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article beginning on page 12.
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A Global Village ...
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| 12  Sixth Annual Display of the Year Awards
For the year 2000, the DYA Committee honors an OLED microdis-
play, a carbon-nanotube FED module, a hand-held viewer, a rear-
projection HD monitor, a digital color wheel, and a matrix filter that
= | improves the color of LCDs.
| Ken Werner
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State of the Art

As is traditional here at ID, we celebrate the end of
the year by announcing the SID/Information Display
Display of the Year Awards (DYA) in this, our
December, issue, and by giving some indication of
what the Display of the Year Awards Committee
(DYAC) found compelling about the winning nomi-
nees. That article begins on page 12.

Although the DYAC's choices may reflect some of
the broader trends in the display industry, they are by their nature awards for
specific instances of excellence in display technology, in the use of displays in
products, and in the development of new materials and components for displays.

I found myself wanting to step back from individual awards, individual arti-
cles, and individual conferences we’ve been involved throughout the year and
think about what technology and business species have sufficiently captured my
attention this year so that I will be particularly interested in tracking them
throughout the next. Here are some that come to mind.

* Small passive-matrix OLED prototypes have been exhibited widely over the
last few months. It will be interesting to see how they are applied in cellular
phones in 2001, and how quickly the market shifts to them from mono-
chrome LCDs.

» The first appreciable shipments of LCoS microdisplays were made in the
last third of 2000. Watching the extent of the developing market for rear-
projection monitors and television sets using LCoS displays will be absorb-
ing, and will be the first indication of how many of today’s LCoS-micro-
display companies will be able to survive. The market for LCoS viewfind-
ers for camcorders and still digital cameras is more predictable. Other near-
to-eye (NTE) applications, including eyeglass-type displays, will probably
not be significant in 2001. Significant cellular-phone and Internet-appliance
applications for high-definition displays — both LCoS and direct-view —
must await the roll-out of a broadband wireless Internet structure. With
North America’s difficulty in settling on standards, we are likely to see this
in Europe and Asia first.

» Making things cheap — or, if you insist, engineering them for reduced cost —
is what’s needed if specific display technologies are going to reach volume
markets for particular applications: PDPs for consumer television; LCDs or
OLEDs for automotive instrumentation; microdisplay projectors for TV,
HDTYV, and computer monitors; and LCDs or OLEDs for e-books and other
portable electronics (this list is not exhaustive). Serious work is under way
to wring cost out in all of these areas.

* Making life easier for the Energizer bunny, or reducing power consumption,
is essential if higher-quality displays are to go into hand-held devices.

Some impressive reflective LCD prototypes have appeared this year. It will
be interesting to see how long it takes for them to reach production, and
how quickly they are adopted for high-volume products.

Making LCDs faster is necessary if they are to be serious contenders for
direct-view television. Several higher-speed LCD modes are now embodied
in commercial LCD modules, and there is substantial work going on in
improving the optical response time between gray levels. (It is now well

understood that the traditional metric of the time it takes for a pixel to be
continued on page 32
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a view from the hilltop

A Global Village ...

by Aris Silzars

“Some time ago, I returned from a visit to a foreign
country.” Factually, this is a correct statement. I had
indeed returned to the U.S.A. from a trip to attend the
International Display Manufacturing Technology
Conference, IDMC 2000, in Korea. But how wrong
it felt to utter such a phrase, since at no time during
my visit d]d I fcel that I was in a strange land or among “foreign” people.

From the moment I arrived at Seoul’s Kimpo Airport, I could spot a few
familiar faces. Yes, the crowds were large and the lines were long. But it was
really no different from arriving at an airport in the U.S.A. Most of the people I
didn’t recognize, but several I did — just about the same as for a typical stopover
in Denver or Chicago.

On arrival at the Sheraton Walker Hill Hotel, I was greeted with the sight of
familiar faces everywhere. Now, for sure, this didn’t feel like a “foreign™ land.
The warm greetings and friendly discussions made a certainty of that. There
were the typical stories of delayed flights and missed plane connections. There
were discussions of the latest career paths and technology developments. A few
discussions turned more introspective, comparing opinions about the credibility
of certain companies or individuals. Moment by moment and hour by hour, old
relationships were strengthened and new ones formed.

The next several days of the technical conference were filled with the absorp-
tion of as much technical content as we could possibly sponge up — while con-
tinuing to evaluate it all in yet more small-group and individual interactions.
Early on the first day, we already knew that this conference was going to be a
good one. The quality of the technical papers and the attendance figures soon
confirmed it.

The setting for the evening banquet was the outdoor garden court of the Sher-
aton Hotel. The warm late-summer evening with a clearing sky — following an
earlier heavy rain — made it seem that we were indeed the recipients of Mother
Nature’s blessing. The winding Han River lay below us, with hills and city
lights all around. In this setting, while sharing a meal with colleagues from all
parts of the world, it was simply not possible to rationalize that in times past
some of these friends and colleagues — based on territory or by political decree —
would have been designated as enemies.

The entertainment for the evening was a selection of traditional Korean music
including string instruments, a flute, singing, and a drum quartet — not all at
once, but in turn. To my classical-music-trained ear the music was a fascinating
and interesting blend of ancient and modern. It seemed to bridge all time and
aural space. The tonality was more Western than that which I typically associate
with an Oriental scale. There was, simultaneously, a simplicity and intricacy
that could be appreciated on many levels. Music is the great expression of the
soul of a country and a culture. Music causes the spirit to soar and emotions to
surface. It becomes a great and positive unifying force among human beings
everywhere.

It was in this spirit that Prof. Sungkyoo Lim moderated the evening’s cere-
monies. His closing remarks, expressing the unifying energy between the warm
outdoor evening setting, the rousing effect of the music, the good food, and great

continued on page 34
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DELIVERED YOUR WAY...
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DVI VIDEO GENERATORS The Art of Technology

330 MHz Digital
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$S200 SERIES DISPLAY ANALYSIS SYSTEMS

FAST
ACCURATE 77
RELIABLE

AFFORDABLE

Microvision - innovating since 1983

Microvision’s SS200 series of display analysis equipment 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 SS210, SS220 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
CRTs & FPD to projection, cockpit 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
Laboratories
Worldwide

SS210 System:

The SS8210 package has a CCD camera to provide spatial measure-
ments such as Line Width and MTF. It includes an integrated spec-
trometer for spectral analysis and color measurements and also in-

cludes an optional response time measurement capability. I MICROVISION

SS220 System:

The SS220 system is the perfect choice for flat panel testing. It fea- . 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

SS230 System: Fax: (530) 888-8349 * Email: info@microvsn.com

The SS230 (pictured above) is a combination of the SS210 & Web site: werwnicosn com

SS220 system, resulting in the most comprehensive test system International Representatives:

Japan - ARGO CORP., 06 339 3366

Taiwan - SUPERLINK TECH., 886 2 2698 3456
Korea-B & P INT'L, 02 546 1457

China - HUADONG, 86 25 5319677

available. All tests are performed at NIST traceable accuracy.
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Mount
Any Monitor
Anywhere!

- j\ 400 Series: VL Series: Monitor

‘ : / Provides and Keyboard has a
= horizontal and 9" vertical adjustment

| i; vertical range, system folds

74 i "l adjustment,
1 6 | full tilt/rotate
: ! Ix capability.

flat to 4-1/2"D.

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® FPMPMI™
‘ARMS“ Standard are Ergotron ARMS Compatible; this means your ' )
: monitor will easily attach to an Ergotron ARMS product. ’ ?q i
‘ Compat|b|e ' y 9 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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“THE APPROPRIATE SOLUTION _F_._T-lCD INTEH

i ness, Viewing Ang '.

Call for more information: Tel: 714.223.7111 Fax: 714.223.7711 600 South Jefferson St. Unit K Placentia, CA 92870
www.vertexled.com
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Westar's FPD Performance Measurement
Systems give you something unigue --
precision and flexibility. Westar's FPM

Systems provide photometric and colorimetric

measurements, real-time reporting of test
results, increased test and analysis
productivity, and performs standard tests as
well as your own custom tests.

Westar’'s FPD Performance
Measurement System

* Tests displays up to 54" automatically.

* Tests for luminance, chrominance, contrast
& viewing angle performance...and more!

« Uses popular sensors, such as PR,
Minolta, and Topcon.

e e

Performs VESA, TCO 99\

and ISO 13406-2 tests!

Powerful ViewPoint * software integrates
sensors, motion control, analysis, and
reporting functions. It also includes

a wide variety of fully integrated

display interfaces!

FREE RN Kes

For more information on Westar's revolutionary new
systems, call today for our FREE video and CD.

Copynght © 2000 Westar Corporation
Trademarks are property of their respective owners  Patents Pending

Flat Display

Measurement

USA:
Japan:
Korea:

Taiwan:

China:

Europe:

|
Products for better displays.™

Westar Corporation, 636-498-6004 ext.286

Kyokuto Boeki Kaisha, Ltd., 03-3244-3795

Truco, Inc., 02-3465-2004

Advanced Team Enterprise Co., Ltd., 02-27035466
Advanced Team Technology Service, 769-632-6399
Ginsbury Electronics, Ltd., +44 (0) 1634-298900

www.westar.com/fpm
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Redefining capacity.
Micronic is at the forefront in display photomasks
and now offers the multi-beam pattern generators
for increased productivity at maintained precision.
We have created an innovative way of writing com-
plex patterns in a highly cost-effective way.

We help our customers become world-leaders.
If your business employs high-precision microlitho-
graphy, and you are ready for the next step forward,
you are invited to contact Micronic.

ﬂ MICRONIC LASER SYSTEMS

MICRONIC LASER SYSTEMS AB (publ.) | Box 3141.5E-183 03 Taby. Sweden | tel: +46 8 638 52 00 | fax: +46 8 638 52 90 | e-mail: info@micronic.se | website: www.micronic.se
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The Westar Microdisplay
Inspection System tests
microdisplays with
resolutions QVGA to beyond
UXGA, without changing
camera or optics!

For laboratory, production, or QA/QC
environments, the new Microdisplay
Inspection System makes fast and accurate
measurements using an integrated optical
assembly with computer-controlled zoom
and focus, spectrometer instrument,

and a CCD camera.

Perform standard tests, including:
* % reflectance

* contrast ratio

* uniformity

» pixel defects

* spectral response

* plus others!

Powerful MicroPoint™ Software has two
modes: Manual Control Interface for

rapid laboratory measurements, and an
Automated Test Sequencer for production.

