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INTERNATIONAL

COVER: At IDMC, Samsung Electronics showed this
impressive 6.6-in. UXGA TFT-LCD in an e-Book mock-
up. The display, which is a technology demonstrator,
has a pixel density of 302.4 ppi, luminance of 340
cd/m®, CR of 200:1, and optical response time of 40
msec at 25°C, and uses a two-channel LVDS interface.
This is an e-Book display on which one wouldn't mind
reading The Brothers Karamazov. Find out more in
our exclusive IDMC coverage beginning on page 30.

|
Ken Werner

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

Next Month in
Information Display

|
Display of the Year Awards Issue |
» Plasma Displays for HDTV ;
¢ LEP Displays ‘
* Protecting Intellectual Property
 The Best of 2000 ‘
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Bringing Alien Technology Down to Earth
Having demonstrated that its innovative packaging technology works
in laboratory quantities, the company with the strange name is think-
ing hard about how to engineer a glitch-free ramp-up.
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Automated Yield-Management Software in LCD Production
Small differences in AMLCD yields can spell the difference between
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The First IDMC and FPD Expo Korea Attract More Than 1000
People to Seoul
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strated a 37-in. TEFT-LCD to compete with PDPs.
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“Into Manufacturing, Joe”

SID President Aris Silzars is fond of saying that all
revolutionary advances in display technology depend
on breakthroughs in materials. Of course, true “revo-
lutions™ occur infrequently, despite our overuse of the
word. Significant advances in display technology and
applications also stem from breakthroughs in pro-
cesses, packaging, driving schemes, and the philo-
sophical exercise known as “system partitioning™ —
and these fortunately occur with much greater frequency than revolutions. But
regardless of its source, many a genuine innovation in display technology has
foundered on the rocks that line the channel seductively named “Into Manufac-
turing.”

It does have a nice macho ring to it: “That design looks good, Joe. Send it
into manufacturing!” But the channel to successful manufacturing is treacher-
ous. Currently being pounded on the rocks is the appealing FED technology
based on Spindt cathodes. Carefully developed in laboratories for over 30 years
and successful in low-volume pilot production, the technology is now struggling
to make it through the channel into volume manufacturing. When Motorola and
others tried to ramp up production, they found that subtle contamination inside
the display deprived it of the lifetime needed for a consumer product. Now,
Candescent feels it has the problems licked. But the world does not stand still.
If Spindt-tip FEDs make it through the channel, they may well have company
from carbon-nanotube- and planar-emitter FEDs.

Plasma displays have made it through the channel to manufacturing, but not
without some serious scraping against the rocks. Although the major manufac-
turers are making very nice displays, they have been disappointed in their efforts
to bring manufacturing costs down as quickly as they had intended. As a result,
PDPs are far from being the mass-market products their makers had expected
them to be by now. (But Korean and Taiwanese makers are promising to cut
costs and prices soon.)

CRTs, on the other hand, defying many predictions of their imminent demise,
still hold on to more than half the global display market, thanks in large part to
vast automated production lines that crank out millions of high-quality tubes at
remarkably low cost — and do so as effortlessly, it seems, as Hershey cranks out
chocolate bars.

So what’s the point? Making one or five or ten displays in a lab is an art. But
just as there are no atheists in foxholes, there can be no artists on production
lines. When a display goes into production, it must go with a set of instructions
that always work. Materials and processes must be well characterized, and the
same inputs must always produce the same output: working displays with pre-
dictable specifications.

The production line is such a vastly different environment from the develop-
ment lab that it’s no wonder transitions from the latter to the former are often
rocky. And that’s why we devote each November's issue of /D to manufactur-
ing issues. We can barely scratch the surface in a few articles, but we can at
least address some manufacturing matters and remind ourselves that saying,
“Send it to manufacturing, Joe” is likely to be the easiest part of the process.

continued on page 48
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a view from the hilltop

It Wouldn’t Converge ...

In my junior year of college, I took a class taught by a
mathematics professor who was most likely a brilliant
theoretician. Unfortunately, that brilliance did not
translate into his abilities as a teacher. To this day, I
remember him as the worst teacher in all my years of
formal education. As it quickly became apparent, not
only had he selected a text that was beyond the capa-
bilities of everyone in the class, but with each passing
day he convincingly demonstrated his own lack of ability to explain the mate-
rial.

The culmination of this miserable year was the last few weeks that we spent
trying to learn how to prove that certain mathematical series, in their limit, either
converged or diverged. Now these were not the more familiar series that I later
found useful in my graduate engineering education. These were the kind that
only a dedicated mathematician could love. No matter what theorems I tried to
apply, I couldn’t seem to come up with conclusive answers. On the final written
examination, [ covered the pages mostly with good intentions and was fortunate
to escape the class with a mediocre but passing grade.

The memory of this experience is so strong that whenever I hear someone talk
about convergence or divergence, I am immediately transported back to this
intensely frustrating and frankly miserable time. Given this, I'm sure you won’t
be surprised if I tell you that I have a strong reaction whenever I hear or read
about the “convergence” of computers and television, or the Internet and televi-
sion. And never having succeeded at proving which of those mathematical
series converged or diverged, I continue in my quest to arrive at an answer. Per-
haps, if I can’t do those weird math series, at least I can propose an answer to
the convergence or divergence of electronic media.

For this analysis, I believe that I have “nature” on my side. And it seems that
nature likes diversity (i.e., divergence) rather than combinations of dissimilar
things (i.e., convergence). Therefore, by inference we can perhaps show that we
too are more likely to appreciate divergence than convergence. The examples
are numerous. In nature, we proliferate species rather than have two different
ones come together. Of course, some go extinct, but then others evolve to take
their place. We don’t have too many cats and dogs getting together to make cat-
dogs. Bluebirds and robins pretty well keep to their own kind. Botanists and
breeders sometimes work for years to create combinations that will make plants
more disease resistant or animals that have superior capabilities. Even then the
result is usually a new subspecies rather than a convergence of two distinctly
different plant or animal types.

