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Raising the bar.

250,000 gates strong. MultiVolt™ 1/0 to Gate Array Design Starts by Gate Count {1997)
interface to 5.0-, 3.3-,

embedded programmable logic family — the and ?-S'V SyStEme; ) T+
EPF10K250A — is now available. The EPF10K250A  and is available in ;

The newest, largest member of the FLEX" 10K

device combines the flexibility of programmable logic packages of up to

with the capacity and speed you need for even your 600 pins,.including O S
largest gate array designs. BGA options. =t

: 2 '

Pump up your design efficiency. The biggest — oy sox.mx\
Whether you use VHDL or Verilog HDL, our easy-to-use bar none. /

MAX+PLUS" Il development system fits into your existing Visit the Altera web Dataquest
design flow. The MAX+PLUS Il software interfaces with site for more infor- W FLEx 10K device density covers more than

all leading EDA tools, giving you the best quality of results mation about all e e

with the most efficient combination of speed and area. FLEX 10K devices — and sign up for a free megafunction
Altera MegaCore™ and AMPPS* megafunctions, which are literature pack. Use the integration density of the EPF1I0K250A
optimized for Altera device architectures, further increase to raise the bar on your competition.

design efficiency.

When only the biggest will do. ‘)) WWW.

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

1 Altera, FLEX, ore. AMPP, MultiVoft, and specihc dewice designations are trademarks and/ur service marks of Mte-a in
arks are the pr

25K - 50K




The BIG news in IR is really small

Hewlett-Packard introduces
two of the smallest IR
transceivers available for the
new generation of mobile
communication devices.

It doesn’t get any smaller than this. Or, for
that matter, a whole lot faster. That's
because the new HSDL-3201 and HSDL-
3600 IrDA compliant transceivers from HP
offer the smallest footprint and highest
speeds, respectively, for today’s PDAs,
digital cameras, notebook computers and
more.

Need super low power to go along with
the small size required by today’s battery-
operated devices? The HSDL-3201 mini
transceiver with a height of only 2.5 mm

offers a low shut down current of 20 nA
typical, permitting wireless data transfer
of up to 115.2 kbps and at a distance of
more than 30 centimeters.

Of course, if you need to move data faster
or further, the 4.0 mm HDSL-3600 offers a
transfer rate of up to 4 Mbps at a distance
of more than one meter, with a flexible
operational voltage of 3Vto 5 V.

Either way, it doesn't get any bigger
than this.

(ﬁ HEWLETT"®
/B PACKARD
(Expanding Possibilities |
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Want to find out
more? Visit our
IR website for the
latest information,
technical litera-
ture, data sheets
and how you can
get sample parts.

www.hp.com/go/IR
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Are you running with a tough crowd? Your designs have to be ahead
of the curve to turn arithmetic and logic into complex applications that
are elegant and simple to use. Take heart. DigitaDNA™ technology
can ease some of that burden, giving you insights into how to use our
latest and greatest architectures, including PowerPC, MeCORE, and
DSP. Just think what it could do for your latest design. Get all the

details at www.digitaldna.motorola.com.

als
“"Digital DNA
PowerPC m"cm'em m IT'S HERE.

'World Radio Histo



Speed alone does not make a champion DSP

| 1t takes economy too. Lucent’s DSP16210 boasts

LUCENT'S DSP16210

the perfect mix Designed by the crew at Bell Labs, 1t runs up

© 1998 Lucent Technologies

to 9 complex speech coders, hke a GSM EFR, on a single chip
No external memory required. And 1t slashes power usage
up to 80% to less than 45mW per channel. So you can build
all kinds of communications machines leaner and meaner:
Base stations with half the electronics cost. Rack modems
with less cost per channel. Revved for more? Motor on over

to www.lucent.com/micro. We're into a lot of cool stuf
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o Observing complex signals in embedded sys-
tems is easier to do with the right kind of wave-
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When A Leading U.S. Telecommunications

Company Needed Optocouplers On Demand,

»
Y
é\
«
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It Got Them From QT Optoelectronics.

Our Willingness To Work With You Sets Us Apart.

There is nothing unusual about this optocoupler. nies have exited the market, QT Optoelectronics has
What is unusual is that QT Optoelectronics estab- been acquiring the optocoupler business units of such
lished a distribution facility in the customer's manufac-  companies as Harris, Philips and Motorola
turing plant, because that's what the customer need- Of course we offer good products at a competitive
ed. Now, the OEM can pull the parts it needs as it price. We couldn't stay in business if we didn't. But it's
needs them, and is only billed when it does so. our willingness, as well as our ability, to help a cus-
It's service like this that's helped QT Optoelectronics  tomer meet a unique requirement that sets us apart.
triple its annual revenue since 1992 and Call 1-800-LED-OPTO for more informa-

become one of the world’s five largest opto- @ tion, or browse our on-line product catalog

coupler suppliers. In fact, while many compa- OPTOELECTRONICS at www.qtopto.com.

K
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Check Out Our
New Fall Lineup!

2:00rm  3:00m | 4:00pm  5:00em | 6:000m  7:00em  8:00pm 9:00rm 10:000m 11:00mm
central | central | central central | central central central  central  central Lcenirqu

- SAME-DAY SHIPMENTY +
Al USES SFS, FenEXUionE;
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; 1-800-334-4539, CstomerSenoe 0l Bs6 551 b;

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

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

Search ONLINE OVERVIEW

ngqzine November 16, 1998 Volume 46, Number 26
Pl See Electronic Design Online’s
eIdeas For Design Table of Contents to preview
*Columns what’s in store for you on the web!
Technology Labs NOW ONLINE:
leg Besigr Just 2 Weeks Left!
'Cc:)c:l:munic‘:;?osns/ If you don't act now, you miss out on a chance fo win great prizes like a
Nebworking Palm Pilot, an KOmega Zip drive, a Mogellon GPS 400XL Navigation System, or
ePower, Packaging & a seatin a Verilog or VHDL class (a $1395 value)2 All you have to do to win is fo
Components use your credtive writing skills! Is that asking foo much?
*Digital Design
*EDA 3 g 3 .
oEmbedded Systems The Electronic Design EDA Challenge is a contest whereby contestants submit
oTest & Measurement a short story or compose a poem using as many names of EDA tool vendors
as possible. For all of the details on the contest, induding a comprehensive
EE Product News list of EDA tool vendors for your information, see our home page at
www.elecdesign.com.

Resources

sCareer Job Bank
oE-link

eliterature Digest

o Distributors networ k
Sy TECHNOLOGY LAB
eUniversity The latest breakthroughs in research and design applications
*Trade Shows NEWS
*Comedy Club Up-to-the-minute industry news updates via the EDTN Network
C BOOK SHELF
?2;;%83:) nic Design New releases covering risk modeling and field effect devices
.qufners New5|eﬂer NEw PR DUCTS SECT|°N
*Press Room Link to new product releases as reviewed by EE Product News

—your best source for technical
information on the World Wide Web!
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IT WILL TAKE DAYS, NOT HOURS,

TO TURN AROUND A FULL-CHIP whatnow.

DSM PARASITIC EXTRACTION,

XCALIBRE

THE NEXT BI6 STEP
IN DEEP SUBMICRON
INTERCONNECT ANALYSIS.

Dcep submicron parasitic
extraction demands that each
wire be modeled as a coupled,
distributed RC tree that
describes the wire's interaction
with its neighbors. All on chips
with literally millions of wires.

Face it. At this level of
complexity, conventional tools
Just aren’t up to the job.

A single iteration might take
a wecek or more.

Enter xCalibre. The fastest,
‘ most accurate parasitic extraction

technology ever. What once
took days now takes only hours.

Even with transistor counts in

the multiple millions.

To request a deep submicron
technical paper, see us at

www.mentorg.com/dsm

The Power To Create”
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Proven
Track Record...

[ IKS AV, VA B Lah

DC. D

RUGGED UPS SIS NG

BATTERY CHARGHYS

INVERTERS

Robust Power Systems
for Railway and Transit

DC-DC Converters with
Ultra-Wide Input Range
+ Input range of 18VDC to 180VDC
« Precision Regulated Outputs
« DO160C Vibration and Shock Tested

+ Operation to +70°C
« Convection Cooled

DC-AC Inverters Deliver
“SINE of Perfection”™

+ Pure Sinewave Output with <2% THD

- Powers Any Load, 0-1 Power Factor

« Lightweight, 2.5KVA unit is under 30 Ibs.
« MIL-STD-810D Environmental Tested

+ 1KVA to 15KVA

N\ ADVANCED ™
/ CONVERSION
i PRODUCTS
A Division of Transistor Devices Inc.

www.acppower.com

8¢ hi , s, N
Phone: (973) 267-1900 « Fax: (973) 267-2047

Advanced Conversion Products and "SINE of Perfection”
are trademarks or Transistor Devices, Inc
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FLEXIBLE
SMD VCXO

SERIES VC8000 / VE8000

¢ 1.00 MHz to 160.00 MHz,
including SONET and ATM

¢ 3.3V and 5.0V supply voltage

¢ Flatpack (.150 inch) or J lead
(.185 inch) configuration

¢ Low power consumption,
enable/disable option

RAITRON

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

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

E-mail:sales@raltron.com
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We're abont to shatter the perception that quartz 1s always
the best choice for high frequency timing devices.

If you're using quartz crystals for applications such as hard
@ disk drives, digital signal processing, USB, DVD or CD-ROM,
*“ here’s something you should know. Our surface-mounted,
high frequency ceramic resonators offer an economical alternative to
TTMGEIEEARYTrd quartz, with some very compelling advantages - lower protfile, greater
reliability, higher durability and frequency up to 60MHz. T '
Not surprisingly, we’re the world leader in ceramic
resonators. After all, we pioneered the piezoelectric ceramic ]
technology that makes them possible. So contact us = == '_-c‘. -—f--',
before your next design project. We’ll help you see new .
possibilities. Call 1-800-831-9172 or visit www.murata.com. mnorator in £l

:
=

clyronics

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

No Y2K Shelter For Me

hile channel surfing late one night, I stumbled upon a news show fea-
Wturing a story on the Y2K issue. An interview with a California soft-

ware programmer overtook my urge to keep flicking the remote. This
guy was building a secret, self-sufficient compound in the mountains to house
him and his family after the upcoming computer clock glitch causes the coun-
try to go belly-up on January 1, 2000.

Now, I'm old enough to remember sensible people in the 1960s building
makeshift basement bomb shelters or constructing elaborate and remote rein-
forced concrete hideaways that would protect them from Russian I[CBMs.
But, stockpiling canned soup and powdered eggs because of a faulty computer
date? Can’t we just hide under our desks for a little while until the Y2K thing
passes, just like we did during the Cuban missile crisis? Apparently not.

Although I think heading to the hills to wait out the alleged mayhem that
will be caused by the Y2K issue is extreme, the guy being interviewed was a
well-educated software programmer—not your typical American Joe. And, his
dire predictions of what could happen because of the computer glitch actually
sounded feasible—as long as MIS departments worldwide don’t quickly fix
their systems. Could banks fail? Could the stock market crash? Could people
die in hospitals? Could planes crash? Could the food supply dwindle because of
transportation snafus? Could governments be forced to shut down?

These thoughts ran through my head as I watched the other guest on the
show—a man in charge of fixing our government networks and systems to
make sure it’s business as usual after New Year’s Day. In contrast to the first
guy, he seemed confident that our nation’s critical network infrastructure will
survive the glitch. But he wasn’t very optimistic about other countries beating
the deadline. And because the U.S. economy is a multinational octopus, even a
minor foreign disruption usually causes the stock market to blink. So, if eritical
networks in Spain, Norway, and Bombay go down, I'd say we'll be in for some
interesting times.

From what I read and from the people I talk to about the Y2K problem, the
consensus seems to be that it’s just a computer problem. Everyone believes
that it will surely be fixed in the nick of time.

But will it? I'm not ready to stock up on tuna and all those other canned
goods yet. But I may hide some of my fa-
vorite cookies in the desk drawer some-
time next year—just in case.