Call today for more information! 2 estar Corporation, 636-498-6004 e

e e 4 (0
Copynight € 2000. Westar Corporation i “ 2 &

Trademarks are property of their respective owners




Sixth Annual Display of the Year Awards

the best of the year

For the year 2000, the DYA Committee honors an OLED microdisplay, a carbon-
nanotube FED module, a hand-held viewer, a rear-projection HD monitor, ;

a digital color wheel, and a matrix filter that improves the color of LCDs.

by Ken Werner

TIE recipients of the SID/Information
Display Display of the Year Awards (DYA)
are selected by an international committee
consisting of leading members of the technical
display community and distinguished technol-
ogy journalists who cover displays (see the
textbox, “2000 Display of the Year Awards
Committee™). This combination ensures that
the committee’s deliberations are carried out
with both technical sophistication and a broad
perspective.

Those deliberations began in May in Long
Beach, during the SID International Sympo-
sium, where the Display of the Year Awards
Committee (DYAC) held its annual meeting

and began discussing possible nominations for

the various awards.

The submission of formal nominations
began in July. Nominations are made either
by committee members or by interested parties
who submit their nominations to the DYAC
Secretariat. The Secretariat distributes all the
nominated displays and products to the com-
mittee members, who then vote for the winners.

Gold and Silver Awards are voted in three
categories: Display of the Year, Display Prod-
uct of the Year, and Display Material or Com-
ponent of the Year. The DYAC bylaws
require the committee members to consider
many factors, including technical innovation,
commercial significance, and likely social

Ken Werner is the editor of Information Dis-
play. The opinions expressed in this article
are not necessarily those of the Publisher of
Information Display Magazine or of the Soci-
ety for Information Display.
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| impact. Displays, products, components, and

materials must have become commercially
available either to OEMs or end users
between July 1, 1999, and June 30, 2000, to
be eligible for this year’s awards.

Display of the Year

Gold Award: eMagin’s OLED-on-Silicon
Microdisplay

In developing its organic light-emitting-diode
(OLED) display, eMagin Corp. (East Fishkill,
New York) uniquely combined two of the
industry’s most exciting technologies: OLEDs
and display-on-silicon microdisplays. The
combination of technologies results in a 0.77-
in. 256-gray-level monochrome SXGA dis-
play that offers a combination of higher lumi-
nance and lower power consumption than
alternative solutions. The eMagin device pro-
duces 200 cd/m? from only 400 mW.

This device, the world’s first OLED-on-
silicon microdisplay, shows the strengths of
emissive microdisplays at a time when nearly
all other silicon-backplane microdisplays rely
on liquid-crystal or tilting-mirror technologies.
Whether eMagin is pointing the way for a new
industry segment, or will be left as the undis-
puted master of a unique niche, it has success-
fully pioneered a unique display technology.
And the company has more in store for the
future: a color version is under development.

Silver Award: ISE’s Carbon-Nanotube FED
Module

Japanese, Taiwanese, and Korean R&D into
carbon nanotubes (CNTs) as field emitters has
energized the faltering interest in FED tech-

0362-0972/00/1612-012$1.00 + .00 © SID 2000

nology. Now, ISE Electronics Corp. (Ise,
Mie, Japan) has produced the first commercial
product using carbon-nanotube field-emission
technology.

The product is a 1-pixel 20-mm-diameter

| cylindrical lighting element intended to

replace existing externally similar thermionic
(CRT-type) lighting elements used in outdoor
displays and other high-brightness applica-

tions. The nanotube lighting element replaces

the thermionic cathode of the CRT lighting

element with a field-emission cathode made

of CNTs - fine tubes with diameters ranging

from less than 1 nm to over 100 nm that are

grown with carbon atoms. ISE’s CNTs range |
from 0.5 to 50 nm. ]

As in a CRT device, the electrons pass
through a control grid and strike a phosphor
screen that produces visible light. The device
is power-efficient because the cold cathode
does not need to be heated as a thermionic
cathode does, and the luminance exceeds
30,000 cd/m”.

ISE’s CNT FED module is exciting not
only because it is the first commercial imple-
mentation of CNT technology, but because it
could pave the way for new generations of
FED products.

Display Product of the Year

Gold Award: InViso’s eCase Hand-Held
Display

InViso (Sunnyvale, California) has incorpo-
rated its OptiScape Il microdisplay module in
the eCase, a hand-held viewer billed as a “per-
sonal Internet companion,” which can be syn-
chronized with a PC and lets the user carry




DISPLAY OF THE YEAR

Gold Award: eMagin's OLED-on-Silicon Microdisplay.

Silver Award: ISE's Carbon-Nanotube FED Module.

documents while on the go. This differs from
PDA synchronization in that the downloaded
documents can be viewed at approximately
the same resolution and color depth as on a
desktop monitor. The product is also offered
to OEMs as a platform for incorporating their
own applications.

Thanks to its OptiScape II microdisplay
module, the eCase presents an SVGA 18-bit
color image with a viewing angle of 34" and
an eye relief of 30 mm. The effect is that of
viewing a 19-in. monitor at 2.5 ft., with the
image well focused across the entire field of
view regardless of where (within reason) the
eye is positioned relative to the display.
Clearly, superior optics is a crucial part of the
design.

The intelligent integration of an excellent
microdisplay module into an attractive hand-
held high-resolution image viewer should,
in the words of one committee member,
“change users’ expectations for viewing
graphics and high-density content on a
very small display.”

Silver Award: Sharp/SEL’s 60-in. High-
Definition Rear Projector

| With the SharpVision LC-R60HDU high-

definition LCD rear-projection video monitor,
Sharp Corporation (Osaka, Japan) introduced
the first commercial product using LCD

| imagers with TFTs made from continuous-

grain silicon (CGS) — a high-performance
variant of polycrystalline silicon developed by
Sharp and its partner, Semiconductor Energy
Laboratory Co., Ltd. (Atsugi-shi, Kanagawa,

| Japan). The high quality of CGS permits the

manufacture of TFTs with an electron mobil-
ity that approaches that of single-crystal sili-
con. This can result in smaller transistors for
higher aperture ratio and higher brightness, as
well as better performance.

The imagers in the LC-R60HDU are 2.6 in.
wide and project a full-color SXGA image
onto the 60-in. screen with an impressive
luminance of 1000 cd/m® and a contrast ratio
of 400:1. Introduced at an MSRP of $49,995,
the SharpVision set can afford to utilize pre-
mium design approaches and components at

every stage, and it does. Not at all a high-
volume product, its significance is in its use of
a new TFT material to make a rear projector
that raises the performance bar for this display
category.

Display Material or Component of
the Year

Gold Award: DigiLens’s Application-
Specific Integrated Filter™

DigiLens, Inc. (Sunnyvale, California) used a
new electrically switchable Bragg grating
(ESBG) technology to make an Application-

T

| Specific Integrated Filter (ASIF ) — a solid-

state replacement for the mechanical color
wheel used to obtain full color from a one-
panel projection display. Since there is sub-
stantial interest in using one-display reflective
projection engines for low-cost HDTV
receivers, ASIFs are potentially important
enabling components.

Digilens claims an impressive list of bene-
fits for its ASIFs, including improved black
level and contrast, fast 50-pusec switching,

Information Display 12/00 13




the best of the year

DISPLAY PRODUCT OF THE YEAR

Gold Award: InViso's eCase Hand-Held Display. Silver Award: Sharp/SEL's 60-in. High-Definition Rear Projector.

DISPLAY MATERIAL OR
COMPONENT OF THE YEAR

Gold Award: DigiLens’s Application-Specific Integrated Filter™. Silver Award: Toppan's EBU-CF Color Filter.
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reduced color break-up and fewer motion arti-
facts, and dynamic color balance. ASIFs do
not have the motor noise of a color wheel,
they are compact and light in weight, reduce
system complexity and cost, and are reliable,
says DigiLens. The ability to make “dynamic
changes in color balance and saturation for
different types of source signals is equivalent
to changing color-wheel filters on the fly,”
said one committee member. ASIFs are avail-
able for use with either polarized or non-
polarized light.

DigilLens has used sophisticated materials
technology to make a high-performance com-
ponent that promises to be low in cost and
easy for system designers to use.

Silver Award: Toppan’s EBU-CF Color
Filter

The matrix color filter is what allows liquid-
crystal displays (LCDs) to show still images
and video in color, but most LCDs display
many fewer colors than typical cathode-ray-
tube (CRT) monitors and television sets.
Toppan Printing Company (Tokyo, Japan) has
eliminated that limitation with the first color
filter to comply with the color-reproduction
standards of the European Broadcasting
Union (EBU).

The new filter features new pigments and
dispersing conditions, matched to new phos-
phor specifications for the backlight that is
used with the filter. Toppan has made the
backlight specifications available to manufac-
turers, and has been ramping up filter produc-
tion. Production capacity was over 100,000
per month in September.

Toppan has re-engineered one of the basic
LCD components so that LCD television sets,
DVD players, and computer monitors can, at
long last, have the ability to render colors as
well as their CRT-based competitors. |

Information Display 12/00 15




The Promise of Plasma Displays for H

plasma television

TV

Innovative techniques have removed motion artifacts in the most
sophisticated PDPs. Designing for cost reduction is next.

by Larry F. Weber

EASMA DISPLAYS promise to be an
attractive solution for high-definition televi-
sion (HDTV) home-theater applications. Plas-
maco, Inc., has developed a 60-in.-diagonal
HDTYV plasma-display panel (PDP) prototype
(Fig. 1) which was demonstrated for the first
time at the 1999 SID International Sympo-
sium, LG has developed a similar 60-in. proto-
type, and Samsung recently demonstrated a
63-in. prototype. Other PDPs with 42- and 50-
in. diagonals are also available for HDTV.

PDPs will compete favorably with CRTs
and projection displays for this attractive and
growing HDTV market (Table 1). The PDP
has the necessary display size and resolution
for home theater, and its very wide viewing
angle gives it a high-quality CRT-like image.
Its slim profile offers optimal utilization of
room space compared to the competing tech-
nologies. While the image quality and perfor-
mance of PDPs is equal to or superior to that
of CRTs and projectors, the cost of the PDP is
still much too high.

HDTY Picture Quality
High picture quality requires three things:
good video material, a good signal, and a

Larry F. Weber is President and CEO of Plas-
maco, Inc., 180 South St., Highland, NY 12528,
a subsidiary of Matsushita Electric Industrial
Company, Ltd.; telephone 845/883-6800, fax
845/883-6867; e-mail: larryweber@plasmaco.
com. This article was adapted from the
author’s paper of the same title given at SID
2000 in Long Beach, California. The original
paper appears in the 2000 SID International
Symposium Digest of Technical Papers.
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good display device. The final image quality
is limited by the worst of these three.

