








The Rising Tide of Bistable-Display
Development

Bistable displays have become closely linked with
“electronic paper” in the minds of many, but bistabil-
ity has a strong attraction of its own, whether or not it
is in the service of a display medium thought to be
suitable for paper-like displays. A bistable display is
one that remains in either its ON or OFF state without
requiring the expenditure of energy to keep it there.
The appeal is obvious: Text or an image is written to the display, and the image
remains with no degradation and without consuming any power until the user
decides to update or replace the image. In the many applications where a static
image is downloaded and then remains on the screen for seconds, minutes,
hours, or even days, this approach can result in displays that make remarkably
light demands on the batteries that power them.

For a time, the cholesteric liquid-crystal display (Ch-LCD) developed by Kent
Displays, Inc. (Kent, Ohio) was thought by many to be synonymous with
bistable technology. The development and licensing of this technology has been
impeded by the many years of patent and industrial-espionage battles between
Kent Displays and Advanced Display Systems (ADS) of Wylie, Texas. Now
that Kent Displays seems to have carried the field in the pending court cases,
licensing activity is accelerating rapidly, Kent President Gene Miceli told
Information Display. Even with the legal distractions, Ch-LCD technology is
distinguished from other bistable technologies by actually having standard
monochrome products on the market. The technology is compatible with flexi-
ble substrates, and attractive color prototypes and reasonably high-resolution
prototypes have been shown. But standard products are currently on glass sub-
strates and are of fairly low resolution for simple signs and similar applications.

Much of the bistable buzz has now been captured by E-Ink Corp. (Cambridge,
Massachusetts), which is the most visible developer of “paper-like displays,”
and the company’s demonstration of its latest generation of black-and-white and
color display prototypes at SID 2002 in Boston last May left most observers
impressed. E-Ink uses electrophoresis — the moment of charged particles
through a fluid under the influence of an electric field — to attract light or dark
particles close to the viewing surface to create an image.

There was a lot of research done on electrophoretic displays in the late *70s
and early ’80s, but problems centering around agglomeration (clumping
together) of the particles slowed development, and the rapid progress of LCDs
made that technology more attractive. E-Ink puts the electrophoretic particles
into microcapsules, which solves not only the agglomeration problem, but also
vastly simplifies fabrication because the microcapsules can be screen-printed
onto a substrate.

E-Ink currently has development agreements with Toppan for color filters and
Philips for active-matrix backplanes. The three partners demonstrated the first
color active-matrix “electronic ink™ display with reasonably high resolution (80
ppi) at the SID 2002 show, but some observers were more impressed with the
simpler black-on-white display, which had remarkable (dare we say “print-
like”?) contrast.

continued on page 36
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It’s Lights Out for U.S. Displays

by David Mentley

With the announced closure of Planar Systems, Inc.’s
TFEL display-manufacturing operation in Hillsboro,
Oregon, the issue is now settled: flat-panel-display
manufacturing occurs almost exclusively in Japan,
China, and Southeast Asia. Earlier in 2002, Planar
announced the closure of its Wisconsin-based

Standish LCD operation.

Planar’s TFEL factory represented the last attempt in a very long list of
attempts to establish small- to mid-sized display manufacturing in North Amer-
ica. IBM built a large plasma-display factory in New York and AT&T planned
to build one in Pennsylvania in the 1980s. GTE built a large thin-film EL fac-
tory in New Hampshire. OIS built one of the many TFT-LCD fabs in the United
States — along with Alphasil, LC Systems, ImageQuest, PanelVision, Amoco,
Xerox, and IBM.

There were dozens of passive-matrix LCD factories in the U.S. over the past
25 years, including those at Three-Five Systems, Hewlett-Packard, Optel, Intel,
General Electric, RCA, Beckman Instruments, Texas Instruments, Motorola,
Fairchild, Commodore, ILIXCO, LXD, Princeton Materials Science, Rockwell,
Standish, Kylex, Crystal Clear Technology, and many more. FEDs absorbed the
most funds, with huge fabs either built or started by Motorola, Micron, PixTech,
and Candescent. All are now part of history.

Flat-panel-display manufacturing now is a thoroughly Asian business. Com-
panies in South Korea, Taiwan, and Japan now make all high-value flat-panel
displays, though CRTs are still produced in North America and Europe, and
small displays are made in abundant quantities in China.

