¬ 
ing deployed to support enterprise¬ 
wide data warehousing strategies. 

Implementation Challenges 
A major challenge to the effective 

implementation of these new, high¬ 
speed optical links will be the creation of 
cost-effective, robust, standards-based 
optical transceiver components that can 

connect a major bottleneck. 
To relieve it, systems and net¬ 
work designers are moving 
away from copper-based in¬ 
terconnects, with their inher¬ 
ently high capacitance, noise 
susceptibility, and relatively 
poor signal-loss/distance ra¬ 
tios, to more advanced, high¬ 
speed optical connections. 

While copper links still 
carry the bulk of the load for 
workgroup-level networks, 
optical links are emerging as 
the preferred media for cam¬ 
pus backbones, central-office 
networks, and WANs. These 
systems demand the low 
noise, faster transmission 
rates, zero crosstalk, and wide 
bandwidth that only optical 
systems can provide. Despite 
inherent advantages, the pro¬ 
liferation of optical connector 
technology has been slow, due 

1. The unique laser-launch profile from a vertical-cavity, surface¬ 
emitting laser (VCSEL) shows a donut pattern of light. This eliminates 
the differential-mode delay effect that may occur when light is launched 
uniformly across worst-case multimode fiber. Launching the light in such 
a fashion eliminates smearing over distances as much as three times 

to its relatively high cost of longer than broadly launched signals of the same output power. 

support Gbit/s bandwidths. As 
the demand for gigabit optical 
links accelerates, system de¬ 
signers need access to readily 
available, high-volume sup¬ 
plies of rehable, electro-optical, 
physical-layer components. 

These optical transceivers 
will spark the gigabit revolu¬ 
tion in much the same way the 
availability of standard Ether¬ 
net physical-layer components 
(PH Ys) helped fuel the ubiqui¬ 
tous deployments and falling 
cost curves of 10Base-T and 
100Base-T over the past 
decade. However, the design 
and production of optical in¬ 
terconnects presents a totally 
new and unique set of prob¬ 
lems. These are associated 
with the cost-effective produc¬ 
tion of gigabit-speed lasers us¬ 
ing standard semiconductor 
processes, and the effective 
packaging and alignment of 
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PIPS OPTICAL INTERCONNECTS 

2. To meet the rigorous specification requirements of gigabit-speed networks, every optical interconnect component must consistently produce an 
eye diagram that conforms to a predetermined eye-diagram mask. Using a "worst-case" fiber at 600 m, the vertical-cavity surface-emiting laser 
(VCSEL) still meets the conformance eye mask designed for Gigabit Ethernet (a). Under the same conditions, the edge-emitting CD eye diagram 
shows significant degradation in the eye-opening (b). At extreme degradation, the link integrity will be compromised. 

these devices to optimally launch light 
into standard optical fiber. 

The evolution of higher data rates 
and the migration toward optical finks 
has created a need for greater flexibility 
in interconnect form factors. For in¬ 
stance, link distances and data rates in 
lOBaseT or 100Base-T finks could typi¬ 
cally be handled by a single type of 
physical-layer component, which could 
cost-effectively be soldered directly 
onto a system-level pc board, whether 
it’s a network interface or a switch card. 

But, the greater data rates required 
by optical gigabit links present net¬ 
work-configuration challenges that 
cannot always be cost-effectively re¬ 
solved by a common interconnect or 
transmission methodology. For exam¬ 
ple, GbE links may be implemented ei¬ 
ther as 1000Base-SX links using less 
expensive, short-wavelength (850-nm) 
laser technology over multimode fiber, 
or as 1000Base-LX links using more 
expensive, long-wavelength (1300-nm) 
laser technology over multimode or 
singlemode fiber. Depending upon the 
fiber diameter used, 1000Base-SX can 

support distances up to 550 m on 50-pm 
multimode fiber, and up to 275 m on 
62.5-pm multimode fiber. On the other 
hand, 1000Base-LX can support dis¬ 
tances of550 m on either 50- or 62.5-pm 
multimode fiber, and up to 5000 m on 9-
pm single-mode fiber (see the table). 

Because long-wavelength trans¬ 
ceivers for 1000Base-LX interconnects 
are inherently more expensive than 
short-wavelength, 1000Base-SX com¬ 
ponents, it’s important to instill a higher 
degree of configuration flexibility into 
the deployment of optical transceivers. 
Along with the traditional 1 by 9 (1 row 
by 9 pins) solderable component form 
factor used throughout copper-based 
Ethernet and Fiber Distributed Data 
Interface (FDDI) implementations, 
GbE links can also be implemented us¬ 
ing complete module-level pluggable 
transceivers based on the widely-
adopted industry-standard Gigabit In¬ 
terface Converter (GBIC) form factor. 

Not only do interchangeable GBICs 
give network administrators the flexi¬ 
bility to tailor network topologies and 
link distances and costs to specific re-

EVOLUTION OF NETWORK INTERCONNECT TECHNOLOGIES 
Network 
standard 

Data 
rate 

Maximum distance 
per link 

Media 
flexibility 

Ethernet 10 Mbits/s 2 km Soldered discrete components 

Fast Ethernet 100 Mbits/s 2 km Soldered 1 by 9 transceiver 

FDDI 100 Mbits/s 2 km Soldered 1 by 9 transceiver 

Gigabit 
Ethernet 
1000Base-SX 

1.0 Gbit/s 550 m (multimode fiber) Soldered 1 by 9 transceiver or 

pluggable GBIC transceivers 

Gigabit 
Ethernet 
1OOOBase-LX 

1.0 Gbit/s 550 m (multimode fiber) 

5 km (single-mode fiber) 

Soldered 1 by 9 transceiver or 

pluggable GBIC transceivers 

quirements, they also allow for subse¬ 
quent network reconfiguration as needs 
change—without wholesale replace¬ 
ment or system-level investments. 

Design Issues 
The design and manufacture of cost-

effective, optical interconnect solutions 
for use in Gbit/s GBICs, hinges on suc¬ 
cessfully meeting reliability and dis¬ 
tance requirements of the GbE specifi¬ 
cations. At the same time, companies 
need to drive down packaging, align¬ 
ment, and test costs of these devices to 
support high-volume deployments. 

Reliability and distance: The most 
critical factor impacting the reliable 
transport of optical signals over practi¬ 
cal distances is differential mode delay 
(DMD), important because light travel¬ 
ing through multimode optical fibers 
tends to bounce through the fiber at 
different angles, depending upon its 
distance from the center of the fiber. 
This results in different propagation 
paths (modes) for different parts of the 
fiber. As a result, a signal launched 
across the entire fiber tends to “smear” 
as it goes through the fiber. In essence, 
the same signal is being simultaneously 
propagated down the fiber following 
different path lengths in the center 
than at the edges. Thus, a digital pulse 
of a given output power will tend to 
move toward a bell-shaped curve as the 
signal is smeared over a given distance. 

Ideally, the fiber is constructed to 
compensate for this by allowing light 
travelling on the outside of the fiber to 
move at a higher velocity. In some 
fibers, however, construction is non-op-



Upgrades by Design 
not Redesign... 

Whoever said "the more things change, 
the more they stay the same" sure wasn't 
referring to your business! Change is what 
drives the business and it's also what can 
drive you crazy when it comes to designing 
new devices into your existing products. 

That's precisely why Aries Correct-A-Chip'“ 
technology is so popular with designers 
who are always looking to upgrade: it lets 
them (and you) take advantage of device 
enhancements without board rework, 
redesign or delays. 

Change is good. With Correct-A-Chip, 
it’s a Iso easy! 
With Correct-A-Chip, you can change from 
one footprint or package type to another, 
from surface mount to through-hole, from 
one pinout to another, from one...you get 
the picture. If there's a way to upgrade 
your product with a new chip, there's a 
Correct-A-Chip that lets you do it quickly 
and economically. 

With Correct-A-Chip, you can even add 
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while you upgrade to a new device -
all in the same space! And, for even 
greater miniaturization and performance, 
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you how easy it is to change... for the good. 
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timal, resulting in increased DMD. 
With uncontrolled DMD, a string of 
pulses can spread out so much that they 
interfere with each other to the extent 
that data cannot be recovered reliably. 

Extensive analysis of DMD charac¬ 
teristics in today’s fiber-optic cabling 
system has shown that optimum sig¬ 
nal-propagation distances can be 
achieved by selectively launching fight 
into the fiber in a donut shape that uni¬ 
formly encircles the fiber’s center (Fig. 
1). This allows for maximum light out¬ 
put across a minimum number of prop¬ 
agation modes. This eliminates smear¬ 
ing over distances up to three times 
longer than broadly launched signals of 
the same output strength. 

Packaging and alignment: The 
main contributor to packaging cost is 
the process of aligning light coming out 
of the semiconductor with the optical 
fiber. Physical packaging of optical 
transceiver components involves all of 
the normal semiconductor packaging 
issues—plus a giant step in difficulty 

dictably rely on it to produce the re¬ 
quired propagation distances. 

It’s also vitally important to keep in 
mind that the component must meet 
the eye-diagram mask test at more than 
just a single-point operating tempera¬ 
ture. Typically, today’s network-equip¬ 
ment manufacturers must design then-
systems for full test compliance at oper¬ 
ating temperatures across a range from 
0° to 70°C. Therefore, it is important 
that optical-interconnect component¬ 
level suppliers ensure compliance with 
the specification over the full operating 
range. This is especially true at the high 
end (70°C) where it’s difficult to main¬ 
tain output stability. Vendors can deal 
with this by extensive over-tempera¬ 
ture device characterization and on-go¬ 
ing production verification testing. 

Initially, GbE implementations were 
cost constrained due to the need to use 
expensive, edge-emitting lasers for 
both long-wavelength (1000Base-LX) 
and short-wavelength (l()00Base-SX) 
implementations. While edge-emitting 

designs remain the primary method for 
producing long-wavelength, Fabry-
Perot (FP) transceivers, vertical-cav¬ 
ity, surface-emitting lasers (VCSELs) 
have emerged as a more effective 
method for creating short-wavelength 
transceivers. It does this at less than 
half the cost of edge-emitting FP lasers. 

As gigabit-level optical networks 
move into wider deployment levels, re¬ 
quiring greater configuration flexibil¬ 
ity, VCSEL-based GBICs open the 
door for cost-effective volume installa¬ 
tions of 1000Base-SX solutions. VC-
SEL technology meets and exceeds the 
critical challenge of providing reliable 
signal propagation up to, and beyond, 
specified distances, all while allowing 
for straightforward packaging/ align¬ 
ment methodologies and efficient pro¬ 
duction-level testing and verification. 

As its name implies, a vertical cavity 
laser is formed through the vertical 
stacking of crystalline mirrors. Sand¬ 
wiched within these mirrors are the epi¬ 
taxial layers of an active, light-emitting 

with regard to alignment. The 
effective launching of light 
from the semiconductor into 
the fiber demands precise and 
consistent alignment relation¬ 
ships between the internal po¬ 
sitioning of the semiconductor 
and the external plug points 
for the fiber connector. In ad¬ 
dition, these critical coupling-
efficiency alignments must re¬ 
main intact during 
subsequent shipping, han¬ 
dling, and systems assembly, 
as well as throughout a wide 
range of operating conditions. 

Test: The nature of optical 
interconnects, combined with 
the wide range of operating 
environments for gigabit¬ 
speed networks, makes rigor¬ 
ous testing critical in compo¬ 
nent manufacturing. To meet 
specification requirements, 
every optical interconnect 
component must be able to 
consistently produce an eye 
diagram that conforms to a 
predetermined eye-diagram 
mask (Fig. 2a and b). Only by 
ensuring that light pulses ac¬ 
tually emitted by the compo¬ 
nent are consistently grouped 
within the GbE standard’s eye 
diagram, can the designer pre-

3. The VCSEL fabrication process produces complete lasing devices on the 
wafer. This way, every device can be fully tested while it's still in a 
wafer state, and therefore, take advantage of lower-cost semiconductor 
techniques. In contrast, edge-emitting lasers must be cleaved and 
separated to form their mirrors prior to testing. 

semiconductor. As many as 
120 mirror layers may be com¬ 
bined within a total thickness 
of <10 pm, to accomplish the 
required lasing action for a gi¬ 
gabit-speed communications 
interface. Unlike edge-emit¬ 
ting lasers, the output from a 
VCSE L is emitted from a rela¬ 
tively small area (5 to 25 pm) 
on the chip’s surface, directly 
above the active region. An 
edge-emitting laser requires 
much more wafer area, due to 
the relatively long waveguide 
needed (200 to 500 pm). 

From a practical standpoint, 
a VCSEL’s physical structure 
yields many inherent design 
advantages like compact size 
and surface area, high reliabil¬ 
ity, and size and shape flexibil¬ 
ity in the output aperture. 
Through tight fabrication con¬ 
trol, VCSEL crystalline struc¬ 
tures can also be specifically 
tailored to overcome DMD. 
This is done by optimizing 
their launch patterns to match 
the specific characteristics of 
existing multimode fiber-optic 
cabling installations. 

A VCSEL’s smaller size 
means that it requires much 
less operating current to turn 
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the light pulse on and off. For example, a 
VCSEL’s lasing threshold can be as low 
as 1 to 2 mA, while larger, edge-emitting 
FP lasers need about 30 mA to drive the 
lasing activity. VCSELs thus use less 
power and dissipate significantly less 
heat during normal operation.Not only 
do their lower power requirements in¬ 
crease circuit reliability, VCSELs also 
greatly simplify overall design chal¬ 
lenges for the system designer. They do 
this by minimizing support-circuitry 
and power-supply requirements, while 
reducing the complexity of EMI compli¬ 
ance for the transceiver module. 

VCSELs greatly reduce both the 
cost and complexity of creating a com¬ 
plete, fiber-coupled transmitting de¬ 
vice. Traditionally, the need to hermeti¬ 
cally seal edge-emitting lasers, 
combined with the alignment difficul¬ 
ties associated with their asymmetric 
diffraction patterns, drives up overall 
packaging costs. VCSELs provide high 
reliability without hermetic sealing be¬ 
cause their active regions are buried 
several microns beneath the surface, 
with no exposed active facets. Non-her-
metic VCSEL packaging can be de¬ 
signed with plastics instead of ceramics 
to further reduce materials costs. 

Also, the output aperture of a multi¬ 
mode VCSEL is typically a 5- to 20-pm 
circular aperture, producing a low-di¬ 
vergence circular beam. The VCSEL’s 
vertically-emitted beam presents a 
straightforward mechanism for simple 
coupling of the device directly to the op¬ 
tical fiber. This minimizes the cost and 
complexity of packaging and alignment. 

Because the VCSEL fabrication 
process produces a complete lasing de¬ 
vice on the wafer, prior to scribe-and-
break operations, it is possible to fully 
test every device while still in a wafer 
state. This allows designers to use 
highly efficient, semiconductor-ori¬ 
ented, step-and-test methods (Fig. 3). 

Unlike edge-emitting lasers, which 
must be separated and assembled with 
their mirroring structures prior to test¬ 
ing, a VCSEL allows interconnect com¬ 
ponent manufacturers to push the yield 
loss up into the lower-cost, wafer-state 
arena. Ultimately, this translates into 
the lower optical-interconnect-compo¬ 
nent costs that system designers need 
to meet higher volumes in the short¬ 
distance, fiber-optic-link GbE market. 

The ability to monolithically produce 
VCSEL arrays also opens the door for 

expanded architectural options at the 
transceiver-module level. The combi¬ 
nation of closer edge-to-edge spacing 
for discrete VCSEL devices, consis¬ 
tently uniform alignment characteris¬ 
tics, low power consumption, reduced 
heat dissipation, and minimal crosstalk 
susceptibility, allows designers to pack 
more interconnects within existing size 
and power constraints. The monolithic 
nature of VCSEL device manufactur¬ 
ing also has the potential to be adapted 
to support multiple lasing devices 
within a single chip-level package. Such 
configurations could someday provide 
the key for the practical implementa¬ 
tion of parallel, optical-gigabit links. 

As gigabit-per-second networks and 
data communications systems begin to 
rely on optical-interconnect technolo¬ 
gies, the current combination of sur¬ 
face-emitting VCSEL technology for 
short wavelengths, and edge-emitting 
Fabry-Perot technology for long wave¬ 
lengths, provides optimal cost/perfor-
mance trade-offs for both 1000Base-SX 
and 1000Base-LX transceivers. It’s 
also likely that future improvements to 
VCSEL fabrication processes will pave 
the way for cost-effective VCSEL im¬ 
plementations of long-wavelength 
(1300-nm) lasers. That will allow all of 
the VCSEL’s reliability, alignment, 
testing, and cost advantages to migrate 
into 1000Base-LX transceivers as well. 

From a systems standpoint, the flex¬ 
ibility to configure systems with hot-
swappable transceiver components, in¬ 
stead of l-by-9 soldered solutions, will 
provide a significant cost reduction. At 
the same time it will shrink the inven¬ 
tory levels needed to meet customer de¬ 
mand. The widespread adoption of the 
GBIC transceiver form factor allows to¬ 
day’s solutions to be easily deployed 
within dynamic and diverse network 
topologies, laying the foundation for a 
smooth migration to tomorrow’s innova¬ 
tions in optical transceiver technology. 

Tim Bour, president and CEO of 
Cielo Communications Inc., has over 
20 years experience in manufacturing, 
product development, business plan¬ 
ning, financial planning, and strategic 
marketing, including eight years in 
high-speed fiber optic components and 
transceivers. He received a BS in 
Chemical Engineering from the Uni¬ 
versity of Cincinnati, Ohio, and an 
MBA from Ohio State University. 
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Wirewound 

For additional information about our SMD 
Power MOSFETs call 1-800-554-5565. 

Optimized MOSFETs with 3.5nC Gate 
Charge Efficient switching in dc/dc 
power conversion applications. 

Package Capability Available in 
standard, thin or special packages. 
All ratings. 

For Flash Fax service call 1-800-487-9437 
and enter document #40050. 

Broadest Offering of N- and P-
Channel MOSFETs Enables designers 
to optimize space and performance -
SO-8, TSSOP-8, TSOP-6, SOT-23, 
DPAK, D2PAK, TO-220. 

Breakdown Voltages Up to 60V at 
4.5V gate ratings. 

Networks • Tanalum (Solid) Capacitors • Tantalum (Wet) 
Capacitors • MLCCs • Ceramic Capacitors • Film 
Capacitors • Aluminum Capacitors • Trimming Potentiometers 
• Panel Controls • Custom Magnetics • Inductors 

Discrete Semiconductors 
Optoelectronic Components • Small Signal Transmitters 
• Power Integrated Circuits • Diodes • Power MOSFETs 
• RF Suppressors • Analog Switches and Multiplexers 

" ESD Protected 30mQ MOSFETs in 
TSSOP-8. Ideal for Li Ion battery 
applications. 

MANUFACTURER OF THE 
WORLD'S BROADEST UNE 
OF DISCRETE ELECTRONIC 

COMPONENTS 

VISHAY INTERTECHNOLOGY, INC. 
Dale • Draloric • Foil Resistors 

Lite-On PSC • Roederstein • Sternice 
Siliconix • Sprague • Telefunken 

Thin Film • Vitramon 

4mQ On-Resistance 
75A-30V Breakdown in a D^PAK 

1000pF Tantalum SMD 
20mQ ESR (typ.) at 100 kHz/25°C 

Foil Resistors • Meal Film Resistors & 
Thick Film Resistors & Networks • Thin Film 
Networks • Current Sensing Resistors • 
Discrete Resistors • Thick Film R/C 
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PIPS PRODUCTS 

II PRODUCT UPDATE: FIBER-OPTIC AND INFRARED COMPONENTS I 
Manufacturer Device Description 

Price and 
delivery CIRCLE 

Allied Telesyn International Corp. 
Sunnyvale, CA 
Sales Dept. (800) 424-4282 
Fax (408) 736-0100 
www.alliedtelesyn.com 

AT-MX40F/ 
SM and AT-
MX500F/SM 
transceivers 

These microtransceiver modules target 10Base-FL and 100Base-FX 
applications, respectively. The ’40F/SM uses ST connectors, and 
connects to almost any data terminal or hub at rates of up to 10 Mbits/s 
(single mode). The ’500F/SM uses SC connectors, and provides 
connectivity between standard 40-pin media-independent interfaces and 
standard Fast Ethernet cabling. Data rates reach up to 100 Mbits/s, again 
with single-mode fiber. 

AT-
MX40F/SM, 
$586; AT-

MX500F/SM, 
$1048 

553 

Clairex Technologies Inc. 
Plano. TX 
Albert Bomchill (972) 422-4676 
Fax (972) 423-8628 

CLE234E 
quad-chip, 
infrared 
diode 

Designed for high-power applications, this quad-chip infrared (IR) 
diode produces 600 mW of power, at a wavelength of 880 nm. when 
pulsed with 10 A at a low duty cycle. Comprising 12-mil2 IR diodes 
rated at a continuous forward current of 100 mA, the device measures 
30 mil2, and is rated at 500 mA. The chip is mounted in a TO-46 
package with a water-dear epoxy dome and a uniform 140" radiation 
pattern. The operating temperature reaches as high as 150"C. 

$5.92 
each/100; 

two to three 
weeks ARO 

554 

Connect-Tech Products Inc. 
Carson City, NV 
Sales Dept. (800) 809-2751 
Fax (702) 883-4874 
www.connect-tech.thomasregister.com 

FC and SC 
connectors 

and 
adapters 

Designed for telecom and network applications, this line of fiber-optic 
connectors and adapters come in FC and SC configurations. The FC-
style adapters are available in single-mode or multimode versions, 
while the SC connectors and adapters are available in single- or dual¬ 
wide versions; both suit 3.0- or 900-pm-diameter cable. 

$0.69 each; 
four weeks 
ARO 

555 

Fiber-optic 
patch cords 

Available in ST, FC, and SC single-mode versions, these fiber-optic 
patch cords meet FDDI and SNA 905 requirements. The cords are 
designed to work with plastic optical-fiber cables and fan-out cables 
with various style connectors. Typical lengths are 1, 2, 3, 4. or 5 m, but 
custom lengths are available. 

From $14; 
four weeks 
ARO 

556 

Finisar Corp. 
Mountain View. CA 
Dick Woodrow (650) 691-4000 
Fax (650) 691-4010 
E-mail: sales@finisar.com 
www.finisar.com 

FTR-8520 
and-1320 
GBIC 

transceivers 

These hot-pluggable, gigabit interface converter (GBIC) transceivers 
come in short-wavelength; multimode; and long-wavelength, single¬ 
mode versions, respectively. Fully compliant with the GBIC 
specification, the converters can determine the Open Fibre Control 
(OFC) or non-OFC preference of the opposite end of a Fibre Channel 
Link, and adopt that mode of operation. Other features include built-in 
self test, diagnostics, automatic start up, a transmission distance of 30 
km, and a data rate of 100 Mbits/s to 1.25 Gbits/s.The bit-error rate 
(BER) is less than 10"16 . 

FTR-8520, 
$169; FTR-
1320, $336 

557 

Hamamatsu Corp. 
Bridgewater. NJ 
Sales Dept. (800) 524-0504 
Fax (908) 231-1218 

Infrared 
laser diodes 

This series of infrared, pulsed, laser diodes targets both industrial and 
scientific applications. Available with output wavelengths ranging from 
807 nm up to 870 nm, the diodes have an output power capability 
ranging from 700 mW to 20 W, depending on the device chosen and 
its mode of operation. A typical version, the L7055-04, has a rise time 
of 0.5 ns, a spectral radiation bandwidth of 4 nm, a beam spread of 
8s, and a duty ratio of 0.075%. 

From $160; 
five days 
ARO 

558 

Hirose Electric (U.S.A.) Inc. 
Simi Valley, CA 
Sales Dept. (805) 522-7958 
Fax (800) 879-8071 

HO7 series 
duplex 

connector 

Conforming to IEEE 1394b, S100 standard, as well as the ATM Forum 
standard for P/N connectors, these duplex connectors suit plastic-fiber 
applications. The connectors have a single-body design, with metal 
ferrules. Features include an improved friction-lock mechanism and 
coupling stability. 

$1.82 each 
per 1000; six 

to eight 
weeks 

559 

Hitachi Semiconductor (America) Inc. 
Brisbane, CA 
Sales Dept. (800) 285-1601 
Fax: (303) 297-0447 
www.hitachi.com/semiconductor 

HL6321G 
and 

HL6322G 
red laser 
diodes 

These AIGalnP-based, multi-quantum-well, red laser diodes come in 
a type-G package, and output up to 15 mW of power at a wavelength 
of 635 nm. Operating off 2.7 V, the devices have an operating 
temperature range of -10° to 50°C, and a typical horizontal and 
vertical beam divergence of 8° and 30°, respectively. 

$130 each 
per 1000; 

samples now, 
volume Q4 

560 

Honeywell's Micro Switch Div. 
Freeport, IL 
Sales Dept. (800) 537-6945 
Fax: (815) 235-6545 
E-mail: info@micro.honeywell.com 
www.honeywell.com/sensing/. 

HFE438X 
series 

connector-
ized VCSEL 

Intended for high-speed data transmission, these connectorized, 
vertical-cavity, surface-emitting laser (VCSEL) components have an 
output wavelength of 850 nm. Features include a lensed and pre-
aligned SC connector sleeve, and a photodetector that assists in 
optical-power monitoring. 

$22.01 each 
per 1000; 

stock 

561 

HFE408X 
series 
VCSEL 

Emitting at a wavelength of 850 nm, these VCSEL lasers come in a 
TO-46 package with an operating temperature range of 0 to 70°C. The 
devices have an operating frequency of 1 GHz, and can operate in a 
single longitudinal mode, but with multiple transverse modes. 

$12.71 to 
$15.50; stock 

562 

Lucent Technologies 
Microelectronics Group 
Murray Hill, NJ 
Customer Response (800) 372-2447 
www.lucent.com/micro 

Speed-
Blaster 

miniature 
transceivers 

Part of the company's NetLight family of transceivers for Gigabit 
Ethernet, ATM, SONET, and Fibre Channel applications, these 
miniature devices follow the industry footprint of 0.5-in. wide. Half the 
common standard of 1 in., the devices double the port density while 
providing a bandwidth of between 155 and 2.5 Gbits/s. Available in 
10- and 20-pin configurations, the transceivers operate off 3.3 V, and 
include features such as clock recovery and laser-diode monitoring 
and control. The receptacle is LC compatible. 

$905 each 
per 1000; 

samples Q4 

563 
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darting Introduces USB 
Connector 

»lew HARTING Universal Serial Bus Connector --
Series A and B add a new dimension of flexibility to 
desktop/ Notebook PC and a variety of peripheral 
ievices. Single USB port is used for connecting 
reripheral devices, including those that use serial, 
rarallel, keyboard, mice or game ports. Peripheral 
ievices are connected to the PC through the same 
:onnector allowing a reduction of required PC slots. 
Jsers will be particularly interested in these 
eatures: Plug and Play; Hot Swapping Capabilities; 
Computer I telephony integration: and Port 
:onsolidation. HARTING’S new units permit transfer 
ates up to 12 Mb / s and support up to127 devices, 
rhe USB has subchannel for 1.5 Mb/s signaling 
and allows daisy chaining of peripheral devices. Up 
o 5m per cable segment, Isochronus and 
Asynchronous data transfer and built-in power 
distribution for low power devices are important 
specifications. 
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har-pak® 2.5mm 
Connector 
System... 
High Density, Board To 
Board, Analog Coax 
Solution 
HARTING’S micro coaxial 
connector system can 
provide more than twice the 
number of contacts in the 
same board space of typical 
SMA or DIN connector 
styles. The coax system 
can increase the quantity of 
high speed analog signal 

density and save space on your PCB. The 
HARTING har-pak® coax and signal connector 
systems are robust and have densities reaching 35 
pins per inch. The larger 2.5 mm contact spacing 
improves crosstalk and high frequency performance. 
The har-pak® system is made for high volume 
applications with SMD compatibility and reliable 
solderless compliant pin terminations for both signal 
and coax applications. The har-pak® connector 
systems can provide a competitive advantage to 
increase your system performance, reduce 
manufacturing cost, and increase system reliability. 
READER SERVICE 179 

HARTING Introduces SCA-2 
Connectors for Storage Devices 
The new SCA-2 connectors serve as the only 
means of electrically attaching a small form factor 
hard disk drive. Available with 40 and 80 contact 
positions for fiber channel and SCSI drives 
respectively. Connectors contain make-first / break¬ 
last contacts that enable users to “hot-swap" storage 
devices without taking the entire storage unit off¬ 
line. Blind mating is accomplished through a pair of 
guideposts on the plug connector that have a 
generous lead-in and are equipped with grounding 
contacts. The plug ground contacts mate with a pair 

of ground contacts on the receptacle 
before any other electrical connection 
is made thus protecting the storage 
device from electrostatic discharge. 
Final alignment is performed by the “D” 
shape of the mating connector bodies. 
Highly reliable bellows style contacts 

are used for signal contacts. The 
plastic connector housings are made of 
high temperature thermoplastic for 
surface mount compatibility. 
READER SERVICE 180 

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 capability, easy handling, low applied cost 
and application 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 cable transition. 
READER SERVICE 181 

The Future is fine Pitch 

har-mik* -
High Density I/O 
Connector Systems 

The har-mik® connector 
family is designed to meet 
the requirements of the new 
generation of parallel and 
serial bus applications. 

SCSI 2 & 3 range offer 
significant advantages in 
weight saving and 
termination techniques. 

The new lightweight version 
provides a weight saving of 
more than 35 % when 
compared to standard 
versions. 

In addition HARTING now 
offers a press in version for 
plated through holes of 
0.55 to 0.67 mm, which can 

be terminated using 'flat rock' 
tooling. 

For PC and peripheral applications 
requiring a single USB port 
HARTING now offers a 
comprehensive range of USB jacks, 
plug connectors and cable 
assemblies for PC and peripheral 
applications Key features include 
full “plug and play" compatibility and 
“hot swapping" connection and 
disconnection. 

■ Applications in storage 
equipment and EDP 
standardization 

HARTING, Inc. of North America 
1370 Bowes Road 
Elgin. IL 60123 
Tel. 847-741-1500 Fax 847 741-8257 
E-Mail: more.infoOHARTING COM 

People 
HARTING Power 

Partnership 
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PIPS PRODUCTS 
OPTOELECTRONICS 

Solid-State Telecom Relay 
Uses Optical Isolation 
The TRI 15 is an optically coupled, 
solid-state relay for telecom applica¬ 
tions. Available in an 8-pin package, 
the device uses an ac switch compris¬ 
ing an LED optically coupled to a di¬ 
electrically isolated IC. The IC drives 
a pair of DMOS transistors. A pair of 
back-to-back LEDs, coupled to a bipo¬ 

lar transistor, make up the ac detector. 
Together, the two circuits can provide 
hookswitch and ring detection in one 

package. The device has a height of 
0.093 in. Pricing is $1.99 each per 
10,000; delivery is two to four weeks. 

Solid State Optronics Inc., 2 North 

First St., San Jose, CA 951 13; Anna 

Highsmith (888) 377-4776; Internet: 

www.ssousa.com. CIRCLE 530 

CCDs Operate In Line-Binning 
And Area-Scanning Modes 
The S7030 and S7031 series of back-
thinned CCD image sensors come in 
uncooled and thermoelectrically 
cooled versions, respectively. Able to 

operate in both line-binning and area¬ 
scanning modes, both sensors use 
FFT CCDs and have a pixel size of 24 
by 24 pm. The devices, which come in 
24-pin packages, feature a quantum ef¬ 
ficiency of over 90% and a spectral re¬ 
sponse of 200 to 1100 nm. Pricing for 
the S7030 is $1470, and $1935 for the 
S7031; availability is five weeks. 

Hamamatsu Corp., 360 Foothill Rd., 

Box 6910, Bridgewater, NJ 08807-

0910; Sales Dept. (800) 524-0504; fax 

(908) 231-1218. CIRCLE 531 

Visible Laser Diode Outputs 
At 650 nm At Low Currents 
Designed for DVD and bar-code scan¬ 
ner applications, the RLD-65MC/PC 
laser diode outputs light at a wave¬ 

length of 650 nm. Manufactured using 
a strained MQW active layer, the 
diode has a luminous intensity of 7 
mW and a guaranteed high operating 
temperature range of 70°C. Typical 
(continued on page 74) 

We think an embedded software debug system 
should consume no target resources, provide high-speed code download, 
be easy to use, pertorm non-stop, otter full-speed target control, have 
up to 256k trace and 8MB overlay memory, win innovation awards, 
integrate with popular tool chains, pay for itself in a matter of weeks, 

and fit in the palm of your hand. 

Introducing SuperTAP" 

72 



Amazing What You Can Do 
With The Right Connections. 

Mil! ¿'4^1 Mi MMWÉ—I JttLJ 

With New 
OrCAD Layout, 
You’ll Improve 

Communication 
Across The Board. 

It takes more than a netlist to turn your 

ideas into a working PCB. 
It takes new OrCAD Layout. No other 

PCB solution connects you electronically 
with so many kinds of information, to reduce 

rework and deliver an accurate, correct 

board faster. 
Start your board design with OrCAD 

Capture CIS™. As you place parts, it automati¬ 

cally imports all the component data you 
need, including company part numbers, PCB 

footprints and simulation models, then passes 

it to OrCAD Layout. 

OrCAD Layout also accepts mechanical 

constraints and floor plan data from 
ProEngineer, SDRC, and SolidEdge. It 
includes OrCAD’s shape-based autorouter, 

and a Cadence SPECCTRA interface for 
high-speed designs. GenCAD/GenCAM 
outputs pass completeCAD information to 

fabrication, assembly and test systems. 
Want better communication across your 

entire design process? Connect with OrCAD 

and get the details on new OrCAD Layout. 
Visit us at www.orcad.com/layout 
or call 1-800-671-9506. 

OtCAD Layout is a registered trademark and OtCAD Capture CIS is a trademark 
of OtCAD. Inc. All other trademarks mentioned are property of their respective owners. 

EDA for the Windows NT Enterprise 

OrCADH 
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PIPS PRODUCTS 

74 

OPTOELECTRONICS 

(continued from page 72) 
operating current is 50 mA. Other fea¬ 
tures include an output efficiency of 
0.4 mW/mA at 2 mW, and an operating 
voltage of 2.3 V. Pricing is $10 each per 
500. 

Rohm Corp., 3034 Owen Dr., Anti¬ 

och, TN 37013; Sales Dept. (888) 775-

ROHM; fax (615) 641-2022; Internet: 

www. rohmelectronics. com. CIRCLE 532 

Four-Pin Power LEDs Give 
Even Light Distribution 
The QTLP320C and QTLP321C series 
four-pin LEDs have a viewing angle of 
70° and 50°, respectively. The devices 
are available in TsAlGaAs red and 

AlInGaP yellow and amber with a 
clear lens. Other features include a 
forward current of 300 mA (peak), a 
power dissipation of 160 mW, and an 
operating temperature range of -40° 
to 100°C. Compatible with automatic 
placement equipment, the devices are 
available in 60-piece tube packages at 
a price of $0.90. 

QT Optoelectronics, 610 North Mary 

Ave., Sunnyvale, CA 94086; Sales Dept. 

(800) LED OPTO; www.qtopto.com. 

CIRCLE 533 

LED Lamps Have A High-
Intensity White Output 
Using InGaN technology to achieve 
the elusive blue element, the 200-
NWW model LED outputs white light 
with a luminous intensity of 1100 med 

and a viewing angle of 50°. The typical 
forward current is 15 to 17 mA. The 
lamps, which come in panel-mount or 
lamp-based versions, feature a wide 
range of operating voltages from 5 to 

120 V ac, de, or bipolar. Options in¬ 
clude snap-in, cartridge-mount, or 
bolt-on panel lights with secondary 
optics. The lamp-based design can re¬ 
place any T-l 3/4, T-3 1/4, or T-4 1/2 in¬ 
candescent bulb. Pricing for the T-l 
3/4 flange-base lamp is $5.43 each per 
1000. Delivery is six to eight weeks. 