We have found that a 60-in.-diagonal dis-
play like that shown in Fig. 1 needs an HDTV
signal to show its optimum image quality. An
ordinary NTSC signal on this display looks
poor. While motion-picture film is consider-
ably better, it is still no substitute for a high-
quality HDTYV signal that was recorded with a
digital HDTV camera and tape recorder. Such
material is not easy to find today, but this will
cease to be a problem as time goes on.

One of the major attributes of the U.S. stan-
dard for HDTYV is its all-digital format. This
greatly reduces noise, and the fidelity does not
degrade in transit. An all-digital system also
eliminates drift and mis-adjustment. The
large number of pixels available in the HDTV
format is quite suitable for a 60-in. display.

The display is frequently the factor limiting
HDTV picture quality. The major problems
are either insufficient display size or insuffi-
cient display resolution. The 60-in. PDP

| shown in Fig. 1 has surprised many people

Fig. 1: Larry Weber proudly demonstrates Plasmaco’s 60-in.-diagonal HDTV plasma panel in
eastern New York's apple-growing country. (Courtesy of Plasmaco. Inc.)
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Fig. 2: An asymmetrical cell structure can overcome the tendency of PDP phosphors to exhibit
low color temperatures. The larger blue subpixel allows the production of color temperatures

up to 10,000K.

because it has sufficient display size and reso- i
lution to provide a truly high-quality image. ‘
The U.S. HDTV standard includes a num-

ber of different formats, but the two most
commonly discussed high-resolution formats
are 1080 lines interlaced (1080i) and 720 lines
progressive (720p). Both of these standards
have similar picture quality, even though there
seems to be a never-ending debate over which
is better. The 10801 standard has an increased
number of horizontal lines but at the price of
interlaced scan artifacts. The 720p standard is
free of these artifacts since it is progressively
scanned, but, of course, it has fewer horizontal
lines.

Hitting the Limit

In many HDTYV displays used for home the-
ater it is human visual acuity that limits the

image quality, not the number of horizontal
lines in the display. The size of the display

and the pixel size must be carefully selected
to avoid this visual-acuity limit.

It turns out that the (approximately) 1-mm
pixel pitch of the 60-in. PDP is ideal for
HDTYV. This is because the visual acuity limit
is about 0.35 milliradians (mrad). For the
U.S. home theater, the typical distance from
the viewer to the TV display is 3 m. At this
3-m distance, the 0.35-mrad limit equates to
about 1 mm at the display surface. Pixels
with a pitch smaller than this limit will not
significantly increase the perceived resolution.

There are some interesting consequences of
this visual-acuity limit. If the HDTV display
has 720 horizontal lines with 1-mm pixel
pitch and a 16:9 aspect ratio, then the smallest
display diagonal that does not fall below the
visual-acuity limit is 58 in. If the HDTV dis-
play has 1080 lines, then the minimum display
diagonal is 87 in.

This means that 36-in.-diagonal CRTs are
not suitable for viewing the full fidelity of any
HDTYV signal if the viewer is 3 m from the

| CRT. It also means that the extra horizontal

resolution of the 1080i signal is somewhat
wasted for a 60-in.-diagonal display because
the 720p signal is at the visual-acuity limit.

A major factor in the strongly positive viewer
reaction to the 60-in. PDP shown in Fig. 1 is
the close matching of the panel and pixel size
to the visual-acuity limit.

Image-Quality Issues
The HDTV concept demands close attention
to display image quality, and PDP designers
have long struggled to improve PDP image
quality to a level that is equal to or better than
the CRT’s. Several of these image-quality
issues deserve more detailed discussion.
Digital-Signal Quality. The digital HDTV
signal has many desirable attributes, such as
very low noise, and it is an inherently stable
medium over time. It is easy to see the differ-
ence between a purely digital HDTV signal
derived from motion-picture film by noting

the high level of noise from the film. This is
one of the factors stimulating motion-picture
producers to consider abandoning film and
replacing it with digital HDTV.

To maintain high digital quality, it is impor-
tant to eliminate conversion to analog over the
entire data path from the camera to the eye.
This requires the use of digital cameras, digital
tape recorders, and digital displays. Fortu-
nately, PDPs are inherently digital because the
memory characteristics of the panel require the
application of digital signals for proper control.
This eliminates noise and drift. Of course, we
live in an analog world, so the digital nature of
the PDP also creates a number of artifact-cor-
rection issues that require specific solutions.

The panel module of Fig. 1 uses a 74.24-
MHz parallel 8-bit (x3) RGB digital interface

| for HDTV. Data is supplied through a univer-

sal format converter that can take in 720p,
1035i, or 1080i HDTYV signals. It will also
take in the 768p signal from an XGA per-
sonal-computer interface via transition-mini-
mized differential signaling (TMDS). The art
of digital universal format conversion has
advanced to the point that there are virtually
no observable artifacts from the conversion
process, even though there is usually a severe
mismatch between the number of lines in the
signal and the number of lines in the display.

High Luminance. A key feature of a high-
quality display is high luminance, which is
necessary for a high bright-room contrast
ratio. The peak luminance of 550 cd/m? (with-
out a contrast-enhancement filter) achieved by
the display in Fig. | is reasonably high for a
display of this size and resolution. This lumi-
nance is obtained through careful trade-off of
the PDP sustaining and addressing times.

One well-known brightness-enhancing
characteristic of the CRT — sometimes called
“punch” — can also be implemented in PDPs.
Punch refers to the ability to increase the
luminance of small display areas to levels
higher than can normally be achieved over

Table 1: Specifications for

Plasmaco’s 60-in. PDP
Pixel matrix 1366 x 768
Pixel pitch 0.972 x0.972 mm
Luminance 550 cd/m?
Contrast ratio >500:1 (700:1 typical)
No. of colors 16.7 million
Set thickness 133 mm
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plasma television

larger areas. This allows a diamond ring in a
dark scene, for example, to shine more bril-
liantly. Panasonic has developed a technol-
ogy called Plasma Al which performs the
punch function on PDPs. It does this by
increasing the sustain frequency for images
with low average luminance. This attractively
increases the peak luminance of the display
without increasing the peak power-supply
requirement.

Color Temperature. Many customers pre-
fer a display with a high color temperature in

order to make the colors more brilliant.
Unfortunately, the phosphors available for
PDPs do not readily give a high color temper-
ature without using special techniques within
the device. The Plasmaco 60-in. PDP, for
example, has a blue subpixel that is consider-
ably larger than the green or the red subpixel
(Fig. 2). This enhances the color temperature
so that 10,000K can be achieved. We call this
the Asymmetrical Cell Structure.

Dark-Room Contrast Ratio. A high-qual-
ity HDTV display needs a good dark-room
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Fig. 3: Changing from the traditional gray-scale weighting algorithm (top) to a linearly
weighted sub-field sequence (bottont) permits the elimination of PDP motion artifacts.
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contrast ratio, i.e., screen contrast ratio mea-
sured in a dark room. This is because many
movie directors prefer the effects of dark
scenes. In home theaters, the dark-room con-
trast ratio is more important than the bright-
room contrast ratio because prime-time view-
ing occurs during the evening, when ambient
lighting levels are low.

Dark-room contrast ratio is determined pri-
marily by the display’s lowest luminance
level. Unfortunately, PDPs need a minimum
intensity level for discharge priming that
degrades the contrast ratio. The challenge is
to reduce this minimum intensity level and
still accomplish robust discharge priming for
reliable addressing.

The Plasmaco 60-in. display achieves a
greater than 500:1 dark-room contrast ratio by
means of a special waveform [see, for exam-
ple, L. F. Weber, Asia Display '98 Digest,
15-27 (1998)]. This technique uses slowly
increasing and decreasing ramp waveforms to
produce a stable positive-resistance gas dis-
charge that can generate the necessary levels
of priming without emitting very much light.
This positive-resistance discharge has the
added advantage of exactly establishing the
subpixel wall-voltage levels so that lower-
voltage address drivers can be used, which
permits the use of lower-cost circuits.

Motion Artifacts. One consequence of the
inherent memory characteristic of PDPs is the
need to use a digital gray-scale technique that
divides each video frame into a number of
weighted sub-fields. A high-quality image
can be achieved with a sufficient number of
sub-fields, but there is a trade-off: Too many
sub-fields will require too much address time,
so little time will be left for the sustain opera-
tion. This will cause the panel to have low
luminance. The challenge is to find the gray-
scale algorithm that uses the smallest number
of sub-fields that deliver minimal motion arti-
facts and can, at the same time, be imple-
mented at relatively low cost.

Most of the motion artifacts show up as
false contours when an object is moving
across the screen, and these are most visible
where the most heavily weighted sub-field
changes state. They also depend on how the
eye follows the moving object and how fast
the object is moving, and they are especially
noticeable as false contours on a moving
human face.

The Plasmaco 60-in. panel uses the gray-
scale method developed by I. Kawahara and
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K. Sekimoto [see SID Intl. Symp. Digest Tech.
Papers, 166—169 (1999)] to reduce the motion
artifacts in a robust and easy-to-implement
way. Pioneer has developed a similar method.
This technique recognizes that motion arti-
facts are caused by the temporal nonlinearity
of the conventional gray-scale algorithm

(Fig. 3, top). By using a linearly weighted
sub-field sequence, all motion artifacts can be
eliminated (Fig. 3, bottom).

The disadvantage of this linearly weighted
sequence is that it does not allow as many
intensity levels as the more common temporal
nonlinear binary chop sequence. To make up
for this lack of gray levels, simple spatial
error-diffusion techniques are used in combi-
nation with the linearly weighted sequence.

Low-Level Contouring. Most PDPs use
8 bits for 256 gray intensities. Unfortunately,
this is insufficient for the low intensity levels
that movie directors are so fond of. Such low-
level images will show undesirable contour-
ing. The problem is rooted in the gamma-
correction methods used to transmit signals to
CRT-based displays. Unfortunately, the PDP
has an inherently linear input characteristic,
but HDTV signals are transmitted with

gamma correction that is ideally tailored for
the non-linear input characteristic of the CRT.

This gamma-correction method allows the
low intensity levels to be more precisely spec-
ified by the digital code than the higher levels.
The method works well for the non-linear
CRT, but the inherently linear PDP requires an
inverse gamma look-up table (Fig. 4). The low
levels of this look-up table cause considerable
contouring with only 256 linear intensities.

