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No one lets you see light and color as accurately and

effectively as Photo Research. As the leader in our field
for over 55 years, we continue to offer the most advanced

technology in fully integrated, complete solutions. Consider
the power we put in the palm of you hand:

Photo Research changed the light measurement world by
introducing the first commercially available video photometer.
We are proud to introduce the newest and most advanced
video photometer, the PR®-920 Digital Video Photometer
(DVP). Athermoelectrically cooled 1024X1024 CCD and
CIE matched filters are used to insure that the DVP delivers
the highest sensitivity, resolution and accuracy in its class.
We offer an extensive array of lenses and software to add-
ress most lighting applications.

The PR®-880 is the world's first and only, fully automated
filter photometer with through-the-lens patented
Pritchard®-optics, multiple apertures and Automatic
Internal Calibration (AIC). It delivers industry-leading,
low-light sensitivity and unprecedented flexibility.

Call Us For a Total Solution
(818)341-5151 ext.1
or visit
www.photoresearch.com

resentin
a Full Spectrum of -
Light Measurement Solutions

n

The PR®-705 is nearly 100 times more sensitive than
its predecessor, making it the most sensitive spectro-
radiometer in its class. It can measure areas as small
as 0.02 mm. It has up to six apertures, built in floppy
drive and SpectraWin™ Windows-based software extends
its user interface and control capabilities.

The PR®-650 is the only truly portable spectroradiometer.
It captures the entire visible spectrum simultaneously,
making it ideal for AutoSync™ (a feature which automatic-
ally locks to and measures pulse-sources) and Adaptive
Sensitivity.® Up to 600 measurements can be stored
internally.

The PR®-645 is a low-cost alternative. It is designed to
meet user specific applications that require spectral data.
It can be used in a vast number of applications like LED's,
Lamps, CRT's, etc.

POTO RESEARCH,® ic.

The Experts in Light and Color
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COVER: There's gold in them th'ar kills — the hills
of displays for portable communications devices,
that is — and display manufacturers are proposing
many displays based on different techrologies to
compete for that gold. But what does a major man-
ufacturer of portable devices say about the likely
winners and losers? For the answer, see the article
beginning on page 18.

Nokia

For more on what’s coming in fnformation Display, and for
other news on information-display technology, check the
SID Web site on the World Wide Web: http:/fwww.sid.org.

Next Month in
Information Display

SID 2001 Review Issue

* Overview

¢ Microdisplays

« LCDs

* Emissive Displays

* Manufacturing

* Electronics and Interfacing
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Editorial
Display Innovations Scarce at PC Expo
Ken Werner

A View from the Hilltop
Are We There Yet? . . .
Aris Silzars

L.C Modes for High-Performance Monitors
IP§ and MVA LC technologies provide solutions for the limitations of
earlier LC modes in demanding applications, but each techrnology
has distinct advantages and disadvaniages. ‘

Minoru Akiyoshi and Robert Durnhouse

Displays for Portable Communications Devices
While mobile-telephone makers wait for the emerging-technology
learning curve to turn, the LCD industry retains its grip on the
market.

Jyrki Kimmel

Fabricating Color TFT-L.CDs
Displays are made with a demanding set of processes similar to those
Sfor making ICs, but while IC makers save money by making their
chips smaller, display users insist on having displays that are larger.
This tutorial is the second in a series of three on manufacturing
AMLCDs.

Sang Soo Kim

Business Projectors: Technologies and Markets
Ultraportable projectors have become essential toals for the business
presentation market, and manufacturers are breaking performance
barriers every year. The next generation will feature wireless con-
nectivity and networking abilities.

Sweta Dash

Calendar of Display-Related Events

Talking Turkey in Taipei

At the 2]st Computex Taipei show, it seemed that every Taiwanese
IT-hardware manufacturer had a 15-in. LCD monitor in its porifolie

—~ and was ready to sell a lot of them cheap.
Bryan Norris
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Display Innovations Scarce at PC Expo

PC Expo, now positioned as the exhibits portion of
TECHXNY, may be New York’s “largest and glitzi-
est” computer show, but it was a lot less large and
less glitzy this year than last. Four days after the
close of the show — which ran from June 26 to 28 —
the organizers had still not posted attendance figures
on their elaborate Web site, and an e-mail request for
show stats went unanswered.

But the show’s contraction was clear without any
stats. The main floor of the Jacob Javits Convention Center, which had been
filled with booths last year, had a large, empty area that was curtained off in the
rear. And the lower level, which had a large number of booths last year, this
year had none. In a late-afternoon talk over sodas in the press room, one person
was complaining about the lack of chotchkes — New Yorkese for “giveaways”
(in this case) — and his children’s likely disappointment as a result. Indeed, the
number of chotchkes (and the amount of imagination behind them) was sorely
limited — an indication of reduced marketing budgets this year.

Eric Ullman of Dantz Development Corp. (which was promoting an upgrade
to its flagship product, Retrospect Backup for Windows) confirmed the reduced
traffic compared to last year, but noted that the press was out in full force.
“Well, you guys all work here, right?”

Interesting display-related developments were few and far between, but there
were some to be found.

Keyspan was showing its new USB 2.0 PCI card for Wintel and Mac PCs
which also supports the old USB Ver. 1.1. The upgraded USB standard supports
480 Mb/s, far more than the 1.5 or 12 Mb/s of the older USB standard. Even
though USB 2.0 devices are not yet available, the major players are coming out
with cards now. Keyspan’s president Mike Ridenhour explained that this is
because the introduction of NEC’s USB 2.0 chip has made it easy to make cards.
Keyspan will be coming out with a PCMCIA USB 2.0 card soon, and perhaps a
PCI combo with FireWire.

It is feasible to drive a VGA display at 430 Mb/s, Ridenhour said, but at the
latest USB developers’ conference there was no talk of display applications; it
was imaging and storage applications people were talking about. Drivers are the
hold-up now. Microsoft had just put beta drivers on its Web site in the week
preceding PC Expo, but only for Windows ME and 2000. Microsoft will not be
providing driver support for Windows 98 and earlier versions, Ridenhour said,
but Keyspan and other companies will license privately developed drivers and
make them available.

UMAX will have a USB 2.0 scanner in the fall, and confirmed that they need
the time to test drivers. A UMAX representative said that developmental USB
2.0 models are significantly faster than existing FireWire models, even though
the rated speeds are similar.

MARGI Systems was showing its new Presenter-to-Go " presentation module
for the HandSpring Visor’s SpringBoard expansion slot. Watching the projec-
tion of MARGI’s PowerPoint sales presentation from a three-pound projector by
PLUS driven by the Visor/MARGI combination had much of the fascination of
N-gauge model electric trains: It's surprising that such a Lilliputian system

Kahn International

continued on page 40
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1-800-338-1981 2
info@team-systems.com E ﬂnn
. T ‘ s‘ystems

Team Systems Inc. « 2934 Corvin Drive « Santa Clara, CA 95051 » Phone: (408) 720-8877 = Fax: (408) 720-9643
Circle no. 2



a view from the hilltop

Are We There Yet? ...

by Aris Silzars

The two girls, three and six years old, were peacefully
observing the freeway traffic and the California land-
scape gliding past from the back seat of their parents’
minivan on a typically sunny Saturday morning.
Their parents had decided to take a drive to explore a
: new area about fifty miles from their present home in
the east bdy It was beginning to look more and more like there might be an
interesting new career opportunity developing there. A new display start-up
with a rather strange name, but with lots of investor money, had made Richard
an offer that he just might not be able to turn down. And it was beginning to
look like his wife Emily could also advance her career by a move to this new
location.

As they drove, their conversation touched on a number of topics, one of them
being why it was necessary to change homes and lifestyles every time a new job
came along. What a disruption it was to have to sell their existing home, find
and buy a new one, move all of their possessions, and find new doctors, dentists,
and all those other services that we take for granted once located. Richard sug-
gested that maybe one day, after he was better established in his career, they
would try to create a business that was location-independent. That way they
could find a home location they liked because it matched their desired lifestyle
and not because it was near their places of current employment. He wondered if
the continued development of the Internet and of electronic communications
would help him accomplish that.

They were only slightly more than halfway into their drive when Danielle, the
older girl, began to ask, “Are we there yet?”” Alexandra, the younger, didn’t say
much yet but Emily could see that she was beginning to squirm in her car seat as
a clear indication that this ride had better have a quick conclusion. As Mom and
Dad explained that they would be there in about twenty minutes, the question
“Are we there yet?” became more frequently heard and with growing frustration.
After all, five minutes can seem like an eternity to a three-year-old stuck in a car
seat — just about the same as that last half-hour in an economy airplane seat on a
flight from Hong Kong to Chicago, shall we say.

For Danielle and Alexandra, “There” was anywhere that would at least tem-
porarily end the confinement of their car seats. And the sooner the better! If
this next destination also involved the offering of food, that would be a major
positive. “Daddy, ['m getting hungry.” “Mommy, I think I'm going to need to
2o to the bathroom.” And finally from the younger one, a robust scream that
could no longer be contained or ignored.

For the parents, with their plans of significant career changes and the reloca-
tion of their home, this question of “Are we there yet?” had a very different con-
text. Perhaps they would feel more comfortable where “there” was after they
made their decision whether to accept this new opportunity or not. But then
there would still be the even longer-term plans that Richard and Emily were
beginning to contemplate for careers that would allow them to pick whatever
location they wished while still earning a good income doing what they most
enjoyed.

continued on page 44
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BLAZING DUAL-LINK SPE

BUCKLE UP FOR
THE WORLD'S FASTEST
DUAL-LINK VIDEO SIGNAL GENERATORS:

: « 330 MHz DV DIGITAL o
) B
SPRODUCTIONKEYS ..+ |

paese
i)

Fifdisi E 2111 Big Timber Road, Elgin, I 60123 e i
/ Phone: 847..888.0450 Fax: 847..888.2802
sales@quantumdata.com
www.quantumdata.com - -
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S200 SERIES DISPLLAY ANALYSIS SYSTEMS

FAST
ACCURATE i
RELIABI E
AFFORDABLE

Microvision - innovating since 1953.

Microvision’s SS200 series of display analysis systems allows you to precisely, automatically and quickly measure
display performance. And with many test laboratories currently using the SS200 series as their standard test system,
shouldn’t you?

The SS200 series includes the S5210, SS§220 and SS230 systems. Each system allows for modular field upgrades
for increased functionality - Buy what you need, when you need it! Each system may be used on any display type from
CRT, all FPD’s, Projection, HDTYV, and Microdisplays. The familiar Windows-based GUI makes the equipment
easy to use and personalize. All versions come with the time tested Spotseeker five-axis positioning stage integrated
into all test sequences. Each system is a complete turnkey system with a computer, 5-axis positioner, monitor, software,
spectrometer, and camera system. For automatic testing to ISO, VESA, NIDL & TCO specifications, or comprehensive
analysis for engineering and quality control requirements, the SS200 series has the system for you!

Used by Test
SS210 System: y

The SS210 package has a CCD camera to provide spatial measure- LabOll.gtO,I(.iles
ments such as Line Width and MTFE. It includes an integrated spec- Worldwide
trometer for spectral analysis and color measurements and also in-

cludes an optional response time measurement capability. I M l C R 0 V I S I 0 N

S8220 System:

The SS220 system is the perfect choice for flat panel testing. It fea- l Dedicated to the Needs of the Display Industry
tures spectrometer-based, off-axis measurements, color analysis,

contrast ratio and luminance testing.

550 High Street, Auburn, CA 95603 USA
Tel:(530) 888-8344 * Toll Free: (800) 931-3188

85230 Svstem: 1\*;1)(: (?3‘{)) 888—83.49 # Email: info@microvsn.com
N . X . eb site: www.microvsn.com
The SS230 (pictured above) is a combination of the SS210 & , _
. . < International Representatives:
S$S220 system, resulting in the most comprehensive test system Japan - ARGO CORP,, 06 339 3366

available. All tests are performed at NIST traceable accuracy. Taiwan - SUPERLINK TECH., 886 2 2698 3456
Korea - B & PINT'L, 02 546 1457

China - China National Electronics Imp. Exp. Corp.
(010) 6829-6310
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Ottering High-Bright TFT-LCD's through innovation

Precision. Quality, Performance,
and Value better than the competition

Inviting High Bright TFT-LCD Technology
. to the world one person at a time.

e

You will see the difference in’

Improving the Brightness, Viewing Angle, Contrast Ratio of TFT-LCD
Sunlight Readable Brightness, Solution Ready, Low Lead Times,
TFT-LCD Experts, Low Cost Solution

LVM104VD 104" 500 nit VGA
LVM104XSB 10.4” 1300 nit XGA
LYMi1215D 12.1” 1000 nit SVGA
LVM151XD 15.1” 600 nit XGA

Complete Kits, Open Frame and A/D Cards Available

Vertex LCD Inc.

"ENGINEERED FOR EXCELLENCE"

Tel: 714.223.7111 Fax: 714.223.7711 600 South Jefferson St. Unit K Placentia, CA 92870
www.vertexlcd.com
Circle no. 6
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Test and
Measure

FPDs

Westar’s New Flat Panel Display
Performance Measurement
System FPM-505 is well suited for
QA/QC or low-rate production flow lines.

* Based on Westar's FPM-500, 510, and
520 in use worldwide.

» Performs accurate, repeatable electro-
optical measurements on FPDs and
components.

¢ Five-axis motion base architecture.

* Works with industry standard photometers
and spectroradiometers, and popular test
pattern generators, including Westar's own
Display Tuning System (DTS).

* Tests for luminance, chrominance,
contrast and viewing angle performance,
response time and flicker, VESA FPDM,
TCO 99, ISO 13406-2, and many others!
* System controlled through powerful
ViewPoint™ software.

FPM-505 Key Features:

* “Top-down” optical instrument arrangement allows for
horizontal material flow.

e Inherently light safe design allows use in a well-lit
working environment.

* Occupies a small floor space.

* Casters on system chassis make FPM-505 mobile.

ewPoint™ Software
Manual Control Interface (MCI) mode

Contact us today for more information

USA: Westar: 636-498-6004 ext.286 Taiwan: ATEC: 886-2-2219-8899
Japan: KBK: 03-3244-3784,-3795 China: ATEC: 769-632-6399
Korea: Truco: 02-571-1241~3 Europe: Ginsbury: +44 (0) 1634-298900

www.westar.com/fpm

Sl

NVESTAR

Display Technologies Inc.
Products for better displays.™

re
ATS) mode
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AXOLINK

FLAT DISPLAY CABLE

1 AXOLINK can be used for all board to flat panel

. display interconnects where VESA or FDPI-1
| standards are specified. Flat Display Cable
technology allows 0.5mm pitch for compac
dimensions and reliable flexlife.