Data Display Products, 445 South 

Douglas St., El Segundo, CA 90245-

4630; Sales Dept. (310) 640-0442; fax 

(310) 640-7639. CIRCLE 534 

Reflective Sensor Senses 
Over Long Distances 
The OPB715 series of reflective sen¬ 
sors can accurately detect paper at a 
distance of up to 0.5 in. They come 
with 18-in. wire leads and dissipate 

300 mW. Panel-mountable, the devices 
have either TTL totem-pole or TTL 
open-collector outputs and an operat¬ 
ing temperature range of -40° to 85°C. 
Custom options include lenses, apera-
tures, filters, and connectors. Pricing 
is $4.90 each per 1000. 

Optek Technology Inc., 1215 West 

Crosby Rd., Carrollton, TX 75006; Sales 

Dept. (792) 323-2200; fax (972) 323-

2396; optek 1 @optekinc.com; Internet: 

www.optekinc.com. CIRCLE 535 

1.8- And 2.5-in. TFT Displays 
Target Instrumentation 
Aimed at instrumentation applica¬ 
tions, the AND-TFT-18DM and AND-
TFT-25DM are 1.8- and 2.5-in. active¬ 
matrix TFT LCDs, respectively. Both 
displays have a resolution of 160 by 
234 pixels and take an analog RGB in¬ 
put. The 1.8-in. display has a bright¬ 
ness of 230 nits, overall dimensions of 
51 by 39 by 13 mm, and a total power 
consumption is 0.90 W, with an exter¬ 
nal dc-dc converter. The 2.5-in ver¬ 
sions has overall dimensions of 68 by 
55 by 13 mm, a brightness of 300 nits, 
(continued on page 76) 

s-siwrcff 
.A Division of t.kctnmic Components Groupe, inc. 

7153 Northland Dr.. Brooklyn Pk, MN 55428 
Phone: 612-504-3525 Fax: 612-531-8235 
www.e-swltch.comlnfo@e-swltch.com 
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New processor. 

what now? New RTOS. 
New connections . 

Simulator 

ChorusOS 

VRTX 
Windows CE* pRIS M+ 

bur OS 

i 

BDM/JTAG 
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XRAY® 
Debugger 

You need a powerful, proven 

debugging solution that’s flexible 

enough to work with any combina¬ 

tion of processor, RTOS or target 

connection. 

XRAY* Debugger, the 

debugger that’s set the standard for a 

whole generation of embedded 

software designers, now supports 

most major RTOSs, including 

Microsoft* Windows* CE. It’s also 

available on most popular 32-bit 

embedded processors, such as the 

ARM* and PowerPC™ families. 

Furthermore, XRAY supports 

virtually any connection, including 

BDM, serial, Ethernet and leading 

hardware-assist solutions. And to 

top it all off, XRAY can simulate 

your target before your hardware is 

even ready! 

No other debugger gives you 

this much functionality or flexibility. 

That’s why XRAY is everywhere. 

Visit www.mentorg.com/ 

microtec/xray/info.html or call 

800-950-5554 ext. 7025, dept. 525 

for more information about XRAY 

Debugger. And while you’re there, 

register to win your own state-of-

the-art satellite dish system! 

See it all in our booth 
#1028 at ESC! 

Debug Moni:o 

The Power To Create* 
Microtec Solutions 
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PIPS PRODUCTS 
OPTOELECTRONICS 

(continued from page 7)) 

and a total power consumption of 0.97 
W. Pricing is $67 for the AND-TFT-
18DM, and $96 for the AND-TFT-
15DM. 

Purdy Electronics Corp., 720 Palo¬ 

mar Ave., Sunnyvale, CA 94086; Paul 

Baibas (408) 523-8218; fax (408) 733-

1287; e-mail: pabpurdy@ix.netcom. 

com; www.purayelectronics.com. 

CIRCLE 536 

Flat-Panel Monitors Come In 
A Wide Range Of Sizes 
The Bare Vue line of flat-panel moni¬ 
tors are available in an array of sizes 

and resolutions for system integrators 
and OEMs. Mountable in custom cabi¬ 
nets and remote enclosures, the dis¬ 
plays use the company’s SmartSync 
technology so that analog input can be 
translated to a digital format to di¬ 

rectly drive the display. The panels, 
which act as drop-in replacements for 
CRTs, range in size from 10.4 to 14.1 
in. and in resolution from 640 by 480 to 
1280 by 1024. A touchscreen is op¬ 
tional. The 10.4-in. version with VGA 
resolution costs $1200 each in volume. 

National Display Systems Inc., 761 -

A University Ave., Los Gatos, CA 

95032; Sales Dept. (408) 395-8688; 

fax (408) 395-5288; Internet: 

www. nationaldisplay, com. CIRCLE 537 

Five-Inch TFT LCD Comes 
With Multiple Input Formats 
The V-LCD5V is a 5-in. TFT LCD 
that features a resolution of960 by 234 
pixels and the ability to switch be¬ 
tween VGA, NTSC, and RGB inputs. 

Targeting wall-display and single-
board-computer applications, the dis¬ 
plays come with a touchscreen option. 
Pricing is $599 each. 

Marshall Electronics Inc., P.O. Box 

2027, Culver City, CA 90231; Nathan 

Mordukhay (800) 800-6608; fax (310) 

391-8926; e-mail: webmaster@mars-

cam.com; www.mars-cam.com. 

CIRCLE 538 

Get Your FREE Switch Design Guide 
To see the lighted switches that define 
quality for the entire industry, get your 
free Switch Design Guide now. Call 
602/991-0942, fax 602/998-1435 or 

write NKK Switches, 7850 E. Gelding Dr., 
Scottsdale, AZ 85260. www.nkkswitches.com 

rkh; . 
fwjtchej 



Problem: 
Build a high performance interconnect system tough 

enough to survive challenging environments. 
Even sterilization. 

No Problem. 
For Precision Interconnect. 

P) roviding the complete interconnect systems for hand-held surgical devices has given us the expertise to meet severe environmental 
challenges as well as precise electrical demands. Rigorous testing, simulating exposure to chemicals, heat, humidity, and other 

physical abuses, confirms the ruggedness and reliability of these assemblies. 
Even if your products don’t face the challenge of repeated disinfectant and sterilization processes, our experience in the design and 
manufacture of flexible, high performance cables with sealed terminations can help your products endure. 
Dealing with severe environments is just one of our capabilities. We specialize in tight tolerances, extended flex-life and the micro¬ 

miniaturization of complete interconnects. Want to know more? Ask for our “No Problem’’ brochure. 

PRECISION INTERCONNECT 
16640 S.W. 72nd Avenue, Portland, Oregon 97224-7756, USA. Phone (503) 620-9400. Fax (503 1 620-7131. For more informalion, visit our website at www.precisionint.com 
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ELECTRONIC DESIGN 
DIGITAL APPLICATIONS 

Advanced CPLD A 
Challenge FPGAs, 
Improved Processes And Designs Add More Gates Per 

Chip, Accelerate Performance, And Deliver More Flexibility. 

Digital Applications 
Special Section: Part 1 

Leverage CPLD Flexibility In Customized PCI 
Interfaces Page 88 

Use In-System Programming To Simplify Field 
Upgrades Page 93 

Part 2, November 2: 
• A Standard Language 
• CPLD-Based HDLC Controller 
• Prototypes To Production 

BY DAVE BURSKY, DIGITAL ICs EDITOR 

With 1000+ gates in their arsenals, com¬ 
plex, programmable logic devices (CPLDs) have become es¬ 
sential building blocks and prototyping tools for many digi¬ 
tal systems. And, the latest crop of high-density CPLDs 
released this year includes devices with capacities surpass¬ 
ing 40,000 gates (PLD-equivalent gates). Such densities, 
coupled with pin-to-pin propagation delays as low as 3.5 ns, 
now let CPLDs complement or even replace de¬ 
vices in the low end of the mask-pro¬ 
grammed gate array and 
field-programmable gate 
array (FPGA) product 
spectrum. 

What we now know 
as the CPLD architec¬ 
ture evolved from the 
early programmable-ar¬ 
ray-logic (PAL) devices of the 
late 1970s. At the heart of 
most CPLDs is a fixed-delay 
interconnect matrix that 
routes logic inputs to logic 
outputs with predeter¬ 
mined propagation delays. 
Surrounding the intercon¬ 
nection array (physically, 
probably located beneath 
the array) are the con¬ 
figurable logic blocks, 
typically referred to as 
macrocells. These 
macrocells are some¬ 
what reminiscent of the 
22V10 PAL, a 28-pin de¬ 
vice that contained 10 pro¬ 
grammable I/O cells and a 
configurable interconnect matrix. Each 
macrocell in today’s CPLDs contains the equivalent of 
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between 150 and 400 programmable gates. Macrocells can 
be connected to programmable I/O cells through the hierar¬ 
chy of routing resources. 

Not only are CPLDs being called on to implement in¬ 
creasingly larger blocks of system logic, but they are used to 
handle large, and even multiple, buses. These can include 
32- and 64-bit PCI buses, 64- and 128-bit cache data buses, 
32-bit and larger address buses, etc. Thus, the I/O pin counts 
are also growing to keep pace with system demands. 

Early CPLDs typically came in 44- to 84-lead packages, 
while today's high-density devices can be had in ball-grid-
array packages with as many as 492 pins (384 signal pins). 
Even larger devices are planned for 1999. 

However, the number of pins a designer needs depends 
on whether the application is I/O- or register-intensive. 
Therefore, CPLD vendors can offer various cost points for 
the same basic chip. For instance, a register-intensive appli¬ 
cation may need the complexity of the highest-density chip 
(30-40 kgates), but fewer than 200 or so I/O pins. By plac¬ 

ing the same chip in a lower-pin-count package, 
CPLD suppliers can offer a lower-cost version 

of the same device. Such an option is critical 
as packaging and testing costs for de-
K vices with over 300 pins account for a 

significant percentage of the final de-
\ vice price. 

Initial CPLD implementations, 
like the original devices in the Al¬ 

tera EPLD family, used 
ultra-violet erasable, but 
electrically program¬ 
mable memory (UV 
EPROM) cells. If these 
devices were to be re¬ 
programmed, they had 
to be housed in expen¬ 
sive, ceramic packages 

that incorporated a quartz “win¬ 
dow.” This way, the UV light could 
first erase the contents of the chip’s 

r configuration memory (just like UV 
EPROM memory chips), and then the 

F chips could be electrically programmed. 
One-time programmable devices were 

cheaper, because they could be housed in win¬ 
dowless plastic packages. But, if a new configuration 

was needed, the previously programmed device had to be 

thrown away, and a new device programmed. So, if two or 
three configuration iterations were needed, it became more 
economical to purchase reprogrammable devices. 

EE Alternatives 
CPLD designers eventually found ways to lower the 

manufacturing cost of electrically erasable technology with¬ 
out compromising CPLD performance. As a result, over the 
last few years, electrically erasable memory technology 
(both EEPROM and flash-type cells) has basically taken 
over the task of storing the on-chip configuration data. 
Flash and EEPROM technologies offer designers the best 
of both the non-volatile world and of the UV EPROM, be¬ 
cause they can employ low-cost plastic packages, yet be 
erased from 100 to 10,000 times to accommodate configura¬ 
tion updates. 

Initial EEPROM-based devices required a 12-V supply 
for programming, in addition to the normal 5-V supply. In 
recent years, however, designers have not only eliminated 
the need for the programming supply, but developed ways 
to program (configure) CPLDs after they are installed. To 
eliminate the need to place a programming clip over the en¬ 
tire device, Lattice Semiconductor and other companies 
have developed serial in-system programming (ISP) inter¬ 
faces. Now, circuit designers can daisy-chain CPLDs, and 
shift in the configuration data through one device to the 
next until the data is properly positioned. 

More recently, proprietary ISP interfaces have given 
way to the serial JTAG test port (from the IEEE-1149.1 
boundary-scan standard initially developed by the Joint 
Test Automation Group). A JTAG port is available on al¬ 
most every CPLD and many other ICs. 

Static-RAM-based configuration memory, which is used 
in many FPGAs, is not a cost-effective solution for the older, 
low-density CPLDs. SRAM-based devices require a back¬ 
up memory to download the configuration pattern, and 
SRAM cells take up a large chip area. Thus, circuit perfor¬ 
mance was not topnotch, and the devices were too large and 
expensive. However, today’s fine-line, multilevel-metal 
CMOS processes make RAM cells smaller and faster, so 
CPLDs can pack more gates per chip. And, because the 
main value of a CPLD is in the logic that can be loaded onto 
one chip, the higher ratio of logic area to memory area 

I makes the device more attractive. 
To show the viability of SRAM in a CPLD, designers at 

I Philips unveiled the first chip in an SRAM-based family of 
I CPLDs several months ago, the CoolRunner 960. The de-
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LZIA inputs 

Control 
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MC = macrocell 

Patent pending 

PAL 

array 

PLA 

array 

connect array (GZIA), which behaves 
like a virtual crosspoint switch. Each 
Fast Module accepts 64 signals from 
the GZIA, and delivers 64 signals back 
to it. Eight dedicated input clocks are 
available, and each fast module can se¬ 
lect any two of the clocks as timing in¬ 
puts. (There are also asynchronous 
clocks in the Fast Modules.) 

Within each Fast Module, the 80 
macrocells are grouped into four 
blocks of 20, and interconnected 
through a minimal-delay, local zero¬ 
power interconnect array (LZIA). 
Each group also includes an XPLA2-
based logic block that combines the 
best features of both the PAL and 
PLA structures. 

The PAL structure in the logic block 
delivers four dedicated product terms 
to each macrocell. An additional 32 
product terms from the PLA portion 
can be shared through the fully pro¬ 
grammable OR array to any of the 20 
macrocells. Of the 20 macrocells associ¬ 
ated with each XPLA2 logic block, 
eight are connected to I/O pins, and the 
remaining 12 can be used as buried 

nodes (Fig. 1). 
The configurable macrocell has a 

two-input XOR gate, with the dedi¬ 
cated PAL inputs connected to one in¬ 
put and the PLA product terms on the 
other. Designers can program the in¬ 
ternal flip-flop in each macrocell as ei¬ 
ther a D- or T-type flip-flop. Or, the cell 
can be bypassed if it is used for a com¬ 
binatorial logic function. D flip-flops 
tend to be more useful for state ma¬ 
chines and data buffertng, while T flip¬ 
flops are handy in counters. 

Each macrocell has eight control in¬ 
puts as well as inputs from the PAL 
and PLA arrays. The internal asyn¬ 
chronous clocks use two of the control 
terms and the remaining six govern 
the asynchronous preset and reset of 
the flip-flops and the enable/disable of 
the output buffers in each macrocell. 

In addition to the CoolRunner 960, 
Philips will release the CoolRunner 
320, with 320 macrocells, later this 
year. The CoolRunner family also in¬ 
cludes electrically erasable devices 
that offer 32, 64, and 128 macrocells, 
and operate from 5-V supplies. In late 

vice contains 960 macrocells (about 
30,000 usable gates) and 384 I/O cells. 
It has a typical worst-case, pin-to-pin 
propagation delay (t PD) of 11.5 ns 
through the interconnect array be¬ 
tween logic blocks called Fast Mod¬ 
ules and back off the chip. (If an input 
goes through the PAL array of a Fast 
Module or through the PLA, it’s 1.5 ns 
longer.) Internal delays through just 
the Fast Module block are about 
7.5 ns. 

The IC combines a second-genera¬ 
tion version of the company’s patented, 
extended-programmable-logic-array 
(XPLA2) architecture, and its 
patented, fast-zero-power (FZP) 
power-management technology. As a 
result, the CPLD can operate from 3.3-
V supplies, and consumes minimal 
power, just 100 pA on standby and 320 
mA with 60 16-bit counters running at 
100 MHz. 

On power-up, the SRAM cells must 
be loaded with the configuration data. 
To do that, the chip offers seven con¬ 
figuration modes: master serial, slave 
serial, master parallel up, master par¬ 
allel down, slave 
parallel, synchro¬ 
nous peripheral, 
and asynchronous 
peripheral. The 
many configuration 
modes allow de¬ 
signers to select 
the optimal one for 
their system. Be¬ 
cause the device is 
SRAM-based, and 
needs no “store” 
cycles (as EEP¬ 
ROM or flash¬ 
based CPLDs do), 
load times are less 
than 1 s. 

The logic archi¬ 
tecture of the Cool¬ 
Runner 960 (also 
known as the 
PZ3960) comprises 
12 logic blocks 
called Fast Mod¬ 
ules. Each contains 
80 macrocells. All 
the Fast Modules 
are interconnected 1 
through a global I 

Each logic block in the Philips CoolRunner 960 contains a PAL array, a PLA array, and 20 macrocells, and accepts 36 inputs from 

the local zero-power interconnect array (LZIA). Eight of each block's macrocells connect to I/O pins and the remaining 12 can be 

zero-power inter- used as buried nodes. 
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between 150 and 400 programmable gates. Macrocells can 
be connected to programmable I/O cells through the hierar¬ 
chy of routing resources. 

Not only are CPLDs being called on to implement in¬ 
creasingly larger blocks of system logic, but they are used to 
handle large, and even multiple, buses. These can include 
32- and 64-bit PCI buses, 64- and 128-bit cache data buses, 
32-bit and larger address buses, etc. Thus, the I/O pin counts 
are also growing to keep pace with system demands. 

Early CPLDs typically came in 44- to 84-lead packages, 
while today’s high-density devices can be had in ball-grid-
array packages with as many as 492 pins (384 signal pins). 
Even larger devices are planner! for 1999. 

However, the number of pins a designer needs depends 
on whether the application is I/O- or register-intensive. 
Therefore, CPLD vendors can offer various cost points for 
the same basic chip. For instance, a register-intensive appli¬ 
cation may need the complexity of the highest-density chip 
(30-40 kgates), but fewer than 200 or so I/O pins. By plac¬ 

ing the same chip in a lower-pin-count package, 
CPLD suppliers can offer a lower-cost version 

of the same device. Such an option is critical 
as packaging and testing costs for de¬ 
vices with over 300 pins account for a 

significant percentage of the final de¬ 
vice price. 

Initial CPLD implementations, 
like the original devices in the Al¬ 

tera EPLD family, used 
ultra-violet erasable, but 
electrically program¬ 
mable memory (UV 
EPROM) cells. If these 
devices were to be re¬ 
programmed, they had 
to be housed in expen¬ 
sive, ceramic packages 

that incorporated a quartz “win¬ 
dow.” This way, the U V light could 
first erase the contents of the chip’s 

configuration memory (just like UV 
EPROM memory chips), and then the 

chips could be electrically programmed. 
One-time programmable devices were 

viieaper, because they could be housed in win¬ 
dowless plastic packages. But, if a new configuration 

was needed, the previously programmed device had to be 

thrown away, and a new device programmed. So, if two or 
three configuration iterations were needed, it became more 
economical to purchase reprogrammable devices. 

EE Alternatives 
CPLD designers eventually found ways to lower the 

manufacturing cost of electrically erasable technology with¬ 
out compromising CPLD performance. As a result, over the 
last few years, electrically erasable memory technology 
(both E EPROM and flash-type cells) has basically taken 
over the task of storing the on-chip configuration data. 
Flash and EEPROM technologies offer designers the best 
of both the non-volatile world and of the UV EPROM, be¬ 
cause they can employ low-cost plastic packages, yet be 
erased from 100 to 10,000 times to accommodate configura¬ 
tion updates. 

Initial EEPROM-based devices required a 12-V supply 
for programming, in addition to the normal 5-V supply. In 
recent years, however, designers have not only eliminated 
the need for the programming supply, but developed ways 
to program (configure) CPLDs after they are installed. To 
eliminate the need to place a programming clip over the en¬ 
tire device, Lattice Semiconductor and other companies 
have developed serial in-system programming (ISP) inter¬ 
faces. Now, circuit designers can daisy-chain CPLDs, and 
shift in the configuration data through one device to the 
next until the data is properly positioned. 

More recently, proprietary ISP interfaces have given 
way to the serial JTAG test port (from the IEEE-1149.1 
boundary-scan standard initially developed by the Joint 
Test Automation Group). A JTAG port is available on al¬ 
most every CPLD and many other ICs. 

Static-RAM-based configuration memory, which is used 
hi many FPGAs, is not a cost-effective solution for the older, 
low-density CPLDs. SRAM-based devices require a back¬ 
up memory to download the configuration pattern, and 
SRAM cells take up a large chip area. Thus, circuit perfor¬ 
mance was not topnotch, and the devices were too large and 
expensive. However, today’s fine-line, multilevel-metal 
CMOS processes make RÁM cells smaller and faster, so 
CPLDs can pack more gates per chip. And, because the 
main value of a CPLD is in the logic that can be loaded onto 
one chip, the higher ratio of logic area to memory area 
makes the device more attractive. 

To show the viability of SRAM in a CPLD, designers at 
Philips unveiled the first chip in an SRAM-based family of 
CPLDs several months ago, the CoolRunner 960. The de-
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vice contains 960 macrocells (about 
30,(MX) usable gates) and 384 I/O cells. 
It has a typical worst-case, pin-to-pin 
propagation delay (tpß) of 11.5 ns 
through the interconnect array be¬ 
tween logic blocks called Fast Mod¬ 
ules and back off the chip. (If an input 
goes t hrough the PAL array of a Fast 
Module or through the PLA, it’s 1.5 ns 
longer.) Internal delays through just 
the Fast Module block are about 
7.5 ns. 

The IC combines a second-genera¬ 
tion version of the company’s patented, 
extended-programmable-logic-array 
(XPLA2) architecture, and its 
patented, fast-zero-power (FZP) 
power-management technology. As a 
result, the CPLD can operate from 3.3-
V supplies, and consumes minimal 
power, just 100 pA on standby and 320 
mA with 60 16-bit counters running at 
100 MHz. 

On power-up, the SRAM cells must 
be loaded with the configuration data. 
To do that, the chip offers seven con¬ 
figuration modes: master serial, slave 
serial, master parallel up, master par¬ 
allel down, slave 
parallel, synchro¬ 
nous peripheral, 
and asynchronous 
peripheral. The 
many configuration 
modes allow de¬ 
signers to select 
the optimal one for 
their system. Be¬ 
cause the device is 
SRAM-based, and 
needs no “store” 
cycles (as EEP¬ 
ROM or flash¬ 
based CPLDs do), 
load times are less 
than 1 s. 

The logic archi¬ 
tecture of the Cool-
Runner 960 (also 
known as the 
PZ3960) comprises 
12 logic blocks 
called Fast Mod¬ 
ules. Each contains 
80 macrocells. All 
the Fast Modules 
are interconnected 
through a global 
zero-power inter¬ 

connect array (GZIA), which behaves 
like a virtual crosspoint switch. Each 
Fast Module accepts 64 signals from 
the GZIA, and delivers 64 signals back 
to it. Eight dedicated input clocks are 
available, and each fast module can se¬ 
lect any two of the clocks as timing in¬ 
puts. (There are also asynchronous 
clocks in the Fast Modules.) 

Within each Fast Module, the 80 
macrocells are grouped into four 
blocks of 20, and interconnected 
through a minimal-delay, local zero¬ 
power interconnect array (LZIA). 
Each group also includes an XPLA2-
based logic block that combines the 
best features of both the PAL and 
PLA structures. 

The PAL structure in the logic block 
delivers four dedicated product terms 
to each macrocell. An additional 32 
product terms from the PLA portion 
can be shared through the fully pro¬ 
grammable OR array to any of the 20 
macrocells. Of the 20 macrocells associ¬ 
ated with each XPLA2 logic block, 
eight are connected to I/O pins, and the 
remaining 12 can be used as buried 

nodes (Fig. 1). 
The configurable macrocell has a 

two-input XOR gate, with the dedi¬ 
cated PAL inputs connected to one in¬ 
put and the PLA product terms on the 
other. Designers can program the in¬ 
ternal flip-flop in each macrocell as ei¬ 
ther a D- or T-type flip-flop. Or, the cell 
can be bypassed if it is used for a com¬ 
binatorial logic function. D flip-flops 
tend to be more useful for state ma¬ 
chines and data buffering, while T flip-
flops are handy in counters. 

Each macrocell has eight control in¬ 
puts as well as inputs from the PAL 
and PLA arrays. The internal asyn¬ 
chronous clocks use two of the control 
terms and the remaining six govern 
the asynchronous preset and reset of 
the flip-flops and the enable/disable of 
the output buffers in each macrocell. 

In addition to the CoolRunner 960, 
Philips will release the CoolRunner 
320, with 320 maerocells, later this 
year. The CoolRunner family also in¬ 
cludes electrically erasable devices 
that offer 32,64, and 128 macrocells, 
and operate from 5-V supplies. In late 

1 Each logic block in the Philips CoolRunner 960 contains a PAL array, a PLA array, and 20 maerocells, and accepts 36 inputs from 
I the local zero-power interconnect array (LZIA). Eight of each block's macrocells connect to 1/0 pins and the remaining 12 can be 

used as buried nodes. 
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Op Amp, Comparator and Reference IC Provides Micropower 
Monitoring Capability - Design Note 19O 
Jim Williams 

Introduction 
The LTC®1541 combines a micropower amplifier, com¬ 
parator and 1.2V reference in an 8-pin package. The part 
operates from a single 2.5V to 12.6V supply with typical 
supply current of 5pA. Both op amp and comparator 
feature a common mode input voltage range that extends 
from the negative supply to within 1.3V of the positive 
supply. The op amp output stage swings from rail-to-rail. 
Figure 1 lists additional features along with a block diagram 
of the device. The part’s attributes suggest low power 
monitoring applications and two such circuits are pre¬ 
sented here. 

Pilot Light Flame Detector with Low-Battery Lockout 
Figure 2 shows a pilot light flame detector with low-battery 
lockout. The amplifier (“A”), running open loop, compares 

a small portion of the reference with the thermocouple¬ 
generated voltage. When the thermocouple is hot, the 
amplifier’s output swings high, biasing Q1 on. Hysteresis, 
provided by the 10M resistor, ensures clean transitions, 
while the diodes clamp static generated voltages to the 
rails. The 100k-2.2pF RC filters the signal to the amplifier. 

The comparator (“C”) monitors the battery voltage via the 
2M-1M divider and compares it to the 1.2V reference. A 
battery voltage above 3.6V holds C’s output high, biasing 
Q2 on and maintaining the small potential at A’s negative 
input. When the battery voltage drops too low, C goes low, 
signaling a low-battery condition. Simultaneously, Q2 goes 
off, causing A’s negative input to move to 1,2V. This biases 
A low, shutting off Q1. The low outputs alert downstream 
circuitry to shut down gas flow._ 
XT LTC and LT are registered trademarks of Linear Technology Corporation. 

SUPPLY RANGE: 2.5V TO 12.6V 

IquiESCENT: SpA 

OPAMPVqs: 700pV 

COMPARATOR Vos: 1mV 

COMPARATOR HYSTERESIS: ±3mV 

COMMON MODE RANGE: OV TO (VSupply - 1 3V) 

INPUT BIAS CURRENT: 1nA MAX, 10pA (25°C) TYP 

REFERENCE: 1.2V ±0.4% 

Figure 1. LTC1541 Block Diagram and Features of the Micropower Op Amp, Comparator and Reference 

9/98/190 Circle No. 201 



V|N = 3.6V TO 9V 

Figure 2. Pilot Light Flame Detector with Low-Battery Lockout 

Tip-Acceleration Detector for Shipping Containers 
Figure 3’s circuit is a tip-acceleration detector for shipping 
containers. It detects if a shipping container has been 
subjected to excessive tipping or acceleration and retains 
the detected output. The sensitivity and frequency re¬ 
sponse are adjustable. A potentiometer with a small pendu¬ 
lous mass biases the amplifier (“A”), operating at a gain of 
12. Normally, A's output is below C’s trip point and circuit 
output is low. Any tip-acceleration event that causes A’s 

output to swing beyond 1.2V will trip C high. Positive 
feedback around C will latch it in this high state, alerting the 
receiving party that the shipped goods have been mis¬ 
handled. Sensitivity is variable with potentiometer me¬ 
chanical or electrical biasing or A’s gain. Bandwidth is 
settable by selection of the capacitor at A’s input. The 
circuit is prepared for use by applying power and pushing 
the button in C’s output. 

Figure 3. Tip-Acceleration Detector for Shipping Containers Retains Output if Triggered. 
Sensitivity is Adjustable Via Amplifier Feedback Values. Capacitor Sets Acceleraton Response Bandwidth 

LinearTechnology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7417 
(408)432-1 900« FAX: (408) 434-0507 • www.linear-tech.com 

For literature on our Comparators, 
call 1-800-4-LINEAR. For applications help, 
call (408) 432-1900, Ext. 2593 

dn190f LT/TP 0998 340K • PRINTED IN THE USA 

/TLin^ 
TECHNOLOGY 

© LINEAR TECHNOLOGY CORPORATION 1998 



Samtec ULTRA HIGH DENSITY interfaces 
with three-row, four-row, six-row and eight 
row designs are H/ay Cool ways to reduce 
your board size... 

samtec 
Samtec Sudden Service: information • Samples • Delivery 

Call 1-800-SAMTEC-9 for our 
new Board Interface Guide 
featuring a Full Line of micro 
and standard pitch systems. 

SAMTEC USA • P.O. Box 1147 »New Albany, IN 47151-1147 USA 
Tel: 1-800-SAMTEC-9 or 812-944-6733 • Fax 812-948-5047 • Internet: www.samtec.com • E-mail: info@samtec.com 
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five-level-metal, 0.25-pm process tech¬ 
nology to shrink features and boost 
performance. The devices trim propa¬ 
gation delay to just 3.5 ns—the short¬ 
est to date for a CPLD. Additionally, 
the small features allow the chips to 
operate from a reduced supply voltage 
of just 2.5 V. The I/O pins, however, can 
tie into systems with 3.3-, 2.5-, or 1.8-V 
logic interface levels, thanks to the 
MultiVolt I/O cell structure. The lower 
core voltage also reduces power con¬ 
sumption by an estimated 75% versus 
standard 5-V devices. 

Packing In The Macrocells 
Available with from 128 to 512 

macrocells, the six devices in the 
MACH 5 family from Vantis offer de¬ 
signers from 68 to 256 signal I/O pins. 
Based on a 0.35-pm process, the de¬ 
vices have a tPD of 7.5 ns across the en¬ 
tire family. That translates to a top op¬ 
erating frequency of 125 MHz. 
Designed for operation from a 3.3- or a 
5-V supply, the circuits can be pro¬ 
grammed with and interface with ei¬ 
ther voltage level. Additionally, the 
chips include a programmable power¬ 
down mode that reduces power drain 
when idling. 

The older MACH 4 series offers 
from 32 to 256 macrocells, and propa¬ 
gation delays of 7.5 or 10 ns. These de¬ 
vices employ the company’s novel 
SpeedLocking capability, which pro¬ 
vides fast performance regardless of 
product-term loading or interconnect 
routing. 

Recently, Vantis released details of 

its enhanced MACH 4 and MACH 5 
families. Fabricated using a 0.25-pm 
process, the MACH 4A and 5A will 
sport shorter propagation delays— 
just 5 ns pin-to-pin for the MACH 4A 
series, 50% better than the initial ver¬ 
sions, and 6 ns for the MACH 5A, a 
20% improvement. 

The architecture of the MACH 5 
consists of multiple PAL blocks inter¬ 
connected with a two-level hierarchy 
of metallization. The first level, called 
the block interconnect, groups four 
PAL blocks to form a segment. The 
second level, the segment intercon¬ 
nect, ties a number of segments to¬ 
gether. Therefore, the only difference 
between any two MACH 5 devices is 
the number of segments on the chip. 

The PAL block used by the MACH 
5 contains 16 macrocells, a program-
mable-AND/fixed-OR matrix to gen¬ 
erate the product terms, a logic alloca¬ 
tor, 16 I/O cells, and logic to generate 
the output-enable and register-control 
signals. I/O cells associated with a 
PAL block have a path directly back to 
the block (local feedback). However, if 
the I/O signal is used in another PAL 
block, the interconnect feeder array (a 
switch matrix) assigns a block inter¬ 
connect fine to that signal. 

Within the PAL block, a logic allo¬ 
cator assigns product terms to the 
macrocells. Up to eight clusters of 
four product terms can be steered to 
one macrocell, and product terms can 
be steered in basic clusters of three or 
four. This process replaces the out¬ 
put-switch matrix typically used in 

other CPLDs to reroute signals and 
retain the pinout (Fig. 3). 

The XC9500 family from Xilinx 
also offers some high-performance 
options, thanks to its 5-ns pin-to-pin 
propagation delays and maximum op¬ 
erating frequency of 125 MHz. The 
six devices range in density from 36 
to 288 macrocells, and from 34 to 192 
I/O pins. The newest member is the 
XC95144, a 144-macrocell device 
(about 3200 usable gates) with a 7.5-
ns tpD. 

It’s the first device fabricated on 
the FastFlash 0.5-pm process used by 
Xilinx’s latest foundry, United Semi¬ 
conductor Corp., Hsin-chu, Taiwan. 
The new process shrinks the chip area 
by 50%, compared with devices made 
with the existing 0.6-pm process. All 
other XC9500 devices will eventually 
be transitioned to the new process. 

Inside the XC9500 devices are mul¬ 
tiple function blocks, each of which is 
like a large PAL device, in this case, a 
36V18 (with 18 macrocells and 36 in¬ 
puts). The function block provides 90 
product terms from a programmable 
AND array. Those terms are gener¬ 
ated from the 36 inputs (plus 36 com¬ 
plement signals) at the FastConnect 
switch matrix that interconnect all the 
cells. The product terms can drive any 
or all of the 18 macrocells in the block. 

Designers can configure each 
macrocell individually for a combina¬ 
torial or registered function. Each cell 
includes five direct product terms 
from the AND array. These can be 
used as primary data inputs (to the 

3 At the heart of the Vantis MACH 5 series is a PAL-like logic block that contains a product-term array and 16 macrocells (a). Each macrocell contains a storage element, an XOR gate, a control bus, and routing resources (b). The XOR gate can be used for logic or polarity control. 
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ADVANCED CPLDS 

OR and XOR gates) in the cell to im¬ 
plement combinatorial functions, or as 
control inputs, such as clock, set/reset, 
and output enable. The product term 
allocator with each macrocell selects 
how the five direct terms are used. 
Also, the flip-flop in the cell can be con¬ 
figured as either a D- or T-type device, 

or can be bypassed when the cell is 
used for combinatorial functions. 

Unlike many other CPLDs, which 
offer 4- or 8-mA drive capabilities on 
the I/O pins, the XC9500 familiy can 
drive loads of up to 24 mA on each out¬ 
put. And, designers can configure the 
I/O cells to interface with either 3.3- or 
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5-V systems. To reduce system noise, 
the circuits include user programma¬ 
ble ground pins. Like most of the other 
CPLDs, the cells have a programma¬ 
ble slew rate to reduce signal noise 
generated by sharp edges. 

The last of the standard CPLD fam¬ 
ilies, the ATF1500 from Atmel, deliv¬ 
ers up to 256 macrocells and maximum 
propagation delays of 10 ns (in the 
ATF1516AS/L). The circuits offer five 
product terms per macrocell, but that 
can be expanded to 40. Each macrocell 
includes a flip-flop that can be config¬ 
ured as a D, T, or latch-style element, 
and has both global and individual reg¬ 
ister control signals, global and indi¬ 
vidual output-enable signals, a pro¬ 
grammable output slew rate, and a 
programmable output open-collector 
option. 