The solution to this low-level contouring
problem is to introduce simple spatial error-
diffusion methods to increase the number of
low-level intensities. This smooths out the
inverse gamma function. Fortunately, the
human eye does not easily detect the small
amount of intensity noise introduced by the
error diffusion because the intensity levels are
so low. But the eye easily detects the color
noise at these low levels. The solution for this
color noise is to use a color-killer circuit for
the low-level error-diffusion bits.

Designing for Low Cost

The remaining major problem that is keeping
PDPs from being used in most home theaters
is cost, but there are high hopes that the cost

can be substantially reduced. A number of
cost-saving features have been incorporated
into the 60-in. prototype.

Soda-Lime Glass. The panel uses ordinary
soda-lime float-process window glass for the
substrate material, which is available in high
volumes at low cost. This is a significant
departure from the considerably more expen-
sive high-strain-point glasses used in most
PDP products manufactured today. The dis-
advantage of soda-lime glass is its high
propensity to distort dimensionally during
high-temperature firing, which causes manu-
facturing difficulties when device structures
require alignment. But these problems can be
controlled by means of careful processing and
device designs that do not rely on critical
alignments.

No Transparent Electrodes. All current
PDP products use transparent ITO or SnO,
electrodes in parallel with high-conductivity
opaque metal bus bars (Fig. 5). This two-
electrode approach adds unnecessary cost and
alignment complexity to the design. The pro-
totype uses a novel all-opaque metal-electrode
design, which we call the “fence electrode”
(Fig. 6) [see W. Schindler, IDW '99 Proceed-
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Fig. 5: Today’s production PDPs use transparent electrodes and opaque metal bus bars.

ings, 735-738 (1999)]. In this approach, each
front-plate electrode is composed of three nar-
row opaque electrodes that allow light to pass
easily around them. This approach also pro-
vides a large discharge area and capacitance
similar to that of the transparent electrode’s.
These fence electrodes are made by the well-
established Cr-Cu-Cr electrode manufacturing
process developed over 20 years ago by IBM.
Small vertical shorting bars are added to
increase yield by reducing the problem of

ture eliminates the need for expensive trans-
parent electrodes.

Single-Scan Addressing. A third low-cost
feature incorporated in the prototype is the
use of single-scan addressing for an XGA dis-
play. This has the advantage of reducing the
number of data address drivers by a factor of
2 over dual-scan designs. While single-scan
addressing is common in VGA PDP products
with 480 lines, the 768 lines of an XGA
display are usually achieved by using dual-

open electrodes. The fence-electrode struc- | scan.
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Fig. 6: The “fence electrodes” used in Plasmaco’s 60-in. prototype eliminate transparent elec-

trodes, thus reducing costs.
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The fundamental problem is that the
increased number of horizontal lines requires
more precious address time during the fixed
frame time. To get this extra time without
resorting to dual-scan addressing there are

| only two options. The first is to increase the

total address time, but this has the undesirable
side effect of reducing the amount of time for
sustaining the panel, which results in
decreased luminance.

The second possibility is to reduce the
amount of time necessary to address a single
line. The prototype uses the second approach,
and obtains a single-line address period of
only 1.5 pusec. The challenge is to achieve
this short address period while maintaining
reliable addressing.

The use of single-scan addressing not only
reduces the data driver costs but also reduces
panel costs because dual-scan requires a criti-
cal alignment between the front and back
plates of the panel. A single-scan design does
not require any critical alignment, which
allows the much lower-cost soda-lime glass to
be used.

Where Are We Now?

PDP technology shows great promise for
meeting the demands for home-theater HDTV
displays. The overwhelming response of the
public to the HDTV images on the 60-in. PDP
demonstrates that its image quality has risen
to the necessary level.

What remains to be accomplished is reduc-
ing the cost of this technology. This will
occur as PDP manufacturing capacity and
technology advance. In the interim, PDPs
will enjoy a happy coexistence with projection
and CRT HDTVs as the high-performance
alternative. |

SID '01
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LEP displays

Light-Emitting-Polymer Displays

OLEDs can be made with small-molecule or polymer materials. Small
molecules were first to market, but LEPs have some competitive advantages.

by Karl Heeks

ORGAN]C light-emitting diodes

(OLEDs) are potentially very attractive for
commercial exploitation as a flat-panel-dis-
play technology because of their low power
consumption, wide viewing angle, fast
response time, and compact and lightweight
construction. OLEDs are based on either
Eastman Kodak’s small-molecule light-emit-
ting-diode (SMLED) film technology or
Cambridge Display Technology’s (CDT’s)
conjugated polymer light-emitting-diode
(PLED) technology.'?

SMLEDs
SMLED technology is more mature than
PLED technology, and Kodak has licensed
several companies, including Pioneer, Sanyo
Electric, and Ritek Corp. Pioneer was the first
company to enter the marketplace in 1997
with a 256 x 64-pixel monochrome display,
which was followed by a segmented color-
matrix display for an automotive stereo sys-
tem. More recently, efforts have been focused
on the fabrication of full-color displays capa-
ble of video output.

There have been three main approaches to
fabricating full-color SMLED displays. The

Karl Heeks is Director of the Systems Engi-
neering Business Unit at Cambridge Display
Technology (CDT) Ltd., Madingley Rise, Mad-
ingley Rd., Cambridge, CB3 OHJ U.K.; tele-
phone +44-(0)-1223-723-520, fax +44-(0)-
1223-723-556, e-mail: kheeks @cdtltd.co.uk.
The author thanks Jeremy Burroughes, Carl
Towns, Julian Carter, and colleagues from
CDT; and T. Shimoda, S. Miyashita, and col-
leagues from Seiko-Epson Corp.
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first uses an array of white SMLED pixels
coupled to an array of traditional color filters.’
The second approach utilizes blue SMLEDs
as light sources with fluorescent color arrays
as a color-changing medium to achieve RGB.*
The third is the direct approach of patterned
SMLED RGB emitter arrays.’

The first two approaches to color are unde-
sirable because they entail a substantial loss of
display efficiency, either from absorption in
the color filters or from reported poor quan-
tum efficiencies in the fluorescent materials.
Furthermore, these two approaches increase
the complexity of device manufacture. The
direct-patterning approach offers the best

route to enhance color purity and display effi-
ciency. To directly pattern the RGB emitters,
Pioneer used a shadow-mask technique.

At the SID International Symposium in
May 1999, Pioneer demonstrated a prototype
full-color 5.2-in. QVGA passively driven
SMLED display that used a highly accurate
mask-moving system to directly pattern the
320(x3) x 240 pixels to an effective pixel size
of 0.33 x 0.33 mm. In October 1999, Kodak
and Sanyo demonstrated a high-quality 2.4-
in.-diagonal active-matrix full-color SMLED
display, again using shadow masking to
directly pattern the RGB emitters. This dis-
play successfully integrated Kodak’s small-

L

Triangle defines PAL CIE limits.
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Fig. 1: PLED materials can produce a wide variety of colors, including a red, green, and blue
that come very close to the primary colors required for full-gamut PAL television.
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Fig. 2: A polymer system for passive-matrix displays has recently been introduced that features
high luminance at low voltage, a flat cd/A curve, high efficiency, a long lifetime, and a stable

voltage/time characteristic.

molecule technology with Sanyo’s low-tem-
perature-polysilicon (LTPS) technology and
aroused a lot of interest in the flat-panel-dis-
play (FPD) community, in part because the
display’s response time and viewing angle are
superior to that of an LCD’s.

In normal graphics mode (150-cd/m? peak
luminance), the display is reported to use 400
mW of power, which is half that of an equiva-

lent LCD measured under similar conditions.
Efficiency improvements for red and blue will
produce further reductions in power consump-
tion for this type of display. The characteris-
tic qualities of these displays — high bright-
ness, thinness, and low power consumption —
make them attractive for consumer products
such as PDAs, videophones, and other hand-
held imaging devices.

At SID 2000, the Kodak/Sanyo collabora-
tion unveiled an impressive 5.5-in. QVGA
full-color LTPS TFT display that is expected
to find applications in PDAs and automotive
navigation systems. Kodak/Sanyo expect to
establish a manufacturing process that will
make displays available in 2001.

But there remains a significant technologi-
cal challenge to using the shadow-mask
approach in patterning at high resolutions over
areas much beyond that needed for a 5-in. dis-
play. This results from problems of dimen-
sional control of the patterned features related
to thermal effects and mask sagging. NEC
has developed a technique for stepping a
small mask to pattern large areas at high reso-
lution, but this limits throughput and may not
be a satisfactory approach for volume manu-
facturing. Unless there is a breakthrough in
this area, it may restrict SMLEDs to small-
and medium-sized color displays.

PLEDs

Cambridge Display Technology has licensed
its polymer-based technology to Philips,
Seiko-Epson, Delta Electronics, and others.
The progress made in PLEDs has been partic-
ularly impressive recently. Philips Research
Laboratories has developed devices using
poly(p-phenylene vinylene) — PPV — deriva-
tives as the emissive material. These materi-
als, synthesized by Aventis Research and
Technologies, show extrapolated lifetimes
greater than 20,000 hours (red-orange emis-
sion) and luminous efficiencies in excess of
16 Im/W (green emission). The early applica-
tions for these polymeric systems will be
backlights and monochrome matrix displays.
At CDT, we have concentrated on developing
polyarylene systems that have been prepared
by Suzuki cross-coupling. The performance
of these systems is excellent in terms of color,
efficiency, and lifetime. A variety of colors is
available, including a red, green, and blue
that come very close to the primary colors
required for PAL television (Fig. 1). The effi-
ciency, luminance, and lifetime of devices
incorporating these primaries, as well as yel-
low, are summarized in Table 1.

One of the attractive features of PLEDs is
their very simple device architecture. A basic
device comprises

1. An anode, which is usually ITO on a
glass or plastic substrate.

Two thin polymer layers, one of which
is a polymer hole-conducting layer —

b3
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LEP displays

Table 1: Summary of LEP performance

Color Efficiency at Brightness at Lifetime at 80°C (hours)
100 cd/m? (Im/W) 5.5V (cd/m?) (normalized to 50% from 100 cd/m?)
Red 215 2000 4400
(extrapolates to ~100,000 at RT)
Green 18 10000 >80 -
Blue 15 1000 1900 (RT, extrapolated)
Yellow 21 100,000 900

Source: Cambridge Display Technology

usually a film of polyethylene dioxythio-
phene polystyrene sulphonate (PEDT/
PSS) made by Bayer AG and deposited
from aqueous solution.

3. A conjugated-polymer emissive layer.

4. A cathode system — a low-work-func-
tion metal typically capped with alu-
minum — that is deposited via physical
vapor deposition (PVD).