Are we too far afield in using biological processes as examples for a discus-
sion of technological convergence or divergence? After all, it does not require a
procreation process to create a new Web TV or Internet appliance. But a look at
some popular attempts to combine technological functions seems to lead us to
the same conclusion already arrived at by “mother nature.” For example, the
many attempts to combine cars and airplanes or cars and boats have only
resulted in vehicles that performed both functions poorly. Their value was more
in their novelty than in their functionality. Similar results have been demon-
strated time and again in trying to combine appliances such washers and dryers,

continued on page 42
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NOW YOU CAN

60 ANALOG, DIGITAL,

OR BOTH WAYS.

1S

DELIVERED YOUR WAY...
BENCHTOPS, PCI PLUG-INS, OR BUFFERS.

DVI VIDEO GENERATORS
330 MHz Digital
360 MHz Analog

LVDS VIDEO GENERATORS
400 MHz Digital
360 MHz Analog

DIGITAL DATA BUFFERS
330 MHz DVI

The Art of Technology

QUANTUMDATA

2111 Big Timber Road, Elgin, IL 60123
Phone: 847..888.0450 Fax: 847..888.2802
Website: http: //www.quantumdata.com
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NATURE'S THIN FILMS LET YOU SEE..,

T s

Display Products

¢ |TO Coated Substrates for Glass / Plastics e Black Chrome (Black Matrix)
» [ndex Matched ITO, Micro Displays e EMI Heater Windows with Bus Bar
* Anti-Reflective Hot Mirrors e | amination, Glass Cutting / Beveling

Extremely Low Defect*, Low Surface Roughness , Large Area Coating in High Volume.  *5KLux

THIN FILM DEVICES, INCORPORATED

Manufacturing and Corporate Office « 1180 North Tustin Ave. « Anaheim, CA 92807
714-630-7127 « Fax 714-630-7119  email: sales@tfdinc.com « Website: www.tfdinc.com

Branch Offices: Germany e Tvb Germany Taiwan e Co-lite Technology, Inc.

D-79336 Herbolzheim, Allmendstrasse 724F-2 No. 37, Sec-2 San Min Rd.

Phone: 07643/ 930550 * Fax: 07643/ 930550 Pan Chiao City, Taipei Hsien, Taiwan

email: rowoco@aol.com Phone: 886-2-87738996 * Fax: 886-2-87738950

email: wuchite@ksmail.seed.net.tw
Circle no. 5




R R I -'-"-ma"‘."'""‘""'""‘""‘-"""""'""""‘"""-"*""""""ll‘--a--q—r*'ﬂ*"““ﬂi’"“‘v‘”

Flat Display

Westar’'s FPD Performance Measurement
Systems give you something unigque --
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.

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!

Video and CD

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

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

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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P expands the frontiers of LCD technologies
- join us and give your products the qualitative edge
- also on tomorrow's market

GPO LCD

fsma—ofdha-an pmducﬂon facillies in
|_Hsinchu, Taiwan, (16.000 sqm) and Suzhou, China, (31.000 sqm) give . . =
—you & unique oppommny to combine newosthschnoiogles and cost competiveness

In-house- technologles
_LCD Modules:
COB, TAB, COG, COF
@ All-rmodules: I
. - tAmm o~ 04mm (O Smm) glass

LCD Panels —
STN: 1.1mm ~ 0.4mm (0.3mm)
FSTN:1.1mm ~ 0.4mm (0.3mm)

ISO 9001 certified - Reg. No. 99-RGC-AQ-0094

4? GPO - 7, Innovation 1st Road - Science-Based Industrial Park - Hsinchu 300 - Taiwan ROC - Tel: +886-3 579 5669 - Fax: +886-3 579 7548 - Emall: gpo@gpo.com.iw
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For equipment specifications
and additional information,
please contact PV Sales

at 781-275-6000

Spire Corporation offers large-area vacuum lamination
equipment for high throughput processing of:

B LCD/AMLCD flat panel displays
B Touch screen panels
M Optical filters and polarizers

Spire laminators, widely
used in the production of
photovoltaic modules, apply
uniform temperature and
pressure over areas up to 4 m’, Spire Corporation
™ One Patriots Park
SPI-LAMINATOR Bedford, MA 01730-2396/USA
Models 240, 350, 460, & 660: TEL 781-275-6000
B 1 m’to 4 m’ process area FAX 781-275-7470
B 2.5 cm max. stack thickness EMAIL pvsales@spirecorp.com
M Built-in vacuum system
M Conveyor load/unload option
M Clean room compatible
B Custom engineering available

Programmable Processing:
B Temperature, 180°C (max.)

M Pressure, 1 atm (max.)
B Chamber Vacuum, 1 mm Hg s I re
B Automatic or Manual Cycles

© 1998 Spire Corporation
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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!

Running

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!

Copynight © 2000, Westar Corporation
Trademarks are property of their respective owners
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Bringing Alien Technology Down to Earth

Having demonstrated that its innovative packaging technology works
in laboratory quantities, the company with the strange name is thinking
hard about how to engineer a glitch-free ramp-up.

by Stan Drobac and Glenn Gengel

EUIDIC SELF-ASSEMBLY (FSA) tech-
nology was introduced to the display commu-
nity in the November 1999 issue of Informa-
tion Display Magazine." A novel approach to
integrating electronics into display back-
planes, FSA promises to facilitate the produc-
tion of inexpensive displays on plastic using
roll-to-roll manufacturing techniques. How-
ever, the journey from interesting technology
to production process can be a long one, and
often proves fatal to the travelers. The team at
Alien Technology, having experienced a few
such journeys in previous assignments, is
working to realize the potential of FSA with
a minimal amount of risk. Here is Alien’s
approach to moving FSA into production, and
a report on the progress being made.