Axon’ keeps standard lengths with 31 (VGA) or

41 (SVGA)conductors and Hirose DF-9'interfaces
ready for rapid delivery. Each can be‘connected at
the opposite end to a ZIF termination or@nother DF-9.
Shielded versions are also available to resolve EMI issues.
Prototypes and small quantities are welcome.

When you're down to the wire, just contact Axon’ Cable.
Or check out our free design center on our website, and
design your own custom FDC. Phone: 847-699-8822

or Fax: 847-699-8966.

CABLE & INTERCONNECT

AXON’CABLE INC.
1601 Feehanville Drive « Suite 600
Mount Prospect IL 60056 USA

e-mail: sales@axoncable.com
www.axoncable.com

Boston * Chicago + Dallas « Fremont, CA
Circle no. 29

Hybrid Coax Interconnects

For Head Mounted Displays
Miniature coax cables optimize signal
transmission in interface applications
between LCDs and remote controls,

such as in this micro helmet display.
PICO-COAX®cable equipped with
suitable interconnect systems replaces
conventional twisted wire pairs for
lighter, smaller, more flexible designs
with improved electrical characteris-
tics. Custom cable designs like this are
a specialty of Axon’ Cable Inc. E-mail:
sales@axoncable.com Phone: 847-
699-8822.

Circle no. 30

Flat Flexible Cable

Board-to-board cable interconnections
requiring small dimensions or greater
flexlife than ribbon cable, plus even
sharp bends, are available in various

pitch sizes (from 0.50 to 2.54mm).
AXOJUMP® FEC cable fits ZIF and
LIF connectors. Also available in
shielded versions. Prototypes and
small quantities readily available.
Phone Axon’ Cable: 847-699-8822.
E-mail: sales@axoncable.com

Circle no. 31




- Testand
Inspect

Microdisplays

Westar’s Microdisplay Inspection
i System (MDIS) tests microdisplays of
any resolution without changing the camera
or optics!
* Laboratory, QA/QC, or pilot production
environments (for volume production, ask
about our new production test system).
w * Complete electro-optical measurement
system includes spectrometer and CCD
camera. An illumination source is also
| included for testing reflective or
transmissive displays.
‘ * System control through the flexible
MicroPoint™ software, consisting of a
Manual Control Interface (MCI) mode for
direct control of the system, and an
‘ Automated Test Sequence (ATS) mode for
| automatic testing.

Precisely Measure:

* % Reflectance/Brightness * Flicker

* Contrast Ratio * Response Time

e Uniformity ¢ Temperature Performance
* Blemishes & Pixel Defects * Cross-Talk

* Spectral Response * Image Retention

* Chromaticity * Newton Fringe

e Contrast & Brightness vs. f#  * Gray Level Curves

Contact us today for more information

USA: Westar: 636-498-6004 ext.286 Taiwan: ATEC: 886-2-2219-8899
Japan: KBK: 03-3244-3784,-3795 China: ATEC: 769-632-6399
Korea: Truco: 02-571-1241~3 Europe: Ginsbury: +44 (0) 1634-298900

www.westar.com/mdis

L

ATS) mode

\VESTAR

Display Technologies Inc.
Products for better displays.®
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Any Monitor
Anywhere!

| _ /& j 400 Series: VL Series: Monitor
| / Provides and Keyboard has a
| ‘ horizontal and 9" vertical adjustment
vertical range, system folds
adjustment, flat to 4-1/2"D.
full tilt/rotate
capability.

DS 100 Series: Suspend 200 Series: Telescopes up

up to four monitors on a to 20", full tilt/rotate

single stand. capability, attaches to
virtually any vertical or
horizontal surface.

Specialty Mounting For Flat Panel Monitors

Ergotron Flat panel monitors compliant with the VESA® FPMPM|™ o
‘ARMSW~ Standard are Ergotron ARMS Compatible; this means your i - :
: monitor will easily attach to an Ergotron ARMS product. ’ H
‘ Compahb[e ' y g P EHGO on

Contact Dan Hallberg, 651-681-7659, for more information www.ergotron.com
or to discuss OEM and Reseller relationships. 800-888-8458
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Control ad

Stimulate
Digital FPDs

Westar’s Display Tuning System
(DTS) is your complete drive system.
For R&D, QA/QC, receiving inspection,
repair and OEM integration, Westar’s
DTS:

* Drives FPD modules, including
modules with parallel digital, LVDS, or
TMDS electrical interfaces.

* |s a PC-based system, which makes
it extremely flexible and easy-to-use.

Has All The Capabilities of a Digital Video
Generator PLUS:

¢ Allows for power sequencing per manufacturer’s ICD.

* Performs power consumption measurements.

* Has extensive pattern draw capability.

* Plays movies in AVl or MOV formats.

* Interconnects to high-res FPDs.

e Interfaces to on-board EEDID, as well as digital and
analog inverters.

* Interfaces to popular light measuring devices for
quick measurements.

* Network ready.

Contact us today for more information

USA: Westar: 636-498-6004 ext.286 Taiwan: ATEC: 886-2-2219-8899
Japan: KBK: 03-3244-3784,-3795 China: ATEC: 769-632-6399
Korea: Truco: 02-571-1241~3 Europe: Ginsbury: +44 (0) 1634-298900

www.westar.com/dts

Nl

ESTAR

Cirdeno. 11 Display Technologies Inc.
Products for better displays.™
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LC technology

L.C Modes for High-Performance Monitors

IPS and MVA LC technologies provide solutions for the limitations of earlier LC modes in
demanding applications, but each technology has distinct advantages and disadvantages.

by Minoru Akiyoshi and Robert Dunhouse

DEVELOPING display monitors for use

in industrial and commercial applications pre-
sents unique challenges. The multimedia,
graphics, CAD, and other professional fields
require large high-resolution displays that can
manage very large amounts of data. Like-
wise, medical-imaging systems require very
high-quality images. These markets require
not only large display size and high resolu-
tion, but also an ultra-wide viewing angle,
uniformity, high contrast, fast response time,
good color saturation, fine gray scale, and a
small footprint.

Fortunately for industrial and commercial
users, recent liquid-crystal (LC) technology
developments have overcome the technical
shortcomings of early LC solutions and now
offer a viable alternative to the bulkier and
more power-hungry cathode-ray tube (CRT).
In particular, multi-domain vertical-alignment
(MVA) and in-plane-switching (IPS) LC
modes hold promise for those seeking LC-
based technology with good off-angle view-
ing. But these two approaches, with all their
variations, are not created equal. A good
understanding of the underlying technology
and the advantages and disadvantages of each
approach are essential in making important
decisions regarding which technology to
employ in an industrial system.

Minoru Akiyoshi is Senior Engineering
Manager for Display Products at NEC
Electronics, 2880 Scort Blvd., Santa Clara,
CA 95050 telephone 408/588-6000, fux
408/588-6272, e-mail: minoru_akivoshi @
el.nec.com. Robert Dunhouse, Jr., is Engi-
neering Manager for Display Products at
NEC Electronics.
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Traditionally, the CRT display was pre-
ferred over the LCD for industrial applications
primarily because of the CRT"s superior view-
ing angle. However, the CRT’s compara-
tively large size and high power consumption
make it an imperfect solution. Therefore,
industrial users have sought a flat-panel dis-
play (FPD) with image quality and viewing
angles comparable to those of the venerable

CRT. Until recently, much of the LC-
development effort has fallen short of the
goal. Early thin-film-transistor (TFT) LC
technologies such as twisted-nematic (TN) LC
with added retardation film produced steadily
improving — although still insufficient — view-
ing angles. Such approaches were also defi-
cient in other important areas, such as con-
trast, color shift, and response time.

Common Electrode

Pixel electrode

Common Electrode
yellow
blue
yellow
Pixel electrode

Fig. 1: The color shift experienced at viewing angles greater than 45° in the conventional
in-plane-switching (IPS) electrode configuration (left) was virtually eliminated in dual-domain
IPS, in which an angular electrode arrangement (right) creates two different orientational

domains for the LC molecules.
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Fig. 2: The dual-domain IPS mode (right) reduces off-angle color shift by 50% compared with

that of conventional 1PS (left).

We believe that the MVA and IPS tech-
niques represent the current state of the art in
LC technology. These two methods offer
image quality and other performance
attributes that make them attractive alterna-
tives to the CRT for many industrial and com-
mercial applications. At the same time, each
of these methods takes a unique approach to
addressing the problems presented by earlier
LC technologies. The viewing angle becomes
less of an issue, but factors such as contrast,
response time, color shift, power consump-
tion, and technological roadmaps become crit-
ical considerations.

In-Plane Switching

IPS-LCDs — which were commercially avail-
able before MVA-LCDs — contain electrodes
that are all mounted on the same substrate,
instead of being divided between inner and
outer substrates as is the case in the traditional
TN and MVA LC modes. In the absence of
clectromagnetic excitation, the IPS LC
molecules lie parallel to the substrates and
each other, as well as to the cell’s electrode
pair., When voltage is applied, the LC
molecules rotate freely to align themselves
with the field while at the same time maintain-
ing their parallel orientation relative to the
substrates and neighboring molecules (Fig. 1,
left).

The fact that the IPS molecules are not
anchored to a substrate, as they are in TN- and
STN-LCDs, accounts for a significant advan-
tage over those technologies. In the opera-
tional mode of these displays, the further a TN

or STN LC molecule is from the anchored end
of the chain, the more it attempts to align
itself with the field between the two elec-
trodes, at right angles to the substrates. This
deviated alignment, in addition to turning the
pixel ON, also produces an unintended angu-
lar dependency of the light leaving the cell. In
other words, the color, shading, and contrast
of the image change at increased viewing
angles.

On the other hand, because the molecules in
an IPS display are untethered and because

they are subjected to a field that is parallel to
the substrates, they too are always parallel to
the substrates. Therefore, molecular orienta-
tion does not vary, and viewing angles of 160°
are possible. Color integrity in an IPS-LCD is
maintained, although brightness can drop off
as viewing angle increases.

Early TPS-LCDs presented three issues:
color shifts at a 45° viewing angle, slower
response time, and higher power consump-
tion. But subsequent IPS developments effec-
tively addressed these technical issues. The

| color shift at a 45° viewing angle arose from

the molecules’ being in a single domain,
which was defined by the simple parallel-line
configuration of electrodes in conventional
IPS displays. A solution was found by con-
figuring the electrodes in an angular pattern
(Fig. 1, right), which produced two domains,
each of which largely compensated for the
angular dependency of the other. This “dual-
domain” IPS mode reduces off-angle color
shift by 50% compared with that of conven-
tional IPS (Fig. 2). By adjusting LC viscosity,
controlling panel gap, and optimizing elec-
trodes, designers were able to make dual-
domain IPS 50% faster than the original IPS
displays.

In conventional IPS, placing both elec-
trodes in a single plane created a power-
consumption issue. Since each cell contained
two light-blocking electrodes, early IPS pan-

NI o
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Polarizer

Protrusions

LC molecules

Fig. 3: Multi-domain vertical-alignment (MVA) LCDs employ an LC mode with predominantly
vertical alignment in combination with multi-domain alignment to provide good image quality
and wide viewing angles. In the OFF state (left), MVA molecules are aligned in a predomi-
nantly vertical direction, which increases the molecules’ ability to block light, producing a very
black dark level and a high contrast ratio of 300:1.
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LC technology

Fig. 4: The contrast of MVA (right) is high at viewing angles near perpendicular, but it does
not hold up well at large viewing angles. The contrast map for NEC's dual-domain IPS tech-
nology, which it calls “advanced super-fine technology” (A-SFT), is on the left.

els required a brighter backlight. The addi-
tional power required for the backlight made
these early panels unsuitable for battery-
powered applications. New electrode struc-
tures have now reduced power consumption
to about 24 W for a 15-in. panel that produces
200 cdfm?,

Multi-Domain Vertical Alignment
MVA technology was introduced to compen-
sate for the early disadvantages of IPS. MVA
employs an LC mode with predominantly ver-
tical alignment in combination with multi-
domain alignment to provide good image
quality and wide viewing angles. In the OFF
state, MV A molecules are aligned in a direc-
tion that is predominantly vertical with respect
to the two substrates, and the molecules are in

two groups that are not aligned parallel to
each other (Fig. 3). The vertical alignment of
the molecules increases their ability to block
light in the OFF state, producing a very black
dark level and a high contrast ratio of 300:1.
Under electromagnetic excitation, the
molecules swing through 90° to lie in a direc-
tion that is predominantly parallel to the sub-
strates. The negative dielectric anisotropy of
the vertically aligned molecules results in a
response time of less than 25 msec, a dramatic
improvement over that of conventional IPS-
and TN-LCDs. Multi-domain alignment of
the vertically oriented molecules is achieved
using UV light to create angular protrusions
within each LC cell. The UV process is a
more reliable and productive manufacturing
method than the traditional rubbing process

Response Speed (ms)

—pe— MV A

—mm— Dual Domain IPS

Grayscale

Fig. 5: Because the restoring force on the LC molecules in MVA displays is relatively weak, the

optical response time at darker gray levels is slower than for IPS.
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which can introduce contamination into the
LC, which produces defective displays. The
LCs within each individual domain align
along the cell’s inclinations instead of at right
angles, resulting in viewing angles of about
160°.

Comparing IPS and MVA

The IPS and MVA LC modes offer substantial
improvements over their predecessors, but
they are not the same, and they each have
their strengths and weaknesses. MVA has
good viewing angles, response time. and con-
trast ratio, but the alignment of MVA
molecules can be distorted by a physical
shock or vibration because the LC molecules
are not anchored to a rubbing layer. Asa
result, MVA panels are not well suited to
mobile applications. The contrast of MVA is
high for ON and OFF modes at viewing
angles near perpendicular, but it does not hold
up well at large viewing angles (Fig. 4, right).
The fact that the LC molecules in MV As are
not bound to a rubbing layer means that the
restoring forces are relatively weak, which
results in an optical response time at darker
gray levels that is faster than that of IPS

(Fig. 5).

NEC’s A-SFT

In an effort to overcome the drawbacks of
conventional IPS and MVA technologies,
while incorporating the benefits of each, we at
NEC have developed a dual-domain IPS tech-
nology that we’ve named “advanced super-
fine technology” (A-SFT).