Tom Halligan

Editor-in-Chief

thalligan@penton.com
0




ou already know our “No Excuses™ one-time programmable

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

Also available off that same shelf are tour 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 assembied:
* $3.450" High Performance MMDS Development Kits
(camplete-fully assembled)
. all with complete documentation and softw

1998 Maotorala, Inc. Motorola s a registered rrademars and DigitalDNA and the DigiralDNA logo are tademarks of Motorola, inc.

Windows 18 a regisiered trademark of Microsott Cornorazion.

DEVICE

68HCT0SK] 1
68HC70SJ1A
68HCT05P6A
6RIHCTOSCSA
6SHCTOSCA
68HCT05B16
68HC 705116

Suggosted resales

Visit our website jar complete information
You don’t need to search the universe to find everything you need—OTP
device specs, applicaiion 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 mall on the Web.
We're dedicated to getting you the OTPs with the development support you
need. When you need them. Visit www.motorola.com/semi/otp and

see for yourself.

2K
1.2K
4.6K
8K
16K
15K
i6k

OESIGR-IN HIT

M&8ICS05)
Mé681CS0S)
Me68ICSOSP
Me68ICS05C

M68ICSOSC

M6BICS0SB

 HMEYS T

KITMMEVS0SK]
KITMMEVS05K]
KITMMEVS$05P6A
KITMMEVS05C.
KITMMEVS0SC
KITMMEVS0S8

KITPGMROSL16  KITMMEVS051.16
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This Video
Filter Really
Cleans Up.

Micro Linear’s ML6428 S-video
reconstruction filter removes the
need for tedious discrete analog
design by replacing up to 16
components and incorporating
three video amplifiers in one
revolutionary low-cost filter and
line driver.

Simpler designs, lower cost, less
design time, less circuit board real
estate, and studio quality video
output guarantee a clean break
into the future of digital video.

¢ Works with NTSC, PAL, S-
video, and SECAM formats

* Integrated amplifiers to
simultaneously drive
75Q cables for Y, C, CV outputs

¢ Includes sync tip clamps and
anti-clipping circuits

® 6.7MHz Y and C filters with
composite video output

- 43dB stopband attenuation at
 27MHz :

E‘LMicro Linear
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Toddlers, Teens, Rebellion, & Revolution

round the time my daughter Anwyn celebrated her second birthday, it
Abecame apparent that she was trying to take over our house. I then real-

ized that what people call “the terrible twos” is not a passing phase, but
a preview. After watching her undergo the mysterious alchemy that pro-
pelled her from infancy to personhood, I'm convinced that her uncharacteris-
tic outbursts of evil-tempered, self-centered behavior are simply a rehearsal
for her adolescence a decade from now. Most of the issues she’ll face during
her teen years are all there in miniature now: the discovery of one’s self and
one’s place in the world, the testing of limits, the impatience with parents, and
of course, the rebellion. Maybe I'm just hallucinating all this. But, at least it
gives me some compassion for her plight and makes me feel less like stran-
gling her with a piece of her Barney videotape.

Actually, I'm rather looking forward to Anwyn’s adolescence—even the re-
bellion (or perhaps especially the rebellion). Having survived a “colorful” child-
hood myself, I find I can relate to my friends’ teenage kids who seem to challenge
every rule and convention laid upon them by the adult world. It seems to me that
to be truly happy as adults, we must strike a delicate balance between moderat-
ing some of our less acceptable impulses and re-
maining friends with our “inner adolescent.” With-
out some measure of this in our lives, we risk
becoming over-socialized zombies.

I guess that’s why I was so disappointed the
other day when I heard about the hackers who
broke into the NY Times’ web site in protest of the
incarceration of fellow-hacker-cum-felon, Kevin
Mitnick. It’s obvious that these kids are bright and
were looking for something challenging to do.
From the results, I'd say they accomplished their
mission. They’d make great engineers. The only
thing that bugs me is that they picked such a dopey
hero to get all fired up about. I'd expect such smart

people to choose a better role model than a semi-
clever, misguided person like Mitnick. COMMUNICATIONS ‘

Take Linus Torvalds and Richard Stallman, for instance. When they wrote the
now-famous Linux operating system and GNU tools, they were looking to create
less restrictive, royalty-free environments in which they and their friends could
work and play. In doing so, these kid-geniuses unleashed a full-fledged assault on |
the conventional wisdom about the economics and programming practices of the |
modern PC. While Linux and GNU won’t drive Novell or Microsoft off the desk- |
top, they’re certainly going to change the way they do business and give a large |
community of creative souls great alternatives.

Then there’s Phil Zimmerman, inventor of Pretty Good Privacy public en-
cryption. He has spearheaded a movement to bring cyber-privacy into the hands
of the ordinary citizen. Without him and the equally responsible rebels at the
Electronic Frontier Foundation, the debate over constitutional rights in cyber-
space would most likely be decided by a bunch of suits in Washington.

Thankfully, creative rebellion is not limited to the young. Among the mid-
dle-aged heroes I could name are Tom Mahon and his merry band of Engi-
neers Without Frontiers (www.ewof.org). This emerging, Internet-based
group of volunteers formed to render technical assistance to folks in
need—both in the U.S and abroad. Modeled after the medical group, Doctors
Without Borders, they are challenging the inequities of our world by giving
technology to those who need it most. EWOF" is looking for volunteers to help
tackle projects ranging from communication, education, and healthcare to
setting up MIS infrastructures to support developing businesses.

As I prepare for Anwyn’s second adolescence a decade from now, Cather-
ine and I struggle with the difficult job of helping our daughter become so-
cialized without breaking her fiery spirit. Meanwhile, I'll take comfort in
watching today’s rebels become tomorrow’s leaders. leeg@class.org
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You're looking at the /
fastest scope in the worlde

LeCroy A 500 HHz ANALOG
STORAGE SCOPE
WITH COLOR DISPLAY
/»‘d ——

“ ., — ’

WITH A TRIGGER RATE UP
TO 1,000,000 PER SECOND

and a storage writing
speed of 5 div/ns, the
LA354 is the world’s fastest
scope. The unique color
display distinguishes
precisely between live
versus stored traces.

Video output of the
captured wave forms
permits archiving to
videotape or into your
personal computer
via a simple video
capture card.

-

Ideal for data

)
recording, video ’g
processing, and

pulsed laser-related {

measurements, it's your T 3

ticket to the winner’s circle. 1 Million triggers per second l '
Color display with persistence

Dual delay timebases
LeCroy

4 Ful Tv/HDTV trigger
1.800 4LeCroy Capture screen images via video output
www.lecroy.com

Save and recall 256 panel settings

LeCroy. Get the Complete Picture.
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 Third-Generation
TigerSHARC DSP

Unveiled At Forum

he much awaited third-genera-
T tion SHARC digital signal
processor DSP) architecture
from Analog Devices Inc. has ar-
rived. The details of ADI’s Tiger-

| SHARC were presented at last |

month’s Microprocessor Forum in
San Jose, Calif.

Implementing static superscalar
architecture, the TigerSHARC is
created to bite at the rate of 2 billion

| multiply/accumulates (MACs) per

second using 16-bit data, when
clocked at 250 MHz. Consequently, it
can execute eight 16-bit MACs/cycle,
or 500 million 32-bit MACs. In fact, it
can change data types, thereby sup-

| porting 8-, 16-, and 32-bit data pro-

cessing. According to ADI, each of
these data types is critical to the next-

generation telecom protocols. While |

many telecom algorithms require 32-

bit data processing, the 8-bit native |

support is for image processing.
*“The chip achieves a new level of
flexibility in software programming.

The ability to scale the performance |
to the data type within the same chip |

will change the way DSPs are used
today and into the next millennium,”

says Bob Conrad, ADT’s product line

director for DSP systems.

The TigerSHARC is targeted at
large-scale and multichannel signal
processing tasks in wireless base sta-

tions and Internet remote-access |

server equipment. That's because it
offers two computation units, each
fed by a 128-bit wide data bus. Each

computational block contains a multi- |

plier, ALU, and 64-bit shifter. Also,
each block has access to a fully or-
thogonal 32-word register file that
simplifies the programming task.
The three 128-bit buses offer high
internal bandwidth, with memory ac-
cesses of up to 12 Gbytes/s. The high

| internal bandwidth allows complete |

context switch injust about 20 cycles.
In addition, there are 128 interlocked

registers that simplify the program- |

ming model, which is fully interrupt-
ible, according to ADI. Furthermore,

Color
Displays

Featuring:
- TFT and passive color
» Brightness from 70 to 1,000 nits

- Sizes from 1.8" to 15.0"

* Unsurpassed contrast & viewing angle
« Control circuitry, inverters, cabling

« Expert technical support

Also, monochrome graphic,
character and panel displays

408.523.8218
Ele!T!:dlI email@purdyelectronics.com
N www.purdyelectronics.com

CORPORATIO

Supporting electronics manufacturers for over 65 years
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Our free Catalog helps
you every step of the way.

@@%@% S\@b

he Consumer Information Catalog from Pueblo,

Colorado lists more than 200 free and low-cost,
helpful, federal publications. So it's a shoe-in that
you'll get the latest info on topics like investing your
money, getting fit, parenting, buying a car, even
getting federal benefits.

But don't drag your feet, because you'll get a kick

outof our Catalog.

-

- For the latest free Catalog,
dﬁ%ﬂ call toll-free 1(888) 8-PUEBLO.

&. \ That's 1 (888) 878-3256.

Or go to www.pueblo.gsa.gov.

U.S. General Services Administration
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the TigerSHARC architecture incorpo-
rates a 128-entry branch target buffer
(BTB) that supports branch prediction.
There’s a two-cycle delay for every in-
struction. Consequently, all instructions
have deterministic execution.

While supporting efficient, high-level
language compilation, the Tiger-
SHARC architecture has features that

are attractive for assembly language
programming, claims ADI. In short, it
offers a flexible programming model. A
complete tool suite consisting of a com-
piler, assembler, simulator, software li-
braries, and more is under development.

Based on 0.25-um CMOS, the com-
pany hopes to sample the Tiger-
SHARC, with 250- MHz clock speed, by

early next year. For additional details
call (800) 262-5643, or check the web site
at www.analog.com/dsp. AB

ITU Agrees On High-
Speed DSL Internet
Standard Specs

THE TOTAL COOLING SOLUTIONS
FOR HIGH-SPEED

distinguished ¢
in thermal manag
seven factorie

THE
WORLD'S
ONLY
LONG LIFE
FAN!

THE WORLD'S

FIRST

WATERPROOF

FAN!

Contact Us Now For Complete '
Technical Details

1Z 1SO Y\

T eosy

5 DN ¥
A complete line of:

:’- AC/DC fans ¢ Thermal control

* 200,000-hoyr long life fans
* Servo motors * Stepping motg Iy
¢ Finger guards 4

A TRADITION OF TECHNOLOGICAL EXCELLENCE
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tion Union (ITU), Geneva,

Switzerland gave the nod to techni-
cal specifications for digital subscriber
line (DSL) “Lite” high-speed Internet
modem technology. This should pave
the way for quick introduction of prod-
ucts to the market, according to Lucent
Technologies’ Microelectronics Group.

Thanks to this agreement, consumer
will benefit from the rapid delivery of
DSL “Lite” products and services into
homes and businesses over regular
phone lines that adhere to the approved
technical specifications. DSL “lite” ser-
vices transmit Internet data up to 25
times faster than today’s fastest analog
modems, without requiring voice/data
splitters.

Lucent Technologies, Murray Hill,
N.J., contributed extensively from the
beginning in the development of the
DSL “Lite” standard, also referred to as
(G.992.2 (previously known as G.Lite).
Lucent’s Microelectronics Group initi-
ated and submitted several technical
contributions that resulted in the ITU’s
important power-management specifi-
cation for G.992.2 connections.

The spec allows a PC equipped with
Lucent’s DSL “Lite” power-manage-
ment features to work with a DSL mo-
dem without breaking the communica-
tions link with the Internet Service
Provider. Lucent plans to incorporate
the complete set of power-management
features and benefits into its WildWire
DSL “Lite” solution. Formal ratifica-
tion of the G.992.2 standard for the tech-
nology is scheduled for next June.