Technology Overview

In the FSA process, specifically shaped semi-
conductor devices ranging in size from 10 pm |
to several hundred micrometers are suspended
in liquid and flowed over a surface that has 1
correspondingly shaped “holes” or receptors ’
into which the devices settle. The shapes of |
the devices and the holes are designed so that
the devices fall easily into place and are self-
aligning. Alien has demonstrated the self-
assembly of thousands of such devices in a
single process step (Fig. 1).

Stan Drobac is Vice President of Business
Development at Alien Technology Corp.,

18410 Butterfield Blvd., #150, Morgan Hill, |
CA 95037; telephone 408/782-3977, fax

408/782-3910, e-mail: sdrobac@alientechnol-
ogy.com. Glenn Gengel is Vice President of Fig. 1: This artist's rendering of the Fluidic Self-Assembly (FSA) process shows NanoBlock™
Manufacturing at Alien. ICs falling into formed holes embossed in a substrate.

12 Information Display 11/00
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[ "|NanoBlock™ ICs|

Fig. 2: As indicated in this top-level flow chart of the FSA-based display-manufacturing pro-
cess, many of the processes are familiar and use standard equipment.

The FSA process uses single-crystal-silicon
NanoBlock™ ICs fabricated on standard sili-
con wafers in industry-standard CMOS wafer
foundries. The use of submicron IC technol-
ogy allows the incorporation of substantial
intelligence within the display, including
control and memory at each pixel, along with
optimized drive voltages or currents. Alien’s
first products, for example, will implement a
serial architecture — a four-wire connection to
the display — with about 100 local transistors
supporting each pixel.

Because there are no high-temperature
transistor-processing steps, flexible plastic
substrates can be used, making roll-to-roll
“web” manufacturing practical. Alien’s pro-
duction will be on a web line, which promises
to be much more productive and cost much
less than the sheet-glass lines typically used in
display production. This is a very untradi-
tional approach. Will it really work?

Alien has shown that NanoBlock chips can
be assembled using FSA, interconnected, and
mated to electro-optic media to form working
displays, Still, it is appropriate to question
whether — and how, and how quickly — the
technology can be developed to a production-
ready state. After all, it’s not just an incre-
mental improvement to existing TFT-LCD
technology. FSA involves unique new equip-
ment and processes without a production
history.

Also, although it is easy to grasp the con-
cept of shaped chips falling into matching
holes, it is not clear that the statistical odds of
getting a hole filled are high enough to build

complex displays. A mainstream notebook-

computer display, or even a third-generation

mobile-phone display, could require over a

million thin-film transistors (TFTs) in an

| active matrix. That might translate to hun-
dreds of thousands of NanoBlock chips that
need to be deposited without a single empty
hole if the display is to work — quite a yield
challenge. On top of that, a small company,
not one of the industry giants, is doing the
technology development.

—

Stimsonite
Fig. 3: Shown is an unretouched scanning-
electron-microscope (SEM) photograph of a
NanoBlock IC receptor hole formed in a flexi-
ble plastic-film substrate made by Stimsonite,
a subsidiary of Avery Dennison and a mer-
chant producer of optical films.

Risk-Reduction Strategies

To maximize the probability of success, Alien
has adopted a few basic strategies that guide
its business decisions and its manufacturing
approach. The first is to start production with
the simplest possible displays and add com-
plexity incrementally. In much the same way
that the current LCD industry started with cal-

100

A. Yield

| Fig. 4: The FSA process offers many degrees of freedom and has shown itself to have wide pro-
cess windows with respect to the important variables. In this example, a response-surface map
| shows FSA fill yield as a function of substrate vibration frequency and amplitude.

Information Display 11/00 13




new technology

culator displays long before growing into TFT
color notebook-computer screens, Alien will
first build five-digit seven-segment displays
for electronic-purse smart cards. Product
complexity will grow rapidly from there, but
will always be a step or two behind what pro-
cess capability can support.

The second key strategy is to avoid invent-
ing anything that can be borrowed from
another company or industry. Although the
FSA process step (dropping chips into holes)
is new, nearly all of the other processes in the
manufacturing flow are identical to those used
for making high-density flexible circuits, par-
ticularly the tape-automated-bonding (TAB)
tape used widely for attaching driver chips to
conventional LCDs. Alien has brought on-
staff a number of web-processing experts with
experience in the volume manufacturing of
such circuits, and has engaged with Toray
Engineering, which is widely acknowledged
as the leading equipment manufacturer and
factory architect in the field. Toray is work-
ing closely with Alien in process definition
and development, materials selection, equip-
ment design, and factory planning.

Alien Technology Related to the borrow-from-others philoso-
Fig. 5: A fourth-generation automated FSA machine equipped for both moving substrates and phy is a focus on establishing mature engi-
moving dispenser heads has been developed. neering and production disciplines from the

beginning. Statistical characterization and
process control, and the establishment of an
ISO-compatible infrastructure, are being
emphasized in the development work.
Although the company is a year away from
beginning volume production, Alien’s engi-
neering and manufacturing staffs has already
been through a series of multi-day courses on
statistical techniques. To minimize regulatory
risk — and be a good corporate citizen —
Alien’s production facility is being designed
to near-zero discharge specifications.

Finally, Alien recognized that a small —
about 70 people in July 2000 — company may
be nimble, but it can move its technology for-
ward faster if it engages intelligently with
industry leaders that have complementary |
resources to contribute. So in addition to the ;
engagement with Toray Engineering, Alien ]

Fig. 6: Early Alien displays will have
approximately 100 transistors per pixel,
allowing the displays to be organized as a sin-
gle shift register. This will allow displays to
be tested on the web as they are driven in
actual use — with only four connections:
power, ground, clock, and data.
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Fig. 7: A display in smart-card format, made with NanoBlock ICs placed by FSA into flexible plastic film, interconnected with deposited alu-
minum, and driving a 20-V PDLC film laminated onto the backplane is shown at the left. Red, green, and blue polymer-LED displays made from
Dow Chemical material and driven by NanoBlock chips are shown at the right.

has struck deals with major players in the dis-
play and materials fields for joint develop-
ment and potential production relationships.