The device is then encapsulated to prevent the
ingress of water and oxygen.

Initial work on PLEDs, as for SMLEDs,
concentrated on monochrome applications. In
these devices, the two polymer layers were
deposited by spin coating, so it was necessary
to optimize the rheological properties of the
EL polymer solutions for this deposition pro-
cess. For dot-matrix applications, it was also
necessary to optimize the electronic properties

of the EL polymer, depending on whether the
display would be driven by an active or a pas-
sive matrix. One of the first technology
demonstrators was a 2-in.-diagonal high-reso-
Iution (800 x 236) monochrome PLED dis-
play driven by LTPS TFTs.5

For active-matrix drive schemes, where the
pixels are on throughout the frame, the LEP
material needs to be tuned so that its peak
luminous efficiency occurs close to the nor-
mal nperating luminance of 100-150 cd/m?
and to ensure that it is suitably stable. The
requirements for an ideal polymer system for
passive-matrix displays used in portable appli-
cations would, however, be different.

The system would need to be capable of
very high luminance at low voltage, have a flat
cd/A curve, be very efficient, have long life-
time, and have a stable voltage/time character-

istic. If the required drive voltage is suffi-
ciently low, then low-voltage drive chips may
be used. This results in lower power con-
sumption and a reduction in the module cost.

We have recently produced such a polymer
system. The yellow emitter (CIE 0.45, 0.54)
turns on at less than 2 V, and the average volt-
ages required to achieve luminances of 100,
1000, and 100,000 cd/m? are 2.1, 2.4, and 5.5
V, respectively (Fig. 2).

' AM-LEP Displays with Ink Jets

In order to make a full-color light-emitting-
polymer (LEP) display, one must form an
array of patterned RGB LEP emitters that
define the device pixels. This is non-trivial
because it is difficult to integrate conventional
patterning techniques such as spin coating and
photolithography (which may cause severe
damage to the LEPs) to achieve the resolution
necessary for full-color displays.

Workers at Seiko-Epson and CDT have
developed an ink-jet printing process that can
directly pattern both the charge-conducting
and emissive polymer layers on large-area
substrates with high resolution and at low
cost. An additional advantage of this tech-
nique is that it reduces the amount of polymer
wastage. (Spin coating is extremely wasteful
of material, but in ink-jet printing the required
volume of ink is deposited directly, with only
minimal wastage associated with flushing the
ink-jet printer heads.)

CDT

Fig. 3: Cambridge Display Technology and Seiko-Epson have recently demonstrated a 2.5-in. full-color 16-gray-level active-matrix ink-jetted

display.
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Fig. 4: This cross-sectional schematic view of the full-color ink-jetted display shown in Fig. 3
illustrates the vertical structures, consisting of SiO, and polyimide pillars, atop the TFT sub-

strate.

The ink-jet printing process requires a mod-
ification to the ink-jet heads on a conventional
commercial machine to make them compati-
ble with the solvents in the LEP inks. The
rheological properties of LEP inks and
charge-transport solutions must be modified
so that they may be successfully deposited by
ink-jetting.

Another challenge has been the registration
of ink-jet drops to the substrate, but a reliable
method of drop registration has been devel-
oped by pre-patterning suitable well structures
and modifying the surface energies.

CDT/Seiko-Epson recently demonstrated a
2.5-in. full-color 16-gray-level active-matrix
display (Fig. 3). The vertical structures on top
of the TFT substrate consist of insulating SiO,
and polyimide pillars (Fig. 4). The SiO, pre-
vents shorting between the cathode and ITO at
the pixel edge, and the polyimide creates the
wells into which the ink is deposited.

The LEP inks were based on poly(dialkyl-
fluorene) derivatives, which were chosen for
their high luminescence efficiency in blue,
green, and red. The device structure has a
common cathode which has been developed to
efficiently inject electrons into the LUMO —
lowest unoccupied molecular orbital, which is
the equivalent of the conduction band in inor-
ganic semiconductors — level of the three
polymer emitters, as well as be sufficiently
stable for product applications.

The display is 200 x 150 pixels, with each
pixel comprising nine subpixels (three per pri-
mary). The subpixels are circular and 28 pm
in diameter on a 70-pm pitch. This display is

based on LTPS active-matrix technology, and
it uses a digital drive scheme based on tempo-
ral and spatial dither to achieve the 16 gray
levels per color. Philips Research is also
using the ink-jet-printing approach as a way to
realize full-color PLED displays, and recently
demonstrated a two-color passive-matrix dis-
play with 64 x 96 pixels at a pitch of 600 m.”

With the demonstration of a high-quality
high-resolution color active-matrix PLED
display using ink-jet printing, the next step
becomes the integration of this innovative
technique into a PLED manufacturing line.
The ink-jet process is fully compatible with
volume manufacturing and is not expected to
be a bottleneck in the process flow for these
displays. Ink-jet printing is also fully compat-
ible with very large substrate sizes, for which,
in active-matrix applications, the display size
will almost certainly be dictated by the ability
to fabricate large arrays of TFTs. The integra-
tion of ink-jet printing and web-coating manu-
facturing is expected to enable the fabrication
of low-cost PLEDs on plastic substrates.
Since LEP is inherently a plastic-based tech-
nology, it is one of the few mainstream tech-
nologies well suited to making formable and
flexible displays.®

Concluding Remarks

SMLED displays are now in the marketplace,
and recent demonstrations by Kodak/Sanyo
have brought the benefits of this emissive
technology to the display community at large.
LEPs offer several advantages over small
molecules associated with LEP’s intrinsic

characteristics of thermal stability, solution
processability, and simple device architec-
tures. These characteristics offer the potential
for a cheaper manufacturing route. The addi-
tion of ink-jet printing for patterning these
materials offers the possibility of increased
display resolution and panel size for full-color
displays.

PLEDs are not yet in the marketplace, and
the coming months will see the first manufac-
turing capabilities coming on line. There is a
growing need for a high-quality video display
for mobile applications that is lightweight,
emissive, full-color, and low in power con-
sumption. Companies such as CDT and
Seiko-Epson are working towards the com-
mercial availability of a product with these
characteristics. Over time, we anticipate that
this light-emitting plastic technology will
have the necessary characteristics and cost
advantages to penetrate other display markets,
and that it will have some unique properties
that will open up new market segments.
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intellectual property

Protecting Intellectual Property in the
Electronic-Display Industry

Traditional patents are one way to protect intellectual
property, but they may not be the best way.

by Richard L. Fink, Kelly K. Kordzik, Song K. Jung, and Zvi Yaniv

INTELLECTUAL-PROPERTY (IP) issues
have been, and continue to be, a subject of
great importance for all involved in the dis-
play industry. The presence and enforcement
of IP laws is the major form of protecting the
large investments in developing new products
and technologies.

Patents, copyrights, trademarks, and trade
secrets are all forms of IP protection. Almost
all countries have laws for some form of IP
protection. Most of these laws are similar, but
they do differ in a few small but very impor-
tant details. Furthermore, the laws in the U.S.
are changing. In this article, some relevant IP
issues concerning the display industry, espe-
cially in the U.S., will be discussed.

Patent vs. Trade Secret

In a small laboratory at Company X, a bright
engineer makes a discovery that will improve
a display technology under development. The
engineer diligently documents the discovery
in a bound lab book, obtains signatures of co-
workers who witnessed the discovery, and

Richard L. Fink is Director of Engineering at
FEPET, Inc., 3006 Longhorn Blvd., Suite 107,
Austin, TX 78758; telephone 512/339-5020
ext. 130, fax 512/339-5021, e-mail: dfink@
carbontech.net. Kelly K. Kordzik is Attorney-
at-Law, Winstead, Sechrest and Minick, P.C.,
Austin, TX. Song K. Jung is Attorney-at-Law,
Long, Aldridge & Norman L.P., Washington,
D.C. Zvi Yaniv is President and COO of S
Diamond Technology, Austin, TX.
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submits the proper invention disclosure to
management. Now, the question is how
should Company X protect this invention
that it has made significant investments

to produce. The answer depends on many
factors.

To protect the invention, Company X has
two major alternatives: patent the invention
or hold it as a trade secret. A patent is essen-
tially a deal struck with the Federal Govern-
ment to provide a monopoly on the discovery
in exchange for dissemination of the idea to
the public. A trade secret is confidential
information held tightly within the company.

Can One Get a Patent?

To obtain a patent, the invention must be
novel. If someone else has previously made
the same discovery and disclosed it publicly
in a publication, then a patent can not be
obtained. Even if a patent is awarded, later

discovery of prior art can render the patent
worthless.

In all countries except for the United States,
this precludes the inventor and Company X
from publicly disclosing the invention prior to
submitting the application. In this sense, dis-
closure is very broad: it can include public
use, sale in the marketplace, or publication.
With some possible minor exceptions, the
U.S. is alone in allowing submission of patent
applications after public disclosure by the
inventor, but only within | year of disclosure.

For a “mature” technology such as the
CRT, finding relevant prior art can prove dif-
ficult. Invention of the CRT is credited to
Karl Ferdinand Braun from a paper published
in 1897 (Fig. 1). The archive of patent and
technical literature is extensive. If prior art is
discovered, Company X may still want to hold
the discovery as a trade secret, depending on
the application.
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Fig. 1: Even though the basic technology is over 100 years old, a healthy level of intellectual
property is being generated in an effort to maintain CRT market share over competing technolo-
gies. Shown here is a photograph of the first page of Karl Ferdinand Braun's original paper, “Ueber
ein Verfahren zur Demonstration und zum Studium des zeitlichen Verlaufes variabler Strome,”
published in Annalen der Physik und Chemie in /897. (Used by permission of Peter A. Keller.)
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Fig. 2: Patent activity increases until product mamifacturing begins and then falls off as the

technology matures.

Will a Patent Be Worth the Effort?
Whether or not Company X decides to patent
its discovery depends on the company’s
nature, the character of its IP, and the exis-
tence of prior art. If the company is an R&D
house that makes its money from selling
licenses to technology, then the answer is
clear: patent the invention. If the company is
a manufacturing house, then the decision is
complicated.

Typically, if the discovery is something that
can be detected or measured — such as a novel
material, architecture, or assembly — then the

discovery should be patented. If the discovery

is of a process — such as a more efficient man-
ufacturing procedure — then the decision will
likely be to hold the discovery as a trade
secret. Patent infringement of a manufactur-
ing process is difficult to detect because it

is not likely to be evident in the end product.
Furthermore, it may be easy for competitors to
design around the invention by making minor
changes to the discovered process if it is
patented.