Aware Inc., Bedford, Mass., which
was a provider of software and technol-
ogy for WildWire, also made substantial
technical contributions to the standards
committee. Aware supplied key techni-
cal submissions involving “splitterless”
DSL “Lite” technology, which allevi-
ates the costs and inconveniences asso-
[ ciated with a phone company’s techni-

T he International Telecommunica-
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|w- The Linear IC Company Everyone Follows

Issue 5

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

UNITRODE
-~

BENCHMARQ

www.unitrode.com

www.unitrode.com/products/portable/ucc5341.htm

Integrating Our Strengths
Unitrode Corporation and
BENCHMARQ Microclectronics,
Inc. have merged. This combination
is unbeatable! Together, Unitrode
and Benchmarq now offer a
complete line of IC solutions

for portable and standard power
maragement applications, with
much more to come. Check our
website for more info!
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UCC5341 and UCC5342
Receiver and transceiver low
current devices. these IrDA ICs
are used in 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.
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www.unitrode.com/products/portable/ucc5342.htm

UCC5638

SPI-2 Compliant

15 Signal Lines

-

www.unitrode.com/products/interface/ucc5638.htm

UCcs638

The UCCS5638 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.
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www.unitrode.com/products/portable/ucc3957.htm

www.benchmarq.com/prod/bq2056.html

www.unitrode.com/products/linear/ucc3831.htm

ucc3os7

The UCC3957 battery protector
provides complete voltage
protection and over-current
protection for three or four
cell lithium-ion battery
packs. This device is used
in conventional and “smart™
battery packs for equipment
such as laptop computers
and portable instruments.
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bq2056

The bq2056 charge-contro!
IC for single-cell lithiwm-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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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 SV port
power outlets. each capable

of delivering at least S00mA,
providing a single chip solution
for most hub power applications.
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www.unitrode.com/products/powsup/ucc38531.htm

@ UNITRODE

|#-The Linear IC Company Everyone Follows

Tel: 603-429-8610  hitp://www.unitrode.com « Fax: 603-424-3460

7 Continental Boulevard, Merrimack, NH 03054



©
=3
o
o
o
]
@
=
b
>
o
=
Py
z
S
A
et
=}
=4
=
[~}
e
G
=
e
e

TECHNOLOGY

NEWSLETTER

cian who needs to install splitters in
homes. Aware also provided low-com-
plexity algorithm technical submissions
that enable lower costs of DSL “Lite”
services for consumers.

Further information on the high-
speed modem technology can be found
on Lucent’s Internet site at:
www.lucent.com/micro/WildWire. RE

Partnership Gives
LCoS Microdisplays A
Significant Boost

ith portable devices proliferat-
ing, it’s only a matter of time be-

fore the processing power and

Get our Freeware version

and you will know

why more and more PC-boards
are designed with EAGLE.

EAGLE Professional offers the full EAGLE power:
99 schematic sheets, pc-boards up to 64 x 64 inches,
16 signal layers.

With EAGLE Standard you can use 4 signal layers
and place components on an area of 6.4 x 4 inches.
EAGLE Light is limited to 1 schematic sheet (of any
size) and to 2-layer boards. Components can be
placed on an area of 4 x 3.2 inches. All other features
are equivalent to EAGLE Professional and Standard.

$

EAGLE 3.5

Schematic Capture * Board Layout

Autorouter

for Windows 95/NT

Windows 95 and Wi g
trademarks of Mircrosoft Corporation.

REe
EAGLE 35 Light Is Freeware! *

EAGLE Light is now available free for non-pr

ownload it from

e, the relere

e support

http://www.

CadSoft Computer, Inc
Hotline (56

our Inteme

801 S. Federal Highway, Delray Beach
274-8355, Fax (561) 274-8218, E-Mall

FREE Support!
No Maintenance Fee!

FL 33483
nfo@cadsoftusa.com
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bandwidth required for full video dis- |
play becomes available. It’s with this in
mind that a number of companies are
scrambling for a toehold in the mi-
crodisplay market. These high-resolu-
tion displays project video or still im-
ages onto large screens, or even more
exciting, can display graphics on small
personal information devices such as
pagers or cell phones.

One of the key developers of this
technology, Three-Five Systems,
Tempe, Ariz., has come to the forefront
of development with its liquid crystal-
on-silicon (L.CoS) process. Now, Three-
Five has signed a letter of intent to form
a development partnership with Varian
Associates Ine., Palo Alto, Calif. The
agreement will define both companies’
responsibilities for developing an
SXGA projection LCoS display system
to be supplied by Three-Five to Varian |
on an exclusive basis. Three-Five will
develop both the display system and
electronic interface architecture.

For more information, contact Eliza-
beth Sharp, Three-Five Systems Inc.,
at (602) 389-8837, or visit the company’s
web site at www.threefive.com. PM

Qualification
Program Eases

[
Signotf Burden

btaining signoff status for an
O EDA (electronic design automa-

tion) tool in a design flow is a time-
consuming and expensive task for the
ASIC vendor. Now, as a way to help
ease this burden, Si2 (Silicon Inte-
grated Initiative Inc.), Austin, Texas,
has instituted a qualification programto
focus on one aspect of the overall signoff
process. The program consists of ex-
haustive library regression testing
against the target tool, design flow test-
ing, and other stress tests performed by
individual ASIC vendors.

In particular, the Si2 Labs qualifica-
tion program will specifically address
the issue of library regression testing.
The tests are based on libraries and test |
cases from five participating ASIC ven-
dors—IBM, Lucent, LSI, Motorola,
and VLSI Technology— with each ven-
dor setting its own criteria for including
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Capture More Signal
With Less Distortion?
Just Call Us.
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Our New High Speed 12-Bit ADCs Achieve
Up To 85 dBc SFDR and 71 dB SNR.

Analog Devices” new 12-bit ADCs give vou all the

dynamic range you need for traditional baseband
communications as well as direct [F to 200 MHz
and beyond.

But don’t limit vour thinking. These ADCs
improve performance in applications from

ADS225
MSPS 25
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cutting-edge software radios and high speed
digital modems to high performance ultrasound,
imaging and nstrumentarion.

So why put up with all the noise? Visit our
website and find out more about the cleanest
12-bit ADCs in the business. For vour free
Communications Solutions CD, call us or visit
our website today.

For fast delivery of data sheets and samples:

1-800-ANALOGD

www.analog.com/capture

For immediate delivery of data sheets,
application information and free samples.

ANALOG
DEVICES

\d Code 3438
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anew EDA tool, or a new version of an
existing tool, into its design flows. Test-
ing performed at the lab will result in
quicker tool evaluations and help
streamline the qualification process.

All testing will take place at the Si2
Labs (formerly known as the ASIC
Test Lab and originally established by
the ASIC Council). When testing is

completed, participating EDA tool ven-
dors will receive a conformance label.
To date, one vendor—Model Technol-
ogy, Beaverton, Ore.—has received the
Si2 Labs conformance label. The “Li-
brary Tested and Approved” designa-
tion was issued for the company’s Ver-
ilog Simulator ModelSim VLOG.

The Si2 Lab is now in the process of

ABSOLUTE VALUE.

High performance LCR meters from SRS.
Absolutely lowest price. Starting at $1295.

For passive component measurement,  SR720 $1995
the new standards in value are the T
SR720/715 LCR meters from SRS. + 0.05% basic accuracy

+ 100 Hz to 100 kHz measurement frequency
Two 5 digit displays for simultaneous readout of
major and minor parameters.

Auto, R+Q, L+Q, C+D, C+R, Series and Parallel
measurement modes

100 mV to 1.0 V test signals

internal and External Bias

Binning and Limits for production testing and
component inspection.

RS232 interface

GPIB and Handler interface (optional)

Meters that offer significant advantages  »
in performance and price. Performance

like .05% basic accuracy, 100 kHz test  «
frequency, and fast measurement rates

up to 20 per second. Features like a .
built in Kelvin fixture, averaging, binning «
and limits, stored setups, and quick cal-  «
ibration. With the standard RS232 and
optional GPIB and Handler interfaces, ~ «
the SR720/715 solves your incoming in-  «
spection and automated test needs. All

for a price well below what you'd expect.

Call {408)744-9040 today for more
information.

SRS

SR715

Same as SR720 except:
+ 0.2% basic accuracy
« 100 Hz to 10 kHz measurement frequency

STANFORD RESEARCH SYSTEMS

1290-D Reamwood Avenue, Sunnyvale, CA 94089
TEL (408) 744-9040 FAX (408) 744-9049
www: hitp//www.srsys.com  Email: info@srsys.com

$1295
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testing other vendor’s products. And,
while this initial test program focuses
on ensuring Verilog timing accuracy
and functionality, it’s expected that the
Labs also may develop programs to
test for the other two components in
the signoff status process. Check out
Si2’s web page at www.si2.org, or Model
Technology's web  page at

_www.model.com for more details. CA

Intel, Cisco Complete
H.323 Video-

Ll
Conferencing Tests

uccessful completion of interoper-
S ability tests for video-conferencing

technologies, accomplished by In-
tel Corp., Santa Clara, Calif. and Cisco
Systems Inec., San Jose, Calif, will pro-
vide businesses with high-performance,
standards-based solutions for H.323

The two companies successfully repli-
cated their tests in demonstrations at
October DVC '98 Fall in Boston, Mass.
The focus of these tests, H.323, is the
International Telecommunications

multimedia communications and con-
ferencing over packet-based networks.
By completing interoperability testing,
Intel and Cisco seek to resolve cus-
tomers’ difficulties with identifying and
deploying H.323-compliant products
that work together seamlessly.

In a laboratory environment, testing
included point-to-point and multipoint
H.323-based calls with full audio, video,
and data sharing. Calls were routed
over both local- and wide-area net-
works, using gatekeepers to manage
bandwidth and provide address trans-
lation. LAN-based conferencing sys-
tems were connected with legacy
ISDN-based systems through H.323 to
H.320 gateways. In addition, products
were tested in various configurations,
including endpoint to gatekeeper, gate-
keeper to gatekeeper, endpoint through
a gateway, and endpoint through a
gateway to a multipoint control unit.

For further info, contact Cisco Sys-
tems’ Alison Wesley at (408) 525-9819;
WINW.CI8CO.coM. JC

Edited by Roger Engelke

(LAN) video-conferencing deployment. |

Union (ITU) standard for real-time |




Will build
your business.

When it seems the weight of the world
rests on your shoulders, it's comforting to
have the support of partners like General
Semiconductor and Future Electronics.

Since combining the discrete semiconductor
division of ITT Semiconductor with its own
portfolio of premier rectifier products, General
Semiconductor is powerfully positioned with one of
the broadest portfolios in the industry. Through new
product offerings such as leading-edge surface mount
packages for computers, computer peripherals, advanced
cellular technologies and industrial power supplies, General
Semiconductor is setting new standards in quality, efficiency
and excellence. Add the powerful distribution arms of Future
Electronics and your component needs are solved around the world.

As a worldwide leader in electronic components distribution,
Future Electronics has been delighting customers for 30 years
with innovation, expertise... and strong partners like General
Semiconductor. Our combined commitment to customer service
and satisfaction will make a world of difference to your business.

(> GENERAL
7 SEMICONDUCTOR

FUTURE ELECTRONICS

1 800-FUTURE-1 {ext.: 2255)
hitp://www.future.ca
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1998 Intel Corporation.

Crank up flash
performance SX.

54MH?z zero wait-state solutions.

In need of speed?

intel AAM

28F160F3 New Intel® Fast Boot
Block Flash memory
delivers—providing the most cost-effective.
zero wait-state performance for today’s
high-performance. low-voltage embedded
systems. Available in 8- and 16-Mbit densities.
the Fast Boot Block Flash device gives you
two options for high-speed data access.

