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WHO NEEDS
THE SIGNAL
PROCESSING
WORKSYSTEM?

Anyone involved in DSP and communications design can benefit
from the Signal Processing WorkSystem? Because SPW™ is the only
complete, integrated CAE software tool for signal processing design,
simulation, analysis and implementation.

Satellite communications. Modems. Mobile radios. Cellular phones.
Radar. Sonar. Speech encoding. Voice processing. Image processing,.
Digital audio. Multimedia. Automotive electronics. Robotics. Neural
nets and pattern recognition. Data compression. HDTV. Biomedical
instrumentation. All these and much more can be designed using
SPW on industry-standard platforms from Sun, DEC and HP/Apollo.

That’s why over 200 of the world’s leading telecommunications,
aerospace and electronics companies around the world now use SPW.

With SPW you first create a high-level, hierarchical design using
its extensive libraries of DSP and communications function blocks,
as well as your own custom blocks. SPW then automatically converts
your design into an error-free simulation program that can accept
real-world signals and parameters for accurate design analysis.

SPW also provides several optional paths to implementation,
including bit-accurate fixed-point simulation, VHDL generation, logic
synthesis and other ASIC/PCB support. A code generation system
produces generic-C for fast prototyping on any DSP platform, links
SPW to DSP chips from AT&T, Motorola and TI, and supports boards
from leading vendors.

To preview the Signal Processing WorkSystem, call (415) 574-5800
for a free video demonstration tape. In fifteen minutes, you'll see
how SPW can save hundreds of hours and thousands of dollars in
DSP design.

c@mbl/CO
SYSTEMS,INC

919 East Hillsdale Blvd., Foster City, CA 94404 (415) 574-5800
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When it comes to motion control
products, Hewlett-Packard
towers over the rest with a more
diversified and innovative line of
solutions. Giving you one source
to meet all your design needs.

Just look at our award-winning
HEDS 9000 series of encoder
modules. Using HP’s unique opti-
cal technology, these modules
are the ideal building blocks for
creating precision high-speed
linear or rotary applications.
Your choices include everything
from a 3-channel module for
industrial applications to the
small footprint of our 9700 col-
lection for business equipment.

CGO8O0S

Control panel:
the HRPG series.

For front panel applications,
turn to our RPG series of potenti-
ometers. Offering you full con-
figuration flexibility, improved
rotational feel, and small foot-
print, HP delivers the perfect line
of data entry devices for your
test, medical, analytical, and
computer equipment.

Controlled performance:
the HCTL series.

Our new line of high-speed HCTL
ICs give you high performance
servo control in low-power CMOS.
The result: superior perform-
ance and more microprocessing

CIRCLE 165

power left over for your labora-
tory, medical, and industrial
automation designs.

And because these motion con-
trol solutions come from HP,
you're assured of our on-going
commitment to excellence in
service, support, and reliability.

So why take a chance, when you
can take control. With motion
control products from HP. Call
for our free brochure:
1-800-752-0900, ext. 1497.

There is a better way.
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Very Special
Be " In EPROMs.

9}////// P
’ be: high density, of course. But also high

2 / / , s speed. Able to store massive amounts
. / of information, with lightning fast
o access times. All in our superior
o= CMOS technology:

EPROMSs have always been our
strength—thanks to our unparalleled
performance, selection, reliability,
and quality.

That's why we sell more EPROMSs
¥ than any other vendor* Period. And
F' we're ready to do the same for years
» to come. While other vendors have aban
"~ doned EPROMs, we're still committed—
to making the fastest, highest density EPROMs.

In fact, we've got the most advanced EPROM
wafer fab, assembly and test facilities in the
world. Which produce the most reliable, high-
est quality EPROMs available. In everything
from surface mount plastic to mil spec
compliant packages.

So make yourself a hero.The instant you
know your EPROM requirements, get them fast.
Get them dense. Get them in volume. And
get them right away.

Call AMD at 1-800-222-9323 for more
information. Or call your local sales office to

place an order.

Advanced Micro Devices

901 Thompson Place. PO. Box 3453, Sunnyvale. CA 94088 © 1991 Advanced Micro Devices, Inc.
All brand or product names mentioned are trademarks or registered trademarks of their respective holders.
*Dataquest, March 1991, based on 1990 data.

AMD EPROMs today are what other
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1992 TECHNOLOGY 37 PROCESS ADVANCEMENTS FUEL IC DEVELOPMENTS

FORECAST Improvements in lithography, etching, and deposition hold the key to digital
chip enhancements.

59 NEW PROCESSES TO SPAWN ANALOG, MIXED-SIGNAL, POWER ICS

Future submicron processes on SOI wafers to boast f,s beyond 25 GHz.

73 THE WORLD OF COMMUNICATIONS IS MOVING TO FIBER OPTICS

Electrons teamed with photons produce stunning throughputs.

83 FUTURE PACKAGING DEPENDS HEAVILY ON MATERIALS

Packaging design must rise to a system level for tomorrow’s multichip
modules to unleash the power of the silicon they will house.

99 MULTICHIP-MODULE TECHNOLOGY WILL DRIVE EDA EVOLUTION

Systems led by MCM technology will need multidimensional constraint-
driven design.

107 NETWORKING ADVANCES T0 ANCHOR CONCURRENT ENGINEERING
To keep pace in the 1990s, networks will need to be faster and more
economical.

115 INTERVIEW SECTION

Experts offer their views on what’s in store for the coming years.

PRODUCT 143 REPROGRAMMABLE FPGAS OFFER GATE-ARRAY SPEED
INNOVATION SR A M-based reconfigurable logic cells yield flexible, fast logic arrays that
surpass other FPGAs.
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14 EDITORIAL

18 TECHNOLOGY BRIEFING
Reducing flat-panel display costs

23 TECHNOLOGY NEWSLETTER

e Superconductors implement logic
gates

e Polymers improve electro-optic
devices

e CF1I set to release standards
commercially

e Multiple-gate FET aimed at neural
nets

e Sensors use thin film with shape
memory

e Improved state averaging aids
power-supply design

® Design process shrinks SBC devel-
opment time

e Port eases building real-time con-
trol jobs

e FPGA alliance program ups mem-
bership to 19

29 TECHNOLOGY ADVANCES

e RISC processors, multimegabit
RAMs, and mixed-signal develop-
ments highlight ISSCC

e Phosphor encapsulation lets ultra-
thin EL lamp shrug off moisture

e Waferscale integration addresses
reconfigurability, interconnects
testing, and applications

Jesse H. Neal Editorial
Achievement Awards:
1967 First Place Award
1968 First Place Award
1972 Certificate of Merit
1975 Two Certificates of Merit
1976 Certificate of Merit
1978 Certificate of Merit
1980 Certificate of Merit
1986 First Place Award
1989 Certificate of Merit

ELEOCTZRONTIC

129 IDEAS FOR DESIGN
e Unit lets scopes look at four traces

o AC amplifier passes low
frequencies

e Get +5V/100 mA from four cells

135 QUICK LOOK
e EMC ruling spurs European
market

e Skunk works encounter opposition
e Shaving years off time to market
o Income-tax planning for engineers

141 PEASE PORRIDGE
What'’s all this negative feedback
stuff, anyhow?

NEW PRODUCTS
147 Instruments

149 Computer Boards

152 Communications

158 Computers & Peripherals
163 Digital ICs

165 Analog

168 INDEX OF ADVERTISERS

169 READER SERVICE CARD

Correction: On page 26 in our November 21,
1991 issue, the telephone number for CMX
Systems was listed as (203) 238-2622. It
should be (203) 238-3622. Also, the position-
ing system was correctly cited as the CMX
3030 in the initial part of the story, later it
was incorrectly called the CMS 3030. ED
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o Special Report: Memory-card tech-
nology opens up new schemes for
I/0 connections

e PIPS Special Section: Power, Inter-
connections, Passive components,
Switches and Relays

® Designing for electrical-transient
immunity

e First details on new special-pur-
pose DRAMs

e Using single-slope a-d conversion
for low-cost solutions

e Enhanced EPLDs tackle high-fre-
quency systems

e New microcontrollers span the
8-and 16-bit worlds

e PLUS:
Ideas for Design
Pease Porridge

Technology Advances
QuickLook
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IN THE TIME ITTAKES

COULD ROUTE THE WO

Believe it or not, it only takes
about 150 seconds to place and route
a Xilinx FPGA.

Chances are: it'll take you longer
to read this ad.

THE FIRST AND STILL
THE FASTEST.

At Xilinx we invented the FPGA.
And we've led the industry ever since.

With the fastest, highest per-
formance FPGAs available anywhere.

Today, we offer system clock
speeds of 60 MHz.

We're also the first program-
mable logic company to offer you
on-board RAM.

Making our newest FPGAs ideal
for everything from FIFOs toregister
stacks.

What's more,we're the only pro-
grammable logic company that pro-
vides you with on-chip wide decode.

And that’s just the beginning.

Because as formidable as our
hardware may seem, it’s only half
the story.

60 [ SYSTEM CLOCK SPEEDS
50 & 3000 Family
I 4000 Family

MHz
@
S

16 Bit 16 Bit Adder/ _ Critical Path Circuit
Counter Subtractor AT&N Sept.90

As measured by typical design benchmarks,
the XC3000 famaly is the industry’s fastest
FPGA. Or at least it was until we introduced
the 4000 family.

NEW ENHANCED SOFTWARE
PROVIDES PUSH BUTTON
SOLUTION.

Device speed alone doesn't
determine the fastest, highest-
performance logic device.

When youTe designing, the
clock on the wall is every bit as

Ouwr new push-button software makes programming other logic devices seem
positively tedious.

important as the clock speed of
the chip.

So to make Xilinx FPGASs even
faster and easier to program, weve
redesigned our software.

This is no mere upgrade. It’s
a major rewrite.

Our new version of XACT now

comes with 200 soft macros. And fifty

hard macros.
Providing automatic placing
and routing for virtually all designs.
With greater than 90% gate
utilization.

If you've worked with Xilinx
FPGAs before, you'll see improve-
ments even before you start to place
and route your design.

If you've never worked with
Xilinx FPGAs before, you'll find every
other logic device to be positively
tedious by comparison.

WHEN IT COMES TO
SYSTEM TESTING,WE PASS
WITH FLYING COLORS.

Our newest FPGAs offer you yet
another competitive advantage
that’s exclusive to Xilinx.

© 1991 Xilinx, Inc. 2100 Logic Drive, San Jose, CA 95124. Europe, 44 (932) 349401, Japan, 81 (3) 297-9191. Asia, 852 (3) 721-0900. Xilinx is a trademark and The



TO READ THIS AD.YOU
RLD’S FASTEST FPGA.

designed to be reprogrammed
quickly an unlimited number of
times.

And not only do our FPGAs save
you an enormous amount of time
early on, they also save you time
later when you need to make those
“last minute” enhancements.

It's one more way we make it
easier for you to get your product to
market as fast as possible. First time.

Every time.
ELAPSED TIME FOR 100% ROUTING
B 3000 Family
W 4000 Family
40

&E 30

EQ

20

%g 20

1000 2000
USABLE GATES

New algorithms have reduced place and
route times by a factor of four:

GETTING AN EDGE OVER
YOUR COMPETITORS IS JUST
A PHONE CALL AWAY.

If you've read this far, you could
have already placed and routed one
of our FPGAs.

So don't delay. No other pro-
grammable logic company can offer
you the many exclusive features of
Xilinx FPGASs.

The industry’s first on-chip We told you we'd save you time e R :
JTAG boundary scan for easy testing  and money, Mcau 1;80(;30 5%; )777%8;3 1("1 - "
of PC boards and device I/Os. California, 408-559-7778. And we

IF AT FIRST YOU DON'T SUCCEED,  send you more information on

This unique Xilinx offering IT'S EASY TO TRY AGAIN. 1 ;
improves overall system testability how our FPGAs can give you the

and dramatically klloxxjx{:’l}igii 5, CompBeltlltU‘Y;fgi gb((i.tter hurry

z‘”‘ 1;1( ;; ‘b‘oard‘tr,e‘st AL | you'e designing Some of your competitors have

l Por = I a system, already finished reading this ad.
)00st for those changes keep

designing high- coming fast and A 4

density, surface furious. } XI I_I NX

mount systems or y Which is -~

complex, multi- . ; T why Xilinx The Programmable Gate Array

layer PC boards. L ——— FPGAs are Companys"

Programmable Gate Array Company is a service mark of Xilinx, Inc. All other trademarks or registered trademarks are the property of their respective holders
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Correct A/D Errors With Elllilléyllll;lll\\lllc
Anti-Aliasing Filters

Editor-in-Chief: Stephen E. Scrupski
High Frequency Waveform HOW to AVOid an A/D
Sampling Disaster!

Anti-aliasing filters are
the only protection to
prevent unwanted high-

Executive Editor: Roger Allan
Managing Editor: Bob Milne

Senior Editors: Frank Goodenough,
Milt Leonard, John Novellino

frequency waveforms Technology Editors:
from appearing as low Analog & Power: Frank Goodenough
: ; Communications & Industrial:
frequelllfcthl%nals- Give Milt Leonard (San Jose)
y.ourse. the best pmte?’ : Components & Packaging: David Maliniak
tion with R.C. Electronics Computer-Aided Engineering:
instrumentation quality Lisa Maliniak
RC-AAF programmable Computer Systems: Richard Nass
* 8-pole Cauer elliptical, Bessel, & Butterworth filters  low pass filters for 12 Semiconductors: Dave Bursky (San Jose)
. s T Software: Sherrie Van Tyle
* Frequency range 1 Hz to 100 KHz and 16 bit data acquisition Tt & Men rement labn Novellino
* Frequency step resolution .001 Hz to 10 Hz systems. Compatible with
* Roll-off >82 dB/ octave any data acquisition or Field Bureaus:
x CEEEEES 385, PC-based West Coast Executive Editor:
+ Stopband attenuation >94 dB iim ,§f H i -based system. Dave Bursky (San Jose)
s Pre-amplifier gain to 100 B 'L e Communications & Industrial:
* 16 channels per card T AR A Milt Leonard (San Jose)
3 T i Dallas: Jon Campbell
* Up to 128 channels per system % ad e Electronics Inc. Frankfurt: John Gosch
* OEM pricing available \:W 6464 Hollister  Goleta. CA 93117 London: Peter Fletcher

(805) 6857770 * FAX: (805) 685-5853

Chief Copy Editor: Roger Engelke, Jr.

Contributing Editors:

CIRCLE 153 FOR US. RESPONSE Ron Kmetoviez, Robert A. Pease
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Editorial Production Manager:
Lisa Iarkowski

Production Coordinator: Pat A. Boselli
Associate Art Director: Tony Vitolo

Staff Artist/Designer: Tom Pennella
Editorial Support Supervisor: Mary James
Editorial Assistant: Ann Kunzweiler

Editorial Secretary: Bradie Guerrero

Editorial Offices: (201) 393-6262

Advertising Production:
(201) 393-6093 or FAX (201) 393-0410

Production Manager: Michael McCabe
Production Assistants:

Donna Marie Bright, Lucrezia Hlavaty,
Eileen Slavinsky

€ on an expensive, space guzzling DC/DC Converter?
 Power Convertible. It is unbelievably small and sleck

Tired of wasting bo
Check-out the new HPR’
with 5 Watts of isolated

output power. Thisisa
turbo charged SIP - only 2.22" long and .35" wide.

You get 16 Watts per cubic inches of unregulated power under the hood. Circulation Manager; Robert Clark
The HPR7XX is no big ticket item either. It is priced less than DC/DC Converters < .

twice it's size and with less output power capacity - only $20 in O E.M. quantities. Promotion Manager. Clifford Meth
This high-performance model drives as great as it looks with an efficiency rating of 80%. Reprintq' Helen Ryan 1-800-835-7746

Take it for a spin, you will have no trouble finding a parking spot on your board.

For the dealer near you

Call 1-800-548-6132 . | 2 ’ )
Fax 1-602-741-3895 Group Art Director: Peter K. Jeziorski

Write P.O. Box 11400 Tucson, AZ 85734

BURR-BROWN® Published by Penton Publishing
? Vice President-Editorial: Perry Pascarella

# tradewiark of Power Convertibles Corporation, ‘ Your Partner in Quality
Lotporation. i X
Publisher: Paul C. Mazzacano
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With HP basic instruments,
performance costs less
than you expect.

Now you don't have to accept
trade-offs in a basic test instrument.
Because HP offers the performance
you want at prices you can afford.

Need a dual-range output power
supply? The HP E3610 Series makes
choosing a 30-watt dc power supply
easy—especially when you consider
the low noise and $300* price.

What about a digital multimeter
for bench or system use? The
rugged 64 digit HP 34401A does
both with uncompromised
performance for $995%

You won't find a better 100 MHz
digitizing scope than the HP 54600
Series. It combines analog look and
feel with digital troubleshooting
power for only $2,395 (2-channel)
or $2,895 (4-channel)*.

At $3,800%, the HP 4263A LCR Meter
lowers the cost of high-precision
100 Hz to 100 kHz benchtop and
system component measurements.

And the 8function HP E2377A is just
one of the HP E2300 Series 3 ' digit
handhelds priced from $99 to $189%

‘D For more information or same-
day shipment from HP DIRECT,
call 1-800-452-4844**, Ask for
Ext. T514 and we'll send you a
data sheet that shows how
affordable performance can be.

*U.S. list price
*# In Canada call 1-800-387-3867, Dept. 433

There is a better way.

[15'0 HEWLETT

PACKARD

© 1991 Hewlett-Packard Co. TMINI112ED
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HA-2444.

A mux and 4

video op amps

in a single

chip. Ideal for

digitally selectable
4-channel video.

‘

Our new ops

Introducing the op amps that are more than twice as fast
as any others. The new Harris HFA-1100 family.

870 MHz of blinding op amp speed. A shocking 2500
volt/usec slew rate. A low low low 11 ns settling time. Harris
unique UHF1 process technology makes all this possible.

It all means these new ops are the top. The top of

’

HFA-1110.
It’s a buffer
amplifier,
featuring
ultra high
speed 700 MHz
unity gain s
bandwidth,
2500 V/sec
rate and 7 ns
settling time.

HA-5033. /
Buffering video « ¢

has never been o

differential phase~
and gain.

CA-3246.

This NPN
transistor array
_ covers a wide

N aray of
applications
— all the way
from DC to

1.5 GHz.



really hop.

the broadest line of op amps in the world: the Harris line. ‘ ’
So for ops that really hop, to ops at low cost, remember. ’

Nobody gives you more
to choose from than Harris.

World’s Fastest Op Amps

Call 1-800-4-HARRIS,

HFA1100 | 870 MHz |2500 V/jsec

extension 1110.

HFA1110 | 700 MHz | 2500 V/psec

HFA-1130.

The same

870 MHz

speed as our
industryleading
HFA-1100.

Plus a 1 ns
output clamp.

<

HFA-1100.

This op is

tops. It'’s the

world’s fastest
1 monolithic

op amp at
870 MHz.

P

HFA-0001.
With a
1000 V/usec
slew rate,
and 350 MHz
b:ndwidth,
this op
really hops’
Ioizu4—51020.

7 low-cost
version of '
the EL2020,
but enhanced
to give you a
full 100 MHz
bandwidth.

HA-2841.

A 40 MHz,
low-power
version of our
industry-

standard |
HA-2541. | \

a HARRIS

SEMICONDUCTOR
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Since we're one of the
largest memory suppliers
in the world and the
Samsung SRAM program
is one of the best, our
advertising agency thought
we should find a more
dignified way to get our new

fast l-megs il’ltOyOUI' hands.

niconduc Inc

1991; 37256

© Samsung Senm No. First

St

tor

, San

Jose, CA 95134

OUR ADVER
RECOMMENDED

But we know that once
you try them you’'ll buy
them. And we believe these
guys are, once again, over-
thinking. So: free SRAM
1t 1s.

Our fast 1-megs run at
20 ns and are in full produc-

tion in large quantities now.

YGA
)

20 ns I-MEG SRAMs FROM SAMSUNG

Part Organtzation Features
KM641005° 256K x 4 Separate [/O
KM641001° 256K x 4

KM681001° 128K x 8

KM611001° IM x 1

Like our 256K and 64K
parts, which we’re sampling
now and will have in full
production Q1 1992, they're
part of our major SRAM




TISING AGENCY
INST THIS APPROACH.

commitment. We use our |s..,zsoxmooaxsnm,momsmsunc' \\hen 1t won’'t matter

formidable DRAM capac- i . i st what the agency thipks.
KM64258B 64K x 4 Output Enable ~
itV to make them KM64259B 64K x 4 Sep. 1/0, High Z
L : A KM6426 64K x 4 Sep. 1/0, Low Z
All parts are in DIP and ot iy CAumk,qf?ff/;f;iJIAM
s mave IG6 KM64257A° 64K x 4 2 00‘423-
SOJ. C_)ur new 256K and KM6466B° [6Ex4 - OptoueEnsble /80k405'95f7229
64K Cl’]lpS run at 15 ns. KM6465B° 16K x 4
KM6865B 8K x 8
So if speed, technology ool naw. :
5 _ ‘ ¢ SAMSUNG
superb breadth of line, and  enoughforyou—maybe our o
state-of-the-art parts aren’t : free chip offer will be. - Technology that works for life.

CIRCLE 198 FOR U.S. RESPONSE
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Only $75 each
($25/1000s)

éccelerate our
tepper Motor
to 27,000
Steps/second!
vel 16
Million Steps
and back!

Is your motor earthbound by sluggish
controllers that
can’t give you the
performance you

- need? Look at
what you get with the new CY545
single chip stepper motor controller:

® 40-pin, CMOS, + 5v chip

e Speeds up to 27K Steps/sec

e 16 Million steps per motion

e Programmable start rate,
accel/decel, slew rate

e Pulse and Direction Output

e Separate Limit Switches

e Jog operation

e Home seek command

@ ASCII or binary commands

e Parallel or Serial interface

e 8 General Purpose I/0 lines

e External memory control

e LCD & LED Display interface

e Thumbwheel Switch interface

Break the single chip speed barrier
and the high performance price bar-
rier. You can’t afford to pass up this
latest innovation from the company
that, ten years ago, brought you the
first stcg:per motor controller on a

single chip! Order bly
Fax or phone or call
today for free info.

Cybernetic Micro Systems

PO Box 3000 @ San Gregorio CA 94074
Ph: (415) 726-3000 e Fax: (415) 726-3003
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EDITORIAL

MORE THAN JusT ANOTHER YEAR

appy new year! 1992 is alandmark year for us at Electronic Design
because it marks our 40th anniversary, and, to highlight this event,
we'veplanned aSpecial Issuein November. Throughout the coming
months, we’ll give you more details on the Anniversary Issue. We'll
also offer you an opportunity to participate by asking for your inputs on the
contents of certain special sections that we’re considering.

Despite the urge to wax nostalgic at such times, the basic thrust of the issue
will be the future. Electronic Design is built on the foundation of giving its
readers alook ahead at the technologies and products that will help them attain
a competitive edge in their next product. Thus, we plan to devote most of that
blockbuster issue to articles that focus on the future, rather than on the past: a
look ahead at possible technology breakthroughs and their impact on system
performance.

As for this issue, those of you who are longtime readers of Electronic Design
know that the first issue of each year features our Technology Forecast Special
Report. Thisyear, wereturnto fundamentals withareport on the enabling tech-
nologies that will lead to future advances in product performance. The Tech-
nology Forecast, which begins on p. 37, features four staff-written pieces that
focus on digital semiconductors, linear and mixed-signal semiconductors, opto-
electronies, and packaging. Two further articles look at networking for the
global design environment and techniques for designing with multichip
modules. The report closes with ten one-page articles that assess the trends in
ten specific technologies: microprocessors, displays, EMI, micromachining, in-
strument accuracy, test probes, capacitors, power supplies, magneto-optical
memories, and computer boards.

We have, in fact, a full slate of technology special reports and design ap-
plications on tap for our 26 issues this year. Also returning are such popular
sections as Pease Porridge, QuickLook, Ideas for Design, our technical con-
ference previews, and our Salary and Career Surveys. In addition to the
regular features, you can look forward to the PC Design and PIPS (power,
interconnections, passive components, and switches and relays) special
sections six times during the year, and our Test & Measurement Update four
times.

We know that the coming year will unleash a host of interesting technology
advances that will be covered in Electronic Design. Beyond that, here’s hoping
that 1992 not only advances technologically, but also politically and economi-

cally worldwide, where we can finally put
those problems behind us and once again
prosper, in peace.

i S eforget

Editor-in-Chief

levreEcrrRoNIC DESIGN
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PRECISION

NTROLLED

ATTENUATORS

up to 35dB
10 to 1000MHz

- $D99I5

TOAT-R512 TOAT-124 TOAT-3610 TOAT-51020

ZFAT-R512 ZFAT-124 ZFAT-3610 ZFAT-51020

Accuracy Accuracy Accuracy Accuracy

(dB) (+/-dB)| (dB) (+/-dB)| (dB) (+/-dB)| (dB) (+/-dB)

0.5 0.12 1.0 0.2 3.0 0.3 5.0 0.3
1.0 0.2 20 0.2 6.0 0.3 10.0 0.3
15 0.32 30 0.4 9.0 06 15.0 06
20 0.2 4.0 0.3 10.0 0.3 20.0 0.4
2.8 0.32 50 05 13.0 0.6 25.0 0.7
30 04 6.0 05 16.0 0.6 30.0 0.7
38 0.62 7.0 0.7 19.0 0.9 350 1.0

Price $ (1-9 qty) TOAT $59.95/ZFAT $89.95

bold faced values are individual elements in the units

CIRCLE 206 FOR U.S. RESPONSE

Finally...precision attenuation accurate over 10 to 1000MHz and
-55°C to +100°C. Standard and custom models are available in the
TOAT(pin)- and ZFAT(SMA)-series, each with 3 discrete attenuators
switchable to provide 7 discrete and accurate attenuation levels.

The 50-ohm components perform with 6usec switching speed and
can handle power levels typically to +10dBm. Rugged hermetically-
sealed TO-8 units and SMA connector versions can withstand the
strenuous shock, vibration, and temperature stresses of MIL require-
ments. TOAT pin models are priced at only $59.95 (1-9 qty); ZFAT
SMA versions are $89.95 (1-9 qty).

Take advantage of this striking price/performance breakthrough
to stimulate new applications as you implement present designs and
plan future systems. All units are available forimmediate delivery, with
a one-yr. guarantee, and three-sigma unit-to-unit repeatability.

finding new ways....
sening h|gher standards

WE ACCEPT AMERICAN EXPRESS AND VISA-

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156
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INTERCONNECTION

MULTILAYER
PC BOARDS
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CACHE

—BMP ~FAST SRAMs MAIN GRAPHICS/
-—0LS — CMOS$ ASIC CO"!T ROLLER MEMORY MULTIMEDRIA

NETWORKING

CUSTOM - ASIC MACROS _| - CMoS ASICs
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today’s fastest CPUs.