Power management features keep 
idle power levels low. An “L” version 
consumes less than 3 mA on standby, 
while a pin-controlled stand-by mode 
drops current drain to 4 mA from the 
over 200 mA drawn when active. 

In addition to the CPLDs that are 
only CPLDs, WSI has crafted a 
unique series of programmable sys¬ 
tem devices that incorporate about 
3000 gates of programmable logic, sev¬ 
eral kilobytes of SRAM, port expan¬ 
sion signals, and even a host processor 
interface. The PSD family includes 
flash-based devices with a zero-power 
standby mode, and devices with vari¬ 
ous feature combinations. Such de¬ 
vices make very tightly coupled pe¬ 
ripheral support components for 
devices like microcontrollers and digi¬ 
tal-signal processors. 

The breadth of CPLD architech-
tures and densities now gives design¬ 
ers a wide array of options for their 
systems. Technology choices have also 
increased as the CPLD manufactur¬ 
ers add new configurations—such as 
the use of SRAM in addition to the 
now-common EEPROM/Flash-based 
devices. Additionally, even higher-
density devices are on the horizon. 
Densities of between 50,000 and 
100,000 PLD gates are expected by 
the turn of the millennia, as manufac¬ 
turers move toward finer-line 
processes. And, that will allow the 
CPLDs to tackle even larger pieces of 
the system logic. 
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DIGITAL APPLICATIONS 

Leverage CPLD 

Flexibility 
In Customized 
PCI Interfaces 

Designers Can Match 

System Needs More 

Closely By Building 

Optimized PCI 

Interfaces With High-

Density, Complex 

Programmable Logic 

Devices. 
RICH KAPUSTA 
Cypress Semiconductor Corp. 

Although developed specifically for the PC industry, the pe¬ 
ripheral interconnect bus (PCI) tackles everything from desktop peripherals to 
advanced network switches. For industrial or communications systems, which 
often use proprietary solutions, designers don’t have to maintain 100% PCI bus 
compliance. There, programmable logic devices (PLDs) offer tremendous flexi¬ 
bility, allowing designers to implement just the right combination of PCI fea¬ 
tures. The challenge, however, is to find a PLD with the performance required for 
full-speed PCI transactions, and enough logic capacity to handle the functions. 

Historically, field-programmable gate arrays (FPGAs) have been big enough, 
but until recently, were too slow. On the other hand, complex PLDs (CPLDs) 
were fast enough, but until recently, were too small. However, over the last two 
years, FPGAs have speeded up, and CPLDs have grown larger, so designers 
have an abundance of devices from which to choose. But while both types of de¬ 
vices can handle a PCI implementation, the recent improvement in CPLD densi¬ 
ties, and their intrinsic features, make them very attractive for PCI applications. 

For instance, CPLD architectures are inherently good for state-machine¬ 
based designs, and many areas of a PCI design can take advantage of this. An¬ 
other CPLD advantage is that performance is predictable, and remains constant 
throughout the design cycle. CPLDs also have abundant routing resources, so 
meeting a particular pinout, or using all of the logic resources available is rela¬ 
tively straightforward. 

To show how CPLDs 
can be used to create a 
customized PCI inter¬ 
face, let’s examine the 
design of a simple appli¬ 
cation that can be imple¬ 
mented with 128 macro¬ 
cells. Larger CPLDs can 
also be used for PCI de¬ 
signs with more func¬ 
tionality, such as initia¬ 
tors or designs that 
incorporate more of the 
system logic on the chip. 
Soon, when CPLDs in¬ 
corporate on-chip mem¬ 
ory blocks, designers will 
be able to implement an 1 A single pass through the logic of a CPLD flows from the 
entire PCI interface, in- I programmable interconnect matrix through the macrocell register, 
eluding FIFO memory. 

Designers must con¬ 
sider several issues 

back into the programmable interconnect matrix, and out again into 

the macrocell logic, and finally out through an I/O pin. Going through 

a macrocell combinatorially constitutes a pass of logic. 
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CUSTOMIZED PCI INTERFACE 

when implementing PCI applications 
in programmable logic. The demands 
of PCI require high speed, generous 
routing resources, high I/O count, 
pinout flexibility, and a consistent-per¬ 
formance timing model. 

Compliance with the 33-MHz PCI 
specification demands a set-up time no 
longer than 7 ns. In many implementa¬ 
tions, especially in FPGAs, the fanout 
requirements for the address and data 
buses affect set-up time. One solution 
is to capture the address and data val-

set-up time, most programmable logic 
implementations fall into the medium 
or slow (two- or three-clock-cycle re¬ 
sponse) categories. By using a CPLD, 
designers get performance that is 
both fast and predictable. Addition¬ 
ally, CPLDs can perform a large num¬ 
ber of logic operations within one pass 
of the device (or one clock cycle). 

The ability to handle high-fanout 
signals is yet another important char¬ 
acteristic. Many signals within the 
PCI interface must be routed to 36 or 

(Cypress’ Warp2 development tool) 
with no device-specific structural com¬ 
ponents. The custom application ties 
into the PCI bus through a generic user 
interface that can easily be customized 
by modifying the VHDL source code. 
The design performs the protocol inter¬ 
actions of a PCI target interface 
(TRDY.DEVSEL, and STOP signals), 
throttles the data bus between PCI and 
the user interface using two-cycle reads 
and one-cycle writes, includes an ad¬ 
dress counter for bursts, and deter-

ues in a register at 
every clock cycle, then 
route them to where 
they’re needed. How¬ 
ever, this adds a clock 
cycle of latency. A key 
advantage of CPLDs is 
that their performance 
specification doesn’t de¬ 
pend on the fanout. So 
the system can main¬ 
tain the 7-ns set-up re¬ 
quirement regardless 
of where the address 
and data bus signals go. 

Next, bused signals 
must be driven valid 
between 2 and 11 ns af¬ 
ter the clock signal. In 
FPGAs, many delays 
contribute to a signal’s 

Code Listing 
ac: process (clk.rst) 
begin 

if(rst=’1 '(then 
usraddr<=b"OOOOOOOOOOOOOO”; 

elsiffclk'event and clk='1')then 
if(state=IDLE)then 

usraddr(15 downto 2 )<=pciad( 15 downto 2); 
elsif( 

(state=DTRANS and mem_write=T and fifowrite=’0’(or 
(state=DTRANS and mem read=T and 

ztrdyiO’O' and irdyi=’O’( 
(then 
usraddr<=usraddr +1 ; 

else 
usraddr<=usraddr; 

end if; 
end if; 

end process; 

address(15 downto 2) <= usraddr( 15 downto 2); 
address! 1 downto 0) <= b"00"; 

mines transaction hits. 
This design targets 

the smallest CPLD 
possible. It does not 
implement a parity 
generator or the con¬ 
figuration space regis¬ 
ters. The designer 
could implement both 
of these functions on a 
separate device, leav¬ 
ing the CPLD to focus 
on the most essential, 
and usually most chal¬ 
lenging, part of PCI in¬ 
terfacing: the control 
logic (Fig. 2). A mini¬ 
mum PCI target de¬ 
sign incorporating par¬ 
ity generation and 
configuration space 

total clock-to-output delay. These in¬ 
clude clock-to-Q logic paths, routing, 
and I/O buffer delays. Often, they can 
add up to more than 11 ns, which 
would then require a wait-state to be 
added to the PCI interface. However, 
because most CPLDs have a fixed-de¬ 
lay timing model, they can easily prop¬ 
agate an output from a register to an 
output pin in less than 11 ns. This is 
done regardless of the routing, while 
incorporating an entire “pass” of logic 
(Fig. 1). In fact, most CPLD 
datasheets guarantee this timing de¬ 
lay, typically referred to as tco2-

Another critical requirement is 
that the PCI device must respond to a 
transaction within three clocks after 
the address phase. If the PCI initiator 
does not get a response within four 
clock cycles, it will abort the transac¬ 
tion. In fact, the PCI device can re¬ 
spond as early as one clock cycle. This 
is called a “fast-response” device. Re¬ 
membering that it has to meet a 7-ns 

more signal nodes simultaneously. 
This can cause significant loading 
problems for most FPGAs, so some 
type of buffering, duplication, or spe¬ 
cial routing must be used to handle 
these signals. Such additional support 
complicates the implementation sig¬ 
nificantly. However, most CPLDs 
have fanout-independent routing, so 
routing a signal to 36 nodes is no prob¬ 
lem. Any signal from a pin or macro¬ 
cell within a CPLD can be routed to as 
many places as needed with no change 
in device performance. 

With most of the baseline condi¬ 
tions now established, let’s examine 
the design of a PCI target interface 
using a CPLD containing 128 macro¬ 
cells (in this case a Cypress Ultra 
37128). This version can hold the 
smallest possible PCI target design, 
and allows engineers to craft a cost-ef¬ 
fective solution while maintaining 
high performance and flexibility. 

The design was entered using VHDL 

registers requires approximately 140 
macrocells in a CPLD. Using a 192- or 
256-macrocell device would leave suf¬ 
ficient resources for custom logic. 

The design also includes an exter¬ 
nal FIFO memory to handle memory¬ 
write operations. This reduces la¬ 
tency, as the CPLD generates all 
FIFO control signals. Thus, the PCI 
target interface implements writes in 
2-1-1-1 bursts, and reads in 2-2-2-2 
bursts. To select between user-appli¬ 
cation data and configuration-space 
data, the CPLD generates a mode sig¬ 
nal to switch between the two bidirec¬ 
tional data buses. 

Different applications will require 
different size address spaces. Modifi¬ 
cations of the VHDL design descrip¬ 
tion to match these needs are ex¬ 
pected when implementing PCI in a 
PLD. Because a device’s address 
space is determined by the number of 
hardwired zeroes in the lower bit posi¬ 
tions, decreasing the address space 
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CUSTOMIZED PCI INTERFACE 

3When the PCI target interface waits for a request, it stays in its idle state; when a request comes in, it 

will enter one of three other states depending on the conditions of several signals. 

size actually increases the resources 
required in a PLD. The reason is that 
hard-wired zeroes require minimal re¬ 
sources within a CPLD device, while 
address bits must be stored in the 
macrocell registers of a CPLD. 

Decreasing the number of hard¬ 
wired zeroes also increases the ad-
dress-compare portion of the design, 
because more real bits need to be com¬ 
pared. Changing the address space 
can also impact the address counter 
used for burst reads and writes. 

Another possible modification to the 
PCI design is the support of aborts and 
retries. This logic would be added to 
the control block, and would need to 
recognize the REQ_ABORT and 
REQIRETRY signals. Finally, design¬ 
ers can replace the FIFO memory with 
internal registers within the device. 
The number of bits stored will affect the 
resources required for the PCI design. 

The input registers at the PCI ad-
dress/data bus continuously capture 
data on every clock cycle. As soon as 
the state machine transitions to the 
CMP_ADDR (compare-address) 
state, the control logic knows that the 
address of a new transaction is con¬ 
tained within the input registers. This 
data is used to determine a transaction 
hit in the AddrCompare block, and is 
captured in the AddrCounter block. In 
parallel, the command-decode logic 

determines which (if any) of the inter¬ 
nal command flags should be raised. 
F or write transactions, when the 

state machine is in the TDATA state, 
the data-input register provides write 
data to the user data bus. The active-
low FIFOWRITE signal is asserted 
when data on the user bus is valid, and 
should be taken on that clock cycle. 
The data is available for one clock cy¬ 
cle only, and must be taken at any 
clock during which the FIFOWRITE 
signal is asserted. 
F or read transactions, the data 

buses from the user ports are routed 
to the PCI data bus. On the user inter¬ 
face, the address bus contains the ad¬ 
dress of the desired data. The user 
must produce the data as soon as pos¬ 

sible (approximately 10 ns). If more 
time is required, additional wait states 
may be introduced. This is accom¬ 
plished by modifying the TRDYI VAL 
equation. The high-impedance outputs 
of the user read-data-bus are con¬ 
trolled by the INOUT_USR signal. 
INOUT_USR in the high state indi¬ 
cates a write operation, which disables 
the user output drivers. 

Finally, the mode of the transaction 
is reflected by the CFGMODE signal. 
When it is in the high state, the exter¬ 
nal configuration-space device re¬ 
sponds; when in the low state, the user 
device responds. 

The state machine within the PCI 
target design is the primary control 
circuit. Basically, the state machine re¬ 
mains in the idle state until it deter¬ 
mines that the PCI initiator is at¬ 
tempting to interface to this target 
device. From there it moves to one of 
three other states as determined by 
various conditions (Fig. 3). 

When the PCI bus is inactive, or the 
transaction on the PCI bus does not in¬ 
volve this particular target, the state 
machine remains in IDLE. Here, the 
C/BE bus is predecoded to assert the 
appropriate internal command mode. 
As soon as a new transaction is initi¬ 
ated (the FRAME signal is asserted in 
this state), the state machine will 
move to the CMP_ADDR state. 

In the compare-address state, the 
logic uses a two-stage, pipelined com¬ 
parator to determine transaction hits. 
The first stage is completed in IDLE, 
and the second stage is completed in 
the compare-address state. If an ad¬ 
dress hit is determined, then the state 
machine will move to DTRANS, oth-

2The CPLD implementation of a PCI target interface, using a device with 128 macrocells, requires that 

the parity generation, FIFO memory, and configuration space registers be located off the chip. Although 

this results in a multichip solution, it allows designers to optimize the interface for their system. 
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erwise it will return to IDLE. 
All PCI read and write data trans¬ 

fers occur in the DTR ANS state. The 
state machine will remain here until 
the last transfer takes place (TRDY 
and IRDY are asserted, FRAME is 
de-asserted), or a disconnect is sig¬ 
naled by the target (STOP is asserted, 
and known to be recognized by the ini¬ 
tiator because the IRDY signal was 
also asserted). For these cases, the 
state machine will move back to IDLE 
or BACKOFF, respectively. 

The state machine will change to 
BACKOFF when the initiator recog¬ 
nizes that the target is signaling a dis¬ 
connect (STOP and IRDY both as¬ 
serted). In this state, the target waits 
for the initiator to complete the trans-
action. The initiator will assert IRDY 
and de-assert FRAME to terminate 
the transaction. When this occurs, the 
state machine moves back to IDLE. 

Although the VHDL code describ¬ 
ing the PCI target design can be used 
in any VHDL synthesis tool, the par¬ 
ticular code shown in this article is in¬ 
tended for use with the Cypress 
Warp2 VHDL development system. 
The VHDL design is divided into sev¬ 
eral sections: state machine, output 
registers, three-state I/O logic, 
pipeline registers, signal equations, 
data-path, address-compare block, 
and address counter. 

CPLD architectures in general ap¬ 
pear to be inherently better at imple¬ 
menting state-machine designs than 
their FPGA counterparts. This is true 

I for several reasons: 
• The product-term logic imple¬ 

ments equations in sum-of-product 
form, which is the natural, optimal 
form for state-machine designs. 

• CPLDs have a higher logic-to-
register ratio than FPGAs. That sim¬ 
plifies the design because most state 
machines require more logic than reg¬ 
isters, especially when using sequen¬ 
tial encoding. 

• CPLDs have a fixed-delay timing 
■ model. This allows state-machine 
; equations to run at a predictable fre¬ 
quency regardless of the routing or the 
logic in between. Another important 
aspect of the fixed-timing model ver¬ 
sus FPGAs is that design changes in 
the CPLD implementation will deliver 
the same predictable performance. 

CUSTOMIZED PCI INTERFACE 

To meet the PCI specification, re¬ 
member that clock-to-output delays 
must be between 2 and 11 ns. In a 
CPLD implementation, this is done by 
registering all of the PCI bus-control 
signals, and updating them on every 
clock cycle. At reset, the signals are 
preset to a logic high. 

Furthermore, the PCI specification 
dictates that the PCI-bus data and 
control signals must not drive the bus 
when not actively participating in a 
transaction. This is easily implemented 
in a CPLD using the output-enable 
product terms at each I/O cell. In some 
architectures, such as the Cypress 
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CPLDs, these product terms are dedi¬ 
cated to performing output enable. 
Thus, they don’t take logic resources 
away from the rest of the design. 

To deal with the pipeline registers 
and signal equations in the VHDL de¬ 
sign, the code simply has to register 
necessary signals and define the logic 

CUSTOMIZED PCI INTERFACE 

equations for all internal and external 
PCI signals. The Warp2 development 
software can then optimize the equa¬ 
tions for the CPLD architecture, and 
provide a summary of the final imple¬ 
mentation in a report file. 

The output-data bus path is also 
registered to meet the timing require-

Accurate to a T... 
as well as B, E, J, K, R, and S type. 
For your difficult temperature 
monitoring problems, the SR630 
Thermocouple Monitor provides 
the power and flexibility you 
need. The SR630 interfaces 7 
types of thermocouples, 16 
independent channels of data 
and easily handles monitoring 
and logging functions as well as 
computer interfacing. And the 
easy to use front panel makes 
setup a snap. 

And the price? At $1495, the 
SR630 is the complete, low cost 
solution you're looking for. 

The SR630 
Thermocouple Monitor 
$1495_ 
• 16 channels 
• 0.1 degree resolution 
• B, E, J, K, R, S, and T type 
thermocouples 

• °C, °K, °F, and mV de readings 
• 2000 point non-volatile memory 
• 4 proportional analog outputs 
• Audible alarm 
• GPIB, RS232 and Printer 

interfaces 

1290-D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408) 744-9040 FAX (408) 744-9049 
www: http://www.srsys.com Email: info@srsys.com 

STANFORD RESEARCH SYSTEMS 

READER SERVICE NUMBER 96 

ments of PCI. When wait states are in¬ 
duced by the initiator (IRDY is sam¬ 
pled, de-asserted), the data path must 
be halted until the initiator is again 
ready to accept data. The VHDL code 
must also describe that behavior as 
well as provide registers for the data, 
byte enables, and a write-enable sig¬ 
nal to the FIFO memory. 

To recognize ownership of an initi¬ 
ated transaction, PCI target devices 
must latch the address on the PCI bus, 
and compare it to the contents of their 
base address register (BAR) to deter¬ 
mine a match. The CPLD implementa¬ 
tion performs a bit-to-bit equality 
comparison of the address and the 
BAR value. This produces a product¬ 
term-based solution that requires only 
two passes through the CPLD. 

The final section of the VHDL de¬ 
sign description is the address 
counter. During burst transfers, the 
target device must increment the ad¬ 
dress; this target design uses a 14-bit 
counter (counts on double word 
boundaries) to perform that task. The 
counter is loaded whenever the state 
machine is in IDLE (in anticipation of 
a new transaction), and is incremented 
whenever data is transferred. 

The inclusion of a T flip-flop in each 
macrocell makes CPLDs inherently 
good at implementing binary counters. 
The CPLD’s architecture allows it to 
implement fully loadable counters that 
can operate at well over 100 MHz. And 
a benefit to designing with VHDL is 
that the counter’s description is simple 
and straightforward (see code listing). 

This design, although it provides 
only a basic target-PCI interface, can 
be embellished with larger FIFO 
memories to improve the data trans¬ 
fer efficiency. Also, a larger CPLD 
would allow the designer to include 
more system logic functions and to im¬ 
plement a PCI initiator interface, 
which would require several thousand 
additional gates of logic. 

RICHARD KAPUSTA is strategic 
marketing manager for PLDs at Cy¬ 
press Semiconductor. Kapust a received 
a BS in computer science from the Uni¬ 
versity of Illinois at Urbana-Cham¬ 
paign. He can he reached at Cypress 
Semiconductor Corp., 3901 N. First St., 
SanJ ose, CA 95134; (408) 943-26OO. 
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Use In-System 
Programming 
To Simplify Field 

Upgrades 
One of the more important features designers look for these days 

is the ability to handle both planned and unplanned logic changes as system de¬ 
velopment progresses, and even after systems have been shipped. By incorpo¬ 
rating the latest complex programmable logic devices (CPLDs), designers get 
this flexible logic capability. These CPLDs have even evolved to the point where 
they’re supplying significant logic resources (many thousands of gates) to sup¬ 
port system designs, just as their smaller brethren, the PLDs, did. 

The growing need for in-system programming (ISP) capabilities, especially 
after systems have been shipped, stems from two key issues. First, time-to-mar-
ket pressures often don’t let manufacturers fully test systems. That means hard¬ 
ware anomalies may reach the field. If the system supports ISP, a field-service 
technician, or even the customer, can download new configuration information 
without taking the system apart. That reduces the cost of “servicing” the equip¬ 
ment. Second, feature upgrades often can be done in much the same way. Using 
the ISP capability, the logic could be reconfigured to add new functions or speed 
up existing functions. 

Early CPLD architectures were not designed with ISP field upgrades in 
mind. However, the latest offerings from various suppliers provide robust archi¬ 
tectures and, in a few cases, the ability to update individual sections of the 
CPLD. Supporting a wide range of change options suggests the need for a 
“finer-grain” organization than most CPLDs provide, but some of the latest 
CPLD designs do provide a finer-grained architecture. 

Another aspect of robust architectural design includes the ability to redirect 
a product term from one macrocell to another, at the single-product-term level 
(rather than groups of product terms). Having an abundance of product terms, 
as well as global resources, such as clocks, sets, resets, and three-states, is an¬ 
other important capability. Local inversion control and independent macrocell 
clocking are other features that further improve the flexibility of ISP. 

Software Requirements Too 
Beyond the architecture are the software requirements. These include care¬ 

ful budgeting of resources (p-terms, clocks, etc.) when assigning position-sensi¬ 
tive functions within a CPLD function block. By spreading resources around 
and retaining pockets of functional capability, the design software delivers sig¬ 
nificant extra flexibility for making future changes. 

Underlying both the architecture and software is the device technology, 
which must support an arbitrary number of reprogramming cycles—frequently 
termed “endurance.” CPLD suppliers have already moved away from non¬ 
volatile, ultraviolet-erasable EPROM technology, and every CPLD supplier 
now offers devices that employ some type of flash or EEPROM-based configu¬ 
ration scheme. 

Thus, a key factor in selection becomes the chip’s endurance. Xilinx CPLDs, 
for example, currently allow 10,000 reprogramming cycles, allowing wide lati-

The Latest Complex 

Programmable Logic 

Devices Help 

Designers 

Reduce System 

Upgrade Costs And 

Speed Time-To-Market 
JESSE H. JENKINS, 
Xilinx Inc 
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ISP SIMPLIFIES FIELD UPGRADES 

tude for future design changes with¬ 
out impacting device speed or reliabil¬ 
ity. Most other vendors have opted to 
provide lower endurance guarantees 
(that is, 100 cycles), supported by the 
argument that anyone can get a de¬ 
sign right in 100 attempts, and might 
only have to do one or two final up¬ 
dates. 

That argument would be accept¬ 
able if the 100 attempts were only for 
the CPLD, and typically only if the de¬ 
vice is used for prototypes or product 
development. However, the most fre¬ 
quent development model today is the 
single-controller model, in which all 

ISP and pinlocking have no real value, 
especially when older EEPROM ar¬ 
chitectures are employed. 

When designing a system with 
CPLDs, engineers typically encounter 
three basic types of field upgrades: 

Compensating: This can be also 
thought of as correcting a design error 
due to inaccurate system knowledge. 
Such an approach is frequently fount! 
in data-processing applications, as to¬ 
day’s designers confront a massive 
challenge when they start to design 
with a new CPU or other logic part 
prior to actually using it. 

For example, the datasheets for 

popular microprocessors easily exceed 
100 pages, and synchronous DRAM 
datasheets exceed 30 pages. There¬ 
fore, there’s plenty of room for unex¬ 
pected behavior in a design, simply 
due to inaccurate system knowledge. 
A classic situation would be misunder¬ 
standing whether data was available 
on a leading or falling edge of a clock. 
Frequent interrupt or direct-memory 
access (DMA) request conditions are 
vague enough to be sites where a few 
product terms may be needed to cor¬ 
rectly cover the requesting condition. 

Adding capability: An example of 
this case is a board that was developed 

reprogrammable devices 
(SRAM, SDRAM, flash 
memory, FPGA, and CPLD) 
reside on a common JTAG 
download chain. To simplify 
on-board logic, these systems 
use a strategy to “reprogram 
everything when anything 
changes.” To simplify mat¬ 
ters further, the CPLDs and 
FPGAs are also changed 
even when any software up¬ 
date (SRAM/flash memory) 
occurs. In this situation, it is 
questionable whether even 
1000 programming cycles will 
suffice. 

Supporting Changes 
Finally, all components 

must play together to deliver 
pinout retention or “pinlock¬ 
ing.” That’s the ability to re¬ 
tain device pinouts, therefore 
avoiding pc-board wiring 
changes for all but the most 
complex design changes. 
Where many designers get 
into trouble is with small 
changes, such as adding a p-
term to an equation, invert¬ 
ing a signal, or adding an in¬ 
put to an existing p-term. 
When CPLDs can’t support 
this kind of change while 
maintaining the previous 
pinout, the value of the 
CPLD becomes question¬ 
able. For ISP to be useful, the 
architecture and software 
must be designed to maintain 
pinouts for multiple design 
edits. Field upgrades without 

1A typical CPLD-based design that often must be expanded is a wait-state generator like this one, which takes 15 product terms and delivers a single 

output that drives the microprocessor's wait input. 

with software to operate over 
a target address range. How¬ 
ever, a new version is then 
created to expand the mem¬ 
ory space with new applica¬ 
tions. But board demand re¬ 
quires that the new version 
be shipped early without the 
appropriate software de-
buggging for the new applica¬ 
tions and memory range. 
After the board has 

shipped—and the impact of 
the new applications is fully 
understood—a field upgrade 
can be used to increase the 
address range. Typically, this 
involves enabling additional 
memory modules and adjust¬ 
ing the appropriate timing 
signals to support the addi¬ 
tional memory (control sig¬ 
nals, wait states, etc.). To ob¬ 
tain a faster response with 
newer memory chips, design¬ 
ers may need to involve the 
elimination of wait states or 
early enabling (via clock¬ 
phase adjustment). 

Planned changes: These 
can cover a myriad of topics. 
For example, in the past, 
board customization was a 
standard capability. Simple 
things like a font enhance¬ 
ment to a high-end printer 
were implemented by a ser¬ 
vice technician making a 
visit, opening the printer and 
setting a couple of dip 
switches. Today, that change 
would involve simply attach¬ 
ing an external cable and 
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downloading the new pattern 
to the appropriate program¬ 
mable device. And, it would 
not require a visit from a 
technician. 

To gain a better under¬ 
standing of how some of 
these techniques are applied, 
let’s examine a specific exam¬ 
ple of an upgrade to a board 
that was installed in a system 
while in the field. Part of the 
board’s circuitry includes an 
implementation of a standard 
microprocessor wait-state 
signal generator (Fig. 1). 
Here, most of the XC9500 
macrocell logic is not shown 
(that is, no flip-flops or extra 
gates). 

The circuit focuses on de¬ 
livering 15 product terms 
worth of logic to an output 
pin, which drives the micro¬ 
processor wait input. At 
field-upgrade time, an addi¬ 
tional I/O board is added to 
the system, warranting a 
change in the wait-state logic 
to account for the new board. 

To compensate, three 
more product terms must be 
added (Fig. 2). The top 
macrocell site must retain 
two product terms at the ex¬ 
isting site, but does have 
three available p-terms to 
forward down to the wait¬ 
state site to augment the pre¬ 
vious tally to 18 p-terms. 
Bidirectional p-term assign¬ 
ment, along with individual 
p-term resolution, makes this 
sort of upgrade very easy in 
XC9500 CPLDs, while re¬ 
taining the original design 
pinout. 

Other applications of the 
same, basic field upgrade 
could include making coeffi¬ 
cient changes on DSP filters, 
enabling (or even creating) 
I/O ports or adding test cir¬ 
cuits. Although not strictly a 
“field upgrade,” last-minute 
board configurations prior to 
shipment are similar to field 
upgrades. In this case, there 
may be multiple configura-

2 The addition of three p-terms to the wait-state generator is a minimal circuit change, but if the PID can't easily handle the addition/sharing of the 

p-terms, it may force a change in the external pin assignment. That would 

force an alteration to the printed-circuit board's layout —something most 

system designers would consider unacceptable. 

tions of a single board sold as 
different products. The com¬ 
pany can inventory one prod¬ 
uct, then make last-minute 
changes to reconfigure and 
test the “standard” product 
on a demand basis. 

Planning Needed 
Designing for field upgrades 

demands sound planning. 
First, engineers must select 
the right CPLD to ensure 
that functional and architec¬ 
tural resources exist for the 
future. This not only means 
adequate gates and flip-flops 
for a field upgrade, but also, 
available CPLD connection 
paths. Likewise, it’s vital to 
use design software that re¬ 
serves function and connec¬ 
tion resources for future 
changes. Anticipating the 
need for higher speeds in the 
future is equally important. 
Here are some guidelines 

that are appropriate for the 
XC9500 CPLDs, as well as 
for other manufacturers’ 
CPLDs: 

• Choose a CPLD family 
with a good pinlocking archi¬ 
tecture. 
• Select a part that meets 
current design requirements 
with speed to spare. 
• Choose a part with ample 
remaining capacity (head¬ 
room) if significant field up¬ 
grades are expected in the 
future. 
• Direct the design software 
to distribute logic resources. 
• Check that connection re¬ 
sources remain, so future 
paths can be found. 
• If capacity exceeds 90%, 
and speed is near the limit, 
consider the advantage of a 
larger or faster pin-compati¬ 
ble part. This will minimize 
future risk. 

A number of other practical 
issues exist, and understand¬ 
ing them can reduce risks 
and ensure successful field 
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• AUDIO TRANSFORMERS 

• PULSE TRANSFORMERS 

• DC DC CONVERTER 
TRANSFORMERS 

FAX 9147388225
IV Electronics, Inc. 

Delivery-
stock to one week-

• MULTIPLEX DATA BUS 
TRANSFORMERS (MU-T-21038) 

• POWER and EMI INDUCTORS 

See EEM 
or send direct 

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

in NY call 914-738-1400 

143 Sparks Ave . Pelhem, NY 10803-1889 

E MailHLSC73A@prodtgycom 

http://www.picoelectronics.com 
READER SERVICE NUMBER 87 
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upgrades. First, a download point 
must exist. Today, the standard is a 
JTAG port, which supports additional 
instructions for ISP as well as test 
functions. Recognize also that some 
aspects are not under ISP control, like 
the power connections of the pro¬ 
grammable parts. There will always 
be things that cannot easily be 
changed. 

A number of vendors offer circuits 
that have the JTAG pins do double 
duty. And, there are reports of relia¬ 
bility issues in field programming sys¬ 
tems while those pins are operating. 
Designers won’t be able to add func¬ 
tionality or speed to an installed part, 
so it makes sense to predict future 
needs here (see point 6 above). 

May Need "Shut-Down" Circuit 
Second, the ISP circuitry must be 

robust. Initial programming of the 
board in production is an ideal situa¬ 
tion where lots of other wiggling sig¬ 
nals are at a minimum. When making 
field upgrades, however, that may not 
be the case. Some devices might be so 
sensitive that additional circuitry 
must be inserted to “shut down” the 
system to a quiet state, so the on-chip 
charge pumps can deliver correct pro¬ 
gramming signals. 

Additionally, most ISP CPLDs to¬ 
day must be properly bypassed and 
decoupled because their internal 
charge pumps generate their internal 
programming voltages from the sup¬ 
plied power. If the power is noisy, the 
pump may not be able to deliver its 
voltages properly. And, some devices 
have potential problems with signal 
ringing, which could cause internal 
ground rails to affect the charge 
pumps. Bypassing doesn’t solve that 
one, but inserting a series resistive 
termination reduces it. 

Depending on the noise environ¬ 
ment, any ISP-capable CPLD may 
need to have additional signal gating 
or JTAG buffering to assure that the 
signals are clean. Some may require 
resetting the system, or gating off 
clocks or other pesky signals to com¬ 
plete the ISP operation. Each system 
is different. 

One interesting, practical payoff is 
that, with sufficient planning, field up¬ 
grades can often occur without open- I 

ing the box. This greatly improves 
system reliability. Some systems are 
so delicate that they cannot tolerate 
having their boards loosely seated by 
the field technician, or they may react 
negatively to a screwdriver left be¬ 
hind inside the chassis. For those sys¬ 
tems, having an externally accessible 
field-upgrade port solves a critical 
problem. 

Other practical limitations to lever¬ 
aging ISP capabilities revolve around 
the present lack of industry standards 
regarding the devices. Although many 
vendors are working with the IEEE-
1149.1 subcommittee on ISP to 
achieve practical standardization for 
downloading, no standard has yet 
been released, and, in fact, several 
standards may evolve. 

Today, it’s common to see one sys¬ 
tem with as many as three different 
JTAG download cables being driven 
from three download software dri¬ 
vers. For Xilinx programmable logic, 
the Ml.5 JTAG download software 
easily handles Xilinx FPGAs and 
CPLDs from one utility and just one 
download cable. 

Today, the standard download ap¬ 
proach is to attach a simple cable. 
However, there is no physical reason 
why the connection couldn’t be an in¬ 
frared or RF link, a modem, a cellular 
telephone, or even a laser. The only 
problems will be in how the bitstream 
is passed, and whether it requires a re¬ 
strictive protocol. Third-party suppli¬ 
ers of downloading software and diag¬ 
nostic tools are also on the rise, so an 
abundance of technology to improve 
the solution is also expanding. As the 
demand for ISP increases, the dimen¬ 
sions of field upgrades will change 
as well. 

JESSE II. JENKINS is product plan¬ 
ning and applications manager with 
the CPLD Business Unit at Xilinx Inc. 
He has BSEE, MSEE, and PhD de¬ 
grees in electrical engineering and 
computer science front the Univer¬ 
sity of California at Santa Barbara, 
and holds three patents. He has also 
authored a textbook “Designing 
with FPGAs and CPLDs, ” and dozens 
of technical papers. Jenkins can be 
reached at Xilinx Inc. 2100 Logic Dr., 
San Jose, CA 95124; (408) 559-7778. 
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Introducing the NEW Power Minder™ series from Benchmarq... 

Benchmarq's bq2018 Power Minder 
series offers price/performance and gives 
customers precision battery status. 

Benchmarq is a registered trademark aed Power Minder and "BENCHMARK the brains behind the battery" 
are tracemarks of BENCHMARQ Microelectronics. Inc Copyright © 1997. BENCHMARQ Microelectronics. Inc 
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VDD (Internal) 

Bandgap 
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Counter 
Control 

System I/O 

and Control 
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Mini-Board 

Differential 
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Balanced VFC 

Current 
Sensor 

. HI R2 

QI x« 
JFET’u 

Temperature 
Compensated 

Precision 
Oscillator 

±C1 
■=• Register 

Backup 

bq2018 
Power Minder IC 

3__ 
Calibration 
and Power I 
Control 

HDQ ... 

R4 

RAM 
and 

Counters 

or 
Guessing I 

Bars " 

Which battery display 
would your customers want? 

500 mAH + 

BENCHMARQ’ 

To 
Host 

-BAT+ 

Optional 

MARQY'S Message: 
Contact Benchmanj 

or see 
http://www.benchman¡com 

How The bq2018 Power Minder IC 

batteries. The func¬ 

is a multifunction charge/discharge i < 
counter that works with an intelligent host 
controller to provide state-of-charge » a / i 
information for rechargeable V VOI KS 

tional block diagram 
shows the bq2018 
and bq2118 bat-
mini-board. 