Process Development - What’s Really
New?

Actually, the proper question is “What has

to be new?” In the spirit of using off-the-
shelf equipment, materials, and techniques
wherever possible, Alien has evaluated the
process flow with an eye toward acquiring
anything available from the outside and focus-
ing development resources on things that are
truly unique to the FSA process. The top-
level process flow for making displays using
FSA is shown in Fig. 2; discussion of each of
the major steps follows.

Production of NanoBlock™ ICs. Alien
Technology buys NanoBlock chips in wafer
form from merchant IC foundries using off-
the-shelf (typically CMOS) processes. The
Alien-specific processing begins with wafer
thinning and polishing, followed by a mask
and etch process to form and separate individ-
ual blocks. The thinning and polishing
reduces the wafer to a thickness of about
100 pm, and is handled by outside contractors
who routinely do such wafer thinning for IC
makers and users.

The mask and etch process is distinguished
from routine semiconductor practice only in
that it is performed on the back of the wafer.
This requires a somewhat unusual mask align-

ment through the silicon to features on the
front of the wafer, but can be accomplished by
an infrared alignment option available for
standard IC lithography equipment. The etch,
a wet KOH etch commonly used in IC fabs,
follows the silicon crystal planes and gives the
chips their characteristic 54.7° beveled side-
wall with 100% repeatability.

Although the resulting NanoBlock chips are
interesting and unusual in appearance, their
production is accomplished without any fun-
damentally new processes. Alien’s develop-
ment activities in this area are focused on
characterization, process control, and simplifi-
cation.

Substrate Preparation (Receptor-Hole
Formation). The concept of a receptor hole is
new — and is indeed unique to FSA. Because
Alien will be working with plastic film, we
will need a high-productivity embossing
machine capable of stamping holes, and such
a machine could be developed fairly easily in
concert with Toray. But the technology for
making embossed plastic film with the
required precision in volume already exists
and is available from manufacturers who
make, for example, patterned optical films.
Such films are produced in volume with
nanometer tolerances. Alien is currently

| working with two potential suppliers of such
| film and has verified that the required capabil-

ities are in place (Fig. 3).
Still, there is substantial engineering work

under way in selecting the base material to
be used. The requirements include standard-
product availability; dimensional stability,
including the ability to hold the shape of the
embossed holes; and compatibility with
anticipated process temperatures (up to
150°C) and chemical exposures. Several
acceptable candidates have been identified,
and evaluations are under way to select one
for initial production.

Fluidic Self-Assembly (FSA). This is both
the core process of the Alien approach to
manufacturing and the one area requiring truly
original process and equipment development.
Although FSA has been in development since
1994, Alien is still dedicating roughly 50% of
its development staff to the process. The pro-
cess continues to be the subject of countless
experiments and exercises in data collection
(Fig. 4).

Fortunately, the FSA process offers many
degrees of freedom and has proven to have
wide process windows with respect to the
important variables. Among the variables
that have been evaluated and mapped are the
characteristics and composition of the fluid
(viscosity, additives to prevent NanoBlock
chips from clumping together, bonding agents
to glue the chips to the receptor holes, erc.),
substrate tilt and speed relative to the dis-
penser head, vibration, and the optimum ratio
of NanoBlock chips dispensed to the number
of holes needing to be filled.
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Fig. 8: In May 2000, Alien opened its new pilot R&D facility in Morgan Hill, California, with

the company’s trademark otherworldly trappings.

The need to accommodate NanoBlock chips
of different sizes adds to the workload; it is
important for Alien to understand how opti-
mum process conditions vary with chip size.
The range of usable sizes does not appear to be
an issue — chips from 50 pm square to about
2 mm square have been assembled without dif-
ficulty, and there has been no indication of any
limits being approached at either end of that
range. Work is now under way to determine
the best way to support multiple block types in
a single substrate.

There has also been much effort in design-
ing the equipment to be used for FSA. The
original laboratory configuration used
NanoBlock chips dispensed manually from
pipettes for both initial fill and for selective
fill of empty holes. Alien has developed its
fourth-generation FSA machine (Fig. 5), with
automated electronic controls and valveless
NanoBlock chip handling that can transport
chips without the risk of damage posed by
closing valves.

Planarization and Metallization. There is
very little new in these steps; they use off-the-
shelf materials, standard TAB tape manufac-
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turing equipment, and conventional process
recipes. The planarization layer is a photo-
definable polymer that serves as a dielectric
and provides a smooth topology for the subse-
quent conductive layer. The conductors will
initially be patterned aluminum, with an
option to use indium-tin-oxide (ITO) or con-
ductive polymers if appropriate.

Optical Media Application/“Cell Assem-
bly.” The second development focus (after
the FSA process) is the selection and applica-
tion of the electro-optic material to be applied
to Alien’s electronic backplane. The use of
single-crystal silicon for the NanoBlock chips
leads to something of an embarrassment of
riches, in that virtually any material can be
driven in an optimal manner. Because drive
capability has not narrowed the options, Alien
continues to experiment with several different
media types, including polymer-dispersed lig-
uid crystal (PDLC), electrophoretics, organic
and polymer light-emitting diodes (OLEDs/
PLEDs), and various types of liquid or gel-
form LC materials. It is likely that Alien will
ultimately produce displays with several of
those media types, but the selection for initial

production has not been made at the time of
this writing.