Easy to migrate. Easy on budgets.
In addition to increased performance.
Fast Boot Block Flash memory was de-
signed specifically to make vour job easier.
And faster. For trouble-free migration from
one density to another. Fast Boot Block
devices are available in 8- and 16-Mbit
densities. packaged in industry-standard
56-lcad TSOP. SSOP packages. Plus. as

with other Intel” Flash

FAST BOOT BLOCK FLASH MEMORY DEVICES

devices. Fast Boot

Voltage Capsbilities
Synchronous Performance —T—

Read/Write | Flexible 1/0

Package Otterings Block Flash memory

25 MHz, 0 wait state ‘

33 MMz, 0 wait state |
40 MHz, 0 wait state 27V-3.6V 1/,6§V-ﬁ2 ',iv'
50 MHz, 0 walt state ' 5V tolerant
54 MHz, 0 wait state | ¢ ‘

gﬁ MHz, 1¥walt ;tate_

works with Intel® Flash
* Data Integrator (FDI)
56-gad SSOP .
56-iead TSOP to provide an casy.
i cost-effective method
solution for code and

The Asynchronous Page Mode is twice as
fast as conventional low-voltage flash
memory. And Synchronous Burst Mode
delivers up to five times the performance
over standard 100 ns asynchronous flash
memory-with zero wait-state burst reads up
to 534MHz. What's more, the performance
of the Intel Fast Boot Block synchronous
interface will match the performance of high-
speed RISC controllers. You can now execute
vour code directly out of the flash device.

In

data storage in a single
flash memory device. What does all this
add up to? A simple. quickly developed
design that meets today's tight budgets and
fast time-to-market project requirements.

Get up to speed today.
For a look at the latest reference designs using
new Intel Fast Boot Block Flash memory,
or for technical data and information on
supporting tools and software. please visit

our Web site. [ » developer.intel.com/design/sX |
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Semiconductor EL Drivers for portable electronics
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Sipex applications engineers have become expert in optimizing our EL drivers for specific applications.
The full EL circuit involves a Sipex EL driver, a coil and an EL lamp. This total circuit can be optimized for
circuit board space, power consumption, light output, cost, or all of the above. Our applications engineers
have optimized circuits for hundreds of specific applications. Visit our web page at www.sipex.com/el.html
and see how we can optimize your EL application.

SINGLE CHIP EL DRIVERS

Typical Typical Typical Typical
Supply Operating Standby Lamp Brightness Typical Lamp

Family Voltage(V) Current (mA) Current (mA) Size (in?) (fL) Vpp (V)  Freq. (Hz) Comments

SP4412A 22-3 3 50nA 5-2 1.5 112 256 ultra low power

SP4415 22-3 3 50nA ar 1.5 112 256 4 selectable light levels

SP4422A 22-6 15 200nA 1-10 3 188 270 requires minimal
board space

SP4423  22-6 6 200nA 1-10 24 170 800 low power operation

SP4424 22-5 8 200nA 1-10 44 216 114 dual oscillators for coil
and lamp control

SP4425 11-22 32 500nA 5-6 3.65 176 348 low voltage operation

SP4428 11-22 42 500nA 5-6 5.4 202 409 max light output at low
voltages

Call a Sipex applications engineer
to see how your product can look
with ELIumination™ by Sipex

or visit our website at:

®

Nav

MW/ www.sipex.com

22 Linnell Circle « Billerica, MA 01821  Tel: 978-667-8700 » Fax: 978-670-9001 ¢ e-mail: sales@sipex.com

ELlumination is a trademark oi Sipex Corporation Sipex is a registered trademark of Sipex Corporation.
Pilot is a trademark of 3Com Corporatior or its subsidiaries. Other products are the trademarks or registered trademarks of their respective owners
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new computing technique that
| A uses a network of chaotic ele-
l ments to “evolve” its answers
| could provide an alternative to the dig-
ital computing systems widely used to-
| day. The technique may be suited for
: optical computing using ultra-fast
chaotic lasers and computing with sili-

‘ con/neural tissue hybrid circuitry.
The system, developed by re-
I searchers at the Georgia Institute of
Technology’s Applied Chaos Labora-
tory, so far demonstrates an ability to
handle a wide range of common opera-
tions. These include addition and mul-
tiplication, as well as Boolean logic
and more sophisticated operations
like finding the least common multi-
plier in a sequence of integers. Be-
cause it depends on interaction among
its coupled elements, the system is

naturally parallel.

For years, scientists have observed
the rich variety of behavioral patterns
created by chaotic systems, including
those found in living organ-

New Chaos-Based Computing Technique
Evolves Its Answers — Very Quickly

some cases, they chose patterns in the
chaotic elements to represent num-
bers. In other instances, the numbers
were represented by the amplitude of
waves emitted by the chaotic elements
or the frequency of “spiking” behavior.

After encoding the numbers, they
stimulated the elements to begin in-
teracting. Elements containing values
above the critical level triggered the
connecting mechanism, allowing the
excess value to “avalanche” into
neighboring elements. That transfer
created additional avalanches in other
connected elements. With added stim-
ulation, the domino effect continued
until the imbalance was conducted out

of the system—as the answer to the |

mathematical problem.

In a simple example, values of three
and four would be encoded into a sys-
tem set with a critical value of one.
The values would create an imbalance
that would avalanche through the
chaotic elements until it was con-

ducted out of the system as the value
of seven (see the figure).

Chaotic elements are useful to this
system because they can assume an
infinite number of behaviors that can
be used to represent different values
or systems, such as logic gates. Be-
cause of this flexibility, altering the
initial encoding and changing the con-
nections between the chaotic ele-
ments permits one generic system to
perform a variety of computations us-
ing its inherent self-organization. In
conventional computing, systems are
more specialized allowing them to
perform certain operations.

Ditto says the researchers aren’t
really setting up rules in the same
sense that digital computers are pro-
grammed. Rather, the system devel-
ops its own rules that the team sim-
ply manipulates. It uses pattern
formation and self-organized critical-
ity to organize toward an answer.
Ditto emphasizes that the team does-
n't micromanage the computing, but
lets the dynamics do the hard work of
finding a pattern which performs the
desired operation.

Just as the numbers can be en-
coded in a variety of ways,

isms. Georgia Tech professor
William Ditto, along with col-
laborator Sudeshna Sinha of

{ the Institute of Mathemati-
| cal Sciences, Madras, India,

(output)

| reasoned that these natural
chaotic systems would have
been eliminated through
evolution unless they actu-
ally served a purpose.

Ditto and Sinha devised
an experiment to see if a sim-
ple network of chaotic com-
puter elements could be
made to handle computa-
tions. By using an adaptive
connecting mechanism that

Open edge registers

the answer comes out in a
multitude ways: a rate of
change, an amplitude, or a
specific chaotic behavior.

' Because this new system
differs dramatically from ex-
isting digital computers, it is
likely to have different

Dynamical update
followed by

adaptive response
’ 4 open edge (output)

Excess emitted from

i+]+k+!(dunits)

strengths and weaknesses.
Forthose activities that digi-
tal computing does not do
very well, like pattern recog-
nition or detecting the differ-

would open whenever an ele-
ment exceeded a certain crit-

I
|
|
|
I
|
I
ical value, they joined the |

P—

chaotic elements into a lat-
tice. The mechanism was de-
signed so that the re-

Avalanching of emitted excess leading to relaxation in four steps

ence between two pieces of
music, this new system
might even be better than
| digital computing.

Ditto compared dynamics-
based computation to DNA
and quantum computing, both
of which are new computing
paradigms still in their early
stages of development. He be-

searchers could set a wide
range of ceritical values allow-
ing them to vary the connec-
tion between elements.
They then encoded values
into the chaotic lattice using a
variety of techniques. In

In this example, threshold-coupled chaotic elements emulate an adding
machine. The four numbers to be added—i, j, k, and |—are each
encoded by an element with a threshold set so that they emit i, |, k, and
| units of excess respectively (where the unit of excess is 5). These
elements are threshold-coupled in a chain, with the ejected excess from
element i (= id) driving element j, etc., onto element |, from whose open
boundary the collective excess is emitted to the output lead.

lieves the new technique
would work particularly well
in optical systems. Having
done theoretical work apply-
ing dynamics-based comput-
ing to an ammonia laser sys-
tem, Ditto hopes to see the

I ——— |
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system implemented experimentally.
According to Ditto, you could stim-
ulate a very fast system of coupled
lasers to perform highly complicated
functions like very fast arithmetic op-
erations, pattern detection, and
| Fourier transforms. This would pro-
| vide an alternative to existing efforts,
{ which try to make optical systems do

operations more like transistors.
Ditto acknowledges a number of engi-
neering issues that may hamper the
development of a practical system
based on this new computing para-
digm. But, he notes that in their early
days, digital computers had to over-
come a daunting set of obstacles to
overtake earlier techniques.

e’ve all heard the line about
W computers making paper ob-
' solete. It's certainly an in-
triguing possibility. The only problem
is, it hasn’t happened. Most of us still
print out documents to read. It’s just
easier to take a printed document and
read it at your leisure. Who really en-
joys the eye strain caused by scrolling
from page to page and zooming in and
out to capture the fine details of a doc-
ument on the screen?

Is The Paperless Society Finally Near?
Well, Maybe Less Paper Anyway

Thanks to a development out of
IBM Research, San Jose, Calif., we
may finally have a solution to this lat-
ter problem: a 200-pixels-per-inch
(ppi) active-matrix liquid-crystal dis-
play (AMLCD) that boasts a resolu-
tion very near the limits of human per-
ception. The prototype display,
dubbed Roentgen after the German
discoverer of the X-ray, delivers clear,
crisp images that are more than dou-
ble the resolution of today’s typical

Do the math
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Support for the research has come
from the U.S. Office of Naval Re-
search and Control Dynamics Ine., a
company partially owned by Ditto.

For more information, contact Ditto
at (404) 894-5216; fax: (404) 894-9958; e- |
mail: wditto@acl2.physics.gatech.edu;
www.gtri.gatech.edwrco.html.

Jetf Child

desktop displays. With a screen full of |
more than 5 million full-color pixels
(2560 by 2048)—almost seven times
that of the average desktop display
Roentgen can produce images so
sharp that the fidelity is virtually in-
distinguishable from a printed page.
In fact, the resolution is so good that a
complete street map of Manhattan, in-
cluding every street and avenue
name, is readable with the naked eye.
The Roentgen prototype is 21-in.
high by 16.5-in. wide, with a total
depth, including base, of 9.5 in. The
display itself is 2.5-in. thick and has a
16.3-in. diagonal viewing area. Weigh-
ing less than 20 lbs., Roentgen is less
—

Slash lead times, eliminate prototype turns
and avoid NRE charges with Actel MX FPGAs
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i a third as heavy as today’s con-
itional cathode-ray tube (CRT) dis-
ys. In addition, the Roentgen dis-
y has an aperture ratio of 27.3%, a
ghtness of 130 ed/m?, and a back-
1t power of 44 W. Its power dissipa-
ais less than half that used by an or-
ary 18-in, CRT display.
This unique display technology
. nes on the heels of IBM’s Monet—a
10.5-in. diagonal, 150-ppi Super XGA
LCD. Building on this technology, re-
searchers developed the Roentgen dis-
play by incorporating a combination of
advanced display design techniques
and low-cost manufacturing processes.
The display’s screen uses a new technol-
ogy that incorporates both aluminum
and copper. The result is electronic doc-
uments that not only look as good and
e as easy to read as the paper equiva-
t, but also are easier to search
ough, reproduce, send, and store.
Another benefit of Roentgen is its
lity to display more data on screen
one time than the conventional
CRT. Today, viewing the fine detail of
a document on 2 CRT means having to

The high performance, low cost and design flexibility of
Actel’s MX FPGAs have always made them
a reliable, secure and cost-effective single-

‘p alternative to ASICs. Now Actel has

limit the field of display to a small area
and constantly pan and zoom. With
Roentgen, this is no longer necessary.
And, because of the display’s high res-
olution, jagged edges that distort an-
gled and curved lines and surfaces are
virtually eliminated—without the
need for anti-aliasing.

Roentgen’s high performance, how-
ever, carries some challenges that
must be overcome before the display
can be commerecialized, much less
make its way into the mainstream.
Having a screen with four times the
number of pixels of a typical CRT
means that the quantity of data also
quadruples, creating a significant bot-
tleneck. Wider, faster, and more nu-
merous graphics pipes will need to be
developed to address this traffic jam.
In addition, the need to deliver accept-
able frame rates will drive the demand
for new hardware with high-perfor-
mance geometry engines. Another
foreseeable problem is that many web
sites today are drawn by pixel size, so
they will have to be revamped to take
advantage of the denser screens.