Charge/dis- MCK ' 
charge is monitored 
via the low-value 
sense resistor, Bat-
R1. A differential 
dynamically balanced 
VFC integrates the 
charge and bat. 
discharge levels 
sensed by R1. 

By using the accumulated counts in the 
charge, discharge, and self-discharge 
registers, an intelligent-host controller 
can accurately determine battery state-
of-charge for any type of battery. Self¬ 
discharge is estimated using the internal 
temperature sensor and timer. 

Host controller interface is via the HDQ 
serial line, allowing access to battery 

status registers, including read/write 
access to 115 bytes of the NVRAM 
(128 bytes total). 

Backup current for the NVRAM is 
less than 100 nA, which means data 
can be held for very long periods with 
just a capacitor or single-cell battery 
source. 

The bq2118 
Power Minder 
Mini-Board 

+ HV»1 009 

• Fully functional and tested 
board with bq2018 IC 

• Fits easily in most 
battery 
compartments 

The bq2018 
Power Minder IC 

Low power drain: 
<80 pA operating, 
<10 pA in sleep mode 
or <100 nA in data-
retention mode 1 
Single-wire control/ " 
data serial interface 

115 bytes user-
programmable 
NVRAM store battery 
data, charge 
information, & ID codes 

• Compact 8-pin 
SOIC package 

Monitors battery 
charge/discharge to 
determine remaining 
talk and standby time 
down to the minute 

Supports any battery 
chemistry 

Self-calibrating 
feature assures 
accuracy 

Actual Talk Time 

BENCHMARQ...THE BRAINS BEHIND THE BATTERY 
READER SERVICE 1S2 

BENCHMARQ Microelectronics, Inc. 
17919 Waterview Parkway 
Dallas, Texas 75252 U.S.A. 
800-966-0011 or 972-437-9195 
E-mail: benchmarq@benchmarq.com 
WWW: http://www.benchmarq.com 



Time,' 
The New Jitter and Timing Analysis Software Package. Easier and More Precise with Breakthrough Tools 

INTRODUCING 

The vertical cut shown 

below reveals a bimodal 

behavior which could 

adversely affect the signal's 

SNR (Signal-to-Noise Ratio). 

TIMING FUNCTIONS 
Persistence Histogram on 

an eye diagram. The crossover 

asymmetry shown is an 

important criterion for 

characterizing SONET/SDH 

signals. 

JitterTrack 

It's about 
IF JITTER AND TIMING MEASUREMENTS ARE IMPORTANT TO 

YOUR WORK, THE NEW JTA PACKAGE FROM LECROY IS FOR YOU. 

CAPTURE SIGNALS USING THE ULTRA-STABLE TIMEBASE OF A 

LECROY DIGITAL SCOPE AND VIEW THE ORIGINAL SIGNAL PLUS 

JITTERTRACK-ANALYSIS OF PERIOD, CYCLE-TO-CYCLE, TIME 

INTERVAL ERROR AND OTHER TIMING PARAMETERS. SPOT 

PROBLEMS IN THE TIMING ANALYSIS AND VIEW THE PORTION OF 

THE SIGNAL THAT CAUSED THE PROBLEM! YOU CAN MAKE VERY 

°RECISE JITTER MEASUREMENTS WITH A REPEATABILITY OF 

400 FEMTOSECONDS. 

IF TIMING IS EVERYTHING, THEN THE JTA SOFTWARE PACKAGE 

IS EVERYTHING TO TIMING! 

To learn more 

about JTA or our 

special offer, call 

1 800 4LeCR0Y 

LeCroy 
700 Chestnut Ridge Road 

Chestnut Ridge, NY 10977-6499 

www.lecroy.com 

JITTERTRACK VIEW 
The latest feature from 

LeCroy - JitterTrack - is so 

innovative, we've got a patent 

pending! Two JitterTrack 

functions characterize a PLL 

(Phase Locked Loop). The 

period JitterTrack (below) 

shows a progressive frequency 

transition. To keep the PLL on 

track, cycle-to-cycle period 

transition (above) should not 

be too abrupt and remain 

within the 5 sigma range sig¬ 

nified by the yellow envelope. 

STATISTICAL TOOLS 
JTA timing parameters 

feature an unlimited number 

of cycle calculations on 

single-shot acquisitions 

of up to several million 

points. The period-at-level 

parameter has been calcu¬ 

lated on over 300,000 cycles 

and analyzed with the 

histogram function, one 

of JTA's statistical tools. 

C 1998. ™ JitterTrackis a trademark of LeCroy Cmpo'ation. Patent pendine. 
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INTRODUCTION 
elcome to the lat¬ 
est Highlights of 
the Portable By 
Design Confer¬ 
ence and the Wire¬ 
less Symposium. 
This supplement to 
Electronic Design 

is based on the proceedings of the fifth and sixth edi¬ 
tions, respectively, of the two conferences and trade 
shows. The events, which ran concurrently February 
9-13 at the Santa Clara Convention Center, Santa 
Clara, Calif., were sponsored by Electronic Design 
and its sibling publications, Microwaves & RF and 
Wireless Systems Design. 

The two proceedings combined contain nearly 130 
papers in more than 950 pages. Obviously, this sup¬ 
plement, with several brief summaries of selected pa¬ 
pers, can only hope to give readers a glimpse at what 
the conferences were about, and what some of the 
concerns are in the fields of endeavor covered by the 
two technical programs. Besides their interest to the 
readers, the papers were chosen based on the ability 
to summarize them briefly while maintaining techni¬ 
cal integrity. Of course, this means that many excel¬ 
lent papers could not be presented here. For those pa¬ 
pers, as well as the complete versions of the papers 
summarized in this supplement, we refer you to the 
individual proceedings. 

The supplement also includes reprints of articles 
written as previews of the Portable By Design Confer¬ 
ence and Wireless Symposium and published just prior 
to the events. The articles offer a good overview of the 
conferences and the topics covered, as well as some in¬ 
sight into the products introduced at the exhibitions. 

The next Portable By Design Conference and 
Wireless Symposium will be held February 22-26, 
1999 at the San Jose Convention Center, San Jose, 
Calif. For more information, check out www. Wireless-
Portable.com or contact Wireless & Portable Shows, 
Penton Institute, 1100 Superior Ave., Cleveland, OH 
44114; (888) 947-3734; fax (201) 393-6297; instant 
fax-back (800) 561-SHOW. 

JOHN NOVELLINO 
Managing Editor, 
Special Projects 
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NEC Silicon RF IC 
Solutions... from 25 4 
Want to make life simpler? Reduce the parts count in 

your design with low cost NEC Silicon RF ICs. 

But be aware of the side effects! 

Fewer parts can make your design more reliable. 

Your QC easier. And your assembly faster and 

more efficient. 

NEC RF ICs come in a variety of package styles, 

including low cost plastic and surface mount, plus 

they’re available on tape and reel. Best of all, their 

quality and reliability are proven. With a production 

rate exceeding 20 million RF ICs a month, no one 

knows this technology like NEC. 

Our Silicon RF IC Selection Guide lists 

specifications for these and dozens of other devices. 

For a copy, call CEL or one of our distributors. Or 

call our Fax Hotline and request Document #502. 

Gain vs. Frequency 

NEC 

5V Wideband RF IC Amps —from 25C 

PART FREQ. RANGE GAIN (dB) NF (dB) PidB(dBm) Ice (mA) tTEST 

UPC1678GV 50MHz —2.0GHz 23 6 +15.9 49 500MHz 

UPC2708T 50MHz —2.9GHz 15 6.5 +9.2 26 l.OGHz 

UPC2709TB 50MHz —2.3GHz 23 5 +8.7 25 l.OGHz 

UPC271OT 50MHZ-1.0GHZ 33 3.5 +10.8 22 500MHz 

UPC2711TB 50MHz-2.9GHz 13 5 -2.6 12 l.OGHz 

UPC2712TB 50MHz —2.6GHz 20 4.5 -0.4 12 l.OGHz 

UPC2713T 50MHz —1.2GHz 29 3.2 +0.3 12 500MHz 

UPC2776TB 50MHz-2.7GHz 23 6.0 +6 25 l.OGHz 

UPC2791TB 50MHz —1.9GHz 12 5.5 +1 17 500MHz 

UPC2792TB 50MHz-1.2GHz 20 3.5 0 19 500MHz 

3V Wideband RF IC Amps —from 35C 

PART FREQ. RANGE GAIN (dB) NF (dB) PldB (dBm) ICC (mA) fjEST 

UPC2745TB 50MHz-2.7GHz 12 6 -3.0 7.5 500MHz 

UPC2746TB 50MHz-1.5GHz 19 4 -3.7 7.5 500MHz 

UPC2747T 100MHz-1.8GHz 12 3.3 -11 5 900MHz 

UPC2748T 200MHz-1.5GHz 19 2.8 -8.5 6 900MHz 

UPC2749T 100 MHz-2.9GHz 16 4 -12.5 6 1.9GHz 

UPC2762TB 100 MHz-2.9GHz 14.5 7 7 27 1.9GHz 

UPC2763TB 100MHz-2.4GHz 20 5.5 6.5 27 1.9GHz 

UPC2771TB 100MHz —2.1 GHz 21 6 11.5 36 900MHz 

Prices at looK quantity 



5V Prescalers — from 70C 3V Frequency Converters — from 60C 

UPC8104GR Frequency Range 

UPC8104GR UPC2766GR UPC2781GR 

PLUS DISCRETES 

Mods & Demods —from 51.60 

AU are available in eight different 
low cost surface mount packages. 

These NEC biploars are ideal for 
amplifier and oscillator applications 
in your portable wireless designs. 
Priced from 20c. 

NE686 Bipolar Transistors 
• High fT (15 GHz) 
• Low Noise 
• Excellent Insertion Power Gain 

NE687 Bipolar Transistors 
• Low Noise (1.3 dB @ 2 GHz) 
• High Gain Bandwidth 
• Noise match close to 50 ohms 

NE688 Bipolar Transistors 
• Low Phase Noise Distortion 
• Low Noise, High fT
• Large Absolute Max 
Collector Current 3-5 Volt operation 

Ports for IF filter 

10 MHz I/Q BW 

400 MHz IF Bandwidth 

1.9 GHz RF Output 

Evaluation boards 
for most NEC MMICs 

are available free from CEL 

RF BW - 440 to 520 MHz 

IF BW-0.3 to 20 MHz 

On Chip 90° Phase Shifter 

35 dBc typ distortion 

1. Downconverter 2. Upcorveiter 3. AM/ASK Receiver IC 

RFBW-DCtolGHz 

IF BW-DC to 100 MHz 

35 dB typ AGC dynamic range 

30 dBc typ distortion 

RF Frequency Conversion Output IP3

PART (MHz) >CC (mA) Gain (dB) (dBm) 

UPC2756T 1 1OO - 2000 5.9 14 O 

UPC2757T 1 1OO - 2000 5.6 13 0 

UPC2758T 1 100 - 2000 11 17 -«-6 

UPC2768GR 1 10 - 450 7 80 -17 

UPC81O6T2 100 - 2000 9 9 +1 

UPC8112T 1 800 - 2000 8.5 13 -10 

UPC8116T3 100 - 500 4.1 6.5 — 

r 

CEL k California Eastern Laboratories 

* Need Product Information Fast? 
Use CEL 's Automated Fax System! 

CEL FAX 
800-390-3232 

(U.S. and Canada Only) 

4590 Patrick Henry Drive ■ Santa Clara, CA 95054 ■ 408 988-3500 * http://www.cel.com 

DISTRIBUTORS: Reptron Electronics (888) REPTRON Bell Industries (800) 525-6666 

Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (Canada) 
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Designing Low-Power/High-Perfoimance Handheld Systems 
Selecting a microprocessor for PDAs, PICs, and HPCs in¬ 

volves careful evaluation in a three-dimensional space. HPCs 
greatly resemble laptops, so they need to be expandable, have a 
broad base of ISVs targeting their customers, and have a stan¬ 
dard operating system and GUI. Additionally, product differ¬ 
entiation depends on CPU speed, “user-perceived” perfor¬ 
mance, amount of memory, and cost. Finally, increasing 
density levels achieved by current CMOS processes allow the 
implementation of systems-on-silicon geared to optimizing 
performance, with minimum cost and power consumption. 

Laptops traditionally run the Microsoft Windows 95 operat¬ 
ing system. Therefore the choice of architectures for those de¬ 
vices is limited to members of the x86 family of devices. 
HPCs, on the other hand, have Microsoft Windows CE as a de 
facto standard. Windows CE, contrary to Windows 95, is not 
limited to the x86 architecture, and is available to a number of 
microprocessor families, including MIPS and SH derivatives. 
As a consequence, the selection of an architecture for an HPC 
depends much less on the software compatibility issue and 
much more on other relevant parameters. 

Relevant parameters when selecting an architecture for 
HPCs are: 

•system performance, 
•system power consumption, and 
•system cost. 

The three parameters listed above form a three-dimensional 
optimization space, which requires careful analysis. 

It is very important to realize that system performance in 
HPCs is only relevant for two distinct ends. The first, “user-per¬ 
ceived” performance, is the difference in performance that a user 
actually can see. For example, a user can perceive the difference 
between a device that takes 2 sec. to open an application and a 
device that takes only 1 sec. to open the same application. How¬ 
ever, it would be much harder for the user to perceive the differ¬ 
ence between a device that takes 200 ms to open an application 
and another that takes only 100 ms to open the same application. 

The second is performance as a technology enhancer. In this 
case, ever increasing performance levels enable applications 
previously deemed impossible or the migration of functional¬ 
ity previously implemented in hardware onto software running 
on the CPU. System performance, contrary to widely held be¬ 
liefs in the PC desktop world, is not only a consequence of 
CPU speeds, but is also very much dependent on the CPU ar¬ 
chitecture, cache sizes, memory speeds, bus latencies, etc. 

A typical HPC will contain two types of batteries in its 
power subsystem: a rechargeable main battery set and a 
backup battery. Typically, the main battery will be NiCd or 
NiMeH batteries in a AA form factor, while the backup battery 
will usually be a 3-V coin cell. The main battery is meant to 
provide power to the device while “on the road,” while the 
backup battery will maintain the “illusion” of a persistent 
memory, even when the main battery fails. 

A Windows CE-based device will present three operating 
modes related to power consumption (see the figure). 

•Running mode: In this mode, the CPU is executing code, 

scheduled tasks are being executed, and the LCD panel is be¬ 
ing refreshed. In summary, the system is receiving and pro¬ 
cessing input. As soon as there are no tasks to be executed, the 
system changes into idle mode. If the system does not have any 
tasks scheduled in a “long time,” it will change into sleep 
mode. 

•Idle mode: In this mode there are no tasks scheduled to be 
executed. Therefore, the clocks to the CPU and all non-essen¬ 
tial parts of the system are disabled. The LCD panel is being 
refreshed and the system is typically waiting for user input. 

•Sleep mode: In this mode, the device is on power-off state. 
The contents of memory are preserved, and the real-time clock 
is ticking to preserve time and date. The system is waiting for 
the user to power it up or for an alarm to wake it up. 

Reducing the cost of handheld computer devices involves 
increasing integration of system components. Most of the ex¬ 
isting silicon solutions for HPCs today available in the market 
are already the result of some integration effort. Most of them 
present themselves as two-, three-, or four-chip solutions. Fur¬ 
ther integration is likely. A lot can be done to reduce the cost of 
the power supply circuitry through integration. Future HPCs 
will likely provide built-in wireless capabilities, and that will 
present further opportunities for integration. 

For the time being, integration will probably still be limited 
to a two-chip solution. Fully digital designs can migrate to 
smaller feature-size processes and to lower voltages much 
faster than analog or mixed-signal designs can. That makes it 
very likely that IC manufacturers will continue to try to opti¬ 
mize these two systems components separately, as Philips 
Semiconductors has been doing. 

Integration leads to increased performance through in¬ 
creased clock speeds and careful design of the bus architecture. 
It leads to reduced power consumption through careful design 
and the lowering of system voltages. It also leads to reduced 
system costs through the reduction of chip count and of the re¬ 
quired PCB real estate. 

Milton Ribeiro, Philips Semiconductors. From the 1998 
Portable By Design Conference. 
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Current IrBA Solutions And Future Plans 
There are three main class 

ifications of IR protocols: 1. 
consumer electronic remote 
control; 2. proprietary data 
transfer; and 3. IrDA data 
transfer. As infrared use con¬ 
tinues to increase, close atten¬ 
tion to interference/coexis-
tence will be necessary to 
ensure that all equipment will 
be able to operate as desired 
and the end-user experience 
will remain positive. This 
paper will focus on the IrDA 
standards and show what is 
being done to accomplish 
these goals. 

IrDA solutions have been 
included in notebook and desktop computers for a number of 
years. Starting with IrDA 1.0, data rates up to 115 baud were 
achieved. With the addition of the IrDA’s high-speed extensions, 
referred to as IrDA 1.1 or Fast IR (FIR), data rates up to 4.0 
Mbps are now available. 

Areas where ongoing infrared activity is occurring include 
power consumption, component size, cost, and infrared link 
robustness. To reduce power consumption and thus increase bat¬ 
tery life, optical transceiver manufacturers are developing more 
efficient infrared LEDs. In addition, most optical transceivers 
have power down modes and some are available with program¬ 
mable transmitter power levels. 

Small size is also significant in portable equipment. In the 
electronic industry, many new portable devices are being devel¬ 
oped which include an infrared port. To enable these very small 
portable devices, optical transceiver manufacturers have contin¬ 
ued to reduce the size of their components. In addition. National 
Semiconductor has integrated the infrared controller IC into 
many of its Superl/O devices and has released a stand-alone 
device (PC87109) specifically for the digital camera market. 

System cost is always a factor in a manufacturer’s desire to be 
successful in a market. To this end both optical transceiver ven¬ 
dors and infrared controller IC vendors are reducing component 
costs as the market matures and volumes increase. Not only 
component cost but system costs are being reduced as more 
functionality is being integrated into the components. In the area 
of system performance, significant efforts have been exerted to 
improve the noise immunity of the infrared receivers to reduce 
bit error rates and increase the reliability of the infrared link. 

National Semiconductor and others have been working on 
improving system flexibility to facilitate future expansions of the 
IrDA specifications. National has been working closely with 
optical transceiver manufacturers in defining the control inter¬ 
face between the infrared controller IC and optical transceiver. 
This is important since it will allow for future upgrades in a 
graceful and low-risk fashion. To keep this interface low-cost 
and expandable, a serial signalling scheme has been proposed 
which will allow future enhancements while keeping the same 
pinout and PCB layout. This serial interface uses soft addressing 
which allows multiple optical transceivers to share the same 

wires. The interface defines a message-based protocol that deter- [ 
mines how control, status, and data are transferred. In defining I 
the protocol, allowances were made for future extensions. 

Coexistence between IrDA and Consumer Remote Control ' 
protocols should rely on frequency separation. This solution is [ 
relatively simple and it should lead to low-cost implementations. ¡ 
It empoys a TDM bearer mechanism within the PHY layer. 

The control of the infrared medium is centralized. Only one ! 
station, acting as the host, is responsible for it. This station may ' 
also contain the main controller for control-oriented protocols ¡ 
(e.g., IrBus). A UIR [National’s Universal Infrared architecture] ; 
super layer within the host controls the infrared medium alloca- ! 
tion via a simple token-passing mechanism (see the figure). 

Each protocol is allocated a time slot within a periodic TDM ' 
frame, and it is allowed to use the infrared medium only for the ¡ 
duration of the time slot. The durations of the individual time J 
slots as well as the TDM frame should all be programmable to ! 
accomodate different system requirements. If only one protocol ! 
is being used, the TDM mechanism can be disabled and the pro- ' 
tocol will have total ownership of the infrared mechanism. 

The handling of the token is very' simple for a control-orient- ¡ 
ed protocol since the protocol controller uses a polling scheme ! 
and it is always responsible for initiating a communications ! 
operation. 

Among all the requirements mentioned above, perhaps the [ 
most critical is the one related to coexistence. This issue was not ] 
addressed properly by IrDA 1.0 and IrDA 1.1, and therefore ! 
these protocols do not coexist well with new protocols designed i 
to support future applications. It is imperative that future IrDA ' 
developments give the coexistence issue top priority. 

Other issues, like interoperability, expandability, cost, etc., [ 
should also be kept in mind. We believe that a general frame- I 
work with a well-defined set of rules should be created in order ! 
to assist in the development of new protocols. New protocols ' 
developed under this framework would, at a minimum, be guar- ¡ 
anteed to coexist harmoniously. Regarding the existing IrDA 1.0 ] 
and IrDA 1.1 protocols, some minor modifications at the soft- ! 
ware level would make them more “coexistence friendly.” 

Franco lacobelli and Robert Speckman, National 
Semiconductor. From the 1998 Portable By Design Conference. 
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Balanced Device Evaluation For Mobile Phones 
Using Modal Decomposition Technique 

The use of balanced components is becoming popular in 
hand-held phones. Example components are: surface acoustic 
wave (SAW) filters, amplifiers, and some of the I/O ports of 
large-scale integrated circuits. In some cases a component may 
have both balanced and unbalanced ports. In the past, balanced 
components were measured by using balanced-to-unbalanced 
transformers (baluns). This allows the use of a conventional 
unbalanced 50-ohm test system. 

The problem with the balun approach is that as the frequency 
increases above about 100 MHz, the characteristics of the balun 
transformer are not well known and it is difficult to calibrate the 
test system because of the lack of balanced standards. Since the 
balanced impedance (Zo) of a balun is part of its physical con¬ 
struction, a different balun is required for each different port 
impedance. If an impedance-matching network is used between 
a balanced component and a balun, and is adjusted for minimum 
insertion loss, the network may not be correct for use with other 
balanced components because it is matching the balun to the 
component, not matching the the component to a given Zo. 

In early 1900, the technique of “modal decomposition” was 
known in relation to the testing of twisted-pair cables. With the 
advent of modem computers that can handle large matrices of 
complex numbers, the use of this technique has become practi¬ 
cal. It is based on the idea of measuring unbalanced parameters 
and then converting them into balanced parameters. 

The modal decomposition technique is not limited to twist¬ 
pair cables but can be used for any component that is linear with 
power level and time. It also has the capability to measure unbal¬ 
anced parameters along with the balanced parameters. This 
allows components that have both balanced and unbalanced 
ports to be tested. The S-parameter test set used for this tech¬ 
nique requires two physical ports for each “modal” port. 

The steps in making the modal decomposition measurement 
are: 

• Perform a classical vector network analyzer calibration on 
all physical test ports using conventional unbalanced 50-ohm 

calibration standards. 
• Connect a device under test and measure the S parameters. 
• Convert the S parameters into Z parameters. 
• Transform the Z parameters into modal Z parameters (Zm ). 
• Convert the Zm  parameters into modal S parameters (Sm ). 
• Select the parameter to display and download that 2-port 

parameter set as a complex matrix into the network analyzer for 
display. 

The only part of the above procedure that is new is the trans¬ 
formation of the classical Z-parameter matrix into the Zm 
matrix. The basis of this transformation is the use of “mathe¬ 
matical baluns.” 

Unlike the h-parameter method (Reference [3]), the modal 
decomposition technique allows the unbalanced (Zou) and bal¬ 
anced (Zoß) termination impedance to be set in software. This is 
very important when making measurements of mode-conversion 
devices such as a balun transformer. 

We measured a 900-MHz balanced-unbalanced SAW filter 
by using the conventional measurement technique (above) and 
the modal decomposition technique (left). The measured inser¬ 
tion loss within the passband is well matched at less than 0.5-dB 
data difference. There are 5- to 10-dB data differences in the 
rejection band. 

This worked because the balun had near theoretical perfor¬ 
mance. In other cases the results may not agree if the SAW filter 
is being tuned to compensate for the parasitics of the balun. This 
technique can be used to make balanced device evaluation much 
easier, simpler, and more accurate. 

[3] Peeters, Steyaert, Sansen, “High-frequency measurement 
procedure for fully differential building blocks,” IEEE 
Transactions on Instrumentation and Measurement, Aug. 1977, 
Vol. 46, Num. 4, pp. 1039-1043. 

Shigeki Tanaka and Brooke Clark, Hewlett-Packard Co. 
From the 1998 Wireless Symposium. 
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Comparing PCMCIA, Cardbus, And Small PCI 
PCMCIA is the Personal Computer Memory Card 

International Association. The first and second release of the 
card spec still referred to the cards as PCMCIA cards. However, 
with the addition of Cardbus capability, the PCMCIA organiza¬ 
tion has changed the terminology by which they refer to the dif¬ 
ferent generations of cards. PCMCIA still refers to the organiza¬ 
tion while “PC Card” or R2 Cards” (represents Release 2 of the 
standard) still refers to the 16-bit cards. Cardbus refers to the 32-
bit interface, which is closely related to the PCI bus. 
PC Cards come in three physical sizes: Type I, Type II, and 

Type III. They are all 85.6-mm long, 54.0-mm wide, and 3.3-
mm thick. Type II has a thickness of 5 mm in the substrate area, 
and Type III has a thickness of 10.5 mm in the substrate area. 
The guide rails for the host socket can accept all three types of 
cards as long as the opening is large enough for the Type III. 
The memory interface for the PCMCIA cards has 64 Mbytes 

of direct addressability (or unlimited if addressed in an indexed 
fashion). That data can be accessed in single bytes or double 
bytes. Virtually any type of silicon storage can be used on cards; 
however, the primary use of memory is for non-volatile storage. 
There is a register memory or attribute memory space provided 
to store the card’s configuration. And, of course, it contains the 
standard control functions such as read/write, card enable, etc. 
The I/O capabilities follow pretty much the same addressabili¬ 

ty and data width as the memory cards. However, there are many 
more signals needed to configure and control I/O functions. The 
most important is the interrupt line. Any event that happens out¬ 
side of the computer’s direct control needs to be signaled back to 
the system via the interrupt line. 
Cardbus is a 32-bit multiplexed address/data interface that runs 

at PCI speeds of 33 MHz. It uses the same 68-pin interface as the 
R2 Cards or the 16-bit cards. The host can distinguish between 
16-bit cards and Cardbus cards even before power is turned on 
to the socket. It is a requirement that Cardbus host controllers 
also support the older 16-bit cards in the same socket. This fea¬ 
ture prevents obsolescence of the 16-bit cards. 
Once a Cardbus card is configured, it effectively becomes a 

PCI application with PCI performance. 
A typical two-slot host controller like the TI PCI 1220 can sup¬ 

port up to two 68-pin Cardbus slots and can be combined in a 
system to give any multiple number of slots (see the figure). 
There is an RAS application today that uses 16 Cardbus con¬ 
trollers in one box for a total of 32 Cardbus cards. 
There are only a few Cardbus cards available today. These are 

applications that need the 132-MB/s performance of Cardbus. 
Some functions that can benefit from Cardbus are 100-Mbit 
LANs cards. 100-Mbit LAN applications can be run using 16-
bit cards, but do not achieve 100-Mbits/s, while the Cardbus 
LAN cards can easily achieve full performance. 
Small PCI (SPCI) cards are functionally the same a PCI cards, 

but use a form factor equivalent to PC Cards in width, length, 
and thickness. However, they use a 108-pin connector and are 
keyed to prevent accidental insertion of PC cards into an SPCI 
socket and vice versa. It is possible to have an adapter card that 
electrically connects an SPCI socket to a PCI socket. 
Some features and design points for SPCI cards are: 

•Full performance and electrical characteristics of standard 

3.3V or 5V PCi bus 

PCI. 
•Small form factor (same as PC Cards but with a 108-pin con¬ 

nector. 
•Requires no socket-controller silicon or software. 
•Incorporates CLKRUN signal for energy conservation. 
•Incorporates PRSNT[ 1:2)# signals for optimizing power sup¬ 

plies. 
•I/O is cabled to bulkhead for design flexibility. 
•Enables 3.3-V and 5-V operation, with universal option for 

smooth migration. 

Reduced power requirements enable the use of smaller power 
supplies and result in cooler system operation. 
Some benefits to OEMs and card manufacturers are: 

•Provides the ability to incorporate PCI into smaller mechani¬ 
cal packages. 
•Frees up standard PCI slots for additional adapters. 
•Reduces the need to integrate continually changing subsys¬ 

tems onto the system board. 
•Results in lower system-board costs due to manufacturing 

economies of scale. The system board can offload many of the 
unique applications to these SPCI cards and one planar board 
design can fill multiple system design points. 

SPCI cards perform at PCI speeds by definition, but they do 
have some drawbacks. SPCI cards are plug-n-play but not hot 
pluggable. To make SPCI cards hot pluggable, the host needs to 
isolate the SPCI socket for insertion and removal of SPCI cards. 
The OS and third-party software needed to handle system 
resources that come and go are not as developed for SPCI cards 
as it is for PC Cards and Cardbus cards. 
SPCI and Cardbus cards can handle all of the application capa¬ 

bility of PCI functions, while the 16-bit PC Cards are primarily 
used for functions requiring less than 5 MB/s performance. 
Anthony Wutka, Texas Instruments. From the 1998 Portable 

By Design Conference. 
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Vector Modulator Realized On A Single Subtrate 
For Feedforward Response Cancellation 
In Digital Cellular Communications Systems 

The demanding signal purity 
requirements and digital modulation 
schemes encountered in wirelesss com¬ 
munications services have accelerated 
the development of feedforward ampli¬ 
fication techniques. Adjustment of both 
amplitude and phase in the cancellation 
loop is required to accomplish this, and 
it has generally been implemented with 
variable attenuators and phase shifters. 
However, these components do notpro-
vide the most effective solution and 
have drawbacks that make them a poor 
choice for production environments. 
The vector modulator (or vector attenu¬ 
ator) provides the desired control of 
gain and phase without the “side 
effects” encountered with more conven¬ 
tional techniques. 

The vector modulator, as a variable 
resistive device, solves the most limiting 
problems of the conventional approach 
without creating additional constraints in the process. 

A digitally controlled vector modulator such as the one de¬ 
scribed in this paper resonds to a direct command from a control 
source to produce specific phase and amplitude values without 
intermediate steps. 

As a result, the time required to adjust a typical feedforward 
amplifier is reduced by 25% or more. In addition, this vector mod¬ 
ulator handles an input power of more than 500 mW, which makes 
it suitable for use in adjusting feedforward power amplifiers. 

The vector modulator consists of an input 90° hybrid that 
feeds two additional 90° hybrids that have PIN diodes connected 
to form a reflective phase shifter/attenuator. Both signals are 
summed in an in-phase power combiner (see the figure). 

By phase-combining the attenuator outputs, and by control¬ 
ling their values with a digital word, any combination of ampli¬ 
tude and phase can be rapidly obtained. Both of the vector modu¬ 
lator’s I and Q attenuator inputs are controlled, in contrast to the 
phase and attenuation of a phase shifter and an attenuator. In ad¬ 
dition to replacing the sequential determination of phase angle, 
the vector modulator has very little group delay distortion and is 
extremely stable in its delay in the presence of changes in control 
inputs. As a result, the depth of the feedback loop can be main¬ 
tained at an optimum level. 

The reflective phase shifter/attenuator control current inputs 
are referred to as ly and Ix. These inputs apply bias to four PIN 
diodes designated as equivalent resistance Rx and Ry. The x-side 
at 0° and y-side at 90° can be considerd the x and y axes to form 
the output voltage. 

The bias is applied through the hybrid to the two pairs of 
diodes. The Ix current is isolated from the ly current, providing 
independent variation in an amount necessary to provide a de-
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sired combination of attenuation and phase at the output. 
The vector modulator was fabricated by a process that utilizes 

a single piece of low-cost alumina for both the circuit and hybrid 
header package. It was developed by KDI/triangle using the Surf-
pac process. Gold plating, glass firing, and Kovar typical of con¬ 
ventional hybrid packages are eliminated. This often produces as 
much as a 2:1 reduction in size and volume over conventional 
thick-film architectures. Multiple circuits are manufactured and 
tested on a single substrate so that unit-to-unit consistency is 
greatly improved. 

The performance gains provided by Surfpac are substantial. 
For example, a traditional 120° phase shifter hybrid for operation 
at PCS frequencies from 1.9 to 2.1 GHz costs about $500. A com¬ 
parable Surfpac phase shifter costs about $50, and delivers the 
same or better performance. The device measures 1.5 by 1.0 by 
0.375 in. versus 3 by 2 by 1.5 in. for its hybrid counterpart. 
Weight is also reduced, from 11 oz. to less than 2 oz. 

The advantages of the vector modulator in the final tuning of 
feedforward amplifiers are derived from its ability to produce a 
change in values within 0.5 dB with 2.5° steps for 9 dB of attenu¬ 
ation. The vector modulator described in this paper provides the 
additional benefits of relatively high power-handling capability, 
high repeatability, small size, and low cost, which are derived 
from realization in the Surfpac process. 

The result is a vector modulator with a range of attenuation 
from 0 to 18 dB and digital phase shift from 0 to 360°. The use of 
this vector modulator design in production amplifiers can poten¬ 
tially reduce final tuning time by at least 25%, depending on the 
design of the host test system. 

Larry Silverman, KDI/triangle Corp. From the 1998 Wire¬ 
less Symposium. 
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Methods To Qualify ACPI Smart-Battery Implementations 
The Advanced Configuration Power Interface (ACPI) de¬ 

fines the software and hardware interface between the operat¬ 
ing system (OS) and the SMBus system. The interface goes 
through an embedded controller. This definition allows the OS 
to directly communicate with the Smart Battery system, which 
provides the OS with consistent and accurate battery data 
while optimizing battery system performance. Maximum run 
time requires the OS to get accurate battery data and for the 
battery system to deliver optimal charging and discharging 
performance. This is accomplished by allowing the battery to 
determine its own charging algorithm. Thus an ACPI-compli-
ant Smart Battery system is both accurate and chemistry inde¬ 
pendent. 

In order to test Smart Battery data, we are proposing a soft¬ 
ware controllable tool, the Battery Test Workbench (BTW). 
This tool must have many test and measurement capabilities: 

•ability to measure voltage and current at the battery termi¬ 
nals, 

•a programmatically controllable load, 
•a programmatically controllable charger, 
•an ohmmeter to measure thermistor pin values, and 
•an SMBus activity monitor. 

The BTW consists of the battery to be tested, the test fix¬ 
ture, and a computer to control the test fixture. Its use will be 
described at a general level with its possible uses to test Smart 
Batteries and other Smart Battery system components. While 
the particular hardware and automated control is only a pro¬ 
posal, the tests and test methodologies can be done with off-
the-shelf test equipment. 

The capability to perform automated battery tests, although 
time consuming, is highly desirable. Smart Batteries are elec¬ 
tro-chemical systems coupled with electronics. These electro¬ 
chemical systems change with use, and the electronics try to 
compensate for these changes. With age, battery errors can 
grow, so it is important to cycle the battery a number of times 
to accurately gauge the capacity and reported run times. Mea¬ 
suring battery data accuracy is the key goal of the BTW. Smart 
Batteries, unlike other batteries, must report data within toler¬ 
ances of 1%. 

The type and characteristics of the load placed on the bat¬ 
tery during testing are very important. Battery vendors nor¬ 
mally use a constant-current load based on a 5-hr. rate to report 
capacity. However, a notebook computer presents an entirely 
different type of load, a rather dynamic constant-power load. 

The most important characteristics that must be tested are 
the capacity, the alarms, and the remaining-time data. Addi¬ 
tionally, there is other information that can and should be 
tested at the same time. For example, the reported error can be 
tested along with the amount of remaining energy actually left 
when the battery reports that it is fully discharged. There are 
certainly other data values that may be tested as well. 