Typically, when customers look for the
proper panel to serve their industrial needs,
they focus on contrast ratio. But as more
applications that require extreme viewing
angles emerge, color shift becomes an impor-
tant factor.

Until now, MVA panels have had an ON-
OFF response faster than that of IPS panels.
However, by adjusting LC viscosity, control-
ling panel gap, and optimizing electrodes, the
developers of A-SFT have achieved an overall
ON-OFF response time comparable to that of
MV As, and speeds in the middle gray scale of
less than 25 msec.

What the Future Holds

NEC is offering A-SFT LC technology as a
very strong candidate for surpassing the CRT
in color saturation, viewing angle, contrast,
and response time. But there are certainly




other LC modes under investigation with
characteristics that are comparable to the
MVA and IPS techniques. One of them is the
optically compensated bend (OCB) mode,
which has been successfully demonstrated but
is not yet commercially available.

Today’s advanced LC technologies finally
provide industrial and commercial users with
viable alternatives to the power-hungry and
bulky CRT for industrial applications. Now
that viewing angles of 160° have been
achieved, LC developers can focus on factors
such as power consumption, contrast, and
response time — and current IPS and MVA
techniques deliver acceptable performance in
these areas.
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portable displays

Displays for Portable Communications

Devices

While mobile-telephone makers wait for the emerging-technology learning
curve to turn, the LCD industry retains its grip on the market.

by Jyrki Kimmel

TIE DEVELOPMENT of cellular-tele-
phone systems and services in the 1990s has
led to a new way of communicating both at
work and in domestic life. The simultaneous
boom of the Internet has initiated a digital
convergence in which communications, enter-
tainment, and information services will be
brought together for the user in a seamless,
interactive platform. Terminals are a varied
lot at the moment, but whatever the user
paradigm of the future will be, it is clear that
the importance of the display will increase as
more data is made available to the user at an
ever faster rate.

In mobile telephones, this means enhancing
the visual user experience while retaining
high-quality voice-communications capabili-
ties. Today, the typical mobile telephone has
a film-compensated supertwisted-nematic
(FSTN) liquid-crystal display, although
promising candidates for replacing this estab-
lished technology are on the horizon. Bring-
ing the Internet to the mobile terminals
equipped with the new displays will be an
important enabler of a mobile information
society.

Jyrki Kimmel is Senior Research Manager at
the Nokia Research Center, P.O. Box 100,
Tampere, FIN-33721 Finland; telephone
+358-7180-35484, fax +358-7180-35322,
e-mail: jyrki.kimmel@nokia.com. The author
thanks Stanford Resources, an iSuppli Com-
pany, for giving permission to use the graph
in Fig. 2, and also thanks Steve Doe of Nokia
Mobile Phones for the data in Table 1.
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Development of Cellular-Telephony
Systems

The development of portable communications
devices and the extended coverage of cellular
telephony were extremely rapid in the 1990s
(Fig. 1). Moving from analog-based first-
generation systems to digital cellular-tele-

phone services such as the Global System for
Mobile Communications (GSM) has been
rapid, particularly in Europe and Asia. In the
process, the cellular telephone has become an
everyday product. In some countries, the
market penetration of the GSM terminals
already exceeds that of land-based telephones.

Personal
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. Multimedia YWCDMA o
5 2 Mbit/s
o© + 1000
B
R IR Personal SIS R T |
Internet 170 kbit/sg
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e Personal 56 kbit/s®
2 o GSM
™~ communications .
GsM 14.4 kbit/s®
........................................... L s R L
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Fig. 1: Services for cellular networks have developed rapidly over the last decade, and will
continue to do so as current plans are implemented.
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Fig. 2: In its latest report (May 2001), Stanford Resources predicts that the market for liquid-
crystal cellular-phone displays (both monochrome and color) will grow steadily between now
and 2007, with more capable graphics displays increasing their penetration of the market. Sales
of chip-based and miniature displays will begin to appear midway through this period, but at levels
that can barely be seen on the chart. (By permission of Stanford Resources, an iSuppli Company.)

In preparation for the third generation of
mobile telecommunications services, the pre-
sent digital networks are being upgraded (o
allow for more data bandwidth and better
voice quality. These developments are lead-
ing to an increase in the proportion of the
bandwidth used for multimedia data in rela-
tion to that used for voice communications.

A parallel trend is the development of
short-range wireless office networks by lead-
ing cellular-network makers. These networks
will encourage and accommodate further
improvements in the data capabilities of
portable communications devices. The kinds
of advances seen in the mobile telephony ser-
vices are expected in these terminals as well.

Portable data terminals of the future will
increasingly be connected to the wireless net-
work. The communications features of some
devices may not be obvious to the consumer,
but it is expected that new PDAs, electronic
books, and even laptop computers will all be
wireless in the future, The trend is exemplified |
by the common use of the GSM network today
in downloading and sending e-mail either by
using a portable telephone attached to a laptop
computer via an infrared or a cable-based data
link or by using a dedicated communications
device that has these features built in along

with a GSM phone. This is only the beginning
of the era of digital convergence, which will be
emerging with the new network standards.
Combining a high-quality display with a
digital camera in a terminal will enhance the
non-voice multimedia use of terminals in third-
generation networks. Even today, communica-
tor devices have digital-camera interfaces, but
the narrow bandwidth of the GSM network
reduces the usefulness of this feature. In the
third generation, however, video telephony will
become an attractive and powerful application.

Trends in Display Modules
The need for two hands — holding the receiver
of the telephone to one’s ear with one hand

while dialing a telephone number with the
other — to operate the “plain old” land-based
telephone has become impractical in today’s
mobile telephones, and the simple feedback
of listening to the DMTF tone of the dialed
number is unavailable. A display as part of
the telephone has became an important
element of mobile telephones because it
allows the user to see the numbers as the
telephone number is being dialed.

The first telephone displays were one-line
segmented LCDs used only for showing the
dialed number. When second-generation
digital networks began to deliver more infor-
mation, it was necessary to add more features
onto the display. Icons were used to indicate
signal and battery strength as well as notifica-
tion of incoming messages, and more lines
of text were provided for sending and receiv-
ing short messages. At Nokia, we launched
a new type of terminal, which we called the
Communicator, to take advantage of the
9.6-kbits/sec data channel of the GSM, and
added a wider display to the device. Later,
games started to appear on telephones, and
the displays changed to graphics displays.
Now, line-based displays are all but disap-
pearing from the mobile market (Fig. 2).

Integration trends have become important.
At first, “handheld” mobile telephones were
bulky, containing several separate circuit
boards, and the small display was held in
place by the telephone frame connected with a
zebra strip. As the terminals became smaller,
the proportional size of the display increased,
requiring the driver chip to be integrated with
the display, first as chip-on-film (COF), but
moving rapidly to chip-on-glass (COG). As
display size increased, backlight design
advanced together with light-emitting-diode
(LED) efficiency, making it possible to create
a backlight with fewer LEDs that was still
quite uniform. This, in turn, made it possible

Table 1: Evolution of Display Modules in Recent Nokia Cellular

Telephones
Number of LED Power
Phones LCD Power LEDs (Display  (Display
(Nokia Model) Resolution (approximately) Backlight) Backlight)
2110 4 lines of 12 60pAx72V 8 ~250 mW
characters

6110  84x48pixels  100pHAX3.6V K ~150 mW
7110 96 x 65 pixels 100 HA X 3.6 V 4 ~100 mW
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Fig. 3: Nokia’s vision of a third-generation wireless terminal.

to reduce the power consumption of the display
(Table 1). Present display modules are com-
plex assemblies incorporating LED illumina-
tion for the keypad and on/off controls, and
sometimes even loudspeakers in the same
module.

The Third Generation and

New Demands

The first GSM implementations utilized the
GSM phase | framework, Phase 2 was sched-
uled for the latter half of the 1990s, and now
includes increased data bandwidth, imple-
mented by using multiple slots in the GSM
channel space, enhanced-data-rate audio
codecs, and packet-radio capabilities. This
development is commonly called the Genera-
tion 2.5 cellular system, or GSM phase 2+.

One example of phase 2+ services is the
Wireless Application Protocol (WAP), which
enables Web browsing via proxies and filters
in the network. A similar system, i-Mode in
Japan, has Web capabilities as well. This
development ultimately leads to the further
use of audiovisual multimedia in mobile com-
munications terminals.

These demands have led to the develop-
ment of the third-generation cellular-tele-
phone system, which is scheduled for com-
mercial launch in 2001, first in Japan and then
elsewhere. The operator licenses for the third
generation are already being sold or auctioned
worldwide. The standards proposals define
the maximum data speed of this new network
to be 2 Mbits/sec to a stationary terminal —
200 times that of the basic GSM data speed.
This will easily allow live video reception.
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The technology will be based on a wideband
CDMA (W-CDMA) standard.

All wideband consumer and business appli-
cations require high-quality displays to be
worthy of investment (Fig. 3). The port-
ability of the terminals, power-consumption
demands, and environmental concerns impose
stringent requirements on these displays.
Many emerging technologies have the neces-

sary characteristics for a particular type of
portable communications terminal, but none
of these technologies can provide an “ultimate
display” that would satisfy the demands of all
the applications. A careful trade-off analysis
is required for any new application of high-
information-content displays .

Emerging Display Technologies
Although trade-offs are unavoidable, there
are a number of emerging display technolo-
gies that may be able to help the consumer
resolve the problem of viewing visual data
content on a small device. In the Japanese
market, mobile telephones with reflective
color screens are already prevalent, and the
same trend is being seen in gaming terminals
and PDAs. The color space of the displays
is still quite poor, and the use of a frontlight
is necessary when the ambient light level
drops.

Today, frontlight designs are quite good,
resulting in a visually acceptable display con-
cept. But the power consumption is increased
tremendously by using a frontlight, driving
the display at video rates, and perhaps choos-
ing an active matrix to drive the display. In
mobile phones, this can be detrimental to the

Nokia

Fig. 4: Nokia’s 9210 Communicator with a transmissive AMLCD (the U.S. version will be the

9290) offers e-mail and fax capabilities.




basic voice-communication functions of the
terminal.

This thinking leads to a search for more-
efficient displays, but all the attractive candi-
dates have drawbacks. Reflective LCDs, for
example, are always facing a compromise
between reflectivity and color-filter thickness.
Organic emissive displays (OEDs), in particu-
lar, are being hailed as the new promising dis-
play for mobiles because of the inherent effi-
ciency of the material. But this may be falla-
cious reasoning when applied to high-infor-
mation-content displays. OEDs have good
efficiency when operating under direct drive,
but multiplexing leads to a drop in efficiency
[see Mark T. Johnson and Aad Sempel,
“Polymer-LED Matrix Displays,” Information
Display 16, No. 2, 12-15 (February 2000)].
And avoiding multiplexing by using an active-
matrix backplane may result in prohibitively
high power consumption.

Researchers do not seem to be satisfied
with the current backplane alternatives
because of the nonuniformity associated with
organic displays. Internal compensation of
the transistor circuits so that gray scale can be
driven at constant current steps is quite a dif-
ferent problem from driving an LC. There are
also concerns about the lifetime of OEDs.
Among these is that differential aging of the
different color emitters may produce a shift in
the color balance over time. All active-matrix
OEDs still seem to be in the laboratory stage,
and resolving current production problems is
surely a challenge to the display industry.

Low-temperature-polysilicon (LTPS) back-
planes have the potential to be used in mobile
terminals because they allow increased func-
tionality to be placed on the glass. Just incor-

porating the row and column drivers under the |

LCD seal arca would be a benefit to the phone
maker because it saves space and reduces the
number of connections.

Plastic substrates are a topic that resurfaces
now and then. For a mobile-telephone maker,
the reduced weight of plastic displays is the
key benefit. Flexible displays might open up
new possibilities, but, so far, good color dis-
plays on plastic have not been seen on the
market. This includes plastic OEDs, which
present their designers with formidable chal-
lenges in developing barrier layers that effec-
tively block the migration of oxygen and
humidity for a prolonged period of time. In
general, plastic displays have larger seal areas
around the active area, which leads to ineffi-

cient use of valuable space in the user inter-
face. And. so far, it has also been necessary
to make the ITO lines wider because of the
lower process temperatures required, leading
to displays with modest pixel pitch.

The alternative to direct-view displays is to
tackle the power-consumption problem by
using virtual displays. The virtual-display
makers have offered their microdisplays to the
mobile-telephone market, stating that their
displays would provide an economical way (o
read e-mail, fax messages, efc. But many
mobile-telephone makers already have this
capability in their current product line, using a
simple direct-view display. For example, the
latest Nokia model, the 9210 Communicator
(the U.S. version will be the 9290) uses a
transmissive active-matrix LCD (AMLCD)
for these functions (Fig. 4).

Thus, the microdisplay makers have started
to look into third-generation systems, trying to
find a market for SVGA color-sequential dis-
plays. This is a promising trend, but as either
a phone accessory or an integral mobile-tele-
phone part, these displays still require the user
to utilize a separate input mechanism before
fully benefiting from using the microdisplay.

The Best Display?

There are a number of promising technologies
on the market to help resolve the problem of
showing more visual content in a small space.
But in many cases, the user paradigm has not
been determined, or the displays consume too
much power to handle the new demands well.
Emerging technologies are still facing a learn-
ing curve, and while the mobile-telephone
makers wait for the curve to turn, the LCD
industry still has a firm grip on the market. B
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Fabricating Color TFT-LCDs

Displays are made with a demanding set of processes similar to those
for making ICs, but while I1C makers save money by making their chips

smaller, display users insist on having displays that are larger.

by Sang Soo Kim

TJE PRESSURE TO REDUCE the man-
ufacturing cost of thin-film-transistor liquid-
crystal displays (TFT-LCDs) is as constant
and intense as it is in the semiconductor
industry. To increase productivity, integrated-
circuit (IC) makers continuously reduce the
sizes of ¢-Si chips and transistors in order to
increase the number of chips per wafer (Fig.

Sang Soo Kim is Vice President, AMLCD
Division, Semiconductor Business, Samsung
Electronics Co., Kiheung-Eup, Kyunggi-do,
Korea; telephone +82-2-760-7693, fax
+82-2-760-7714; e-mail: sssskim@sec.
samsung.com. This article was developed
from portions of the author's comprehensive
short course, “Fundamentals of Active-Matrix
Liquid-Crystal Displays,” presented at SID
2001 on June 3, 2001, in San Jose, California.