That's AI&I
“Customerizing?

- O
A\

AR
\ . - Ann00GaA88%

et oK ;
SRR A

“Customerizing” means providing
the component solutions and sup-
port technology your systems need
to help keep pace with CPU speeds
up to 50 MHz and beyond.

Faster CPUs demand higher-

Cache Solutions
Microprocessor-specific, fast
SRAMs for 10 to 15 ns cache tag
and data.

And a proven ASIC capability for
differentiated Cache Controllers.

b

32Kx8 12 ns SRAMs

125 MHz FPGAs

400 Mbits/s Interface ICs

performance cache, I/O bus,
peripheral logic and interconnect:
bigger, faster, denser, smarter. We
have what it takes to close this CPU
I/O gap, while reducing chip count
and development costs.

CPU/Logic and Bus Solutions
Industry-pacing submicron Stan-
dard Cell CMOS ASICs for high
speed, highly integrated core logic.

ECL ASICs with up to 2.2 GHz
/O buffer speeds and delays
under 140 ps.

High speed bus interfacing
with 200-400 Mbits/s 41-Series
Interface ICs.

And custom clocks to meet the tight
timing specs of todays fastest CPUs.

)

W

R
—

Interconnection Solutions
Up to 22-layer PC Boards with
5 mil line density

And Multichip Modules that
can reduce interchip delays to
under 1ns.

AT&T also provides Application
Teams to work with your team,
along with the expertise of AT&T
Bell Laboratories.

For more about AT&T’s
“One-Stop-Shop Solutions,” get
our PC/Workstation Solutions
brochure.

Just give AT&T Microelectronics
acall at 1800 372-2447, ext. 636.

In Canada, call:

1800 553-2448, ext. 630.

ATsl

Microelectronics

CIRCLE 84 FOR U.S. RESPONSE
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High Voltage

DC-DC

Converters

=
oS
gh“gﬁl

ACTUAL
SIZE

e New Series AV—
56 Standard Models

e 100 VDC to 1000 VDC
Output

e Ultra-miniature Size
Weight: 4 Grams
0.1 Cubic Inch Volume

e Standard Input Voltages
5, 12, 24 and 28 Volts DC

e Operating Temperature
Standard: —25°C to +70C
Optional: —55°C to +85°C

e MIL-STD-883
Screening Available

e Isolated: Input to Output
up to 1500 VDC

PICO also manufactures over 800
regulated and isolated DC-DC
Converters and AC-DC Power
Supplies and over 2500 standard
ultra- miniature Transformers and
Inductors.

Delivery—
stock to
one week

Electronics, Inc.

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552

Call Toll Free 800-431-1064

TECHNOLOGY BRIEFING

IN NEW YORK CALL 914-699-5514 J

CIRCLE 168 FOR U.S. RESPONSE
CIRCLE 169 FOR RESPONSE OUTSIDE THE U.S.
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REDUCING FLAT-PANEL DiSprLAY CoSTS

ttempts to replace the cathode-ray-tube

(CRT) monitor with more manageable flat-

paneldisplay deviceshave met withlittlesuc-

cess. Even though they're bulky and gener-
atelots ofheat, the venerable CRT still sets the price and
performance standards against which competing dis-
play technologies are compared. However, the surging
demand for “thinness” in desktop and portable comput-
ersisaccelerating the development offlat-paneldisplays
with dramatically improved viewing quality, power con-
sumption, and cost.

Ofthe three existing forms of flat-panel displays — lig-
uid erystal (LCD), plasma, and electroluminescent
(EL) —industry observersthink active-matrix LCDs (AMLCDs) have the most
potential to dominate the flat-panel market. AMLCDs use amorphous or sili-
conthin-filmtransistors (TF'Ts) to controlindividual pixels on the display panel.
Overall AMLCD performance already exceeds or compares favorably with
other flat-panel technologies in terms of viewing criteria. On the negative side
are limited viewing angle, operating temperature range, and panel size; vul-
nerability to shock, vibration, and high humidity; and high power dissipation.
The biggest drawback is cost. Today’s color AMLCDs can cost up to 12 times
as much as a color CRT, and from 5 to 10 times as much as other flat-panel tech-
nologies.

AMLCDs can now be fabricated with feature sizes under 5.0 pm. But unlike
IC processing, where the probability of a defect landing on a die decreases as
the number of chips on a wafer increases, AMLCDs are made with one “chip”
per wafer. Therefore, further feature-size shrinks to get smaller “die” dimen-
sions doesn't necessarily mean higher yields, which presently range from 10 to
40%. And to decrease cost, most industry efforts focus on minimizing process-
related defects.

The industry's concern over AMLCD yield was apparent in new equipment
rollouts at SEMICON/Japan last month. Various American, European, and
Japanese firms introduced integrated processing systems that control con-
tamination by using robotics and automated substrate transport between pro-
cessing chambers under vacuum. But according to Francois J. Henley, presi-
dent of Photon Dynamics Inc., SanJose, Calif., a yield loss of up to 40% can occur
during electrical testing of a panel alone. This is because the testing technolo-
gies are adaptations of systems designed for IC testing.

What's alsoneeded are non-intrusive in-process inspection and repair strate-
gies that depart significantly from methods developed for the semiconductor
industry. It's now understood that inspection and repair equipment for active-
matrix LCDs should be designed around the requirements of AMLCD tech-
nology —namely automation, high throughput, in-process operation, noncon-
tact and nondestructive inspection, and networked inspection and repair
systems. This way, yield is boosted by detecting and repairing defective pixels
prior to final panel assembly.

To obtain maximum AMLCD yield, the ultimate approach may be inte-
grating such a system with automated processing schemes. Last year, Pho-
ton Dynamics introduced an inspection and repair system based on a
patented noncontact pixel-sensing technique. The system uses several ad-
vanced technologies, including laser optics; laser-controlled physical op-
ties; electro-optics; image processing; and electronics test, measurement,
and inspection. A report from Stanford Resources Inc., SanJose, Calif.,says
thistype ofin-process testing can reduce manufacturing costs by about 50%,
even with testing-equipment costs factored in. Integrated inspection and
repair could further reduce manufacturing cost by another factor of three,
the report states.

MILT LEONARD
SENIOR EDITOR
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ULTIMATE CONTROL

No one can give you control of your GPIB test system like National Instruments can.

PERFORMANCE
.. The NAT4882™ chip makes our GPIB controller
&> boards completely IEEE-488.2 compatible.
~*“ When the NAT4882 is teamed with the

)
&
&
>

Turbo488® performance chip, you get the
maximum IEEE-488 transfer rate of 1 Mbytes/sec for both read
and write operations.

Use our industry-standard NI-488® software to control your
GPIB instruments and give your test programs maximum
throughput, regardless of your choice of personal computers
or workstations.

COMPATIBILITY

The NAT4882 controller chip is also compatible with the
controller chips of the past, so you get the best of both worlds —
complete compatibility with your existing applications and the
ability to meet your future requirements.

And when your controller needs change, NI-488 programs are
compatible across many different platforms and operating
systems — without modification.

UPGRADE PROGRAM

Existing PC, PS/2, and Macintosh customers can upgrade to the
benefits of IEEE-488.2 and increased performance through a
special upgrade program.

TRAINING
Learn even more ways to improve your test system by taking
our hands-on, |IEEE-488 training course.

\'ﬂﬁ‘s‘;‘mﬂé‘u-rs

The Soﬁu are is the Instrument ®

For more information on how you can
have the ultimate GPIB control, call:
(512) 794-0100 or

(800) IEEE 488

(Toll-free U.S. and Canada)

See Us At ATE And Instrumentation
Booth #108

6504 Bndge Point Parkway
Austin, TX 78730-5039

AUSTRALIA (03) 879 9422 « DENMARK (45) 76 73 22 » FRANCE (1) 48 65 33 70 « GERMANY (089) 714 5093 « ITALY (02) 4830 1892
JAPAN (03) 3788 1921 » NETHERLANDS (01720) 45761 « NORWAY (03) 846 866 * SPAIN (908) 604 304 « SWITZERLAND (056) 45 58 80 * U.K. (0635) 523 545

Product names listed are trademarks of their respective manufacturers. Company names listed are trademarks or trade names of their respective companies
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dcto 3GHz .. $T145

lowpass, highpass, bandpass

e |ess than 1dB insertion loss e greater than 40dB stopband rejection ®surface-mount ® BNC, Type N, SMA available
e 5-section, 30dB/octave rolloff ® VSWR less than 1.7 (typ) ®rugged hermetically-sealed pin models ®constant phase
*meets MIL-STD-202 tests ®over 100 off-the-shelf models ®immediate delivery

low pass, Plug-in, dc to 1200MHz

Passband Stopband, MHz Passband Stopband, MHz
Model MHz loss loss Model MHz loss loss
No loss < 1dB > 20dB > 40dB No loss < 1dB > 20dB > 40dB
PLP-5 DC-5 8-10 10-200 PLP-250 DC-225 320-400 400-1200
PLP-10.7 DC-11 19-24 24-200 PLP-300 DC-270 410-550 550-1200
PLP-214 DC-22 32-41 41-200 PLP-450 DC-400 580-750 750-1800
PLP-30 DC-32 47-61 61-200 PLP-550 DC-520 750-920 920-2000
LOW PASS PLP-50 DC-48 70-90 90-200 PLP-600 DC-680 840-1120 1120-2000
PLP-70 DC-60 90-117 117-300 PLP-750 DC-700 1000-1300 1300-2000
PLP-90 DC-81 121-137 167-400 PLP-800 DC-720 1080-1400 1400-2000
PLP-100 DC-98 146-189 189-400 PLP-850 DC-760 1100-1400 1400-2000
@ PLP-150 DC-140 210-300 300-600 PLP-1000 DC-900 1340-1750 1750-2000
:, PLP-200 DC-190 290-390 390-800 PLP-1200 DC-1000 1620-2100  2100-2500
% Price, (1-9 gty), all models: plug-in $1495, BNC $32.95, SMA $34.95. Type N $35.95
2
§ Surface-mount, dc to 570 MHz
o
SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800
- SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800
SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000
frequency SCLF-135 DC-135 210-300 300-600

Price, (1-9 qty), all models: $11.45

Flat Time Delay, dc to 1870 MHz

} Passband Stopband VSWR Group Delay Variations, ns
MHz MHz Freq. Range, DC thru Freq. Range, DC thru
e Model loss loss 0.2fco 0.6fco fco 2fco 267fco
o iy g No I loss < 1.2dB > 10dB > 200dB X X X X X
=1 . | PBLP-39 DC-23 78-117 117 1.31 231 0.7 40 50
i moug DELAY o, T 2 PBLP-117 DC-65 234-312 312 1.3:1 2441 0.35 1.4 19
o Ty / PBLP-156 DC-94 312-416 416 0.31 1141 03 1.1 15
PBLP-200 DC-120 400-534 534 1.6:1 1.9:1 04 1.3 1.6
Vi PBLP-300 DC-180 600-801 801 1.25:1 221 02 06 08
v % PBLP-467 DC-280 934-1246 1246 1.25:1 a2 015 04 0.55
¢ ABLP-933 DC-560 1866-2490 2490 131 221 009 02 0.28
L : ABLP-1870 DC-850 3740-6000 5000 1.451 291 0.05 01 015
ey e Price, (1-9 gty), all models: plug-in $19.95, BNC $3695, SMA $3895, Type N $39.95
Fromancy, 11 feo NOTE: A: -933 and -1870 only with cornectors, at additional $2 above other connector models
high pass, Piug-in, 27 5 to 2200MHz
HIGH PASS Stopband Passband VSWR Stopband Passband VSWR
MHz MHz Pass- MHz MHz Pass
f—;_ Model loss loss loss band Model loss loss loss band
o ' No < 40dB < 20dB < 1dB Typ No. < 40dB <20dB | <1dB Typ.
£ PHP-25 DC-13 13-19 27.5-200 1.81 PHP-400 DC-210 210-290 395-1600 1.71
2 PHP-50 DC-20 20-26 41-200 151 PHP-500 DC-280 280-365 500-1600 1.8:1
S ‘ \ PHP-100 DC-40 40-55 90-400 1.81 PHP-600 DC-350 350-440 600-1600 201
4l PHP-150 DC-70 70-95 133-600 1.81 PHP-700 DC-400 400-520 700-1800 1.6:1
= PHP-175 DC-70 70-105 160-800 1.51 PHP-800 DC-445 445-570 780-2000 2
b PHP-200 DC-90 90-116 185-800 161 PHP-900 DC-520 520-660 910-2100 1.8:1
PHP-250 DC-100 100-150 225-1200 1.31 PHP-1000 | DC-550 550-720 1000-2200 1.91
PHP-300 DC-145 145-170 290-1200 ; ira | |
frequency
Price, (1-9 qty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95
BaNbAeS bandpass, Elliptic Response, Constant Impedance,
10.7 to 70MHz 21.4 to 70MHz
2 $ Center | Passband 3dB Stopbands Center | Passband | Stopband | VSWR
< sl 18 Freq IL.1.5dB Bandwidth L bk, Freq MHz loss 131
2 Model Max Typ > 20dB > 35dB Model loss > 20dB | Total Band
§ \ No. (MHz) | (MHz) (MHz) atMHz | at MHz No. MHz | <1dB atMHz | MHz
S PBP-10.7| 107 ‘ 96-115 89-127 7%&1% 06& 50-1000 PIF-214| 214 1:&150'
s PBP-214 214 19.2-236 179-263 |155&29 [30& 80-1000 PIF-30 30 19&210
PBP-30 30.0 27.0-330 25-35 22 & JO 32& 99-1000 PIF-40 42 26 & 300
PBP-60 60.0 55.0-67.0 495-70.5 44&79 |46 &190-1000 PIF-50 50 31 &350
frequency PBP-70 700 63.0-77.0 68.0-82.0 51 &94 160 & 193-1000 PIF-60 60 3.8 & 400 >-50
PIF-70 70 44.8&490 | DC-550
Price, (1-9 qty), all models: plug-in $18.95, Price, (1-9 qty), all models plug-in $14.95,
BNC $4095, SMA $4295, Type N $4395 BNC $3695, SMA $3895, Type N $39.95

finding new ways
setting higher standards

- - - - ™
WE ACCEPT AMERICAN EXPRESS AND VISA

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers/ NORTH AMERICA 800-654-7949  417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010
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getagateofftheground

Now you can replace a fistful
of components, and drive power
FETs and IGBTSs with one cost-
effective part: The IR2110 mono-
lithic dual channel 2A gate driver
with floating high side and ground
reference low side.

Count your design time in
hours instead of days. And cut
assembly time to a fraction.

The IR2110 runs as fast as it
designs. With operation above

IS2R

1 MHz. On-chip bootstrap. Plus
matched channel delay within
10 ns. That’s right. 10 ns.

It takes good care of your
circuit too, with gate under-
voltage protection.

And latched shutdown makes
current mode control bot
simple and easy.

IR211

Is it rugged? 50 V/ns dv/dt at
-55to 150°C in plastic. Versatile?
Operates off 12 to 500 V rails with
5 to 20 V input, in any circuit
topology. Reliable? The IR2110
meets the same high standards
as IR’s incomparable HEXFET*
power MOSFETs.

Call (800) 245-5549 for more
nformation. We'll get it off

 the ground and on your desk in

no time.

International Rectifier

WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910 348-6291, TELEX472-0403. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RH# 9BB, ENGLAND TELEPHONE (0883) 713215, TELEX 95219
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TECHNOLOGY NEWSLETTER

The world’s first digital-logic gates using high-temperature superconduc-

SUP ERCONDUCTORS tors have reportedly been built. Researchers at the Applied Technology Div.

IMPLEMENT LOGIC GATES of TRW Inc., Redondo Beach, Calif., have simulated 4-ps rise times for the de-

vices, which translates to 250 billion switching operations per second. TRW says the architec-

ture can be used for all Boolean functions. Functions already demonstrated include AND,

EXOR, EXNOR, inversion, and buffer. Each logic gate is formed by a string of dc supercon-

ducting quantum-interference devices (SQUIDs), which are thin films made from the ceramic

compound yttrium-barium-copper oxide. The gates were originally operated at temperatures

from 4.2 to 36K. But recently developed grain-boundary-junction technology will enable the

logic gates to work at 65K. Power dissipation of each gate is about 2 nW. High-speed circuitry

will dissipate a projected 100 nW, and 10-GHz operation will dissipate 1 W of power. TRW'’s

high-temperature circuits resemble CMOS designs and are amenable to gate-array and ASIC
approaches. For more information, call Susan Brough, (310) 812-5227. ML

Chemists at the Naval Weapons Center (NWC), China Lake, Calif., have
P OLYMERS IMP ROVE developed several nonlinear optical polymers (NLOPs) that overcome the
ELECTRO‘OPTIC DEVICES limitations of conventional nonlinear optical crystals for use in fiber optics,
avionics, and photonics applications. Currently used nonlinear optical erystals (such as lithium
niobate) are brittle, not easily integrated with silicon or gallium-arsenide structures, and are
costly to produce. In contrast, the new NLOPs have a lower dielectric constant, as well as
higher electro-optic coefficients, mechanical toughness, stability, and design and manufactur-
ing flexibility. In addition, the new materials are compatible with silicon processing. Wave-
guides produced with NLOPs can be spin-coated, patterned, etched, and cladded with existing
IC manufacturing processes. Other applications include high-speed fiber-optic switches and
modulators, diode-laser frequency doublers, and integrated electro-optic devices, such as
optical interconnects in high-speed optical computers. NWC is developing NLOPs for Lang-
muir-Blodgett processing, which has excellent film-thickness control. The Center is offering
six classes of NLOP compositions for licensing. For more information, call Martha Harring-
ton, (619) 939-1698/1215. ML

CFI SET TO RELE ASE The CAD Framework Initiative Inc. (CFI), Austin, Texas, changed its organi-
zational structure and standards-release process to closely model the prod-
STANDARDS COMMERCIALLY uct-release practices of commercial companies. Organizational changes in-
clude the addition of a Product Marketing Council to provide strategic direction to the techni-
cal committees within CFI. The Council will attempt to close the gap between CFI standards,
the products being developed by EDA tool suppliers, and the needs of the EDA users and tool
integrators. Also, CFI’s standards-release process now has a Pilot Implementation Program
step to bring EDA-tool suppliers, tool integrators, and tool users deeper into the standards-
definition and delivery procedures. All participants in the Pilot Program will receive a pilot-
release version of the standards, and will then help determine how well the final standards ad-
dress complex tool-integration tasks. All sponsor and corporate CFI members are eligible to
participate in pilot projects, which will begin this month. Details on the program are available
from CFI at (512) 338-3739. LM

i With the addition of multiple, independent gate electrodes to a single MOS

MULTIPLE GATE FET transistor, the transistor can calculate the weighted sum of every input and

AIMED AT NEURAL NETS control its “on” or “off” state based on the result of the weighted-sum calcu-

lation. Consequently, the neuron MOSFET (neuMOS) exhibits a function similar to that of a

biological neuron cell, such as found in the brain. Developed by Dr. Tadahiro Ohmi and Tada-

shi Shibata at the department of electrical engineering of Tohoku University, Sendai, Japan,

the neuMOS element could form a variable-threshold transistor, a neuron in a neural network,

asingle-gate digital-to-analog converter, and even “soft” logic (logic that can be configured to

any of 16 logic functions just by changing the control signals). Unveiled at last month’s

International Electron Devices Meeting in Washington, D.C., the experimental device was

fabricated with a standard double-polysilicon n-channel MOS process. The structure consists

of a floating gate and multiple input gates that are capacitively coupled with the floating gate.

And because the summing operation occurs in a voltage mode via the capacitive coupling ef-

fect, the device essentially consumes no power. That makes it an ideal candidate for use in
high-integration ICs. DB
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298 Ways 1o
‘Jo-Market.

Pull into Toshiba for unmatched product selec-
tion, service and support. After youve conceptual-
ized your latest design and you're ready to begin the long
trip to market, be sure to fuel your
: x < silicon needs with Toshiba’s line of

4-Bit 139 298 varieties of 4-, 8- and 16-bit

D microprocessors, microcontrollers,

8-Bit 139 as well as development tools.

16-Bit 20

Toshiba has over 100 4-bit
s microcontrollers to drive hundreds
m— 0f consumer and industrial appli-
With Toshiba’s unmatched cations with high speed CMOS
;ffgi’j‘ia’xf; 298 mics, youre  performance and on-chip ROM/
' ' RAM capability. Were your sec-
ond source for Zilog Z80 and Intel 8048/8085, as well as
Motorola 68 HC000, 68HC11 and 68HC05. And our
advanced technology lets us offer you Z80- and
68HC000-based ASSPs, too.

Since Toshiba is one of the world’s largest CMOS
micro manufacturers, you can count on our production
and delivery to make your design/production cycle run
smoothly. Our 20 years of experience in fueling fast
production starts yields to none. We're capitalizing on
our landmark semiconductor process to propel our
diverse 4-bit, 8-bit, 16-bit and future 32-bit micros.

Whenever youre drivinga (G "—-‘
new design, youcan expecta i TOSHIBA |
smooth ride on the CMOST 5 C M 0 S T

Expressway.
Call Toshiba today.

For technical literature, call 1-800-321-1718.

The CMOST Expressway. Paved
in silicon with the world’s leading
CMOS technology.

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

© 1991 Toshiba America Electronic Components, Inc.
Product names and company names mentioned herein may be trademarks
or registered trademarks of their respective companies. CSM-90-054
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TECHNOLOGY NEWSLETTER

A proprietary sputtering technique developed by the TiNi Alloy Co., Oak-
SENSORS USE THIN FILM land, Calif., deposits films of nickel-titanium alloy with shape memory onto

WITH SHAP E MEMORY various substrates. Films have been produced on both glass and silicon, in
thicknesses ranging from 2000 A to 50 um. The alloy has the unique property of assuming its
original shape upon application of electrical power after it’s deformed by an external force.
The principle behind the shape-memory effect is the temperature-dependent change in the ma-
terial’s crystal structure. In a pneumatic-valve application, for example, the shape-memory
film is deformed by a constant air pressure to seat against a valve orifice. When electrical cur-
rent is passed through the film, the generated heat transforms the membrane to its high-
temperature phase, thereby lifting the film off the inlet orifice. Valve opening and closure
occurs in 15 ms. Other applications under development are Schottky-junction sensors and two-
state microscopic elements for optical storage. For more information, call John Busch, (415)
658-3172. ML

IMPROVED ST ATE AVER AGING Simulating switched-mode power supplies with a mathematical-behavioral

approach called state averaging can increase simulation speed by as much as
AIDS P OWER'SUP PLY DESIGN 1000 times over standard Spice techniques. State averaging isn’t a new idea;
many EDA vendors sell state-averaged models of a power supply’s pulse-width-modulator
chip. However, Dazix, Huntsville, Ala., is working with U.K.-based ERA Technology Ltd. to
develop a unique switched-mode power-supply design aid based on the state-average tech-
nique. ERA has an implementation that differs from the existing models for three reasons: the
complete circuit, not just the pulse-width-modulation controller, can be modeled with state
averaging; the circuit’s frequency response (Bode plot), and consequently its stability, can be
analyzed; and current-mode controllers can be modeled. The ERA technology will be incorpo-
rated into the Dazix Analog Design Engineer product. Call (205) 730-2000. LM

System designers can create semicustom single-board computers (SBCs) in
DESIGN P ROCESS SHRINKS just twelve weeks using the Application Specific Automation Processor

SBC DEVELOPMENT TIME (ASAP) from Ziatech Corp., San Luis Obispo, Calif. With the help of ASAP,
designers can achieve the right mix of processor, I/0, and peripheral functionality by using
predesigned and tested I/0 circuit modules that have a proven core-processor module. Be-
cause the boards are constructed with pretested parts, the bugs should be minimal. The ASAP
approach bridges the gap between off-the-shelf products and proprietary solutions. Typical
ASAP boards are designed to the STDbus standard form factor (4.5 by 6.5 in.) using the
STDbus edge connector. An STD 32 backplane connector or an SBX expansion interface for
daughterboard modules offers added flexibility. For more information, contact Ziatech at
(805) 541-0488. RN

Developers working with embedded real-time applications may have an easi-
P ORT EASES BUILDING er time of it in the wake of an agreement between Talerian Corp. and Wind

REAL‘TIME CONTROL J 0BS River Systems. Under the pact, Talerian, Mountain View, Calif., will port its
RTworks real-time development tools to the VxWorks real-time operating system and devel-
opment environment from Wind River Systems, Alameda, Calif. As a result, developers will
have the means to build workstation-based or embedded real-time applications that require
intelligent control. They’ll also be able to distribute real-time applications across multiple
hosts in a client-server architecture. By including sophisticated graphics, knowledge-based
systems, and interprocess communications, RTworks enables developers to build intelligent
real-time monitoring and control systems for Unix and VMS workstations. VxWorks expands
the RTworks realm to applications requiring a real-time operating system. svr

FPG A ALLI ANCE PROGR AM Three more companies have joined Actel Corp.’s Industry Alliance Program,

a program that enables companies to have technical and cooperative market-
UPS MEMBERSHIP TO 19 ing relationships with the Sunnyvale, Calif.-based FPGA supplier. The addi-
tion of GenRad Design Automation, Isdata, and Logic Automation brings the total member-
ship number to 19 EDA and gate-array companies. GenRad and Isdata represent the first
companies from the U.K. and Germany, respectively, to join the program. The program’s goal
is to provide Actel customers with links to third-party tools and ASIC-migration paths. Actel
supplies Alliance members with its software and technical assistance for Actel-product-sup-
port development. For more information, call Actel at (408) 739-1010. LM
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5
[ DB2800 SERIES FEATURES:

B Full output power for
Teasg = -55° to 125°C (No Derating)

B Minimum Input Voltage As Low As 14 Volts
B Advanced Packaging—JEDEC MO-127:

— Low Internal Temperatures
— Low Component Count

— Withstands 5000g

— Welded Hermetic Package

— Remote Shutdown and Sense

B High Power Density up to 22.5W/in3

B Designed and Built for Reliability

55
Tease’C

125 | W/ o
0\ 20\ 30\ 40\ v
V|N Volts
. DB2805SA DB2812SA . DB2815SA

MODEL/VOLTAGE CHART:

Model Full Output Power Output Voltage/
Input Voltage Range  Current

DB2805S 16-50 Volts 5 Volts/4.00 Amps

DB2805SA

DB2812S 14-50 Volts 12 Volts/1.88 Amps

DB23812SA

DB2815S 15-50 Volts 15 Volts/1.50 Amps

DB2815SA

JEDEC MO-127 Packaging (Actual Size)

I | PEX
p tE[:h For Applications

For Immediate DEDICATED TO EXCELLENCE and Product Selection
Product Information Assistance Call Newly
Call 1-800-448-1025 APEX MICROTECHNOLOGY CORPORATION Expanded Hotline
or FAX (602) 888-3329 5980 N. SHANNON ROAD, TUCSON, ARIZONA 85741 1-800-421-1865

CANADA (416) 821-7800 DENMARK (42) 24 48 88 GERMANY (6152) 61081 SPAIN (1) 4094725 FINLAND (0) 8041-041 FRANCE (1) 69 07 08 24 HONG KONG 8339013
ISRAEL (3) 9345171 INDIA (212) 339836 ITALY (2) 99041977 JAPAN (3) 3244-3787 NETHERLANDS (10) 4519533 NORWAY (2) 50 06 50 KOREA (2) 745-2761 AUSTRIA (1) 505 15220
SWITZERLAND (56) 26 54 86 SINGAPORE 284-8537 SWEDEN (8) 795 9650 TAIWAN (02) 721-9533 UK (0844) 278781 BELGIUM/LUXEMBOURG (3) 828-3880 AUSTRALIA (08) 277

“APEX HYBRID & IC HANDBOOK” — Order Your Free Copy Of The New 5th Edition Today!
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Take a look at what the
DS345 Synthesized Function Generator
offers for only $1895.