Of course, IBM researchers antici-
pated these problems and are address-
ing them. They’ve already devised a
scalable graphies-adapter architec-
ture, based on off-the-shelf compo-
nents that can handle the Roentgen’s
high-image content display. Its archi-
tecture is compatible with all current
operating systems.

While IBM presently has no plans to
turn the Roentgen display into a prod-
uct, the technology could benefit a wide
range of applications. As a result, the
company is now actively involved in dis-
cussions with a number of potential cus-
tomers around the world. Some of the
applications ideally suited for this type
of technology include any area where an
electronic format for documents is es-
sential, like desktop publishing and
imaging, medical imaging, graphics de-
sign, web surfing, computer-aided de-
sign, oil and gas visualization systems,
and digital content and creation.

For further information on the
Roentgen technology, check out IBM’s
web site at www.research.ibm.com.

Cheryl Ajluni

te

de them ecven more attractive by
ering prices as much as 50%.

e on total cost of ownership
vy simplifying design and debugging, accelerating
development and eliminating NRE charges, the cost of
ownership for MX FPGAs can be just a fraction of that of
a comparable ASIC. MX does not require an additional
downloading device.

The leader in design-for-manufacturability
With densities ranging from 2,000 to 36,000 usable gatcs,
the MX is PCIl-compliant and boasts clock-to-out speeds as
*ww as 5.6 ns. It delivers 100% pin fixing, 100% automatic
ce-and-route, and improved noise immunity and
tage compatibility thanks to its 5.0/3.3-volt options.

unt Price*  Available
2000  S2.40 Now
These features, coupled with | 50 5509 e
low-power consumption and )
ASIC-like pricing  and 0% o
features make the MX FPGA | 16000 .30 Now
difficult to beat. 24,000 $8.90 NOW
S£e . nat 36,000 %16.90 NOW
Cut your verification

-All are in U.S. dollary and based on 50K umits,
ﬂm single code Q1 99.

time by up to two-thirds
with Silicon Explorer

Visit Actel’s Web site and check out Silicon Explorer,
Actel's improved desktop design diagnostic tool. It offers
real-time visibility and allows you to probe any internal
node during normal device operation, knocking weeks
off your debug cycle. While you're there, download a free
copy of Designer Lite software. It will prove just how
quick and easy designing with Actel tools can be.

For more information on the MX, the new pricing,

or any of Actel's family of FPGAs, contact us at
1-888-99ACTEL, or visit us at www.actel.com.
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Controlling time with logic.
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What's Your Deadline?

ou've got a tight schedule. Take some time

off...to catch up. The Wireless

Symposium/Portable by Design Conference
& Exhibition is where engineers and
engineering managers lcarn state-of-the-art
design and development techniques that
help beat tight deadlines. At the product
exhibition you'll find over 400 leading
suppliers of hardware, software, services, and
test equipment
demonstrating the
technology that will
be changing the way
you work tomorrow.

Over 6,000 of your
colleagues will be

there, leaming, sharing techniques, and
enjoying special events that are by, for, and
about the industry. Don't get left behind.
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APPLICATIONS

NATIONAL'S HIGH-
SPEED OP AMPS
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CLC452, CLC5665
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HIGH-SPEEDA/D ADC10321
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IF YOU ARE SENSING

OR DIGITIZING A SIGNAL

AND REQUIRE SPEED AND_

PERFORMANCE,

WE HAVE THE

SOLUTIONS FOR YOU.

;COMMUNICAT!QN

THE EXPLOSION IN INTERNET TRAFFIC
HAS PLACED INCREASING DEMANDS ON
COMMUNICATIONS SYSTEMS. COMPLEX
HIGH-SPEED ANALOG SIGNALS MUST BE
TRANSFORMED INTO THE DIGITAL REALM
WITH NO CONVERSION ARTIFACTS. OUR
PRODUCTS HAVE GREAT PERFORMANCE
FOR COMMUNICATION APPLICATIONS.
A/D CONVERTERS:

«IF SAMPLING UP TO 300MHZ

+EXCELLENT SPURIOUS-FREE
DyNAMIC RANGE

«HIGH SIGNAL-TO-NOISE RATIO

eSMALL PACKAGE OUTLINES; I.E.
TSSOP, TQFP

AMPLIFIERS:

eH1GH BANDWIDTH (1.1GHZ)

«HI1GH OuTPUT CURRENT TO DRIVE
LINES: 85mA, 28Vpp OuTPUTS,
-89/-92 HD2/HD3

«VARIABLE GAIN AMPLIFIERS (VGAS)
FOR HIGH-SPEED AGC CIRCUITS
(250MHz BANDWIDTH) WITH

«PROGRAMMABLE ATTENUATION
oF OVERrR 80dB
+MAaXxIMUM GAIN 2 TO 100
«TINYPAK™ SOT-23
5V SINGLE SUPPLIES

VIDEO/IMAGING

TopAaY’'s DVD SYSTEMS, CAMERA SYS-
TEMS AND CAMCORDERS REQUIRE FAST
UPDATE RATES, EXCELLENT IMAGE
QUALITY AND SMALL FOOTPRINTS.
AT NATIONAL SEMICONDUCTOR, WE
UNDERSTAND THESE REQUIREMENTS
A/D CONVERTERS:
«EXCELLENT DYNAMIC PERFORMANCE
UP TO NYQUIST SAMPLE RATES
«SUPERIOR DNL
«SMALL PACKAGE OUTLINES; I.E.
TSSOP, TQFP
AMPLIFIERS:
«NTSC DIFF G/P 0.06/0.02,
130mA OutpPuT CURRENT DRIVE
eTINYPAK™ SOT-23
«5V SINGLE SUPPLIES
«UP TO 130mA FOR DRIVING CABLES

TO HELP YOU GET YOUR PRODUCT TO
MARKET FASTER, LOOK US UP AT OUR

WEBSITE AND PUT US TO WORK FOR YOU.

National Semiconductor

www.national.com/see/hi-speed

©1998 National Semiconductor and N are req

ed trad ks of Natonal

fuctor Corporation

All other trademarks are the property of thew respective companmies. All nights reserved
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HIGH-SPEED AMPLIFIER SELECTION GUIDE

2nd/3rd Settling Time Vee
Single/Dual SSBW Ay HD into Slew Rate lec NTSC Diff lout (to 2V) Vos Supply

Device  Triple/Quad  Mode MHz at v/v Ry =100€2 V/us mA/ch G/P mA ns to % mV Range Special Features
CLC109 S BUF 270 1 -46/-55 at 20MHz 350 35 0.7/0.03 30 12 to 0.05 1 t5 Available in S0T23-5
cLem S BUF 800 1 -62/-62 at 20MHz 3500 10.5 0.15/0.04 60 16 to 0.1 14 5
cLcn4 0 BUF 200 1 -50/-58 at 20MHz 450 3 NA 25 20 to 0.01 0.5 5
cLens v} BUF 700 1 -62/-62 at 20MHz 2700 11.25 0.08/0.04 60 12to 0.1 2 +5
CLC400 S CFB 200 2 -60/-60 at 20MHz 700 15 0.01/0.03 70 12 to 0.05 2 t5
CLC401 S CFB 150 20 -45/-60 at 20MHz 1200 15 NA 70 10 to 0.1 3 5
CLC402 S CFB 195 2 =50/-60 at 20MHz 800 15 0.01/0.05 55 25 to 0.0025 05 5
CLC404 S CFB 175 6 -53/-60 at 20MHz 2600 n 0.07/0.03 70 10t0 0.2 2 +5
CLC405 S CFB 10 2 -72/-70 at 1 MHz 350 35 0.01/.025 60 18 to 0.05 1 5 Disable Feature
CLC406 S CFB 160 6 -46/-50 at 20MHz 1500 5 0.02/0.02 70 12 to 0.05 2 5 Available in S0T23-5
CLC409 S CF8 350 2 -49/-59 at 60MHz 1200 13.5 0.01/0.01 70 8o 0.1 0.5 50 Available in S0T23-5
CLC410 S CFB 200 2 -60/-60 at 20MHz 700 16 0.01/0.01 70 5t0 0.05 2 5 Disable Feature
cLcan S CF8 200 2 -48/-52 at 20MHz 2300 fl 0.02/0.03 70 15t0 0.1 2 15 Disable Feature
CLC412 D CF8 250 2 -46/-50 at 20MHz 1300 5.1 0.02/0.02 70 12 t0 0.05 2 +5
CLC416 D cFB 120 2 -65/-57 at 10MHz 400 39 0.01/0.03 60 22 t0 0.05 1 +5
CLC420 S VFB 95 2 -50/-53 at 20MHz 1100 4 NA 70 18 to 0.01 1 +5
CLC425 S VFB 95 20 -53/-75 at 10MHz 350 15 0.04/0.025 90 2210 0.2 0.1 t5 Available in S0T23-5
CLC426 S VFB 130 2 -62/-68 at 10MHz 400 1 NA 80 16 to 0.05 1 5 Adjustable Supply Current
CLc428 D VFB 160 1 -62/-72 at 10MHz 500 1 NA 80 16 to 0.1 1 t5
CLC430 S CFB 15 2 -89/-92 at 1MHz 2000 fl 0.03/0.05 85 3510 0.05 1 510 15 Disable Feature
CLC431 D CFB 62 2 -65/-T5 at 1MHz 2000 (A 0.12/0.12 60 70 to 0.05 3 +5t0 t15 Disable Feature
CLC432 D CFB 62 2 -65/-75 at 1MHz 2000 Al 0.12/0.12 60 70 to 0.05 3 510 t15
CLC440 S VFB 750 1 -64/-70 at 5SMHz 1500 7 0.015/0.025 90 10 to 0.05 1 5
CLC446 S CFB 400 2 -54/-50 at 50MHz 2000 48 0.02/0.03 48 9t00.1 2 5
CLC449 S CFB 1100 2 -44/-62 at 50MHz 2500 12 0.03/0.02 90 to 0.1 3 5
CLC450 S CFB 135 2 -86/-65 at 1MHz 370 1.6 0.03/0.3 130 15 to 0.05 2 +5t0 t5
CLC451 S PGB 100 2 12/-65 at 1MHz 350 1.6 0.3/0.3 130 20 to 0.05 3 +5to0 5 Available in SOT23-5
CLC452 S CF8 160 2 -77/-72 at 1MHz 540 3.2 0.05/0.08 130 20 to 0.05 1 +5to 5 Available in SOT23-5
CLC453 S PGB 130 2 -82/-73 at 1MHz 460 3.2 0.3/0.1 130 20 to 0.05 7 +5to ¢5 Available in SOT23-5
CLCs01 S Cf8 75 32 -45/-60 at 20MHz 1200 18 NA 70 12 to 0.05 15 5 Available in S0T23-5
CLCs02 S CFB 150 2 -50/-60 at 20MHz 800 14 NA 55 25 to 0.0025 0.5 +5
CLC505 S CF8 50 6 -50/-65 at 20MHz 800 1 NA 45 35to 0.05 2 5 Adjustable Supply Current
CLC5602 D CFB 135 2 -86/-85 at IMHz 300 1.6 0.06/0.02 130 15 to 0.05 2 +51t0 5
CLCS5612 D PGB 90 2 -74/-86 at 1MHz 290 16 0.15/0.02 130 17 to 0.05 3 +5t0 5
CLC5622 D CFB 160 2 -95/-95 at IMHz 370 3.2 0.05/0.03 130 18 to 0.05 1 +5to +5
CLC5623 T CFB 148 2 -78/-94 at MHz 370 3.2 0.06/0.06 130 18 to 0.05 1 +5t0 5
CLCS632 D PGB 130 2 -82/-69 at IMHz 410 32 0.08/0.02 130 17 to 0.05 7 +5t0 t5
CLCS633 T PGB 130 2 -73/-92 at IMHz 410 32 0.03/0.06 130 20 to 0.05 7 +5t0 t5
CLC5644 [’} CFB 170 1 “72/-19 at 5MHz 1000 25 0.04/0.07 70 16 to 0.t 25 +5
CLC5654 0 CFB 450 1 -T1/-82 at SMHz 2000 5 0.03/0.03 70 12to 0.1 25 +5
CLC5665 S CFB 90 1 -89/-92 at IMHz 1800 1 0.05/0.05 85 35t0 0.05 1 t5t0 t15 Disable Feature