There are other issues that influence the
decision to patent a discovery, including prob-
lems with the U.S. patent system. The first
problem is that it typically takes 2-3 years to

obtain an issued and enforceable patent. Con-
sequently, if Company X begins manufactur-
ing and selling the invention during that
interim period, the company is at the mercy of
infringers. If a product — such as software —
has a short life cycle, it may be obsolete by
the time the patent is issued.

The second problem with patent protection
is the expense, not only for obtaining the patent
but also for patent litigation, which averages
in the six-figure range. Obviously, this is a
serious hindrance to individual inventors and
small companies, where innovation is often
the most creative. To help ease this burden,
the U.S patent law was changed 5 years ago.

Lowering the First Hurdle

Those who seek patent protection for their
inventions are often surprised at how expen-
sive il is to prepare and prosecute a patent
application to an issued patent. The various
fees required by the U.S. Patent and Trade-
mark Office (USPTO), the patent attorney,
and a draftsman can typically range between
$3000 and $15,000, depending upon the com-
plexity of the invention. As noted above, for
individuals and start-up companies, it is often
difficult to justify such an investment.

On June 8, 1995, an alternative to the tradi-
tional patenting process became available as a
result of the Uruguay Round Amendments
Act (URAA). Among other things, the legis-
lation provided that a patent term begins on
the date of issue but ends 20 years from the
filing date (with some exceptions) and that a
provisional patent application may be filed
with a lower filing fee and less stringent
requirements as to its content, Essentially, a
provisional patent application may be filed
with an enabling description of the invention
and any required drawings along with the fee,
which is considerably lower than the filing fee
required for a “non-provisional” or “regular”
patent application.

The main ingredient not required in a provi-
sional patent application is the “claims,”
which in a “regular” patent application sets
forth what the inventor asserts to be his or her
“invention.” The significance of not includ-
ing the claims is that a great deal of time and
money can be saved. Since the claims are
often difficult to draft and since they should
be drafted by a registered patent attorney,
there can be a significant savings in attorneys’
fees. The total fee for preparing and filing a
provisional patent application can be less than
$1000 for simple mechanical inventions.

But that’s not the whole story. There are
also disadvantages in filing a provisional
patent application. First, a provisional patent
application is not examined by the USPTO
and can never be issued as a patent on its own.
It is basically effective for obtaining a filing
date. This filing date can be relied upon by a
subsequently filed “regular” patent application
as a priority date for proving that the inven-
tion was “invented” at least as early as that fil-
ing date. Since the U.S. patent system grants
patents to the person “first to invent” an
invention, having such a provable date can be
quite valuable. It may also be useful if for-
eign applications are being considered where
patents are granted to the “first to file” an
invention.

A second disadvantage in filing a provi-
sional patent application is that it only defers
(up to 1 year) the need to file a “regular”
patent application, claiming priority to the fil-
ing date of the provisional patent application,
in order to eventually obtain an issued patent.
(Only an issued patent enables its owner to
preclude others from practicing the claimed
invention.) Therefore, although the initial
expense for filing a provisional patent applica-
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tion is lower than that of a “regular” patent
application, the problem of the higher costs
associated with the “regular” patent applica-
tion will eventually have to be confronted if
an issued patent is still desired.

Along with deferring the cost of a “regular’
patent application, filing a provisional patent
application and deferring the filing of the
“regular” patent application also defers the
USPTO’s examination of the application and
the resulting issuance of a patent. As dis-
cussed above, this also defers the patent pro-
tection afforded by an issued patent.

If a patent-application filing date is needed
on short notice, and there is insufficient time
to prepare a “regular” patent application, then
a provisional patent application provides an
alternative solution. Additionally, if money is
tight and time is needed to determine if an
invention will succeed as a marketable prop-
erty, then deferring the greater costs associ-
ated with a “regular” patent application by
filing a provisional patent application is an
option to consider.

1

Do I Want to Keep a Secret?
Trade-secret protection is essentially a cre-
ation of contract law, enforceable in state
courts. A company’s protection is only as
strong as (1) the standard internal procedures

for maintaining trade secrets, (2) the language
in the confidentiality agreements, and (3) a
willingness to police and enforce violations in
court. Trade-secret protection is a significant
hindrance to innovation because it involves an
attempt to stifle the dissemination of knowl-
edge. Itis the opposite of what is desired in
the scientific community: freely available
knowledge. Those working in emerging tech-
nologies often favor patents as a means of
advancing the field and increasing acceptance.

Patent Activity as a Measure of Strength
The classical view is that patent activity varies
as a technology passes through the various
stages of its life cycle (Fig. 2). Specifically,
patent activity increases until product manu-
facturing begins and then falls off as the tech-
nology matures. Interestingly, liquid-crystal-
display (LCD) technology shows signs of
active development, even though LCDs have
been on the market for 15 years (Fig. 3). The
figure shows a steady increase in patent activ-
ity for Patent Class 349 (Liquid-Crystal Cells,
Elements, and Systems). The drop-off in
1999 is within the noise of the data. Class
349 is a broad class and includes many sub-
classes of LC technology:- Clearly, as certain

| LC technologies mature, others are being
' developed to overcome old barriers in a con-
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Fig. 3: The patent activity of Patent Class 349 (Liquid-Crystal Cells, Elements, and Systems)
shows a steady increase. Although LCDs have been on the market for 15 years, patent activity

is still strong. (Data from USPTO.)
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tinuous effort to improve performance and
lower manufacturing costs.

More detailed statistics by class, subclass,
and company assignment can identify who is
doing what within a specific class and sub-
class. Knowing that a competitor has a signif-
icant number of patents in a certain class may
indicate a new strategic direction that could
affect one’s own strategy. Custom reports of
patent activity are available for a nominal cost
from the USPTO.

Summary

The decision to patent a discovery or to hold it
as a trade secret should be given serious and
prompt consideration. Long-range and inter-
national implications must also be included

in the decision. Patent activity within a tech-
nology class is a measure of the strength of
the technology and can influence company
strategy.

There are many other issues that are equally
important, including enforcement and licens-
ing strategies, international protection, and
portfolio management.! In this discussion, we
have only presented a single perspective here,
that from the point of view of U.S. law. Quite
different perspectives are required in countries
such as Japan, where manufacturing and prod-
uct export command a higher strategic impor-
tance. IP issues are complicated and demand
discussion from differing perspectives. These
issues are presented and discussed at the
annual Symposium on Flat Panel Display
Intellectual Property Issues held in Austin,
Texas, each spring.
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EmiClare" EMI
Shielded Windows

M More light transmission — A EmiClare®  Conventional Mesh
Less optical distortion | AR

M Higher shielding performance —
Lower cost

EmiClare windows deliver exceptional optical performance with high levels of EMI shielding.

Their unique mesh system dramatically reduces text distortion. Light transmission is 65-

70%. EmiClare windows utilize a proprietary shielding mesh, laminated hetween high optical

polycarbonate layers, with front and rear protective coatings. Standard and custom EmiClare

windows are available for LCDs, CRTs, PDPs and other flat panel technologies

Contact Chomerics for samples and complete technical details.
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The ultimate otometric measurement versatility.

For brightness, color, and CRT frequency, the PR-880, our next generation,
fully-automatic filter photometer is the brightest star in the sky.

Equipped with patented Pritchard optics, for benchmark through-the-lens
viewing accuracy, its built-in automatic attenuators, colorimetry filters, and
apertures provide illuminating value, speed, and precision.

Fully automatic, the PR-880 masters space and time with... Auto Measure-
ment and Calculation. One-key, programmable calibration. Full on-board
CPU control. And a brilliantly backlit supertwist LCD display.

universe of accessories, deliver stellar application performance in:

e Automatic Testing of LCD'sand e Automotive Panels
Other FPD’s e Contrast Measurements

e Interior/Exterior Lighting e Aerospace Displays

e Human Factors

Fittingly, the PR-880 weighs less, costs less, and takes less to operate than
any photometer in its class. And, its rugged, single-component design does
more of the work, while you do less.

Leap ahead... to ultimate versatility in brightness and color measurement.

M PHOTO RESEARCH i«
B |

9731 Topanga Canyon Place, Chatsworth, CA 91311-4135
Phone: 818-341-5151 + Fax: 818-341-7070
hitp://www.photoresearch.com
e-mail: sales@photoresearch.com
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editorial

continued from page 2
turned on from full black to full white
plus the time it takes to turn it off again
is not adequate for characterizing an
LCD’s ability to handle video without
smearing.)

* Materials and approaches for making and
packaging pixel-switching transistors are
booming — and not only in research labo-
ratories. Amorphous silicon dominates,
of course, but low-temperature-polysili-

IMAGINE THE
POSSIBILITIES
OF TOUCH.

With touchscreen technology from
MicroTouch, your possibilities are
limited only by your imagination.

Expand the potential of your design
projects by adding touch technology
from MicroTouch. Only the global
leader in touch, has the breadth of
technology, industry-leading features,
and worldwide engineering support
you need to compete in today’s
exploding touch-driven market.
Choose MicroTouch touchscreens, the
designer’s choice for any application
in any environment.

Experience the power of touch by
qualifying for your free working
sensor. Then, you'll do more than
just imagine the possibilities —
you'll realize them.

MicroTouch.

The Global Standard in Touch

Qualify for your free working touchscreen
at www.microtouch.com/touchd4a
or call 800-642-7686.

When Diverse Yacht Systems
(UK) needed a touchscreen with
seaworthy durability and
premium optics for their
Racevision product, they chose
the TouchTekd resistive touch-
screen.“We're delighted with the
success of the touchscreen
Racevision units — they were a
major contributor for the winner of
the Admirals Cup
this past July and
we hope to make
them available to
yachts competing
at all levels," said
Lou Varney,
director of
Diverse Yachts.

=
MicroTouch
enabled
=
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con (LTPS) TFT-LCDs are available in
quantity, continuous-grain silicon (CGS)
is now in a commercial HDTV monitor,
organic transistors are getting closer to
being a practical production technology,
Kopin makes its single-crystal-silicon—
on—glass transistors in quantity, and
Alien is packaging single-crystal transis-
tors in tiny blocks about 300 nm on a
side and is distributing them across the
backplanes of small plastic displays.
There is much more, but I'll stop here.
This has been a technically exciting, as well
as prosperous, year in the display industry.
May 2001 bring us more of the same, and may
the holiday season that many of us celebrate at
this time of year remind us that our technolo-
gies glow most brightly when they are used to
enhance the dignity, well-being, happiness,
and mutual understanding of our fellow
human beings.
- KIW

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).