For materials that can be obtained in solid
form, such as PDLC, the “assembly” process
will be a simple lamination, with one contact to
be made from the active backplane to a single
top ITO electrode. For materials requiring fill-
and-seal operations, techniques will be bor-
rowed from existing LCD-industry practice.

Testing. Alien’s unique display architec-
ture makes testing a fairly simple task, at least
for the company’s first few generations of
product. The NanoBlock chips will have on
the order of 100 transistors per pixel, allowing
each display to be organized as a single shift
register, with local control and static memory
at each pixel. A display will thus need only
four connections (power, ground, clock, and

| data) and can easily be driven directly on the

web through simple probe contacts (Fig. 6).
Charge-coupled-device (CCD) cameras will
check the display output, comparing it to a
stored reference image.

Status

| When last year’s Information Display article

was written, Alien had successfully concluded
a proof-of-concept stage. NanoBlock chips
could be placed into embossed holes on
plastic film by FSA, interconnected with
deposited aluminum, and used to drive a sim-
ple display. However, the NanoBlock chips
had no intelligence and limited drive capabil-
ity, so the demonstration looked nothing like a
real product and actually consisted of surface-
mounted LEDs attached to the backplane with
a conductive epoxy.

Alien has since produced working, fully
processed PDLC displays on plastic film that
approximate the construction of the first-
production smart-card display (Fig. 7). In
addition, substantial experience has been
gained in patterning and driving various types
of PDLC, cholesteric-LC, and polymer-LED
media.

The first intelligent NanoBlock chip has
been designed and fabricated, and is fully
functional. Tt implements the shift-register

| architecture, with on-chip instruction decode,

static memory, and drive circuits for each
pixel. The chip can be used in a wide variety
of displays, all of which will need only four
connections for operation.

FSA and interconnection yields have
improved steadily, to the point where Alien
can currently fill 999 out of 1000 holes with
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NanoBlock chips and achieve functional inter-
connection. Yield improvement is tracking on
a predictable path, increasing by better than an
order of magnitude every 12 months.

Alien has moved into a new pilot/R&D
facility in Morgan Hill, California (Fig. 8).
The facility has 21,000 ft.* of space, including
5000 ft. of class 100 and class 10,000 clean-
roor. Designed to speed development, it
incorporates a full set of processing equip-
ment and will also be capable of producing
quslified production in small quantities as
well as development lots.

On the business front, Alien has signed a
production agreement to build smart-card dis-
plays for Gemplus of France. Gemplus is the
world’s leader in smart cards, holding over
40% of the market for microprocessor-based
cards. Alien’s displays will initially be used
as numerical readouts for electronic-purse
cards, with graphical displays being devel-
oped for multifunction cards.

In July, Alien closed an $80 million financ-
ing round, consisting of $55 million in equity
and $25 million in lease financing for produc-
tion equipment. In addition to covering oper-
ating expenses, the financing will fund the
construction and equipment costs of Alien’s
first high-volume roll-to-roll factory. Also to
be located in Morgan Hill, the factory will
become operational in mid-2001 and will have
an ultimate processing capacity of one million
square feet of display area.

Among the new investors are Philips Flat
Display Systems and DuPont iTechnologies,
both of whom will be actively involved in
joint-development activities with Alien.

Looking Ahead

By the time this issue of Information Display
is printed, Alien displays will be circulating
prototype smart cards built by Gemplus. The
production qualification for the first volume
product will begin in the Q2 01, using mate-
rial from Alien’s pilot line. Towards the end

of 2001, a second qualification will begin, this ‘

time using material from the web line in the
new volume factory. In 2002, we plan to
ramp up production to beyond one million
displays per month.
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Automated Yield-Management

test and measurement

Software in LCD Production

Small differences in AMLCD yields can spell the difference between
success and failure, so the leader in yield-management software for
ICs created a system for the display industry.

by Ankush Oberai and Samuel Tam

ACTIVE-MATRIX liquid-crystal dis-

play (AMLCD) manufacturers can increase
yields by rapidly identifying specific prob-
lems in their production lines by applying
automated yield-management tools similar to
those that have been available to the semicon-
ductor industry for years. LCD manufactur-
ing poses a number of unique problems not
present in the semiconductor industry, and
these challenges must be solved to create a
useful yield-management system.

LCD and semiconductor manufacturing do
share some significant features. Both depend
on a series of complex procedures performed
under exacting controls to create sophisticated
devices. Multiple structures are fabricated on a
single substrate using lithography, deposition,
and etch technologies. And unfortunately,
the processes are not perfect, and defects can
occur that may render the final product
useless.

Ankush Oberai is Vice President of World-
wide Sales and Strategic Marketing at Knights
Technology, a division of Electroglas, Inc.,
6024 Silver Creek Valley Rd., San Jose, CA
95138; telephone 408/528-3810, fax 408/
528-3557, e-mail: aoberai@electroglas. com.
Samuel Tam is Director of Worldwide Appli-
cations Support at Knights Technology; tele-
phone 408/528-3878, e-mail: stam@electro-

glas.com.
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The Challenge of LCD Production
There are major differences between LCD and
semiconductors that make yield management
especially important for LCD manufacturers.
Instead of producing dozens or even hundreds
of semiconductor devices from a single small
substrate, a single large plate of glass is
divided into only a few LCD panels. As
consumer demand grows for larger and larger
displays, the substrates get larger and the
number of panels per plate decreases, making
yields more critical than ever.

Instead of starting with a nearly perfect
silicon wafer as a substrate, LCD panels are
based on glass covered with an imperfect
coating of amorphous silicon (a-Si). And
while semiconductors may have large num-
bers of components in a single device, they
are created in relatively close proximity to
each other with room to provide redundant
components that can be used as spares in the
event that one is defective.