SELECTION GUIDES: CONTINUED

HIGH-SPEED AMPLIFIER SELECTION GUIDE: CONTINUED

2nd/3rd Settling Time Vee
Single/Dual SSBW Ay HD into Slew Rate lee NTSC Diff lout (to 2V) Vos Supply

Device Triple/Quad  Mode MHz at /v R = 100Q V/us mA/ch G/P mA ns to % mV Range Special Features
LM6171 N VFB 160 1 -72/-70 at MHz 3600 2.5 0.03/0.5 100 35t0 0. 1.5 +5t0 t15

LMs172 D VFB 160 1 -72/-70 at 1MHz 3000 2.3 0.28/0.6 90 6510 0.1 0.4 +5t0 ¢15

LM6181 S CFB 100 2 -50/-55 at 10MHz 2000 15 0.05/0.04 100 50to 0.1 2 +5t0 t15

LM6182 D CFB 100 2 -50/-55 at 10MHz 2000 15 0.05/0.04 100 50 to 0.1 2 +5t0 t15

LMT121 S VFB 235 1 NA 1300 5.3 NA 20 T4to 0.1 09 t5to ¢15 Available in SOT23-5
LM7131 S VFB 90 1 -74/-94 at IMHz 120 10 NA 65 NA 0.02 +5, 45,43 Available in S0T23-5
LM7TIN S VFB 220 2 -70/-51 at 5SMHz 4100 6.5 0.01/0.02 100 4210 0.1 0.2 t5t0 t15

HIGH-SPEED A/D CONVERTER SELECTION GUIDE

Static o _Dynamic i
Device Resolution Speed Power Supply Vin DNL INL ENOB SINAD SNR THD SFDR BW Package Eval Board 1K Price*
ADCNT3 8-Bit 15MSPS 3TmwW 3v 2Vpp 04 +0.5 7.4 Bits 46dB 47dB  -54dB  -51dB 120MHz 24 pin TSSOP, EIAJ Yes $2.84
ADCNTS 8-Bit 20MSPS 67TmW ) 2Vpp +0.35 05 7.4 Bits 46dB 4708 -53dB  -53dB 120MHz 24 pin TSSOP, EIAJ Yes $2.84
ADC08351 8-Bit 50MSPS 65mw 3v 2Vpp +0.5 05 6.5 Bits 41d8 42dB  -47dB  -48dB 150MHz 20 pin TSSOP No $2.05
ADC10321 10-Bit 20MSPS 98mwW SV 2Vpp 033  +0.39 9.2 Bits 57d8 58dB -60dB  -65dB = 32 pin TOFP Yes $3.18
ADC12081 12-Bit 5MSPS 105mw 5v 2Vpp +035 06 10.9Bits  67.6d8 68dB -79dB  -79dB 100MHz 32 pin TOFP Yes $15.42
ADC12181 12-Bit 10MSPS 235mW 5v 2Vpp +0.4 +0.7 10.4 Bits  64.5dB 65dB  -74dB  -73dB 100MHz 32 pin TOFP Yes $16.92
ADC12281' 12-Bit 20MSPS 400mw 5V 2Vpp 0.4 0.7 10.2 Bits  62dB 63d8  -73dB  -73dB 100MHz 32 pin TOfFP Yes $19.98
CLC952 12-Bit 4IMSPS 660mW +5v Wop +1.4/1.0 3.0 10.2 Bits  63.2dB 64dB  -70dB  -72dB 180MHz 28 pin SSOP Yes $20.70
CLC5956 12-Bit 65MSPS 615mwW 5V 2V (Diff) +0.65 1T 10.5 Bits  65.2dB 67dB  -T1dB  -73dB 300MHz 48 pin TSSOP Yes $29.80
ADC14161° 14-Bit 2.5MSPS 390mw 5vV 2Vpp 0.3 075 12.8 Bits 79d8 80d8 -88dB  -90dB 8MHz 52 pin TQFP Yes $29.40
ADC16061 16-Bit 2.5MSPS 390mwW SV 2Vpp .0 3.0 12.8 Bits 79d8 80d8 -88dB  -91dB 8MHz 52 pin TQFP Yes $36.90
VARIABLE GAIN AMPLIFIER PRODUCTS
Single Control Gain Adjust  Slew Rate Supply Supply Common Mode
Channel Channel Range (Typ) Voltage Current (Typ) Input Range
Device Single BW (MHz) BW (MHz) (dB) SR (V/us) Vs (V) Is (mA) (typ) CMIR (V) Comments
CLC520 S Ay =2 500 100 -40 2000 &5 28 2.2 Non-Linear Gain Controi (dB/V)
CLC522 S A =2 330 165 -40 2000 5 46 2.2 Linear Gain Control (V/V)
CLC5523 S JAJ =10 230 95 -60 1700 5 14 38 Non-Linear Gain Control (dB/V)
* Price shown is for 1000 units in USD, FOB Santa Clara, CA USA ‘li" =44MHz 2 fin = S00KHz  All specifications typical unless otherwise noted.
©1998 National Semiconductor and {) are registered arks of National i tor Corporation. All other trademarks are the property of their respective companies. All rights reserved.
570266-001

www.national.com/see/hi-speed
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TECHNOLOGY BREAKTHROUGH

; New Home Network Technologies Piggyback
'On Existing Phone And Power Lines

ome local-area networks (LANs)
H are on their way, thanks in part to

the demand caused by the in-
creasing use of computers at home and
the deployment of residential broad-
band data services. A savvy public has
begun to realize that computers are no

| longer isolated devices, and to demand
| a convenient way to enjoy the same

convenience that LANs give them at
work. If electronics manufacturers
have their way, products will be avail-
able by the end of 1999 that let a user

| connect to an ADSL or cable modem

and share the broadband pipe with all
other PCs or devices in the home. Do-
ing this will simply require plugging
into the telephone jack with an adapter
or network interface card.

While manufacturers have recog-
nized this need, they also know that
most consumers aren’t interested in
rewiring their homes for networking.

| This has led to a concerted effort to find

ways to ship data around using what-
ever’s already there. While some
promising wireless technologies are on
the horizon, two important players re-
cently have emerged in a race to use ex-
isting wiring within the home to deliver
high-speed data.

One promising scheme is a technol-
ogy promoted by the Home Phoneline
Networking Alliance (HomePNA). It’s
an adaptation of the mature IEEE-
&02.3 CSMA/CD technology used for
Ethernet, which can transport up to 1
Mbit/s over a home’s phone wiring. Ma-
jor backers of HomePNA include
3Com, Santa Clara Calif.; AMD, Sunny-
vale, Calif.; AT& T Wireless, Seattle,

| Wash.; Compaq, Houston, Texas; Epi-

6, 1998

—_——
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gram, Sunnyvale, Calif.; Hewlett-
Packard, Palo Alto, Calif.; IBM, York-
town Heights, N.Y.; Intel, Santa Clara,
Calif.; Lucent Technologies, Berkeley
Heights, N.J.; Rockwell Semiconductor
Systems, Redondo Beach, Calif.; and
Tut Systems, Pleasant Hill, Calif.

The other emerging home network-
ing technology has been developed by
Intellon Corp., Ocala, Fla. It uses en-
hanced orthogonal frequency-division
multiplexing (IeOFDM) and spread-
spectrum carrier (SSC) techniques de-
veloped by Intellon to achieve data
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rates of 1 Mbit/s over existing power
lines. Microsoft Corp., Redmond,
Wash., is the first licensee of this tech-
nology and has become an ally in Intel-
lon’s “No New Wires” initiative. To-
gether, they hope to develop affordable
networking devices that can send digi-
tal voice, video, and Internet data to
and around a home, office, or other
buildings. According to developers at
Intellon, this same OF DM technology is
applicable to RF links and provides the
foundation for establishing robust,
high-rate wireless networks within a
home or office.

HomePNA: Old MAC, New PHY
The HomePNA technology uses
straightforward IEEE-802.3 carrier
sense multiple access/collision detect
(CSMA/CD) methods for multiple ac-
cess to a common communications
medium—the foundation of Ethernet.
In simple terms, it’s a 1-Mbit/s Ethernet
over a phoneline. This is an important
design criterion, since it allows the
HomePNA network to leverage the
tremendous amount of Ethernet-com-
patible software, applications, and hard-
ware in the market today. The PCI bus
device driver (NDIS 4/5) sees an Ether-
net MAC to drive. Initially, users will be
able to connect up to 25 PCs, peripher-
als, and network devices inside a home.
Transmitting data accurately over
the random phoneline topology is only
part of the problem. For a high data

throughput, one must encode as much

data as possible so that multiple data
bits are sent in each signal pulse, rather
than single pulse bits.

The core technology in the Home-
PNA scheme is the time-modulation
line-coding method, which allows the
system to transmit data on an arbitrary
topology of unterminated wires found
in homes. A line-coding mechanism in-
corporates an adaptive circuit which, by
design, can adapt to varying noise.
Within each network interface, the re-
ceiver circuit adapts to varying noise

levels that might appear on the line. In .

addition, the transmitting circuit can
vary its level of output signal strength.
Both transmit and receive circuits con-
tinually monitor line conditions and ad-

1 just accordingly.

The HomePN A specification is de-
signed to ensure compatibility with
other communications services within
the home, like voice, ISDN, and xDSL
data services. One common method for
simultaneously operating multiple ser-
vices over a single pair of wires is fre-
quency-division multiplexing (FDM).
With FDM, each communications ser-
vice is assigned to a different frequency
spectrum. Frequency-selective filters
allow devices using one type of service
to exchange information without inter-
ference from other services that com-
municate in another band.

The HomePNA technology employs
the 5.5-t0-9.5-MHz portion of the RF
spectrum. Passband filters in this re-
gion attenuate frequencies below 5.5
MHz very rapidly, so there’s no inter-
ference with other DSL services or tra-
ditional phones. The technology also co-
exists with the new splitterless
Universal ADSL standard. It’s fully
compatible with the Ethernet MAC
layer standard (IEEE-802.3
CSMA/CD with a new physieal layer)
and meets applicable FCC regulatory
requirements.

In accordance with its goal of deliver-
ing parts for HomePNA interface cards
for under $50 (retail) within the year,
AMD expects to announce a part this
month. Intended for PC motherboards
and add-on cards, it will have full Home-
PNA capability and cost under $20.

While the 1-Mbit/s rate will be more
than adequate for most applications to-
day, the HomePNA alliance is looking
toward the future. It has created a
technical subcommittee whose sole re-
sponsibility is to specify, design, and

implement the next-generation tech- |

nology. Epigram, as a founding mem-
ber, is focusing its effort on developing
these next-generation products and
technologies, aiming to achieve 10
Mbits/s and higher while maintaining
backwards-compatibility with the ini-
tial specification. Other current and fu-
ture members also will contribute to
developing the next-generation home
phoneline specification.

OFDM: Data Over AC Lines
Intellon’s enhanced version of OFDM
(IeOFDM) is essentially the simultane-
ous transmission of a large number of
narrow-band carriers, sometimes called
subcarriers. Each is modulated with a
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At crowded T1 and E1 junctions, you need more
interface in less space. To meet the challenge, new
chips from Dallas Semiconductor define density at

a higher level. For instance—

Need an HDLC
controller for a
channelized T1/E1
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256 channels
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The new DS3134
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Alongside the HDLC controllers starring here,
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* 4- 12- and 16-Channel T1 & E1 Framers:
These chips supply multiple density options for
maximum flexibility with the smallest footprint
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* Quad T1 & E1 Transceivers: Four long-
and short-haul line interfaces and four full-
featured framers team up in one space-saving
package, available in 3.3V and 5V options.
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clear-channel
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One DS3131 BOSS
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HDLC Controller
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T1/E1 lines.
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TECHNOLOGY BREAKTHROUGH

low data rate, but the total yields a very
high data rate. To obtain high spectral
efficiency, the frequency responses of
the subcarriers are overlapping and or-
thogonal, hence the name OFDM. Each
narrow-band subcarrier can be modu-
lated using various formats. BPSK,
QPSK, and QAM (or the differential
equivalents) are commonly used.