The test methodology is to use the charge voltage and cur¬ 
rent commands to set the output of the programmable power 
supply. The voltage and current reported by the battery should 
be compared to the values read by the data acquisition system. 
When the battery tries to end charging by sending a zero charg¬ 

ing current or voltage, or a terminate charge alarm, the pro- ! 
grammable power supply should be turned off. The battery at ' 
this time should be fully charged. Several battery data values ¡ 
should be read and recorded, including battery capacity, last ¡ 
full charge capacity, max error, and the status. 

There are three types of discharge tests that need to be run. ' 
First is the C/5 test, where the battery’s design capacity in mil- ' 
liamp-hours is divided by five and used as the load placed on j 
the battery. The battery is discharged until it sends a terminate ¡ 
discharge alarm or a predetermined cutoff voltage level is ! 
reached. The measured capacity is then compared with the re- ! 
ported capacity. If the battery terminate-discharge alarm ' 
causes the discharge to end (normal case), the battery should ¡ 
then be discharged until the cutoff voltage is reached.The en- ; 
ergy extracted from the battery at this step is useable energy I 
that is unavailable to the user. The battery is recharged and the ! 
test repeated. 

The second test is much like the first except the battery is ¡ 
placed in the power mode and a P/5 constant-power load is ap- ¡ 
plied. This test is important to confirm that the battery reason- ! 
ably reports its capacity in terms of energy. 

The third test is more extensive, testing the battery capacity ' 
using the simulated notebook load. In this case the charge cy- ¡ 
ele remains the same, but the remaining time is tracked ¡ 
throughout the discharge cycle. I 

Unlike the previous tests, the use of a dynamically changing ' 
load means that the remaining time will not monotonically de- 1 

crease and the remaining capacity will not track with the en- ¡ 
ergy delivered. The most important information from the OS ¡ 
point of view is the alarm information. The user wants accurate ! 
remaining time and both want to extract all the available en- ! 
ergy. In this case, the remaining time is recorded and plotted. ' 
At the end of each discharge run, the actual run time can be j 
overlaid as a straight line on top of the remaining times re- ¡ 
turned by the battery. The net area between the two curves I 
should approach zero. 

Additional testing should be done to simulate a typical ' 
user’s charge/discharge pattern. For this test, the battery should j 
be fully discharged and then fully charged. This should allow ] 
the battery electronics to accurately determine the end points ! 
and establish a known capacity. The battery should accurately ' 
report capacity and remaining time, taking max error into ac- ¡ 
count. 

The SMBus Implementers Forum is responsible for pub- ¡ 
lishing and maintaining the SMBus Specification as well as the ! 
Smart Battery Data Specification, the Smart Charger Specifi- ! 
cation, and the Smart Battery Selector specification. Join and ' 
participate in the SBS Implementers Forum to help maintain ¡ 
and improve these specifications. Build products that comply ¡ 
with the specifications and test them for compliance. 

In particular, test the system ACPI compliance. Focus on the ! 
Smart Battery’s data to ensure that it accurately reports infor- ' 
mation and is able to supply all its available energy. This ulti- ¡ 
mately will ensure consumer satisfaction and help the OS take ¡ 
full advantage of the battery. | 

Robert A. Dunstan and Phil Mummah, Intel Corp., Mo- ! 
bile Handheld Products Group. From the 1998 Portable By 
Design Conference. 
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Battery Options And System Design Considerations: 
A Comparison Of Primary And Secondary 
Battery Systems For Handheld PC Devices 

Determining which type of battery is best for a given prod¬ 
uct depends on which performance parameters are the most 
important for the application. This paper helps identify the im¬ 
portant performance characteristics of the main battery system 
in handheld PCs (HPCs). Characteristics discussed include 
system self-discharge, thermal capabilities, internal operating 
impedance over discharge, cycle life, and product safety. The 
discussion includes the advantages and disadvantages of pri¬ 
mary (alkaline) and secondary (rechargeable alkaline, lithium-
ion, and nickel-metal hydride) chemistries in HPCs. It also 
looks at contact theory and circuit design options that can in¬ 
crease reliability in any battery-powered product. 

Also important are an understanding of thermal capabilities, 
effects of the operating environment, and battery-life require¬ 
ments of the product. Thus designers must consider two inter¬ 
acting paths: the consumption of the active electrochemical 
components and the effects of thermal wear out. Self-discharge 
and thermal wear out must be treated as separate issues because 
designers can sometimes compensate for self-discharge by in¬ 
creasing battery capacity, but thermal wear out can be ad¬ 
dressed only by selecting a more thermally capable battery. 

Nickel-metal hydride cells, like their NiCd counterparts, are 
1,2-V cells with a very similar internal impedance profile. They 
have a stable voltage profile, decent pulse-rate current drain ca¬ 
pability, and quick recharge regimes (up to a 3C rate), but they 
do not suffer from memory-effect problems bought on by repet¬ 
itive shallow discharge cycles. However, they have a high self¬ 
discharge rate, about 3% per day. 

The lithium-ion battery is a relatively high-energy-density 
rechargeable system which allows designers to reduce the form 
factors of their products. 

Unlike metallic lithium cells, lithium-ion batteries keep the 
lithium in an ionic state. Metallic lithium is very volatile and 
reactive, to the point of burning in the presence of water. 
Lithium ion cells retain the electrochemical properties of 

Capacity 
(mA-Hr) 

Figure 2. Estimated Charge Retention (20°C) 

lithium, while eliminating the inherent safety issues of metallic 
lithium. 

The clear advantage of using primary alkaline batteries is 
reliability; there are no concerns about shelf-life, no concerns 
about retail availability of replacement cells. The big drawback 
can be cost, especially in power-hungry devices. 

The discharge capacity of rechargeable alkaline cells fades 
with each cycle, with the majority of the fade occurring in the 
early cycles. Two key benefits of rechargeable alkalines are 
low self-discharge (Fig. 2) and excellent shallow-discharge 
performance (Fig. 3). 

These characteristics make the rechargeable alkaline system 
ideal for intermittent use and/or frequent-recharge applications. 
Ideal applications for rechargeable alkalines include low- and 
moderate-power portable applications such as handheld PCs, 
cordless phones, CDMA phones, or portable terminals. 

The design criteria for a device which uses discrete cells has 
additional contact reliability concerns not associated with a 
battery pack design. When designing a battery contact system 
for discrete cells, both the mechanical and electrical atributes 
of the contact design must be considered. 

By designing a contact system that exploits the mechanical 
difference between Renewal cells and other chemistries of the 
same cell size, a contact scheme can be created which allows 
for the discharge of any voltage-compatible cell chemistry but 
discriminately charges only Renewal cells. 

This duality offers the user the option of secondary battery 
cost savings without giving up the convenience typically asso¬ 
ciated with primary alkaline cells, should the need arise. 

The life-cycle performance of rechargeable alkaline battery 
packs can be optimized by the use of appropriate battery man¬ 
agement techniques. 

Jim Pilarzyk, Rayovac Corp. From the 1998 Portable By 
Design Conference. 
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WIRELESS 

Personal ATMs: Secure, Portable, Electronic Commerce 
With Smart Phones And Smart Cards 

An estimated US$8 
billion will be spent at 
electronic commerce 
(e-commerce) Web 
sites this year, and that 
amount is projected to 
grow to US$546 billion 
by the year 2000. The 
growth of e-commerce 
may help drive the 
adoption of electronic 
cash (e-cash) cards. 

As e-cash becomes 
viable, people will use 
it to settle transactions, 
both at real-world retail 
outlets and at virtual-
world Web-based e-
commerce sites. E-cash 
card users will reload 
value onto their cards 
from the ATMs (automatic teller machines) from which they 
withdraw cash today. For added convenience, e-cash providers 
will also enable users to reload via their PCs, as well as from 
devices connected to their phone lines. But for the utmost in 
convenience, what better way to reload e-cash cards than using 
mobile smart phones? 

Though this paper concentrates on the software issues of cre¬ 
ating a portable PersonalATM, it is the mobile phone’s hard¬ 
ware constraints that drive those of the software. Successful 
mobile phones must be small, lightweight, and inexpensive. 
Such phones typically use inexpensive electronics that con¬ 
sume little power. This means slow, less powerful CPUs and 
small memory capacities. Consequently, the smart phone sys¬ 
tem software must be small (to reduce ROM and RAM memory 
requirements) and efficient (to achieve satisfactory perfor¬ 
mance on slow CPUs, and to reduce power requirements). 

All mobile phones do not need a software operating system. 
Many of today’s mobile phones use microcontrollers and hard¬ 
ware DSPs (digital signal processors) that are controlled by 
custom firmware written by the mobile phone manufacturer. 
Smart phones benefit from incorporating a true operating sys¬ 
tem (OS) to control the phone and its features and applications, 
to optimize CPU usage. Such an OS must be “portable by de¬ 
sign,” to be compact, modular, efficient, well-integrated, easy 
to program, and extensible. 

Using this assumed OS, a software architecture for a smart 
phone-based PersonalATM is shown in the figure. Layered and 
modular, the architecture provides basic OS functions (e.g., 
task scheduling and management, memory management, syn¬ 
chronization. timers); hardware and software drivers, to insu¬ 
late higher-level application code from the particulars of the 
mobile phone hardware; shared libraries that provide common 
functionality for applications to use (e.g., file system, data¬ 
base, graphics and user interface, communications); and appli¬ 

cations, for smart phone and Personal ATM functionality. 
The software modules specific to the PersonalATM include 

a driver, a set of libraries, and an application. The smart card 
driver provides an interface for software to communicate with 
the smart card reader hardware. The smart card libraries pro¬ 
vide high-level APIs to applications, so that the applications 
can communicate with different types of smart cards. Person-
alATM would require libraries for an e-cash system, like Mon-
dex or Visa Cash, but might also use additional libraries if 
more features besides just e-cash are supported. For example, 
the smart card could also be the SIM (subscriber identity mod¬ 
ule) for GSM (Groupe Speciale Mobile) mobile phones (GSM 
is a global standard for wireless digital telephony). 

The PersonalATM concept uses the mobile phone to pro¬ 
vide a service to the user of an e-cash card: convenient, any¬ 
time, anywhere reloading of stored value onto the card.The 
mobile phone, however, could provide more than just a conve¬ 
nient ATM for the user. Consider a smart phone with Web 
browsing capability—either unrestricted random URL surf¬ 
ing, or restricted visitation of targeted sights chosen specifi¬ 
cally for their appropriate content for mobile users. Then smart 
phone users could visit these sites and access information. 

Currently, Web site content providers have no means for 
collecting low-value payments (or “micropayments”) for con¬ 
tent. Billing systems aren’t well-equipped to handle charging 
and collecting of sub-dollar payments, and sub-dollar credit 
card transactions aren’t economically feasible. Stored-value 
smart cards could aid merchants on the World Wide Web. With 
a smart card inserted into the smart phone connected to the 
Web, content providers and merchants could collect minuscule 
amounts of money for individual Web pages, or for a single 
stock quote, or for a crossword puzzle. 

Paul Chen, Geoworks. From the 1998 Portable By Design 
Conference. 
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Engineering Lithium-Ion Batteries Into Your Application 
One of the big challenges for design engineers in this fast 

changing world of portable designs is choosing the right bat¬ 
tery to meet their product’s requirements. Today, there are 
many options in cell chemistry, cell size, and configuration, 
making this choice even more difficult. To further complicate 
this process, the engineer must make decisions on battery¬ 
management circuitry, regulatory issues, and choose between a 
standard or custom package. 

The question any product designer has to ask is, does my 
product really need this lithium-ion technology? Well, the an¬ 
swer is not completely cut and dried. Lithium-ion does have 
three advantages over its main competitor, NiMH: better high-
temperature cycle life, better gravimetric energy density, and a 
low rate of self discharge. 

For handheld portable equipment, where light weight is 
high on the design priorities, lithium-ion is the best choice, 
providing a high energy-to-weight ratio. Lithium-ion batteries 
will also provide a high energy-to-volume (space) ratio, al¬ 
though today’s best NiMH batteries can nearly match lithium-
ion in volumetric energy density. 

In today’s laptop computers, where heat dissipation is the 
performance-limiting factor, the lithium-ion battery produces 
less heat on charge and discharge than NiMH, allowing the de¬ 
signer to increase the performance of the processor. This, 
along with the better life cycle characteristics of the lithium-
ion batteries at the elevated temperatures seen in laptops today, 
is making lithium-ion the choice for this type of product. It is 
estimated that by the end of 1998, 80% of laptops will use 
litium-ion batteries. Some manufacturers produce lithium-ion 
batteries that have good low-temperature performance. If this 
is a requirement for your product, check with each of the man¬ 
ufacturers. You may want to test their products under your low-
temperature conditions to determine the best battery for your 
application. 

Lithium-ion batteries are not the perfect choice for all appli¬ 
cations. Any product that is very cost sensitive, like toys, could 
probably not justify the cost of using a lithium-ion battery. Ap¬ 
plications that demand a continuous high-rate discharge 
(greater than 2C) would probably be better suited to NiCd or 
some other chemistry. An example of this type of high-rate ap¬ 
plication would be portable power tools. Products that do not 
require portability or are mounted on a vehicle may be able to 
choose a heavier battery technology that is less expensive than 
lithium-ion. 

There are several cell-size options in both cylindrical and 
prismatic (flat or square) cells. The table shows some of the 
various sizes and typical capacities of products available today. 
Note the dimensions listed in the table are rounded off and that 
the exact dimensions of one manufacturer will not necessarily 
match those of another. Lithium-ion polymer cells have been 
omitted from the table, because they are not commonly avail¬ 
able today. 

Prismatic cells should be designed into the product only if 
there is a real need for the battery pack to be thinner than 17 or 
18 mm. The 17- and 18-mm cylindrical sizes are made in great 
quantity and designing these into a product will give better 
“bang for the buck,” when compared to a similar pack using 
prismatic cells. 
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Cylindrical Dimension Typical 
Capacity 
(mAhr) 

18x65 1350-1500 
17x67 1200-1300 
17x50 850-900 

Prismatic 22 x 8 X 48 400-600 
34 X 9 X 48 800-900 
30x6x48 550-600 

There are two methods used in determining the state-of-
charge of a lithium-ion battery pack. The first and simplest 
method is to measure the open-circuit voltage of the battery. 
The second and more complex method is to use some kind of 
microcontroller to measure the current flow both in and out of 
the battery pack, to track the battery’s remaining capacity. A 
voltage-based fuel gauge is a valid option, as the open-circuit 
voltage of a lithium-ion battery will indicate the state-of-
charge. This type of gauge is only accurate under low- or no-
load conditions (up to about C/10 discharge rates). 

In systems where the equipment is required to report infor¬ 
mation like remaining run-time or puts a high or unstable cur¬ 
rent drain on the battery, the better choice for a fuel gauge 
would be the “coulomb-counting” option. This type of gauge is 
usually a microcontroller built into the battery pack that accu¬ 
rately measures and tracks the current flow out of and into the 
battery pack. 

The most common charge method for lithium-ion batteries 
is constant-voltage with a maximum current limit. This is often 
called CC/CV or constant-current, constant-voltage. This type 
of charge requires a two-step charging algorithm. The charger 
should provide a constant current until the battery reaches the 
specified upper charge voltage. 

At the upper charge voltage (4.1 V, for example) the charger 
should change to the constant-voltage mode and the current 
would taper off. This is similar to the charging techniques em¬ 
ployed to charge lead-acid batteries. The difference for 
lithium-ion cells is that the charge sequence should be termi¬ 
nated and the tolerance for the charging voltage must be more 
tightly controlled. 

Some manufacturers allow their lithium-ion batteries to be 
pulse charged. This technique is generally used in applications 
where a lithium-ion battery is an optional battery, used in place 
of the original NiMH battery. With this type of charge, the con¬ 
trol circuitry is placed inside the battery pack. The host unit 
supplies a constant current and the control circuitry switches 
this charging current on until the upper charge voltage is 
reached. The control circuitry then switches off the charging 
current, allowing the battery voltage to relax. At some preset 
voltage limit, the control circuitry switches the charging cur¬ 
rent back on and the cycle repeats. 

Mark Reid, Moli Engergy Ltd. From the 1998 Portable By 
Design Conference. 



1998 HIGHLIGHTS OF 

Extremely Wide-Band Antennas For Wireless Communication 
The type of antenna presented in this paper was used for 

more than thirty years in some military applications where the 
bandwidth requirements are a few octaves. This antenna ap¬ 
pears in the literature [ l]-[5] bearing different names: the 
notch antenna, the LTSA (Longitudinal Tapered-Slot An¬ 
tenna), etc. 

The notch antenna is a printed travelling-wave antenna, 
which consists of a slot in the circuit ground plane fed by a mi¬ 
crostrip line. The paper discusses the different characteristics 
of the notch antenna and its applications in wireless communi¬ 
cation systems. Measured data proves the capability of this 
type of antenna to simultaneously cover a number of wireless 
communication bands. 

The main advantages of the LTSA antenna are: 1. broad¬ 
band operation, 2. low sidelobes, 3. excellent crosspolarization 
characteristics, and 4. integrability with other printed circuits. 

They are planar in nature, etched on a dielectric substrate 
and suitable for feeding by a variety of transmission lines: 1. 
microstrip lines, 2. stripline, 3. fin-line (waveguide), and 4. 
probe. 

The basic geometry of the notch antenna is shown below. It 
consists of a cladded dielectric substrate, which on one side 
has etched a slot that ends in a stub, while the other end of the 
slot is flared and radiates in the endfire direction of the dielec¬ 
tric substrate. The shape of both the flare and the slot stub de¬ 
termines most of the characteristics of the antenna. The 
straight section of the slot is fed by a microstrip (in some con¬ 
figurations by a stripline) which ends in a stub. 

The radiation is based on a travelling wave propagating in a 
slot with a phase velocity smaller than that of light, which re¬ 
sults in an endfire radiation. Unfortunately, all the parameters 
have a direct impact on the input impedance. A comprehensive 
study of the impact of the parameters was done by Schaubert et 
al. [4,5]. Although the study deals with the scanning properties 
of infinite arrays of notch antennas, very useful information 
can be learned about the behavior of the single element. 

An array of four notch antennas was designed and built. The 
figure above shows the VSWR of the array. The H-plane radia¬ 
tion patterns [at 1.71 GHz and 2.5 GHz] of this antenna are 
very wide, making it very suitable for base-station applica¬ 
tions. 

The fact that a printed circuit of approximately 4.0” by 3.0” 

(0.45Xo by 0.33Xo at the lower end of the band) is efficiently 
radiating over a 1.71-GHz to about 2.7-GHz band (more than 
50% bandwidth for VSWR less than 2:1) makes this type of 
antenna very attractive. A microstrip single-patch with similar 
dimensions would have a 4-8% bandwidth. This specific de¬ 
sign can cover a number of wireless communication bands: 
PCN, PCS, low-ISM. and the 3.4-3.5-GHz European band. 

The main, and probably only, two drawbacks of the notch 
antenna are: 1. Only linear polarization can be obtained (with¬ 
out complex construction). 2. The array has to be in the polar¬ 
ization plane—i.e., if the polarization needs to be vertical, the 
arraying has to be in the vertical plane, etc. 

[1] K.S. Yngvesson, D.H. Schaubert, T.L. Korzeniowski, 
E.L. Kollberg, T. Thungren, and J. Johansson, “Endfire ta¬ 
pered-slot antennas on dielectric substrates,” IEEE Transac¬ 
tions on Antenna Propagation, Dec. 1985, Vol. AP-33, pp. 
1392-1400. 

[2] L.R. Lewis, J.H. Pozgay, and A. Hessel, “Design and 
analysis of broadband notch antennas and arrays,” Digest, 
IEEE International Symposium on Antenna Propagation, 
Amherst, Mass., Oct. 1976, pp. 44-47. 

[3] D.H. Schaubert, “TSAAIR-analysis of tapered-slot an¬ 
tennas with air dielectric,” Antenna Lab Report, 1992, Univer¬ 
sity of Massachusetts, Amherst, Mass. 

[4] J. Shin and D.H. Schaubert, “Toward a better under¬ 
standing of wideband Vivaldi notch antenna arrays,” Proceed¬ 
ings, 1995 Antenna Applications Symposium, Allerton Park, 
Sept. 1995. 

[5] D.H. Schaubert, “Characteristics of single polarized 
phased-array of tapered-slot antennas,” Proceedings, IEEE In¬ 
ternational Symposium on Phased-Array Systems and Tech¬ 
nology," Oct. 1996, pp. 106. 

[6] P.J. Gibson, “The Vivaldi aerial,” Proceedings, 9th Euro¬ 
pean Microwave Conference, 1979, pp. 101-105. 

Naftali Herscovici, Cushcraft Corp. From the 1998 Wire¬ 
less Symposium. 
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WIRELESS 

Technical Program Highlights 
A Variety Of Wireless Applications 
The Sixth Annual Wireless Symposium Focuses On Practical Solutions For 
Component- And System-Level Designs. Victor Perrote 

Keeping up to date with techno¬ 
logical progress is an essential 
part of any engineer’s profes¬ 
sional development, particu¬ 

larly in the constantly evolving and compet¬ 
itive wireless industry. Fortunately, technical 
professionals attending the sixth annual 
Wireless Symposium and Exhibition will be 
provided with a wide array of presentations 
and workshops that promise to satisfy their 
continuing-educational needs in this dynam¬ 
ic field. 

Jointly sponsored by Microwaves & RF, 
Wireless Systems Design, and Electronic 
Design, the Wireless Symposium is sched¬ 
uled to be held Feb. 9-13 at the Santa Clara 
Convention Center, Santa Clara, Calif. The 
conference features nearly 70 half-hour tech¬ 
nical presentations and 14 workshops that 
will offer attendees the opportunity to learn 
from leading engineers in the wireless field 
as well as to exchange design ideas. 

This year’s keynote presentation, addressing 
the theme “Building on the wireless boom,” will be 
given by Mark Golden, senior vice president of 
industry affairs for the Personal Communications 
Industry Association (PCIA), Washington, D.C. 
Golden directs the organization’s legislative, regu¬ 
latory, and industry development activities. 

THREE KEYNOTES 
SCHEDULED 

Attendees at this year’s event also will be 
treated to three “visionary keynote” sessions 
that provide insight on topics of interest to 
the wireless and portable engineering com¬ 
munity. Gilles Delfassey, vice president of 
the Texas Instruments Semiconductor 
Group, Dallas, Texas, and worldwide gener¬ 
al manager of the company’s Wireless 
Communications Business Unit, will cover 
the theme “Making wireless work in the next 
century.” Bob Pease, veteran analog engineer 
at National Semiconductor, Santa Clara, 
Calif., and popular columnist for Electronic 
Design, will offer his views on the future of 
portable and wireless technology. Amory 
Lovins, director of research for the Rocky 
Mountain Institute, Snowmass, Colo., will 
focus on energy-conservation issues in a ses¬ 
sion titled “Laptops to hypercars—the wide-
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ranging impact of portable technologies on 
traditional industries.” 

This year’s meeting features the return of 
several popular courses. Randall Rhea, well-
known in the high-frequency community as 
founder of computer-aided engineering 
(CAE) software developer Eagleware Corp., 
Stone Mountain, Ga., as well as Noble 
Publishing, Tucker, Ga., will be joined by 
Glenn Parker, chief engineer at Eagleware, 
to deliver a two-day workshop on “Active, 
digital, and RF filter design.” The course 
describes time- and frequency-domain 
approaches as well as transfer functions, 
emphasizing practical design issues at fre¬ 
quencies from baseband to the microwave 
range. 

In addition, Rhea will present a one-day 
workshop on “Oscillator design for wireless 
applications.” This course covers such topics 
as S-parameter calculation, noise, biasing, 
broadband tuning, and linearity. Design 
examples based on quartz crystals, induc-
tor/capacitor (LC) networks, surface¬ 
acoustic-wave (SAW) devices, and transmis¬ 
sion lines also will be presented. 

Also returning is a three-day workshop 
titled “Wireless RF circuit design.” The first 
part of the workshop is a one-day course on 
small-signal and low-noise amplifiers taught 
by Dr. Les Besser of Besser Associates, Los 
Altos, Calif., a pioneer in the fields of 
microwave CAE and continuing education. 
Besser will address such topics as S-parame-
ter analysis, noise-figure, matching, and sta¬ 
bilization. Design trade-offs will be exam¬ 
ined with the help of graphical tools. 

The second part of the workshop is a two-
day course on high-efficiency power-ampli¬ 
fier design. Presented by industry veteran Dr. 
Steve Cripps of Besser Associates, this 
course will examine design techniques for 
bipolar- and FET-based amplifiers, focusing 
on practical applications. Load-pull and lin¬ 
earization techniques will also be described. 

Aimed at technical managers and market¬ 
ing professionals, a two-day course titled 
“Wireless made simple” offers a tutorial¬ 
level overview of RF and wireless technolo¬ 
gy. Taught by Allan Scott of Besser 
Associates, the workshop will devote one 

day to RF principles, systems, and devices— 
with the second day focusing on wireless ter¬ 
minology and design. Modulation tech¬ 
niques, system functions (including error 
correction and voice coding), and wireless 
markets will be overviewed. 

Returning for the sixth consecutive year, 
Professor Jack Holtzman of Rutgers 
University’s Wireless Information Network 
Laboratory (WINLAB), New Brunswick, 
N.J., will offer a half-day course on the fun¬ 
damentals of spread-spectrum modulation. 
The workshop reviews the implementation 
and benefits of spread-spectrum techniques 
on system design. Among the topics to be 
covered are system capacity, processing 
gain, code sequences, and power control. 

Techniques for accurate evaluation of 
wireless signals will be explained in a one-
day course titled “Measuring the wireless 
transmission spectrum” taught by Morris 
Engelson, long-time chief engineer at 
Tektronix, Beaverton, Ore., and now the 
president of Joint Management Strategy, 
Portland, Ore. Regarded by many as the 
“father of the spectrum analyzer,” Engelson 
will discuss such topics as the measurement 
of digitally modulated signals, EMI, pulsed 
signals, and television signals, focusing on 
the use of this versatile evaluation tool. 

WORKSHOPS ADDED 
THIS YEAR 

This year marks the introduction of sever¬ 
al half- and full-day workshops to the 
Wireless lineup. For instance, Dr. Steven 
Best, director of engineering, and Dr. Naftali 
Herscovici, chief scientist at Cushcraft, 
Manchester, N.H., will deliver a one-day 
workshop on “Antenna and array design for 
wireless communications.” This course cov¬ 
ers topics such as electromagnetic-field 
analysis, selection of antenna types, propa¬ 
gation, and simulation. These concepts will 
be applied to the design of an actual antenna. 

The complex transmission formats used 
in wireless communications systems will be 
explained in a one-day course titled 
“Introduction to digital modulation meth¬ 
ods.” Presented by Harold Walker, chief 
executive offer of Pegasus Data Systems, 
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Middlesex, N.J., this workshop will review 
the latest advancements in digital modula¬ 
tion as well as the operation and implemen¬ 
tation of these techniques. The characteriza¬ 
tion of systems using signal-to-noise ratio 
(SNR), carrier-to-noise (C/N) ratio, and bit¬ 
error rate (BER) will be discussed. 

Also being offered for the first time is a 
one-day workshop on wireless transceiver 
design. Taught by Syed (Moti) Ahmed, pres¬ 
ident of Analog Communications, 
Flemington, N.J., this course will review the 
design and implementation of RF trans¬ 
ceivers and their functional blocks—includ¬ 
ing the antenna, duplexer, receiver, transmit¬ 
ter, and synthesizer subsystems. Digital sig¬ 
nal processing and modulation techniques 
also will be discussed. 

FOR IMRU’RIAH1 RS 
Targeting prospective entrepreneurs, a 

half-day workshop titled “Strategic financ¬ 
ing and high-growth business paradigms” 
will discuss such topics as market research, 
product penetration, market share, and 
strategic planning. Ken Schöniger and Al 
Juodikis of KC Press International, San Jose, 
Calif., will be joined by experts in technolo¬ 
gy and finance to share their views on these 
key business issues. The course aims to pro¬ 
vide attendees with the tools needed to com¬ 
municate with the investment community. 

Another half-day workshop being given 
for the first time at the conference is “Phase-
locked loops and frequency synthesis for 
wireless design engineers.” Presented by 
Eric Drucker of Fluke Corp., Everett, Wash., 
this course will cover the fundamentals of 
phase-locked loop (PLL) analysis, design, 
and modeling while keeping mathematical 
theory to a minimum. Among the topics dis¬ 
cussed are the effects of phase noise as well 
as real-world problems such as power-sup¬ 
ply noise and isolation. 

The technical sessions in the Wireless 
program run Feb. 10-12. The sessions 
include “Cellular/cordless design,” “Digital 
communications systems,” “Modulation 
techniques,” “Point-to-point and base-station 
design,” “Materials and packaging technolo¬ 
gies,” “Test and measurement solutions,” 
“Wireless data transmission,” “Automotive 
and satellite systems,” “Integrated-circuit 
solutions,” “Wireless local-area networks,” 
“Personal communications services,” and 
“High-power design.” 

Victor Perrote is senior editor at 
Microwaves & RF magazine, a sister publi¬ 
cation of Electronic Design. 

Originally published in Electronic 
Design, January 12, 1998. 
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• Cases are hermetically sealed, not crimped 
• Capacity range 350mAh to 1600mAh 
• Wave solderable 

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

how Eagle-Picher quality engineering can work for you. 

EAGLE-PICHER 
Commercial Products Department 
P.O. Box 130, Seneca, MO 64865 
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1998 HIGHLIGHTS OF 
WIRELESS 

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

If you crave the latest in portable prod¬ 
ucts and technologies, the place to go is 
the Fifth Annual Portable by Design 
Conference and Exhibition, held at the 

Santa Clara Convention Center. Santa Clara. 
Calif., February 9-12. As in previous years, the 
exhibition proves to be the showcase for 
portable-component vendors to unveil their 
latest products. Such products range from bat¬ 
teries to displays to passive components. 

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

Kent, Ohio, will show its latest display, a one¬ 
eighth VGA Cholesteric LCD (ChLCD) mod¬ 
ule. The company claims that its ChLCDs 
offer better reflectivity, a 360° viewing cone, 
and exceptional daylight contrast—even in 
direct sunlight—all without the need for back 
lighting. Other features include a peak reflec¬ 
tivity of 40% and a 25:1 contrast ratio. In addi¬ 
tion, the ChLCD technology offers the power¬ 
management features needed for portable 
applications. ChLCDs are bistable, meaning 
that once an image is written to the display, it 

was designed by Oak Frequency Control 
Crystals, Whitby. Ontario. The family includes 
SC, FC, and IT cuts from 4.333 to 160 MHz in 
various conventional through-hole and SMD 
holders. The devices are suited for use in 
ovenized oscillator applications with oven 
temperatures from 60° to 110°C. They feature 
long-term stability (as low as 10 ppb/yr. aging) 
and improvements in phase noise, frequency¬ 
temperature stability, and vibration sensitivity 
when compared to equivalent AT-cut devices. 

Portable by Design attendees will witness 

A line of surface-mount chip resistor networks con replace discrete 
resistors and arrays. The variable thick-film leaderless chip resistor 
networks offer a 25% to 35% space savings over SIP networks, 
discrete resistors, and arrays. 

Molicel lithium-ion battery, from 
NEC Electronics Inc., Santa Clara, 
Calif. The cylindrical and prismatic 
rechargeable batteries target con¬ 
sumer applications as well as 
portable devices, the batteries are 
deemed as replacements for tradi¬ 
tional nickel-metal-hydride and nick-
el-cadmium batteries. 

According to the company, the 
lithium-ion batteries incorporate a 
“smart” technology, called SBS, 
which means that it can measure, cal¬ 
culate, update, and communicate 
accurate battery-status and usage 
information to the host device. 
Running at 11.1 V nominal, the bat¬ 
tery provides 45 Wh of energy. The 
SBS compliance also ensures that the 
battery can send its charging requirements to 
an SBS-compliant charger, allowing it to con¬ 
figure the charging supply with the necessary 
current and voltage. This helps maintain a full¬ 
charge potential. Most of the batteries are 
available immediately. 

A second battery type hails from AER 
Energy Resources Inc., Atlanta, Ga. The com¬ 
pany will display its line of zinc-air products at 
Portable by Design. The company’s latest 
products are of the smaller variety, specifical¬ 
ly for hand-held computers. For example, a 
prototype cell is about 70% smaller than its 
replacement. A battery pack containing three 
of these cells should provide up to five times 
the battery run time of two conventional AA 
alkaline batteries. As a result, users can get 
several weeks of run time between recharges. 

Displays promise to be another area of dis¬ 
cussion at the conference. Kent Displays Inc., 

doesn’t require the power-draining refresh 
cycles associated with standard LCDs to 
remain visible. 

A line of interdigitated capacitors (IDCs) 
give circuit designers inductance values as low 
as 175 pH, whereas a conventional capacitor 
could have an inductance of more than 1200 
pH. Developed by AVX Corp.. Myrtle Beach, 
S.C., the decoupling capacitors are designed 
for use with high-speed microprocessors, dig¬ 
ital-signal processors, and memory devices 
operating at speeds greater than 300 MHz. 

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

A wide range of doubly rotated crystals 

the debut of a line of surface-mount 
chip resistor networks which can 
replace discrete resistors and arrays. 
Made by the Methode Development 
Company, Chicago, Ill., the variable 
thick-film leaderless chip resistor 
networks offer a 25% to 35% space 
savings over SIP networks, discrete 
resistors, and arrays (see the figure). 
The leaderless design enables circuit 
miniaturization and offers a lower 
surface profile than many other sur¬ 
face-mount components. 

The resistor arrays are printed on 
a 96% Alumina substrate. Multiple 
values of resistors can be printed on 
one substrate. Standard and custom¬ 
sized packages are available in either 
isolated or bused configurations. 

Tolerance ranges are ±1% to ±20% with a 
power capability of up to 0.25 W. Suitable 
applications include automotive electronics, 
PCs, cellular communications, and consumer 
electronics. 

One technology that’s starting to pervade 
portable electronics is the Miniature Card, 
which can be employed to record and store 
information. Removable and reusable, the 
matchbook-sized cards are employed in digital 
cameras, voice recorders, smart pagers, cellu¬ 
lar telephones, and personal digital assistants. 
Such a card was developed by Duel Systems, 
San Jose, Calif. The card measures 38 by 33 
by 3.5 mm, and is currently available in 3.3-, 
5-. and 3.3/5-V combinations. The card’s two-
piece design snaps together for easy testing 
prior to welding. 

Originally published in Electronic Design, 
January 26, 1998. 
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Technical Conference Zeros 
In On Portable-Product Design 
All Aspects Of The Portable Design Process Will Be Discussed, Including Batteries, 
CPUs, And Analog And Digital Circuitry. Richard Nass 

Like its four predecessors, the Fifth 
Annual Portable By Design 
Conference and Exhibition 
promises to be an event that 

designers of portable products would label as 
a “must attend.” The conference, which runs 
Feb. 9-13, is comprised of twelve applica¬ 
tion-oriented technical sessions, augmented 
by three detailed workshops. In addition, this 
year’s keynote speech, given by David 
Hancock, president and CEO of Hitachi PC 
Corp., San Jose, Calif., will give designers a 
fascinating peek into the future of the indus¬ 
try. Hancock’s speech will take place during 
the keynote luncheon on Tuesday, Feb. 10, at 
11:30 a.m. 

The three workshops will be held on 
Monday, Feb. 9. The first is titled “EMC 
problems and solutions for portable electron¬ 
ics.” The bulk of the discussion will center 
on common electromagnetic compatibility 
(EMC) problems in portable electronic 
equipment. More importantly, it will offer 
numerous practical solutions for solving 
those problems. It starts with the physics of 
electromagnetic interference (EMI), empha¬ 
sizing the FAT-ID (frequency-amplitude 
time impedance and dimensions) approach 
to grounding and shielding as related to 
portable design. It continues with a number 
of case histories of EMC problems, along 
with how they were solved. The workshop 
will be presented by William Kimmel of 
Kimmel Gerke Associates, West St. Paul, 
Minn. Kimmel has over 30 years of experi¬ 
ence in EMC design and troubleshooting in 
military, automotive, industrial, medical, and 
commercial applications. 