SID '01

Symposium, Seminar,
and Exhibition

San Jose, California
San Jose Convention Center
June 3-8, 2001

Please send new product releases or
news items to Information Display,
c/o Palisades Institute for Research
Services, Inc., 411 Lafayette Street,
2nd Floor, New York, NY 10003.
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The 17th Annual Flat Information Displays
Conference. Sponsored by Stanford Resources.
Contact: Laura Barretto at 408/360-8400, e-mail:
sales @stanfordresources.com.

Dec. 12-14, 2000 Monterey, CA

Consumer Electronics Show 2001. Contact:
Consumer Electronics Association; 703/907-7605,
fax -7675, e-mail: cesinfo@ce.org.

Jan. 6-9, 2001 Las Vegas, NV

U.S. FPD Conference and Exhibition 2001.
Contact: Kevin Brown, 512/459-3126, fax -3127,
e-mail: kevin@displaysearch.com.

March 21-22, 2001 Austin, TX

2001 SID International Symposium, Seminar &
Exhibition. Sponsored by SID. Contact: SID
Headquarters, 408/977-1013, fax -1531, e-mail:
office@sid.org.

June 3-8, 2001 San Jose, CA

INFOCOMM 2001. Contact: ICIA, 703/273-7200,
fax -5924.

June 13-15, 2001 Las Vegas, NV

FPD Expo Taiwan 2001. Contact: Cher Wu,
SEMI Taiwan, +886-3-573-3399, fax -3355.
June 20-22, 2001 Hsinchu, Taiwan

PC Expo 2001. Contact: CMP Media, 1-800-829-
3976, e-mail: kfripp@cmp.com.
June 25-28, 2001 New York, NY

10th Symposium on Advanced Display Technolo- ‘

gies. Contact: Dr. A. Smirnov, +375-17-2398858,
fax +375-17-2398486, e-mail: smirnov@ gw.bsuir.
unibel.by.

Sept. 4-7, 2001 Minsk, Republic of Belarus

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

Oct. 16-19, 2001 Nagoya, Japan B

KLEIN VPG Series

EKLEIN &5
Corporation Stand-Alone Pattern Generator

DDC1/DDC2B Programmable Generator

Our VPG Series
Generators will
read and dis-
play a monitor’s
EDID info right
on the monitor
under test!
Including, serial
number,
valid timings,
mfg. date,
chroma info,
and much
more.

Read EDID, Download, Run or Save Timings
with as little as one touch of the keypad.

[PC program included]

Test Equipment for Computer Monitor Displays
ph: 503-245-1012 - fax: 503-245-8166 - www.kleininc.com Portland, OR USA
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|| 9th Color Imaging

" Conference: Color Science,
'| Engineering, Systems &
|| Applications

NOVEMBER 5-9, 2001 n inter ence on displa
| i ; o I t aspects of:
| =An international multidisciplinary forum — Displ tals. Display Devices
+| for dialogue on: - age. Input Systems
| _—Creation and capture of Color Images — Inteqrate ices and Applications

| _—Color Image reproduction and

NOVEMBER

21st International Display
| Research Conference

NAGOYA, JAPAN

SCOTTSDALE, ARIZONA OCTOBER 16-19, 2001

| _—Image and Signal Processing

interchange & Color Perception, Human Factors
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a view from the hilltop

continued from page 4

conversation, for me captured the full measure
of why we gather together — to build lasting
relationships that cannot be built any other
way.

Now, before you conclude that I am a gush-
ing sentimentalist, one who clearly does not
appreciate the new world of electronic com-
munications and the value of the Internet, let

We enhance

your display

Polar Vision can help make your displays
brighter, clearer and easier to read within a wide

range of viewing conditions. You can achieve the
integration of an optimally performing display by
partnering with us in the following ways:
* Our Engineers will analyze your display performance problems.
+ Our Sales Staff will advise the best available options. In
* Our Development Lab will prepare samples for analysis.

* Our Manufacturing Division will deliver to your specifications.

Call or login to our Web site for more details about
how we can partner creatively with you.

625 Alaska Avenue * Torrance * CA 90503

Polar Vision is a leading
full production manufacturer
and outsource for optical
filters and custom linear
and circular polarized and
retardation films.

addition, we provide
turn-key engineering, proto-
type and full clean room
manufacturing services for
the creation of “rugged”
and “high brightness® LCDs
and custom performance
enhancement filters for all
other display types.

b 4

310.320.9768 - 800.269.8801 - FAX: 310.320.9357

www.polarvision.com

e-mail: sales@polarvision.com

POLAR VISION INC.
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me suggest something I think is at work here
that is creating a change of historic propor-
tions — and, yes, it is something to do with the
Internet.

Communications, thanks to the Internet, is
becoming instantaneous, location-indepen-
dent, and virtually free. That means we can
reach anyone, anywhere in the world, at any
time. Therefore, without much thought at all,
our sphere of influence and sphere of commu-
nications are broadening to cover the globe.

How do we decide with whom of the six
billion residents of this planet we should com-
municate? After all, most of us can’t manage
more than a few hundred “serious™ relation-
ships at any one time. Clearly, we do it based
on common interests for business or personal
reasons. What is so important about this is
that new groupings of individuals are forming
based on something other than geography.
Think about the future impact of this. For
centuries, we have organized ourselves into
cultures, tribes, societies, states, kingdoms,
fiefdoms, empires, and countries, all based on
geographical boundaries. Borders were the
walls between these entities and the people
were contained within them.

But now? The European economic bound-
aries have already mostly disappeared. And
in the future? Groupings by geographic
region will make little sense. With worldwide
communications and a global economy, what
is there to protect? What is the value of a
piece of land except as a place for one’s resi-
dence or a business location? Neighbors
become all those people worldwide with
whom we communicate and exchange ideas.
The new “countries” will be based on com-
mon interests or economic associations.
However, we may each belong to several of
them. This has to be a scary thought for our
tradition-bound leaders and politicians. How
do you “rule” a group of people when you
can’t even figure out who they are or where
they are? For this reason, I am sure that geo-
graphically based government entities will
survive for many years to come. However,
they will have less and less influence on the
operation of world society and the world
economy. We will be driven by our interests
and our ability to form those relationships that
are most meaningful for us. They will span
the globe. And that is also why we are likely
to travel more rather than less in the coming
years. The relationships we build through
electronic media eventually demand to be




strengthened by personal contact. Just as the
electronic office created more paper instead of
less, the Information Society will create a
greater need for worldwide personal contacts,
not less. The more we communicate, the
more we will want to get to know each other
even better. In my opinion, this is a good
thing.

As I often travel long distances, through
many time zones, my awareness grows that
this earth is a finite resource, a finite place,
and all that we have to work with. For now,
there is no other. This global village is ours to
develop and to enjoy. But, we must appreci-
ate its limitations. The Information Society
that we are helping to facilitate with our dis-
play activities will most certainly help to do
that.

You will be reading this column during the | attglobal.net, by fax at 425/557-8983, by tele-

December holiday season, and the members
of the international display community will be
celebrating that season from the perspectives
of many cultural traditions. Please allow me

| to thank each and every one of you for the

many great activities that you have allowed
me to participate in during this past year, for
your tremendous support of our Society, and
for the many important contributions you have
made to our successful year. May this season
give all of us the wisdom to appreciate the
wonders of this world and continue on the
path to make it an ever better place for each of
us. This is our global village — our home.
Should you wish to express your thoughts
to me on this topic or others, you may reach
me by e-mail at president@sid.org or silzars@

phone at 425/557-8850, or by mail at 22513
S.E. 47th Place, Issaquah, WA 98029. m

Aris Silzars is President of SID and lives on a
hilltop in Issaquah, Washington.

Please send new product releases or
news items to Information Display,
c/o Palisades Institute for Research
Services, Inc., 411 Lafayette Street,
2nd Floor, New York, NY 10003.

New!

PCI
Video Test

Generators

Unlimited number of
permanent programmable

B Windows™ operating system

out of 16.7 million true color

patterns, timings, colors, palettes, '”\ [
signal formats and sequences. 4

B Maximum 300MHz pixel frequency
B Resolutions 2000 x 2000 x 8 bit colors

P4 Full ATE support, DDC and VESADPMS &

Bitmap support for multiple file formats: B
.BMP, .GIF,.JPEG, .PCD, .PCX, .PNG, .TIF

Unigraf WinVTG.exe user interface —
a superior software for straightforward
and simple control over Unigraf VTG boards.

Easy And Powerful

DLL for application programming =

/’) UNIGRAF

150 JU0E CERTIFICATED FINM

UNIGRAF Oy, Ruukintie 3, FIN-02320 Espoo, Finland
Tel. +358 (0)9 859 550, Fax +358 (0)9 802 6699
http:/lwww.unigraf.fi, Email: sales@unigraf.fi
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4 Today's Video Photometer,
- Radiometer and Colorimeter

W
\ ProMetric Color vt

ccD Light Measurement System

Radiant Imaging developed its first CCD-based
video photometer over 16 years ago. The latest
ProMetric® Light and Color Measurement

Systems include the cost effective 8-bit
ProMetric Analog through the high resolution
512x512, 1024x1024 and 3072x2048 pixel
16-bit ProMetric Color systems.

ProMetric is ideal for testing the
light output of:

e Flat panel displays

® Backlights

® Micro displays

e CRTs

¢ Automotive dashboard displays

® Aviation cockpit displays

® Projection display systems

ProMetric quickly measures up to
6 million data points in order to
easily evaluate:

® Luminance area uniformity

® ||luminance area uniformity

e Contrast ratio

® CIE chromaticity coordinates

 Correlated color temperature
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% y TES}TJFG Let Microvision’s display test systems
3 D i simplify them for you with AUTOMATIC test suites!

Microvision’s $S200 series of display test equipment offers fully automatic test suites for flat panels, CRTs, projection & cockpit
displays, in monochrome or color. One click of the mouse and your test suite is automatically initiated, performing fast & accurate
measurements in accordance with ISO (9241 parts 3,7 & 8 and 13406-2), TCO (95 &99), NIDL and VESA (FPDM) specifications.
Or you can develop your own test sequence with Microvision’s proprietary MATL 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.