Since their modulation rates are very
low, each subcarrier experiences flat
fading in a multipath environment and is
easy to equalize. The need for equaliza-
tion can be eliminated by selecting a rel-
atively small subcarrier spacing and us-
ing differential QPSK (DQPSK)
modulation, where data is encoded as
the difference in phase between subcar-
riers. Each subcarrier pair experiences
flat fading due to the narrow bandwidth
it occupies. The difference in phase and
amplitude error between them is small.
Differential modulation also can be en-
coded as the difference in phase be-
tween present and previous symbols in
time on the same subcarrier.

To prevent signal loss and inter-sym-
bol interference caused by the many re-

flected signals within a power line net-
work, a cyclic prefix is added to the Ie-
OFDM symbol. This helps to maintain
complete orthogonality in a time-dis-
persive channel. This prefix copies the
last part of the symbol and adds the
copy to the beginning of the symbol.
The long IeOF DM symbol time (gener-
ally many microseconds), combined
with the cyelic prefix (usually a small
percentage of the IeOFDM symbol
time), are key factors that enable per-
formance in a time-dispersive channel.

Future Developments

As part of Intellon’s IeOFDM re-
search program, VHDL has been used
to develop the FFT processor, the heart
of an [eOFDM receiver. A fast FFT
processor is the key to attaining high
data rates. The exercise proved that the
required speeds could be achieved
within a low cost CMOS IC. VHDL was
also used in the design of a Viterbi de-
coder, which was tested in an FPGA.
Reliable data rates of up to 10 Mbits/s
can be achieved on power lines at fre-
quencies above 2 MHz.

In addition to power-line applica-
tions, wireless systems with substan-
tially higher data rates can be imple-
mented at frequencies of 915 MHz or
2.4 GHz using existing radio ICs. A
number of low-cost ICs and OFDM
modules are available, with more prod-
ucts in development.

For general information on Home-

PNA, visit the alliance’s Web site at |

www.homepna.org. For more informa-
tion HomePNA'’s transmission layer
technology, contact Amanda Burman at
Tut Systems, 2495 Estand Way, Pleas-
ant Hill, CA 84523; (925) 682-6510;
www.tutsys.com. For more information
on HomePNA and related semiconduc-

tor products, contact AMD, One Tech- |

nology Place, MS-52, Sunnyvale, CA
94088, (800) 222-9323, (408) 749-5703;
www.amd.com.

For more about the No New Wires
initiative and associated technologies,
contact Intellon Corp., 5100 West Sil-
ver Springs Blvd., Ocala, FL 34482;
(352) 237-7416; e-mail: kurt.kyvik@in-
tellon.com; www.intellon.com.

Lee Goldberg

AVE@5UB- 2ns. IT'S NOT FASTER.

ITS FASTESI.

sub-2ns max., 2.5V logic family.
Operating from 1.65V 1o 3.6V, AVC is
the fastest low-voltage logic family
available. This performance is possible
because of AVC's revolutionary Dynamic
Output Control (DOC ) circuitry. DOC
lowers the output impedance during
signal transition, then raises the output
impedance when signal transition is
complete, eliminating noise. Tl sets the

& 1.7ns max. tpd @ 3.3V
1.9ns max. tod @ 2.5V
3.2ns max. tpd @ 1.8V

® New DOC circuitry maximizes
speed without a noise penalty

® 3.3V tolerant @ 2.5V
33Vand 2.5V tolerant @ 1.8V

® Gates, octals, Widebus”
devices planned

standard for low-voltage logic.

For more information about AVC and DOC circuitry, call 1-800-477-8924, ext 3057, or visit www.ti.com/sc/avc
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Tundra QSpan

The only proven
flirect connect
PGl Bus bridge
for Motorola
IMOCESSOrs

on the market!

AR

ipst distance between Motorola

(And between your tesign and the market.)

Since its introduction two years ago,
Tundra QSpan has been part of over 200
Motorola design wins where interfacing
to PCl was a factor. This includes most
of the Fortune 1000 networking and
communications companies.

Surprised?

You shouldn't be.

Because Tundra QSpan was designed,
developed, and is continually being
enhanced in close partnership with
Motorola to give embedded system
developers a direct, ready-made, ana
proven bridge to the PCl Bus.

How direct? It provides a glueless,
33MHz, PCI 2.1 compliant PCl interface
solution for M68040, MC68360, MPC860,
MPC850, MPC821 and MPCB801 processors
- and requires minimal glue for MC68302
and MC68030. And with Tundra’s full suite
of development tools including evaluation
boards, executable models, application
notes and detailed documentation,
designers have complete support to get
to market sooner with applications such

Tundra Semiconductor Corporation

as routers, bridges, ATM switches, ISDN
aaapters, cellular base stations, satellite
access, internet servers, single board
computers, and industrial control.

All from a company that is a long-time
Motorola partner, and whose proven
products will continue to complement
and support Moatorola’s products for years
to come.

So if you want to get your embedded
systems to market faster, count on
Tundra QSpan

www.tundra.com
¥ TUNDRA
1-800-267-7231

twithiri North America; Reference file 492

603 March Road ¢ Kanata ® ON » K2K 2MS e Canada * (613) 592-0714 (tel) ¢ (613) 592-32C (fax) « 1-800-257-7231
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MICRON DDR SDRAM
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TIMME TO THINK FOR

Y OURSELF AGAIN

Following the wrong path can be e supplier options, high volume, and a
costly, no matter how good your MICHON .

clear road map for the future. Micron
infentions. If you want to develop is sampling 286Mbit per second
winning products, turn toward Micron 64Mb  devices in both 16 Meg x 4 and 8 Meg x 8
Double Data Rate SDRAM. It's the costeffective, — orgonizations, in 66-pin TSOP packages. + To
industry-standard  alternative in  high-bandwidth  sample Micron DDR SDRAM, call 1.208.368.3900
solutions. + DDR SDRAM is widely supported by ¢ or visit www.micron.com/mti. Becaouse nobody
variety of manufacturers, so you'll have plenty of  should decide where you're going, except you.

©1998 Micron Technology, Inc. Micren is a registered trademark of Micron Technology, Inc.
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Highlights and insights from the frontline of the communications revolution

Gigabit Ethernet PHY Chip
Sets LAN Speed Record For Copper

With 150 Billion DSP Operations/s, The First IEEE 802.3ab-Compli-
ant IC Delivers Gigabit Ethernet Over CAT-5 Tuisted Pairs.

Lee Goldberg

ive me your tired net-
G works, your poorly bud-

geted LAN managers,
yvour huddled, bandwidth-
starved masses, yearning to
FTP freely.” says Yossi Cohen,
director of Broadcom Corp.’s
networking business unit. With
apologies to poet Emma
Lazarusl, he's justifiably proud
of the BCM5400, Broadcom’s
new physical-layer device for
1000Base-T Ethernet. This in-
novative chip may soon make it
possible for networks to have
Gigabit connections over their
copper wiring at only a small
premium over the cost of stan-
dard 100-Mbit/s Fast Ethernet.

Copper’s Hot Again
Developed by Broadcom
Corp., Irvine, Calif.,, the
BCM5400 is a single-chip PHY device.
It moves Ethernet frames at full-du-
plex Gigabit speeds for up to 100 meters
over four pairs of ordinary Category-5
(Cat-5) twisted-pair copper wire (see
the figure). It’s the first implementation
of the IEEE’s 803.3ab, 1000Base-T
standard for UTP-based (unshielded
twisted pair) Gigabit Ethernet.By en-
abling the inexpensive re-use of already
installed wiring bases, Broadcom and
other 1000Base-T supporters hope to
encourage rapid adoption of Gigabit
Ethernet technologies. Then, they
could meet the demands for bandwidth,
which are increasing much more

rapidly than the budgets of most net- '

y 4 - ’
COVER FEATURE

work managers’ budgets.

While Gigabit Ethernet has been
around for a while, practical copper-
based technologies are the new kid on
the block. Borrowing heavily from Fi-
breChannel technology, fiber-based op-
tical systems have now been around for
a year or more. The only copper Gigabit
solutions have been limited to short
coaxial-cable links intended to span a
few meters between servers, switches,
or routers sharing the same wiring
closet. This all changed with the recent
approval of the 1000Base-T standard
(see “The ABCs Of 803.3ab,” p. 42).

Copper Gigabit’s proponents point
to a couple of important factors that

convince them that it’s a winner.
The first is the cost of a connec-
tion. Although the price of opti-
cal transceivers has come down
sharply as demand climbed, the
cost of making an optoelec-
tronic assembly remains much
higher than producing a PHY-
layer silicon chip and
its associated pas-
sive components. Optical termi-
nations also are more compli-
cated and expensive to make
than copper, requiring splicing
and inspection equipment along
with extensive training.

The extensive installed base
of Cat-5 wiring found in most
buildings makes another com-
pelling case for the Broadeom
solution. By allowing network
managers to “recycle” their
copper infrastructure, a

¢ 1000Base-T transceiver makes upgrad-

ing connections between backbone and
edge devices much easier and less ex-
pensive. In many cases, it could simply
mean changing line cards in two boxes
at each end of the cable.

1500 GOPS??!

To accomplish this, Broadcom’s de-
signers pushed the leading edge of
commercial design practices. Among
other things, the BCM5400 relies
heavily on advanced digital filtering
and signal processing to deal with the
considerable attenuation, crosstalk,
and echoes experienced by high-speed
signals when traveling over common
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CONVERSION
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«2MHZ SWITCHING FREQUENCY,
REQUIRING SMALLER EXTERNAL
COMPONENTS
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The ABCs Of 802.3ab: A Gigabit Ethernet Primer

igabit Ethernet over a copper medium is a follow-up
G to the very popular and widely used Fast Ethernet

100-Mbit/s technology for copper media and desktop
LANs. Communication throughput of 1 Gbit/s is achieved
with four pairs of twisted-pair cables and eight trans-
ceivers (four at each end) operating at 250 Mbits/s each
(Fig. a). The necessity of full-duplex bidirectional opera-
tion dictates the use of hybrid circuits at the two ends of
each pair, as well as a series of echo canceller circuits on
each channel.

‘While the transmitter on each end has a relatively sim-
ple task to perform, the receiver has to operate under the
the harsh conditions experienced by high-frquency sig-
nals as they pass through the uncontrolled environment
that characterizes the modern LAN cable infrastructure.
To work properly, a Gigabit Ethernet transceiver must
cope with the following line impairments :

e Worst-case cable attenuation

+ Worst-case echo from its own transmitter

o Worst-case near-end crosstalk (NEXT) from the three
transmitters in adjacent wire pairs

o Worst-case far-end crosstalk (FEXT) from the trans-
mitter at the other end of the cable

To reliably recover the transmitted information in a
noisy environment, the receiver has to perform a con-
siderable amount of digital adaptive filtering for channel
equalization, NEXT cancellation, and echo cancellation.

Modulation And Coding

The IEEE 802.3ab task force settled on baseband 5-
level pulse-amplitude modulation (PAM). combined with
trellis coding and partial-response shaping, as the basis
for the transmission scheme employed for a Gigabit Eth-
ernet copper transceiver known as a 1000Base-T trans-
ceiver. The scheme uses a five-level (-2, -1, 0, +1, +2) PAM
signal on each pair of wires to code 2 bits of information (2
bits/symbol) at a symbol rate of 125 MHz, resulting in a
250-Mbit/s transfer rate on each pair (Fig. h). Coding 2
bits of information requires only 4 levels; the extra level in
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the PAM-5 scheme used here provides a code redundancy.
This ean be used for control signals, as well as improving
the performance using a trellis coder at the transmitter
and a Viterbi decoder at the receiver.