During the 1990s, the U.S. display industry was dragged into industrial-policy
debates. HDTV and defense procurement were used by industry players and
certain government agencies to make the case that domestic production of flat-
panel displays was central to the nation’s strength in the 21st century.

This thinking resulted in the National Flat Panel Display Initiative, which pro-
posed a dual-use approach in which high-volume commercial displays and
advanced displays for the military would be built on the same lines. This sup-
posedly would save the U.S. display industry, preserve military superiority, and
cost less, too! Needless to say, this approach never got past the report stage.

Why Did This Happen and Is It Good or Bad?
Flat-panel-display manufacturing is a very high-risk venture with occasional
opportunities for profitability punctuated by regular massive injections of capi-
tal. Investors and shareholders of U.S. firms do not embrace this type of busi-
ness. Why bear such risk when even a mediocre fabless semiconductor com-
pany will generate 40% margins? U.S. electronics firms tend to compete best in
— and usually dominate — fast-moving sectors like CPUs and graphics proces-
sors, while Asian firms excel at mass-producing complex products like display
modules. Interestingly, the margins are typically much higher in the former, but
the revenue is much larger in the latter.

Nearly every new display company’s business plan in the United States now
proposes a licensing model — think Rambus, Inc., or Dolby Laboratories, Inc. —

continued on page 32
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displaying defects chosen from either a volt- ‘
age image or a defect map (Fig. 4). Operators
can even select automatic defect-image cap-
ture using a second pass after the voltage-
image test is complete.

Having the capability to automatically cap- ‘
ture defect images eliminates the need for sep-
arate review stations. It also provides imme-
diate defect information for process engineers
and allows the introduction of a Defect
Review Queue (DRQ), in which the defect
data and defect images from the testers are
automatically collected and sent to a dedicated
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glass separation

Coherent, Inc.

Fig. 3: Compact but high-powered sealed CO, lasers are at the heart of every laser-based

glass-cutting system.

By moving the laser focal spot relative to
the surface of the glass sheet at a speed appro-
priate for each type and thickness of glass, the
temperature of the glass is kept well below its
melting point but high enough to create local
thermal tension. The laser focal spot is
closely followed by a quenching/cooling jet
consisting of a water and air mixture. Rapid
heating and cooling caused by the laser and
cooling jet create a crack along the line of
maximum thermal tension, which is defined
by the path of the laser beam. The depth of
the crack depends on the power of the laser
and the speed at which the focal spot is trans-
lated. Therefore, by properly adjusting these
parameters, full-body separation can com-
pletely cut through a glass sheet.

One concern about laser-cutting systems
has been their speed. During the past few
years, linear-cutting speeds for laser systems
have gradually increased from approximately
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100 to 200 mm/sec for 0.7-mm-thick glass to
a current typical full-cut speed of approxi-
mately 300 mm/sec. Mechanical systems
often have a higher maximum cutting speed
(up to 1000 mm/sec), but in production condi-
tions the actual performance of mechanical
systems is 300400 mm/sec in order to create
a sufficiently deep scribe, which is compara-
ble to the speed of current laser systems.

The Laser’s Edge

The benefits of full-body separation are best
described within the context of a manufactur-
ing process such as that used to manufacture
15.1-in. notebook-computer displays. In any
manufacturing process, total turnaround time
(TAT) is a critically important factor in deter-
mining productivity. TAT is the total time
required to load, process, and unload material,
and must be minimized in order to control
costs. The objective of laser-system manufac-

turers has been to make sure that laser cutting
is not the rate-determining step for TAT.

During the manufacture of notebook-
computer displays, several laminated LCD
panels are cut out of a large sheet of 1.4-mm-
thick laminated glass. Generation-4-sized
sheets are 720 x 600 mm in size. However, to
improve productivity, the FPD industry has
already begun using larger glass sheets that
have dimensions ranging from 880 to 1800
mm.

Full-body separation requires just three
steps to separate laminated LCD panels from
a large sheet. First, a CO, laser and a quench-

| ing jet are used to separate the first side.

Next, the sheet is flipped over. And finally,
the laser and quenching jet separate the sec-
ond side.

In contrast, the mechanical scribe-and-
break method of cutting glass requires six
steps to accomplish the same task. First, a
diamond blade or a hard metal wheel is used
to scribe the glass on one side. The sheet is
then flipped over and scribed on the second
side. Next, the glass panel is mechanically
stressed on this side until it snaps along the
scribe line. The sheet is then flipped back to
the first side and mechanically stressed to
break the first side. Consequently, the sheet is
flipped twice for the mechanical scribe-and-
break process, but only once during laser
processing.