1). But this strategy does not work for LCDs
because the panel sizes that users demand
most get steadily larger, not smaller. Still, by
increasing the number of panels produced on
a single substrate, the cost of TFT-array pro-
cesses can be reduced (Fig. 2). This process
requires that the size of the glass substrate be
steadily increased so that the number of LCD

panels fabricated upon it can increase (Fig. 3).

New generations of process equipment must
be continually designed and built to achieve
these increases.

The fabrication processes this equipment
must implement will be described below.
We can assume that the display being fabri-
cated is a color TFT-LCD that uses an
inversely staggered amorphous-silicon
(a-Si) TFT as the active-matrix switching
clement.

Fabricating the TFT Array

The manufacturing process used to fabricate
an a-Si TFT array is very similar to that used
to fabricate ¢-Si semiconductor devices. The
various steps, including cleaning, deposition
of thin films, photolithography, and wet and
dry etching of the thin films, are also very
similar. The difference between the a-Si TFT
process and the ¢-Si semiconductor process is
that a semiconductor layer is deposited onto a
glass substrate in the a-Si TFT process, while
Si wafers are used as the substrate in the ¢-Si
semiconductor process. Today, the critical
issues in the processing of TFT arrays include
the development of a low-resistance gate bus
line, uniform and fine etching, and improved
lithographic accuracy. TFT-array technolo-
gies are aimed at achieving high precision,
large aperture ratio, and low power consump-
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Fig. 1: IC makers increase productivity by continuously reducing chip
size and increasing wafer size to increase the number of chips per

wafer.
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Fig. 2: The IC makers’ size-reduction strategy does not work for
direct-view LCDs, but LCD manufacturers can still reduce the cost of

TFT-array processes by increasing the number of panels produced on

a single substrate.
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size miust be steadily increased, which requires the continual design
and construction of new generations of process equipment,

Fig. 4: The processing of an a-Si TFT array is complex. This flow

chart outlines the processes for making an a-Si TFT array using a bot-

tom-gate TFT structure and an independent storage capacitor.
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Fig. 5: TFT fabrication: Gate-metal deposition by sputtering.

Fig. 6: TFT fabrication: Gate-metal patterning (1st mask).

Passivation Etch (MASKS)

SiNx PECVD

n+ a-Si Etch-Back J _l I
SID Pattern(MASK4)

S/D Metal Sputtering

IT0 Pattern(MASKS) = R

ITO Sputtering
a-8i Pattern(MASK2)

n+a-sila-SiSINK PECVD] | . I I
Gate Pattern(MASK 1)

Gate Metal Sputteri 00 A .
ate Me puttering n+a-Si(500 A) @—I

Passivation Etch (MASKS)

SINx PECVD

n+ a-Si Etch-Back m
S/D Pattern{MASK4)

SID Metal Sputtering

ITO Pattern(WASIK) O ——

ITO Sputtering
|&-Si Pattern(MASK2)

n+a-Si/a-SI/SINx PECVD ML
Gate Pattern(MASK 1)

Gate Metal Sputtering n+a-sl (500 A) PR
Dry Etching (Rl

_ aSi(2000 A) Dry Etehing (RIE) |
l e e e J

Fig. 7: TFT fabrication: Deposition of n* a-Si/a-Si/SiN, triple layer
using PECVD.
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Fig. 9: TFT fabrication: Pixel ITO deposition by sputtering.

Fig. 10: TFT fabrication: Patterning of pixel ITO (3rd mask).
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Fig. 12: TFT fabrication: Data bus line and S/D paiterning (4th
mask).
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Fig. 14: TFT fabrication: Passivation SiN, deposition using PECVD.
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tion, in addition to large screen size. Active-
matrix LCD (AMLCD) manufacturers are
also competing to minimize the number of
array processes by reducing the number of
photomasks and simplifying the thin-film-
formation and etching processes.

In the bottom-gate TFT-array fabrication
process, the first layer consists of the gate
electrodes and gate bus lines, which can have
one or two metal layers. Some storage capac-
itors can be constructed by using a part of the
gate electrode as a storage-capacitor electrode
(which is called the Cs-on-gate method),
while other capacitors are constructed inde-
pendently of a gate bus line. If the indepen-
dent Cs lines are constructed simultaneously
with the gate bus lines using the same metal
layer, there is no difference in the fabrication

Fig. 16: Color filters can be made with either dyes or pigments, utiliz-

ing various coloring methods.

process between the Cs-on-gate method and
the independent Cs bus-line method.

The processing of an a-Si TFT array is
complex (Fig. 4). After constructing gate
and storage-capacitor electrodes with
2000-3000 A of a metal such as aluminum,
chromium, tantalum, or tungsten, a triple
layer of silicon nitride and a-Si is deposited
by using plasma-enhanced chemical vapor
deposition (PECVD). In the etch-back type
of TFT structure, the triple layer consists of
4000 A of SiN,, 2000 A of a-Si, and 500 A
of n* a-Si, which is deposited over the gate
electrode in a continuous process, i.e., a pro-
cess without a vacuum break. For the etch-
stopper type of TFT structure, 4000 A of
SiN,, 500 A of a-Si, and 2000 A of n* a-Si
are deposited.

Let us look at the etch-back TFT-fabrica-
tion process in more detail (Figs. 5-15).
After defining the a-Si area by using photo-
lithography and plasma dry etching. an
indium tin oxide (ITO) layer is deposited with
a thickness of about 500 A via sputtering.
Then, the pixel electrodes are patterned.
About 2000 A of metal is sputter deposited,
while data bus lines and TFT electrodes are
patterned by photolithography. Then the
ohmic contact layer (n* a-Si) in the channel
region is etched by dry etching using the
source and drain electrodes as an etch-protect
mask. Finally, a protective 2500-A SiN, layer
is deposited by PECVD, and contact windows
are opened.

The etch-stopper TFT structure requires
one more process step — chemical vapor depo-
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Fig. 17: Of the many possible color-element configurations for LCDs,
striped is the most popular, followed by mosaic and delta.

Fig. 18: The TFT-array and color-filter substrates are made into an
LCD panel by assembling them with a sealant.
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Fig. 19: Fully assembled LCD substrates are scribed using a diamond

wheel and separated into individual cells.

sition (CVD) — than does the etch-back THFI
structure. For etch-stopper TFT fabrication,
an n* a-Si layer is deposited separately

after the top insulator of triple-layer SiN,/
a-Si/SiN,) is patterned. The a-Si area is pat-
terned, and the n™ a-Si layer at the top of etch-
stopper is removed. The source and drain
electrodes are formed using about 2000 Aof
metal; then, about 500 A of ITO is sputter
deposited, and pixel electrodes are patterned.
A SiN, protective layer is then deposited by
PECVD, and, finally, the contact windows are
opened.

Fabricating Color Filters
Color filters can be made with either dyes or
pigments, utilizing coloring methods such as
dyeing, diffusion, electro-deposition, and
printing (Fig. 16). There are several fairly
common color-element configurations (Fig.
17). Among the many combinations of con-
figurations and types of color-filter fabrication
methods, the color-resist method, employing a
striped RGB arrangement, is currently the
most popular in the color-filter industry.
Between the blocks of color in the color fil-
ter is a black matrix made of an opaque metal,
such as chromium, which shields the a-Si
TFTs from stray light and prevents light leak-
age between pixels. A double layer of Cr and
CrQ, is used to minimize reflection from the
black matrix. The sputter-deposited black-
matrix film is patterned using photolithogra-
phy. To reduce cost and reflectivity, black
resin — made by diffusing C and Ti in photo-
resist — can be used as a black-matrix mate-
rial.
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vacuum injection.

In the color-resist method, the primary

. color-filter patterns are formed by using a

photolithographic technique. The color resist
is negative and made by diffusing pigment in
a UV-curing resin (such as an acryl-epoxy
resin) and by dissolving the resin in a solvent.
A red-colored resist is spin-coated onto a
glass substrate on which a black matrix has
previously been formed. A red pattern is then
formed by exposing the red resist through a
mask and developing it. The process is

| repeated using the same mask with a shifted

mask-alignment technique for green- and
blue-colored resins. A protective film is then
applied, and 1500 A of ITO for the TFT
array’s common electrode is sputter-deposited
to complete the color filter.

Liquid-Crystal Cell Process

The TFT-array and color-filter substrates are
made into an LCD panel by assembling the
two substrates together with a sealant, while
the cell gap is maintained by spacers (Fig. 18).
The assembly is begun by printing a poly-
imide alignment film on a cleaned TFT array,
and then rubbing the surface of the film with a
piece of cloth wound on a roller, which ori-
ents the polyimide molecules in one direction.
Similarly, alignment film is applied to the
color-filter substrate, and this substrate is also
rubbed. After the rubbing process, a sealant is
applied to the periphery of the TFT-array sub-
strate. To form electrical connections from
the common electrodes on the color-filter sub-
strate to the TFT array, the TFT-array sub-
strate is coated with a conducting paste
around the periphery. At the same time, spac-

Fig. 20: The separated cells are filled with liquid-crystal material by

ers to control the cell gap are sprayed onto the
color-filter substrate. (In some cases, spacers
are sprayed on to the TFT-array substrate,
and a sealant is applied to the color-filter
substrate.)

The two substrates are then assembled after
the sealant is pre-hardened. The sealant is
then hardened completely with heat and pres-
sure. Then, the assembled substrates are
scribed using a diamond wheel and separated
into individual cells (Fig. 19), and the empty
cells are filled with liquid-crystal material by
vacuum injection (Fig. 20). Finally, a sealing
agent is used to seal the cell, and the polariz-
ers are applied to both cell surfaces after a
visual function test.

With this step, the liquid-crystal cell is
complete, but it is very far from being a dis-
play module that can be sold to a manufac-
turer of end-user products such as notebook
computers, desktop monitors, or portable ter-
minals. For that, drivers, control electronics,
and (usually) a backlight unit must be added
to the cell. For a description of that process,
please see the tutorial in last month’s Informa-
tion Display. R

Please send new product releases or
news items to Information Display,
¢/o Palisades Convention Management,
411 Lafayette Street, 2nd Floor, New
York, NY 10003.
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Business Projectors: Technologies

and Markets

Ultraportable projectors have become essential tools for the business presentation
market, and manufacturers are breaking performance barriers every year. The
next generation will feature wireless connectivity and networking abilities.

by Sweta Dash

T{E projection-display industry serves

many markets. The consumer market is syn-
onymous with the big-screen-television mar-
ket. The business market has become closely
tied to the computer market because of the
wide use of presentation software in meeting
rooms. The business market has clearly
shifted direction in recent years from bulky
front cathode-ray-tube (CRT) projectors to
portable poly-Si liquid-crystal-display (LCD)
projectors. And the recent introduction of
ultraportable — less than 10 Ibs., and espe-
cially 35 Ibs. — projectors using front LCD
and front digital-light-processing (DLP) tech-
nology has taken the business market to the
next level.

Market Overview

The overall worldwide unit consumption of
projection displays of all types and for all
applications is forecast to more than double
from 3.3 million units in 2000 to nearly 7.2

Sweta Dash is Director of LCD & Projection
Research at Stanford Resources, Inc., 20
Great Oaks Blvd., Suite 200, San Jose, CA
95119, telephone 408/360-8400, fax 408/360-
8410, e-mail: s.dash@stanford resources.
com. This article was adapted from her
invited paper delivered at SID 2001 in San
Jose. Data was adapted from Projection
Displays 2000 and Projection Displays
Quarterly, both of which are Stanford
Resources publications.
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million units in 2006 (Fig. 1). Consumer
applications constituted the largest segment of
the market in 2000, with 69% of the unit ship-
ments and almost 51% of the market value.
Business applications constitute the next
largest segment, with 25% of the unit ship-
ments and 36% of the market value in 2000.
The business-applications segment will expe-

rience strong growth in the coming 6 years,
but the consumer segment will continue to
dominate the market throughout the forecast
period.

The total value of the projection market
will grow from $11 billion in 2000 to $18 bil-
lion in 2006. The projected growth in value
will be slower than the projected growth in
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Fig. 1: Worldwide projection-display unit shipments by application, 1998-2006.
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unit shipments because price reductions are
anticipated for all applications.

Business Applications

The business applications are broadly divided

into two categories: (1) conference room and
training and (2) sales and presentations.

Conference Room and Training. Three-
panel poly-Si LCD projectors dominate this
market; DLP technology has not been able to
penetrate the segment. Liquid-crystal-on—
silicon (LCoS) projectors, such as those based
on JIVC’s D-ILA™ technology, are also tar-
geted for use in conference-room applications.
Most of these projectors have luminous output
levels of more than 2000 ANST lumens.

Many suppliers have introduced projectors
with levels above 3000 ANSI lumens, with
some as high as 5000.

In terms of pixel format, conference-room
applications are moving to SXGA at the high
end, but the shift has been slow. As the note-
book market shifts from SXGA to SXGA+
resolution, demand will grow for SXGA+
projectors.

Another trend in the conference-room
market is toward digital connectivity. Confer-
ence-room LCD projectors will receive files
from desktop computers over a local area net-
work (LAN). Networked projectors allow
remote discussions and meetings, as well as
file transfers. Wireless connections will fur-
ther increase the usefulness of conference-
room projectors. It will be possible for con-
ference-room attendees to be connected to host
presentations as well as to other attendees.

Sales and Presentations. As the use of
notebook computers becomes more popular,

LCD and DLP projectors (especially the ultra-

portables) will increasingly be seen as essen-
tial tools for the business-presentation market.
The already brisk growth has been driven by
improvements in technology that have
resulted in greater performance at each price
level. LCD projectors still dominate this mar-
ket, but DLP microelectromechanical-systems
(MEMS) projectors have been consistently
gaining market share. DLP projectors are the
leaders in combining reduced weight with
increased brightness. LCD projectors have
been able to follow the lead and achieve simi-
lar weight and brightness gains.

LCoS ultraportable projectors are expected
to gain market share with the introduction of
3-5-1b. projectors. Weight is an important
criterion in the sales and presentation markets

(Fig. 2). Interms of luminous output, the
range is between 1000 and 1500 ANSI lumens,
and a continuous shift to even higher levels is
expected. XGA is the dominant pixel format
now, but this will shift to SXGA and SXGA+.