Used by testing laboratories -
world-wide. 3

_Bmicrovision

[l 550 High Street, Auburn, CA 95603
Tel: (530)888-8344 * (800) 931-3188
Fax: (530)888-8349
Email: sales@microvsn.com

Visit our Website at:
www.microvsn.com
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A-ir and ground forces around the globe depend
on Brimar technology for capability and survival.
It's been that way ever since Brimar developed the world's
first head-up and helmet-mounted tubes.
And because all Brimar CRTs are designed and built entirely in-house, they're
backed by total on-site quality control. That means
complete reassurance in fields as diverse as military and
civil aviation, photography, telecine and medicine.
And promises absolute confidence-
indoors and out.

Ny
" \\\\ Brimar Limited
= Viewed as the finest in the world
ar CRTs «
house for the
t outdoors

Brimar Ltd., Greenside Way, Middleton, Manchester M24 1SN, England. International Telephone: +44 161 681 7072 Fax: +44 161 682 3818.
Brimar Inc., 25358 Avenue Stanford, Valencia, California 91355 - 1214 USA. Telephone: (661) 295 5770 Fax: (661) 295-5087 Web: www.brimar_inc.com
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930mm / 600mm / 375mm

= KLEI Instruments KLEIN LM Series
Corporation Colorimeter/Color Analyzer World Class, Double-Side, Vertical, In-line
Cryo Pumped Sputter Coating Systems

We have the Color Analyzer for You. Save 80%
LMX Colorimeter LMS Colorimeter * Up to 8 double-side process stations

* Substrates 930mm, 600mm, or 375mm wide
+ Automated for Production « Rack & Pinion
Drives » Exc Condition * Professionally
De-Installed * Ready to ship now
* PhD Process Development Support

Alcatel - Comptech
Model SP-1  * 375mm (qtfy 1)

not 1o scale iﬁ’ not to scale
" Ulvac
Reinissio * 930mm (afy 3)  * 600mm (gty 3)
Tri-stimulus Accur_ate_/ Portable WEB CATALOGUE
Runs with VPG Series Tri-stimulus Throttle Valves, Pumps, Controls, Chambers
Vi deo Pa ttern Runs with laptop / plus Motion Components of all kinds.
Generators desktop pc’s SYSTEM INTEGRATION « FIELD SERVICE
For CRT’s cerlified for Anorad and other Precision
or ? Motion & Robotic Systems.
w/pc program flat panels,
For CRT’s front and LM DC Laser & Motion
Just $999 rear projection Development Co.
ey displays www.lasermotion.com
PC program included | a -
[ PERS J f__“ii Just $1199 3101 Whipple Road Fax-429-1065
Test Equipment for Computer Monitor Displays gfgfgéggé?rﬁoﬂiﬁagom o19-428-1080
ph: 503-245-1012 - fax: 503-245-8166 - www.kleininc.com Portland, OR USA c
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Why compromise
Opto-mise! . E—

MEASUREMENTS
STANDARD

CRL Opto develops LCD technologies and creates advanced Version 1.0
optoelectronic products and solutions.

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

+ Reflective LCoS Microdisplays Infroducing the VESA Flat Panel Display Measurement Standard

VESA's Flat Panel Display Measurement Standard has been developed by
experts in the field of display metrology. s easy fo use format provides o
description of each measurement with respactive setup, procedure, analysis,
reporfing and comments. Data, examples and configurations are also includ-
ed, os well os technical discussions and o glossary for those who ore new
to display mefrology. 639.95 plus shipping (COROM with POF version indluded)

Services

* Specialist Coatings

* Optoelectronic /
Display R&D

* Microfabrication Service

Applications include:
Head-up displays, Head-mounted
displays, 3D displays, Medical imaging,
Thermal imaging, Simulation,
Viewers, Printing, Compensation
cells, Holography, Metrology.

VESA is the international non-profit organizafion
that sets and supports industrywide electronic
standards for the video, oudio ond graphics
interface of computer designs. It develops open, =
interoperable and infemational standards for
the global marketplace, thus ensuring world-
wide market growth,

A
Q/"o

Working to make electronics

: +44 (0) 20 8848 6400
Tel (0) worl together.

Fax: +44 (0) 20 8848 6653 For mare on VESA, visit us at:
Email: sales@crlopto.com CRL OB WWw.vesa.org 920 Hillview Court, Ste. 140
Visit our website: www.crlopto.com i Supies o0

sales@veso.org 408.957.9270 fax 408.957.9277
'CRL Opto, Dawley Road, Hayes, Middlesex, UB3 |HH, United Kingdom.
CRL Opto is part of Central Research Laboratories, a scipher company
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Large
Area
Hard
Masks.

Substrate sizes up to 32"x 24"
(800 mm x 600 mm).

Precision and resolution in the
micron range.

Highest Accuracy.

Excellent pattern and contour
definition.

Manufacture with Direct Write Laser
from customer CAD data.

Speedy times of delivery.

Highly skilled CAD staff.

Materials: Iron oxide and Chrome.

IMT Masken und Teilungen AG
Im Langacher, Greifensee

P. O. Box, CH-B606 Nanikon
Switzerland

Phone +411 94319 00

Fax +411 9431901

E-Mail imtadmin@imtag.ch
www.imtag.ch

PRECISION ON GLASS
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TROUBLESHOOTING

MONITORS?
15 Day Evaluation Period

Every video pattern you need
for complete monitor
troubleshooting and alignment.

.
XtroniX®

The Troubleshooter
Model 3030

¢+ 200KHz Horizontal Freq.
* DDC Test

* Auto Configuration Setup

Optional Color Measurement

XtroniX Corporation
3150 Clinton Court * Norcross, GA 30071
tel: 770.495.4881
www.xtronix.com
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FPD Laser Cutting Flat Panel Dlsplay
Machine Capabilities Laser Glass Scrlblng

and Features by PTG Featuring Zero Width
Cutting Technology® by PTG
]

Micro-Compensator™ -
adds the capability to
operate with an accuracy
and repeatability of +/- 5.0
microns

Planar Linear Stepper™ -
maintenance free and
clean room compatible
motion platform

Titanium Vacuum
Holding Table - no
contact surface vacuum
table

New Structural Design - 8
smaller footprint for the ‘
same substrate size ¢ . i A .
Precision Technology Group

WELCOME TO THE FUTURE
Visit Our Website: www.ptgindustries.com

Email: sales@ptgindustries.com
Phone: 407-804-1000 or Fax: 407-804-1002
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sustaining members

Acer Display Technology
Ad-Vance Magnetics, Inc.
Advance Reproduction Corp.
Agilent Technologies
American Panel Corp.
AMI Industries, L.L.C.
Applied Concepts, Inc.
Applied Films Corp.
Artesyn Solutions, Inc.
Aurora Systems

autronic — Melchers GmbH

BPS

Babcock, Inc.

Blue Fin Technologies

BOC Coating Technology

Brimar Ltd.

Brown & Sharpe Surface Inspection
Systems, Inc.

Candescent Technologies
Canon, Inc.

CELCO

The Cherry Corporation
Chunghwa Picture Tubes, Ltd.
Clinton Electronics Corp.
Colorado Microdisplay, Inc.
Compaq Computer Corp.
Corning Incorporated
Corning Japan K.K.
Crystaloid Technologies
CYRO Industries

DigiLens, Inc.

Digital View, Inc.
Display Laboratories, Inc.
DisplaySearch

Dontech, Inc.

Earth Computer Technologies
ELDEC Corp.
Electro-Plasma, Inc.

eMagin Corp.

Emco Electronics Ltd.
Endicott Research Group, Inc.
ERSO/ITRI

F-P Electronics
Fresnel Optics
Futaba Corp. R&D Center

Gerome Manufacturing Co., Inc.
Graphico Edgelit Panels

Hannstar

Hitachi, Ltd.
Honeywell

Hoya Corporation USA
Hunet, Inc.

1IBM

iFire Technologies

Imaging & Sensing Technology
Imaging Systems Technology

IMT Masken und Teilungen AG
Incom, Inc.

Industrial Electronic Engineers, Inc.
Infinite Graphics, Inc.

Innova Electronics, Inc.

Instrument Systems

Integrated Technology Express, Inc.
Interface Display & Controls, Inc.
Interserv Corp.

Intevac, Inc.

InViso

Ion Systems

Ise Electronics Corp.

Kent Displays

LCD Lighting
LC-Tec, Inc.
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Lexel Imaging Systems, Inc.
Lite Array, Inc.
Lumin-Oz, LLC

Micronic Laser Systems AB
Microsemi Corp.

Microvision Corp.

Minolta Corp.

Mitsubishi Electric Corp.

Mitsubishi Electronics America
Molex, Inc.

Motorola Telematics Computer Group

NEC Corp.
Nippon Seiki Co., Ltd.

OCLI — A IDS Uniphase Company
OES/ITRI

OKI Electric Industry Co., Ltd.
Optoma Corp.

Optrex America, Inc.

Philips Flat Display Systems
Phosphor Technology Ltd.
Photon Dynamics

Photo Research

Pilkington Micronics Ltd.
Pioneer New Media Technologies
Planar Systems

Plasmaco, Inc.

Polar Vision, Inc.
Polytronix, Inc.

Premium Allied Tool

Quanta Display, Inc,
Quantum Data Inc,

Rexam Image Products
ROLIC Research Ltd.

Sarnoff Corp.

Schott Corp.

Sharp Corp.

SI Diamond Technology
Silver Cloud Manufacturing
SmartASIC

Sony Chemicals Corp. of America
Sony Corp. Research Center
Stanford Resources, Inc.
Superior MicroPowders
Supertex, Inc.

Symbol Technologies, Inc.
Syntronic Instruments, Inc.

Tamarack Scientific

TCO Development

TDK Corp.

TEAM Systems

Techneglas, Inc,

Terapixel, Inc.

Thin Film Devices, Inc.

Thomas Electronics, Inc.

Thomson Components & Tubes

Three-Five Systems, Inc.

Torrey Pines Research

Toshiba America Electronic
Components, Inc.

Ultra Electronics Command & Control
Systems

ULVAC Technologies, Inc.

UNIGRAF

Unipac Optoelectronics Corp.

Universal Display Corp.

Ushio America, Inc.

Video Electronics Standards
Association
Viratec Thin Films Inc.

Westar Corp.
White Electronic Designs, Inc.
WINTEK Corp.
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Attract more attention to your display with Vikuiti™ Display Enhancement Films from 3M.
They offer multiple backlight enhancement solutions to increase overall screen brightness. And with new polarizers
for transflective and reflective mode LCDs, displays not only look brighter, but also whiter. All of which dramatically
improves readability—making any display virtually irresistible to anything that sees it. Customers included.

To speak with a representative call 1-800-553-9215, or e-mail ostechserv@mmm.com for technical information.

Vikaiti

~ Display Enhancement

Brighter. Wider. Better. ;
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