In addition to reducing the number of steps,
laser cutting reduces TAT due to the smaller
footprint of laser-cutting stations. For exam-
ple, the dimensions of Applied Photonics’s
LaserMagic 700 Laser Cutting Station (Fig. 4)
are only 2 X 1.6 X 1.6 m, which is about half
the size of an equivalent mechanical system.
Therefore, in theory, TAT can be cut in half
by replacing multiple mechanical cutting
machines with twice as many laser machines
in the same space. In practice, however, the
saved space gives a factory manager the flexi-
bility to further boost capacity and overall fac-
tory productivity by installing additional units
of whatever machine is the time-limiting step
in the manufacturing process.

Laser cutting also has the potential to
increase overall yield and productivity by
eliminating most of the post-process polishing
and cleaning necessary to smooth rough edges
and remove glass dust created during mechan-
ical scribing and breaking. Laser-cut edges are
naturally smooth and free of microcracks and
chips (Fig. 5). Moreover, the laser process
















Table 2: Price Forecasts for PDPs

by Size for 2003
Size  Price  Units $ Volume Avg.
(in.) %) (k) (k) Price
32 2820 119 336
33 2961 9 27
37 3102 132 409
40 3730 37 138
42 4256 585 2490
43 5108 29 148
50 7225 79 571
60 9892 il 69
61 9892 3 30
63 13008 1 13
1001 4231 $4226

last time that happened?) And secondly, if
they can find an inexpensive wall-TV technol-
ogy, they can enormously increase the size of
the total wall-TV market — a market currently
forecast to reach $30 billion in 2006 even at
current forecast prices.

Where’s the New Technology?

Of course, everyone is trying to find such a
technology, or so one would imagine. But,
amazingly, that is not so. The staffs of major
TV manufacturers are dominated by engi-
neers. And engineers are experts at engineer-
ing: They tend to see all problems — including
economic problems — as having engineering
solutions. If they are approached with a
resoundingly cheaper manufacturing scheme,
it can be guaranteed that their first and only
response will be, “Show me a perfected sam-
ple.” And approach them with a fascinating

Table 3: Price Forecasts for PDPs

by Size for 2005
Size Price Units $ Volume Avg.
(in) & (k) (k) Price |
32 1587 251 398
33 1666 33 55
37 1884 524 987
40 1996 55 110
42 3633 1668 6060
43 3633 63 229
50 5220 238 1242
60 7150 37 265
61 7250 5 36
63 9400 13 122

2887 9504 $3292

new technology, especially if its name con-
tains the prefix “nano,” and a clean sample,
and they will spend an enormous amount of
time admiring the technology, trying to under-
stand the scientific basis, and dreaming up
ways it could be adopted. Only a cursory look
—if any — will be given to downstream costs
vs. resulting sales volume.

This omission often ends in the same way:
A great new technology is produced and sold
with much fanfare, while the manufacturers
bleed red ink. If more sales are required to
achieve lower costs, then “forward pricing” is
used to achieve the higher volume. Forward
pricing — reducing the selling price to that at
which the product could sell profitably if it
had the higher volume the lower price would
generate — is a wonderful tool if a company is
in the market alone. But if it is competing
against similar manufacturers, all with similar
overcapacity problems and all seeking to
increase volume by forward pricing, the result
is grim indeed.

Is there any reasonable solution? I can
think of only one: Staying completely out of
the market is a non-starter. One cannot be a
leading TV manufacturer by not selling TVs.
However, in a climate where the price-elastic-
ity issues are clear and the technology issues
quite fluid, the optimum solution may be to
hold one’s losses to a minimum and just man-
ufacture (or have private-labeled) enough flat
TVs to stay in the game. Let the other guys
bleed to death for their companies. Whatever
money is left can then be spent to find a dis-
play technology that offers the low costs it
takes to convince consumers to buy in large
numbers. That may take a few years of
patient waiting — or one could contact my
company, Printable Field Emitters (PFE), Ltd.
But there is no other path that makes sense
from a stockholder’s point of view. Being the
biggest and best carries no honor when it
results in losing money.