Ultraportable projectors are becoming
increasingly popular. In 1999, the introduc-
tion of 5-Ib. DLP projectors was followed by
the advent of 5-lb. LCD projectors. Last year,
3-1b. DLP projectors were introduced, and
such projectors are now available with 1200
ANSI lumens. Soon, ultraportable projectors
will be the mainstream product. They are
compact, light in weight, and relatively inex-
pensive, and they will make inroads into other
application segments, including home theater.
Because most of these projectors are increas-
ingly sold through computer channels, the dis-
tinction between business and consumer pro-
jectors will likely blur to some extent.

Technology Trends
The technology trends for business projectors,
shown in Table 1, indicate increases in bright-
ness and screen resolution, and decreases in
weight, price, and panel and chip sizes. Busi-
ness and consumer applications will tend to
merge.

Luminous Qutput. Recent developments
in lamp technology and the use of microlenses

for LCD projectors have enabled front projec-
tors to both use light more efficiently and
increase luminous output. Among the most
crucial developments are the ultra-high-power
(UHP) metal-halide lamp, the ultra-high-
efficiency (UHE) metal-halide lamp, and the
high-pressure mercury lamp. Such develop-
ments have helped front projectors double
their luminous output while using less power.
Recent advances have enabled poly-Si LCD
projectors to surpass 5000 ANSI lumens. By
the year 2000, most front LCD and DLP ultra-
portable projectors were able to produce
1000-1500 ANSI lumens. At the high end,
three-chip DLP projectors produced
10,000-12,000 ANSI lumens, and LCoS
projectors achieved 4000 ANSI lumens. With
the help of increased efficiency and new lamp
technologies, system light outputs will rise
over the next 5 years. In 2000, projectors
with 1000-1500 ANSI lumens dominated the
market, but, by 2004, projectors that produce
2000-2500 ANSI lumens will dominate.
Pixel Format. Shifts in pixel format in the
front-projection market are somewhat linked
to the video capabilities of notebook comput-
ers because notebook PCs are generally con-
nected to projectors for multimedia and data
presentations. The notebook-PC market has
shifted to the XGA format, and front projec-
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| Fig. 2: Worldwide ultraportable projection-display unit shipments by weight, 1998-2006.
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tors are following suit. Soon, notebook PCs
with resolutions of SXGA+ (1400 x 1050)
and higher will be introduced to meet the
high-performance requirements of the work-
station market, as well as the changing
requirements of the notebook-computer
market.

For the ultraportable market, front LCD and
DLP projectors are usually offered in SVGA
and XGA formats. The high-end conference-
room and large-venue markets are already
shifting to the SXGA format. For the confer-
ence-room and digital-cinema markets, JVC
has already announced LCoS chips with
SXGA+ (1600 x 1400) and QXGA (quad
XGA or 2048 x 1536) resolution. In 2000,
the majority of front projectors featured XGA
resolution. By 2004, XGA will still be the
dominant pixel format, but SXGA will have
gained significant market share.

Weight. Five years ago, projectors were
heavy (usually more than 20 Ibs.) — and
expensive products that were generally used
in conference rooms and auditoriums. With
the introduction of portable and ultraportable
projectors, the sales and presentation market
grew rapidly. Manufacturers are breaking
weight barriers every year by using smaller
displays and improving lamps and other com-
ponents.

DLP projectors have been leading the way
in the low-weight segment. However, suppli-
ers of three-panel poly-Si systems have
reduced the weight of their leading-edge
projectors to 5 1bs. In 2000, many suppliers
introduced 3-1b. DLP projectors, and, in June,

Table 1: Business Projector

Technology Trends
2000 2004
Weight >5<101bs. >3 <5 Ibs.
Pixel format  XGA XGA, big gain
for SXGA
Lumens >1000 >2000
<1500 ANSI <2500 ANSI
Panel and 0.9 in. <0.7 in.
chip sizes
Price $4-6K  $23K
Applications ~ Business Business,
Consumer
growth
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PLUS Corp. announced a 2-b. DLP projector
for fall 2001 introduction. The introduction of

| these products will pressure manufacturers of

front LCD projectors to introduce products of
a similar weight. Ultraportable LCoS projec-
tors are just being introduced.

In 2000, the majority of front projectors
weighed between 5 and 10 1bs. By 2004,
most will weigh between 3 and 5 Ibs. Projec-
tors weighing less than 3 1bs. will experience
strong growth during the next few years.

Panel and Chip Sizes. There is a trade-off
between light output and weight in a projec-
tor. The use of larger LCD panels or DLP/
L.CoS chips enables higher luminous output
but increases system weight. In time, engi-
neering refinements will lead to smaller dis-
plays without sacrificing brightness. Three
years ago, 1.8-in. panels were first used in
conference-room products to increase the
luminous output of front LCD projectors from
1200 to 2100 ANSI lumens. And in 2000,
these panels helped LCD projectors achieve
greater than 5000 ANSI lumens.

Texas Instruments introduced 1.1-in.
SXGA chips for three-chip DLP projectors in
1999. By early 2000, the company switched
to 0.7-in. XGA chips to reduce costs and
weight, which helped the projector slim down
to 3 1bs. In the future, 0.5-in. chips will be
used to maintain the trend in weight reduction.
In the LCoS world, most chips are 0.7 or 0.9
in.

In 2000, the majority of front projectors
used 0.9-in. panels or chips. By 2004, most of
the front projectors will use panels or chips
that are 0.7 in. or less, and there will be a
downward trend to diagonals of 0.5 in. or less.

Seiko-Epson and Sony were the only two
suppliers of poly-Si LCD panels for projectors
in 2000. LCoS manufacturers, including
IBM and JVC, began selling chips in 1998;
however, IBM decided to stop producing
the LCoS chip in 2000. Both Pioneer and
S-Vision withdrew from the projection market
in 1999. Displaytech and Aurora are success-
ful in supplying LCoS chips for front and rear
projectors to companies such as Everest and
Samsung.

Systems Manufacturers and Branded
Vendors

Across all projection technologies, there is a
wide variety of production arrangements.
At one extreme, a company such as Texas
Instruments sells only display elements. At

the other extreme, a company such as Seiko-
Epson, which manufactures display panels as
well as complele projectors, sells both under
its own brand name and to other companies on
an OEM basis. Between these two extremes
are companies that either have manufacturing
or assembly capabilities or use contract manu-
facturers to develop products under the brand
name of other companies.

Systems manufacturers either sell projec-
tors under their own brand name or sell prod-
ucts to other suppliers on an OEM basis.
Japanese suppliers such as Sanyo and Epson
currently dominate this market, but many new
suppliers from Taiwan are entering the market
ready to do contract manufacturing for major
branded vendors. That could change the sce-
nario in the future and make it more competi-
tive, leading to lower system costs.

As far as branded vendors are concerned,
InFocus Corp., which sells under the InFocus,
Proxima, and ASK brands, dominates the
world front-projector market, followed by
other suppliers such as Epson, NEC, and
Sony.

Poised to Go Mainstream

The sales and presentation market will con-
tinue to drive the growth of front projectors,
and, as the use of notebook computers
becomes more widespread, front projectors
will be seen as essential business tools.

The world market for notebook computers
was close to 23 million units in 2000. In com-
parison, the front-projector — LCD, DLP/
MEMS, and LCoS — market is still very small
atjust 1.1 million units. The ultraportable
market can grow faster, and the attach rate
(to portable computers) can be higher if ultra-
portable-projector prices drop to levels com-
parable to those of notebook computers.

A low-end notebook computer is priced
at less than $2000; a mid-range version is
priced from $2000 to $3000, and a high-end
model can run as high as $5000. Last year,
most ultraportable projectors were in the
$5000-7000 price range, followed by the
$2500-5000 price range. Only a small per-
centage of products were priced below $2500.

The goal is to match the mainstream ultra-
portable-projector price to the mainstream
notebook-PC price. Manufacturers are also
hoping to reduce prices in order to reach a
wider range of customers in both the business
and consumer markets. Street prices for front
projectors must reach the $2000 target to




reach the consumer market. Rear-projection
TV products are currently sold in the
$1000-3000 price range.

The Next 5 Years

The worldwide unit consumption of projec-
tion displays of all types and for all applica-
tions will more than double from 3.3 million
units in 2000 to nearly 7.2 million units in
2006, and the business-applications segment
will experience strong growth. Front LCDs

will continue to dominate the business market,

but front DLP/MEMS and L.CoS technologies
will increase their market share through suc-
cess in the ultraportable market. Projectors
promise to get smaller, lighter, and brighter,
and will advance toward higher resolutions.
In the next few years, more emphasis will be
placed on networking capabilities for connect-
ing projectors to corporate intranets and the
Internet. W

calendar

8th Annual Symposium on Vehicle Displays.
Sponsored by SID. Contact: Mark Goldfarb,
Palisades Convention Management, 212/460-8090
x202, fax -5460, e-mail: mgoldfarb@pem4 1 1.com.
October 15-16, 2001 Detroit, MI

Asia Display/IDW *01. Contact: AD/IDW 01
Secretariat, ¢/o The Convention, Annecy Aoyama
2F, 2-6-12 Minami-Aoyama, Minato-ku, Tokyo
107-0062 Japan; +81-3-3423, fax -4108,
http:/fwww.sid.org.

Oct. 16-19, 2001 Nagoya, Japan

Electronic Information Displays (EID 2001).
Sponsored by SID. Contact: Chris Williams; +44-

(0)-1635-298395, fax +44-(0)-1635-299214, e-mail:
chris@logystyx.co.uk, URL: http://www.sid.org.uk.

Oct. 30-Nov. 1, 2001 Birmingham, UK

Color Imaging Conference 2001. Sponsored by
IS&T and SID. Contact: SID HQ, 408/977-1013,
fax -1531, e-mail: office @sid.org.

Nov. 5-9, 2001 Scottsdale, AZ

2nd International Display Manufacturing Con-
ference & Exhibition (IDMC 2002). Contact:
IDMC Secretariat, P.O. Box 300, Cheongryang,
Seoul, 130-650 Korea: telephone +82-11-722-9599,
fax +82-2-961-9154, e-mail: bjseo@led khu.ac kr.
Jan. 29-31, 2002 Seoul, Korea

SID International Symposium, Seminar, and
Exhibition (SID 2002). Contact: Mark Goldfarb,
Palisades Convention Management, Inc.; telephone
212/460-8090 x202, fax -5460, e-mail: mgoldfarb@
pem41].com.

May 19-24, 2002 Boston, MA B

Please send new product releases or
news items to Information Display,
c/o Palisades Convention Management,
411 Lafayette Street, 2nd Floor, New
York, NY 10003.

Let Microvision’s Display Test Systems
simplify them for you with AUTOMATIC test suites!

Microvision’s SS200 series of display test equipment offers fully automatic test suites for flat panels, CRTs, projection &
cockpit displays, in monochrome and color. One click of the mouse and your test suite is automatically initiated, performing fast
and accurate measurements in accordance with 1ISO (9241 parts 3 and 8 and 13406-2), TCO (95 & 99), NIDL and VESA (FPDM)
specifications. Or you can develop your own test sequence with Microvision’s ‘Suite Setup’ software. With the SS200 family,
you can quickly interchange between CRT and flat panel testing. And the system is portable and compact, fitting easily into any
test area.

18

ears

Microvision - innovating since 1983.

l MICROVISION

550 High Street, Auburn, CA 95603
Tel: (530)888-8344 * Fax: (530)888-8349
Toll Free: 800 931-3188

Email: sales @microvsn.com

Visit our Website at:
www.microvsn.com
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Talking Turkey 1n Taipei

At the 21st Computex Taipei show, it seemed that every Taiwanese

IT-hardware manufacturer had a 15-in. LCD monitor in its
portfolio — and was ready to sell a lot of them cheap.

by Bryan Norris

ALL the major talking points at this

year’s Computex trade fair in Taipei, Taiwan,
were inextricably linked: the proliferation of
companies making LCD monitors, the contin-
ued steep drop in LCD prices, and the transfer
of CRT- and, more recently, LCD-monitor
production to mainland China.

On June 4, the opening day of the five-day
show, one topic dominated discussion at the
press conference: the amount of Taiwanese
IT-hardware production taking place in main-
land China — the People’s Republic of China
(PRC). Government circles are worried that
the transfer could cause a damaging currency
drain or an unemployment problem in Taiwan.
Thanks largely to Taiwanese companies, a
“Made in China” label is on the back of
US$25.5 billion worth of IT hardware made
in the year 2000, an increase of 38% over
1999. This moved the PRC into third position,
ahead of Taiwan for the first time. (“Made in
Taiwan” hardware products were worth
US$23 billion, a rise of 10% from 1999.)

There were eminent speakers at the press
conference — Chin-Peng Huang, President of
the China External Trade Development Coun-
cil; Raff Liu, Chairman of the Taipei Com-
puter Association; and Victor Tsan, Managing

Director of Taiwan’s Market Intelligence
Center (MIC) — pointed out that the possible
disadvantages and threats must be balanced by
the need to take advantage of China’s very
low labor rates to remain internationally com-
petitive. In addition, the presence of Tai-
wanese companies on the mainland makes it
easier for Taiwan to tap into the potentially
huge Chinese market.

The monitor industry is a prime example of
the changes: 60% of monitors produced by
Taiwanese companies are currently made in
China, with another 21% made in other offshore
locations. But how else can suppliers meet the
expectations of lower and lower prices? And
when they concentrate on the price tag, most
non-Chinese consumers do not worry about the
“Made in China” label one way or the other.

Bryan Norris is a partner in and co-founder
of Bryan Norris Associates, Consultants to the
Displays Industry, 7 Biddenham Turn, Bed-
Sford MK40 4AT, U.K.; telephone +44-(0)-
1234-26-7988, fax +44-(0)-1234-26-2345,
e-mail: m_barnes@kbnet.co.uk. Mr. Norris
is also a contributing editor to Information
Display.
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Bryan Norris

Fig. 1: Most of the display exhibitors ar Computex Taipei were housed in Hall 1, Section D,
of the main exhibition hall of the Taiwan World Trade Center.
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According to MIC, monitor production by
Taiwanese companies grew to 62,365,000
units in the year 2000, equating once again to
a 58% share of the global production volume.
By value, monitor production grew 12% from
last year to US$10.4 billion, helped by the sig-
nificant growth in LCD-monitor shipments to
2.1 million units. Taiwanese CRT-monitor
production — just over 60 million in 2000 —
continued the trend towards larger screen
sizes, with 19-in. models nearly doubling in
volume to around 4 million units and 21/22-
in. models tripling in volume to over 0.5
million.