In contrast, the simple transistors of an
AMLCD panel are spaced across large
expanses of substrate. A 12.1-in.-diagonal
LCD panel with SVGA resolution will have
800 x 600 pixels, each of which consists of

| three subpixels, which means there will be

1.44 million transistors spread across nearly
70 in.? of panel area. A 20-in.-diagonal panel
with SXGA resolution (1280 x 1024 pixels)
and nearly four million transistors must be
created across about 195 in.> To achieve a

0362-0972/00/1611-018$1.00 + .00 © SID 2000

perfect display, every one of those four mil-
lion transistors must work. And, in contrast to
semiconductor products, there is little room
for redundancy: spare transistors lower the
aperture ratio, which means less light can be
transmitted by the panel.

LCD manufacturers also face the problem
of product differentiation. When making a
CPU for microcomputers, the specific features
and brand reputation of the chip can play a
role in unit pricing. Aside from some finer
technological points, there is not a lot of dif-
ference between AMLCD panels of a given
size and resolution, and most consumers don’t
know which company made the display panel
in their notebook computer or desktop moni-
tor. As a result, product pricing is competitive
in the extreme, with razor-thin margins.

Much of the cost of an LCD panel is in the
manufacturing, and, as a result, profitability is
closely linked to yield rates. According to
DisplaySearch of Austin, Texas, yield rates
for the array process — after the transistors
have been fabricated on the panel — are about
96% for 12.1-in. SVGA active-matrix panels.
As panel resolution increases, however, there
are more components and greater probability
of defects. DisplaySearch estimates the yields
for 20-in. SXGA panels to be about 85%.

Any change in yield rate can quickly have a
significant financial impact.

The cost of producing flawless AMLCD
panels is prohibitive, and buyers of notebook
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Fig. 1: Automated yield-management software collects data from all aspects of the LCD manufacturing and testing process. This screen is from

the Knights YieldManager™ system.

computers and desktop monitors generally
understand that there may be a few pixel
defects on their displays. But as the market
broadens and reaches less knowledgeable con-
sumers, expectations tend to get higher.

Defects are more noticeable when viewing
video than when viewing data applications.
According to one PC manufacturer, defective
pixels in the display is the leading reason for
the return of notebook computers equipped
with DVD drives that can be used to watch
movies. If consumers — and the companies
that produce the products they buy — raise the
bar on what is an acceptable number of defects
in a display, they will effectively lower the
yield rates on existing production lines.

Factors Affecting Yields

LCD-panel production tends to be a highly
automated process. Large cassettes hold a
number of glass-substrate plates at one time —
referred to as a “lot” — and are transported to
various in-line production machines. The
plates are processed individually, and then

held in a cassette for transport to the next
machine for the next process.

One key factor determining yield rates is
the cleanliness of the production environment.
The production lines typically run around the
clock, and are brought down for cleaning and
maintenance as infrequently as possible.
Some processes take a long time to complete,
so it can take days for a glass plate to be trans-
formed into a display panel. The lots must be
protected against particle contamination the
entire time,

The lengthy processing introduces another
factor. In the early days of LCD production,
there was no way to know if a given panel
was acceptable until it was turned on and
tested. If a panel failed an early production
step, all the subsequent steps represented
wasted time and materials. Now, manufactur-
ers have sophisticated testing and inspection
equipment that can automatically evaluate
panels at intermediate points in the manufac-
turing process. In some cases, flaws can be
automatically repaired. These steps can help

reduce the losses due to defective panels.
Manufacturers have to balance the need for
comprehensive and accurate testing (to iden-
tify as many defects as possible) against the
need to avoid slowing down production more
than necessary and the need to control the
capital and maintenance costs for test equip-
ment.

The LCD-manufacturing process can be
broken down into three major stages: the array
process, which creates the thin-film-transistor
(TFT) arrays on the substrate; the lamination
of the front and rear glass plates and the injec-
tion of the liquid-crystal material; and the sep-
aration of the individual panels and the attach-
ment of the electrical connections. Each stage
consists of many complex steps. For exam-
ple, the array process includes multiple passes
of thin-film deposition, resist layers, exposure,
development, etching, and stripping. There
are opportunities for defects to occur at nearly
every step of every stage. The defects take
different forms, and can be divided into opti-
cal, mechanical, and electrical defects. Some
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Fig. 2: A plate-array view allows users to see if a defect pattern is a one-, multiple-, or every-

plate effect.

of these can be repaired, while others are per-
manent and may be severe enough to render
the panel unusable.

Optical defects are the most common and
often the most serious. “Stuck pixel” defects
can be either bright or dark — either always
transmitting light or never transmitting light.
The most common cause of this type of prob-
lem is actually an electrical problem: a short
or an open circuit in the cell’s transistor or
signal leads.

Leakage in the individual transistors is
another problem. Some of these defects can
be corrected in the inspection stage before
lamination through the use of lasers to either
cut or weld the traces. Similar defects can
cause horizontal or vertical lines in the display.
Light or dark spots can also be caused by for-
eign-particle contamination between the glass
plates or between the panel and backlight.

Non-uniformity is another major type of
optical problem. This can be caused by a non-
uniform cell gap, resulting in a liquid-crystal
layer that varies in thickness. Or it can be the
result of errors in the rubbing process for the
liquid-crystal alignment layers. Inconsistent

20 Information Display 11/00

color-filter thickness or incomplete removal
of chemical residues can also create unifor-
mity problems.

Mechanical defects can be a problem, too.
These include broken glass — which can be
caused by mishandling or improper assembly

\ —and broken connections. A typical active-

matrix panel requires thousands of electrical
connections to the integrated-circuit (IC)
drivers that control the image on the display.
Improper assembly, errors in alignment of the
components, and mishandling can all result in
broken connections. It is also possible to
introduce a mechanical defect in the final
assembly. For example, if improperly assem-
bled, the panel’s bezel could obscure a portion
of the display area.