The second workshop focuses on infrared 
data transfer. Titled “Working with the IrDA 
serial infrared protocol,” this class looks at 
different aspects of the IrDA (Infrared Data 
Association) standard, including the physical 
layer, the link access protocol (IrLAP), the 
link management protocol (IrLMP), the tiny 
transport protocol (TinyTP), and serial and 
parallel port emulation (IrCOMM). The 
instructors will begin with an overview, then 
go into detail on each of the subjects. They 
will conclude with a series of implementa¬ 
tion and testing strategies. The presenters 

have served on various IrDA committees and 
have lectured on many subjects concerning 
infrared connectivity. 

The final workshop covers “Battery 
basics.” Delivered in a tutorial fashion, it 
develops the basis for total battery-system 
management, including control of charge, 
discharge, and storage modes, and how these 
modes affect system reliability. A review 
will be given of important physical funda¬ 
mentals and how these cell attributes relate 
to a battery system’s performance and relia¬ 
bility. A detailed review will be given of the 
electrical double-layer structure and mass¬ 
transport properties that dominate the perfor¬ 
mance of the battery system. A control 
method will be described whereby the 
applied electromotive force optimizes the 
electrokinetic behavior of the charged parti¬ 
cles to maximize the performance and relia¬ 
bility of the battery system The workshop 
will be presented by Floyd Williamson of 
ZAE Research Inc., Huntsville, Ala. 

IT ALL STARTS 
WITH THE BATTERY 

The conference’s technical sessions, 
which take place from Tuesday, Feb. 10 to 
Thursday, Feb. 13, each run for three hours. 
The first, called “Rechargeable batteries: 
Today and tomorrow,” is chaired by Barry 
Huret, Huret Associates, Yardley, Penn., and 
Anthony Wong, Energizer, Westlake, Ohio. 

It’s no secret that sufficient run-time, 
lighter weight, and ease of use are the crite¬ 
ria that remain in the sights of portable-sys¬ 
tem designers. As electronic packaging 
becomes smaller and denser, and demands 
more energy, the batteries that power the sys¬ 
tems need to make corresponding increases 
in power density and available run time. 

While the responsibility is on the battery 
manufacturers to develop newer and 
improved chemistries, it also is up to the sys¬ 
tem designers to utilize the technology that 
is best suited to their products. Unless a sin¬ 
gle, all-encompassing battery technology 
appears, there will continue to be many 
options to choose from, and a need to evalu¬ 
ate the best correlation between form, fit, 
function, and cost-benefit. This session will 

help correlate these two issues by discussing 
battery chemistries that are currently avail¬ 
able, and new technologies expected in the 
near future. 

Low-power microprocessors, including 
standard embedded processors, microcon¬ 
trollers, and digital-signal processors, have 
become an essential component in almost 
every portable system, from battery-powered 
games to portable medical instruments to 
cellular telephones. The session called 
“CPUs and DSPs for portable devices” will 
provide an overview of the latest low-power 
8-, 16-, and 32-bit embedded processors and 
microcontrollers and digital signal process¬ 
ing (DSP) chips aimed at battery-powered 
applications. The technical papers will 
examine the various architectural directions 
taken by each family and the new application 
areas they open up thanks to improvements 
in performance and integration. 

While designers of portable systems know 
that some knowledge of a battery subsystem 
is required to develop a battery-based system, 
it’s often important to deal with the battery as 
a “black box,” meaning that the most impor¬ 
tant element is how to deal with the signals 
that are coming from and going to the battery, 
not necessarily what’s happening inside the 
battery itself. The “Battery subsystem ses¬ 
sion,” chaired by David Heacock of 
Benchmarq Microelectronics, Dallas, Texas, 
deals with the battery as a “pins-out” subsys¬ 
tem, giving designers just the information 
needed to build a battery-powered system. 

With customers demanding more func¬ 
tionality, smaller size, and greater reliability 
in their mobile systems, designers continue 
to wrestle with IC packaging, system cool¬ 
ing, and shock/vibration issues. To help 
designers meet this challenge, the “Mobile-
system packaging concerns” session will 
discuss some of the latest IC packaging 
options, along with novel system-cooling 
techniques. In addition, an analysis of sys¬ 
tem behavior under severe shock will show 
attendees what to expect and how best to iso¬ 
late a portante system from its effects. 

“Portable-system software issues” covers 
a number of critical software topics that 
affect the design of portable systems. Among 
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them are how to make efficient and modular 
operating systems that work with compact 
programs to minimize memory space and 
support the newest peripherals, such as flash 
memory. Other issues include using power¬ 
management software, which can play a vital 
role in maximizing battery life. In addition, 
network and Internet software will play a 
role in helping portable devices communi¬ 
cate. The last portion of the discussions will 
involve Java, as it appears destined to have a 
major influence on the design of portable 
and handheld systems. 

RESPONSIBLE 
ENGINEERING 

The session title says it all: “Designing 
for the environment doesn’t have to be 
expensive." Within the next decade, we can 
expect to see environmental concerns 
becoming an integral part of the design 
process. Practices such as designing for 
recyclability and analyzing the environmen¬ 
tal costs of producing a product will be as 
much a part of the engineer’s responsibilities 
as designing for cost and manufacturability. 
In this session, attendees will meet with 
some of the pioneers in the Design For the 
Environment (DFE) movement who are 
charting the course of this emerging technol¬ 
ogy. In addition to providing an overview of 
the field, they will present an array of papers 
covering everything from “green computer” 
design to working with the new ISO 14001 
environmental audit standard. Wherever pos¬ 
sible, emphasis will be on practical solutions 
that can be implemented in a globally com¬ 
petitive business environment. 

The common thread for the “Battery 
management” session is the Advanced Con¬ 
trol and Power Interface (ACPI). Chaired by 
John Milios of USAR Systems. New York. 
N.Y., the session will focus on the role ACPI 
plays in system design, from the operating 
system, to smart batteries, the chip set, the 
SMBus, and embedded controllers. 

Infrared ports are now popping up in the 
strangest places, including pay phones, cel¬ 
lular phones, fax machines, and medical 
equipment. The low cost, simplicity, speed, 
and versatility of infrared data transfer is 
quickly making it the wireless equivalent of 
the ubiquitous RS-232 port. Presenters in the 
session titled “Infrared data: A technology 
for universal connectivity” will introduce the 
fundamentals of infrared technology, as well 
as explore some of the latest developments 
in the field. Attendees also will have the 
opportunity to learn about several innovative 
applications of infrared data and how they 

can incorporate it into their next design. The 
session is chaired by Dr. Kerning Yeh of 
ACTiSYS Corp., Fremont, Calif. 

Designing for portable applications 
requires that designers make a number of 
critical decisions that will significantly 
impact the end product, not the least of 
which is identifying the most appropriate 
system, architecture, and bus. The session 
dubbed “Systems, buses, and architectural 
issues” will discuss some of the choices now 
available, how they can be implemented, and 
the benefits to be derived from such an 
implementation choice. 

What good is a rechargeable battery if it 
can’t be charged properly? The “Charging 
circuits session” will explore what tech¬ 
niques are available to charge different types 
of batteries, and how the charging techniques 
can be employed to get the fastest charge, 
while maintaining the maximum number of 
charge cycles for the battery. 

It’s no surprise that portable equipment 
contains a number of different components 
that are strictly governed by size, cost, and 

performance requirements. In fact, size and 
cost requirements often compete with 
demanding performance specifications. As a 
result, many low-power electronic compo¬ 
nents are designed and integrated into mod¬ 
ules that combine different types of technol¬ 
ogy. This session, “Low-power analog cir¬ 
cuit design,” chaired by James Harrer of LG 
Infocom, San Diego, Calif., will attempt to 
identify the latest advances in components 
and integrated modules for use in the highly 
competitive portable marketplace. 

Finally, with displays playing such an 
integral role in the proliferation of today’s 
portable applications, it’s becoming more 
critical than ever to develop components and 
technologies suited for such environments. 
“Displays for portable and handheld comput¬ 
ers” will attempt to identify some of the lat¬ 
est display developments that address many 
of the needs of present portable applications, 
and some of the other, not yet viable, appli¬ 
cations. 

Originally published in Electronic 
Design, January 12, 1998. 
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Mark Your Calendar 
The Spring 1999 Wireless Symposium/Portable by Design Conference & 
Exhibition will be held February 22-26 at the San Jose Convention Center, 
San Jose, Calif. Plans call for new conference sessions and 40% more exhib¬ 
it space. Among the session topics planned are embedded internet systems, 
CPUs and DSPs for portable devices, automotive and satellite solutions, 
MMITS/advanced wireless systems, and infrared data connectivity. 

For more information, check out hw. WirelessPortable.com 
or contact 

Wireless & Portable Shows 
Penton Institute 

1100 Superior Ave. 
Cleveland, OH 44114 

(888) 947-3734 
fax (201) 393-6297 

instant fax-back (800) 561-SHOW 
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It's an 

IP00C701 

SUMITOMO 
METALS© ♦ SUMITOMO 

METALS© 

IP00C701 

It's a 
Scan Rate 
Converter. 

It's a 
Frame 
Buffer 

Controller. 

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

— from NTSC up to SXGA to Flat Panel 

displays and beyond — SMI's new 
"Screen" LSI, the IP00C701, is the one 

chip you need. 
And we don't dither around! You 

get true digital (four point bi-linear) 
interpolation with our proprietary 

sharpening filter for high-quality 
scaling. Two high-speed totally 

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

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

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

the competition. 
For complete specifications on 

the C7O1 and information on SMI's 
entire family of pipeline processors 
for image processing and machine 
vision, contact us now. 

SUMITOMO METALS 
1-800-392-4447 

Park 80 West Plaza 1, 3rd Floor, Saddle Brook, NJ 07663 • Phone: (201) 845-0980 • Fax: (201) 845-5139 
5201 Great America Parkway, Suite 320, Santa Clara, CA 95054 • Phone: (408) 982-2503 • Fax: (408) 982-2522 

Visit us at: www.smi-lsi.com 
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We Have 

Thermal 

Printer 

Mechanisms 

(wherever it may be) 

www.seikoprinters.com 
Total Solutions In Thermal Technology 

For more information, visit our web site for 
applications guides, complete technical data 

Models LTP2342 and LTP1245 
ISO 9001 Certified 

Making the jump to portable and wireless print solutions can be risk-free 
with Seiko’s LIP Series high-resolution thermal micro printer mechanisms. 
And keeping record of the experience will be even more exciting. 

They feature the lightweight, low power 
consumption performance you need, for 
everything from battery-powered applications 
to demanding POS and field testing environ¬ 
ments. There’s a model for just about any idea 
you can think of, along with one of industry’s 
best reputations for customer service and 
reliable performance. 

and more. You can call too at (800) 553-6570, ext. 827, fax (310) 517-8154 
or e-mail: siumpd.id@salessupport.com 

Because when you want to reach new heights in quality, Seiko thermal 
printers really hit the mark. 

SII 
Seiko Instruments 

To Meet Any 

Demand. 
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IDEAS FOR DESIGN 

Circle 520 

Variable-Capacitance 
Diode Phase Modulator 

PAUL BENNETT 
6 Dighton Gate, Stoke Gifford, Bristol. BS34 8XA, United Kingdom; 

phone: 44 117 9793883; e-mail: paul.bennett@trikon.com. 

by controlling the reverse de bias ap¬ 
plied across the diode. The 100k resis¬ 
tor to ground at the input to the sec¬ 
ond stage corrects a slight loss of 1:1 
symmetry. The fixed delay for output 
A adjusts the phase to be approxi¬ 
mately in phase at a 5-V bias. Note 
that the control voltage should not 
drop below approximately 3 V, be¬ 
cause the diodes will start to be for-
ward-biased and the signal will be lost. 

This circuit varies the phase be¬ 
tween two squarewaves through 
at least 180°. This capability finds 

application in fixed-frequency, phase¬ 
shift, resonant-mode converters. ICs 
such as the UC3875 usually only work 
up to about 500 kHz, whereas this cir¬ 
cuit can be extended up to tens of 
megahertz. In addition, the circuit 
shown uses low-cost components. This 
example was used for a high-efficiency 
2-MHz RF power supply. 

The signal is delayed at each gate 
by the RC network formed by the 4.7k 
input resistor and capacitance of the 
1N4003 diode. The capacitance of the 
diode, and hence delay, can be varied This inexpensive phase-control circuit can operate at input frequencies up to tens of megahertz. 

Circle 521 

Build Your Own 
"Cable Radar" 

GUNNAR ENGLUND 
S-691 92 Granbergsdal, Sweden; phone: 46 586 12266; 

fax: 46 586 12316; e-mail: gke@swipnet.se. 

A time domain reflectometer (TDR) 
is a handy but rather expensive 
instrument, and isn’t commonly 

found on every bench. I used to rent 
them, but after having paid large bills 
for several years, I decided to make my 
own. I saved a bundle and was able to 
customize it for my needs. 

A TDR performs a number of tasks, 
such as: 

• sending a well-defined voltage 
pulse down the line and waiting for 
the echo. 

• displaying the pulse and echo on a 
fast oscilloscope screen. 

• measuring echo time to find cable 
length or distance to fault. 

If you look at the list, you will find 
that a modern oscilloscope will do 
most of the job. The only thing 
needed for the TDR function is pulse 
generation. It turned out to be much 
easier to build than I had expected. 
A simple hex inverter in Advanced 
CMOS technology (74AC14) does 
the job admirably. 

There are five basic design para¬ 
meters that must be addressed: rise 
time, pulse width, amplitude, imped¬ 
ance, and PRF. 

To be useful, the pulse should have 
a rise time that corresponds to the de¬ 
sired distance resolution. If you need 
1-m resolution, then better than 10 ns 
is required. This design has a resolu-

Jim Hagerman, Science & 
Technology International Inc., 733 
Bishop St., Suite 3100, Honolulu, 
HI 96813. The idea: “zr Filter Has 
Notch Just Outside Passband.” 
October 1,1997 Issue. 

W. Stephen Woodward, University 
of North Carolina, Venable Hall, 
Chapel Hill, NC 27599-3290; The 
idea: “Single-Supply Op-Amp 
Bias-Current Cancellation” 
October 13,1997 Issue. 

tion better than 5 ns. 
The pulse width can be quite short 

for short cables, but needs to be 
longer for greater length cables so 
that enough energy is introduced in 
the cable. If the energy is too low, 
there won’t be enough energy in the 
return wave to be detected reliably. 
This design allows a choice between 
15 and 2500 ns. The 2500-ns pulse 
width will produce enough energy for 
a 5- to 10-km cable. 
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IDEAS FOR DESIGN 

1. A 14-pin DIP, along with a handful of small components, a switch, and a potentiometer are all that's 
needed to create this time-domain-reflectometer oscilloscope accessory. 

The other parameter that deter¬ 
mines energy is amplitude. Too little 
amplitude won’t work in noisy instal¬ 
lations. On the other hand, too much 
amplitude can be a problem if you’re 
working in installations with other 
cables that can pick up EMI and 
cause undesired responses in the sys¬ 
tem. Amplitudes between 1 and 10 V 
seem to serve most applications. This 
design uses 4 to 5 V as dictated by 
battery voltage. 

Ordinary cables have impedances in 
the 50-300Q range. Using a 250-Q po¬ 
tentiometer (the low-inductance type) 
and a fixed generator imped¬ 
ance (50 Q), any impedance in 
that range can be achieved. 

A 14-pin DIP, a handful of 
small components, a switch, 
and a potentiometer is all 
that’s needed. The 74AC 
family has quite hefty speci¬ 
fications. Among the fea¬ 
tures are 24-mA symmetri¬ 
cal sink/source current, and 
output impedance in the 
tens of ohms range. A 200-
or 220-Q resistor in series 
with each output will pro¬ 
duce approximately a 250-Q 
impedance. Paralleling five 
such circuits will give you 
close to 50-Q impedance. 
And that’s about as low as 
you are likely to need. Most 
cables are in the 50- to 300-Q 
range. Use the spare in¬ 

verter for a simple, low duty-cycle 
RC relaxation oscillator and you 
have your pulse generator. The 
schematic shows the details (Fig. 1). 

The power supply isn’t critical; I 
used three alkaline AA cells. Battery 
operation is very favorable—the bat¬ 
teries seem to last forever. If you use 
a battery-operated scope, like the 
THS 720 or 730. you will get better re¬ 
sults than possible with an ac-pow-
ered instrument. The reason for this 
effect seems to be that some noise is 
introduced via the power-supply 
transformer capacitances. 

Construction is very straight¬ 
forward. I used a ground plane 
and hook-up wire for my proto¬ 
type. Later, I had a pc board 
made, and it works just as well. 
One factor must be kept in 
mind, though—good power¬ 
supply decoupling. I use a 
small (1 nF) ceramic disk and a 
1-pF foil capacitor. 
Figure 2 shows a 100-m cable 

with 500-Q shunt resistance 
some 20 m from the start. The 
pulse that’s being sent down 
the cable starts at 40 ns. 

In this case, the wave im¬ 
pedance of the cable is approx¬ 
imately 150 Q. The propaga¬ 
tion speed is a little less than 
200 m/ps. Because the wave 
has to travel both ways, the 
large echo at 5.5 divisions (1.1 
ps) from the pulse’s front edge 

tells us where the cable ends. The fact 
that it goes positive tells us that the 
cable is open at the end. 

The little echo observed 280 ns 
from the start is from a 500-Q shunt re¬ 
sistor that should not have been there. 
The echo goes negative since this extra 
load lowers the impedance at this point. 

Checking a LAN cable using this 
TDR is easy. By connecting to one end 
of the cable and looking at the echoes 
(there should be no echoes in a well-
terminated cable), you can easily see if 
anything is wrong with the loading, 
terminators, or joints. 

It’s just as easy to locate a 
fault in a buried cable using 
this TDR. Connect the TDR 
to one end of the cable and 
see if there’s any extra echo 
(going down if there’s an ex¬ 
tra load or a short, going up if 
there’s a bad connection or an 
open cable). If one exists, you 
can be certain where the 
fault is located. The distance 
can be calculated from the 
delay (most cables have bidi¬ 
rectional wave speeds be¬ 
tween 100 and 110 m/ps, so 
the calculation is very easy). 
By doing this, you will not 
need to dig an unecessarily 
long trench to repair the ca¬ 
ble. You only dig where the 
fault is. The “cable radar” 
also is a great tool when 
checking antenna cables. 

2. The detected echo signal for a 100-m cable with 500-Q shunt 
resistance located approximately 20 meters from the start. The big 
echo at 1.1 psec indicates where the cable ends. 
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LTC1543 LTC1544 

Multiprotocol 
Serial Interface! 

X.21 

LTC Multiprotocol: Interface any Router or Modem 
for Remote Access with a Single Connector. 

The LTC 1543, LTC 1544 and LTC 1344A include all of the transceivers for clock, data and control signals as well as switchable 
termination for the popular WAN serial protocols. And it’s been certified for NET1, NET2 and the more stringent TBR2. No 
external resistors, no jumpers or relays and no time-consuming debugging for compliance testing—just drop it in and go! 

r Features 
• LTC1543 - Triple Transceiver for Data 
and Clock 

• LTC 1544 - Quad Transceiver for Control 
Signals 

• LTC1344A - Switchable Terminator 
• Certified NET1, NET2 Compliant 
• TBR2 Compliant 
• Operates from a Single 5V Supply 
• Configurable as DTE or DCE Port 
• 28-lead /24-lead SSOP Packages 
• 3-Chip Set Pricing Starts at $17.65 each 

in 10,000 Piece Quantities 

Protocols Supported 

y/RS232 (V.28) 

G/v.35 
y/RS449 

EIA530 

EIA530-A 

^V.36 

j/x.21 

Data Sheet Download 
• www.linear.com/go/LTC1543/edes 
• www.linear.com/go/LTC1544/edes 
• www.linear.com/go/LTC1344A/edes 

r Free CD-ROM 

* More Information 

Call: 1-800-4-LINEAR 
Visit: www.linear-tech.com Aral 
Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 
XT, LTC and LT are registered trademarks of 
Linear Technology Corporation 

1630 McCarthy Blvd., Milpitas, CA 95035-7417. 
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Presenting more of the SRAM solutions you need most. Whatever your SRAM needs, turn to Cypress— 

the SRAM solutions company. Need more throughput? Consider our synchronous NoBL" (No Bus Latency) SRAMs. 
They'll double your networking bandwidth by eliminating memory bus bottlenecks. They're available in 2- and 4-Mbit 
versions and are 100% ZBT "-compatible. More talk time? Our micropower SRAMs are circling the globe in Motorola 
digital handsets and Ericsson pagers, and our next generation—the industry's lowest-active-power family of devices— 
is just around the corner. More choices? From our base 1 -Kbit to 4-Mbit asynchronous line to our rapidly expanding 
line of synchronous flowthrough, pipeline, and NoBL products, in 100-pin TQFP 
packages, our SRAM portfolio is among the broadest in the business. More 
information? For a sample request card and literature kit, call 800 858 1810 and 
ask for Kit #S016. Or see us at www.cypress.com/srams. 

Arch. Mode Density Freq.(max) 
(FT/Pipe) 

Config. 

NoBL FT/Pipe 2 Mbit 66/133 MHz x32 

NoBL FT/Pipe 4 Mbit 66/133 MHz x18. x36 
Sync FT/Pipe 2 Mbit 117/133 MHz x18, x32, x36 

Sync FT/Pipe 4 Mbit 117/133 MHz X18, x32. x36 

CYPRESS 
BY ENGINEERS. FOR ENGINEERS/ 

Cypress, the Cypress logo, "By Engineers. For Engineers. " NoBL, and No Bus Latency are trademarks of Cypress Semiconductor Corporation. ZBT is a trademark of Integrated Device Technology Inc. 
© Copyright 1998 Cypress Semiconductor Corporation. All rights reserved. 



I know you ’re probably ex¬ 
pecting a column this issue, 
but I switched things around 
due to unforeseen stuff, /rap 
Hello Bob: 

Just thought I would add 
my two-penny worth to the 
child punishment debate. 
Whilst bringing up our three 
children (the eldest is now 8), 
my wife and I have always considered 
that a swift but scaled punishment 
(i.e., a smack) is always preferable to a 
deferred punishment (i.e., no biscuits 
for a week). (I would never say that is 
NEVER an appropriate punishment. 
It might be appropriate for some pre¬ 
meditated crime, /rap) 

In my experience, a young child 
loses focus of what the punishment is 
for after a few minutes. I think it is 
very important, however you punish 
your children, to allow the child to re¬ 
late the punishment to the crime. (I 
tend to agree, /rap) 

If the child does not understand 
what is wrong, punishment will only 
cause confusion. (Even for DOGS, peo¬ 
ple have learned this! /rap) We have 
both found that the threat of punish¬ 
ment has diminished its occurrence. 
We now smack our children very 
rarely; it just isn’t necessary. (Ah— 
they have learned. I think your teach¬ 
ing is working pretty well. At our 
house, we were able to get on the same 
learning curve, /rap) I think the real 
problem here is that the “thought po¬ 
lice” are out and about in force. 
(Check. I have not run into them, but I 
have ducked that for years. The “polit¬ 
ically correct” movers are swarming 
in some such areas, /rap) 

I know many people who don’t 
smack their kids who have brought up 
fine children. I equally know families 
who have struggled. I think that what 
works is best. And, within reasonable 
bounds, people should be left to bring 
kids up without the worry that the lo¬ 
cal social services will remove them. 
After all, bringing up children is prob¬ 
ably the most difficult job going. 
(Check, /rap) There are very few role 
models. Most of us only get two to 

view close up. (But there are 
others we can learn from, 
while we watch from some 
distance, /rap) 

Keep up the good work. I 
am strictly a O’s and l’s man, 
but I always read your arti¬ 
cles. Some of it loses me, 
some of it sinks in. I hope 
you’re never too old to learn. 

ALUN HUNT 
via e-mail 

Well, Alun, some people have 
learned the concept of NEVER hitting 
a child. Others of us have not agreed on 
that. I don't think either side is wrong, 
and neither side has an easy task. My 
main tack would apply when a small 
child tries to reach for a hot item, such 
as a stove or soldering iron. I would 
reach out my big PAW and SWAT her 
hand away from the hot object to inter¬ 
dict the harm. Then, I would immedi¬ 
ately try to EXPLAIN why the hot 
item would be very painful. Every kid 
has to learn how to recognize hot ob¬ 
jects. I have been fairly successful at 
explaining to my kids why they should 
not do something. I want them to learn 
to trust me when I say, “STOP!— 
DON’T do that, and I’ll give you five 
reasons not to.” Then I woidd have to 
explain five good reasons why they 
should not march out into traffic (be¬ 
cause a car is coming) or some more 
obscure danger. We adults are not per¬ 
fect, but we have to teach our kids to 
trust us when we warn them, “NOH” 
Fair enough? But, as a matter of se¬ 
mantics—or of degree—I have always 
been willing to give my child a cali¬ 
brated SWAT, but not a SMACK. We 
certainly agree that we should not beat 
kids —or wives—or anybody else.— 
RAP 

Dear Bob: 
I always enjoy reading your col¬ 

umn. Regarding Bob Becker’s letter 
and your comments (Electronic De¬ 
sign, July 20, p. 113), I would like to 
draw your attention to a simple truth 
found in the 24th verse of the 13th 
chapter of the book of Proverbs: 

“He that spareth his rod hateth his 

son: but he that loveth him chasteneth 
him betimes.” 

For those who would question the 
ultimate author of these words, con¬ 
sider, at least, the reputation of their 
human author concerning wisdom. 
Regarding conventional “wisdom,” 
note the 22nd verse of the first chapter 
of the book of Romans: 

“Professing themselves to be wise, 
they become fools.” 

The full chapter provides the 
proper context for this statement. 
JEFF MUMMA PE. 
ria e-mail 

Jeff, we tend to agree that some¬ 
times children need an education. As 
I said at the end of the previous letter, 
maybe a swat betimes. But, I don’t 
ever recall taking a rod or switch to 
my kids. Just a swat.—RAP 

Dear Bob: 
I’m not sure what you mean by 

“linking up your GPS receiver,” or 
even why you’d want to. But, a friend 
of mine showed me his GPS, playing 
through a laptop that was running a 
portion of the “Precision Mapping” 
program. The result was very nice—a 
large, moving map display of the area 
being intercepted by the GPS re¬ 
ceiver. As we drove, you could shift 
your eyes from the laptop screen to 
the street signs as they went past—in 
total agreement! 
BOB SWINNEY 
via e-mail 

Hello, Bob. I am not trying to get 
perfect linkage of my ACTUAL posi¬ 
tion and my GPS position to read out. 
I just want to be able to turn the GPS 
off when I turn the key off—without 
sucking down the battery. Yes, YOU, 
the passenger, could see the laptop dis¬ 
play and the street signs. But, was 
there a way the DRIVER could do this, 
without getting into accidents?—RAP 

Dear Bob: 
As I read your article on touch typ¬ 

ing, I gave pause to reflect on why I 
took typing in high school some 33-odd 
years ago. And, I remembered that I 
was one of two males in a class of 24 fe¬ 
males. I never got much above 30 
wpm. The funny thing is I can’t re¬ 
member any of the girls, but I never 
forgot how to touch type. 
DAN VANDAME 
via e-mail 

PEASE PORRIDGE 
BOB PEASE 

Bob's Mailbox 
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» your Fibre Channe 
cabling haunted by 
the Skew demon? 

As data transfer rates move into the 1 gigabit range, Fibre 
Channel is becoming the interface technology of choice. But 
the Skew demon is thwarting efforts to offer both smaller 
and longer cables. 

Typical Skew Data For Ordinary 
Fibre Channel Cabling TurboQuacT beats 

the demon 
Ordinary Fibre Channel cabling 
utilize materials and processes that 
are subject to dielectric constant 
variations, often resulting in 
higher skew. 

But our patented TurboQuad'“ 
cable features ultra-stable 
insulation materials in a unique 
patent-pending design. The 
result? Low skew with margin to 
spare. Ideal for applications like 
Fibre Channel, Gigabit Ethernet, 
SSA, and Serial Express (IEEE 
1394.2) 

For more information, 
call 508-752-2884 or 
fax 508-752-4230 or email us at 

Other fibre channel cable designs create 

unacceptably high skew — the entire length 

must be inspected to find skew <200ps/30m. 

TurboQuad" cabling is designed to provide 

consistently low skew — increasing reliability 

and reducing cost. 

sales_inq@madisonusa.ccmail.compuserve.com 

MADISON Coble Corporation 
An AMP Company — i..1. ■■ ■ ■- 1 =■ 

Madison Cable Corp, is ISO 9002 registered 
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PEASE PORRIDGE 
BOB PEASE 

I’m typing up around 30 wpm, and 
I can’t gripe. I learned at home from 
my mother and a couple of simple 
books. I never forgot the girls in 
school, though!—RAP 

Dear Bob: 
After reading your “What’s All This 

Circuits-In-Your-Car Stuff’ column in 
the Aug. 3 issue, I was reminded of the 
time that I “improved” upon the 
“blinker audibility” in my 1984 Cadillac 
Cimarron. It was very hard to hear the 
blinker’s thermally activated contact 
reed. So, I decided to use a salvaged 
Mallory Sonalert sounder, fed by a cou¬ 
ple of isolation diodes (one for the 
right, one for the left blinker circuit). 
This would better alert the driver 
when the turn-signal blinker was “on.” 

It worked fine, and the audibility 
was great from the driver’s perspec¬ 
tive. What I hadn’t thought of, how¬ 
ever, was how it would affect my wife 
when she was riding along with me as 
a passenger! Women, in general, seem 
to be more sensitive to high-frequency 
sounds than men. And, as just a pas¬ 
senger, the Sonalert’s frequency drove 
her crazy (even at a deliberately re¬ 
duced volume level). 

So, the bottom line would perhaps 
be: Before finalizing any sort of audi¬ 
ble alert in your car, it might be pru¬ 
dent to fly it past “she who must be 
obeyed” first. Try to pick a sound that 
won’t be terribly annoying to others in 
the car who are “captive” to our cre¬ 
ative genius! 
DAVEMILLER 
via e-mail 

Maybe an adjustment pot in series 
with that Sonalert will let you control 
its volume. Or, tape some foam over it! 
And, beam it toward the DRIVER!! 
They are fairly directional, right!— 
RAP 

All for now. I Comments invited! 
RAP ! Robert A. Pease / Engineer 
rap@web team.nsc.com—or: 

Mail Stop D2597A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

Note: RAP will be trekking in Nepal 
all of October. Don’t expect much re¬ 
sponse to your mail or e-mail until No¬ 
vember 10. 



WALT'S TOOLS AND TIPS 

Op-Amp Audio 
Realizing High Performance: Buffers (Part II) 

Taking up where last month’s col¬ 
umn left off, here’s the second 
part of our discussion on output¬ 

buffer techniques as part of audio op¬ 
amp applications. 

A flexible Class A buffer: To fulfill 
the function of the discrete version of 
a unity-gain buffer, consider the 
schematic in the figure. A number of 
features lend this circuit utility, and 
can either be built as-is or modified 
for specific needs. Functionally 
speaking, this buffer’s intended to 
drop directly into the U2 stage of last 
month’s general diagram. 

The hookup’s basic function is that 
of a complementary buffer, with a 
nominal input/output de offset near 
(but not exactly at) zero. Actually, this 
is quite a common circuit type. It’s of¬ 
ten realized with a complementary 
output transistor pair, biased in turn 
by a pair of forward-conducting diodes 
driven at their midpoint by the input 
op amp. I used such a circuit years ago 
in my op amp book.1

Here, replacing the two diodes with 
complementary transistors still has 
the same basic advantage of near-zero 
input/output offset. But, it lowers in¬ 
put bias current substantially, due to 
the transistor gain. It can also reduce 
distortion due to better load isolation. 

The cancellation of the forward 
VBEs of Q1-Q3 and Q2-Q4 is somewhat 
imperfect, however, as these are dif¬ 
ferent device pairs. Output transistors 
Q3 and Q4 are 1-A types, for best gain 
linearity at 100 mA or more current 
peaks. Driver-stage devices Q1-Q2 are 
general-purpose types, suitable for 
currents of up to 100 mA and more 
(much higher than used here). A ver¬ 
sion of this general complementary 
topology was used in the classic 
LH0002 buffer, where the Q1-Q2 emit¬ 
ter currents were set simply by resis¬ 
tors to the supplies. A discrete ver¬ 
sion, the “0002,” was also offered.2

In this case, the respective Q1-Q2 
emitter currents are set up by current 
sources, Q5 and Q6. Their output cur¬ 
rent levels, along with the use of emit¬ 
ter-stabilization resistors R3-R4, work 
to indirectly set up the output-stage 

quiescent current. With about 4.5 mA of 
current flowing in R3, QI is biased sta¬ 
bly. With the VBEs of Q1-Q3 nominally 
equal, it can be seen that R3 and R6 will 
drop comparable voltages. This means 
that Q3 will conduct about twice the 
current in QI, for the 2:1 ratio values. 
Thus currents set by Q5 and Q6, along 
with the relative resistance ratios, de¬ 
termine the output quiescent current. 

Here, the VBEs aren’t exactly equal 
between complements Q1-Q2, or for 
Q1-Q3, and the idle current in Q3 is 
more than 10 mA (about 13 mA). Simi¬ 
lar reasoning applies to Q2-Q4. Either 
more or less output-stage current 
through Q3-Q4 can easily be affected, 
simply by adjusting the relative val¬ 
ues of R3/R6 and R4/R7 to¬ 
gether. This is best done via 
the choice of R3-R4 value, 
leaving R6-R7 fixed. 

At 13 mA of current in Q3-
Q4, they operate rather rich 
in Class A mode—at least un¬ 
til heavier loads should ap¬ 
pear. For this bias level, de¬ 
parture from Class A will 
occur somewhere around 1.5 
V, for a 150 Í2 load. 

The Q3-Q4 dissipation is 
about 200 mW each on ±15-V 
supplies, which will be OK for plastic¬ 
packaged devices like the original TO-
237 devices, or the Zetex “E-line” ver¬ 
sion. Either of these packages should 
be used with ample pc-board copper 
area on the collector leads to aid in 
heat transfer. All circuit parts are 
available from international suppliers, 
such as Digi-Key.3

If much higher sustained currents 
are needed, even lower-thermal-resis-
tance device packages can be used 
with Q3-Q4, such as the MJE171/181 
or D44/D45 families. And, a lower-out-
put-current version can be imple¬ 
mented by using PN2222A and 
PN2907A types for Q3-Q4. 

Protection of this circuit is provided 
by several means. Without D3 and D4, 
the upper current limit for Q3-Q4 is 
set either by the limited-drive current 
(5 mA) times the gain (50 to 250), or by 
the R6-R8 values and the supplies. 

This current can easily reach several 
hundred mA, so active current limit¬ 
ing is very useful. The optional Red 
LEDs D3 (D4) provide this, clamping 
the drive to Q3 (Q4) when the emitter 
current reaches about 1.2/R6, or -240 
mA as shown. For lower levels, the 
LEDs don’t conduct and signals pass 
normally. The LEDs are Panasonic 
types as noted. 