But the year 2000 also witnessed the
demise of two of Taiwan’s major monitor |
suppliers, Royal Electronics and Kuo Feng
Corporation (KFC). This was one of the rea-
sons why the overall production volume was
just over 62 million instead of the 67 million
that had been predicted. Royal was primarily
an OEM supplier whose most important cus-
tomer in Europe was Maxdata for that com-
pany’s Belinea brand. KFC was another
OEM supplier, but also sold monitors under
its own KFC and Smile brand names (with
Smile being particularly successful in France).

Paying for a Higher Place

in the Pecking Order

As usual, most of the display exhibitors were
housed in Hall 1, the main exhibition hall of
the Taiwan World Trade Center (TWTC), pri-
marily in Section D — the “Display Area”
(Fig. 1). However, the more prominent moni-
tor suppliers were again occupying large
rooms in the Taipei International Convention
Center (TICC). Companies promoting moni-
tors here were Compal, Mitac, ProView,
Tatung, Teco (Relisys), and Top Victory
(AOC). Less-well-known mionitor companies
occupying smaller booths on the third floor of
the Convention Center included Deccaview,
Homlan (Viewtec), and Ray System.

A few overseas companies could be found
in the foreign-exhibitors area (Section B) of
the TWTC, including GTT and Harsper
(South Korea), and ViewSonic. And in Exhi-
bition Hall 2, one block away from the TWTC
— where most companies were PC assemblers
and motherboard makers — some exhibitors,
such as Aaeon, Bridge, NTK, and Puretek,
were also showing monitors.

But if one really wanted to separate himself
from the hoi polloi, then the prestigious suites
of the Grand Hyatt Hotel were the place to be.

Fig. 2: Double 2, a late entrant to the show, was
both with a choice of 10 different-colored bezels!

These suites played host to the latest offerings
of some very important OEM monitor suppli-
ers to Europe and the U.S.A., in particular,
AmTRAN, (Pro)Arch, GVision, and TopVi-
sion. Local panel producer Hannstar and
Korean all-rounder KDS also had suites there.

A War on the LCD Front

This year, almost all the monitor suppliers
were concentrating on the promotion of LCD
monitors, More than 70 of the booths were
listed in the show catalogue as housing “Lig-
uid-Crystal Displays,” although the products
in a few of these booths were niche items such
as point-of-sale terminals or touch-screen
models. But the bottom line is that CRT mon-
itors are now definitely taking a back seat!
Only 33 Taiwanese companies were listed in
the show catalogue as supplying color CRT
monitors, compared with 44 last year. (Sur-
prisingly, nine companies were still promoting
monochrome CRT models.) Seven suppliers
were showing plasma screens, and four were
listed as having electroluminescent displays.

Those Plummeting Prices
The dramatic fall in the price of LCD moni-
tors over the preceding 5 months was a fre-

Bryan Norris
displaying 15.1- and 17.4-in. LCD monitors,

quent topic of conversation. Taiwanese sup-
pliers were commonly quoting FOB “buy”
prices of US$340-360 for a 15-in. LCD and
US$550-600 for a 17-in LCD. These were
typical opening offers. But if one was pre-
pared to do some serious negotiating, particu-
larly if buying appreciable volumes, then the
price for a 15-in. unit could be brought down
to as low as US$300 — or even less!

Just prior to the show, some LCD-panel
producers, including Chi Mei and Chunghwa
Picture Tubes (CPT), had reported that panel
prices would rise by 10-20% in Q3 *01. But
during the week, nobody appeared confident
enough to insist that monitor prices would
definitely rise.

The main reason prices have dropped is
because most of the Taiwanese monitor manu-
facturers can now use LCD panels from local
suppliers, primarily for their 15- and 17-in.
models. Significant panel quantities are now
provided by AU Optoelectronics (the merger
company of Acer Display Technology and
Unipac Optoelectronics), CPT, and Hannstar
— with Hannstar holding off its launch of a
17-in. panel until it sees which way the price
wind is blowing. When it comes to panels for
larger monitors, the Japanese and Korean
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show report

Bryan Norris

Fig. 3: 2001 Technology showed its unique “Massimo” dual-display — two adjustable 15-in.
LCD monitors back to back — which is intended to be connected to two PCs, a multimedia unit,

ora LAN.

makers, notably LG and Samsung, are still
dominant.

So a company such as (Pro)Arch was
employing a variety of panels from its sister
company Chi Mei, but for its 17-in. LCD
monitor (with speakers) and new 20.1-in.
monitor it uses LG’s panels. Fujitsu’s excel-
lent panels were being used in all the 17.4-
and 23.1-in. models on display, and Fujitsu
units were also incorporated in some of the
18- and 19-in. models. In the interests of
economy, Top Vision was using the same
casing and stand for both its 18- and 19-in.
models.

As usual, AmTran was bucking this trend
by offering LCD monitors that contain panels
from a variety of foreign suppliers, and only
rarely using panels from Taiwanese makers.
In its range this year, the company was show-
ing production versions of a 20.1- and a 23.1-
in. model. These large-screen units could also
be seen in their end-user state — with View-
Sonic badges — on the ViewSonic stand.

New Players — and a Few New Ideas
As well as the more familiar LCD suppliers,

from Aecer through ViewSonic, several more
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general computer and computer-peripherals
companies were including 15-in. stand-alone
LCD monitors in their portfolio. Three new
names offering LCD monitors at this year’s
show were Double 2 Electronics, Inc., Pora
Corp., and 2001 Technology, Inc. Double 2
is an interesting example. It was established
in 1986 as a manufacturer of hi-fi systems,
mice, desktop PCs, sound cards, and notebook
bags. A late entrant to the show, it was dis-
playing its 15.1- and 17.4-in. LCD monitors,
both offered with bezels in 10 different colors
(Fig. 2).

The proliferation of suppliers reflects the
fact that assembling LCD parts to create mon-
itors is now a fairly straightforward business.
And the introduction of “smart” LCD panels
is making the process even easier. Further-
more, models using these new “smart” or
“EZ” panels are particularly eye-catching,
with small neat bezels and thin housings.
Among the units benefiting from these panels
are Acer’s FP581 — only 4 cm thick — and a
15-in. model from (Pro)Arch.

One new supplier that cannot be accused of
jumping on the LCD bandwagon with just any
old product is 2001 Technology, which has

been supplying mobile-equipment accessories
to corporate customers worldwide for some
time — and has done particularly well selling
these products in the U.K. As an alternative
to offering just another LCD monitor, the
company was offering the unique “Massimo™
dual-display, comprising two adjustable 15-in.
LCD monitors back to back (Fig. 3). These
monitors can be connected to two PCs, to a
multimedia unit, or to a LAN. The company
was also exhibiting more conventional offer-
ings.

Another solution to ensuring that one’s
LCD monitor stands out from the crowd is to
design it oneself and produce an outstanding
and trendy product for niche markets. One
Taiwanese company which has implemented
this approach is neovo. The company has
recently introduced a 17.4-in. version to
accompany its smart black 15-in. models,
which are already selling well in Germany
and the U.K. (see “On Monitor Safari at
CeBIT 2001,” Information Display, August
2001).

Most of neovo’s units have a tough glass
overlay to protect the LCD. The company’s
hi-tech 15-in. models sell for around
US$1000, but an alternative model was intro-
duced at the show that keeps the same stylish
appearance without the protective glass. This
F15 model is intended for volume sales and
thus priced at only $500 to the consumer. AG
neovo is the brand name of Associated Indus-
tries China, Inc., part of the world’s fifth-
largest maritime-transport group. The transfer
of container production to China has left more
than enough space at the Chung-Li factory
(near Taipei’s international airport) for the
newly constructed cleanrooms that are used to
produce the neovo monitors (Fig. 4). Produc-
tion of 150 units a day is doubling in the sec-
ond half of the year to meet a target of around
75,000 monitors in 2001, and is expected to
rise again — to 200,000 units in 2002,

What’s in a Name?

Once they have produced their products, most
Taiwanese monitor makers would, ideally,
like to sell the units under their own brand
name in Europe or the U.S.A. However, they
realize that the cost of setting up a distribution
chain and supporting a brand, both pre- and
post-sale, is prohibitive. Therefore, the pri-
mary route to Western markets for most of the
suppliers is by selling their products OEM.
This applies particularly in countries such as




Bryan Norris

Fig. 4: neovo monitors are made by Associated Industries China, Inc., part of the world’s fifth-
largest maritime-transport group. The transfer of container production to China has left plenty
of space at a factory near Taipei's international airport for the newly constructed cleanrooms
used to produce the monitors at a rate that will rise to 300 per day in the second half of this

year.

Germany, where there are a number of large
local PC assemblers, distributors, and retailers
who want to buy significant quantities of
OEM product to sell under their own brand
names. German companies that fall into this
category include Actebis (Peacock and
Targa), Ingram Macrotron (VideoSeven),
Maxdata (Belinea), Medion (Medion), Nat-
comp, and Wortmann (MaGIC).

So Taiwanese suppliers such as AmTRAN,
Compal, Delta, GVision, (Pro)Arch, and
Vicom currentty sell all their monitors to
OEMs. In fact, Delta feels so confident in its
current OEM customers that it does not feel
the need to promote its monitors at Computex
Taipei. (The company claims to have the
capacity to make over 10 million units per
year, and it actually made 3.6 million CRT
units in 2000.)

Manufacturers such as Jean, Lite-On,
ProView, Sampo, and TopVision primarily
sell OEM monitors. But they also manage to
find channels for their branded products in
certain markets. Lite-On and ProView sell
branded products most successfully in Eastern

European markets, but also appear in some
Western European markets — ProView sells
strongly in Spain, for example.

Sampo also sells branded products success-
fully in certain Eastern European markets, but
has important OEM customers in Western
Europe. Notably, the company is the major
volume supplier of VideoSeven monitors to
Ingram Macrotron. And TopVision sells its
branded products through Gandalf in the
Nordic countries.

Of course, some of the large Taiwanese
players rely on selling both OEM and branded
monitors. Companies such as Top Victory
Electronics (AOC brand in Europe, and Envi-
sion in the U.S.A.), ADI, and TECO (Relisys)
have important OEM customers, but also sell
strongly under their own brand names.

Computex the Showcase

Whether a Taiwanese player is selling OEM
or under its own name, Computex Taipei
remains the most important showcase for

its products. And this year, more than 50
Taiwanese companies took advantage of the

show to exhibit their stand-alone LCD moni-
tors.

Across the board, the show continued to
attract the bulk of the IT industry in this part
of the world. The organizers of Computex
Taipei 2001 — CETRA (China External Trade
Development Council) and TCA (Taipei
Computer Association) — were once again
pleased to report a record number of
exhibitors and visitors. And out of the 1071
exhibitors (compared with 1030 last year),
125 were from overseas, including 25 from
the U.S.A. The attendance of overseas visi-
tors also rose by 2% to 23,306, with the
Japanese again forming the largest contingent
of foreign buyers, followed by visitors from
the U.S.A., Korea, Hong Kong, and Singa-
pore.

So all appears to bode well for next year’s
show, to be held June 3—7, 2002. The only
small cloud on the horizon is possible compe-
tition from the new Comdex IT exhibition
being set up in China for the first time this
August. However, production is one activity,
while designing, selling, and negotiating are
something quite different! For the moment,
Taiwan is still the marketplace where one
plans one’s products and sets out a stall. ll

OCTOBER

|| 21st International Display
| Research Conference

{ (IDRC '01)

: NAGOYA, JAPAN

g OCTOBER 16-19, 2001

i « An international conference on display

" | research and development aspects of:

S — Display Fundamentals, Display Devices

— Hard Copy & Storage, Input Systems

| _—Integrated Devices and Applications
| _—Image and Signal Processing.

— Color Perception. Human Factors
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onvert....

to a stylish and bright world

Display technology is always under evolution. It gives you more fancy
and beauty that you can't imagine. The OLED/PLED converts your life
and brings you to a stylish and bright display world.

The single chip OLED/PLED driver IC with integrated controller
from Solomon Systech Limited is one of the first to support this latest
display technology. The IC employs a proprietary algorithm such

that system power is saved and the display performance is enhanced.

Product Features Highlight

* Embedded 132x65 bit SRAM Display Buffer

* On-Chip Oscillator

* Solomon Systech Limited's Proprietary OLED Driving Scheme

* 256 Step Contrast Control

¢ Programmable Frame Rate

e High Compatibility Interfaces for Most Common MCUs

* Adapts to Industrial Standard Command Set for OLED / PLED Driver
Easy Replacement of the Existing LCD Design S5D1301T in TAB

* Support Segment Output Maximum Current: 300pA

* Support Common Output Maximum Current: 50mA

* Low Current Sleep Mode (<5.0pA)

* Minimal Interface Pins with Integrated Controller Function

Applications OLED DISPLAY
WAP/Communicators, mobiles, 3G phones, consumer appliances, 132 x 64 + 1 ICON line
portable games console...etc.

v

UKAS
QUALITY
MANAGEMENT
FRPN{ERE
HKSME AWARD D0-D7 or SDA/SCK  RES VEE VREF VDD V5SS
1ISO 9001 FS 54224 Interface

SOLOMON Systech Limited Units 1-8, 37th Floor, Tower 1, Millennium City, 388 Kwun Tong Road, Kwun Tong, Kowloon, Hong Kong.
SOLOMON GROUP Tel : (852) 2207 1111 * Fax : (852) 2267 0800 * E-mail : sales@solomon-systech.com

htip://www.solomon-systech.com
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ambda STEEL

B 13 .
The Optimal Tool for Production of

Hio Resolufion FlaF Panel Displays

Improved Technology = Better Performance

The new Lambda STEEL (STable Energy Excimer Laser) lasers
are built for high power, high throughput, and high duty cycle
industrial production. Unigue features enhance reliability and
durability:

e Excellent pulse stability for superior accuracy of large
area processing

e Pulse energy up to 1)
e Up to 300 W output power

e Redesigned NovaTube® technology for outstanding gas
and tube lifetimes

e Easy tube adjustments - no handling of optics or
illumination system - increases uptime

® (Cleanroom compatible stainless steel cabinet
e Single-side access for more floor space

e Full remote control operation

¢ Worldwide service and support

Pawer and Stability for TFT Annealing
Excimer laser-induced crystallization of amorphous silicon (&-Si) to polycrys-

talline silicon (Poly-Si) is a pivotal technology for the next
Generation of TFT devices, offering excellent resolution and
brightness, large angle of view and high pixel refresh rates.