Electrical problems are least common and
perhaps easiest to correct. These are caused
by flaws in the driver circuitry, power supply,
and other electrical components used to sup-
port the display panel.

Yield Management in LCD Production
The key to maintaining optimum yield rates —
and to increasing them even further —is to

automatically monitor and analyze panel
defects at all points in the production process.
This approach has been a standard feature in
semiconductor fabrication for years, but has
only recently been applied to LCD produc-
tion.

In this approach, software gathers data from
different stages of the manufacturing process
in real time. This information can be ana-
lyzed to identify trends and patterns in the
data, which in turn can lead to the early detec-
tion of manufacturing problems and to the
development of improved procedures.

In LCD manufacturing, the raw data is
already available. Automated equipment has
tested the glass plates at various stages — plate
inspection, plate resist inspection, and plate
electric inspection — in creating the TFTs.
Automated plate-repair machinery can pro-

. vide additional data. And images of the plates

can be captured, providing a visual represen-
tation of defects. Inspection and process data
from assembly processes and final testing and

| repair of the individual panels provides even

more data. All of this data can be passed
through to a server where it is stored in a cen-
tral database for processing (Fig. 1).

Compared with semiconductor fabrication,
LCD manufacturing presents systems that
serve as both a simpler and more complex
basis for constructing a yield-management
system. It is simpler because there are fewer
steps involved in the manufacturing process.
A typical LCD panel may require from 10 to
15 operations, which is far fewer than the 100
or more required for some semiconductor pro-
cessing streams.

On the other hand, there are some unique
complexities. LCD panels have much larger
surface areas than semiconductor substrates.
As a result, panel images are much larger, and
there are more data points from the testing
machinery. This translates into more informa-
tion; defect imaging alone can require more
than 7 Gbytes/day, even when using image
compression.

Another problem centers on the data-gath-
ering process. In the semiconductor industry,
the testing and monitoring equipment is rela-
tively mature and generally adheres to indus-
try standards. In contrast, LCD-manufactur-
ing equipment is not standardized and often
uses proprietary designs developed by the
manufacturer. As a result, the data available
from different pieces of equipment may be in

| a proprietary format and require processing




pefore it can be incorporated in a central
datzbase.

YieldManager'" System

To the best of our knowledge, the only full-
featured automatic yield-management system
that has been applied specifically to AMLCD
manufacturing is the YieldManager™ system
from Knights Technology. Knights, the lead-
ing software supplier of yield-enhancement
tocls to the semiconductor industry, designed
the system for the early detection of yield-loss
areas. A system tailored to AMLCD manu-
[acturing was installed several months at ago
at the facility of a major Japanese manufac-
turer. The results have been positive.

The system captures data from all testing
and repair machinery in the fabrication pro-
cess. Because some of this machinery is of
proprietary design, Knights created custom
loaders that can read the data from inspection
machines and then format the data for loading
into the shared database.

The system automatically analyzes this data |
using a number of techniques. Partitioning is
used to determine which defects were added
to the plate since the previous data collection.
Cluster analysis is applied to distinguish
between random and non-random defects,
which in turn can provide insight into the
source of the defects. Repeater-defect detec-
tion is designed to identify defects that occur
in the same position on most or all of the
plates. And sample selection is able to deter-
mine whether or not a defect identified by an
inspection machine is in fact a defect, or sim-

| ply aslightly out-of-specification element on

the plate.

By assembling data for individual plates
throughout the fabrication process, the system
is able to provide a number of different ways |
to analyze the information and present the ‘
results so that the large amounts of data can
be easily viewed and understood. These
include graphic maps of defects on plates, as ‘

| well as a wide range of graphs and charts.

For example, an operator can choose to
look at the defect maps for a single plate and
see where defects are introduced by specific
steps in the process. Defect maps for multiple
plates can also be compared (Fig. 2). This

- allows the operator to distinguish between

problems that occur on a single plate and
those that occur in the same location on multi-
ple plates. If the location repeats, it can point
to a flaw in a specific piece of machinery;
maintenance or repair may eliminate it as a
source of defects, resulting in an increase in

yield rate.

The data can also be analyzed automatically
by the system. For example, the system can
set control limits for statistical process control
(SPC), or custom limits can be set for a pro-
cess. The observed defects can be charted
against these limits, providing a graphic repre-
sentation that makes it quick and easy to

| review the results (Fig. 3). The system can

automatically send e-mail notification of any
warning or limit violation. This provides for
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prompt attention to any production problem
that may increase the number of defects. The
system is also able to track equipment-mainte-
nance cycles, and can automatically provide
notification when maintenance is due.

The system allows the user to customize the
displays to present the specific analysis that is
desired, and any analysis screen can be saved
as a macro, so the analysis can be repeated
with a new set of data. Results can then be
e-mailed to other recipients or converted to
Microsoft Word or HTML documents that can
be viewed with any Web browser. Each field
in the database is searchable, and can be
queried for lot, plate, or panel results using
multiple search criteria.

YieldManager " is a client-server system
that uses TCP/IP protocol across standard
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$S200 SERIES DISPLAY ANALYSIS SYS!

FAST
ACCURATE 77
RELIABLE

AFFORDABLE

Microvision - innovating since 1983
s

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
S$S210 System:

The SS210 package has a CCD camera to provide spatial measure- Laborato.rles
ments such as Line Width and MTF. It includes an integrated spec- Worldwide
trometer for spectral analysis and color measurements and also in-

cludes an optional response time measurement capability. I MICROVISION

SS220 System: 2

The SS220 system is the perfect choice for flat panel testing. It fea- . Dedicated to the Needs of the Display Indusiry

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 & Wehade wwmiesyE.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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25 Years of SID in Japan

SID’s Japan Chapter has helped transform the Asian
economy and produce the products that have ushered
in the Information Age.

by Aris Silzars, Chuji Suzuki, Shigeo Mikoshiba, and Makoto Maeda

TME PASSES, changes take place — the appropriate contacts within Japanese elec- | Japan, and the ever-increasing participation by
almost imperceptibly from a day-to-day per- tronics companies. Often, many letters had to | Japanese display scientists and engineers in
spective. But from the broader perspective be passed back and forth before suitable SID activities, the communications and travel
provided by the passing of a quarter of a cen- arrangements could be made. barriers have all but disappeared.

tury, these seemingly imperceptible changes With the establishment of the SID Japan SID has respended to the changes taking

work like the grains of sand in an hourglass to = Chapter, the growth of the display industry in | place in the world display community by
create a new world in which much is different.
So it has been with the Society for Informa-

tion Display and the founding of the Japan
Chapter in 1975.