References

'All figures in this article are from the
DisplaySearch study Flat Display TV Market
Overview (February 2002), and are used with

permission. l
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Los Angeles Chapter News |
by Peter Baron

The Los Angeles SID Chapter has two new
officers: Ed Bernard (Northrop) is the new

chair and Bob Carson (consultant) is the new 1
secretary. Both previously held chapter

offices. As a former chair (1992-94), Ed
Bernard brings valuable experience to lend the
chapter for the coming year.

The Liquid Crystal Display Product &
Technology one-day seminar scheduled for
January 17, 2003, is intended to provide an
opportunity for SID members to keep up to
date with technologies that are critical for
developing effective LCD products. Four ‘
seminars, 1 hour and 45 minutes in duration, |
will feature talks on LCD markets, technolo- |
gies, and supplier issues; LCD backlight
fundamentals and developments; LC display
electronics, including multimedia considera-
tion; and practical aspects of delivering good
color performance in LCDs. The fees ‘
($150/$250 for members/non-members) are
being kept low to encourage attendance and
new member sign up. Seminar speakers are
internationally recognized experts in their ‘
respective topics. (See ad on page 35 for
details.) ‘

SID Announces New SID Senior
Member Grade ‘

by Shigeo Mikoshiba
SID Senior Member Grade
Committee Chair

It is my pleasure to announce that a new ‘
membership grade, SID Senior Member, has |
been proposed by the Board of Directors and
approved by vote of the membership. The
Senior Member Grade was established to pro-
vide added recognition to those members who
have made significant technical contributions ‘
to the advancement of displays and who have |
demonstrated active participation in the dis-
play community and in SID. Each newly
elevated Senior Member will receive an ‘
attractive parchment certificate. The elevation ‘
will be announced in Information Display and
on the SID Home Page (www.sid.org).

The SID Senior Member Grade candidates
must fulfill the following requirements.

30 Information Display 11/02

SID Senior Member Grade Application Form

(to be submitted by applicant or nominator)

Applicant's Name

First

Middle Initial

Family

SID Membership Number

SID Chapater

Affiliation

[ Job Title

Mailing Address

Phone

Fax

E-malil

Name of Nominator (if relevant)

Name of Reference

Member Grade." )

Tist "significant performances" over a period of at least 5 years in the field of
information display. (See requirement #3 of "An Invitation to SID Senior

List experience as a "practicing professional” for at least 7 years in the field of
information display (requirement #4)

[ist publications and presentations (five, altogether). (requirement #5-a)

List services to SID (requirement #5-b or #5-c)

#1. A candidate must have been a member |
of SID in good standing for at least 3
years of continuous membership
immediately prior to the submission of

an application. \
A candidate must have been an SID |
member for at least 5 years.

A candidate must have demonstrated
“significant performance” over a ‘
period of at least 5 years in the field of
information display. “Significant per- |
formance” means substantial job
responsibilities such as a program or
project leader, engineer or scientist

#2.

#3.

and publication.
#4.

with some proven measure of success,
or faculty member developing and
teaching courses that include research

A candidate must have been a “practic-
ing professional” for at least 7 years in
the field of information display.

. A candidate must satisfy at least one of

the following conditions:

(a) Published or presented (authored or
co-authored) at least 5 papers in the
Journal of the SID, in Information
Display, at SID-sponsored confer-
ences, or at SID-sponsored regional




SID Senior Member Grade Reference Form
(to be submitted by reference)

Applicant's Name:

Applicant's Membership number (if known)

How long have you know the candidate?

What is your professional relationship to the candidate?

Has the candidate demonstrated "significant performance" over a period of
at least 5 years in the field of information display?

in the field of information display?

Has the candidate been a "practicing professional” for at least 7 years

My Name

My SID Membership Number (if known)

My affiliation (company/institution)

My Mailing Address

My Phone

My Fax:

My E-mail

Date

For additional information, please see "An Invitation to SID Senior Member Grade"

conferences or workshops. Local
Chapter conferences are excluded.

(b) Served on the Executive or Organ-
izing Committee of at least two
SID-sponsored conferences,
regional conferences, or work-
shops.

(c) Served as an SID Chapter or Inter-

national Officer for at least 5 years.

An application form may be submitted by
the candidate or by a nominator who shall be
an SID member in good standing. A refer-
ence must be provided from an SID member
in good standing. The nominator may serve
as the reference. Fellows and Life Members
of SID are not eligible for the Senior Member
Grade.