LAMBDA PHYSIK.

Driving the Pulse of UV Technology

WsA: 1 (800) EXCIMER Germany: 49 (0)551 69380 Japan: 81 (0)45 9397848
FAX: (954) 486-1501 FAX: 49 (0)551 68691 FAX: 81 (0)45 9397849

e-mail: marketingusa@lambdaphysik.com ¢ www.lambdaphysik.com

e
AD-74  An affiliate of €3° COHEREMT Circle no. 16



Thin Film Devices
“MICRO DISPLAY & OLED COATIN GS”

INDEX MATCGHED ITO (miTo) TO LC HIGH PERFORMANCE HOT MIRROR (+ptn)
MATCHES LIGHT TO GLASS 25% BETTER HEAT REJECTION THAN
HOT MIRRORS COMMONLY AVAILABLE

OTHERS HM
I

400 500  mm 600 ] 400 750 am 1200 4000
(TFD HPHM)

MAKES HIGH PERFORMANCE LCD’s BETTER! LCD’s OPERATE T0 80°C AMBIENTS!

APPLICATIONS: Reflective Mode, Projection LCD, APPLICATIONS: Outdoor, Sunlit Environs, Gas
STN and TFT LCD. Station Pumps, Drive-In Menus

BLACK CHROME INDEX MATCHED ITO (miTo) TO AIR or EPOXY
GIVES DISPLAYS BETTER CONTRAST RATIOS

500 nm 600 )0 400 500 nm 600
APPLICATIONS: CR Mask, Light Absorber APPLICATIONS: EMI Shielding, Heaters and
for FED, LCD and Sensors Display Ruggedization.
: Ju ) B \. ‘ “ ‘\i;,‘.: _f'.. B H,,“ C “ “ “ hr}\u ]‘V Iﬂ %
Extremely low defect (@5KLux!), Large Area, High Volume
¢ |TO Coated Substrates e Black Chrome (Black Matrix)
* Index Matched ITO (/TO with AR) » Anti-Reflective Coats (BBAR, elc.)
e Chrome-Copper-Chrome * Etching and Patterning (fo 2um)
¢ |ITO and BBAR @ Room Temperature
SPECIAL CUSTOMER SERVICES INCLUDE: .
¢ Volume or Gustom Orders * Precision Glass Cutting
* Glass/Plastic Substrates * Large Sizes
* Quality to Mil — 1-45208 o Stock Sheets and ... a lot more!
ALL COATINGS ARE ION-SPUTTERED

THIN FILM DEVICES, INCORPORATED Circle no. 17

1180 North Tustin Avenue * Anaheim, CA 92807
714/630-7127 = Fax: 714/630-7119 « E-Mail: sales@tfdinc.com ¢ Web Site: www.tfdinc.com

European Office ® Tvb Germany

Phone: 07643/930550 » Fax: 07643/930550 » E-Mail: rowoco@aol.com

Taiwan Office e Co Lite
Phone: 886-2-87738996  Fax: 886-2-87738950 ¢ E-Mail: wuchite@ksmail.seed.net.tw
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Hajl Danel Displaqs

* Custom Flat Panel Display

Solutions based on Color
Amorphous & Poly-Silicon
TFTs

* High-Bright & Ruggedized
Display Systems

A Division of Purdy Electronics Corporation FOP more in{o:
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First in PC...

Digital

Unlimited number of permanent
programmable patterns, timings,
colors, palettes, signal formats
and sequences.

EPCl Interface|

. ¥ il
1 : EasyAndPowerful ¢ i
v Unigraf WinVTG.exe userinterface ® DLLforapplication programming o, A
— a superior software for W Full ATE support, DDC and VESA DPMS
% straightforwardand simple control ~ m Resolutions 2048 x 2048 x 8 bit colors out of 16.7 million true color
over Unigraf VTG boards. B Bitmap support for multiple file formats: BMP, .GIF,.JPEG, .PCD, .PCX, .PNG, .TIF
DiStribUtiOn GERMANY: Meinhardt Electronic, +49 2129_44_61 JAPAN: ARGOQ, +81 6 335:366 - TAIWAN: AC_CESS Techn;logy. +886 2 2299 6272
GERMANY: TL-Elektronic, +49 89 329 4490 JAPAN: Nippon Tectron, +81 45 574 1515 UK: Ginsbury, +44 1634 298900
HetWka: HUNGARY: DEXON Systems, +36 1 335 7162 KOREA: WE Corporation, +82 2 585 8253 USA: TEAM Systems, +1 408 720 8877
f UNIGRAF Qy, Ruukintie 3, FIN-02330 Espoo, Finland
/f;@/ UNIGRAF Tel. +358 (0)9 859 550, Fax +358 (0)9 802 6699
156 HO0T CERTIFICATED FIBM hitp:/Awww.unigraf.fi, Email: sales@unigraf.fi
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editorial

continued from page 2

Sony Electronics
= 3 5 T : :
Fig. 1: Sony’s eVilla"" Internet appliance is a
network entertainment center.

works at all, and amazing that it works well.
The module will output PowerPoint presenta-
tions at XGA and, with MARGI software, will
output anything appearing on the Visor screen
at VGA. This could be a very attractive com-
bination for people who do sales presentations
for a living — and two-pound projectors are
coming.

Somewhat older, said MARGI’s Ricardo
Valle (rvalle @margi.com), is the 4-megabyte
Display-to-Go'™ CardBus display adapter,
which was introduced about eight months ago.
This card comes with your choice of standard
VGA, DVI, or DFP connector cable. If your
notebook PC won’t interface with your new
DVI projector, or if it has an anemic video
system like mine does and won’t produce
SXGA output with 24-bit color, it’s cheaper to
buy one of MARGI's $245 cards than to
replace your computer.

Ben Joy, business line manager for small
and medium conference-room projectors for
InFocus Corp., told ID in an interesting
exclusive interview that the company will
have its first home-theater product out later
this year. An intermediate goal for front pro-
jectors for consumer television is 1000 lumens
at less than $2000. Joy is “guessing” that this
combination will be available by Q2 02 (for
SVGA format). Look for such projectors at
INFOCOMM next year, he said. At that
point, front projectors for home HDTV use
become feasible.

One of the new products Joy was touting
was the InFocus LP130, a three-pound single-
DMD projector with 1100 lumens of output
and DVI interface. Joy said that 1000 lumens
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is the practical minimum for any bargain-
basement projector. “It has become very hard
to sell an 800-lumen projector,” he said.

Joy said that InFocus will match PLUS’s
two-pound projector — eventually. “The
three-pound projector is an important product,
but it’s not the magic bullet the industry
thought it would be.” The company is work-
ing closely with TI, which is driving DLP™
projector technology smaller, with smaller

| engines and smaller devices. TI is also look-

ing at scrolling color, Joy said. Wireless con-
nectivity will be another important projector
technology.

“What about LCoS,” ID asked. “We're
looking at it,” said Joy. The LCoS people
have been touting their technology for the
“value” end of the projector range, but the
price is not yet low enough, and the image
quality is not as good as poelysilicon’s. Poly-
silicon XGA imagers with 0.7-in. diameters
are good now, and will soon go to 0.5 in. with
good performance. But, with all the develop-
ment activity in Taiwan and elsewhere, Joy is
sure that LCoS will eventually get to where it
needs to be.

Sony was showing its eVilla™ network
entertainment center with a 15-in. flat-screen
CRT display in 800 x 1024 portrait mode (to
better match the orientation of Web pages)
(Fig. 1). This is a well-thought-out Internet
appliance. The front panel has an on-off but-
ton, Memory Stick™ slot, Web button, e-mail
button, + volume buttons, and that’s it. The
unit uses the BeOS with integrated Opera
browser and a proprietary e-mail client. Both
a V.90 modem and an Ethernet card are
included. Particularly for those with only a
dial-up connection, the unit will dial and con-
nect to selected sites at night to download
media for local access in the morning. The
bundled EarthLink Internet service is cur-
rently required, but the service can be used
with a second computer at no extra cost.

The eVilla is intended as an easy Internet
device with a simple GUI, or as a second
device in homes where there is excessive
demand for the single household PC. The
product was to start shipping the week after
PC Expo. If any $499 (MSRP) Internet appli-
ance can attract the public’s attention, the
eVilla is a likely choice. But the big question
remains: Is ease of use and a tidy all-in-one
package enough to seduce buyers when the
same money can buy a fully functional com-
puter with a 15-in. monitor?

Sony also showed its substantial line of
flat-screen CRT monitors with Digital Multi-
scan”™. Among them was the 24-in, GDM-
FW900 with wide aspect ratio, 2304 x 1440
pixels (max.), and dual inputs for multiple-PC
usage. Another was the GDM-F520 21-in.
with 0.22-mm aperture-grille pitch — “the
tightest grille pitch available” — and up to
2048 x 1536, with dual inputs.

Sony was also showing TFT monitors up to
18.1 in., including the 16.0-in. SDM-MG61
with dual digital and analog inputs.

ViewSonic was showing a range of TFT
monitors, including the newly introduced
23.1-in. VP230mb, which has a DVI interface,
1600 x 1200-pixel format, and a 30-msec
optical response. No video — just still images
— was being shown on the screen, which
might make some buyers nervous when the
MSRP is $6699.

OKI may not have been pulling out all the
stops to promote its work-group LED color
printers with single-pass processing, but it
was pulling out a lot of them, including a
Tuesday evening reception featuring digital
photos of the guests taken with former New
York basketball great Earl “The Pear]l” Mon-
roe — and printed on an OKI printer, of course.

OKI made much of the fact that its four dif-
ferent-color toner cartridges were changed
individually and separately from their respec-
tive drums, and also separately from the belt
for transferring the paper and from the fuser
unit. The fuser and belt are good for 80,000
pages, each toner cartridge for 15,000 pages,
and each drum for 39,000 pages. The colors
of sample pages were intense, and perhaps
over-saturated.

Agaté Technologies was not exhibiting, but
was making appointments to show its “Q”
USB hard drive. The Q looks like a roughly
cylindrical plastic key fob, complete with hole
to slip into a standard key ring. Inside is flash

| memory (16, 32, or 64 MB) and a controller;

part of the outside is a USB connector. Plug it
into a USB port on your computer, and you're
ready to read or write data. Well, not quite.
You do need a driver, but driverless versions
will be available in a few weeks, said John
Madigan, president and COO (jmadigan@
agatetech.com). There are a variety of aftrac-
tive applications for this technology, including
image transfer and the enabling of a patient to
keep complex medical records at all times.
Agaté may be hoeing the high-quality end of
the USB hard-drive row, but others are hoeing
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Fig. 2: KD Net's “WebTel” Web pay telephones feature full-color TET-LCD screens.

the “value™ end. J.M.Tek, the U.S. distributor
for Jung Myung Telecom of Korea, is selling
USB flash hard drives up to 1 GB — no inter-
nal controller, but 60 MB is only $60. A
driver is currently needed for the “Flash USB-
Drive,” but, as with Agaté, driverless versions
should be available in a few weeks. J.M.Tek
is encouraging potential customers to put their
PowerPoint presentations on a USBDrive and
to leave their computers at home.

Finally, in the Korean Pavilion, KD Net of

Seoul, Korea, was showing several models of
slick Web pay telephones (Fig. 2). The
phones all incorporate a full-color TFT-LCD
screen that displays advertising when the
phone is not being used for other purposes.
When a user inserts a credit card or other
means of payment, telephone, e-mail, and
Internet services become available. In at least
one model, inserting the credit card releases a
slide-out keyboard with trackball for full
Internet-terminal functionality. The “Web-

Tels” have been installed at a major Korean
airport, and KD Net is looking for substantial
North American customers. As KD Net's
Harris Han (hshan @kdnetwork.co.kr) said
with great enthusiasm, “Why carry a heavy
PC when you can check your e-mail so
quickly and easily?”

With SpringBoard video modules, USB
drives, and Web pay phones — not to mention
purveyors of folding Palm Pilot keyboards,
PDA-enhancing software and wireless ser-
vices, and new PDAs themselves — there were
quite a few exhibitors at PC Expo encourag-
ing people to leave their notebook PCs at
home. That’s an interesting message in what,
for the PC industry, is an “off” year.

- KIwW

We welcome your comments and suggestions.
You can reach me by e-mail at kwerner@
nutmegconsultants.com, by fax at 203/855-
9769, or by phone at 203/853-7069. The con-
tents of upcoming issues of /D) are available
on the /D page at the SID Web site (http:/
www.sid. org).

| 21st Interna

| Research Conference
| (IDRC "01)

" NAGOYA, JAPAN
OCTOBER 16-19, 2001

| = Aninternational canference on display

— Display Fundamentals, Display Devices
| _—Hard Copy & Storage. Input Systems
| _—Integrated Devices and Applications
i | _=Image and Signal Processing,

— Golor Perception, Human Factors
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A REFLECTIVE LCD SO BRIGHT
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Unlike conventional LCDs, Kent ChLCD™ displays have the same reflective qualities of print on paper for exceptional brightness, contrast and viewing angle.
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i‘ CRL Opto develops LCD technologies and creates advanced
| optoelectronic products and solutions. b

Products
* Transmissive Miniature LCDs
« Fast-switching Liquid Crystal Shutters

+ Reflective LCoS Microdisplays SymPOSium, Seminar,
Y and Exhibition

Services

* Specialist Coatings

* Optoelectronic /
Display R&D

* Microfabrication Service

Boston, Massachusetts

Applications include:
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displays, 3D displays, Medical imaging,
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May 19-24, 2002
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Version 2.0

June 1, 2001

NOW AVAILABLE! Updated Flat Panel Display Measurements

VESA's Flat Panel Display Measurement Standard now features several
new sections authored by experts in the field of display mefrology.
Sections include new flat panel measurements such as color reversal and
mura, and amplified tutorials. You will also find measurements unique to
CRT and projection displays. Its easy to use format provides a description
of each measurement with respective sefup, procedure, analysis, reporting
and comments. Data, examples and configurations are also included.

$39.95 plus shipping

VESA s the infermational non-profit orgonization that sets and supports indusiry-wide electronic standards
for the video, audio and graphics inferfuce of compufer designs. It develops open, inferoperable and
international standards for the global marketplace, thus ensuring
world-wide markst growth.

Working to make electronics
work together.