30 MHz direct digitally synthesized source

1 uHz resolution

12 bit, 40 Msample/sec arbitrary waveform generation
Low phase noise and distortion

Fast phase continuous frequency and phase switching
Sine, square, ramp, and triangle waveforms
Frequency, amplitude, and phase modulation

Sweep and burst modes

Available GPIB and RS232 interfaces
Now take a look at your function generator.

The DS345 from SRS.
At $1895, it's the only function generator you need.

‘ SRS | STANFORD RESEARCH SYSTEMS

1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408)744-9040 FAX 4087449049 TLX 706891 SRS UD
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TECHNOLOGY ADVANCES

RISC PROCESSORS, MULTIMEGABIT RAMS, AND
MIXED-SIGNAL DEVELOPMENTS HIGHLIGHT ISSCC

igh-performance
microprocessors,
dense memories,

and precision analog and
mixed-signal circuits will
be showcased at next
month’s International Sol-
id-State Circuits Confer-
ence. The conference’s 80
technical papers will detail
such innovations as a 1000-
MIPS processor imple-
mented with 0.3-um fea-
tures, sub-15-ns 16-Mbit
SRAMs, 8-bit 650-MHz an-
alog-to-digital converters,
and a 10-Gbit/s silicon-bi-
polar chip set for optical
communications. Other de-
velopments covered in-
clude active-matrix thin-
film transistor technology,
and image sensing and pro-
cessing.

To achieve a throughput
of 1000 MIPS, researchers
at the Central Research
Laboratory of Hitachi
Ltd., Tokyo, Japan, inte-
grated two superscalar
processors, each with a
two-level cache memory,
onto a biCMOS chip by em-
ploying 0.3-um design fea-
tures—a technological
first. The chip can operate
at 250 MHz, with each pro-
cessor executing two in-
structions per clock, for a
total throughput of 1000
MIPS. About 1.02 million
transistors are employed
by the processors, each of
which has a 1.2-ns 32-bit ad-
der, a 1.3-ns eight-port reg-
ister file, and a 2.8-ns trans-
lation-lookaside bufferand
cache memory.

A pair of biCMOS
chips—a 3-million-transis-
tor Sparc-compatible su-
perscalar RISC processor
and a companion 2.2-mil-
lion-transistor cache-con-
troller chip—both capable

of operating at 50 MHz,
will be described by Sun
Microsystems Inc., Moun-
tain View, Calif., and Tex-
as Instruments Inc., Dal-
las. The SuperSparc CPU
chip packs 36 kbytes of
first-level cache, a com-
plete memory-manage-
ment unit, and a full dou-
ble-precision floating-
point unit. It can execute
up to three instructions per
clock, yielding a through-
put of up to 150 MIPS. The
cache-control chip pro-
vides 264 kbits of tag RAM

power dissipation goes up
to 30 W.

The CISC processor is
also implemented with the
same 3.3-V submicron
technology. It employs a
macropipelined architec-
ture and dissipates about
18 W when running at 100
MHz. The chip’s clocks-
per-instruction ratio is 2.4
times better than for the
company’s micropipelined
implementation of the
same instruction set. Con-
sequently, a performance
benchmark of 50 Spec-

ISSCC — WANT T0 GO?

he International
Solid State Cir-
cuits Conference
will be held at the
San Francisco Hilton Ho-
tel, Feb. 19-21. For regis-
tration details and the

full advance program,
contact Diane Suiters at
Courtesy Associates, 665
15th St. NW, Suite 300,
Washington D.C. 20005;
(202) 639-4255, or by fax
at (202) 347-6109.

that supports up to 2
Mbytes of external cache
memory. Two different
multiprocessor-system
bus interfaces and two dif-
ferent I/0 electrical inter-
faces are supported by the
controller.

Both a CISC and a RISC
processor will be detailed
in a pair of papers from
Digital Equipment Corp.,
Hudson, Mass. The RISC
device has a 64-bitarchitec-
tureandruns at200 MHzto
deliver a peak throughput
of 400 MIPS. The CMOS
circuit includes 8-kbyte in-
struction and data caches,
and can execute two in-
structions per clock to
achieve its 400-MIPS peak
performance. Fabricated
with 0.75-um design rules
ina 3.3-V process, the CPU
is a power-hungry device
due to its high clock rate—

ESLESGEE R0 SNGLLTTE

marks is attained when
running at a frequency of
100 MHz.

Another high-perfor-
mance CPU to be disclosed
in the same session is a 289-
MFLOPS supercomputer
on a chip developed by Fu-
jitsu Ltd., Atsugi, Japan.
Also fabricated in CMOS,
the processor operates at
70 MHz and achieves a 289-
MFLOPS throughput for
single-precision computa-
tions and 149 MFLOPS for
double-precision opera-
tions. To move data on and
off the chip quickly, de-
signers implemented a bus
that can transfer 560
Mbytes/s. To perform the
computations, the proces-
sor contains six vector
pipelines, four of which op-
erate simultaneously with
four-way bank-structured
vector registers contain-
D ESTIGNE]

JANUARY 9, 1992

ing 8 kbytes each.

To support such high-
performance processors,
dense and fast static
RAMs as well as new-ar-
chitecture dynamic RAMs
are being developed to fill
the system designer’s wish
list. A pair of 16-Mbit
SRAMs, one from NEC
Corp., Sagamihara, Japan,
and the other from Fujit-
su’s Kawasaki research
center, achieve access
times of 12 and 15 ns, re-
spectively. Both are based
on 0.4-um design rules and
CMOS processes. The NEC
device is made from a qua-
druple-polysilicon, double-
metal process with thin-
film-transistor (TFT) ac-
tive loads. It operates from
a 3.3-V supply and dissi-
pates just under 300 mW
when running at 30 MHz.
Fujitsu’s chip operates
from a 3-V supply, and dis-
sipates only 60% of the
power of NEC’s chip—165
mW at 30 MHz.

Experimenting with 1-V
process technology, Hita-
chi’s researchers will de-
tail the fabrication of a
small 4-kbit test chip. The
memory cells employ TFT
loads and are fabricated
with 0.4-um design rules.
When scaled to a 4-Mbit
RAM, the larger chip
would occupy about 75
mm? and draw just 0.7 nA
of standby current.

Pushing biCMOS for
high-speed memory, To-
shiba Corp., Kawasaki,
and NEC have crafted 3.3-
V, 4-Mbit SRAMs that ac-
cess in just 9 and 6 ns, re-
spectively. The Toshiba
memory is organized as
256 kwords by 16 bits and
consumes just 430 mW
when operating at 50 MHz
with TTL I/0 levels.
NEC’s part employs ECL
I/0 or 3.3-V TTLI/0 (with
TTLI/0O, access time slows




to 8 ns) and is organized as
either 4 Mwords by 1 bit or
1 M by 4. It dissipates 750
mW with the ECL I/0 and
just 230 mW with the TTL
option.

Suprisingly, there are
only two DRAM papers at
this year’s conference ven-
ue—inpastyearsitseemed
that high-density DRAM
papers dominated the spot-
light. The first describes a
novel combination DRAM
and SRAM circuit devel-
oped by Mitsubishi Electric
Corp., Itami, Japan. The IC
combines 16 kbits of
SRAM cache memory
along with 4 Mbits of
DRAM. The cache-DRAM
can transfer data at 100
MHz over its cache port,
and includes a copy-back
scheme that keeps the
copy-back time equal to the
DRAM access time, and a
flexible DRAM-to-cache
mapping scheme.

The other DRAM paper
is from NEC and details a
64-Mbit device that can be
accessed in just 30 ns. The
chip includes a built-in test-
and-repair capability to re-
duce test cost and increase
reliability. Additional
memory papers include a
16-Mbit flash device from
NEC and a 4-Mbit flash
EEPROM developed by
Toshiba. Both can be read
or programmed from a
lone 5-V supply. NEC’s
chip also has a selective
sector-erase capability
that allows any 512-word
sector to be erased and re-
programmed, minimizing
the memory update time.

Data conversionis alsoa
hot topic at the upcoming
conference, with over a
half-dozen papers focused
on ADCs. The fastest of
the lot is an 8-bit, 650-MHz
folded-architecture ADC
developed at the Philips
Research Labs, Eindho-

TECHNOLOGY ADVANCES

ven, the Netherlands. Im-
plemented in a silicon bipo-
lar process, the chip takes
advantage of folding inter-
polation and comparator
error averaging in the ana-
log domain to achieve 7.8
effective bits at a 150-MHz
input and a 650-MHz con-
version rate. The chip dissi-
pates a mere 850 mW from
a—4.5-V supply.

Slowing the conversion
rate to 50 MHz, a second bi-
polar device from Philips
ups the resolution to 10 bits
by employing a fully-dif-
ferential pipelined archi-
tecture. An on-chip sam-
ple-and-hold amplifier and
digital error correction
give the chip 66 dB of sig-
nal-to-(noise + distortion)
ratio at the 50-MHz conver-
sion rate. The chip con-
sumes about 750 mW from
a—5-V supply.

A trio of 12-bit devices
from Hewlett-Packard
Co., Palo Alto, Calif.; Stan-
ford University, Stanford,
Calif.; and a joint develop-
ment by Analog Devices
Inc., Wilmington, Del., and
the University of Illinois at
Urbana will also be de-
scribed. The H-P chip runs
at 20 MHz and employs a
10-stage ripple-through ar-
chitecture with on-chip
track-and-hold and digital
error correction. Able to
maintain the signal-to-
noise ratio over the full Ny-
quist bandwidth, the con-
verter can limit the har-
monic distortion to -72 dB
with some external adjust-
ment. This chip, though, is
rather power-hungry, con-
suming 3.5 W when
powered by +5- and -5.2-V
power supplies.

The converter from
Stanford runs at only 5
MHz but employs a fully-
differential two-step archi-
tecture with analog and
digital error correction.

EHIE L ECTRONTIGC

The third 12-bit converter,
a CMOS device developed
by Analog Devices, em-
ploys an all-digital linear-
ity improvement scheme to
reduce feedthrough, off-
set, and digital-to-analog-
converter errors, and to si-
multaneously improve the
total harmonic distortion
from —64 to —77 dB. Anoth-
er paper by Analog De-
vices will describe a 17-bit
algorithmic high-resolu-
tion converter implement-
ed in biCMOS. The chip ex-
hibits 15 bits of resolution
with a 500-us conversion
time. On-chip auto-gain-
ranging with offset cancel-
lation lets the chip achieve
the 17-bit dynamic range
with only 20 uV of dc offset
voltage.

Circuits for communica-
tions applications are scat-
tered throughout various
sessions at the upcoming
conference. For instance, a
frequency divider that can
operate at up to 18.26 GHz
will be described by re-
searchers at Varian
Corp.’s Research Center,
Palo Alto, Calif. Imple-
mented in gallium-arse-
nide two-dimensional elec-
tron-gas structures, the di-
vide-by-N prescaler can be
extended to eventually al-
low input frequencies up to
80 GHz. The 18.26-GHz in-
put speed, though, is beat-
en by a 28-GHz silicon-bipo-
lar dynamic frequency di-
vider that NEC will de-
scribe in another session.
The 1.5-mm? NEC circuit
includes spiral inductive
loads, polysiliconresistors,
and aluminum-silicon-diox-
ide-aluminum capacitors
and can divide the input
signal by a 1:16 ratio.

Inthe same session as its
divider paper, NEC will de-
liver details of a 10-GHz
chip set for coherent opti-
cal communication sys-
D-E ST GN
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tems. The amplifier chip
provides 20 dB of gain
when running at 10 GHz,
while the mixer chip keeps
the conversion loss to just
10dB.

Researchers from the
University of California at
Los Angeles will detail sim-
ple NMOS circuits that can
operate at 1.8 Gbits/s with
jitter of just 13 ps rms. Part
of the circuit includes a
phase-locked loop (PLL)
that extracts the clock
from a 2%-bit pseudoran-
dom sequence that comes
in at 1.8 Gbits/s. A 6-GHz
PLL was also developed by
the University of Califor-
nia with support from
TRW Inc., Redondo Beach,
Calif. The PLL employs Al-
GaAs/GaAs heterojunc-
tion bipolar devices and in-
cludes a frequency qua-
drupling voltage-con-
trolled oscillator, a full
balanced mixer, a lag-lead
loop filter, and an output
buffer.

In other sessions, image
sensing and processing
will be spotlighted with
several papers detailing 2-
Mpixel imaging chips tar-
getedatthe high-definition
TV market. Sony Corp., At-
sugi, Japan, Toshiba, and
NEC will describe image
sensors in 1-and 2/3-in. for-
mats. The Toshiba and
NEC CCD sensors are set
up on the 1-in. format.
Overlaid with an amor-
phous silicon photo-con-
version layer, the Toshiba
chip achieves a dynamic
range of 108 dB. The NEC
device is a little more limit-
ed, with a 75-dB dynamic
range. Sony squeezes the
same number of pixels into
a 2/3-in. format chip, em-
ploying a lenticular micro-
lens array and a scaled out-
put structure to achieve a
70-dB dynamic range.

DAVE BURSKY
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Our Model 91 will

make your pulse race and
help you function better.

Introducing the latest
member of the 90 Series family:
Model 91 Synthesized Pulse
Function Generator. It delivers
functions and pulses to 20 MHz
with five digit frequency
accuracy and has even faster
pulse rates out the rear:

50 MHz, plus a 100 MHz clock
rate. Choose ECL, CMOS or
TTL levels, or set your own.

The functions and pulses

can be swept or modulated,

and there is even GPIB
programmability. Plus an
external frequency input that
lets you use the Model 91 as a
frequency counter.

With all these capabilities,
Model 91 redefines the concept
of an all-purpose benchtop
instrument.

About all it doesn’t do is
generate arbitrary waveforms,
but there’s the Wavetek Model
95 Synthesized Arbitrary
Function Generator for that.

Circle 214 for Literature (U.S. Response)

© 1991 Wavetek Corporation

Circle 215 For Demo(U.S. Response)

Circle 264 for Literature (Response Outside U.S.)
Circle 265 for Demo (Response Outside U.S.)

Of course if you want even
greater pulse generation
capability, our four-channel
Model 869 is among the most
accurate pulse generators in
the world.

For more information
about our multi-purpose
function generators, high
performance pulse generators,
or test development and
arbitrary waveform software,
call Wavetek at 1-800-874-4835.

WAVETEK
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SEALED PHOSPHORS LET THIN EL LAMP SHRUG OFF MOISTURE

he most common fail-
I ure mode of electro-
luminescent (EL)
lamps—moisture contami-
nation—has been virtually
eliminated by a process
technology that protects a
lamp’s individual phos-
phors by microencapsulat-
ing them in glass. In its
Durel 3 technology, Durel
Corp., Tempe, Ariz., has
produced extremely thin,
flexible EL lamps that last
300% longer in intensely
accelerated environmental
testing than conventional
ELlamps.

If left unprotected, the
zine sulfide phosphor used
in most conventional EL
lamps degrades rapidly
when exposed to moisture
and high humidity. Most
lamps would dim to an un-
usable level of brightness
in 24 to 48 hours. Conven-
tional EL lamps use a thin
layer of polyester to pro-
vide a moisture barrier for
the phosphorlayer. Inaddi-
tion, a somewhat better en-
capsulation material, po-
lychlorotrifluoroethlyene
(PCTFE), or Aclar, is used
to keep moisture away
from the phosphor layer.
In most cases, a desiccant
layeris also added.

Although using polyes-
ter and PCTFE encapsula-
tion provides some mois-
ture protection, it’s only a
partial solution. PCTFE
has the lowest moisture-
vapor permeability of any
polymer, but it still lets
some moisture through
and will be doomed to even-
tual failure in a high-hu-
midity application. In addi-
tion, the plastic-packaged
EL lamps can range up to
50 mils in thickness, which
can limit their flexibility
and hence their range of
applicability. Moreover, all

Conventional electroluminscent lamp

L ——— Silver bus bar

Durel 3 construction

O O
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contact
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such lamps require edge-
sealing, which further lim-
its their scope of use.

The Durel 3 technology,
in contrast, eliminates the
plastic encapsulation and
desiccantlayer by microen-
capsulating each individ-
ual particle of zinc sulfide
in glass (see the figure).
The resulting 8-to-10-mil-
thick lamp is 50 to 75% thin-
ner than conventional EL
lamps. The simpler, less
costly construction also re-
sults in an unlit border of
just 25 to 50 mils. Conven-
tional lamps have an unlit
border of 100 mils or more.

In addition, the Durel 3
lamp has been shown in ac-
celerated environmental
testing to hold up an aver-
age of four times as long.
The company hopes thatits
lamps’ durability in ex-
treme humidity will break
open new application ar-
eas, such as marine appli-
cations. There, EL lamps
could backlight keypads
and displays on communi-
cation and navigation
equipment. One automo-

tive application, an ambu-
ElE L ECTRON

lance control panel, shows
the lamps’ ability to be
formed in unique shapes
and die cut with holes. The
ambulance-panel lamp has
130 holes cutintoit. Inaddi-
tion, the lamp overlays a
membrane switch and
backlights the elastomer
keypad that sits on top of it.
Asthe keypad is pressed to

actuate the switches, the
lamp is flexible enough to
withstand the actuation.

lamp falls between that of
the polyester-encapsulat-
ed lamp and the Aclar-en-
capsulated type. Call Doug
Olson at (602) 731-6204 for
information.

WAFERSCALE INTEGRATION
CONFERENCE ADDRESSES A
WIDE RANGE OF TOPICS

s system perfor-
mance require-
ments outstrip the

ability to create single-chip
solutions, designers look
to waferscale integration
and complex multichip
modules to solve demand-
ing signal- and data-pro-
cessing needs. As a result,
reconfigurability, site-to-
site interconnections (in-
cluding clock distribution),
and testing are key issues
that must be dealt with to
ensure that reliable, high-
I C D ESTIGN
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performance systems can
actually be built. Such top-
ics, along with applications
of waferscale integration
to neural networks (NNs),
image and video process-
ing, phased-array radar,
and signal processing, will
be focal points at the up-
coming [EEE Internation-

Scale Integration.
Because of yield issues

that appear on wafers dur-
ing the manufacturing

The cost of the Durel 3

DAVID MALINIAK

al Conference on Wafer

and the random defects




Actual output

20 WATTS

Actually meets

MIL-STD-2000
MIL-STD-810C
MIL-S-901C
MIL-STD-461C
MIL-STD-704D
NAVMAT GUIDELINES

Mil/Pac™ high-density military power supplies.
Now you can order Abbott’s full mil-qualified compact
power supplies in both DC and AC input models.
Mil/Pacs come in 20W, 35W and 50W configurations, with
single (5, 12, 15, 24, or 28V) or dual (+12V; +15V) outputs.
DC-to-DC models accept input from 14V to 32V. AC-to-DC
models accept 1034 to 126.5V rms, 47-440 Hz single phase.
All Mil/Pacs operate at temperature extremes from

CIRCLE 184 FOR U.S. RESPONSE

—55°C to +100°C. All are designed with a field-proven
topology that has been verified by rigorous environmental
stress screening.

Mil/Pacs are available with or without MIL-STD-2000.
Either way, the specs are worth reading. Just write us at
2727 South La Cienega BI., Los Angeles, CA 90034. Or call
(213) 936-8185.

abbott

WHEN RELIABILITY IS IMPERATIVE.
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stage, obtaining enough
good blocks and intercon-
necting them to form a
functional system is essen-
tial. Over a half-dozen pa-
pers at the conference spe-
cifically address this topic.
Evaluating optimal spare
allocation for defect-toler-
ant VLSI, a presentation
by the University of Illi-
nois at Urbana-Champaign
analyzes the best ratio of
spare blocks by taking into
account process complex-
ity and other factors based
on block size. Focusing on
memory redundancy, an
analysis employing a cen-
ter-satellite model is dis-
cussed by the University of
Massachusetts at Amherst
to examine yield optimiza-
tion for redundant multi-
megabit RAMs.

TECHNOLOGY ADVANCES

Inaddition, the Universi-
ty of Michigan at Ann Ar-
bor will examine self-re-
configuration of processor
arrays by applying two NN
learning approaches. The
first employs an NN that’s
interconnected and pro-
grammed to readily exe-
cute a maximum matching
algorithm. That algorithm
helps assign fault-free
spare elements to replace
faulty blocks. The second
approach rearranges the
surviving fault-free pro-
cessors to restore the logi-
cal structure, and can ad-
just its interconnection
complexity based on the
desired performance crite-
ria that the user sets up.

Simulated examples
show that the NN ap-
proaches offer better per-

formance from the array
(higher survivability rates)
than traditional reconfi-
guration algorithms. Fur-
thermore, the intrinsic
fault-tolerantnature of the
NNs results in a degrad-
able reconfiguration-con-
trol scheme.

The SuperChip project
that TRW Corp., Redondo
Beach, Calif., implemented
for the Department of De-
fense’s Very High Speed
Integrated Circuit
(VHSIC) program resulted
in a vector processor based
on redundant blocks. The
0.5-um CMOS CPU chip,
the heart of the processor,
contains 142 macrocell
blocks that perform math-
ematical, memory, or
housekeeping functions.
There are eight unique cell

types, each appearing mul-
tiple times on the chip. A
minimum of 61 macrocells
must be functional for the
chip to be fully operational.

Interconnecting the
blocks scattered across a
wafer results in various
problems, including pow-
er-line shorts, poor inter-
metal links, and the need
for high-speed data trans-
fers and minimal-skew
clocking. A paper from
Hughes Research Labora-
tories, Malibu, Calif., de-
tails some actual experi-
ments that explored using
infrared imaging to spot
shorts and then employing
lasers to cut the short.
Rather than cut links, re-
search done by the Massa-
chusetts Institute of Tech-
nology’s Lincoln Labora-

Every connecting product for every kind
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TECHNOLOGY ADVANCES

he IEEE Interna-
tional Confer-
ence on Wafer
Scale Integra-
tion will be held at the
Fairmont Hotel in San
Francisco, Calif., Jan. 22-
24. For copies of the ad-

vance program and regis-
tration, contact Michael
W. Yung at Hughes Re-
search Laboratories,
RL69, 3011 Malibu Can-
yon Rd., Malibu, CA
90265; (213) 317-5657, or
by fax at (213) 317-5484.

tory, under the sponsor-
ship of the United States
Department of the Air
Force, describes using a la-
ser to weld the cross-point
of two links to form con-
nections while maintaining
insulation integrity be-
tween links.

The long connection
paths on a wafer are
sources of large amounts
of clock and signal skew.
To that end, researchers

from the University of
South Florida, Tampa, will
present an analysis of
skew and clocking issues
across wafers. Sample
clock distribution net-
works, fabricated on 4-in.
wafers, were evaluated for
skew and other ac-perfor-
mance changes versus
power dissipation, layout
area, and harvesting yield.
Employing optical inter-
connects even across a wa-

fer can also minimize skew.
However, it’s a much more
complex solution due to the
task of integrating the op-
tical transmitters and re-
ceivers on the wafer. One
interesting optical-bus in-
terconnection scheme will
be described by research-
ers at the University of
Texas at Austin.

When implementing wa-
fer-level integration, pow-
er consumption levels can
add up very quickly, to the
point where single wafers
can dissipate 100 W or
more. Consequently, care-
ful attention to circuit de-
tails can have large pay-
offs. For instance, another
paper by the University of
Texas looks at ways to re-
duce the dynamic power
consumption by examining

the optimization of adders.
Six different types of
CMOS adders are exam-
ined for area, power, and
other factors.

In the case of CMOS ad-
ders, the adder that re-
quires the fewest logic
transitions to perform its
operation would be the
most desirable. If speed
were the key consider-
ation, then a carry-looka-
head adder would be the
best choice for 16-bit opera-
tions, while either a carry-
select or the carry-looka-
head adder would be best
for 32- or 64-bit applica-
tions. If gate count and the
speed were equally impor-
tant, then a carry-skip ad-
der would be the best
choice.

DAVE BURSKY
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AT&T is your one-stop quality
source for everything from cable to
splicing and test equipment.

Whether it’s data cable, composite cable,
optical cable or fiber, AT&T has it all.

Along with 110 Connecting Blocks,

ST* Connectors, FDDI Jumpers, and any
number of other connecting products.

Everything you need in copper and fiber
optics for the transmission of voice, data,
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Everything you need for all your appli-
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connections. And we'll provide system as well
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You also have AT&T's assurance of product
quality and reliability. Backed by the
design and technology expertise of
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Fast.
Complete charge in as little as 20
minutes (vs. all day!)

Safe.

Total battery protection and longer
battery life through “intelligent”
charging technology

Full-Charge Efficiency.

Eliminate memory effects for
increased productivity of your
products

FREE
“QuickSaver”
Sample Kit

Call toll-free
1-800-220-3366

Now you can design in all the convenience and versatility
of super fast, "full-charge" nickel-cadmium battery
recharging without worrying about battery damage, thanks
to the ICS 1700 “QuickSaver” Rapid Charge Controller.