Please submit the SID Senior Member
Grade Application Form via the SID Home
Page, by e-mail (seniormember @sid.org),
or by fax (+1-408-977-1531, Attn: Dee

‘ Dumont). An SID Senior Member Grade

| equipment,” and participated in World War IL

Reference Form should accompany the
application.

Russian Display Pioneer Sergei
Darevsky Dies at 82

by Vladimir Samsonov and Igor Litvak

Sergei Darevsky, an outstanding creator of
devices and systems for information display
and an effective manager of technical pro-
grams, died in Moscow on September 8, 2001.
Darevsky was born in Moscow on May 23,
1920. In 1943 he graduated from the Moscow
Aviation Institute with a specialty in “airplane

He received his Ph.D. in 1953, was elected as
an Active Member of the International Infor-
mation Academy in 1993, and was elected an

| Honorary Member of the Russian Tsiolkovsky

Academy of Astronautics in 1994.
Darevsky’s main activity was running the
Flight Test Institute (LII) in the town of

| Zhukovsky, Moscow region, where he held

the position of Chief Constructor of the Spe-
cial Design Bureau for display systems. He
developed equipment for the pilot’s cabin,
including indicator panels for airplanes and
simulators.

Darevsky created control desks for the
astronauts for all Soviet spacecraft and space
stations starting with the Vostok of Yuri
Gagarin, and continuing to Voskhod, Soyuz,
Salyut; the spacecraft for the Soviet lunar
program; and the Russian shuttle system
Buran. He also created training systems for
astronauts.

It was under Darevsky’s supervison that
installations were created in LII, Zhukovsky,
and Cosmodrome Baikonur to develop and
refurbish display systems. He organized a
country-wide cooperative system among
developers of display systems, including spe-
cialists in ergonomics. Darevsky wrote many
scientific articles and created many inventions
—60in all. He was the first in the USSR to
propose and develop display facilities that
allowed operators to monitor the activity of
complex systems.

In 1975, Darevsky created the Coordinating
Council on Display Devices (CCDD) and was
its permanent Scientific Secretary until his
death. Among many other positions and
honors, he was Director of the Information-
Editorial Enterprise Informatizatsiya, Deputy
Chief Editor of the theoretical, scientific, and
industrial magazine Problemy Informatizatsii
(Informatics Problems), and Vice-Chair of the
Department of Radioelectronics & Informatics
at the International Information Academy.
From 1998 until 2000 he was Chair of the SID
Russia Chapter, and held the title of Honorary
Chair until his death. Darevsky worked hard
to establish productive relationships between
state authorities and the scientific community.

Darevsky won many awards over his life-
time, including a medal “For Moscow
Defense” in 1944, a medal “For Extraordinary

? Work During Great Patriotic War” in 1945,

the Order of Lenin in 1961 for preparation and
implementation of Yuri Gagarin’s first space
flight, the Order of October Revolution in
1971, and other medals from the Russian Fed-
eration, the Russian Academy of Sciences,
and the Russian Exhibition Center.
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SID news

In 1966, Darevsky was awarded the Lenin
Prize for the preparation and provisioning of
the first exit into open space by Alexei
Leonov (astronaut-pilot Pavel Belyaev).
Darevsky’s erudition, organizational talent,
and his great productivity and intuition in the
field of displays gave him great credibility in

Russia and in the international community.
His vibrant personality and his contributions
to the development of Russian and interna-
tional science and technology are unforget-
table.

He is survived by a daughter and a son,
both of whom are scientists. l
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continued from page 4

rather than a manufacturing model. The U.S.
display company of today is one that invents
or develops new materials, processes, tech-
niques, or architectures that will make dis-
plays made in Asia better or cheaper.

In the long run, the steady supply of excel-
lent and low-priced flat-panel displays do pro-
vide a great opportunity to develop and add
value to system-level products in North Amer-
ica and Europe. However, it is lights out for
the non-Asian display-manufacturing industry
— at least until the next startup comes along.

David E. Mentley is Senior Vice President at
iSuppli/Stanford Resources; e-mail:
d.mentley @stanfordresources.com. ll
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In Search of Pizzazz

by David Lieberman

I received a request from a reader a few months back,
asking that I pay some attention to unusual uses of
displays. Since then, I have been keeping my eyes
particularly wide open for such things, but I regret to
report that only one really unusual display use has

. presented itself to me in the intervening time: an elec-
tric razor from Philips with an OLED incorporated into the handle.