A total of 8 bits is being transmitted at the 125-MHz
svmbol rate over the four pairs of wires. Each pair uses a
five-point, 1-dimensional (1D) constellation containing the
symbols (-2, -1, 0, +1, +2). Looking at the four pairs collec-
tively to form a 4-dimensional constellation (each wire
pair represents one of the dimensions), the total number
of available 4D points is 5! = 625. To transfer the 8 bits of
information, only 256 points are needed. The existing re-
dundancy can be used to achieve a gain of either 3 or 6 dB,
depending on whether or not a Viterbi decoder is used at
the receiver.

The minimum squared distance between the points in
each subset of transmitted symbols combines with a trel-
lis encoder at the transmitter and a Viterbi decoder at the
receiver to provide up to 6 dB of gain in SNR. With this
gain, the required SNR for achieving a bit error rate
(BER)of 10"is 193 dB.

In this case, the detection at the receiver is no longer
performed on a symbol-by-symbol basis, but rather on a
sequence basis where the Viterbi decoder selects a se-
quence of symbols with the lowest probability of error
(maximum likelihood sequence estimation).

The PAM-5 modulation scheme for the Gigabit Ether-
net long-haul copper standard (1000Base-T) uses partial-
response spectrum shaping of the form 0.75 + 0.25z"! to
limit emissions within the FCC'’s requirements. This sim-
ple filter shapes the spectrum at the output of the trans-
mitter so that its power-spectral density falls under that
of the 100Base-Tx—a widely used and accepted Fast Eth-
ernet standard for 100-Mbit/s operation on two pairs of
Category-5 twisted-pair cables. In this way, Gigabit Eth-
ernet is able to gracefully overlay any existing
10/100Base infrastructure that is already in place.

Contributed by Medhi Hatamian, divector of DSP mi-
croelectronics technology; Oscar E. Agazzi, senior staff
scientist; and John Creigh. staff scientist at Broadcom
Corp., Drvine, Calif.

250 Mbits/s -
- o = Y
[Rx | 125 Mbaud, 2 bits/symbol | =
% = = - g
g M= Tie{m}- £
_; = [T g
= AR = =
T =) T |
(o i .

5 levels on each wire pair
4D space contains 5 = 625 points

() Need only 256 points to transmit 8 bits
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TECH INSIGHTS

GIGABIT-ETHERNET

PHY CHIP |

nals to cancel crosstalk at the
: D [7:0) | receiverinput.
8 Transmit [[h T EN The chip itself has been fabri-
Transmit DAC - R | cated in 0.3-um CMOS with
"::,:T ST CK | four metallization layers. In its
(0:3) Baseline || Echo  [fh NEXT Ll transceiver, the Gigabit
e wander correction || canceller canceller (x3) " coL Medium Independent Interface
l> i = i Symbol gscu( (GMII) receives data in byte-
o | h n?ﬁ:&"’ h | decoder/ Rx DV wide format at the rate of 125
" m < NG e i & decoder aligner aR | MHz. The GMII passes this
\— — ‘tEf: g R (7] | dataon to the physical coding
' (g | sublayer (PCS), which per-
Auto- .3’:‘;‘“ | Dwkiooo | forms scrambling, coding, and a
negotiation recovery LED ROVED | variety of control functions.
logie Clock b i XMTLED To keep the chip’s block dia-
Clock B generator fxie0 | gram from becoming totally
; ™ - Mil MOC unreadable, it shows only one
Bias ——; generator registers | mmm MDIO of the four channels operating
Note: iNTR simultaneously.
DFE = decision feedback equalizer; FFE = feed-forward egualizer; t : MODES The PCS bl?Ck generates
MIl = media-independent interface; NEXT= near-end crosstalk; PGA = programmable-gain amplifier. four 1-dimensional symbols,
each representing 2 bits of

Broadcom’s BCM5400 contains all the functional blocks to implement a physical-layer connection for Gigabit
Ethernet. Since it transmits across four wire pairs, the chip integrates four each of every line component,
induding echo cancellers and equalizers. In addition, each channel has three crosstalk cancellers (one for each

adjacent line). For simplicity, this block diagram illustrates the components for a single channel.

UTP copper. Performing this near-im-
possible feat actually requires high
levels of integration and processing
that are more than equivalent to those
of the CPUs found in today’s powerful
workstations.

There are several important analog
functions on the chip, such as the high-
speed ADC and DAC circuitry, phase-
locked loops (PLLs), clock recovery,
and an active analog hybrid for the line
interface. But, the BCM5400 performs
the vast majority of its signal process-
ing in the digital domain. Receiving
each bit in an Ethernet frame requires
around 150 logical operations to per-
form the adaptive filtering, equaliza-
tion, and processing operations de-
scribed above. Since the magnitude of
this task far exceeds any commercially
available DSP, the BCM5400 uses a dis-
tributed array of tightly designed logic
cores. The pipelined network of distrib-
uted-feedback equalizers (DFEs), fi-
nite-impulse-response (FIR) filters,
and other DSP blocks simultaneously
accomplishes the many tasks which
consume a cool 150,000 million DSP op-
erations (150 GOPS) per second!

At first glance, using the equivalent
of a small supercomputer’s processing
power to simply shove a bunch of bits
down a few feet of cable would seem to
be a case of gross overkill. On second

glance, however, a seasoned engineer
might find it a miracle that such a feat is
possible at all. To understand why, it
might be a good idea to look a bit more
closely at the line impairments that a
copper Gigabit transceiver faces—as
well as possible remedies.

A Look At The Chip

The first phenomenon Broadcom’s
designers needed to worry about was
attenuation. Over the 100-meter dis-
tance of a connection, the twisted-pair
line displays sharp and nonlinear atten-
uation characteristics. These tend to
vary with temperature and time. Ex-
perience with 100-Mbit/s Fast Ether-
net taught Broadcom’s designers the
value of using high-speed digital DFE
to perform complex, real-time compen-
sation to solve this sort of problem.

For a Gigabit Ethernet transceiver
to work successfully, it must deal with
the echo from its own transmitter. A
digital echo canceller on each receiver
handles this task nicely. More challeng-
ing to deal with is the phenomenon of
near-end crosstalk (NEXT), which re-
sults from the close proximity of the
other three wire pairs. This requires
that each receiver employ three sepa-
rate cancellation filters per channel.
Each of these samples the energy from
its neighbors and produces error sig-

data, for the four channels. The
corresponding symbol for each
channel goes through a shaping
function, followed by a 125-
MHz DAC, low-pass filtering,
and line-driver/hybrid circuitry.

The received analog signal is precon-
ditioned on the receive path. The signal
is passed through a 125-MHz ADC
that’s sampled by a clock provided by a
decision-directed timing-recovery cir-
cuit. A feed-forward equalizer (FFE),
which is an LMS-type adaptive filter
performing channel equalization and
precursor Inter Symbol Interference
(ISI) cancellation, filters the ADC’s
output. As said earlier, the symbols
sent by the other three local transmit-
ters cause impairments in the received

signal for each channel through a |

NEXT mechanism between the pairs.

Since each receiver has access to
the data for the other three pairs caus-
ing this interference, it’s possible to
nearly cancel the effect. This is accom-
plished with three adaptive NEXT
canceling filters (see the figure,
again). Adding the outputs of these
filters directly to the FFE output can-
cels the NEXT impairment. Similarly,
because of the bi-directional nature of
the channel, an echo impairment re-
sults from each transmitter on its own
receiver signal. Once again, using an-
other adaptive filter with an output di-
rectly added to the FFE output nearly
cancels this impairment.

The outputs of the FFE, echo can-
celler, and the three NEXT cancellers
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combine with the output of an adap-
tive feedback filter in the Decision
Feedback Sequence Estimation
(DFSE) block to form a signal known
as the soft decision. This signal is fed
to a slicer output, which has the input
of the adaptive feedback filter as its
output. Using past decisions, this filter
estimates postcursor inter-symbol in-
terference caused by the channel for
the current symbol. By subtracting it
from the FFE + NEXT canceller +
echo canceller, it forms the soft deci-
sion signal and does Viterbi decoding.

The symbols outputted by the
Viterbi decoder or slicer are decoded
and descrambled by the receive section
of the PCS. Channel delays through the
four pairs may vary by up to 50 ns (due
to the variations in the way the pairs
are twisted). Because of this, the PCS
also is responsible for determining the
relative skew of the four streams of 1D
symbols, as well as adjusting their de-
lay before the Viterbi decoder, so that
the decoder can operate on properly
composed 4D symbols.

To cope with possible wire swaps
within a pair and pair swaps among
the four pairs of the cable, the PCS
should be able to determine and cor-
rect for these conditions. The deskew-
ing, polarity correction, and pair-swap
correction uses the encoding proper-
ties of the idle stream sent in between
data packets.

In addition its signal-processing cir-
cuitry, the BCM5400 contains all the
logic to support the standard interface
and protocol requirements for the
802.3ab standard, including a full-func-
tion GMIL. It can also interface directly
to an older style, 10-bit serializer/dese-
rializer (SERDES) physical-medium-
attachment (PMA) host interface.

When the folks at Broadcom say
it’s a complete GMII-to-magneties so-
lution, they mean it. Many features
have been incorporated to make it
easy and inexpensive to design into a
line card or networking device. For
example, it’s designed to simplify the
line interface. Its on-chip wave shap-
ing tailors the output signals’ spectral
content to keep crosstalk emissions
within IEEE specifications—without
the need for external passive compo-
nents. The BCM5400 also has been de-
signed to run off a 3.3-V supply, but
can tolerate 5-V signal levels on many
of its inputs.

Another added-value feature of the
transceiver are its on-chip 1000Base-T
hybrids, which permit it to connect di-
rectly to a simple magnetics module.
This eliminates external passive com-
ponents that add design time, board
space, and production cost. Other
“must-have” features include baseline
wander correction and auto-negotia-
tion. Baseline wander correction is es-
sential because 1000Base-T signals
are susceptible to dec drift if a long
string of mostly ones or zeroes is sent.
To prevent this, the BCM5400 con-
tains baseline correction circuitry that
keeps the signal’s zero crossings cen-
tered around the middle of its range.

Auto-negotiation is a protocol that
enables a transceiver to poll the device
on the other end of the wire. It can then
negotiate the type of connection and
the fastest transmission speed they can
both reliably support. Using its inter-
nal auto-negotiation logic, the
BCM5400 senses and makes connec-
tions with both 1000Base-T Gigabit
Ethernet and 100Base-Tx Fast Ether-
net transceivers. In the 100Base-Tx
mode, the transceiver transmits data
on one Cat-5 wire pair, and receives it
on another using a standard MLT3-en-
coded data stream.

Interesting Times Ahead

With a practical, cost-effective, cop-
per-capable Gigabit interface now
available, we may see a new interest in
bringing these fat pipes to the desk.
Until now, workstation and multimedia
servers have been clamoring for more
bandwidth from overloaded networks.
For at least a little while, the ball is go-
ing to be in the computer, server, and
switchmaker’s courts as they try to fig-
ure out what to do with all that band-
width. The next couple of years should
be very interesting, indeed.

References:

1. Author of “The New Colossus,”
written in 1883 and inscribed on the
base of the Statue of Liberty in 1903.

PRICE AND AVAILABILITY

The BCM5400 is housed in a 256-contact
TBGA package. It's sampling before the end of
this year, and will be in full production during
the first half of 1999. Pricing is $59 each in
quantities of 25,000 pieces.

For more information, contact Broadcom
Corp., 16251 Laguna Canyon Rd., Irvine, CA
92618; (714) 150-8700; fax (714) },50-8710,
www.broadcom.com. CIRCLE 519
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time to take a closer look. Today, we are so much more. card, expanding their ability to deliver. SMSC is now
Our new corporate symbol reflects a new SMSC — a bigger, broader and more diversified than we’ve ever
company that casts its expertise far beyond the Personal been before. So, call 516-443-SEMI today, and view us
Computer, across all high technology digital and analog from a whole new perspective. You, too, will soon agree;
integrated circuit disciplines. Our dramatically expanded we’re more than a PC 1/O company.

breadth of product brings tangible value to every customer.
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