When used within an overall feed¬ 
back loop with an op-amp driver feed¬ 
ing RI, this buffer might need protec¬ 
tion from overvoltage. The optional 
diode clamps D5-D6 provide this func¬ 
tion. They clamp the drive to Q1-Q2 
when and if the R8 output is shorted— 
so large reverse voltages aren’t seen 
in the circuit. With normal signals, 
there’s just a few mV across the diodes 
and they don’t conduct. 

Performance: Ideally, a buffer such as 
this is transparent to signals with dif¬ 
fering loads and with diverse levels. 

The circuit shown was tested 
standalone—that is, with no 
driving op amp. Tested for 
THD+N with both low- (150 
Í2) and high-impedance (100 
kQ) loads, it holds up well 
over levels from 0.5 to 8 V 
rms. At the highest levels of 8 
V into a low impedance, 
THD + N reaches a high of 
0.15%. But, it quickly drops to 
0.02% at 2 V, and is apprecia¬ 
bly less than .01% at 0.5 to 1V, 
or within the Class A range. 

For high-impedance loading, distor¬ 
tion for all levels is well below 0.01%, 
typically 0.002% for 1V. And, for either 
load impedance, THD+N is also rela¬ 
tively independent of frequency (be¬ 
low 100 kHz). Harmonics within the 
distortion residual at the output are 
predominantly third at 1- to 2-V levels. 

The circuit’s output impedance is es¬ 
sentially resistive and about 15 O, most 
of which is the R8 value. Voltage offset 
of the buffer will be high, in the 20- to 
30-mV range, due to the inexact VBE 
cancellations. When used within an 
overall feedback loop, as illustrated last 
month, this offset isn’t consequential. 
It’s suppressed by the feedback loop. 

Housekeeping details: Some parts of 
the schematic aren’t directly involved 
with the buffer function, but neverthe¬ 
less still have utility. An example is the 
optional npn current-source transistor, 
Qn. This can be used to set up a fixed-
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WALT'S TOOLS AND TIPS 
WALT JUNG 

current drain directly from the driving 
op amp’s output stage, thus operating it 
in a richer-than-normal Class A current 
range and minimizing any internal 
Class AB effects for alternating output¬ 
signal polarities. By using the high dy¬ 
namic impedance of a transistor for this 
function, a fixed steady current can be 
taken from the op amp without loading 
it dynamically (and possibly increasing 
distortion). Qn’s LED bias scheme of 
Vb(-j will cause a current of 1.2 V di¬ 
vided by the emitter resistance to flow 
in the collector. For example, 1 kO 
would source 1.2 mA. For opposite po¬ 
larity (current sink) loading, a pnp cur¬ 
rent source “QP” is biased by DI, with a 
similar emitter resistance. If used, QN 
or Qp are PN2222A or PN2907A types. 

As noted, this buffer circuit func¬ 
tionally drops into the hookup of last 
month—that is, between the op amp 
and the load. The feedback path is 
taken before isolation resistor R8, pro¬ 
viding simple, effective load isolation 
for the buffered op amp. 

When driving low-impedance loads, 
decoupling of the high-load currents is 
accomplished with large, local elec¬ 
trolytic bypasses C1-C2, with their 
shared point returned to the load com¬ 
mon. Because of the wide transistor 
bandwidths used, layout and wiring 
can also be critical. C1-C2 should be 

augmented by local, low-inductance 
high-frequency bypasses, such as 1-
pF/50-V stacked-film types C3-C4, lo¬ 
cated physically near Q3-Q4. 

It’s worth noting that long lines, 
which appear as a capacitive load, are 
low-impedance loads. Even if termi¬ 
nated at the far end in a moderate re¬ 
sistance value (-10 kQ)—for high fre¬ 
quencies, the effective load such lines 
present to the amplifier is still low (Xc 
for 10 nF looks like 800 Q at 20 kHz). 
R8 is a load isolator, and can be in¬ 
creased if necessary. 

Further suggestions: It should be obvi¬ 
ous that this circuit is readily adaptable 
for various needs. If used on other sup¬ 
ply voltages, the cun-ent in LEDs Dl-
D2 would benefit by being stabilized, 
perhaps by something as simple as a 1-
mA JFET cun-ent diode in place of R9. 

The output transistors (and their op¬ 
erating point) are best chosen to main¬ 
tain the lowest distortion for the partic¬ 
ular loads and operating level. 
Remember: The distortion figures 
quoted are for the buffer alone. A well-
chosen driver can lower it even further. 

TIP: These first two installments on 
high-performance audio with ICs and 
discretes have focused on choosing (or 
designing) a buffer stage for best over¬ 
all performance. In IC op amps with 
poor thermal design, heavy output load¬ 

ing can cause shifts in effective 
input offset, as well as associ¬ 
ated linearity changes. These 
load-dependent shifts can be 
identified with testing, allowing 
easier device selection to mini¬ 
mize this problem. 
However, simply buffering the 

amplifier’s output with an iso¬ 
lated-package circuit removes 
this source of error, and maxi¬ 
mizes op-amp linearity. This 
step is recommended wherever 
it’s practical and needed. Buffer 
circuits can be chosen from a 
number of ICs expressly de¬ 
signed for such tasks, as was 
noted last month. Or, they can 
be designed to match a given set 
of conditions, as in this example. 
The ability to adapt and hone 

a circuit’s operational charac¬ 
teristics precisely to an appli¬ 
cation is a major hallmark of 
discrete circuitry, as this exam¬ 
ple shows. In contrast, adapt¬ 
ability to different drive and 

bias levels isn’t something IC buffers 
can do, at least not in the manner here. 
One needs to choose either the flexibil¬ 
ity and diversity of the discrete ap¬ 
proach (at the expense of component 
count), or the small size and compo¬ 
nent efficiency of the IC approach (at 
some expense of bias and drive flexi¬ 
bility). In any event, enjoy those low 
distortion, Class A sounds! 

Acknowledgments: In preparing the 
last two columns, I appreciated helpful 
comments from audiophile friend and 
design consultant John Curl. 
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Only Z-WofM's new ZB4100 controller is available with integrated (-language 
control software. The ZB4100 is ready for immediate development - no third-
party development tool headaches. The hardware and software ate guaranteed to 
work together. Ideal for embedded OEM and machine control applications. 
You'll save time, money, and effort. And technical support is always free. 

The ZB4100 offers an Intel 386EX processor, 40 on-board digital I/O 
lines, 2 serial ports, PLCBus expansion, and more. From 5245 qty 100. 

Call for FREE catalog: 

1.888.362.3387 
TEL.-53O.75Z3737 
FAX: 530.753.5141 

www.zworld.com 
ZwORLD 
2900 Spaffod Street. Daws CA 95616 

READER SERVICE 81 

COMING IN NOVEMBER 
November 2 Issue 

Broadcast PC Technology Upsets Balance 
of Power in the TV/PC Wars 

Will smart television displace computers for web surfing and interactive games, 
or will broadcast-capable computers begin to displace the TV’s coveted role as 
household entertainer? We cannot reveal the details but, this cover story will 
exclusively introduce a new development that cuts broadcast cost and develpo-
ment time. 

November 16 Issue 

DSP System Design 
This issue includes another installment of our contmuing series of DSP-related 
contributed articles. DSP technology has become increasingly important as it 
finds applications in a growing number of communication and consumer prod¬ 
ucts. Designing a successful DSP system requires special design skills. So 
once again we’ll be focusing on an important aspect of the DSP design process 
When it comes to making design decisions and tradeoffs, avoiding design pit-
tfalls, our DSP System Design series keeps you on the cutting edge of this 
important technology. 

ELECTRONIC DESIGN 
TECHNOLOGY • APPLICATION • PRODUCTS • SOLUTIONS 

NEW PRODUCTS 
DIGITAL ICs 

Low-Power CPLD Offers 
In-System Programmability 
A novel 3.3-V CPLD provides 128 
macrocells and pin-to-pin speeds as 
fast as 5 ns. The EPM7128A is the first 
3.3-V member of the company’s high-
performance, high-density Max 7000A 
family. It features Altera’s MultiVolt 
interface that allows I/O support for 
5.0-, 3.3-, and 2.5-V logic interface lev¬ 
els. In addition, in-system programma¬ 
bility is made possible with the Jam 
programming and test language. All 
Max 7000A devices are supported by 
Altera’s Max+Plus II development 
system. The EPM7128A is available 
now in a 100-pin TQFP package, and 
will soon be available in 84-pin PLCC, 
144-pin TQFP, and Altera FineLine 
BGA packages. By the end of this year; 
pricing for the EPM7128A is expected 
to be $7.00 in 100,000-unit quantities. 

Altera Corp., 101 Innovation Dr., San 

Jose, CA 95134; (408) 544-7000; 

www.altera.com. CIRCLE 500 

Final Member Joins Family Of 
Generic Crosspoint Devices 
The third and final member was added 
to Lattice Semiconductor’s family of 
ISP generic digital crosspoint devices. 
The company released the high-perfor¬ 
mance ispGDX80-A for production, 
completing the 5-V family that also in¬ 
cludes the ispGDX120A and isp 
GDX160 parts. All three devices are 
targeted at signal routing and interface 
logic design with such features as in-
system programmability and high per¬ 
formance, integration, and flexibility. 

The ispGDX80A architecture con¬ 
sists of 80 special-purpose programma¬ 
ble I/O cells interconnected by a global 
routing pool that minimizes signal de¬ 
lays and delivers high speed. The device 
features any-input-to-any-output signal 
delays of 5 ns, clock-to-output delays of 
5 ns, and operating frequencies of 111 
MHz. Other features include boundary¬ 
scan test logic. The ispGDX80A-5 (5-ns 
speed grade) is priced at $11.65 and the 
ispGDX80A-7 (7-ns speed grade) is 
priced at $8.20 in 100-pin TQFP packag¬ 
ing (lO(X)-piece quantities). Both parts 
are available immediately. 

Lattice Semiconductor Corp., 5555 

NE Moore Ct., Hillsboro, OR 97124-

6421; (503) 681-01 18; Internet: 

www.latticesemi.com. CIRCLE 501 



NEW PRODUCTS 
EDA 

Tool Vendor Information 
Now Available Online 
The latest addition to the EE Design 
Center is the EDA Index. It’s a web 
site intended to help engineers re¬ 
search, select, and purchase ICs for 
product and systems design. The Index, 
specifically targeted at engineers work¬ 
ing on first simulation and validation as 
well as design and resimulation, serves 
as an online catalog of design-automa¬ 
tion tools available to engineers world¬ 
wide. Currently, the Index features 
over 30 manufacturers, and that’s ex¬ 
pected to grow rapidly in coming 
months. 

The information found at the site will 
provide engineers with the compare 
and contrast information they need, in 
areas such as programmable-logic and 
system-design tools, to make smarter 
design decisions. In particular, the site 
includes such information as classes of 
design automation products ranging 
from specific, niche tools to mainstream 
global solutions and associated tool de¬ 
tails. Access to the EE Design Center 

and its EDA Index is now available 24 
hours-a-day, seven days a week. It’s 
free of charge to users. CA 

Questtink Technology Inc., 100 Con¬ 

gress Avenue, Suite 400, Austin, TX 

78701; (512) 322-3220; Internet: 

WWW. questlink.com. CIRCLE 502 

Computer Power Gives 
Automated Test Tool A Boost 
A simulation-based test synthesis prod¬ 
uct called Test Designer version 8.5 of¬ 
fers access to a store of computer power 
known as the “SpiceFarm” via the In¬ 
ternet. The main function of the tool is 
to automate test program development 
for analog and mixed-signal systems, 
circuits, and ICs. Because today’s com¬ 
plex design often require a large num¬ 
ber of simulations, this newest feature 
promises to drastically cut down on sim¬ 
ulation time. It achieves this by allow¬ 
ing the simulation in parallel. Interface 
to the SpiceFarm is virtually seamless 
for the user and can be set up for in¬ 
tranet or Internet usage. The data ex¬ 
changed between the SpiceFarm and 

Test Designer is encrypted and com¬ 
pressed to ensure security and data in¬ 
tegrity. 

Another new feature of the tool is its 
web-based help capability, which is 
available directly from within the 
schematic capture tool. By simply se¬ 
lecting a new help menu item in the tool, 
users gain access to technical support 
and the Intusoft home page. Because 
the help menu is expandable, users can 
add their own web links to the menu. 

Test Designer 8.5 is a complete sys¬ 
tem and includes a schematic entry tool, 
model libraries with over 13,000 part 
models (most of which include prede¬ 
fined failure modes), a SPICE3-based 
analog and mixed signal simulator, a 
graphical data host processor, and an ar¬ 
ray of features to handle the test data 
analysis and reporting. The tool is avail¬ 
able now and is compatible with both 
Windows 95 and NT platforms. It sells 
for $12,000. Product maintenance is 
15% of the purchase price. CA 

Intusoft, 222 W. 6th St., Suite 1070, 
San Pedro, CA 90731; (310) 833-

0710; www.intusoft.com. CIRCLE 503 

Our Web site or request Catalog *1. our co 

Rotary Switches 

áre just a portion of 

our Switch Product 

offering. Grayhill also 

provides optical and 

mechanical encoders, 

pushbutton switches 

keyboards, keypads 

and custom 

front panels. 

ISO-9001 

certified. Grayhill 

ihanufacturers 

to Industry 

and Military 

Standaids to 

asstirc quality 

and reliability. 

Ive product Ui 

ROW SWITCHES...SINGLE SOURCE mijju S[lffiT|0N
Rotary Switches. Some of our more popular include: 

Series 50/51 Single-Deck—industry-standard 1/2" (12,70) 
diameter, logic level to 200mA. Measures less than 0.7" 
(17,8) depth. Variety of shaft diameters, terminations, 
sealings and stops. 
Series 71 Multi-Deck—0.687" (17,5) diameter, logic level 
to 250mA. Similar options as the Series 50/51. 
Series 42/44 High-Current—industry favorite 1" (25,4) 
diameter makes/breaks up to 1 amp; 1/4" (6,35) 
single/concentric shaft versions. Choice of UL-listed 
versions, panel sealing, adjustable stops. 

Special Function Rotary Switches—standard designs 
include keylock-operated, spring-return (momentary), 
isolated position (push/pull to turn), and coded output. 

Need something different? Grayhill can proride 
custom or value-added services to most catalog 
products. Challenge us! 

561 Hillgrove Avenue Internet: http://www.grayhill.cotn 
P.O. Box 10373 DATA f » I ? i J Faxback Info 1-81X1-244-0559 

rnmn.nv LaGrange, IL 60525-0373 USA Phone:708-354-1040 Fax:708-354-2820 UUllipally 
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Maximize You 

PCI 

The PCI Advantage 
• On-the-fly "scatter-gather” 
bus mastering maximizes 
transfer rates to PC RAM 

• Microprocessor-free, 
132 Mbytes/s burst-mode 
transfers 

• Advanced timing technologies 
• Deliver accurate and reliable 
measurements under 
rigorous, high-performance 
conditions 

Choose PCI Boards with 
. 20 kS/s to 20 MS/s 
• 8 to 16-oit accuracy 
• 2 to 64 analog inputs 
• Multiplexed or simultaneous 

sample and hold 
• 8 to 96 digital I/O lines 
• Calibration certificates for 

NIST traceability 

Use National Instruments 

products designed 

specifically for the 
high-speed PCI bus. \ 

Call today for the 

NEW Data Acquisition 

Product Guide 

www.natinst.com/daq 

(8001 327-9894 
Tel: (512) 7940100 • mfo@natinst com 

•U.S. pricing for hardware only 

^7 NATIONAL 
^INSTRUMENTS 
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NEW PRODUCTS 
TEST & MEASUREMENT 

PCI DAQ Board Features 
High Level of Integration 
The DT3016 is a high-resolution, multi¬ 
function data-acquisition board for the 
PCI bus. The board features 32 single-
ended/16 differential inputs at 250 
ksamples/s, two analog outputs at 200 
ksamples/s, 16 digital I/O lines, four 
counter-timers, and a custom-designed 
PCI-bus interface chip. This chip allows 
for high-speed, bus mastering data 
transfers to the PC, enabling the 
DT3016 to run multiple subsystems si¬ 
multaneously without losing data. By 
setting aside a block of memory in the 
PC, the DT3016 performs bus-master 
data transfers without CPU interven¬ 
tion, freeing the CPU for other tasks, 
such as data analysis or display. The 
DT3016 ships with Windows 3.1/95/NT 
and DT-Open Layers compliant dri¬ 
vers. List price of the board is $1495. JD 

Data Translation Inc., 100 Locke Dr., 

Marlboro, MA 01752-1192; (800) 

525-8528; (508) 481-3700; fax (508) 

481-8620; e-mail: info@datx.com; 

www. datatranslation.com. CIRCLE 504 

Ethernet DAQ System 
Offers 16-Bit Resolution 
The EDAS-1031E high-accuracy multi¬ 
function system offers 16-bit (1 part in 
65,536) sampling of remote signals that 
require wide dynamic range measure¬ 
ment. Typical applications for the sys¬ 
tem include monitoring of temperature 
sensors, flowmeters, load cells, LVDTk, 
spectroscopes, and gas chro¬ 
matographs. The system communicates 
over any Ethernet LAN or the Inter¬ 
net, allowing real-time data to be 
shared with any number of PCs and 
workstations located virtually any¬ 
where. The EDAS-1031E provides 16 
single-ended/8 differential analog in¬ 
puts at 16-bit resolution, two 12-bit ana¬ 
log outputs, and 16 digital I/O channels. 
The 16-bit ADC samples waveforms at 
up to 100 kHz. Digital I/O channels are 
programmable as inputs or outputs. 
The EDAS-1031E systems will begin 
shipping in October 1998 at a price of 
$1295. JD 

Intelligent Instrumentation Inc., 6550 

S. Bay Colony Dr., MS 130, Tucson, AZ 
85706; (800) 685-9911; (520) 573-

0887; fax (520) 573-0522; e-mail: 

sales@instrument.com; Internet: 

www.instrument.com CIRCLE 505 

Programmable DC Power 
Supplies Have Modular Design 
The DHP series of programmable de 
power supplies provide a wide range of 
power levels delivered from a thin (2U 
to 6U) rack-mount profile. The high-
power supplies deliver de outputs from 
2 to 30 kW. The total power is achieved 
by paralleling up to six individual power 
modules per rack-mount chassis. The 
output current is shared equally among 
the internal power modules. For ease of 
use, the DHP series supplies are prog¬ 
rammable from a front panel keypad or 
remotely through user-selectable stan¬ 
dard 5- or 10-V analog inputs. All prog¬ 
rammable voltage, current, and auto se¬ 
quence settings can be stored and 
recalled. Also, the ac input voltage, am¬ 
bient air inlet temperature, de output 
voltage, current, and power can be dis¬ 
played from the front panel at any time. 
Pricing starts at $1995. JD 

Sorensen, Division of Elgar, 9250 

Brown Deer Rd., San Diego, CA 92121; 

(800) 525-2024; (619) 450-0085; fax 

(619) 458-0237; e-mail: sales@elgar. 

com. CIRCLE 506 

Universal Instrument 
Measures Voltage and Power 
The 5230 series of universal RF 
power/volt meters are instruments ca¬ 
pable of making both power and voltage 
measurements. Designed for EMC and 
board testing environments, the 5230 
series measures RF voltage from 10 Hz 
to 2.5 GHz and covers 10 kHz to 100 
GHz when measuring power. If operat¬ 
ing as a power meter, the 5230 series 
can make more than 200 measurements 
per second. It measures power levels 
from -70 dBm to +44 dBm within a 90-
dB dynamic range. The Model 5232, a 
dual-channel meter, allows input and 
output measurements to be made and 
viewed simultaneously. For voltage 
measurements, the 5230 series has a 
voltage range of 200 mV to 10 V with 
true RMS response below 30 mV. It also 
features a zero correction function that 
stores the zero offsets of each range. 
The single-channel Model 5231 is priced 
at $3450, while the Model 5232 goes for 
$4450. JD 

Boonton Electronics Corp., 25 East¬ 

mans Rd., Parsippany, HI 07054-0465; 

(973) 386-9696; fax (973) 386-9191; 

www.boonton.com CIRCLE 507 
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Gore's New 2mm Cables -
An Eyeful of Fidelity and Reliability 

EYE-OPENER cables offer 100% 
compatibilty with standard 2MM 
backplanes 

GORE 2MM assemblies provide the 
widest eye patterns available 

c1998 W. L. Gore & Asociates, Inc., 750 Otts Chapel Rd., Newark DE 19714 Fax (3021 737- 2819 
Metral is a trademark of Berg Electronics, Z-Pack is a trademark of Arap Inc., 
HDM is trademark of Teradyne Inc. 

1.2 Gbits/sec 
Intercabinet Links for 
2mm Backplanes 

Gore's new EYE-OPENER Family of 
2mm assemblies provides unmatched 
performance and reliability in a package 
that is 100% compatible with all stan¬ 
dard 2mm backplane connector systems. 

The only source for all 2mm needs 
Now Framatome's Millipacs™ 1 and 2, 
Metral™, Z-Pack™ HM, HDM and all 
the others can be optimally cabled with 
EYE-OPENER cable assemblies. 

EYE- OPENER assemblies were 
designed using Eye Pattern Analysis 
techniques to achieve maximum syner¬ 
gism between cable and connector. 
GORE-TEX®expanded PTFE dielectric 
coax and twinax cables help EYE-
OPENER assemblies to maintain signal 
integrity, even on today's fastest digital 
drivers and receivers. They can provide 
bandwidth densities greater than 2 
Gbits/sec. per mm. 

Designed for reliability 
Premium connector materials such as 
Beryllium Copper contacts and Liquid 
Crystal Polymer housings provide abuse 
protection without affecting perfor¬ 
mance. A unique ruggedized version 
prevents plugging and unplugging 
damage to the small pins found in 2mm 
backplane connectors. EYE-OPENER 
cables are perfect for Telecom, Test 
Equipment and other high data rate 
applications. 

Gore's EYE-OPENER family is fully 
scalable in size, performance and 
configuration and comes in differential 
and single ended versions. If you want 
your eyes opened call: 

1-800-445-4673 
(In Europe call +49-9144-601-389) 

GORE i 
Creative Technologies 

Worldwide 

Chip-to-Chip 
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DC-DC converter 

• High Voltage for Pin Diode and 
Laser Applications 

• 100 to 5,000 VDC Outputs Standard! 
• 200 Models, Standard!! 
• 7 Input Voltage Ranges, 5-380 VDC 
• Surface Mount and Thru Hole 

Mounting 
• Military-Cots-lndustrial Models 

Available 
• Stock to One Week Delivery 

Special Voltages Available, 2-4 
Weeks AROH! 

MgW Series MV 
Upto 

500VDC Output 

• AU Military Components 
• -55 to +85 Degrees Centigrade, 

Operating Temperature Ambient 
Standard!! 

• Selected MIL-STD-883 Environmental 
Screening A vailable 

• Your Specific Military Requirements 
Evaluated, No Cost!! 

J See EEM 
- or send direct 

" for Free PICO Catalog. 
^W^all toll free 800-431-1064 
'4^' in NY caff 914-738-1400 

FAX 914-738-8225 

r I Electronics, Inc. 
143 Sparks Ave . Pelhem. NY 10803-1837 

£ Mail HLSC73A@prodigy com 

http://www.picoelectronics.com 

READER'S RESPOND 

Beaming Down Memory Lane 
Patrick, 

Amazing! Another 2000 A.D. fan 
(Electronic Design, July 20,1998, p. 
20). Wow! That was 20 years ago! I still 
have the Christmas edition you men¬ 
tioned, on my bookshelf next to Trou¬ 
bleshooting Analog Circuits. The 
pages are a bit yellow now, but still 
look great. 
Regards, 
Peter Dutton 
London, England 
PETERDUT@aol.com 

Patrick Mannion responds: 

Hey there! 
Do you have any idea what I’d give 

to see that issue again? Talk about a 
blast from the past!! I’ve printed out 
the .JPGfile you sent along, and have 
it up on the wall in my office as we 
speak. Don't suppose you can e-mail 
the whole issue? 

Now you’ve teased me, so I have to 
go hunt down a web site where I can 
beg, hustle, or borrow that issue. Mine 
was lost (we had a big house with 
many kids) a few years after I got it. 

It’s a shame that I lost it, as that’s 
what stirred my interest in Sci-Fi, and 
probably what got me through engi¬ 
neering school to where I am now (if 
you want to extrapolate on that). 

It must have had the same effect on 
you, considering that you still have it. 
Did it? Let me know. 

Thanks again for the .JPG. 
Patrick. 

Dear Mr. Mannion: 
I’m probably twice your age or 

more. While your article makes good 
copy, there are millions of us out here 
in good old keyboard land who have 
learned, and are comfortable with 
their typing skills. These skills have 
transferred well to the computer age. 

I think that the argument could be 
made that without the standard key¬ 
boards as an input device, Eckert -
Mauchly, IBM, and DEC would still be 
using punched cards. The millions of 
us who were brought up on typewrit¬ 
ers moved easily to word processors 
as they evolved from electromechani¬ 
cal to the computer software miracles 
they are today. 

I am not opposed to innovation, but 
I am opposed to destructive innovation 

where everyone marches to a different 
drummer. Without one standard that 
has held throughout this amazing rev¬ 
olution, the evolution might have 
stopped in its tracks long ago. 
Yours truly, 
George Garwood 
Wynnewood, PA. 

Hello Patrick: 
I read your opinion in Electronic 

Design, July 20,1998, and completely 
agree with you. I have been using 
computers since the punch-card days 
though, and I will tell you that pro¬ 
gramming in the latest version of Vi¬ 
sual Basic is a far cry from writing Ap-
pleBasic, even 12 years ago. 

As designers, we must listen to the 
sages of our time, and we must also lis¬ 
ten to those around us. These sages 
will give us the fun jobs of creating the 
next transportation system, or future 
tools for learning, but those who we 
live with will give us the ideas to solve 
today’s problems. Computers are 
merely tools to get things done, no 
more, no less. May we continue to 
make better tools! 

Also, where can I get the Bioelec-
tronic Handbook? 

Thanks again for a great piece. 
What else do you read besides old 
2000 A.D.s? 
Kind regards, 
Tim Economu 
economu@whidbey.com 

Editor’s note: “Bioelectronics Hand¬ 
book: MOSFETS, Biosensors, and 
Neurons” can be found at www.Ama-
zon.com for $89.50. 

Correction 
In the August 3,1998 issue of Elec¬ 

tronic Design, “Multiphase Con¬ 
troller Meets Pentium’s Power De¬ 
mands,” on page 28, incorrectly stated 
Semtech Corp.’s telephone number. 
The correct phone number is: (805) 
498-2111. 

Letters to the Editor, including the 
writer’s name, address, and phone 
number, should be sent to: Letters Edi¬ 
tor, Electronic Design, 611 Route 46 
West, Hasbrouck Heights, NJ 07604; 
fax (201) 393-0204; e-mail: 
dschiff@penton.com. Letters may be 
edited for space and clarity. Names 
will be withheld upon request. 
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compliant ASIC 6 

Catch 
Gate Array 

For more comprehensive device compatibility 
data, please visit our web site. 

AMI's Cutthroat family of PCI-compliant gate arrays is uniquely 

adapted for the most demanding environment - the elusive 66 MHz spec. 

Fast, agile and far less expensive than FPGAs, AMI’s Cutthroat gate 
arrays are now in season. Running at 66 MHz and featuring 6ns dock-to-
out (Tpco), AMI's Cutthroat ASICs are a trophy catch for designers who 
can't achieve high-speed PCI compliance in FPGAs. Drawing on its proven 
ASIC expertise, and over 12 years of conversion experience, AMI 
developed the Cutthroat family of gate arrays specifically for FPGA 
conversions. And now you can reel in the benefits. Contact AMI today. 
We’ll help you hook a Cutthroat. 

a Cutthroat 

Altera Device Equivalent AMI I AMI Pricing 
Gate Array I 50K Units 

I Xilinx Device 

(800) 639-7264 dept.9183 • www.amis.com/9183 
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Experience the site today 
and judge for yourself! 

ELECTRONICS DESIGN, TECHNOLOGY & NEWS NETWORK 

If you think 
the EDTN network looks 
NPRESSTVE on paper, 

EDTN 
network 

you should see it 
ONLINE 

NETWORK MEMBERS 

EE Times 
Electronic 
semiconductor 
BUSINESS NEWS 

Aspect Development. Inc 

ELECTRONIC DESIGN 

EDTN 
network 

SPONSORS 

Altera 

American IC Exchange 

Cherry Semiconductor 

Digi-Key Corporation 

Hamilton Hallmark 

Harris Semiconductor 

Hitachi Semiconductor 
America 

Marshall Industries 

Mathworks 

OrCAD 

PMC Sierra 

Sharp Microelectronics 

Siemens Microelectronics 

Summit Design 

Sun Microsystems 

Tektronix Inc. 

Toshiba America 

VIEWIogic Systems Inc. 

Wind River Systems 

Xilinx 

www.edtn.com 



4 

'M ■ 

* 

Audio Solutions 
we'll help you put the pieces together. 

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

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

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

❖ PC or CPIB interface 

4 

¡4 
system Two 

A new standard for today's digital 
and analog systems 

compatible mode 
High performance, 

cost effective: 
Residual 
Noise i.5pv, 
22HZ-22kHZ 
System thd+n 
<0.0025%+3pV 

- apwin for windows 95™ 
- CPIB drivers for 

National Instruments 
LabView/LabWindows 

❖ High speed fasttrig 
synchronous multitone 
testing on DSP versions 

❖ Dual Domain™ version 
includes digital I/O 

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

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

& telecom 
Digital converter testing 
Analog residual THD+N <0.0004% (<-l08dB) 
Digital analyzer noise <-i40dBFS, wideband 

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

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

Zludio 

FAX: (503) 641-8906 

i precision 
> '' vi P.O. BOX 2209 

Beaverton, OR 97075-3070 
(503)627-0832,1-800-231-7350 
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Electronic design catalog/literature review 
reliability prediction 
Catalog describes the 

RelCalc for Windows soft¬ 
ware package, which auto¬ 
mates MIL-HDBK-217 or 
Bellcore on your PC, and al¬ 
lows quick and easy relia¬ 
bility analysis of your elec¬ 
tronic products. Phone: 
818-991-0057, Fax: 818-
991-1281, E-mail: info@t-
cubed.com. Visit our web 
site for a FREE DEMO: 
www.t-cubed.com. 

T-CUBED SYSTEMS 

CIRCLE 248 

WE BUILD CUSTOM BATTERY PACKS 
Southwest Electronic En¬ 

ergy Corp, is an innovative 
value-added distributor of 
energy management compo¬ 
nents and custom-designed 
energy storage devices for 
your electronic products. 
We have the resources and 
expertise to support our 
customers with in-house en¬ 
gineers & product design 
teams from the initial stage 
of product development 
through manufacturing. 
800-231-3612; Fax: 800- CIRCLE 249 
240-4535; www.swe.com 
SOUTHWEST ELECTRONIC ENERGY 

MICROPAK" INSTRUMENT ENCLOSURES 
Lansing Instrument 

Corp, offers enclosures for 
smaller, free standing elec¬ 
tronic instruments used in 
hand-held or desktop appli¬ 
cations. Three body style¬ 
sand a choice of end cap con¬ 
figurations are available, 
along with several finishes 
and colors. Literature in¬ 
cludes information for stock 
and custom choices, and a 
no-risk offer at a special 
price. Contact Rich Kippola 
at Lansing Instrument 
Corp., (800) 847-3535. 

CIRCLE 251 

LANSING INSTRUMENT CORP. 

Data Acquisition Supplement Catalog 
FREE! DATEL SYS¬ 

TEMS’ new 48 page, 1998 
supplement catalog offers a 
wide range of high speed, 
high performance and 
multi-function Data Acqui¬ 
sition boards. Over 50 new 
products are offered includ¬ 
ing advanced performance 
boards for PCI, ISA and 
VME bus. For a free copy of 
the 1988 supplement cata¬ 
log contact us at: 800-233-
2765, fax: 508-339-8784; 
www.datel.com, e-mail: 
sales@datel.com 
DATEL SYSTEMS 

CIRCLE 254 

Product Selector Features LCD Display 
Okaya s Supertwist LCD 

Module Product Selector in¬ 
cludes the latest informa¬ 
tion on Okaya’s Alpha/nu-
meric and Graphic LCD 
Display Modules. Featured 
are 32 Character Modules 
and 16 Graphic Modules. 
Both series have on-board 
negative voltage and tem¬ 
perature compensation op¬ 
tions. 219-477-4488; Fax: 
219-477-4856; E-mail: 
sales@okaya.com 

CIRCLE 257 

OKAYA ELECTRIC 

Handy Surface Mount Resistor Kit -
Kit contains 56 popular 

values of 10Í 1 to 1MÍ1, 1% tol¬ 
erance, 1206 size, thick film 
chip resistors. All resistors 
are sorted, stuffed in a set of 
handy enclosures - minimize 
the time for accessing a par¬ 
ticular resistor, takes a small 
space on work bench. Ideal 
prototyping, field service. 
$149 - 100 PC/value, $199 -
200 PC/value, $450 set - 500 
PC/value, and $10/refill for 
500 PC. (248) 349-7250; fax: 
(248) 349-8108; www.analog-
tech.net 
ANALOG TECHNOLOGIES 

Test & Measurement Accessories Catalog 
ITT Pomona Electronics’ 

1998 full line catalog high¬ 
lights newly designed DMM 
accessories, a new family of 
high performance oscillo¬ 
scope probes, and the first 
IEC1010 compliant mini¬ 
grabber ever offered. Phone: 
(909) 469-2900; Fax: (909) 
629-3317; 
www.ittpomona.com 

in POMONA ELECTRONICS 

SOFTWARE SHOWCASE 1998 
Software Showcase 1998 

provides you with information 
& demonstrations of industry¬ 
leading National Instruments 
application software for mea¬ 
surement & automation appli¬ 
cations, such as LabV IEW™ 
5.0, LabWindowsCVI 5.0, 
Lookout™ 3.8, HiQ™ 4.0, and 
more. Free multimedia CD of¬ 
fers direct access to product, 
order information via Inter¬ 
net. (512) 794-0100; (800) 433-
3488; Fax: (512) 683-8411; E-
mail: info@natinst.com; 
www.natinst.com 
NATIONAL INSTRUMENTS 

NEW VMIC PRODUCT CATALOG 
VMIC is a supplier of PC 

Control Software 
(lOWorks®), embedded PC 
single board computers for 
VMEbus and CompactP-
CI®, Rtnet™ - real-time net¬ 
working products (Reflec¬ 
tive Memory) for most 
popular computer systems, 
PLCs, and bus structure; 
I/O products for VMEbus, 
CompactPCI, PCI, USB, 
and ISA; and industrial sys¬ 
tems based upon VME and 
CompactPCI. 800-322-3616; 
http://www.vmic.com 
VMIC 

CIRCLE 255 

MILLENIUM 2000 
Introducing MIL-2000 

the newest state of the art 
switching power supply. 
Featuring resonant pulse 
width modulation topology, 
up to 85% efficiency. From 
1-7.5 kv, @l-10w in 2 sizes 
50x60x5mm & 70x60x5mm. 
Custom designing avail¬ 
able. e-mail: ahv@ahv.com; 
website: www.ahv.com 

AMERICAN HIGH VOLTAGE 

CIRCLE 261 

NEW POWE CORD REFERENCE GUIDE 
This all new 48-page cata¬ 

log portrays Feller’s complete 
line of high quality domestic, 
hospital grade and interna¬ 
tional power cords. It provides 
detailed specifications illus¬ 
trations, application, features 
and benefits. Many new prod¬ 
ucts and services were added, 
including in-house cord as¬ 
semblies, extensive packaging 
services and custom molding 
capabilities. 800-736-7333; 
Fax: 732-247-7279; E-mail: 
salef@feller-us.com; 
http://www. feller-at.com 
FELLER U.S. CORPORATION 

CIRCLE 250 

GIANT NEW SWITCH CATALOG 
APEM’s new 420 page full¬ 

line catalog is packed with their 
switch offerings. New products 
added: toggles, rockers, push¬ 
buttons, tacts, keys, industrial 
controls, DIPs, rotary DIPs, mi¬ 
cro-limits, pushwheels, slides, 
keyboards, sealing boots. Many 
state-of-the-art switch models 
featuring process compatibility, 
surface mounting technology & 
electrostatic discharge with¬ 
standing. APEM Tel: 781-246-
1007, Fax: 781-245-4531, URL: 
http://www.APEM.com 
E-Mail: info@APEM.com 

APEM 

TACT SWITCHES 
A/D electronics’ free Tact 

Switch catalog features a vari¬ 
ety of Tact Switches in differ¬ 
ent configurations. 8 page 
catalog offers standard and 
non-standard tact switches. 
Design engineer can obtain 
complete specs, dimensional 
drawings and evaluation 
samples upon request. A/D 
Electronics also supplies a va¬ 
riety of interconnects for the 
OEM. Technical Support is 
available by contacting: (253) 
851-8005; Fax: (253) 858-
9869; www.adelectronics.com 
A/D ELECTRONICS 

CIRCLE 256 

Commercial / Medical Power Supplies 
Condor’s 60-page catalog 

offers commercial and med¬ 
ical switching and linear 
D.C. power supplies. Com¬ 
mercial products meet lat¬ 
est international safety 
standards and medical 
products are certified to 
UL544, VDE0750 and 
IEC601. Call 800-235-5929, 
FAX (805) 487-8911. 
www.condorpower.com 
/-condordc 

CIRCLE 259 

CONDOR 

FREE APPLICATION CD 
This appliction CD is de¬ 

signed to help system de¬ 
signers make the most of 
their available space using 
Vicor power components. It 
includes the Vicor Applica¬ 
tions Manual, seven prod¬ 
uct configurator programs, 
and the complete selection 
of downloadable Vicor prod¬ 
uct data sheets. (800) 735-
6200; Fax: (978) 475-6715; 
www.vicr.com 

CIRCLE 262 

VICOR CORPORATION 
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DIRECT CONNECTION ADS 

OOUR TURNS 
J ÀV»< , É-P// 

VISIT OUR HOT HEW WEB SITE 

HIGHEST OVERALL CUSTOMER SERVICE RATING 

1108 West Evelyn Avenue, Sunnyvale, California 94086 

Phone: (408)735-7137 • FAX: (408)735-1408 • MODEM: (408)735-9842 

E-mail: protoexpress@interneimci.com 

FTP Address: ftp:protoexpress.com 

PCMCIA 

Metal Core & Thermobonded PCB's 

Up to 22 Layers 

Multichip Modules 

Impedance Control Boards 

Buried & Blind Vias 

Polyimide Multilayer 

Full Body Gold 

THE HIGHEST TECHNOLOGY IN MULTILAYER PROTOTYPES 

proto express CIRCLE 417 

ELECTRONIC DESIGfil 

ConnecW 
Reach 165,000 
Engineers & 

Engineering Managers 

New Products/Services 
Presented by the Manufacturer 

To Advertise, Call Judy Stone: 
201/393-6062 

USB 930 
In-Circuit 
Emulator 

Emulates all modes of Intel’s 
8x930 family at full speed! 