Anecdotally, I have heard that Central European opera houses have been
taking advantage of FPDs to good effect. On a recent vacation trip abroad, an
analyst friend of mine named Paul Z. encountered two such displays in his trav-
els: one in Budapest and one in Prague. The opera house in the Czech Republic,
he told me, places a large display above the stage to provide a rolling translation
of Italian operas into Czech for the local audience. “I got lost in all the C’s and
Z’s,” Paul told me. He was much more taken with the small display monitor in
the standing room of the Hungarian opera house, which let him choose (by touch
input) to see a German or English translation of the opera as it was sung.

Automotive displays are, of course, not at all unusual, but it is worth mention-
ing a little evidence of how far FPDs have come in this application to date.
There is a wealth of untapped opportunity for FPDs in automobiles beyond con-
ventional alphanumeric radio displays, and coming days will see a number of
FPD technologies vying for an extended role in the car.

I recently did a quick automotive display check on a trip to hometown
Chicago, where traditionally, at some family function or other, I walk out to an
alley or parking lot with my cousin Arthur to take a look at his newest car. This
tradition began, if I remember correctly, way back in the early or middle 1970s,
when FPDs made a dramatic, though brief, appearance in cars from a number of
companies.

Arthur’s newest chariot at the time had a bright yellow speedometer display
incorporated into the dashboard, essentially a moving bar graph that completely
displaced the traditional electromechanical dial. This electronic speedometer
maintained the comfortable analog feel of the dial, but it offered nothing of
value beyond that dial — which, more than twenty years later, is still the norm in
automobiles — except, of course, pizzazz. The application was short lived.

The FPD in Arthur’s newest pride and joy on wheels likewise has plenty of
pizzazz but it also has one other, far more important, characteristic: extraordi-
nary utility. It is a full-color FPD integrated into the middle of the dashboard as
part of a mapping system with global positioning. “I don’t know how I ever got
along without it,” Arthur told me. So, too, will more and more car buyers.

Which brings us back to Philips’s razor, expected to be on the market soon,
and which I got a quick look at at the recent SID Symposium. According to
company spokesmen at the show, the sole function of this leading-edge display
— a nice, bright yellow alphanumeric device — is to show the battery time
remaining after the razor is removed from its cradle. “That’s it?” I asked. Lots
of sizzle, no steak.

Philips does deserve some credit for innovating and finding a way to use an
FPD technology that it now can use, a potentially high-value display type now
becoming available to OEMs. But the razor reminds me of all the capabilities
continued on page 38
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Management, 212/460-8090 x212, fax -5460,
e-mail: mgoldfarb@pcm411.com.

October 23, 2002 Detroit, Michigan

LCD/PDP International 2002. Contact: Nikkei
Business Publications, Inc., +81-(3)-5210-7044,
e-mail: lcd @nikkeibp.co.jp.

Oct. 30 — Nov. 1, 2002 Yokohama, Japan

Tenth Color Imaging Conference: Color Science,
Engineering, Systems & Applications. Sponsored
by IS&T and SID. Contact: SID HQ, Dee Dumont,
408/977-1013, fax -1531, e-mail: office@sid.org,
www.sid.org.

November 12-15, 2002 Scottsdale, Arizona

The 9th International Display Workshops (IDW
’02). Contact: SID HQ, Dee Dumont, 408/977-
1013, fax -1531, e-mail: office @sid.org.
December 4-6, 2002 Hiroshima, Japan

19th Annual Flat Information Display Confer-
ence 2002. Contact: Laura Castellano, 408/360-
8400.

December 9-11, 2002 Monterey, CA

The Third International Display Manufacturing
Conference & Exhibition 2003. Contact: SID HQ,
Dee Dumont, 408/977-1013, fax -1531, e-mail:
office@sid.org.

Taipei, Taiwan

FPD Expo Taiwan 2003. Contact: Sue Chung,

| 408/943-7961, e-mail: schung @semi.org.

February 19-21, 2003 Taipei, Taiwan

SID 2003 International Symposium, Seminar,
and Exhibition (SID ’03). Contact: SID HQ, Dee
Dumont, 408/977-1013, fax -1531, e-mail:

office@sid.org, www.sid.org.
May 18-23, 2003 Baltimore, Maryland l
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