920 Hillview Court, Ste. 140, Milnitas, CA 95035  408.957.9270 fx 408.957.9277 sules@vesn.org www.vest.org
Circle no. 22




a view from the hilltop

continued from page 4

Clearly, some Are we there yet? situations
are more easily identified than others. If I
need to be in Washington D.C. tomorrow for a
business meeting, then it’s fairly easy to

establish if T have accomplished that. On the
other hand, many activities in our lives have

outcomes that are more difficult to measure.

When have we achieved “success”? Is our

Enhance the Viewability,
Durability and Security of Your
Display — All at Polar Vision

For gas pump, military, medical, ATM and outdoor displays
or dozens of other applications, you only need one source to make your
displays work their best under the most challenging conditions. Polar

Vision, the display-enhancement experts, offers the industry’s broadest
array of display-optimization choices, From value-added raw materials (like
anti-reflection coated film and linear
and circular polarizers) to fully engineered solutions, Polar Vision works
with OEMs and systems integratars as a technology partner to provide:

T

optically clear adhesives, OptiView

» Sunlight readability

+ Contrast enhancement
» \landal resistance

» Viewing-angle control
« Safety for the end user

Plus, Polar Vision offers cleanroom optical lamination, manufacturing
resources and high-volume production capability to meet the needs of any
size job — all with a turnaround fast enough to meet the most demanding

expectations of the display market.

Representative Services:

« Linear and drcular polarized
film and filters

D brightness and contrast

enhancement

* Touch-panel and LCD
ruggedization

* ATM and gas pump display
filters

= Solar blocking and EMI/RFI
shielding filters

= Military display filters

You've worked hard on your display. Let Polar Vision help you put your

display to work. CALL 800.269.8801.

625 Alaska Avenue # Torrance » CA 90503
310.320.9768 + 800.269.8801 = FAX: 310.320.9357
e-mail: sales@polarvision.com

www.polarvision.com

>

POLAR VISION INC.

OptiView is a trademark of Polar Vision Inc.

© Copyright 2001, Polar Vision Inc. All rights reserved.
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career progressing the way we would like?
“Are we having fun yet?” As I think back
over some of the high and low points of my
still-developing career, I see much of that his-
tory very differently from the way I did at the
time 1 experienced it. Now it seems that all
those “learning experiences” — some of which
I most certainly did not enjoy —have had a
beneficial effect. Life’s journey turns out to
be more of a continuum, a blending and over-
lapping of a multitude of activitics, than a pre-
defined destination. There are certain times
when changes and learning experiences are
more intense and focused than others. In
between, we get to rebuild our energy and
enthusiasm — perhaps to coast a bit if we so
choose.

For companies and organizations such as
SID, the process is similar. In the journey of
growing a new company, it is appropriate to
ask, “Are we there yet?” And just as appro-
priately, the answer often is, “That depends.”
It depends on what you want the next objec-
tives to be and what the various participants
think is possible. I have been in several situa-
tions in which investors had expectations of
the next “destination” that were, at least from
my experience base, unrealistic. Yet, since
each was a new situation with new technolo-
gies or new products, there was no ready com-
parison for me to use to conclusively prove
that. The typical behavior in these situations
is for investors to force a series of manage-
ment changes until it becomes clear that no
one can accomplish the wished-for results.
The most clever players in this game are those
executives who can anticipate the investors’
“learning curve” and who take on the top
position(s) at the time when the investors are
finally willing to accept reality. (So far, I
have not been very good at this game, but at
least I now understand some of the rules.)

‘What about the Society for Information
Display? Are we there yet? By most mea-
sures we certainly seem to be doing well. But
can we do better? Fortunately, we do not
have to contend with investors who have
unrealistic expectations. But we also have to
appreciate that the world is a competitive
place and that challenges are being offered up
to us on a regular basis.

In the last year, the membership has
increased from the 4,826 total reported by
Tony Lowe at last year’s annual business
meeting to 6,409 — a healthy 30% increase.
This year’s SID International Symposium,




Seminar, and Exhibition was held June 3-8 in
San Jose. The technical conference consisted
of more than 300 peer-reviewed technical
papers, and the exhibition had 523 exhibitor
booths as compared with 432 last year. The
attendance at the technical sessions increased
from about 1,700 last year to over 1,800, The
overall Symposium attendance exceeded
7,900 - an increase of about 20% over last
year. Paul Drzaic as the general chair and
Frank Libsch as the technical-program chair,
as well as the entire program committee,
clearly are to be congratulated for making key
contributions to this success.

The next major conference event will be the
combination of the International Display
Workshops (IDW) and the International Dis-
play Research Conference (Asia Display), to
be held this year in Nagoya, Japan, from
October 16 to 19. The technical program in
Nagoya will be similar in scope and size to
the one in San Jose,

Conferences, not only at the international
level, but also at the regional and chapter lev-
els, are a vital part of the Society’s activities.
Over the coming years. we will continue to
identify new topics and venues, and we will
continue to support the activities that encour-
age the exchange of the latest technical infor-
mation.

The SID publications are also continuing to
improve. Information Display magazine has
been on a “continuous improvement” plan for
several years now — one that will never end.
The major challenge this year was to get the
Society’s archival technical publication, the
Journal of the SID, on a regular quarterly pub-
lication schedule. Editor Andy Lakatos has
Jjust about completed this objective. Tony
Lowe has continued to champion our efforts
to introduce important books on various topics
of interest to the display community. The
most recent contributions are by Ernst Lueder,
Liguid Crystal Displays, and Shin-Tson Wu
and Deng-Ke Yang, Reflective Liquid-Crystal
Displays.

This year, major improvements were made
to the SID Web site (www.sid.org) as its uti-
lization and popularity continue to grow. An
indicator of the growing importance of
“sid.org™ is that this year most of you regis-
tered for the Symposium using the Web site.
The Web site is becoming a source of techni-
cal information and industry news and is a
way to network with display experts anywhere
in the world. It also contains what we believe

is the most extensive and up-to-date confer-
ence calendar for display-related events in the
world.

Local chapter activities continue to expand,
allowing for the local and regional exchange

of technical information and for networking
with colleagues. The opportunity to meet oth-
ers and to be able to discuss technical and
industry trends is becoming ever more impor-
tant as the display community grows. Two

Display
Integration...

m Slim, high-bright/sunlight readable displays

s Ruggedized design ideal for vibration and shock sensitive
applications

m Touch screen integration (IR,
resistive, capacitive, SAW, NFI)

s NEMA4/NEMA12 designs

m Optical enhancements for
improved contrast

m Redundant backlight designs
for increased system reliability

m Field replaceable backlight

Call us today at
1-800-422-0867

or visit our web site at
www.ieeinc.com

You can see our flat panel displays at Electronica, Stand A2.200

and at EID, Stand F24
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ENGINEERS

Shaping the Future with Innovative Display Technology Solutions
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new chapters were added this year, one in
India and the other in Singapore/Malaysia.
SID is today very much an international orga-
nization. It owes its success to the many vol-
unteers who zive freely of their time and
expertise. We maintain only a small office in
San Jose, competently staffed by Dee Dumont
and Jenny Needham.

Should you wish to increase your participa-
tion or if you have some ideas about how to
further enhance SID’s success, I would be
very pleased to hear from you. One area that [
will be emphasizing during this coming year
is education. Can we as a society be more
effective and have a greater ongoing presence

| in display-related education? Today, we do

various seminars in connection with our con-
ferences. I think we can do more.

So, “Are we there yet?” I think by now you
can guess my answer. Do we need to make a
quick stop for a stretch-break or to recharge
our batteries? Would you like to get on board
as we drive on to the next exciting interim

destination? I would be pleased if you would
share your thoughts on this topic and others.
You can reach my by e-mail at president@sid.
org or silzars@attglobal.net, by phone at
425/557-8850, by fax at 425/557-8983, or by
mail at 22513 S.E. 47th Place, Sammamish,
WA 98075.

SID °02

Symposium, Seminar,
and Exhibition

Boston, Massachusetts
Hynes Convention Center
May 19-24, 2002

.
& TOPCON

www.topcon.com

SEE COLOR AND LUMINANCE
IN A WHOLE NEW LIGHT...

Topeon's instruments are optimal for
non-contact measurement of spectral
distribution, luminance, colorimetry and
correlated color temperature of display
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The 21st International Display
Research Conference (Asia Display)

and

The 8th International Display
Workshops (IDW)

JOIN US IN NAGOYA, JAPAN TO LEARN WHAT'S NEW
IN DISPLAY TECHNOLOGY

* Workshops on all important display technologies and
new topical sessions on:
- Organic EL Displays
- Display Electronics
- Vision and the Display-User Interface

* Sessions on display research and development

5m
NOVEMBER
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| Applications
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SID 2002
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— Technical Seminars — Applications Sessions

— Product Exhibits — Vendor Theatre
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Society for Information Display
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Sales Office - Korea
Jung-Won Suh
insegi Media, Inc.
rs Tower. Room 2410
553. Dowha-dong
Mapo-ku, Seoul 121-040 Korea
+82-2-313-1951/2  Fax: +82-2-312-7335
sinsegie @chollian.net

Sales Office - Taiwan

Michael Young

Trade Media Representative, Inc.
3F, No. 140, San Min Rd.
Taipei, Taiwan. R.O.C.
+886-2-2763-2438

Fax: +886-2-2545-7868
mediarep@seed.net.tw
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Aeer Communicotions & Multimedia, Inc.
ACON-Advanced Connedek USA Inc.
ADI Systems Inc.

Ametican Assoc. of Medicine (AARM)
Analag Davites

#nson Group LLC

Appian Grophics

Apple Computer Inc.

AseV Display Labs

Aten International, Inc.

ATl Technologies, Inc

Husora Systems

Avance Logic, Inc,

Boreo HY BarcoView

Broodcom Corporation

Canon Information Syslems, Inc.
CHROMA ATE Incerporated

Chrontel, nc

Compag Camputer Carporation

- ComSilica, Inc.

Dell Computer Carperation
Deliu Products Corporation
DigiclOuoke, I
DisplayChedk LLC

Disployteth, Inc

ED-Tech

EIZO NANAQ Corporation
ELDIM

£

ehlogin Corporation
Engineered System Solutions
Envision Peripherals Inc.

Epson Research & Development
Ergolron, Int

Foxconn/Han Hai

Fujitsu General, Lid.

Fujitsu Limited

Gateway, nc.

Genesis Micrachip Inc.
HannStor Hleironic Corp.
Hansal Electranics, Inc.
Hewdett-Packerd Compony
Hirose Eleciric (USA) fnc.
Hitachi Electronic Devices (USA} Inc.
Hitechi Limited

Honda Tsushin Kegya Co,, Uid.
10 Doto Device, Ine.

|-PEX Company, Lid.

IBM Corporation

fiyarma Nerlh America, Inc.
Imagination Technologies Group plc
InFotus

[nfotronit Americo, Inc.
Integrated Technalagy Express, Inc.
Intel Corporation

Inventec Corporation

Invibro Technologies, Lid.
InViso Inc

JAE Elecronics, Inc.

Jean Compony, Lid.

Julo Eledronics Corporation
Jupites Systems

Kewasoki Microelectronics, Inc
Kerea Dota Systems (o, Lid
Leader Insiruments Corp.
Lexmork Internofionol

16 Hlerfronis Inc.

LG.Phifips LCD

Likem Computer System Sdn Bhd
Lite-On Group

Matrox Graphics, Inc.

BE AMONG THE FIRST TO KNOW.

Remember the last fime the compefition got the jump on you?

You'd probably rather not.
Avoid future catch-up scenarios and the nightmare of refrofitting. Participate

in a dialogue with over 600 of the world’s brightest technical specialists from
more than 150 of the display industry’s leading companies.

Establishing open and interoperable standards

For over a decade, VESA, the Video Electronics Standards Association,

has provided a forum to establish open, interoperable display and display
interface standards o foster industry innovation and global market growth.

Help shape the future of display technology

Through committee meetings, online work groups and special inferest groups
VESA members have led the way in developing standards that have had

a far-reaching impact on the future of display fechnology.

Thoroughly utilize our extensive resources.
Join VESA today and take control of your

company’s future.

VESA

Working fo make electronics
work together.

Ll

920 Hillview Court, Ste. 140, Milpitas, CA 95035 408.957.9270 fx 408.957.9277 soles@ veso.org wwiw.vesa.org
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MELCD, Inc.

Melidown Systems LLC

Micrabus Designs, Lid.

Microsoft Corporation

Witsubishi Hleciric Corp.

Molex Incorporated

Moonlight Cordless Lid.

Hhyson Technology, Inc.

Notionel Semiconducior Corparation
HEC Corporation

HEC-Mitsubishi Electronics Display
NiDL

HisT

Makia Oyj

¥idia Corporation

Olympus Optical Co., Lid.

OPLUS Technalogies, LTD.
Optoma Corparation

Orion Electric Co., Lid,

Pangsanic

Phifips Components/Hew Business (reation
Photo Research, Inc.

Pholon Dynomics

Pioneer Hecironic Corporation
Pixebworks Inc.

Pixie Technologies, Inc.

Porirait Disploys, Inc.

Princeton Graphic Systems.

Pro Arch Technalogy, Inc
Quolcomm, Inc

Quantum Data, Inc.

Raylor Design Inc.

Reflectivity, Inc

RGB Systems {dbe] Exiran Elecironies
Rahm Co., Lid.

$3 Grophits, Inc.

SAGE, Int.

Sampo Technology, Inc.

Somsung Infarmation Systems
Sonyo Muliimedia Center USA
Seiko Epson Corporafion

SG!

Sigmocer Co, Ltd.

Silizon Image, Int.

Sificon Infegrated Systems Corp.
Silicon Mofian, Inc.

SmartASIC Inc.

Smile International, Inc. {Kua Feng Corp)
Sony Hedronits, Inc.
STMicroelectronics

Sumitomo 3 Linited

Sun Microsystems, litc.

Toiko Denki Co, Lid.

Texos Instruments Semicondudor
THine Hlacironis, Inc

Themsan Consumer Electranics
Three-Five Systems, Inc.

Toei Hedronics (o, Ltd.

Toshiba America Electronic Companents, Inc
Toshiba America Information Systems, lnc.
Tatal Technelogies, Lid.

Totoku Hectric Ca,, Lid.

Trident Microsystems Inc.

Tyco Electronics

Unigraf Oy

Viditee, Incorporated

ViewSenic

WoyTech Development

XNein, fne.

KFreedt Projed, Inc.

¥i Grophics

Yokogawa Carparation of Americo

Zight Corporation
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See the difference.
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