ICS “QuickSaver” controllers ensure a full-charge every
time, and can actually enhance nickel-cadmium battery
reliability and prolong battery life.

That’s the kind of convenience and efficiency that can
make your product stand out from the rest.

See for yourself. Call ICS toll-free at 1-800-220-3366 for
your FREE ICS 1700 “QuickSaver” Sample Kit with all the
details on the most exciting nickel-cadmium battery rapid
charge controllers on the market.

Developing New Standards in Systeme Technology.

Integrated Circuit Systems, Inc.

2626 Van Buren Avenue

P.O. Box 968

Valley Forge, PA 19482-0968
215-666-1900 FAX 215-666-1099
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PROCESS
ADVANCEMENTS
FUEL IG
DEVELOPMENTS

IMPROVEMENTS IN LITHOGRAPHY,

ETCHING, AND DEPOSITION HOLD

THE KEY.

BY DAVE BURSKY
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. transistor structures and circuits that allow :
: denser and faster chips to be fabricated. :
. Transistors in the 0.5-um range will allow :
. gates to offer sub-100-ps delays, 16-kbit :

: RAMs to access in 6 ns, and 16-bit multipliers :
. to deliver product terms in just 7.5 ns. :

The combination of processing improve- :

" ments and new devices and circuits (such as :
. the use of thin-film transistors and biCMOS) :
. will be needed as designers demand 64- and :

- 256-Mbit dynamic RAMs, 16- and 64-Mbit :
. static RAMs, multiprocessor microproces- :

. sors that operate at 100 MHz with half-a-me- :
: gabyte or more of on-chip cache, and random- :
. logic chips that can host over 1 million gates :
. of usable logic. :

As chip dimensions shrink, chip areas actu- :

: ally get larger—not smaller as might be ex- :

. pected. Today, few designers do a double- :
- take when chip sizes are quoted as 400 or 500 :
- mils on a side. Producible chip sizes have in- :
- creased from the 200 mils on a side (for chips :

- of the late '70s) to chips of over 600 mils/side :
. for today’s latest microprocessors and gate :

. arrays. By the mid-90s, designers can expect :

. producible chip sizes to increase yet again, to

700 or 800 mils on a side (about 20 mm).

The increases in chip size are also due to the

. improvements in wafer creation and cleanli- :
. ness. Larger wafers that are flatter than the :
. previous-size generation present a better sur- :
- face for the lithographic and other process- :

. ing tools to use. This, in turn, will allow chip :
. patterns to be transferred with better repro- :

. duction quality. Wafer sizes have increased :

ach new year, designers have come :
to expect more circuitry to be :
crammed onto IC chips than the :
year before. Thus far, the doubling :
of chip integration every two years :
or so has led to commercial multi- :
million-transistor microproces- :
sors, 16-Mbit memories, and logic :
chips with several-hundred-thousand gates. :
Key dimensions on production chips are al- :
ready scaled below 1 pm, with volume pro- :
duction of chips boasting 0.7-um minimum :
features available from multiple suppliers.

To stay competitive and bring even-smaller :
features into the production environment, IC :
manufacturers around the world pour bil- :
lions of dollars into all aspects of chip produc- :
tion. Research into lithography, etching, and
deposition is providing answers to drawing :
finer lines; cutting smaller holes for contacts :
or gaps between lines; or depositing metal or :
dielectric materials for interconnections, iso- :
lation, or capacitors. :

Additional research into device and circuit :
structures will simultaneously yield new :
ELECTURUONTIC D E
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from about 3 in. (75 mm) in diameter in the :
late "70s to today’s 8-in.-diameter (200-mm) :
disks. Several companies have already adopt- :
ed the 8-in. wafers, and many others are slow- :
ly preparing to convert their production lines :
to the larger wafers. These large wafers can :
be manufactured with flatness variations of :
less than 0.6 um—about the same resolution :
of the lithographic tool (the stepper) itself.  :

Better filtering of the air and of lithograph- :
ic resists to remove particulates also goes a :
long way in reducing defects that could im- :

: pact yield. Most fabrication areas today are :

of class 10 or better quality—no more than 10 :
1-pm-diameter (or larger) particles per cubic :
foot of air. On the other hand, the latest :
fabs—and the ones on future drawing :
boards—are designed for class-1 operation :
(only one 1-um or larger particle per cubic :
foot of air) or better. In contrast, fabs in the :
"T0s were typically class 1000. In the early :
"80s, class 100 sufficed for most processing.

To achieve those low levels of particulates, :
facility engineers have paid a lot of attention :
to details—from the human factors to the :

s 16 NEl
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© 1.To meet the needs of system designers, large semiconductor

. typically have three stages of process development occurring simultaneously—one to devel-
- op the processes and manufacturing equipment needed, one for ongoing product develop-

. ment, and the third involving the transfer from research to manufacturing (a). The multiple
. facets required to define a chip and all aspects of design and production must interact with
- each other to ensure that all pieces of the puzzle couple tightly together (b).

. particulates generated by the fabrication :

: equipment. This meticulousness makes the :

: class-1 clean room possible today and will per- :

- haps lead to sub-class-1 rooms in the mid '90s. :

. Self-cleaning tools, precision robotic controls :

. for wafer movement and handling, and air :

. showers for personnel, are just a few of the :

: many improvements to reduce particulates.

. Device and circuit structures are also :
. evolving. Over the past decade, CMOS tech- :
: nology usurped more than 70% of the market :
: that bipolar logic once enjoyed. Advanced :
: CMOS, merged bipolar and CMOS circuits, :
. high-performance bipolar ECL chips, and :
- even some gallium-arsenide circuits all offer :
- designers better densities, faster operating :
. speeds, and lower power/function than ever :
. before. All four circuit approaches vie for the :

- designer’s attention.

. The mostadvanced chips unveiled at major :
. industry conferences, such as the Interna- :

Ele L E C

manufacturers like Motorola

S

: tional Electron Devices Meeting and the In- :
: ternational Solid-State Circuits Conference, :
. often foretell production technology by :
: about two to five years. DRAMs have often :
© been used as proving grounds for almost all :
. aspects of manufacturing technology be- :
. cause their predictable growth allows design- :
© ers to readily extrapolate most aspects re- :
- quired to implement the next generation or :
- two of devices (Table 1). The increase in :
: DRAM capacity—and thus the various litho- :
. graphic features to make the chips practi- :
. cal—can readily be extrapolated due to the :
. consistent quadrupling of chip density. :

- Munoy DeFINTIONS

However, aside from the memory-only :

. chips, the clear categorization between mem- :
. ory and logic chips has become muddied. To- :
. day’s microprocessors contain as much mem- :
. ory on them as did the previous generation of :
. stand-alone SRAM chip, while “smarter” :
- memories now include considerable logic on
: the chip to provide features such as cache :
. control, error checking and correction, :
: counters for self refresh, or specialty circuits :
. for video applications. The wide array of non- :
: volatile memory capabilities—UV EPROM, :
. flash EPROM, EEPROM, and flash EE- :
- PROM—can also be mixed with the logic or :
. other storage technologies giving designers :
. a wealth of resources. :

To make such a cornucopia of circuits avail- :

able, most large semiconductor suppliers typ- :
- ically have three or four “generations” of :
. processes in development at one time (Fig. :
. Ia). For example, at Motorola Inc., Austin, :
. Tex., there are many overlapped processes :
. and pieces of the development cycle transpir- :
. ing concurrently. In fact, there are many in- :
. terlinking phases of development, from the :
: product-definition stage through the specifi- :
. cation of the production equipment and pro- :
. cesses (Flig. 1b). No product is really a stand- :
. alone development; each depends heavily on :
. many interrelated research activities. '

In addition to a process that runs on their :

- most advanced production line, companies :

TABLE 1: DRAM
LITHOGRAPHIC REQUIREMENTS

JANUARY 9, 1992

Storage First year Minimum Overlay Chip
capacity in feature accuracy area
(bits) production (1m) (em) (wm?)
256k 1984 1T 0.7 35
1M 1987 1.0 05 50
4M 1990 0.7 0.35 70
16M 1992/3 0.5 0.25 100
64 M 1996 0.35 0.18 140
256 M 2000 0.25 0.13 200
‘ 16 ? 0.18 0.09 280
T B 0. N J.C DR N SN,



. might typically have a prototype line running :
. the next process to be qualified for full pro- :
. duction, and behind that a process they ex- :
© pect to be the next pilot process, and so forth. :
. This is typical of today’s processes. Mass pro- :
: duction this year centers on chips with mini- :
: mum features of 0.7 to 0.8 um. Chips with 0.5- :
: wm features are already being fabricated on :
: some pilot production lines. Devices with :
. 0.35-um features are readily producible in :
: laboratory prototyping facilities. And re- :
. search is underway to produce 0.25-um and :

smaller features.

. To minimize the number of new processes :
© put in place at a facility and the number of :
. pieces of new equipment needed to facilitate
. a fabrication line, most companies try to mo- :
. dularize the process flow. By doing so, new :
: processes can take advantage of existing pro- :
: cess modules and just add the necessary new :
- modules that complete the new process. At :
- Texas Instruments Inc., Dallas, the proce- :
- dure to merge new steps into existing flows is :
. referred to as “harmonization,” explains Dr. :
. Pallub Chatterjee, a vice president at TI. By

expl‘oitin_g existing hardware, some up-front : porco of'ine semicon-
. engineering costs can be reduced and the :
- Through the applica-
. Though many aspects of chip manufactur- : st gl
© ing are interrelated, the three key areas are : t ¢
© lithography, etching, and deposition, which : 'r'f:g'e.%f.‘éﬂ'gﬁé’ﬁ'féa.

- are all closely linked. The step-and-repeat : tures were once

b h i o
. lithography systems most popular with to B il
- electron-beam, and X-
: - ray lithography sys-

. light wavelength that shines through the lens o e oo,
© to expose the resists. Systems using i-line : gm © tauson il

. steppers were expected to run out of perfor- : y t
. mance below 0.5 um, due to the long 365-nm : usablelife, pushing

. ufacturers will have to

© With optical steppers, the field of exposure :
- ranges from about 12-14 mm on a side for 10:1 : '('g;?l?;:f'g;:‘gtf?s";,

- reduction lenses, 17.5 to 20 mm per side for 5:1 :

© ramp-up time can be minimized.

. day’s advanced mass-production facilities are
. referred to a g- and i-line steppers after the

. wavelength of the mercury-are light source.

1992 TECHNOLOGY FORECAST
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TABLE 2: MOSFET SCALING TRENDS

1993-1994 1996-1997 1999-2000
Line widths 0.5 um 0.35 um 0.25 um
Power supply 33V 33v 2.0-25V
Gate oxide thickenss 11nm 9nm 6-7nm
Gate length
(n-channel/p-channel) 0.5/0.6 um 0.35/0.35 um 0.25/0.25 um
Switching speed
(fan-out = 1) 95 ps 68 ps 45ps
Drain structure
NMOS FOLD* Graded diffused Conventional
drain
PMOS Conventional Lightly doped Conventional
drain
Gate structure nt nt ant
polysilicon polysilicon NMOS polysiicon NMOS
p p’
polysilicon PMOS polysilicon PMOS
*FOLD: fully overlapped lightly doped drain
Source: Toshiba

2. The i-line stepper is
currently the work-
ductor industry.

masking, i-line sys-
tems can be extended

thought to be the do-

tems. Phase shifting

several years to their

. out the day when man-

radically change their

Technologies).

. systems, and still larger for 1:1 systems. :
- However, as the size of chips increases be- :
- yond those limits, the steppers must be able :
© to “stitch” multiple fields together to form :
. the larger patterns as chip dimensions exceed
© 600 or 700 mils on a side. Once field stitching
. is mastered, the field-size limit will no longer :
. restrain chip size. :
. Improvements in lenses, overlay registra- :
. tion between mask layers, and the develop- :
. ment of phase-shift mask techniques, are giv- :
‘ ing the optical stepper a new lease on life :
- down to feature sizes of 0.4 wm and perhaps :
. smaller (Fig. 2). The phase-shift mask :
. changes the phase of the light passing :
- through adjacent features on the mask by :
: 180°. That phase change causes edge diffrac- :
: tion to be canceled, rather than reinforced, by :
© the diffraction pattern of the neighboring :
. feature. With no cancellation, edge diffrac- :
* tion would limit resolution. The result of the :

phase shift is an intensity profile :

g-line stepper

Phase-shifted mask

i-line stepper

4 Mbit
16 Mbit

Fealur size (um)

3 e

Excimer stepper
Krypton-fluoride

256 Mbit

1 Ghit

Argon-fluoride
Electron beam or X-ray?
<~

that has a pronounced dip between :
features, which suggests that each :
feature will be clearly resolved. :

To do the phase shifting, the spe- :
cial masks must change the length of :
the optical path of the beam to be :
shifted. To do that, the thickness of :
the mask must be altered in the re- :
gions where the phase-shift must be :
done. The thickness of the phase- :
shifting region is different for dif- :
ferent wavelengths of the light that :
hits the mask and that thickness :

1990

1995

must be precisely controlled during

2000 mask manufacturing.
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Due to the complexity of manufac- :
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SIEMENS

How Siemens Has Become One Of
America’s Fastest-Growing IC Suppliers.

When it comes to
superior products and
service, Siemens brings
you a world of experience,
right here at home.

To succeed in the international market,
you first need a partner who can provide
the products and support necessary

for you to succeed here in the United
States. Siemens is that partner, with the
global expertise and wide range of
innovative products you need to build
for the world market, right here at home.

Building On A Reputation

For Quality

Quality has always been a priority at
Siemens, and we've taken great strides
towards achieving the highest level of relia-
bility for our customers, year after year.

This commitment to quality has resulted
in more than a 300% improvement in
defects-per-million for production in the
past four years, which is twice as good
as the industry quality average. And fewer
defects means more reliable systems and

subsystems, which reduces the cost of
ownership, repairs and replacements.

Communication Breakthrough

With our advanced Enhanced Serial
Communication Controller—the ESCC2
(SAB8B2532)—Siemens
continues to demonstrate
the innovation in commu-
nications technology which
2-channer has made us the leaders
Controller in the field.

Our popular ESCC2 provides transfer
rate speeds of up to 10 Mbit/sec in
synchronous mode. And it supports a
wide range of protocols—including X.25
LAPB, ISDN, LAPD, HDLC, SDLC and
both ASYNC and BISYNC—plus easy
adaptability to either Intel® or Motorola®
microprocessors. For fast, accurate and
reliable multi-protocolling.

Intel is a registered trademark of Intel Corporation. Motorola is a registered tradamark of Motorola, Ir



8, 16 and 32-pjt
Microcontrollers

Superior Embedded Control
Solutions

For high-speed embedded control
applications, Siemens also offers the
SABB80C166, the fastest real-time con-
troller in the world.

As the industry’s only 16-bit
microcontroller with a 4-stage
pipeline, the 80C166 reaches

: 16-Bit  speeds of up to 10 native
Microcontroller - \||PS, and delivers the
fastest interrupt performance and bit
processing capabilities of any controller
on the market.

High-End Computing Solutions
Plus, Siemens offers a complete portfolio
of products to match your specific needs for
state-of-the-art computer or computer
peripheral designs. Including the R4000
~the first microprocessor with a complete
64-bit architecture—plus the advanced
DRAMSs, tightly-coupled ASICs, and
communications ICs you need to build a
total systems solution.

CIRCLE 200 FOR U.S. RESPONSE

In CMOS ASICs, we
offer both Sea-of-Gates
and standard-cell
product families, fea-
turing sub-micron
technology which is
completely compatible
with Toshiba, even atthe GDS2 database
level, for true alternate sourcing world-
wide. And they'’re fully supported by
Siemens ADVANCAD design system,
which is based on industry-standard
workstations and simula-

tors. As well as the best

service in the industry.

64-Bit RISC
Microprocessor

Siemens is also the

only European DRAM  Gate Arrays and
manufacturer, with Siandarg Cals
high-quality 1-Mb and 4-Mb DRAMs in
production today, and 16-Mb and 64-Mb
DRAM programs for the near future. And
a commitment to innovation which has
made us one of the leading DRAM sup-
pliers to companies across America.
This means you not only get the high
performance of the innovative R4000,

but the quality in design and production
that has made our full line of ASICs and
DRAMSs the industry leaders.

Servicing The United States
Because quality doesn't end with the
product, Siemens also works very closely
with you to provide the type of service
and support that fits your individual needs.
Services such as Field Application Engi-
neering, Just-In-Time delivery, flexibility
in packaging and design, and multiple-
sourcing—the type of support which has
won us preferred vendor status with
Fortune 500 companies, including the
Q1 Preferred Supplier Award from Ford.
And has made the name Siemens synon-
ymous with quality for over 150 years.

Call us today at 800-456-9229 for more
information. We'll show you how you

can get a world of products and service,
right here at home.

Ask for literature package M11A018.

Siemens
World Wise, Market Smart.

CIRCLE 201 FOR RESPONSE OUTSIDE THE U.S.
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: turing the phase-shift
- masks, and thus their high
: cost—more than twice

- that of a standard mask,
. the use of such masks is
: now limited to just one or
. two key layers on highly
. regular mask patterns. As

64 Mbit

()Figwd capacitor
:-i JSubstrate

. the masks become easier
. to create, costs will come
- down and phase-shift
: masks will probably be-
: come a standard part of I-

256 Mbit

JSubstrate

. line lithography for mini-
: mum feature dimensions

Interconnect

Word line

Storage electrode

o

Gapacitor
L~ dielectric
film

Silicon dioxide

™ Plate electrode

Silicon substrate

Trench

:in  the 0.35-t0-0.5-pm
. range.

:  The use of deep-ultraviolet-light wave- :
: lengths will soon be possible, too, thanks to :
. the development of excimer-laser light :
. sources, explains Dr. Uday Sengupta, a vice :

. president at Cymer Laser Technologies Inc.,

- San Diego, Calif. Such sources, based on :

. krypton-fluoride or argon-fluoride gases,

. provide light with wavelengths of 248 or 193 :
. nm, respectively. Those shorter wave-
. lengths, he continues, improve the optical :
: resolution, allowing optical systems to create :

. features approaching 0.2 um.

Such small features were once only :

. 3. Two memory cell

- types will be used in

- forthcoming 16-, 64-,
and 256-Mbit dynamic
RAM:s. One consists of
the trench-capacitor

- storage cell that etches
. a high-aspect-ratio
trench into the sub-

- strate to form the ca-

- pacitor (left). Another
involves building the

. storage cell above the

. substrate to form
finned structures.
These structures can

. use three or four layers
. of polysilicon to create
- acapacitor (right).

. thought possible with electron-beam direct- :
. write lithography or projection X-ray sys- :
. tems. The one mitigating factor for deep UV :
. is the small depth-of-focus—about 0.5 um. :
: That short distance will force the chip fabri- :
. cators to add extra processing steps to plan- :
- arize the surface of the wafer, so that the :

. mask images can be properly transferred.

Resist technology will also play a role in

TABLE 3: BIPOLAR-PROCESS TRENDS

Process P101 P11 P201 P231
Minimum feature size, um 14 1.2 1.2 0.8

(critical dimension)
Metal pitch, um (layers 1/2/3) 4/4 4/4/8  2.8/2.8/2.8 2/2/2
Average logic density,

equivalent gates/mm’ 350 500 1000 2000
Average memory density,

bits/mm? 350 500 1000 2000
Maximum number of utilized

gates, equivalent gates 35,000 95,000 200,000 400,000
Worst-case equivalent

gate delay, ps 330 280 160 120
Gate power consumption, pW 380 380 380 380
Production status Now Now 1istquarter  2nd quarter

1992 1993

Source: Bipolar Integrated Technology
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: extending the usable life of optical lithogra- :
. phy. For instance, research at Siemens AG in :
. its Germany offices, has led to a two-layer :
" resist scheme that can achieve dimensions as :
: small as 0.3 to 0.25 um. By employing two :
. layers, only a thin, uniform film need be ex- :
- posed, reducing the stepper’s depth-of-focus :
. problem. :

The much thicker underlying film ensures

. identical exposure. To enhance the top layer’s
© resistance to anisotropic dry etching, the film :
: is subjected to a simple chemical after-treat- :
. ment. It produces a chemical expansion of the :
: resist lines (CARL), which allows vias as :
- small as 0.15 pm and similar-width isolated :
. multi-micron-deep etch troughs to be created. :
. To produce such small dimensions, the lithog- :
: raphy system must have an optical resolution :
: of 0.4 um (krypton fluoride excimer lasers). :
. The CARL-resist scheme can also be restruc- :
. tured for even finer line features when argon :
. fluoride excimer-laser steppers are available. :

By extending the useful life of the optical :

. stepper with phase-shift masks or excimer la- :
. sers, other technologies now in the wings— :
- projection X-ray, and direct-write E-beam or :
. laser lithography—will stay in the wings. Be- :
: cause these newer technologies represent a :
. significant departure from existing tools, :
. most firms are reluctant to use relatively un- :
. proven tools on production lines. ‘

Direct-write E-beam and laser systems are :

: in use for mask making, with E-beam sys- :
. tems popular for the creation of 1:1 reticles :
. (masks) used in optical and X-ray step-and- :
. repeat systems. In a few cases, companies :
- that manufacture small-lot custom chips also :
. use E-beam systems for direct pattern writ- :
. ing on wafer surfaces, thus eliminating the :
- need to create masks altogether. :

- DiGeInG I
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Once the first-level patterns are formed, :

. etching and deposition systems merge their :
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. 4. Tungsten plugs,

. such as these deposit-
. ed by Integrated De-

- vice Technology, are

. used to fill the via

. holes, planarizing the
- dielectric surface be-

- tween the first and sec-

- ond levels of metal, as
: well as between the

- second and third levels

- of metal. Planarization
. eliminates the step-

. coverage problem that
. plagued previous cir-

- cuits employing sput-

. tered aluminum inter-

% connection layers.

. operations along with pattern lithography :
- for subsequent layers. Dry-etch systems em- :
- ploying plasma ion sources and enhanced :
. with magnetic or electron-cyclotron reso- :
. nance are the industry workhorses. These :
. systems create the vertical etch profiles :
. needed for the fine features and trenches de- :
: manded by the circuit designers. As for depo- :
. sition, ion implantation, epitaxial silicon and :
. gallium-arsenide growth, and various forms :
: of chemical-vapor deposition (CVD) for ox- :
- ides and metal layers, are all being put to :

. work to build the highest-density chips.

. As with lithography, the time needed to :
. complete any process step is also a critical is- :
. sue. In lithography, for example, the sensitiv- :
© ity of the resist (the more sensitive the resist, :
. the shorter the exposure time), the exposure
© time per site, and the time needed to move :
. from site to site, are key aspects affecting :
: wafer throughput. Brighter light sources, :
 more sensitive resists, and faster step-and- :
. repeatalgorithms and mechanisms are all be- :
- ing developed to make the expensive steppers :
- more productive. Similarly, with etching and :
. deposition systems, throughput is a key as- :

. pect that’s always under the microscope.

. Of all ICs manufactured, DRAMs present :
. the greatest challenge to pushing the limits :
. of process technologies, due to their ever-in- :
. creasing need for higher storage capacities. :
. Here, memory designers have three types of :
. cells to choose from. One choice is to use lat- :
- eral cells. These are the simplest to manufac- :
© ture, but they also occupy the largest chip :
. area. Another choice is to employ smaller- :
. areatrench cells that go down into the silicon. :
: These, however, require tight etching control :
. and high etch selectivity. A third choice is to :

. go with similarly-sized “finned” or cylindri- :

e L E C

T REOENGE €
JANUARY 9, 1992

IRE §S

- cal storage cells by depositing three or four :
. layers of polysilicon and oxide dielectrics :
. above the wafer surface. The latter two ex- :
: ploit the third dimension by digging into or :
: building on top of the substrate to implement :
. the storage cells (Fig. 3). :

For some memory manufacturers, deep :

. trenches (typically 4 to 8 um) are essential to :
. form the capacitor storage cells used in the :
- DRAMs. In other applications, shallower :
. trenches are used instead of oxide-isolation :
- schemes to isolate adjacent active devices. :
. The creation of the vertical trenches in the :
. silicon saves lateral chip area and allows de- :
. signers to minimize chip area because memo- :
- ry cells can be made smaller and adjacent :
: transistors located closer together. :

To etch the trenches, plasma systems are :

. constantly upgraded to create extremely :
- steep etch profiles, so that trenches with :
. depth-to-width ratios of 5:1, 10:1, and even :
- 20:1 can be repeatedly formed in the wafer. :
. High selectivity, accurate end-point detec- :
: tion, and etch speed are the keys to etching :
. the trench without etching the rest of the wa- :
fer surface (thus achieving the close-to-verti-
. cal sidewalls of the trench). :

Trench cleaning is also critical because fila- :

- ments from the silicon or residual contami- :
 nants can cause structural discontinuities :
- that degrade the storage capability of trench :
: capacitors. A secondary light-etch step canbe
. added to the process flow to clean up some of :
. these potential problems. :

In a typical scenario, openings in the ex- :

. posed mask layer would typically form the :
. pattern of where the trenches must be :
. etched. When etching begins, the exposed sil- :
. icon is removed by the plasma. However, the :
. resist or silicon-dioxide layers in the protect- :
. ed regions are also etched away, but at a :
- much slower rate because the plasma’s ef- :
. fects (its selectivity) are optimized in this step :
- to remove silicon, not silicon dioxide. :

The power levels required to perform oper-

. ations such as etching or ion implantation in :
. reasonable time periods cause some other :
. problems that processing groups have todeal :
. with—surface damage to the uppermost lay- :
. ers of the silicon that contain the very thin :
. junctions formed by ion implants and diffu- :
. sions. Subsequent processing steps that ther- :
- mally anneal the surface can repair damage
* to the atomic lattice structure of the silicon. :
- However, much care must be taken in the an- :
. nealing process because the shallow junc- :
. tions are especially sensitive to high tempera- :
. tures—heat could cause the ions to shift :
. around and destroy or deform the junctions. :

As dimensions get even smaller, junction :
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. depths will decrease to just a tenth of a micro- :
. meter or so, making the structures even more :
. sensitive to damage from plasmas, implants, :
. and high temperatures. Future etch process- :
. es will need to be gentler and still provide :
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. good etch rates, uniformity, selectivity, and

: profile control. Most of the recently released :
. etching systems can deliver results with uni- :
: formities to within about 5%. However, over :
: the next few years, the tolerance will have to :

- tighten as the feature sizes shrink.

- Although plasma etching has virtually tak- :
. enover almost all key etch steps, some recent :
. developments with chemical etching or the :
. use of focused ion-beam systems show prom- :
: ise for future processing. In fact, chemical :
. etching seems to be coming back when used :
© with light mechanical grinding of the wafers. :
: This combination is being experimented with :
© to planarize the intermediate dielectric layers

. as a wafer is manufactured.