Call (408) 866-1820 ‘ora product brochure 
and a FREE Demo Disk. Or download the Demo 
from our web site- http://www.nohau.com. 
Information is also avai.able via Fax. call our 

24-hour Fax Center at (408) 378-2912 

I 51 E Campbell Avenue 
I lUnuU Campbell. CA 95008-2053 
CORPORATION Email: salesCnohau.com 

Real-Time Microprocessor 
Development Tools 

NOHAU CORPORATION CIRCLE 405 

SBC2000-074 

Versatility starting at S64 each. 

Voice: 303.422 8088 Fax: 303.422 9800 
www.sbc2000.com 

VESTA TECHNOLOGY INC. CIRCLE 414 

New 40W output 

MINIMOD® univer¬ 

sal AC or 12. 24. or 

48VDC input switch¬ 

ers are only 3.6 x 2.4 

X 1”, feature 1-3 out¬ 

puts from 3.3-48V & 

are designed for easy 

mods- All Agency 

Approvals, no NRE, CISPR 22 & CE make it easy to 

provide what you need. Call-Eax-Email for applica¬ 

tion specific solutions & UNIQUE CUSTOMER 

SERVICE. 

POWER SOLUTIONS INC. 
Tel: 954-943-4110 • Fax: 954-943-6068 
E-mail: sales@powersolutions.com 

www.powersolutions.com 

AC or DC INPUT 40W SWITCHERS 
SMALL FOOTPRINT & CE MARK 

POWER SOLUTIONS INC. CIRCLE 408 

FC/SMBus Tools 
• FC/SMBus Monitor. 
• FC/SMBus Analyzer. 
• ¡Port (RS-232 to FC) 
Host Adapter. 

• Windows Dev. Kit. 
• FC LCD Driver ICs. 
• FC Prototype Card. 

MCC is the leading 
supplier of Tools for 
FC and SMBus Based 
Systems. 

Visit our Web Site 
to learn more... 

www.mcc-us.com 
MICRO COMPUTER CONTROL_ CIRCLE 404 

[MCC] 

MICRO 
COMPUTER 
CONTROL 
PO Box 275 
Hopewell, NJ 08525 
USA 
Tel. (609)466-175T 
Fax (609)466-4116 
Email: info@mcc-us.com 
www.mcc-us.com 

NEW 

PlCmicro'" In-Circuit Emulator 
ClearView Mathias 

Features! 
TDE V.4.0 

"Real" 
Project 

Managment 
and more. 

Request your FREETechTools CDROM, 
loaded with Software and Documentation, including 

CVASM16™ and a special version of TDE with 
“Virtual Mathias" mode; allows you to fully evaluate 
the Software AND HARDWARE before you buy. 

www. tech-tools, com 

Tc^hTnnlc- Cali: 972-272-9392 
I CUI I I UUIO sales@tech-tools.com 

Copyright 0998 by TechTools PlCmicro « a trademark of Microchip Technology Inc. 

TECH TOOLS CIRCLE 413 



DIRECT CONNECTION ADS 

Scored Poneh 
Blind & Buried 
UI approved. 
to turnara» 

. / ...Remember, when TIME I QUALITY 
& counts, you can count on 

B P^imagineering i™. 
F ...Always a step ahead 
(847) 806-0003 / Fax: (847) 806-0004 / Modem: (847) 806-0008 

www.imagineering-pcb.com / E-Mail: info@imagineering-pcb.com 

You modem Gerber Files to us 
before 9am, We Ship the Boards 
SAME EVENING. Multi-Layer 
NEXTDAY! 
other Mrvkos 
• Single/Double/Multi-loyer 
• Prototype pod production 
• SM08C and LM 
• Gold/nickel plating 

• We’ll B' any advertised 
price! But we won’t undersell 

• QUOTES WITHIN 1/2 HR. OR 5% OFF 

IMAGINEERING CIRCLE 416 

400 MHz Logic Analyzer 
Up to 1 Meg/Channel 

• Transitional Timing 
• Variable Threshold 
• Linkable boards up to 96 Channels 
• Windows 3.X, 95, NT Interface 
• Visual Basic, C++ Libraries 
• Microprocessor Disassemblers 

6438 University Dr., Huntsville, AL 35806 
256-837-6667 Fax: 256-837-5221 

www.nci-usa.com e-mail:info@nci-usa.com 

CIRCLE 409 NCI 

Tiny Embedded 
Controller 
RPC-220 fits 
in the palm 

of your hand! 

8 Channel AID 

Low power modes 

19 Digital I/O lines 

PWM, analog out 

512K BB RAM ' 

2 serial ports : 

Flash EPROM 

Real time clock t 

Wide input power I 
80C51 compatible 

From $99 in 100's 

- REMOTE 
: PROCESSING 

Denver, Colorado 

Call for more information! 

800-642-9971 
Fax: 303-690-1875 
www.rp3.com 

REMOTE PROCESSING CIRCLE 411 

FREE! 
Programmable Intelligent Controllers 

Data Book 
Triple 6 digit display & 
8 alarm annunciators are 
offered by the new mod¬ 
els. The hardware 
includes: 16-bit A/D 
with Signal 
Conditioners, 16-bit 
DAC (4-20mA & O-
5V). 4 Relays, RS-
232C/422/485 I/O. The 
software includes the 
NEW “Windows 
Navigator," Math. Functions, Polynomials. "XY" 
Tables & more. HI-Q125 (LCD) & HI-Q126 
(LED) are used alone or with PLC. DCS or 
SCADA in V, A, W. V, A, Hz: V.W.PF: Temp. 
Hum. DP: Flow. Press. Volume, etc. 

OTEK Corp, tel: 520-748-7900 Toll 
Free 1-877-BAR-OTEK (227-6835) 
Fax:520-790-2808. 
E-Mail: otekcorp@primenet.com 
WEB: otekcorp.com 

OTEK CORPORATION CIRCLE 406 

High-Speed 

GPIB 

8 Mbytes/s 
Available Today! 
www.natinst.com/info/104 

NATIONAL INSTRUMENTS_ CIRCLE 410 

Ultra 
Fast 

Affordable 
Gap-free 

High-Performance 

•Up to 8 channels @ 200 kHz 
•Up to 64 channels @25 kHz 
•UAto 80 GB logged data storage 

• Windows application software 
• Plugs into standard PC 

• • Turnkey Operation 

order today A Innovative 
8i8-865-61so Z \ Integration 
www.innovative-dsp.com ...real time solutions! 

INNOVATIVE INTEGRATION CIRCLE 402 

Standard, Modified & Custom 
.Manufacturer Since 1969 DC/DC Converters 

•0.5W to 60W Output 
•4:1 Wide Input Range 
•2000 Vdc Isolation 
•Wide Temperature Ranges 

Switching Power 
Supplies 

•Univetsal Input (Available 1/99) 
•30W Output 
•Single, Dual & Triple Output 
Voltages 
•PC Card or Chassis Mounting 

Linear Encapsulated Power Supplies 

•Miniature Packaging 
•0.5W to 25W (5Vdc TO 25OVdc Output) 
•Highly Regulated (0.02% Line & Load) 

Polytron Devices, Inc. 
PO Box 398, Paterson NJ 07544 

TEL: 973-345-5885 • FAX:973-345-1264 
www.polytrondevices.com 
E-mail: polytron@erols.com 

POLYTRON DEVICES INC. CIRCLE 407 

Low Power Opto Isolators 

Range of low input 
current opto isolators 
comprising three 

basic types: 
Standard photo 

transistor 
Photo Darlington. 
AC input/photo 

transistor output. 
In single.dual ant quad configurations. 

Guaranteed min CTRs of 50% up to 800% with IF 
= 0.25mA -1.0mA and Vce 0.4V. 

Approvals to International Standards. 
We've got a lot more opto isolators 
Check us out on the internet! 

http:/www. isocom. com 

ISOCOM INC 
720E. Park Blvd., Suite 104, Plano, Texas 75074 
Tel: (972) 423-5521 ex 102 Fax: (972) 422-4549 

ISOCOM CIRCLE 403 
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CMX-RTX™ RTOS 
Source Code Included • NO Royalties_ 

80x51, 8051 -XA, 80C251, 80x86, 
80196/296, Z80/180, ST9, ST10, 
80C16x, 68HC11/12/16, 68K, 
683xx, H8/300H, H8S/2000, 
AVR, TLCS-900, ARM, M16C 
SH, PowerPC, DSPs and More 

Available NOWI 

TCP/IP Network Layer 
Compilers Simulators Debuggers 

Available for most of the above processors 
Including 68HC05 & PIC16/17 

Phone: (508) 872-7675 
Fax: (508) 620-6828 
e-mail: cmx@cmx.com 
WWW: www.cmx.com 

680 Worcester Road, Framingham, MA 01702 USA 

CMX COMPANY_ CIRCLE 400 

CMX 
COMPANY 

Thinking X86? 
j ' Think SuperTAP? 

The newest standard in high-end in-circuit 
emulators, SuperTAP runs at full processor 
speed, fits in your palm, and sets up easily. 
And, it’s just half the price of a traditional 
high-end chassis-based emulator. Supports 
AMD and Intel microprocessors. 

(800) 426-3925 

U p C r Applied Microsystems 
CORPORATION 

APPLIED MICROSYSTEMS CIRCLE 415 

I’Corporation 

DIRECT ORDER LINE: 
1-800-798-1413 

TECAL ELECTRONIC COMPONENTS 
NEW CATALOG 

Surface mount high 
frequency inductors, 
ferrite beads, com¬ 
mon mode chokes, 
NTC thermistors 
and high value mul¬ 
tilayer ceramic ca¬ 
pacitors (tantalum 
replacement) are 
shown in TeCal’s 
new catalog. Also 
included are axial 
and radial emi filters 
and inductors to 
give the design en¬ 
gineer a wide choice 
of electronic com¬ 
ponents. 

TeCal Corporation 
El Paso, TX. 

800-798-1413 • Fax: 915-593-3702 
http://www.eemonline.com/tecal 

e-mail: tecal@whc.net 

TECAL CORPORATION_ CIRCLE 412 

« 

CIRCLE 401 HUNTSVILLE MICROSYSTEMS 

Emulators 
Debuggers 
Simulators 
PowerPC 
ColdFire 
680x0 
68302 
683xx 
68HCxx 
6809 
8051 
8085 
8096 
Z80 
Z180 

From 

-- $499 

www.hml.com I ■ales«hmi.com 

856-881-6005 

500 MB|s 
DSU1000 L 

Transfer Rates to 500 MB/s 

Scalable to 608 GB 

Compact Size - 3.9 cubic feet 

Programmable Architecture 

Remote Upgrades/Diagnostics 

Imagine the Possibilities 
Visit our site: 

www.signatec.com 

355 N. Sheridan Street. Suite 117 

Corona, CA 91720 

Fax: I909I 734 4356 

Call (909) 734-3001 

^MASS STORAGE 

SIGNATEC CIRCLE 418 
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ElKTBIIIIC lESICN ENGINEERING CAREERS 
RATES: $190 PER COLUMN INCH, COMMISSION ABLE TO AGENCIES 

MATERIALS 
Ad material to: Penton Publishing, Classifieds Dept. 
Attn.: GREG MARTHE, 1100 Superior Ave. 
Cleveland, OH 44114 

SALES STAFF 
RECRUITMENT ADVERTISING 
MANAGER: 
GREG MARTHE 
(800) 659-1710, (216) 931-9589 

CAREER OPPORTUNITIES 

OUR 

TECHNOLOGY 
IS IN USE EVERY 

SECOND. 
You can help us do better. 

Founded in 1973, Symbol is the undisputed world leader in laser bar code 
technology and designs and manufactures over 250,000 portable 
computers a year. With annual company sales well over $850 million and 
expanding product lines, we pride ourselves on our corporate stability, 
revenue growth and talented 3000+ employees. We are currently seeking 
motivated professionals for the following positions: 

POWER SUPPLY DESIGN ENGINEER 
Design and test low power, high efficiency switch mode power supplies. A BS/MSEE and experience 
with Maxim and LT DC/DC converters is a must. Ideal candidates will have six years' applicable 
experience in low power design techniques for portable computers, including suspend and instant on 
functionality. Experience with Li-Ion, NiMH and NiCd battery technologies and chargers is highly 
desired. Familiarity with PCMCIA card implementations, EMI/ESD issues, speakerphones and PC 
sound circuits is also desirable for this full-time, on-site, regular position. 

RF/EMI ENGINEERS 
In this position, you will be responsible for the design and integration of antenna for portable products 
(planar inverted-F antenna, microstrip/patch, dipole, etc.) A BSEE (MSEE beneficial) and four years’ 

relevant experience are expected. Demonstrated skills with RF and EMI/ESD issues and solutions for 
portable devices are required. Resume must show RF design experience in portable computer 
products (WLAN, WWAN, short-range point-to-point transceivers, GPS, etc.) to be considered for this 
full-time, on-site, regular position. 

Symbol provides a very competitive benefits package including a 401 (k) plan and on-site fitness and 
day care facilities. From our headquarters in suburban Suffolk County, on Long Island in New York, 
you can reach Manhattan or Bridgeport, Conn in an hour, pristine beaches in minutes. Homes and 

parks are plentiful, neighborhoods friendly, and the schools are nationally ranked. 

For immediate consideration, fax your resume with salary requirements and Dept. Code ELME to 
(516) 738-3814 or e-mail tojobopps@symbol.com (Please use the job title above as the subject 
line of your e-mail.) For more information about our company, visit our Web site at 
http:\\www.symboLcom We are proud to be an equal opportunity employer, m/f/d/v 

/ POWER SUPPLY ENGINEER/ 
CSS Power. Inc. Is looking lor a sell-motivated, hands-on/ 
practical individual with 8-10 years ol experience In power 
supply design. Successful candidate must have BSEE and he 
available tor limited travel. Strong positive altitude and the 
ability to handle pressure situations and tight schedules 
within small company are a must Technical requirements 
Include: 

• Design experience for 5W to 3.5KW power 
supplies 

• Knowledgeable about digital and 
MICROPROCESSOR CIRCUITS 

• Understand feedback loops using venable 
ANALYZER 

• Design magnetics components for power 
SUPPLIES 

• Proficient with EMI compliance requirements 
• Proficient with UL1950, UL1801, and 
Bellcore Standards for power supplies 

Excellent salary and benefits package available. 
Please e mail resume Io: 

sales@csspower.com 
or mall to: 

CSS Power Inc., Attn: Keith Barbalace 
10552 Philadelphia Rd. 
White Marsh. MD 21162 

ELECTRONIC DEIIGN 
Upcoming issues.... 

November 2 issue: 
✓ Bonus distribution at 
Electronica *98! 

Plus...November will 
also feature our 
"Career Opportunities in 
Electronic Engineering 
Supplement" 

Closing... NOW 

Call Greg Marthe TODAY 
at 1.800.659.1710 

ext 9589 
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Designed for 
Companies 
Recruiting 
Electronic 
Engineers 

November Issue... 
• Space reservation deadline... 
October 5 

Wireless 
SYSTEMS DESIGN 
Microwaves 
&RF 

ELECTRONIC DESIGN 

HCAREER 
OPPORTUNITIES 
IN ELECTRONIC ENGINEERING 

Reaching 173,000* Electronic 
Engineers in all Disciplines 

• Deadline to submit artwork... 
October 12 

Last chance for 1998! 
Don't be left out! 

* Unduplicated. Selected circulation from Electronic Design, Microwaves & RF and 
Wireless Systems Design. 

Contact: 
Greg Marthe 
Recruitment Advertising Mgr. 
Penton Media 
1100 Superior Avenue 
Cleveland, Ohio 44114 
216.931.9589 
fax 216.696.8206 

FOR SALE 

SPECTRUM ANALYZER 
in a probe. 

$249 Display on your 
inexpensive sco|>e. Measure 

pv/m.jiv,ma. www.SPECTRUMPROBE.COM 

SURPLUS INVENTORY 

1,000,000 WALL 
TRANSFORMERS 

5.8VDC/1.2A ■ 
7.5VAC/3A 
9VDC/1.2A 
12VDC/1A 
12VDC/1.7A • 
14.5VAC/1A ■■ 
16VAC/1.25A -

.. CS119 - $2.95 

.. CSO35 —• $6.25 

.. CR147 - $5.50 
• • CRO69— $4.90 
.. CS182 - $8.90 
.. CR833— $3.75 
.. CR924 - $4.50 

Min 1000/type -- Call for other types 
SURPLUS TRADERS 

PO Box 276, 
Alburg, \7T 05440 

Tel: (O1) 514-739-9328 
® Fax: (O1) 514-345-8303 

FREE CATALOG! 

CIRCLE 240 ON READER SERVICE CARD 

PCAREER 
OPPORTUNITIES 
IN ELECTRONIC ENGINEERING 

www.penton.com 
www.penton.com 
www.penion.com 

In most cases, advertisements contained in 
Electronic Design employment section 
indicate that the companies are equal 
opportunity employers. The Federal Civil 
Rights Act of 1964, and other laws, prohibit 
discrimination in employment based on race, 
color, religion, national origin, sex or for any 
reason other than lack of professional 
qualification for the position being offered. It 
should be noted that employment 
advertisements in Electronic Design are 
published for the readers convenience and 
in no way, to the best of our knowledge, 
promote unlawful discrimination. 
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ELECTRONIC DESIGN 
A Penton Publication 

S tentón 
Penton Media, Inc. 

Thomas I. Kemp, Chief Operating Officer 
Daniel J. Ramella, President/Chief Operating Officer 
Joseph G NeCastro, Chief Financial Officer 
David B Nussbaum, Executive Vice President/Group President 
James D Atherton, Group President 
James Zaremba, Group President 
Preston L. Vice, Senior Vice President, Publishing Services 
Stephen A. Sind, Vice President, Trade Show Development 
Russell S. Carson, Vice President/Group Publisher 
John G. French, Vice President/Group Publisher 
Joseph M. DiFranco, Vice President/Group Publisher 
Susan J. Grimm, Vice President 
Publishing Systems A Support Services 

Charles T. Griesemer, Vice President/Controller 
Katherine P Torgerson, Vice President, Human Resources 
& Executive Administration 

Andrew C DeSarle, Vice President, Ancillary Product & Sales 
Mary E. Abood, Director, Corporate Communications 

Publisher. John French 
Hasbrouck Heights, NJ; (201 ) 393-6060 
Director Of Global Sales: 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 Start 
Hasbrouck Heights: Judith I. Miller 
Sales Asst Jeanne Sico 
611 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 02454, 
Phone: (617) 8900891 FAX: (617) 8906131 
Chicago/Midwest: Lisa Zurick 
Sales Assistant: Dawn Heili 
180 N. Stetson Ave., Suite 2555 Chicago, IL 60601; 
(312) 861-0880 FAX: (312) 861-0874 
San Jose: 
Jeff Hoopes, Mark Allen, Tina Jamison 
Sales Support: Liz Torres, 2025 Gateway PI., 
Suite 354 San Jose, CA 95110; 
(408) 441-0550 FAX: (408) 441-6052 or (408) 441-7336 
North Califonia/Colorado/Utah: Tina Jamison (408) 441-0550 
North California/N.Mexico/Arizona: 
Mark Allen (408) 441-0550 
Pacific N.W. & Western Canada: 
Jeff Hoopes (408) 441-0550 
Los Angeles/Orange County/San Diego: Ian Hill 
Sales Asst: Audrey Pantoja, 
9420 Topanga Canyon Blvd , 
Suite 200, Chatsworth, CA 91311 ; 
(818) 349-1100 FAX (818) 349-1181 
Texas/Southeast: Bill Yarborough 
908 Town & Country Blvd. Suite 120. Houston, TX 77024; 
Phone: 713-984-7625. FAX: 713-984-7576 
Telemarketing Manager: Kimberly A Stanger 
(201) 393-6080 
Direct Connection Ads & Direct Action Cards: 
Judy Stone (201) 393-6062 
Reprints Manager: Anne Adams (216) 931-9626 

General Manager, European Operations: John Allen 
36 The Green, South Bar Banbury. Oxford OX 16 9AE, U.K 
Phone: 44 (01-1- 295-271003 FAX: 44 (0) 1 - 295 272801 
Netherlands, Belgium: Peter Sanders, 
S.I.P A.S. Int'l Media Representative, Rechtestraat 58-Postbus 25 
1483 ZG DeRyp, Holland, 31-299-671303 Fax: 31-299 671500 
France: Fabio Lancellotti 
Defense & Communication 
10 Rue St. Jean 75017 Paris France 
Phone: 33-142940244 FAX 33-143872729 
Spain/Portugal: Miguel Esteban 
Publicidad Internacional Pza 
Descubridor Diego de Ordas, 
1 Escalera, 2 Planta 2D 28003 Madrid, Spain 
Phone: 91/4416266 FAX: 91/4416549 
Scandinavia: Paul Barrett 
Hartswood Media, Hallmark House 
25 Downham Road, Ramsden Heath, 
Essex, CM 11 1PV, UK. 
Phone 44-1 -268-711560, Fax 44-1 268-711567 
Germany, Austria, Switzerland: Friedrich Anacker 
InterMedia Partners GmbH Deutscher Ring 40 
42327 Wuppertal, Germany 
phone: 49 (0) 202 271 690 Fax: 49(0) 202 271 6920 
Hong Kong: Tom Gorman, Kenson Tse 
CCI Asia-Pacific Ltd 
101 Pacific Plaza, 1 /F, 410 Des Voeux Road West, Hong Kong 
Tel 852 2858 0789 Fax: 852 2857 6309 
Israeklgal Elan, Elon Marketing Group 
24 Daphna St, Tel Aviv, Israel 
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-Konda Jimbocho 
Chiyoda-Ku, Tokyo 101, Japan 
Phone: 3 3261 4591 FAX:3 3261 6126 
Korea: Young Sang Jo, 
BISCOM 
Rm 521, Midopa Building 145 
Dangiu-Dong, Chongo-Ku, Seoul, Korea 
Phone 82 27 397 840 FAX 82 27 323 662 
Taiwan: Charles Liu, President, 
Two-way Communications, Co., Ltd. 
11F/1, No.421, Sung Shan Road 
Taipei 110, Taiwan R.O.C. 

3 Phone: 886-2 2727-7799;FAX 886-2-2728-3686 
United Kingdom: John Maycock 

_ John Maycock Associates 
Provincial House 
Solly St. Sheffield S1 4BA 
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INDEX OF ADVERTISERS 
Advertiser RS # Page Advertiser RS # Page 

A/D ELECTRONICS 256 114 

ADVANCED MICRO DEVICES 48A' 

ALLEGRO MICROSYSTEMS INC. 98 48G' 

ALLIED ELECTRONICS 148 19 

ALTERA CORPORATION CV2 

AMERICAN HIGH VOLTAGE 261 114 

AMERICAN MICROSYSTEMS INC. 99 111 

AMERICAN MICROSYSTEMS INC. 127 87 

ANALOG DEVICES 29 

ANALOG TECHNOLOGIES 260 114 

APEM COMPONENTS INC. 253 114 

APEX MICROTECHNOLOGY CORP. 140 42-43 

APPLIED MICROSYSTEMS CORR 72 

APPLIED MICROSYSTEMS CORP. 415 117 

ARIES ELECTRONICS INC. 149 65 

BENCHMARO MICROELECTRONICS 152 96C 

BURR-BROWN CORP. 45 

BURR-BROWN CORP. 47 

CADSOFT COMPUTER INC. 147 22 

CALIFORNIA EASTERN LAB. 153 96F-G 

CELESTICA 136 8" 

CELESTICA INC 102 49 

CMX COMPANY 400 117 

CONDOR DC POWER SUPPLIES INC. 259 114 

CVDS 82 68 

CYBERNETIC MICRO SYSTEMS 83 16 

CYPRESS SEMICONDUCTOR 100 

DALLAS SEMICONDUCTOR ISO 20 

DATEE INC. 254 114 

DELTRON INC. 48Q-T-

DIGIKEY 103 8’ 

DIGI-KEY 154 968' 

ESWITCH 84 74 

EAGLE RICHER INDUSTRIES 146 96S' 

ERICSSON COMPONENTS A8 104 48D' 

FELLER U.S. CORPORATION 250 114 

FOX ELECTRONICS 158 112" 

GESPACINC. 105 32 

GILWAY TECHNICAL LAMP 92 86 

GRAYHILL INC. 93 107 

HARTING INC. OF NORTH AMERICA 178-182 71 

HEWLETT PACKARD COMPONENTS 107 1 

HUNTSVILLE MICROSYSTEMS 401 117 

IMAGINEERING INCORPORATED 416 116 

INNOVATIVE INTEGRATION 402 116 

ISOCOM 403 116 

in POMONA ELECTRONICS 252 114 

KEPCO INC. 151 62 

KYOCERA INDUSTRIAL CERAMICS 94 91 

LANSING INST. CORP 251 114 

LATTICE SEMICONDUCTOR 109 25 

LECROY CORPORATION 155 960' 

LECROY CORPORATION 163 14-15 

LINEAR TECHNOLOGY CORPORATION 110 C0V4 

LINEAR TECHNOLOGY CORPORATION 80A-8 

LINEAR TECHNOLOGY CORPORATION 162 99 

MADISON CABLE CORPORATION 97 102 

MENTOR GRAPHICS 111 67 

MENTOR/MICROTEC 01V. 137 75 

MICRO COMPUTER CONTROL CORP. 404 115 

MICRO LINEAR 85 81 

MICROCHIP TECHNOLOGY 118 59 

MICRON SEMICONDUCTOR PDTS. INC. 119 31 

MICROTEKINTL. 112 61' 

MOTOROLA SEMICONDUCTOR PROD. 17 

MURATA ELECTRONICS 27 

MUSIC SEMICONDUCTORS 120 CV3 

NATIONAL INSTRUMENTS 410 116 

NATIONAL INSTRUMENTS 86 18 

NATIONAL INSTRUMENTS 255 114 

NATIONAL INSTRUMENTS 145 108 

NATIONAL SEMICONDUCTOR 35 

NATIONAL SEMICONDUCTOR 37 

NATIONAL SEMICONDUCTOR 39 

NCI 409 116 

NEC CORPORATION 121 50 

NKK SWITCHES OF AMERICA 76 

NOHAU CORPORATION 405 115 

OKAYA ELECTRIC AMERICA 257 114 

ORBIT SEMICONDUCTOR INC. 122 85 

OrCAD 123 73 

OTEKCORP. 406 116 

PENTON INSTITUTE 481' 

PHILIPS SEMICONDUCTORS 143 2-3 

PICO ELECTRONIC INC. 87 96 

PICO ELECTRONICS INC. 87 110 

POLYTRON DEVICES INC. 407 116 

POWER SOLUTIONS INC. 408 115 

POWER-ONE INC. 124 10 

PRECISION INTERCONNECT 161 77 

PROTO EXPRESS/SIERRA CIRC. 417 115 

PURDY ELECTRONICS CORP. 88 21 

QNX SOFTWARE SYSTEMS LTD. 125 57 

QT OPTOELECTRONICS 6 

RALTRON ELECTRONIC 89 12 

REMOTE PROCESSING 411 116 

SAMSUNG SEMICONDUCTOR 144 48B-C 

SAMTECUSA 128 83 

SANDISK CORPORATION 126 105 

SANYO DENKI 95 24 

SEIKO INSTRUMENTS USA INC. 157 96X' 

SIGNATEC 418 117 

SOUTHWEST ELECTRONIC ENERGY 249 114 

STANDARD MICROSYSTEMS CORP. 131 41 

STANFORD RESEARCH SYSTEMS 96 92 

SUMITOMO METALS INDUSTRIES 156 96W 

T-CUBED SYSTEMS 248 114 

TECAL CORPORATION 412 117 

TECH TOOLS 413 115 

TELECOM ANALYSIS SYSTEMS 132 4 

TEKTRONIX 48K' 

TEXAS INSTRUMENTS 48M* 

TEXAS INSTRUMENTS 61" 

TEXAS INSTRUMENTS 129 13 

UNITRODE INTEGRATED CIRCUITS 165-170 23 

VALPEY-FISHER CORP. 90 44 

VESTA TECHNOLOGY INC. 414 115 

VICORCORR 262 114 

VICORCORP. 134 53 

VISHAY INTERTECHNOLOGY INC. 135 69 

VMIC 258 114 

W L GORE & ASSOCIATES 106 109 

XILINX 138 11 

2 WORLD INC. 81 106 

ZIATECHCORP. 139 55 

Domestic* 
International ** 
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OK. Find SFRxxx in 70ns (before getting MADxxx) 
Fug 
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Sc altor 
Counter 

LG 302 LUXEMBURG 930 1 13-338 
az 419 TURIN 935 339-344 

LH 1122 NEAPEL 935 1 13-338 
lh 1906 "‘ADR ID 935 113-338' 
h 1022 STUTTGART HBF. 935 -

AF 1701 LYON 940 683-686 
AY 822 HELSINKI 940 1 13-338 
AA 071 SFRANCISCO -DALLAS 945 731-739 

AF 743 PARIS 945 683-686 
» u 1116 VENEDIG Ç45 113-338 

DL 023 DALLAS QbU 478-489 

GA 392 AMSTERDAM 950 721-725 

Need Help Making Prompt Connections? 
So do Internet Switches. 

The Genesis of Internet Address Processing: MUSIC MUAC4K64 Routing 
Co-Processor (RCP™). IP switching performance depends on the efficient recognition of 
IPv4 addresses that identify the route and destination of each packet. Based on MUSIC CAM 
technology, RCP speeds Internet packet identification. Latency is minimized, address 
processing related jitter vanishes, and bandwidth is relieved of IP recognition. 

RCP takes advantage of IP Classless Inter Domain Routing (CIDR) to find the best prefix, 
"longest match" in an IP routing table. MUAC4K64 recognizes the best prefix match of any IPv4 
address in 70ns, exceeding a compare rate of 14M packets per second - enough to support 
8 ports of Gigabit Ethernet or over 80 ports of 100Mb at wire speed! 

MUSIC RCP also finds exact matches for 48 bit MAC addresses. This function can be mixed with 
IPv4 addressing within the same device, making the MUAC4K64 perfect for L2/L3 switches. With a 
4K density, they are cascadable to handle lists of any practical depth. At 3.3v in a 100 PQFP, VHDL 
and Verilog models add to design ease. Starting @ $30, MUSIC RCP is the best fare going. 

USA Voice 888-CAM MUSIC Distributors in USA: 
Fax 908 979 1035 Sager Electronics 800 SAGER800 

In Europe: Holland Voice +31 45546 2177 ... . . ™ . n
r K .rr.zi-no All American 800-573-ASAP Fax +31 45546 3738 



Hot Swap’Em All! 

A Complete Family from PCI to -48V Telecom 
Controlling your power supply during hot swap demands attention to the unique details of your application. So choose an 
application-specific hot swap controller with the flexibility to meet your unique demands—from PCI to -48V applications. 
LTC Hot Swap Controllers can be programmed for most aspects of supply ramping, current limiting and voltage monitoring. 
Choose Linear Technology and hot swap safely. 

' Features 

• Allows Safe Insertion and Removal 
from a Live Backplane 

• Programmable Current Limit 
• Programmable Power Up Rate 
• High Side Driver for N-Channel 
MOSFETs 

• LTC 1421, $4.90 each in Ik qty. 
• LTC 1422, $2.75 each in Ik qty. 
• LT1640, $1.90 each in Ik qty. 
• LTC 1643, $4.25 each in Ik qty. 

r 
Hot Swap Controllers 

Part Supplies Voltages 

LTC1421 2 3V to 12V 

LTC1422 1 3V to 12V 

LT1640 1 -48V 
(-lOVto -80V) 

LTC1643 4 3.3V. 5V, ±12V 

r Data Sheet Download 

www.linear-tech.com/go/LTCHotSwap/edes 

£ 

' Free Sample/CD ROM 

'More Information 

Call: 1-800-4-L1NEAR 
Visit: www.linear-tech.com 

Lit: 1-800-4-LINEAR 
Info: 408-432-1900 
Fax: 408-434-0507 

£T. LTC and LT are registered trademarks of 

Linear Technology Corporation 

1630 McCarthy Blvd.. Milpitas. CA 95035-7417. 

TECHNOLOGY 
FROM YOUR MIND TO YOUR MARKET 

AND EVERYTHING IN BETWEEN 

RUDER SERVICE HO 