FLATTENING THE SURFACE

. Acritical aspect of manufacturing for new- :
. generation chips is planarization, which is :
: necessary because in many cases three or :
: more levels of metal interconnection layers,
. or three or four levels of polysilicon, can be :

- used. Random logic circuits implemented in :

] : .. 5. Selective deposition
: gate arrays, and structured logic such as mi- : 2o o)

: croprocessors, gain significant density im- : around an air-bridge
- provements as they switch from two to three :

: : : . quent layer of metalli-
. levels of metal interconnections. However, as : ,aiion ailows National

- more levels are added, the surface planarity :

. that each successive metal layer must be de- : € ]
: - 4% i . chip coaxial conduc-
. posited upon gets worse, requiring additional : tors—the equivalent of

. shielded cables. Al-

: corrective action.

: According to Tony Alvarez, director of :
. technology at Cypress Semiconductor, San :

- Jose, Calif., planarity must be managed, lay- b oA

: er-by-layer, as dimensions decrease. A key : fiong during the next

. reason, he explains, is the small depth of fo- :

b
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. cus for the optical-lithography systems. To :
: build static RAMs (Cypress'’s key products), :
© designers will have to move to three or four :
- layers of polysilicon, but not for resistor ele- :
© ments. :

As the layers increase, surface planarity :

- will suffer unless layers are planarized. Poly- :
. silicon resistor loads will give way from those :
. used in the 1-Mbit generation of SRAMs to :
© thin-film transistors in the 4- and 16-Mbit gen- :
. eration of SRAMs. The thin-film transistors :
© would be implemented in the polysilicon :
. above the surface of the wafer. The thin-film :
. devices reduce the memory cell’s leakage cur- :
* rent by a considerable amount over the leak- :
- age in polysilicon-resistor-based cells. A dif- :
. ference of just 1 nA per cell, for instance, :
. translates to 4 mA at the chip level—a signifi- :
© cant amount of current if battery backupis a :
. key requirement. :

The most attractive planarization schemes

© now gaining acceptance include the use of :
. tungsten plugs, which are formed by CVD, :

conductor and a subse-

Semiconductor’s re-
searchers to create on-

though still experimen-
. tal, such etching and
deposition capabilities
will make possible

few years.

-

6478

D

© and aluminum plugs, which can now be de- :
. posited by a sputtering scheme. Experiments :
- with copper CVD also show promise, but such :
. systems will probably stay in the lab until the :
. mid- to late '90s. The tungsten and aluminum :
: CVD schemes are starting to replace ap- :
: proaches that deposit overly thick layers of :
- dielectric, and then etch back the surface to :
. planarize the top edge prior to depositing the :
. metal layer. :

Inits efforts to add a third layer of metal in

. its next-generation CMOS process, the CE- :
© MOS 17, researchers at Integrated Device :
© Technology Inc., Santa Clara, Calif., keptalu- :
. minum for the level-1 metal layer to minimize :
: RC delays, but added tungsten plugs to plan- :
. arize the surface upon which level-2 metal is :
deposited (F%g. 4). The triple-metal process, :
. slated for production release by mid-1993, :

will employ drawn feature sizes of :
about 0.6 pm and have a metal-to- :
metal pitch of 1.2 pm. :

Careful attention must be paid to :
the contact- and via-hole openings to :
make sure they don’t get over-etched
and become too wide, or under- :
etched and prevent contact with the :
underlying layer. Often, a short sur- :
face-reflow operation is done with :
thermal annealing systems to reduce :
the vertical sidewall slopes and even
outany etchback differences. There- :
flow thus minimizes any step-cover- :
age problems that metallization lay- :
ers often encounter. (Step coverage :
problems refer to the thinning or :
even non-deposition of metal along :
EesT G- N
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. theinside vertical edge and corner of
. avia or contact opening.)

: Tungsten deposition schemes—
- both blanket and selective—are be-
: ginning to replace the insulation-de-
. position and etch-back approach.
. Tungsten lets designers do more in
- one step, which simplifies the pro-
- cess flow, according to Texas Instru-
- ments’ Chatterjee. For example, at
- TI, a blanket layer of tungsten is
- used for the first metal layer and for
- localized interconnections by form-
. ing tungsten-silicide below that lay-
- er. Tungsten has a higher melting
: point than aluminum, so it can with-
. stand the higher process tempera-

silicon
sensor

heat-sink
layer

Thermal oxide
Amorphous

Cr

} Fourth layer

1
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. tures encountered during the latter
. half of the chip-manufacturing process.

- DEPeSITING SEECTVELY

- Selective deposition is a potential solution :
- to the complexity of blanket tungsten ap- :
. proaches because it requires one process step :
- rather than three. The selectivity permits the :
. tungsten to be deposited only in the contacts, :
- vias and other specified regions, without the :
. waste of ablanket layer that would have to be :
. removed. Although no commerecial chip mak- :
. er employs selective tungsten in production, :
. several equipment vendors have started sam- :
. pling some systems. Some problems, such as :
- loss of selectivity and consistency, however, :
- must be worked through before the systems :
- are put on the production line. :
. Tungsten’s use as a barrier metal protects :
. the underlying junction from ion migration :
- and spiking (shorts caused by metal ions, :
. such as aluminum going through the junc- :
: tion). By using the barrier, aluminum can be :
. deposited by employing a phase-vapor depo- :
: sition system to form the first level of metal, :
- and etching to form a bimetal line when the :
- second layer of metal is deposited. That ap- :
. proach also reduces metal electromigration :
. and improves chip reliability. j
. Recent research advances, however, show :
© that there’s still plenty of life left with alumi- :
: num for use as a plug-fill material. A new de- :
: position scheme combines standard magne- :
. tron sputtering with heating to increase alu- :
 minum mobility. Fill aspect ratios of 3:1 were :
. demonstrated in 1990 by SGS-Thomson Mi- :
. croelectronies, Carrollton, Tex,, and more re- :
- cently by others. ASM America Inc., Phoenix, :
. Ariz., a supplier of deposition systems, has :
- shown aluminum can give tungsten a run for :
. its money as a planarizing plug. I
: Experiments show that aluminum provides :
. step coverage over 95% and has a resistivity :

EHleE L E C

- 6. Four layers of single-
. crystal silicon were

. stacked one above the
- other by researchers at

. formation, eliminating
. the complex interde-

- mented to interconnect
. imaging arrays to all of

TR Ol 16

Matsushita to form an
image processor. The
chip both detects the
image as well as pro-
cesses the digital in-

vice wiring that must
typically be imple-

the amplifiers and sig-
nal-processing logic.

. of less than 3 pQ-cm. A small amount of cop- :
- per doping helps reduce electromigration. :
* Aluminum also offers one major advantage :
- over tungsten: Aluminum sputtering can be :
. done on basically the same equipment al- :
. ready in use, and in one step. :

In the blanket schemes, the CVD systems

- deposit tungsten into the via and then contin- :
: ue depositing tungsten on top of the insulat- :
. ing layer. Because tungsten adheres loosely :
© to silicon dioxides—but well to metals and to :
. silicon—the tungsten that overlays the insu- :
. lator can easily be etched back if only the :

. plugs are used. After the etch-back opera- :
: tion, a flat layer of sputtered aluminum can :
: be deposited to form the interconnection. :
- With the blanket approach, the unwanted :
: tungsten can readily be removed by etching. :

Rather than just be etched away, the tung- :

- sten blanket could also be patterned and, :
© thus, used as the second, third, or nth level of :
: metal. Consequently, tungsten layers can be :
. used instead of aluminum to form every in- :
. terconnection on a chip. However, the resis- :
- tance of tungsten is several times that of alu- :
. minum, so it’s unlikely that all-tungsten in- :
. terconnect systems will be the dominant met- :
- al scheme for on-chip interconnections. :

To date, interconnections on chips are sin- :

. gle-conductor planar lines. However, as on- :
© chip frequencies increase, coaxial conductors :
. that provide shielding or controlled imped- :
. ances will be needed. Experimenting with co- :
. axial conductors, researchers at National :
- Semiconductor Corp., Santa Clara, Calif., cre- :
. ated coaxial structures made from tungsten :
- that mimic shielded coaxial cables (Fig. 5).

To make the conductors, Court Skinner,

: the company’s Director of Technology, ex- :
. plains that metal wire that becomes the core :
- conductor must first be deposited and then
: the material around the conductor must be :

D
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: removed so that the conductor becomes an air :
. bridge. Then insulating material that only ad- :
. heres to the metal of the air-bridge materialis :
. deposited. Finally, the second layer of metal :
. is deposited on top of the insulating material :
: to form the coaxial shield. Multiple conductor :
: paths can thus be simultaneously created for :

- shielded, low-noise signal transfers.

. Developments in lithography, etching and :
- deposition promise not only great strides in :
. chip integration levels, but also in circuit per- :
. formance. One novel area is the creation of :
: three-dimensional circuits in which multiple :
- layers of active elements are stacked one :
. above the other to form complex subsystems :
: on a single chip. At last September’s Europe- :
. an Solid-State Devices Research Conference :
: in Montreux, Switzerland, numerous papers :
- presented results of Japan’s 3D IC project, :
. sponsored by the Research and Development :
- Association for Future Electron Devices in :
- Tokyo. Efforts in large-area silicon-on-insula- :
. tor (SOI), gallium-arsenide on silicon, and wa- :

. fer bonding were detailed.

. One effort describes the creation of five
. stacked layers of 9.5-by-9.5-mm SOI crystal :

1992 TECHNOLOGY FORECAST
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. fabricated by researchers at Toshiba Corp., :
. Kawasaki, Japan, by using electron-beam re- :
. crystallization. To connect the layers, espe- :
. cially the widely separated ones, Toshiba de- :
. veloped a 6-um via-hole-filling scheme that :
: can deal with vias with aspect ratios of 7:1. :
- Devices made in the recrystallized layers are :
- 0.25-pm-gate MOS transistors formed by op- :
- tical lithography and reactive-ion etching. :

Additional activities described by the Asso-

. ciation include a multilayer IC for range sens- :
. ing. The chip, from Mitsubishi Electric Co. :
. Ltd., Itami, Japan, has four layers that re- :
- spectively contain a 64-by-64 array of image
© sensors, one row of 64 sensor circuits, an 8- :
. by-8 array of 2-bit CMOS a-d converters, and :
: a CMOS ring pointer plus an 8-by-8 subtrac- :
© tion circuit on the fourth layer. From Matsu- :
- shita Electric Industrial Co. Ltd., Osaka, Ja- :
- pan, another 4-layer chip packs a complete :
. parallel image processor containing a 64-by-
. 64 array of sensors on one layer, level detec- :
© tors on the second, the frame memory on the :
third level, and the arithmetic circuits on the :
- lowest layer (Fig. 6). :

However, along with the shrinking fea- :
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. tures come what might be some design chal- : . term solution for the first half of this decade :
- lenges at the device and circuit level. For in- : - and full CMOS will be the long-term answer. :
. stance, as key dimensions shrink below about : : One way to counter the lower performance :
: 0.6 pm, supply voltages must be reduced or : . of the biCMOS circuits is to use dual power :
: the transistors will overload. The industry is : . supplies—an approach suggested by both :
. already starting to jump onto the 3.3-V re- : . Dr. Susumu Kohyama, general manager of :
- duced power-supply standard defined by JE- : - the LSI division of Toshiba Corp., Tokyo, and :
- DEC. Reducing the operating voltage either : - Tony Alverez, director of technology devel- :
. internal or external to the chip reduces volt- : - opment at Cypress Semiconductor. Rather :
. age stresses and thins out oxide levels with- : . than power the circuits from a 3.3-V supply, :
: out damaging the devices. : . use dual supplies, such as one that provides :
. The lower voltages, though, may impact : . the standard 5 V and another that supplies :
- performance unless designers can compen- : . thelower 3.3-V level. At lower supply voltage :
. sate for the bias differences. Changes in tran- : . levels, performance degrades quickly and the :
. sistor design and ion-implant levels will be : : dual-supply approach could extend the usable :
. made to adjustdevice thresholds and keep cir- : . life of ICs into the next century. :
. cuit performance as high as practical. At 3.3 : - BiCMOS circuits currently deliver perfor- :
-V, biCMOS logic should work fine when im- : : mance gains of 50 to 100% over standard :
. plemented with devices in the 0.5-um range. : - CMOS circuits, but at the cost of adding three :
- However, in the latter part of the decade, di- : . to five masks steps to overall chip processing. :
: mensions should drop to about 0.25 um, and : : With 0.8-um features, a biCMOS chip can out- :
: that might require the supply level to drop : . perform a similar circuit implemented with :
. still further to less then 2.4 V (Table 2). With : . pure CMOS logic with 0.5-um features. How-
. such alow supply level, many designers ques- . ever, biCMOS’ manufacturing complexity :
- tion the performance or flexibility of biCMOS : . and its higher prices have held back its wide- :
. logic. Many believe that biCMOS is a short- : . spread popularity for logic and memories.
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Pure bipolar circuits are also advancing as :
. feature sizes decrease. One of the few compa- :
: nies specializing in bipolar-only technology, :
. Bipolar Integrated Technology Inc., Beaver- :
: ton, Ore., has several generations of process- :
. es scheduled through mid-1993 (7able 3). The :
- most advanced process relies on relatively re- :
- laxed design rules—0.8-um minimum feature :
- sizes. With the ability to pack up to about :
: 400,000 equivalent gates onto a chip area of :
: 225 mm?, the process relies on tight metal- :
. metal spacing—just 2 um—for all three lev- :
. els of metal interconnections. :
. Combinations of doping and specialized :
. lithography allow designers at Hitachi Ltd., :
: Tokyo, to build a 64-GHz bipolar transistor, :
. as described last month at the International :
. Electron Device Meeting (IEDM) in Washing- :
- ton D.C. The addition of germanium to the :
. base of bipolar devices was also discussed at -
. both the 1990 and 91 IEDMs by IBM, York- :
. town Heights, N.Y., and Princeton Universi- :
. ty, N.J. Such transistors have exceptionally :
. high cutoff frequencies and would make ideal :
. building blocks for logic circuits. Germanium
. logic circuits, though, will have to wait. Ger- :

S

. manium-base structures are still experimen- :
tal and probably won’t be used commercially :
- until the latter part of this decade in anything :
. other than discrete form. :

The promised merger between GaAs and

. silicon is also coming closer as more repro- :
- ducible results are achieved with GaAs layers :
- deposited on silicon wafers. Such an ap- :
- proach can potentially solve three design is- :
. sues. First, it can eventually drastically lower :
. the substrate cost of GaAs circuits because :
: only a thin epitaxial film would be needed :
© rather than an entire GaAs wafer. Second, :
. the silicon substrate provides a better ther-
- mal path for heat removal and a sturdier :
: working base material. And third, it would :
- allow the close coupling of high-speed or opti- :
. cal GaAs components or circuits to ULSI sili- :
- con logic, eliminating the need to propagate :
- high-speed signals across a circuit board.[]
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Our new MCM designs have already taken off.

Now you can blaze new trails
in multichip module design.
Introducing new FINESSE™
MCM/CAD software.

In initial applications, from
aerospace to high-speed computing,
FINESSE MCM'’s process-driven

An
HDI
process
using

design features and powerful database
delivered the proven accuracy and
flexibility needed for evolving

MCM design.

Here are just a few of the features
that make FINESSE your best choice
for MCM, thinilm, chip-on-board,
HDI, and surface mount technology.
¢ Extensive design rule files let you
design to your process parameters.

e Powerful, 32-bit database is
scalable or variable, with sub-micron
feature resolution.

® Complex via structures let you
specify staircase, stacked or staggered

FINESSE. via patterns.

Finesse is a trademark of Harris Corporation. Sun is a trademark of Sun Microsystems, Inc.
©1991, Scientific Calculations, a division of Harris Corporation, 7796 Victor-Mendo1 Road, P.O. Box H, Fishers, NY 14453,
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¢ CAM outputs are specially designed
to produce glass masks or drive adap-
tive lithography.

What'’s more, INESSE MCM
operates on high-performance work-
stations from SUN Microsystems.
Just one more way we’re “bringing
the best together.”

For complete information about
new FINESSE MCM, write or call
today: 1-800-4-HARRIS, Ext. 4463.
In Canada, call 1-800-344-2444.
And see how fast we can get your
MCM design off the ground.
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Now AMP makes it easy to board level to network level—

get your fiber optic designs take the hard work and guess-
up and running. work out of working with
AMP engineering tackles fiber optics.

the critical aspects of fiber Our OPTIMATE Con-

optics at the component nectors and Data Links come

design and manufacturing down to a by-the-numbers

stages. All our components—from data communications set. Our
FSMA-style connector is the first of
its type to qualify to MIL-C-83522.

In fact, we offer the broadest line

AMP and OPTIMATE are trademarks of AMP Incorporated



OPTIMATE Data Links offer logic

level compatibility, carrier sense, data
quieting. In 850 and 1300 nanometer
multimode, from 25 Mb/s to 220 Mb/s.

of fiber-optic connectors, cable,

and components available anywhere.

And because we’re a connector

company, we back that line up.
We're the only fiber optics

supplier, for example, to provide

you with dedicated field support.

We play an active role in standards-

setting groups like ANSI, IEEE, and
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IEC, so we take compatibility and
growth into consideration from the
beginning. And we have the only
commercial labs approved by DESC
and IEC for qualification testing.
Whatever your interest in fiber
technology, we have the expertise

and the commitment to help. In fact,
we might even put a little fun back
into the job.

For technical information, call
1-800-522-6752 (fax 717-986-7575).
In Canada, call 416-475-6222.
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conversion rate
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e single/dual

e 28-pin plastic DIP

e from $29.95 and
$37.45"

Demo Board
Saves Time
Designed to test DSP
software routines and
reduce system board
layout time, our demo
board is a complete
analog I/O system

for a DSP design
prototype. You'll save
yourself a lot of valu-
able design time and
money, too.
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Complete Analog I/O
Our high performance A/Ds and D/As not only
deliver easy access to the analog world from
the latest DSP ICs, but also are complete analog
input/output peripherals. All parts feature a zero-
chip interface to ADI, AT&T, Motorola, and Texas
Instruments DSP processors. Together, these parts
provide a direct, easy and complete system for
your analog DSP needs.

Unlimited Applications
Currently used in gas analyzers, medical
scintillation cameras, and underwater acoustic
systems...the applications are as unlimited as
your imagination. The versatility and perfor-
mance of our parts lets you use them for virtually
every analog I/O application powered by the
latest DSP ICs.
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DSP201/202
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e 28-pin plastic DIP
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For detailed data
sheets and a free
brochure detailing
Burr-Brown’s World of
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call 1-800-548-6132.
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P.O. Box 11400
Tucson, AZ 85734
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NEW PROCESSES
10 SPAWN NEXT-

L Cis

. signal systems on a chip. Some will be largely :
. digital. But analog, including RF, and/or :
. power-control functions will tie them to the :
. real analog world. :

The real sleeper technology for the next :
generation of ICs may be the wafers these :

. ICs will be built on. Direct wafer bonding is :
. turning dielectric isolation (DI) into a broad- :
. based technology available to anyone. Bond- :
- ed wafers, and IC processes designed for :

- them, will become the technology of choice :
. for the highest-performance analog, mixed- :

GENERATION

. signal and power/high-voltage ICs. Of the :
. half-dozen or so companies either serious or :
- thinking about the technology, all are consid-
. ering it for high-speed analog/mixed-signal :

. applications.

ANALOG,

Over half of these companies are also con- :

. sidering the technology for power/high-volt- :
- age [Cs. Wafer bonding, or some other form :
- of silicon-on-insulator (SOI) technology, such :
- as SIMOX (separation by implantation of ox- :

. ygen), may also take over mainstream digital :
: CMOS as gate lengths drop well below 0.5 um :

MIXED-SIGNAL,

- (ELECTRONIC DESIGN, “A brief review of SOI :
. techmologies and their advantages,” Dec.
19, 1991, p. 40). :

One new major application area on the rise :

. for analog and mixed-signal silicon IC tech- :
: nology is RF circuits, made possible by IC- :

POWER ICs

FUTURE SUBMICRON PROCESSES ON SO :

© transistor unity gain cutoff frequencies (f;s) :
: reaching above 10 GHz. Such fs are expected :
- to challenge those of future transistors made :
. from gallium arsenide and other III/V mate- :
palst :

Long the domain of discrete and hybrid de-

. vices, RF circuits are now going the monolith- :

. ic-IC route. The demand for “personal” wire- :

WAFERS TO BOAST fs BEYOND 25 GHz.
BY FRANK GOODENOUGH

- less (both voice and data) communications :
. links has moved once exotic applications into :
- consumer products found in discount stores. :
- It’s known that one IC supplier’s goal is to :
- own all of the silicon between the antenna and :

- the microphone or speaker of a cellular tele- :

he next generation of analog, :
mixed-signal, and power/high- :

voltage ICs will be built on pro- :

cesses that didn’t even exist five :

years ago. Though these future :
processes are currently in differ- :

ent stages of development, they :
represent an ongoing revolution in :
semiconductor processing. The devices to be :
built on them will create products ranging :
from disk drives, cordless telephones, and :
wireless local-area networks, to global-posi-
tioning-system (GPS) receivers, PC and :
workstation graphics, imaging systems, mo- :
tor controls, and classic data-acquisition sys- :
tems. Most of these ICs will be true mixed- :
E L E C:T R 0 N1 D E
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phone. RF chips will go into upcoming digital :
cordless telephones, advanced modems, GPS
receivers and re-broadcast transmitters, and :
direct-broadcast satellite (DBS) TV receiv- :
ers. Transistors with similar bandwidths will :
be required for the ICs to bring glass-fiber :
cables into every home either via cable-TV or :
the telephone system. :

With a few exceptions (particularly the :
domination of the high-speed op-amp field by :
Harris Semiconductor), most analog and

. mixed-signal ICs, until recently, have been :

built on versions of processes little changed :
over the last 15 to 25 years. Robert Widlar’s :
wAT709 op amp on the “standard bipolar pro- :
cess”’ came out in 1967, and National Semi- :

s16 NEJ
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. conductor added JFET op amps to the process :
. in 1974. The metal-gate CMOS process used :
. for most chopper-stabilized op amps, inte- :
. grating analog-to-digital converters, and an- :
. alog switches (which originated at Intersil, :
: now Harris Semiconductor) isn’t much youn- :
. ger. In fact, whereas most digital ICs today :
. are built in fabrication facilities that required :
. their chief executive officers to “bet the com- :
. pany,” the vast volume of analog ICs shipped :
- today still can be built in already-paid-for “ob- :

- solete” fabrication facilities (it should be not- :
. ed that many are built-in advanced fabrica- :
. tion facilities where significantly higher :
. yields are usually achieved). Moreover, with :
. the exception of the CMOS devices, ICs that
. could operate with 30 V between their rails :

were the order of the day.

: The revolution in semiconductor process- :
. ing didn’t explode on the scene. Various inno- :
- vative product developments that took place :
: during the 1980s (and even earlier) truly rep- :
- resented what was to come. Like virtually all :
- advanced analog ICs, most were the work of :
. skilled circuit designers taking advantage of

- available semiconductor processes.

CRySTAL BaLLs Neeoeo

:  Today, the time-to-market factor domi-
. nates process development. Since looking :

One way to cut
process devel-
opment time is
to draw more
heavily on
mainstream
digital technol-
ogy, rather
than just use
the techniques
and equipment
developed
for it

. even five years ahead is impossible, new-pro- :
- cess development must be quick. To ensure :
: having processes available when IC design- :
. ers need them, one major semiconductor com- :
. pany is looking to develop a new process in

- under two years.

: Oneway to cutprocess development timeis :
© to draw more heavily from mainstream digi- :
: tal technology, rather than just use the tech- :
. niques and equipment developed for it (fine- :
. line lithography, reactive ion etching, trench- :
. ing, polysilicon emitters, double-metal inter- :
: connects, recessed oxide). A second, and :
: quite different path, is to employ a long- :
. range plan for process development with evo- :
. lutionary, but significant, performance up- :
. grades as time passes. With this approach :
. and a little insight, processes are available :
. when they’re needed. A third approach, the :
- so-called modular process, exploits the other :

. two approaches.

: Inamodular process, each module builds a :
: particular type of active or passive device :
. (npn transistor, CMOS inverter, oxide capaci- :
* tor). The designer, as if in a cafeteria, and :
. with an eye on the budget, picks and chooses :
. the modules needed for a particular IC. If a -
- new kind of device is needed, or better specifi- :
. cations are needed for an existing device, :
. only a process specific to that device or speci- :
EJE L E € TR 0NILic
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- fication need be developed.

A number of process types compete fierce- :

. ly with each other for the next generations of :
- analog, mixed-signal, and power ICs, just as :
. the ICs to be built with them compete for the :
. system designer’s tasks. And although the :
. distinet line between process types may tend :
. tobluras time passes, most process types will :
. be used throughout the 1990s. IC designers :
: can now choose among at least five different :
. process types: :

. ® Bipolar technologies limited to very high- :
. speed vertical npn transistors. These are ei- :
* ther upgraded versions of the 25-year-old :
- workhorse “standard bipolar” process, or are :
. derived from digital ECL processes. :

. o High-speed complementary bipolar (CB)
. processes using either junction isolation (JI) :
- or dielectric isolation (DI). :

. ® Fine-geometry CMOS processes, either up- :
. graded versions of so-called linear CMOS pro- :
. cesses, or modified or even non-modified ver- :
. sions of digital CMOS processes. :

. ® Power and high-voltage IC processes con- :
© taining a mix of two or more of the following :
© transistor types: high-voltage npn, pnp, :
: DMOS, or CMOS transistors; or small-signal :
. npn, pnp, and CMOS transistors. :

. ® High-speed biCMOS processes, which may
. be upgraded versions of today’s analog bi- :
: MOS technologies or some mix of the previ- :
. ous four processes. :

THREE DEVELOPMENT PATHS

Each of these five process types fits nicely

. into one of the three process-development :
: paths, which aim to ensure that future pro- :
. cesses will be available when needed. The two :
. pure-bipolar process types demand that the :
: long-range planning approach be used. Fine- :
. line CMOS processes must rely on access to :
. mainstream digital IC technology. And suc- :
- cessful biCMOS processes must be modular :
. in structure. :

Until recently, power and high-voltage 1C

- processes have represented a slow, evolution-
. ary-type technology. But that may change, :
: with those processes evolving into modular :
- methods that eventually merge with biCMOS :
. technology. :

However, the ultimate process type for the

. late 1990s will be modular—on bonded wa- :
. fers. The 5-V technology will offer CB tran- :
. sistors with fis beyond 10 GHz, submicron :
CMOS, and EEPROMs. In addition, it will of- :
. fer DMOS transistors that can switch 50 V at

D

. currents of hundreds of milliamperes.

E 8T G N
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Starting with CB processes, this article will :

n . explore these merging technologies individ- :

50 . ually to see where they are today, where :

AQ | . they’re going, what’s important, what kind of

30 T . chips are going to be built on them, and whois :

2 / /,, : going to use them. :

AM A 2

b ,. Wi Waine

10 - / Ji / s : - For IC designers stuck for years with JI, :

bW el _____A!_;;_ / 2 - npn-only processes, access to a DI-CB pro- :

1 AH/ /AL TN . cess must give them the feeling that they’re :

5 y - : Mandrake the Magician waving a wand over :

/ / o AK I,'i’\,),» - the silicon. Not only can fast vertical pnp :

= 3 & v e : transistors “complement” the npn transis- :

% A.'/ /'#——""' /A6 : tors, but every transistor can be isolated :

2 v . from every other transistor with a layer of :

A0, AP . silicon dioxide (glass) rated to take over 2000 :

AL V. And at least theoretically, any kind of ac- :

1 ",'AH ’L AD © tive or passive silicon device yet conceived :

07 : . can be put on the chip, as well as devices like :

05 ! . laser-trimmable thin-film resistors. Reduced :

g Key: 9 . parasitic capacitances raise speeds and band- :

03— o Pnp transistor in production . widths while the de parasitics that cause

> Npn transistor in production . latch-up effects disappear. :

02— @ Pnp transistor in development . Thelatest process of this genre comes from :

<> Npn transistor in development . Harris, the inventors of DI. Called UHF-1, it :

% i R I - provides a true glimpse of the future (ELEC- :

o1 TR I R 5 7 10 20 30 |- TRONIC DESIGN, Dec. 19, 1991, p. 35). UHF-1 :

. notonly represents the first example of using :
. bonded-wafer (SOI) technology with avail- :
- able products in the merchant-market ana- :
- log-1C field, but its vertical npn and pnp tran- :
; sistors offer the analog-1C designer unprece- :

dented performance characteristies. The pro- :

HIGH-SPEED ANALOG BIPOLAR AND COMPLEMENTARY cess possesses fis of 8 and 4 GHz for the npn
: BIPOLAR CMOS PROCESSES : and_pnp transistors, respectively, and also :

Transistor, (Gt2)

Praceis At : equips these npns and pnps with Early vol@- :

Code Company type Voltage status . ages (V,s) of 60 and 40 V, respectively. Until :
AA Aiabog Devices Bl 0V Now : UHF-1, tra’ns1stors this fast (particularly :
AB Analog Devices CBBW 12V Soon . pnps) haven’t offered designers the luxury of :
AC AT&T CBJI 13V Now : rl 1 his high. .
AD AT&T CBJI 5V Soon : EaV y V(l) tages.th Sh g famili :
AE Harris Semiconductor CBBW 30V Soon ; Va, along with the more familiar current 5
AF Harris Semiconductor CBD! 30V Now : gain, B, and the product of V, and B, can be :
AG Motorola Semiconductor CBBW 5V Experimental | : 3 S . : LD
AH Raytheon Semiconductor CBJI 12V 1992 : considered .tke prm_le flgures of merit for bi :
Al Elantec CBDI 15V Indevelopment | : polar transistors aimed at analog ICs. Pro- :
:\”( Lineafgc“m'ogy CBJ?%J!& A %0\)/ :0‘” . cess-dependent, these figures of merit, until :
ar & ow : p

AL Exar CBJLOMOS 18V Now : now, have been overlooked except among an- :
AM Texas Instruments CBJI 30V Now . alog-IC designers or their process-designing :
AN Texas Instrumepts Call 30V 1992 . compatriots. In fact, at the recent Interna- :
AO Maxim (VLSI Technology) CBJI 5V Now G NS 1 El Devi M : IEDM) i :
AP Tektronix npn-only JI 5V In development | - tlona . ectron Devices Meeting ( ) m .
AQ National Semiconductor CBJI 30V Now : Washington D.C. last December—the prima- :
AR National Semiconductor CBJI 30V Now : i tastans, o
AS National Semiconductor cBJl 0V indevelopment | : TV Venue for describing the latest achieve- :

- - ments in semiconductor process/device tech-

ﬁafj.mﬂe?'s&!?%b"""” - nologies—just one paper mentioned V, and :
DI = conventional dielectric isolation the product 8-V 4.
BW = bonded wafer dielectric isolation *  Essentially, V, defines the collector (out- :

© 1. Cutoff frequency, f,, and the product of current gain, 3, and Early voltage, V,, representthe : put) resistance of a bipolar transistor. The :
- primary figures of meri'lforhigh-frequencytransistors'aimed atartn,alog'ICs. Herethﬂ’re plot- : higher its value, the higher the resistance, :
. ted against each other for the npn and pnp transistors from a number of present and future - . :
© bipolar processes. As f, climbs, the voltage rating (noted by each data point) and 3-V, prod- and the more closely the device approaches :
© uct fall, particularly that of the pnp in complementary processes. : theideal npn or pnp transistor with an infinite :
ENLSESCHT TR 0= Nt TAC DESIGNm
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. output resistance (that is, a perfect current :
. source). Forcing current into that high-resis- :
. tance node creates voltage gain in a common- :
. base circuit. The higher the V,, the higher the :
. gain. Current sources and current mirrors :
. dominate analog-1C design, when both are bi- :
: asing circuits and acting as dynamic loads. :
: Once again, transistor V, determines cur- :
. rent-source performance. :

- Precacious Probuct

. The product of 8 and V, is similarly impor- :
. tant (the units for 8 multiplied by V , are obvi- :
. ously volts, but because the product is a fig- :
- ure of merit with no “practical” meaning, it’s :
- usually left dimensionless). In a cascode con- :
. figuration (a common-emitter-connected :
© transistor in series with a common-base-con- :
. nected device), the core of most of today’s op- :
© amp designs, voltage gain is directly propor- :
- tional to that 8-V, product. Consequently, a :
- high 8-V, product helps eliminate unneces- :
. sary gain stages, which in turn helps create :
. faster and wider-bandwidth ICs while main- :
. taining precision. This product is ideal as a :
. figure of merit, because it tends to be a con- :
. stantover arange of operating currents fora :
. given device. That is, as 8 typical rises and :
. falls in value with increasing collector cur- :
. rent, V, changes proportionally in the oppo- :
© site direction. :
: Designers at Analog Devices follow a rule :
. of thumb: The 8-V, product should be in the :
- same ballpark as the accuracy of the circuitin :
. significant bits of resolution. That is, if an op :
. amp offers accuracy to within 0.1% (about 10 :
© bits), its 8-V, product should be about 2! or :
: about 1000. Similarly, the transistors in 12-
© bit-accurate (0.01%) circuits need a 8-V , prod- :
. uet of about 4000. Thus, to evaluate the rela- :
© tive merits of the transistors from different :
. processes for wideband and high-speed ana- :
- log circuits, taking into account f, as well as :
- the B-V, product, they should be plotted :
. against each other (Fig. 1). :
. In the figure, straight lines connect npn :
. and pnp transistors from the same CB pro- :
- cess. Data points for npns without a pnp co- :
. hort indicate an npn-only process. Circles rep- :
. resent processes on which products are being :
© built today. Diamonds represent processes in :
. some stage of development. The two upper- :
. case letters by each line connecting npn-pnp :
. pairs are keyed to additional process informa- :
* tion in the table. The voltage displayed with :
- each data point is the “practical operating” :
. voltage for ICs built on the process. :
: By glancing at the figure, it can be seen :
. why V,, and its product with 8, may have :
. been neglected in the past. Transistors from :

Wth few excep-
tions, design-
ers of CB pro-
cesses on DI/

SOl wafers
have been
more success-
ful at deliver-
ing high-per-
formance pnps
than their
peers who are
limited to JI.

Bie 1 E CaT R 03N TpC
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- older, slower, and higher-voltage processes :
- in the upper-left of the figure have very high :
. V,s and Bs, and their products well exceed :
- the Analog Devices “rule of thumb.” It turns :
: out that V,s tend to be proportional to the :
. breakdown voltage of their transistors. Con- :
. sequently, as transistor f;s climb and their :
. breakdown voltages fall, V,s, B8s, and their :
. product fall as well. :

In particular, the pnp transistors in many

- complementary processes have suffered se- :
. verely, limiting the performance of their IC :
- offspring. In fact, if the 8-V, product of a pnp :
. transistor is too low, the advantages of a com- :
. plementary process are completely lost. The :
. designer must now add additional gain :
. stages. These “surplus” stages not only com- :
. plicate the design, raise die size, and increase :
. power drain, but they also reduce bandwidth :
. and complicate stability compensation. Alter- :
: natively, the designer can switch to just npns
- in the signal path and the attendant circuit :
. tricks (and complexity) they require. Early :
. voltage also falls off as operating collector- :
. to-base voltage drops, further diminishing :
- the IC performance at low supply voltages. In :
. the newest processes, designers are raising :
. the B-V, product for a given supply voltage :
. by employing polysilicon emitters. :

If the V-8B product of both pnp and npn

. devices is high enough, large differences be- :
- tween the pnps and npns aren’t critical. How- :
. ever, large differences between the fs of the :
- npn and the pnp transistors will limit the final :
. IC’s speed and bandwidth to that permitted :
. by the slower device, and the condition will :
. cause second-harmonic distortion in comple- :
: mentary circuits. As a result, solely using the :
: npns becomes an alternative solution. Obvi- :
: ously, a complementary process suffering :
: from pnps that are both significantly slower :
- and have a limited V ,-B product offers the IC
. designer a real challenge. '

With few exceptions, designers of CB pro-

. cesses on DI/SOI wafers have been more suc- :
- cessful at delivering high-performance pnps :
© than their peers who are limited to JI. This is :
. somewhat expected due toJI’s greaterdcand :
. ac parasitics, as well as processing complex- :
. ity. However, two JI processes stand out as :
- CB benchmarks regardless of wafer type— :
. those from Analog Devices and Linear Tech- :
. nology (data points AA and AJ, respective- :
. ly, Fig. 1). Though V isn’t a problem in 30-V :
. processes, the two JI processes have given :
. virtually identical f,s to both npns and pnps. :
. And both did it by optimizing the pnp transis- :

D

© tor. In an approach opposite that of others, :
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. both companies designed the best possible :
. pnp transistor and took the resulting npn :
: transistor. Analog Devices did the job with a :
. patented design that builds the pnp device in
. p-type epitaxial silicon grown on an n-type :
. wafer, and builds the npn device in a p-type :
: well. Linear Technology is keeping details of :

- its CB process under wraps.

- At present, Harris’ 12-V, UHF-1 process :
: (AE, Fig. 1) certainly represents the ultimate :
- benchmark for today’s CB processes, and :
: DI/SOI-CB processes in particular. The pnp :
. transistor’s V-8 product of 4000 ensures :
. precision. However, while the f, of its npn :
- counterpart is 8 GHz—and that’s for a 12-V
. device—that of the pnp transistor is only 4 :
: GHz, still making it the fastest pnp device :
. around. It won’t be long, however, before this :
. process receives challenges from an addition- :
. al pair of bonded-wafer-based processes

 (ELECTRONIC DESIGN, Dec. 19, 1991, p. 35).

© Analog Devices announced what it calls :
: XFCB-1 process. Like their CB-JI process :
. mentioned earlier, the designers of XFCB-1 :
. went for the best pnp transistor they could :
. get and let the npn device take care of itself. :
. The f, of the pnp transistor runs 3.1 GHz, and :
. its 8-V, productis 1500. The f, of the npn tran- :
. sistor is 4.5 GHz and the 8-V, product is 5800 :

: HIGH-SPEED ANALOG NPN-ONLY BIPOLAR ;
§ AND BICMOS AND CB-GMOS PROGESSES :
- op amps, comparators, and other devices : :
: coming from these two quite similar process- :
. es. Unlike digital ICs, as in the past, it will be :
. the analog-IC-circuit designers with their :

- bags of tricks who will determine which ICs :

. (AB, Fig. 1). Products are expected from the
- process later this year. From a process point
. of view, it will be interesting to compare the

- become “top guns.”

- Ma 08 Buy

: Although the first with products, Harris :
- and Analog Devices aren’t the only aficiona- :
- dos of bonded wafers. Motorola Semiconduec- :
: tor, in a joint venture with Unitrode, is eying :
- bonded wafers in the laboratory, and Uni- :
. trode expects to have products by mid-year. :
. Another company is in the “thinking-about- :
- it” stage. Like Harris, Motorola is building its :
: own wafers while Analog Devices buys them :
. from Shinetsu Electric of Japan. This can be :
. considered “natural” for both Harris and Mo- :
: torola. Harris makes its own DI wafers now, :
- and Motorola, one of the few major U.S. semi- :
- conductor companies, isn’t totally at the mer- :
- ¢y of off-shore wafer suppliers. By pulling :
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Process Product
Code Company type Voltage Geometry Status
BA Analog Devices JIbiCMOS 0V 1.6 um Now
BB Analog Devices JIbiCMOS 10V 1pm In development
BC Analog Devices JIbiCMOS 5V 0.5 um In development
BD AT&T JIbiCMOS 5V 0.8 um Now
BE Harris Semiconductor JIbiCMOS 10V 1pm Now
BF Raytheon Semiconductor JIbiCMOS 5V 0.8 um 1992
BG National Semiconductor JIbiCMOS 12V 2 pm 1992
BH Texas Instruments JIbiCMOS 20V 2 um Now
Bl Texas Instruments JIbiCMOS 12V 2 pum Now
BJ Texas Instruments JIbiCMOS 30V 2 pm Now
BK Micro Linear JIbiCMOS 5V 1.5 um 1992
BL Optimum JIbiCMOS 15V 1.5 um Now
BM Optimum JIbiCMOS 5V 0.7 pm 1992
BN Signetics JIbiCMOS 5V 0.8 um Now
BO Signetics JIbiCMOS 5V 0.7 um In development
BP Silicon Systems JIbiCMOS 5V 1 um Now
AK Exar CBJI-CMOS 5V Now
AL Exar CBJI-CMOS 18V Now
AP Tektronix npn-only JI BV In development
AT GEC Plessey npn-only JI 5V - Now
AU Silicon Systems npn-only JI 12V Now
CB = complémentary bipolar
JI = junction isolation
DI = conventional dielectric isolation

- the basic silicon boules, then slicing, grind- :
. ing, and polishing the wafers, Motorola man- :
. ufactures about 25% of its total wafer needs. :
. Inaddition, Motorola and Unitrode, like Har- :
© ris, are interested in the technology for power :

3 L ECTPRONTIE
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2. Bipolar and biCMOS semiconductor processes compete with
each other for the fabrication of high-volume analog and ;
mixed-signal ICs. Their primary figures of merit, f, and the
product of current gain 3 and Early voltage, V,, are plotted
against each other to permit comparison. Each data point dis-
plays the transistor’s voltage rating, and the gate length of the °
MOS transistor (if biCMOS).
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. and high-voltage ICs, as well as analog chips. :
- Though Motorola hasn’t made the firm de- :
: cision to go to bonded wafers, they’'ve :
- achieved the highest f, in the technology. A :
- test chip for a 5-V process sports a blazing 16-
: GHz npn transistor with a 8-V, product of :
: 3000 (AG, Fig. 1). However, the f, of the pnp :
. transistoris just4 GHz, albeit offeringa 8-V, :
- product of 2400. Motorola feels that it can :
- raise these fis to 22 and 6 GHz, respectively, :

: while remaining at5 V.

- Wafer bonding may be the wave of the fu- :
. ture, but conventional DI will have staying :
- power. Elantec has a new 15-V process being :
- developed on DI that’s expected to provide an :
- npn transistor with an f, of 3.5 GHz, while :
: that of its pnp cohort will be 2.5 GHz (41, Flig. :
. 1). The B-V , products are expected to be 3000 :
. for the npn transistors, and 2250 for the pnp :

. transistors.

: That’s no reason to give up on JI, though. :
- AT&T is announcing products on its CBIC-V :
. process, a 5-V process providing npn and pnp :
. transistors with fs of 10.2 and 4.3 GHz, re- :
. spectively (AD, Fig. 1). But with a 8-V, prod- :
. uct of only 440 for both npns and pnps, like its :
- 13-V CBIC-U predecessor process (AC, Fig. :
. 1),itwill offer IC designers a challenge. How- :
. ever, many of the low-voltage, ultra-fast op :
: amps available today, like those from Comlin- :
. ear, are built on the CBIC-U process. This :
- only proves that there are at least a handful :
- of IC designers around who know how to de- :
. sign wideband, fast op amps with limited 8- :

-V, products.

© The CBIC-U process itself is being chal- :
- lenged by ICs from Maxim, whose designers :
- are designing products on the VLSI Technol- :
. ogy process (A0, Fig. 1). Moreover, it will :
: soon see additional competition from an up- :

: coming Raytheon process (AH, Fig. 1).

© National Semiconductor’s VIP-III process, :
- currently in development, is another interest-
- ing JI process to watch (AS, Fig. 1). The com- :
. pany is convinced from its success with the :
- earlier VIP-I and VIP-II processes (AQ and :
: AR, Fig. 1) that analog system designers :
- want to keep their sacred 115-V supply rails, :
. atleast for a while. But those designers want :
. speed and bandwidth, too. Therefore, the :
 VIP-III process will wind up as the fastest 30- :
- V (JT or DI) process available or proposed. :
- Moreover, the ratio of npn and pnp f;s runs :
- less than 2:1—2.7 and 1.5 GHz, respectively. :

Wafer bonding
may be the
wave of the fu-
ture, but con-
ventional DI
will have stay-
ing power.

L ESs

. additional and more subtle advantages over :
- existing high-speed processes—a superior :
. speed-power product and greater packing :
. density. That is, these processes can build re- :
: placements for today’s fast op amps, compar- :
: ators, and other linear functions that draw an :
. order-of-magnitude less current and operate :
. on lower supply voltages. These advantages, :
- always critical in the digital IC world, are be- :
- coming significant for analog and mixed-sig- :
- nal ICs for several common reasons. Many of :
. the new applications run off batteries, and :
: many are mixed-signal ICs with significant :
. amounts of logic. While finer-line lithogra- :
phy has never cut op-amp or comparator size :
: by much because low-noise-input and cur- :
: rent-handling output transistors are physi- :
. cally large, it can reduce the size of the digital :
. devices. National’s VIP-III process is aimed :
. at these applications. '

The goal of TI’s Excalibur-1I process (AM, :

- Flig. 1)is to lower the power required by exist- :
. ing general-purpose low-frequency applica- :
. tions. Typical examples include low-power :
. voice-band telecommunications ICs and pre- :
. cision references. While its fgfints are limit- :
: ed, the 8-V, product of both npn and pnp tran- :
. sistors exceeds 15,000. Moreover, while its :
. ICs are rated for 40-V operation, high yields :
: can be obtained to over 60 V. Their faster, :
- upcoming Excalibur-III process (AN, Fig. 1), :
* which will build ICs that can operate comfort- :
- ablyat36 V, typically handle 60 V. :

But TI won’t guarantee operation at the

. higher voltages. Why not? Driven by the com- :
. puter, consumer, and automotive industry’s :
© demand for “quality,” TI like the other major :
- broad-based IC suppliers, holds all products :
© to 6-sigma quality. That is, only one IC in :
. about a million will not meet all of its guaran- :

. teed data-sheet specification. Obviously, :

. And with the high supply voltages come 8-V, :

- products of 15,000 and 3000 for the npn and

. pnp transistors, respectively.

. Inapplications that don’t demand the blind-
© ing speed of newer processes, virtually all of :
. these processes offer IC designers a pair of :
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- that’s mandatory for digital ICs, and high- :
- side switches for cars and other high-volume
. consumer applications. However, many low- :
. volume users may be willing to take the :
. chance of getting one out-of-specification de- :
- vice in every 10,000 (or even every 1000), and :
. they will also pay more for a tighter-specified :
- device. Smaller-niche suppliers don’t hold :
. their designers and product managers to a 6- :
. sigma quality level. For example, monolithic :
- opamps with different grades offering offset :
- voltage spreads of ten to one are readily avail- :
- able. :

A large percentage of these CB processes

- also offer a JFET transistor, a true indication
- that these are analog technologies. In earli- :
- er, non-complementary processes, the JFET :
- played a dual role. It supplied low-bias-cur- :
. rent inputs and usually a p-channel FET that :

s 16 N[H
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. upped the slew rate by taking the place of a :
. fast pnp transistor in the signal path. While :
. the FETs in these complementary processes :
- need not play a role beyond the input circuits,
. their speeds won’t be limited. The FET in the :
: Harris Semiconductor UHF-1 process sports :

- anf, of 4 GHz.

:  For the most part, amplifiers built with :
. these FETs won’t require ultra-low bias cur- :
* rents, because source impedances will be low :
* due to the high frequencies involved. Never- :

- theless, they are targeted at such major tasks :
- as: high-speed integrators, current-to-volt- :
. age converters at the output of high-speed :
. digital-to-analog converters, sensing the cur- :
. rent from fast photodiodes, buffering the
. storage capacitor in high-speed sampling am- :
. plifiers, and fast analog switches when MOS- :

. FETSs aren’t available.

© Of all the advanced CB processes, Exar’s
: XRBICMOS modular technology (AK and :
- AL, Fig. 1) in many ways presents the clear- :

CB processes
will branch out
in other direc-
tions offering
higher rather
than lower volt-
age ratings.

. est window to the future (ELECTRONIC DE- :
. SIGN, Aug. 22, 1991 p. 29). It offers speed and :
- precision (npn f,s reach 4 GHz and 8-V, prod- :
- ucts reach 8000). In addition, this truly modu- :
. lar, mixed-signal process furnishes 2-pum :
. CMOS for dense logic, CMOS transistors rat- :
. ed at more than 75 V, and polysilicon-oxide- :
. polysilicon capacitors for switched-capacitor :
. circuits. The modularity also permits design- :
- ing for operation from either 18- or 5-V rails, :
 with the latter providing both higher speed
- and the ability to work down to 1 V. The key to :
. the process, though, may be its EEPROM
. module that permits trimming the analog cir- :
. cuits and programming their digital equiva- :
- lents. One of the beta sites for the process :
© builds hearing aids. The complete hearing aid :
© is put on one chip, marking the first time digi- :
. tal filtering was used in this venue. The filter, :
. adigital-signal processor, is user- and/or doc-
. tor-programmable in real time. And it runs :

- off a supply of just1 V.

© Exar’s foresight in adding CMOS to a CB :
- process is amplified by the fact that virtually
- every designer working on a CB process indi- :
- cated to this writer that CMOS will be added :
© within two to five years. Similarly, nearly all :
- of the advanced biCMOS process designers :
. interviewed indicated that a vertical pnp tran-
. sistor was on the list of additions to their pro- :

. cesses, within similar time frames.

© Whatelse can you expect out of these com- :
- plex technologies in the next few years? One
" interesting development involves data-con- :
- verter applications. To date, high-speed data :
. converters, whether DACs or ADCs, haven’t :
- required fast vertical pnp transistors. Until :

- recently, all-npn-type bipolar processes have :
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. done the job, and now biCMOS processes are :
- joining that fray. On the other hand, CB pro- .
: cesses have been limited to purely linear cir- :
. cuits, such as amplifiers.

As the demands for ever more functions on :

. one chip continue, an IC designer using a CB
. process, and driven by a customer, will even- :
. tually put the signal conditioning on the same :
- chip as a flash or multistep ADC. At that
© time, it will be interesting to see if that inno-
- vative designer will find a use for the high- :
. speed pnp transistor to increase circuit per- :
. formance, simplify the design, or cut the pow- :
. er needed by the converter. Initially, ICs like :
- the npn-only converters will use current-
: mode logic (CML) on chip, and interface to the :
. digital world with ECL. It will be intriguing if :
. the fast pnp transistors can also aid the logic- :
. circuit designer. :

Furthermore, CB processes will branch out

* in another direction. Versions will be devel- :
. oped with higher, rather than lower, voltage :
- ratings. Driving the RGB inputs of a CRT :
- with video represents at least one place :
- where these ICs are needed. While raising the :
- voltage rating to 60 V or more will sacrifice :
: some f; (say, dropping it from 3 or 4 GHz :
. down to 1 GHz), the output device can be a lit- :
. tle slower if all of the other transistors in the :
. circuit are fast enough. Essentially, these :
. higher-voltage transistors will be on the :
. same chip as the faster, low-voltage devices.

Analog-IC designers have long survived

. and triumphed without fast vertical pnp tran- :
. sistors. As a result, several companies have :
- leveraged their analog-IC-circuit design ex- :
- pertise by developing high-speed, npn-only, :
- analog-IC processes from slower similar :
. technologies. These include National Semi- :
: conductor, Silicon Systems, Tektronix, and :
: TRW, among others. AT&T, on the other :
- hand, has adapted an ECL process for the :
. same purpose (Fig. 1, again). :

Plots of f, versus B-V, for npn-only bipolar

. processes are also compared against those :
. for npn-only analog biCMOS processes (Fig. :
. 2). Moreover, the figure contains the Exar :
. CB-biCMOS process and a vertical line indi- :
. cating the f, of the fastest CB npn transistors.
- In addition to the operating voltage, each :
. data point lists the effective gate length of
. the CMOS devices. :

Along with the latest biCMOS technologies

- from Signetics and Silicon Systems, the ad- °
- vanced npn-only technologies represent the
. fastest merchant-market, analog-IC process-
. es available today. Moreover, with the excep- :
. tion of the 16-GHz npns on the experimental
. Motorola process, it appears that future npn-

D

- only bipolar and biCMOS technologies will :
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- continue to lead CB processes in speed.

1992 TECHNOLOGY FORECAST
S LEGE=INEAR]

- These advanced, and future, analog biC- :
: MOS processes represent several develop- :
: ment paths. But most add digital CMOS to :
. either an ECL process or to an analog bipolar :
© process. It's these npn-only (including biC- :
: MOS) processes from GEC Plessey, Tek- :
. tronix, Silicon Systems, Raytheon, Optimum, :
© and AT&T, with f;s above 4 GHz, that aim at :
. the RF applications mentioned earlier. Add- :
- ing high-speed, dense, CMOS logic lends :

- these technologies to ICs that were just re- :
. cently considered members of the RF genre. :
. These include 12-bit, 100-MHz DACs for di- :
- rect-digital frequency synthesis, and 12-bit :
: 20-MHz ADCs for IF down-conversion in lieu :
. of heterodyning. As mentioned earlier, to- :
. day’s data converters don’t need fast pnps. :
: Consequently, they’re not required at all. In :
. addition, even in pure linear circuits, most RF :
. applications are handling small ac signals :
. (typically less than 1 V rms), which are usual- :
- ly ac-coupled. Therefore, dc response is un- :
- necessary and fast pnps aren’t needed for lev- :
. el shifting in the signal path. Present use of

Bonded wafers
bring superior
voltage isola-
tion to high-
voltage IC pro-
cesses and
they permit the
use of IGBTs in
an IC.

- converters in these applications represents :

- the tip of a pure-technology-driven iceberg.

- PaweR MonuLs

© While most of the biCMOS processes are :
: modular, not all of them offer dazzling speed. :
- Many jobs still exist for general-purpose ana- :
- log and mixed-signal ICs. TT’s modular, 2-um :
- LinBiCMOS process (BH, Bl, and BJ, Fig. 2) :
- isa good example. The three npns shown, fea- :
. turing different operating voltages and fis, :
- can all be built on the same chip. The process :
- also offers metal-oxide-metal capacitors for
. switched-capacitor circuits. Future modules :
. will include higher voltages for the MOS de- :
© vices (up to 50 V), and even power DMOS- :
: FETSs that can handle 45t0 60 Vand 2to 10 A. :
- The process might also include EEPROMs to :
* be used for trimming, and eventually a verti- :

- cal pnp transistor.

. Until recently, power and high-voltage pro- :
. cesses have basically stood alone on the out- :
. side of the mainstream analog, mixed-signal, :
- or digital process. However, as indicated by :
. TI’s future outlook, that may be changing.
. Further indication can be seen by last year’s :
© 68HCO05 microcontroller from Motorola Semi- :
. conductor that sported eight DMOSFETS, :
. eachratedat6 Vand 300 mA. Motorola’s goal :
- is to get the voltage rating of the FETs to a :

level of at least 30 V.

: Other suppliers of these power-control ICs :
. see operating voltages moving from 400 to :
© 800 V, and ultimately to 1200 V. Thus, high- :
- side drivers would control 1200-V MOSFETS :
e &L EC. 'R 0N INC
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- and insulated-gate bipolar transistors :
- (IGBTs) running off the rectified 440-V, :
. three-phase ac-power line in the U.S. Access :
. tobonded wafers becomes almost mandatory
. for such devices. Similar, and even higher, :
© isolation voltages are needed for automotive :
: ignition jobs. Bonded wafers will also experi- :
. ence activity in high-voltage telecommunica- :
© tions applications, such as subscriber-line in- :
. terface circuits (SLICs) where 200 V of isola- :
. tion is required. :

Bonded wafers bring superior voltage iso-

. lation to high-voltage IC processes, and they :
. permit the use of IGBTs in an IC. This has :
: been virtually impossible on today’s JI pro- :
- cesses, regardless of voltage rating, because :
. when the IGBT turns on, it floods the rest of :
. the die with minority carriers. This turns on :
. all of the other devices, which isn’t exactly a :
- happy thought. Putting the IGBTSs in oxide- :
© isolated islands eliminates this disease. :

Though it’s here to stay for low-voltage

. ICs, bonded-wafer technology still has :
: some problems to solve when it comes to in- :
. corporating high-voltage transistors (as :
- distinct from high-voltage isolation of low- :
. voltage transistors). Trench etching must
. be accelerated. After bonding, the wafers :
. for building ICs are thinned by lapping. The :
. lower the voltage rating and the higher the :
- operating frequency of the transistors, the :
* thinner the wafer. For example, Harris :
. thins the UHF-1 wafers to under 10-um :
. thick, more than enough to stand off 12 V. :
: However, silicon on the order of 30-um thick :
: is needed to stand off 200 V, and even :
- thicker silicon will be required at 500 and :
- 1000 V. The anisotropic etching techniques :
. used to dig the trenches were borrowed :
. from dynamic-RAM technology, and are :
: more than fast enough for the “shallow” :
- trenches. But they must also be accelerated
- as voltages climb. :

Notall power ICs need to work at hundreds

- of volts, or even at tens of volts. In fact, high- :
- volume, portable, consumer products, such :
. as camcorders, cameras, and CD players, all :
: require motor-control ICs working efficient- :
- ly between 4.5 and 9 V. The need for “power :
: management” in laptop, notebook, palmtop, :
: and smaller computers means a need for effi- :
. cient power ICs in this voltage range and :
. even lower. Siliconix and others are attempt- :
. ing to increase the efficiency of the low-volt- :
- age DMOS switches in these ICs, and are :
. even considering a move to CMOS. :

As noted earlier, using low-voltage, fine-

line, mainstream digital CMOS processes for :
. analog ICs started in the 1980s. It works well :

D

. for high-resolution (12 bits and up) ADCs us- :
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For everyone whos tried to copy
our AD57, heres your assignment
for the next ten years.

A decade ago, we revolutionized

the 12-bit a/d converter market when we
created the original AD574. It delivered
higher levels of functional integration
and performance, yet at half the cost of
alternative solutions.

And we didn’t stop there. We went
on to add the AD674 and AD774 to create
a full range of pin-compatible converters.
Each as popular as our AD574 which,
since its introduction, has left a lot of
other companies playing catch-up.

Now these companies have a new

goal. Because now there is the AD1674.
As a member of our AD574 family, the pin-compatible AD1674 offers designers unparalleled
performance and integration. With the added benefits of an on-chip sample/hold amplifier, DC and

e e s AC guaranteed specs, faster throughput, and a list of

and functionality of the AD574, :
ADST4 and ADTT4, whil other features too long to mention here.

TS & Mg ntuiih In other words, the AD1674 redefines ‘industry
Daois7a sample/hold circuit, higher

speed, lower power, and lower
price — from $14.15 (suggested, 100s). The AD1674
accepts input signals of £5V, =10V, 0-10V or 0-20V,
while operating from its standard 10V on-chip voltage
reference (available for driving external loads).

standard’ the same way the AD574 did ten years ago.
Why wait for an imitation when you can have

the real thing now? Get more information today on

the AD1674, AD574, AD674 or AD7T4 converter family by writing ANALOG
to us at the address below. Or by calling 1-800-262-5643. DEV'CES
Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Headquarters: (617) 329-4700. Offices, applications support and distribution available worldwide.

Authorized North American Distributors: Alliance Electromics 505-292-3360 « Allied Electronics 817-595-3500 « Anthem Electronics 408-453-1200  Bell Industries 213-826-6778
* Future Electronics 514-694-T710 « Hall-Mark Electronics 214-343-5000 * Newark Electronics 312-784-5100 = Pioneer Standard 216-587-3600 « Pioneer Technologies Group 1-800-227-1693
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: ing switched-capacitor techniques, :
- and is a natural for 16-bit-and-up del- :
. ta-sigma ADCs which have 99%-digi- :
* tal circuitry. In both applications, the : and 10-bit RAMDACS and flash and :
- high packing density significantly :
. cuts die size. Some companies use :
. raw digital processes (particularly if :
© fab-less), while others like TI and :

MIXED -
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NCR add a high-quality capacitor :

G s

module. However, the major applica-
tion for digital CMOS will be for 8- :

multistep ADCs with large amounts :
of additional digital circuitry sur- :
rounding them. The DACs will go :
into high-definition TVs (HDTVs), :
- that analog CMOS circuits wouldn’t :

SIEMENS

Core magic.

Siemens ferrites...
the core
of good design.

Siemens ferrites perform like magic for your most
demanding applications.

For ISDN interface, our T37 material offers high
permeability and excellent frequency response. Our

new low profile cores deliver performance and
efficiency in a compact design.

For 1 MHz power supplies, Siemens N49 material
operates at lower loss and higher operating
temperatures—so you can design smaller
transformers at the same power.

And for all power applications, Siemens
magnetically optimized EFD (Economic Flat Design)
Series offers today's most efficient shape.

And many shapes are available in surface mount
configurations. Call Siemens Components at

SCI-1014

1-800-888-7729 for our latest literature pack.
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while the ADCs will go into imaging
systems. :

With many analog ICs wending :
their way into mainstream digital :
CMOS processes, major efforts will :
be made to follow digital ICs toward :
finer and finer line-width lithogra- :
phy. There were skeptics who said :

- work below 2 um. The same message :
- got louder for 1 um, and it still rages
. on today, yet available CMOS tran- :
. sistors have proven this message :
: wrong. NCR has comparators work- :
© ing on 0.7-um CMOS and expects to :
- follow their digital-circuits migra- :
: tion to 0.5 um. So far, the finer-geom- :
© etry analog circuits have both sped :
 up and improved. For example, off- :
- set voltages drop because even :
. though transistor size remains con- :
- stant for analog circuits, finer-line :
. lithography processes improve de- :
. vice matching. :

Coming full circle, many experts

: now say that as digital CMOS drops
. below 0.5 um, SOI will improve per- :
. formance by eliminating parasitic bi- :
: polar transistors and by reducing ac :
. parasitics, and that at some gate :
- length (0.1 to 0.3 pm), SOI will be :
* mandatory. A full session at last :
- month’s IEDM was devoted to this :
- technology, testifying to its impor- :
. tance, which should facilitate analog :
. circuits migrating to ultra-fine-line :
- lithography. :

For some applications, metal-gate :

: CMOS is the best way to go, particu- :
. larly if you already have a fully-paid- :
. for fab. And Teledyne Components :
© thinks it can be improved. The com- :
. pany, a leader in applying the pro- :
: cess to analog ICs, such as chopper- :
. stabilized amplifiers, integrating :
. ADCs, and power MOSFET drivers, :
. expects to reduce gate lengths, :
: which in turn will raise speeds and :
. cut die size. All other things being
. equal, metal-gate CMOS offers :
. about 1/5 the noise of silicon-gate :
: CMOS and an order-o-magnitude :
. lower propagation delay due to low- :
. er sheet resistance.[]

I
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1986 PADS PADS PADS PADS
DS /A0S PADS PADS PADS

DS /DS PADS PADS
DS A0S PADS PADS

DS PADS PADS

DS ADS

CAD Software, Inc. is now
PADS Software, Inc. 1992

In 1986, CAD Software, Inc. intro-
duced PADS-PCB, our first circuit
board design system. Since then, our
product philosophy of easy-to-use,
cost-effective CAD tools has made
PADS-PCB the world leader in PCB
design.

In 1990, we extended the PADS
product philosophy with PADS-2000,

Today, with the introduction of
PADS-2000/UX, we offer user-
friendly, high performance PADS
design tools for UNIX workstation
users. And, because PADS has become
the recognized leader in PCB CAD, we
are changing our name to PADS
Software, Inc.

the first CAD system to truly Finally, one company offers
use the 32 bit power of an integrated design solution
advanced personal computers. for every hardware platform.

Software, Inc.
Personal Automated Design System
To find out more about the entire PADS Product line, call our sales hotline at 1-800-255-7814.

PADS Software, Inc. 119 Russell Street
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THE SILICON VALLEY
] NETWORKING CONFERENCE
o

N APRIL27 - 29,1992
S\/NC The Santa Clara Convention Center

Santa Clara, California

Keynote Speaker: Eric Benhamou, C.E.O. 3Com Corp.

The Silicon Valley Networking Conference is the only
networking conference that focuses on the DESIGN
of network related hardware and software. The
conference venue consists of six half-day
tutorials and more than 70 technical paper
presentations. Topics will include:

~ Computer
Design Conference
uses on providing
solutions to key PC, Work-
station, and Peripl eral design
and integration issues. Unlike
other computer shows that are aim
at distributors and value-added resellers,
SVPC is aimed at designers and sfrcle%ic
planners who are evaluating or designing the
next-generation desktop and portable computer
systems. The conference will provide eight half-day
tutorials and over 100 technical paper presentations
coverin% key design and implementation issues for desktop
and portable systems. Presentations will cover:

Pen-Based System Design, Portable System Design,
Motherboard Design, Memory Card Interfacing and Control,
Graphics and Video Subsystem Design, Display Technology,
Multimedia Hardware Design, Mass-Storage Subsystem Design,
Peripheral Design, Expansion-Bus Interfaces (AT, EISA, MCA, SBus,
Turbochannel, others), Memory- and Cache-Subsystem Architectures,
Data Communications (fax and modem design, network adapter design,

Distributed Processing, Sonet,
HiPPl FDDI, Internetworking,
Wireless LANs, Network
Management, Network
Diagnostics, Frame

{R_sll(cg‘, é-r:g/mdows’ and wireless LAN imglemenfaﬁon), Integrating-in Graphical User Interfaces,
o BIOS and Operating System Implementation. .. . . . . and many other topics
KEYNOTE PRESENTATIONS:

ISDN
‘o Dr. Gordon Moore, Chairman of the Board and one of the founders of Intel Corp.
Roger Ross, President, ROSS Technology, a subsidiary of Cypress Semiconductor Corp.

SILICON VALLEY PERSONAL
COMPUTER DESIGN CONFERENCE 4

AUGUST 10-12, 1992 <€

The Santa Clara Convention Center, Santa Clara, California S\/F

These Conferences are a creation of SysTech Research. SVNC is co-sponsored by 3Com Corporation.
k Electronic Design and Electronics Magazines are co-sponsors of both SVNC and SVPC.

'ADVANCE REGISTRATION APPLICATION
(for applications postmarked by 3/6/92 for SYNC, 6/26/92 for SVPC)

SYNC SVPC TOTAL

Tutorials only (one day registration) . . . .............................. $250 $295 $
Papers only (two-day registration) . . . ........... ... ... .. ... $350 $395 $
Full conference (three-day registration). . . . ........................... $450 $495 $
o e R $25 $25 $
Extra proceedings (add $15/domestic mail; $35/intnl airmail) . . ........... $ 85 $100 $

Nty Mgl fn o st omfoupen e G Irgh s, - Yol eicloseD- 8
Name Title
Company Mail Stop
Address City State Zip
Telephone FAX Email

MAIL this completed form with payment (in U.S. Dollars) to: SysTech Research,
1248 Olive Branch Ln, San Jose, CA 95120; (408) 997-8265 (fax or phone)
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THEWORLDOF
COMMUNICATIONS
1S MOVING T0
FIBER OPTICS

ELECTRONS TEAMED WITH PHOTONS
PRODUCE STUNNING THROUGHPUTS.
BY MILT LEONARD
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: has grown annually at nearly 100% over the :
: last two decades, Lucky says. The SONET :
: standard transmission rate is about 2.5 :
: Gbits/s, and will likely be 10 Gbits/s in the :

near future. Experimental systems have ex- :

hibited 32-Gbit/s rates—the equivalent of a :
half-million digitized voice channels on one fi- :
ber. :

Experts generally attribute escalating :
data rates primarily to advances in laser tech- :

- nology. State-of-the-art lasers that convert :
. electronic signals into light pulses for com- :
: munication over fiber can now produce well- :
. defined light pulses that have durations of :
. less than a nanosecond. Improved lasers that :
. emit light of “rock-steady” wavelengths will :

. usher in the age of coherent optical transmis- :

. sion, which sends different data simulta- :
: neously on different wavelengths through :
. the same single fiber. While current commu- :
- nications systems transmit only unitary in- :
- formation, coherent optical transmission :

. opens the way to multiplexed transmissions.

Monochromatic laser light is generated by

. stimulated emission. When certain atoms or :

: molecules are excited by photons of a particu- :

. lar frequency, they emit photons identical in :
. frequency and phase to the incident photons. :

© Monochromatic light is produced when the :

Ithough copper-wire networks :
have made impressive strides in :
communications technology, the :
genre’s technology of the future :
is clearly fiber-optic networks. In :
addition to its inherent advan- :
tages of wider bandwidth, lower :
losses, and immunity to electro- :
magnetic interference, optical-fiber media :
has the potential to offer unlimited network
capacity. With the promise of optical-fiber :
media well in sight, R&D facilities around the :
world are intensifying efforts to develop ad- :
vanced optoelectronic components devices to :
meet fiber’s potential (Flig. 1).
At Telecom 91, Dr. Robert W. Lucky, exec- :
utive director of AT&T Bell Laboratories, :
Holmdel, N.J., identified the characteristics :
of optical fiber that have propelled the tech- :
nology into dominance in today’s long-distant :
plant. Optical fibers are remarkably error- :
free, with typical error rates of about one in :
100 billion. They also offer tremendous econ- :
omy of scale in long-distance transmission, :
whose cost continues to drop as capacity in- :
creases, resulting in an exponential increase :
in bandwidth per unit cost. :
Data-transmission rate over a single fiber :
ESL SE@CIST SR 0 NS D E
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. process is repeated by trapping these pho- :
- tons between two mirrors. :

Most networks presently drive lightwave :
signals along the fiber with semiconductor la-
sers that are directly modulated with signal :
current. Although continuing research aims :
at enhancing the frequency response of di- :
rect-modulation lasers, further increases in
switching frequency are expected to be mini- :
mal. That’s because the technology is ap- :
proaching its theoretical speed limits. :

Another problem with this type of laser is :
spectral purity, which determines lightwave- :
signal transmission distance on an optical fi- :
ber. The chromatic dispersion of an optical :
fiber and the relatively large frequency chirp :
of a directly modulated semiconductor laser :

. limits transmission distance. This condition :

calls for closely spaced signal regenerators :
along the transmission line.

One possible solution under investigation :
at AT&T Bell Laboratories, Murray Hill, :
N.J., is the monolithic, colliding-pulse mode- :
locked (CPM) semiconductor laser. Unlike di- :
rect-modulation lasers, this device operates :
continuously and has generated a pulse train :
at over 350 billion pulses per second under :
laboratory conditions. :

High switching speed results from circu- :

. lating two pulses in the laser cavity at the :

same time. Pulse duration is shortened when :

s 16 NE
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: the pulses collide and interact in
. the center of the cavity. Using
: quantum wells enables the optical
. phases of the various oscillating
. frequencies to lock together,
: which generates clean, trans-
. form-limited pulses with dura-
© tions of under 102 seconds. With
- a high spectral purity, the laser
- can support more data channels
- for any network bandwidth.

. The laser also makes it possible
. to use soliton pulse transmission
. in optical fiber, which requires
. pulses of high spectral purity that
. have specific shape and amplitude
. (see “What's a soliton?” p. 76).
: The CPM laser has yet to advance
. beyond the stage of a laboratory
- research tool. For practical appli-
- cation, modulators, photodetec-
" tors, and receiver circuits must be

- developed that can support its switching -

. speed.

: Impurity-induced disordering of multi- :
- quantum-well (MQW) processing is an attrac- :
. tive technique for fabricating lasers and oth-
. er planar optoelectronic ICs. Although lasers :
: made with MQW processing of gallium-arse- :

: nide/aluminum-gallium-arsenide (GaAs/Al-

- GaAs) or indium-gallium-phosphide/alumi- :
 num-gallium-indium-phosphide (InGaP/Al- :
: GalnP) devices have been developed, lattice :
- mismatching in the various device layers has :

. restricted the output to short wavelengths.
. To obtain longer wavelengths for fiber appli-

. cations, scientists at the Optoelectronic and
. Microwave Devices Laboratory of Mitsubishi :
. Electric Corp., Hyogo, Japan, are investigat- :
. ing InGaAsP/InP as an alternative material :

Bl GETIRNONNAE ©
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1. Error-free transmis-
. sion of lightwave sig-

. nals has been demon-
strated at AT&T Bell
Laboratories at 10

. Gbits/s over a 2000-km
. optical fiber. The sys-
tem regenerates the
signal with amplifiers

. consisting of spliced-in
. segments of erbium-
doped fiber, instead of
electronic regenera-

. tors used in existing

. long-haul lightwave

- transmission systems.
- Using this technology,
. AT&T and Kokusai

. Denshin Denwa of Ja-
pan will construct the

- world’s first optically

. amplified trans-Pacific
undersea system in

- 1995

. for an MQW laser design. The structure’s ac- :
. tive region has zinc-diffusion-induced disor- :
. dered regions on both sides for carrier con- :
. finement, and effectively performs as an em- :
- bedded optical wave guide (Fig. 2). The laser :
: works at room temperature and produces :

. wavelengths from 1.3 to 1.6 um.

:  Characterizing the performance of fiber- :
. optic devices or systems for data-communica-
. tions applications requires the use of a tun- :
: able continuous-wave (CW) laser that pro- :
. duces wavelengths in the near-infrared re- :
. gion of the electromagnetic spectrum around :
¢ 1.3 wm. This is the wavelength at which many :
. optical fibers used in data communications :
. operate with the least distortion. According :
. to a published report by researchers at Cor- :
: nell University’s College of Engineering, Ith- :
. aca, N.Y., no such 1.3-um source is currently :

. available. However, work at Cornell may :
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- soon lead to a source of this caliber.

Color-center lasers are tunable for wave- :

. lengths spanning 1.45 to 3.9 wm. For wave- :
. lengths shorter than 1.1 pm, a number of sys- :
. tems are available, including the dye laser :
. and a more-recently developed solid-state la- :
© ser based on titanium-doped sapphire, which :
. provides useful power over the tunable range :
 of 0.7 to 1.1 wm. But no powerful source has :
. been tunable between 1.1 and 1.4 pm. :

Cornell’s experimental setup includes a sol-

© id-state lasing material called the gain medi- :
© um, a pump beam to supply energy to the me- :
: dium, two lenses to focus the laser radiation, :
© two mirrors to reflect the light back and forth :
. through the medium, and a prism to disperse :
. the emitted light and allow the laser to be :
. tuned to a specific wavelength (Fig. 3). :

This work is based on the use of forsterite :

: as the gain medium. Forsterite is a naturally
- occurring mineral composed of magnesium, :
. silicon, and oxygen atoms, with trace :
. amounts of metallic impurities, such as chro- :
: mium and iron. The mineral is part of the oliv- :
- ine family of minerals, which form a major :
- partof the earth’s mantle. Experiments show :
. that forsterite enables a laser to be tuned :
. from 1.2 to 1.32 pm—very close to the desired :
. range—with almost 2 W of CW output power. :

“We think that we can make this laser even :

. better,” says Clifford Pollock, an associate :
. professorat Cornell’s School of Electrical En- :
- gineering. The presently used forsterite crys-
- tal exhibits unwanted absorption at the long- :
. er wavelengths, which increases overall loss :
- of laser light between the two mirrors. This :
. results in reduced power, efficiency, and tun- :

D

. ing range. “We suspect that the tuning range :
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Zinc-diffused region p electrode

Silicon dioxde

p-type indium
gallium arsenide
(InGaAs)

p-type aluminum
gallium indium arsenide
(AlGalnAs)

InGaAs/AlGalnAs
multiple quantum well

n-type AlGalnAs
Active region

n-type indium-
phosphide substrate

- n electrode

. foran optimized crystal could extendupto1.4 : ﬁgm:g:’i":f“'ﬁ'.ts

- um and the overall power output could nearly : pigpj, fabr{ca‘e“:’ by| au-
- double,” Pollock adds. Although few applica- : Zn-diffusion-induced

© tions require this much power, improved effi- : g:)s;’adtg’s";g i

. ciency would mean less required pump power : perature and can pro-

. for current performance levels. Related work : duce wavelengths from
. at Cornell involves synthesizing and growing : :4%\',3 :ése’:";:(:'_e

. single crystals of forsterite, which opens up a : wiched between the Al-
. wide range of other application possibilities. = GalnAs layers acts like
: Y g . awaveguide in the ac-
: For example, thin films of single-crystal for- : e region.

. sterite grown on a substrate would enable the :
- construction of integrated optical circuits :
. based on tunable light sources for use in sen- :
- sors, optical amplifiers, and instrumentation. :
: With further processing refinements, re- :
. searchers feel it may be possible to process :
. large areas of substrate material to create la- :
. ser arrays and signal-processing optics. '

. that has an 18.0-GHz bandwidth for the 1.3- :
: pmwavelength used for fiber-optic transmis- :
. sion. With 3- to 5-V bias voltage (compatible :
. with the supply voltages of digital circuits), :
. the extracted bandwidth exceeds 5 GHz. The :
. GalnAs structure is compatible with hetero- :
. structure-based FET technologies. :

Another technology that promises to sig- :

. nificantly impact optical transmission sys- :
. tems are the recently invented rare-earth am- :
- plifiers. Unlike conventional regenerators :
- used to receive, amplify, and retransmit :
. lightwave signals, erbium amplifiers don’t :
- need to be changed to accommodate new :
- wavelengths added to the system. They can :
- amplify an optical signal across a broad band
. of wavelengths, regardless of signal modula- :
: tion. Typically consisting of sections of fiber :
. doped with erbium-in-lanthanide, they’re :
- spliced into the main cable at intervals ex- :
© ceeding 300 km (F%ig. 4). Operating with a la- :
: ser pump source, they can amplify an optical :
- signal by a factor of up to 1000 without con- :
. verting it to an electrical signal, which must :
. be done with conventional repeaters. :

Intense research activity in laser technolo- :

. gy continues to find ways to produce faster :
© devices with clean output spectra. If the tech- :
. nology does run out of gas, future increases :
© in transmission speed are expected to come :
: from wavelength-division multiplexing :
- (WDM), which transmits multiple wave- :
. lengths simultaneously on the same fiber, :
- with each wavelength constituting a differ- :
. ent data channel. Conceivably, a fiber could :
. support a thousand 1-Gbit/s signals. To date, :

: In another industry first, scientists at :
: AT&T Bell Laboratories, Murray Hill, N.J., :
: have made what is reportedly the world’s :
. smallest semiconductor laser. The device re-
. sembles a microscopic thumbtack with a 5- :
. pm-diameter head that’s 400-atoms thick, and :
. is attached to the semiconductor substrate by :
. athin post. Atleast 10,000 of the lasers can fit :
. on the head of a pin. Photons travel around :
. the edge of the laser, which can be used either :

Pump beam

>

Mirror

Qutput beam /

Mirror

Gain medium

Sapphire
prism

. as a surface-emitting or side-emitting device. © 3 A tunable laser be-

: The microdisc laser consists of layers of In- : ingldlfv_elope_gbvpor-
: y : _ . nell University scien-
: GaAs sangiwu:hed between layers of n- e
: GaAsP, using metal-organic chemical-vapor- : gain medium to pro-

: iti ieroli ic | duce wavelengths from
- deposition (MOCVD) and microlithographic : 1210132 "!'l. b

- processing. Richard Slusher, head of Bell : c3uapiity is useful to

- Laboratories Optical Physics Research de- : characterize the per-
© partment, says the development is part of a : formance of fiber-optic
. components and sys-

. research program directed toward future : tems for data-commu-

. switching and computing technology. © nications applications.

. Scientists at the IBM Thomas J. Watson : f:{:"‘ee;‘mfmgmgts

. Research Center, Yorktown Heights, N.Y., : extend the tuning

. have developed a lateral p-i-n photodetector - rangeupto1.4 um.
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- only one-tenth of one percent of the available
- fiber bandwidth is being used. ;

Because solitons of different channels with :

. different velocities can pass through each :
other without permanent effect, the WDM
: technique has the potential to increase the ca- :
© pacity of a soliton-transmission system sig- :
. nificantly. The only result of soliton collision :
: is a mutual and negligible displacement in :
. time. In a practical system, collision length— :
f the distance two solitons travel down a fiber :

* while passing through each other—must be :

ESIGNIE
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. atleast twice as long as the amplifier spacing :
. toavoid large shifts in pulse arrival time. The- :
. oretically, WDM could allow one fiber to car- :
. ry up to five 5-Gbit/s channels spaced 0.25-nm
. apart for a total span of just 1 nm. But until
. the problem of precisely equalizing the ampli-
. fier gains of that many channels is solved, the :
: first practical system will more likely have :
© just two channels spaced about 0.2 nm apart. :
© An alternative multiplexing technique for :
- lightwave signals is phase-division multiplex- :
. ing (PDM). Using PDM with soliton signals :
: can double the single-channel bit rate with :
. only a modest cost increase over the WDM :

1992 TECHNOLOGY FORECAST

. method for end-station hardware. In PDM, :
: the output of a mode-locked laser would be :
. splitinto two equal parts, with each part elec- :
: tro-optically modulated with a stream. The :
: beams would then be recombined so that the :
. pulses of one stream are orthogonal to those :
. of the other and interleaved in time. Electron- :
* ically controlled wave plates at the receiving :
: end would compensate for any effects of :
- changing fiber birefringence on the polariza- :
. tion. (Birefringence is the difference in longi- :
tudinal and lateral indices of refraction that’s :
. created by the fabrication process for optical :
. fiber. The result is the separation of a light :

. beam into two diverging beams.) Finally, a :

C O FMEMALISNEIHE AT COFINES

: polarizing beam splitter at the receiving end :
: could separate the two data channels.

Multiplexed fiber links require the support :

of ultra-fast optical switches to interleave :

...hy using
quantum-well
technology and
imprroved de-
vice geometry,
we could make
the device
switch in one-
thousandth of a
picosecond.

- multiple channels. A unique laser-activated :
- switch developed at the University of Glas- :
: gow in Scotland could open the way to han- :
. dling 2000 simultaneous TV channels or 1.2 :
. million telephone conversations over fiber, :
- while consuming practically no power. Called :
. anonlinear directional coupler, the all-optical :
. semiconductor switch contains small strue- :
. tures (wave guides) that confine laser light in :
: narrow ribbons much smaller than a human :
* hair. Altering the laser beam’s intensity :
- changes the optical properties of the semicon- :
. ductor to switch the beam’s exit point. :

The switch currently operates instanta-

neously with 10-ps light pulses. “But by using :

. quantum-well technology and improved de- :
- vice geometry, we could make the device :
: switch in one-thousandth of a picosecond,” :
: says Dr. Stuart Aitchison, researcher at the :
. University of Glasgow. Such performance :
. would have profound implications on time-di- :
- vision multiplexing techniques. ;

Researchers are also investigating other :

© forms of lightwave transmission. One possi- :
- ble alternative to solitons is to transmit ordi- :

WHAT'S A SOLITON?

soliton is immune to effects of :
pulse-broadening chromatic dis- :
persion, and to the frequency- :
broadening effects of light inten- :
sity. Any minimum-bandwidth :

tanding alongside a local :
barge canal in 1834, John
Scott Russell, a Scottish

shipbuilder and engineer,

observed a solitary wave moving
across the water’s surface. The :
wave seemed to travel as faras he :

could see without losing its shape.

Intrigued by the phenomenon,

Russell jumped on his horse, as
the story goes, and followed the
wave for several miles along the
canal. By the end of the century,
an equation had
been developed
for Russell’s soli-

pulse of reasonable shape and a :
peak intensity greater than a 2:1 :
ratio will evolve into an exact soli- :
ton as it propagates along the fi- :

of high-intensity light. This cre-
ates a moving “valley” of higher
dielectric-constant fiber material.
The moving valley pulls along
slower runners while retarding
the faster ones to maintain the
original pulse shape as valley
propagates along the fiber.

In 1973, Akira Hasegawa of
AT&T’s Bell Laboratories Elec-
tromagnetic Phenomena Re-
search Dept. suggested that a
pulse of photons could exist in op-
tical fibers, just
as Russell’s soli-
ton existed in wa-

tary wave. In

ter. He also pro-

1965, two Bell

posed the idea of

Laboratories seci-

entists observed that solitary :
light waves survive collisions :
with one another, and thus re- :

named them solitons.

A soliton is an energy wave, or
pulse, designed to retain its :
shape, duration, and strengthasit :

moves through a specific medium.

In a single-mode optical fiber, a

ber. Experiments have shown :
that the soliton is robust against :
all known fiber and other system :

defects of reasonable magnitude.

The soliton can be viewed a self-
trapped pulse, as depicted in the :

drawing showing runners on a :

mattress. Each runner represents
a finite wavelength within a pulse :

a soliton-based
transmission system. However,
no transmission medium is per-
fect, and a soliton in optical fiber
needs an energy boost to retain its
original shape and energy level
while traveling long distances.
For soliton transmission through
an optical fiber, this boost is pro-
vided by a separate “pump” laser,
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Finally, engineering software that clears the
way to problem solving without programming.

void ser
int eid;vl ,é®
{ int stat, by{e
/*serial pollJQ 9
byte=hpib_ spoll(
il Abyte<t) | | 14D
printf ("SRQ Probgz
return; .}
stat=my_read(eid, DVM_
if {stat=>0) {
buttyistatl .= 07 ;
printf("Data from lnstr §
else printf("I/0O read error\ne? Y
return; }

main() {
int busid, stat, MTA, MLA:
char command[MAXCHARS];

busid=open ("/dev/hpib7", O_RDWR) ;

/* open raw HP-T

MTA=hpib_bus_status (busid, CURRENT_BUS_ADDRESS)
MLA=hpib_bus_status (busid, CURRENT_BUS_ADDRESS)

+ 64;
S0

stat = BUTTON_BIT

sprintf (command, "KM%020", stat);

[* 2 petal ‘digits >/

have to. Because the HP visual
engineering environment (HP VEE)
lets you solve problems without
programming,.

With HP VEE, you explore solutions
visually by arranging and linking
icons on the CRT. Each icon rep-
resents and executes a specific
function for data collection, analysis
—from simple mathematics to
complex algorithms—and presen-
tation. You don’t have to write a
single line of code.

There are two HP VEE software
packages for prototyping, experi-
mentation, and problem modeling.
HP VEE-Engine, at $995* is a

With HP VEE,
you simply link the icons.

Computers are great for problem
solving, if only programming
didn’t get in the way and slow
you down. And now, it doesn’t

0 1991 Hewlett-Packard Co, TMMSO108A/ED

CIRCLE 124 FOR U.S. RESPONSE

general-purpose tool for analysis
and presentation of existing data.
HP VEE-Test includes HP VEE-
Engine and adds extensive /O
capability, including soft panels
and device I/O objects for $5,000%.
So, if programming is keeping
you from solutions, call 1-800-
752-0900. Ask for Ext. 2382, and
we'll send a brochure on clearing
the way with HP VEE.

*11.S. list prices.

There is a better way.

[ cacinro
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OPTOELEGCTRONIC

Signal in Fiber coupler Signal out
Erbium-doped
fiber
Pump laser
Control electronics
Power supply

 mitted over a 10,000-km distance at 2.5 Gbits/

. s, and nearly error-free transmission at 5 :
- will require low-cost

: : 2 . components to become
. susceptible to pulse-spectrum broadening : N

. (over 100 GHz) in transoceanic lines, this : ; !
. and packaging costs is

: method prohibits WDM from using more of : gemoncirated in a hy-

- brid distribution device

. Gbits/s. But because NRZ transmission is

- the fiber’s bandwidth capability.

Yet another alternative is phase- or fre- . &TE Laboraturies. The

3 VUUE = component couples a
- mode. The problem here is the severely limit- :

. ed transmission distance due to fiber nonlin- - "V gtioves. which e

. micromachined on a
. are immune to such effects and can be used :
. with both WDM and polarization PDM. Ex- :

: . located on the sub-
. periments at AT&T show no significant inter- :
. action over a 100-km path between pulses sep- : matically a"?‘“ “.‘I‘: la-
: arated by greater than five pulse widths, and : g within :o,:n: ?h:rrse.
. pulse separation can be about half that al- :
. - ciency is comparable
: AT&T Bell Laboratories scientists have : :;%;“;‘:;:::.‘:ﬂ;.m
. demonstrated an ultra-fast optical-fiber-ring :
: LAN that uses solitons and all-optical logic :
. gates. They say a network based on this de- :
. sign might handle data at 100 Gbits/s peak, :
. making it over 1000 times faster than existing :
. electronic systems. The gate uses soliton :

. trapping and dragging to produce on-off sig- :

quency-shift keying in a constant-amplitude

- earity and amplifier noise. However, solitons

. lowed without multiplexing.

- nals for digital communication.

© The proposed design uses four logic-gate :
- modules at a node (information-switching :
. point) to read the address of a data packet to :
. verify its destination. The design is in an ear- :
- ly stage of research on ultra-high-speed net- :
- works using all-optical devices. Researchers :
. are now interconnecting the various parts of :

- the nodes to form a larger switching fabric.

. Increased use of fiber links in local-area
. networks (LANS) is spurring research in con- :
. nectivity technology. “From the standpoint :

. 4. Rare-earth-doped

. amplifiers can boost

- lightwave signal

- strength in fiber cables
. across a broad range
. of wavelengths. The at-
- oms of a rare-earth

- dopant in a spliced-in
- length of fiber are ex-
. cited by a pump laser.
- Thus, a lightwave sig-
- nal passing through

. the fiber amplifier can
. receive up to a thou-

- sandfold boost in sig-
- nal strength. Initial de-
. signs use erbium as

. the dopant material for
: optimum fiber-commu-
- nication wavelengths.
- Other dopants under

3 : . investigation include
. nary square pulses in the standard non-re- :

. turn-to-zero (NRZ) format at the wavelength :
. of zero dispersion in dispersion-shifted fiber. :
. This technique reportedly has reached a bit- :

5 =10 T a - 2
- error rate of 107'? in a single channel trans 5. Short-distance opti-

. cal-fiber distribution to

neodymium and prae-
sodymium.

homes and businesses

practical. One way to
minimize assembly

being developed by

laser array to single-
mode fibers seated in

silicon substrate.
Alignment pedestals

strate surface auto-

sultant coupling effi-

ment methods.
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. of volume in the datacom sector, we see the :
. greatest market potential in fiber-based :
. FDDI (fiber distributed data interface) :
. LANSs, channel-to-I/0 links, and systems- in- :
© terconnect application,” explains Art Strube, :
© executive vice president of BT&D, Wilming- :
* ton, Del. BT&D, a venture between the Du :
- Pont Co., Wilmington, Del., and British Tele- :
- com (the world’s fourth largest telephone :
. company), specializes in lightwave compo- :
 nents for telecommunications networks, °
- high-speed fiber channels, LANs and metro- :
. politan-area networks (MANs), military com-
: munications and control systems, and digital :
. cable-TV applications. :
. “Optical amplifiers are future key compo-
- nents in at least three application areas,” :
- says Strube, “datacom, telecom, and CATV.” :
- BT&D has launched a two-prong R&D devel- :
. opment effort in this arena. Semiconductor :
. optical amplifiers can be designed for both :
- the 1300- and 1550-nm wavelengths, with po-
. tential use in the datacom and fiber-to-the- :
. home applications. The erbium-doped ampli- :
: fier is already used in 1500-nm long-distance :
. telecom and CATV networks. Strube says to :
: make fiber amplifiers at the 1300-nm wave- :
- length, a different rare-earth dopant is need- :
- ed—namely, praesodymium. ;
- As a first step into the OEIC (optoelec- :
. tronic IC) arena, BT&D is developing chips :
. that integrate arrays of lasers with monitor :
. diodes as well as p-i-n arrays for connection to :
- ribbon-fiber interconnects (multiple fibers in :
: ribbon configuration). These elements are es- :
. sential to lower-cost system interconnects, :
. eventually leading to optical backplanes. :
© BT&D is also developing a variety of opti-
- cal transmitters and receivers for SONET :
- and Europe’s Synchronous Digital Hierarchy :
. (SDH). The company feels SONET and SDH :
- will dictate the standards for most future te- :

Solder metallization

Alignment pedestals

Silicon substrate
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nvice ™ / rcs
— l I FEWER

ICs

the myth of ST-NIC.

It doesn't take a mathematical wizard to see the superiority controller, it offers substantially greater system performance
of the NICE® Ethernet solution from the Advanced Products for user applications— by freeing CPU and memory band-
Division of Fujitsu Microelectronics. We think the numbers width. Fact is, benchmarks and customers report up
speak for themselves. i

Our NICE solution, for example, requires far fewer
ICs than SENIC’s so-called single-chip solution— 1§
7 vs. 18" And that means fewer passive components
as well. Making Ethernet LAN board design easier.

to 33% higher performance over competitors’ con-
trollers. Quite an edifying statistic, don’t you think?
And, unlike other available solutions, NICE has
been designed to fully comply with Ethernet
standards — ensuring international interoperability.

Faster. And more cost effective than ever before. And that's no myth.
Then, add on another factor— that NICE products are For more enlightening facts, here’s one more NICE
competitively priced—and systems designers number: 1-800-866-8608. Or call your local

clearly have a proven formula. sales office for our NICE Designer Kits. And
What's more, the fewer the parts, the

C’O discover the world’s most advanced, highly-
smaller the size—and the lower the power FU lTSU integrated, cost-effective Ethernet solution—
consumption. All of paramount importance the NICE family of high-performance products

for motherboard applications. from Fujitsu. Because all it takes to expose
Plus, because NICE is a highly automated  Delivering the Creative Advantage. a little myth is a little math.

FUJITSU MICROELECTRONICS, INC., Advanced Products Division. 77 Rio Robles, San Jose, CA 95134-1807. Ph: 408-456-1161 Fax: 408-943-9293. FUJITSU MICROELECTRONICS ASIA PTE LTD. (Head Office, Singapore):
Ph: 65-336-1600 Fax: 65-336-1609. HONG KONG SALES OFC: Ph: 852-723-0393 Fax: 852-721-6555. TAIPEI SALES OFC: Ph: 886-2-757-6548 Fax: 886-2-757-6571. JAPAN SALES OFC: Ph: 81-3-3216-3211 Fax: 81-3-3216-9771.
KML CORP. (Rep., Korea): Ph: 82-2-588-2011 Fax: 82-2-588-2017. PACIFIC MICROELECTRONICS, PTY. LTD., (Rep., Australia): Ph: 61-2-481-0065 Fax: 61-2-484-4460. FUJITSU MIKROELEKTRONIK GmbH ( Dreieich-Buchschlag, Germany):
Ph: 06103-6900 Fax: 06103-690122. NICE is a registered trademark of Fujitsu Microelectronics, Inc. ST-NIC is a trademark of National Semiconductor Corporation. *Reference NSC app note DP839EB-ATT, 1/91.
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. 6. Binary-optics tech-

. nology has the poten-

- tial to become an indis-
- pensable tool for fabri-

. cating optoelectronic

. ICs that combine opti-

- cal elements with elec-
- tronic circuits on chips.
. Byusing CAD design

. methods and VLSI pro-

- cessing, the technolo-

- gy can produce on-chip
. microscopic optical el-

. ements like lenses and

. laser-beam multiplex-

- ers, and can even cre-

. ate layered structures

. of optics and electronic
- devices in parallel

- form. This cross sec-

© lecom applications. One other major area of :
: BT&D’s development focus is on products :
. that support IBM’s recently announced ES- :
: CON (Enterprise System Interconnect) net- :
: work and Follow-on Fiber Channel (another :
: emerging ANSI standard). :
- Lasers, optical amplifiers, and optodetec- :
. tors are among the new OEICs being devel- :
: oped at the Advanced Technology Labora- :
. tory of Bell-Northern Research (BNR), Otta- :
- wa, Canada. As the R&D subsidiary of North- :
: ern Telecom, BNR is applying its MOCVD :
: processing expertise to build up semicondue- :
© tor layers on optoelectronic devices in layers :
- as thin as a few atoms. BNR has already de- :
- veloped the ridge-wave-guide laser that has a :
* median lifespan of 600 years. Current activity :
. focuses on developing GaAs chips that oper- :
. atein the 10-Gbit/s range for use in Northern :
. Telecom’s optical transmission systems. ;
: The world’s longest land-based fiber-optic :
. cable is Northern Telecom’s TubeStar sys- :
© tem, which stretches 7000 km (4300 miles) :
. across Canada. The $430-million system can :
 carry 24,192 voice-equivalent channels. A :
: backup system with different routing uses a :
. 2.488-Gbit/s transport developed by BNR.
© Onamore local scale, telephone companies :
. are expected to begin installing FITL toadd 3 :
. million access lines on fiber in 1996. By 2001, :
. over 40 million U.S. homes will be connected :
. to a nationwide fiber-optic subscriber-loop :
. network. These predictions come from a mar- :
- ket study by KMI Corp., a fiber-optics and
: communications consulting firm in Newport, :
. R.I. High-capacity fiber links will allow tele- :
. phone companies to offer a new range of :
. broadband services, including video-on-de- :
- mand, HDTV, and expanded cable-TV and :
- video-phone services, the study says. :
- Onedevice under development at GTE Lab- :
. oratories, Waltham, Mass., looks promising :
. for such applications. The device distributes :
. multiple communication signals by coupling :
. alaser array into four separate optical fibers :

tion shows the binary-

. optic equivalent of a

conventional lens,

- which can be arrayed
. in densities up to
: 20,000 lenses per

square centimeter.
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: (Fig. 5). Intended for sending voice, data, and '
. video signals over short distances from fiber-
. based networks to homes and businesses, the :
. design automatically aligns the fibers with :
. the light-emitting cavities of the lasers to :
: within a tolerance of 1 pm. :

The single-mode fibers are cemented in :

. grooves micromachined in the silicon mother- :
. board. An array of four individually address- :
- able, GaAsP/InP ridge-wave-guide lasers is
: mounted epitaxial-side down at the ends of :
. the fibers. Alignment pedestals on the moth-
. erboard and precise V-groove dimensions
. eliminate the need for costly active-align- :
: ment procedures. Coupling efficiency is re- :
. ported at 6 to 7%, which is comparable to ac- :
. tive-alignment performance. But research :
. continues to reduce the potential for back-re- :
. flection laser damage, and increase the num- :
- ber of arrayed lasers. :

Rockwell International Corp., AT&T, and

. others are examining binary-optics technolo-
. gy for placing arrays of microscopic optical :
: components on ICs to manipulate light :
. beams, in place of wiring, to carry massive :
- amounts of information. Other researchers :
© in this area are Texas Instruments Inc., 3M :
. Co., Honeywell Inc., Perkin-Elmer Corp., Po- :
- laroid Corp., and General Electric Co. :

“Binary optics is a diffractive optics tech- :

- nology that uses computer-aided design and :
- VLSI processing techniques to fabricate opti- :
- cal elements,” explains Dr. Edward Monta- :
. medi, Rockwell’s program manager for the :
: Microoptics Technology Dept., Thousand :
. Oaks, Calif. Where conventional optics uses :
- mechanical polishing to produce a curved op-
- tical surface of a specific profile, binary op- .
: ties transfers a binary surface-relief pattern :
© to a dielectric or metallic substrate by using :
. high-resolution lithography and ion-beam :
- etching (Fig. 6). :

A recent collaboration between scientists

- at Rockwell International’s Science Center, :
- Thousand Oaks, Calif., and the Massachu-
. setts Institute of Technology’s Lincoln Labo- :
. ratory, Lexington, Mass., has produced a mi- :
- crolens array that will enhance the light cou-
. pling to a solid-state photomultiplier (SSPM) :
. photon detector. The SSPM can detect indi-
. vidual photons. “The technology can also pro-
- duce telescope optics, contact lenses, arrays :
- of coupled laser microcavities, and laser-
. beam multiplexers,” says Montamedi.[]
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Semiconductor

@National

10-BIT ANALOG-TO-DIGITAL CONVERTER

SO easy-to-use, it opens a new window
of software programmability;

: ; g B KeyF re
B Dynamic Reconfiguration S Ladres
» Single +5V or +5V operation

HZ >TP.C0ﬂfll] "ﬂ[] m SH\U] m] m [] » 33mW power consumption at 5V

» 166KHz sampling rate (10-bit plus sign)
Software-Programmable Functions | - On-board 2.5V voltage reference
Conversion speed/resolution + Sample-and-hold
— 4.4 us max at 10-bit plus sign » 0-5V input with 5V supply
— 3.2 us max at 8-bit plus sign + -5V to +5V input with +5V supply
Multiplexer Output Data Format « Ratiometric or absolute voltage measurements
— Single-ended — Left or right justified « +1.5L.SB total unadjusted error
= Differentigl 5 » Guaranteed no missing codes over temperature
— Pseudo-differential
+ ADC10154 - four input channels
« ADC10158 - eight input channels

m ADC10158 Block Diagram

CONTROL

il

{|__MUX DECODE

Loy

Introducing the put data format. All with just a
industry’s ﬁl‘St SOftWﬂI’C- few easy keystmkcs. However Our lines are OpCl’l.

programmable 10-bit ADC and whenever you'd like.

Which means you get “on- For free samples and datasheets,

call: 1-800-NAT-SEMI, Ext 145.

Simply put, our latest the-fly” optimized system per- Or, fax: 1-800-888-5113.
ADCreation — the ADC10158 — formance, while consuming just
is open to suggestions. 33mW of power.

Now you can change your It also means that — now — National
conversion speed, reconfigure you can put design flexibility at Semiconductor
your mux, or adjust your out- your fingertips.

NORTH AMERICA: PO, Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1 800 628 7364, ext. 145;Fax: 1 800 888 5113 ); EUROPE: Industriestraf$e 10, D-8080 Fiirstenfeldbruck, Germany
(Tel: 49 8141 103 0; Fax: 49 8141 103 515); HONG KONG: 15th Floor, Straight Block, Ocean Center, 5 Canton Rd., Tsimshatsui, Hong Kong (Tel: 852 737 1600; Fax: 852 736 9921);
JAPAN: 4-15, Nishi-shinjuku, Shinjuku-ku, Tokyo, Japan 160 (Tel: 81 3 3299 7030; Fax: 81 3 3374 4303).



MAXI/PCPUTS A FRIENDLY FACE
ONPCBCAD

multi-layer, double-sided, surface
mount boards. You get schematic cap-
ture, layout, automatic routing, and
manufacturing outputs. All backed by
a 30 day, no (1uestions, money back

Unlike some people, you'll be
smiling when you see how easy to use
new MAXI/PC is. A new, proactive
user interface saves you hundreds of key-
strokes in a typical design because it
anticipates your next move and logi-
cally defaults to the most likely action.
MAXI/PC’s OSF/Motif" style interface
has clear, logical menus integrated
across all functions. It's easy to learn
and much easier and more productive
to use than the competition.

Nice To Your Budget
MAXI/PC gives you an incredible
amount of design power
for the money. Ric
with features, it's
capable of handling

W
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1 for $995.

Powerful capabilities include:
*5,000+ part library

e Hierarchical design
 Automatic placement

* Automatic gate and pin swap
* Automatic routing

¢ Automatic component rename

» Automatic part/component
replacement

*Back annotation
*Hotline support

guarantee. A

From A Good Family

Racal-Redac is the only EDA vendor
to offer a smooth growth path, with
data migration from MAXI/PC, to the
more powerful PC-based CADSTAR,
to high end, workstation-based
VISULA EDA. Make yourself smile,
get MAXI/PC.

Call today to order MAXT/PC!
1-800-356-8352

MAXI/PC

PCB CAD SOFTWARE
RACAL-REDAC

238 Littleton Road, PO, Box 365
Westford, MA 01886-9984, USA
Fax: (508) 692-4725 IRACAL]

OrCad, PADS, and Tango are trademarks of thelr respective companies
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ON MATERIALS

PACKAGING DESIGN MUST RISETO A
SYSTEM LEVEL FOR TOMORROW’S
MULTICHIP MODULES TO UNLEASH THE

1992 TECHNOLOGY FORECAST
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FUTURE PACKAGING
DEPENDS HEAVILY

reach to the very heart of the system’s per- :
formance—the movement of signals from :
each element of the system to others. :

For the foreseeable future, the multichip :
module (MCM) will be the basic packaging ve- :
hicle for upcoming generations of high-end :
systems. Paralleling the developments in the :
MCM area will be those of single-chip pack- :
ages, which will maintain their dominance in :
low- to mid-range systems. For both, a host of :

. material-and process-oriented issues mustbe :

. resolved before the processing power of to- :
: morrow’s silicon can be unleashed.

Many technical challenges are presented

by MCMs, and quite a few fall into the materi- :

. als arena. First, one must justify their ex- :
. pense for a given application. Then the prob- :

- lems of substrate selection, dielectrics and :

- their performance, die attachment and inter- :
- connection, and others are all for the materi- :

- als engineers to solve. There are also infra- :

- structureissues to be worked out. The overall :
. assembly philosophy—chips first or chips :

- last—is another issue that has an impact on :

. thereworkability of MCMs. Moreover, the as- :

POWER OF THE SILICON THEY’LL HOUSE.
BY DAVID MALINIAK

sembly technique must be considered with re- :
spect to the layout of chip I/0. ‘

g A FASTER FUTURE

Anticipated future demands for packaging :

- vary with expectations of system perfor- :

he road promises to become nar- :
rower and steeper for designers in :
the 1990s. Even now, notions of :
desktop systems with gigahertz :
clock rates are taking shape for :
some designers, and the hardware :
for achieving such goals is just a :
tweak or two of IC lithography :
away. But questions loom: How will design- :
ers eliminate the parasitic and path-length ef- :
fects of packaging, which worsen as speed
increases? What about the thousands of I/0
lines to be connected? The answers to these :
and other technical questions lie with pack- :
age designers and, to a large extent, with the :
basic materials and processes they’ll be using
to craft their designs. :
At virtually every level of packaging, from :
the housings for single chips to that of entire :
systems, the materials and processes used :
will have grea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>