When, in 1973, Sharp began volume pro-
duction of the first LCD-based electronic cal-
culator using the dynamic-scattering liquid-
crystal mode it had licensed from RCA, it
resurrected an orphaned technology and
changed the Japanese electronics industry [
forever. Even more significantly, it laid one
of the foundation stones for the age of per-
sonal and portable electronic appliances that
continues to change the world. So perhaps it
was appropriate that when the SID Japan
Chapter was formed 2 years later, all the offi-
cers were Sharp employees.

Coincidentally, my own involvement with
SID and my first visits to Japan also began
during-this period. I can still recall the exten-
sive planning and preparation that went into
these visits. Without the benefits of an estab-
lished SID chapter, it was much harder to find

Aris Sil;ars is President of SID, Chuji Suzuki
is a SID Fellow, Shigeo Mikoshiba is Secre-
tary of the SID, and Makoto Maeda is Japan

Chapter Chair. They may be contacted Chuji Suzuki
through SIP-International Headguarters; Fig. 1: The first officers of the SID Japan Chapter met in July 1974, about a year before the
telephone 408/977-1013, fax 408/977-1531, Chapter’s founding, in an office at the Sharp Central Research Labs in Tenri. From right to left
e-mail: office@sid.org. are Chuji Suzuki, Sanai Mito, and Toshio Inoguchi.
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Chuji Suzuki

Fig. 2: Alan Sobel, Joseph Markin, Sanai Mito, John Flannery, and Howard Stark (from right
to left) attended the 1977 SID Symposium in Boston.

becoming more international in scope. About
10 years ago, the growing importance of the
Japanese display industry led the Society to
affirm its commitment to global display inter-
ests through the creation of Regional Vice-
Presidents, one each for Asia, Europe, and the
Americas. The encouragement and approval
of the Japan Chapter were key to facilitating
this change.

Thus, on the occasion of their 25th anniver-
sary, we salute our colleagues in the Japan
Chapter. From those modest beginnings in
1973 the Chapter has grown to approximately
800 members. The Chapter’s International
Display Workshops has become one of the
world’s premier technical conferences. In
addition, the Chapter periodically hosts the
International Display Research Conference.
Members of the Japan Chapter serve with dis-
tinction on the SID Executive Committee and
the SID Board of Directors, and are key par-
ticipants in various SID committees.

Over the last quarter of a century, the
Japanese display industry has grown to
include the participation of almost every
major electronics company — and many
smaller ones as well. Through the efforts of
our SID colleagues in Japan, the Information
Age, the Japanese electronics industry, and

the world display community have become
inextricably linked. Twenty-five years is not
so long ago, but these sweeping changes could
not have been foreseen then. We are grateful

| tothose early founders who took the firstbold

steps along this productive path and helped
the rest of us to follow. We offer our congrat-
ulations to our colleagues in Japan for 25
years of progress and growth. May the next
quarter-century be equally productive!

— Aris Silzars

Establishment and Growth
It has been 25 years now since a new SID
chapter was established in Japan. While my
memory is still clear, I wish to record my fad-
ing reminiscences of the Japan Chapter in its
infancy.

In the early 1970s, a large number of excel-
lent papers on display technology were pre-
sented by many large companies and universi-

| ties in Japan, but they were seldom presented
| overseas because of economic conditions.

Professor Akio Sasaki of Kyoto University
unexpectedly attended the display-device
conference sponsored by the TEEE’s Electron
Devices Group in 1972, and then stopped at
the Zenith Corporation on his return trip to
meet Mr. Joseph Markin and Dr. Alan Sobel.

| Timagine that he discussed the realities of the

| development of display technology in Japan,

unaware that this would lead to the birth of
the SID Japan Chapter 3 years later.

After he returned to Japan, Sasaki visited
Dr. Sanai Mito of Sharp in Tenri, Nara, who

Taiehiro'Kojima

Fig. 3: The first meeting of the Organizing Committee for Japan Display ‘83 was heldon
December 9, 1981. Standing is the late Dr. Koichi Miyaji (Conference Chair); Dr.Akio Sasaki
(Program Chair) and Dr. Shunsuke Kobayashi (Treasurer) are on his left.
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Takehiro Kojima

Fig. 4: SID Board members gather before the Japan Display ‘83 farewell party.

told him that Markin wished to write some
papers concerning display-device research and
development in Japan for an issue of JEEE
Transactions on Electron Devices, and that
Mito would join Markin in presenting some
papers at the 1975 SID International Sympo-
sium.

It was probably Markin, acting on behalf of
the SID Board of Directors, who explored
with Mito the possibility of establishing a new
SID chapter in Japan, and asked Mito to serve
as Overseas Program Advisor for the SID
Symposium, according to a memo written by
Mito. Because Mito was proficient in English
and a gentleman with very good manners, and
because he had a good grasp of details, the
key people on the SID committees found it
easy to discuss with him the concrete ele-
ments of establishing a new chapter.

Immediately upon his return to Tenri,

Dr. Mito — who was our superior — ordered
Mr. Toshio Inoguchi and me to set up our new
chapter within the year. This included the
writing of bylaws and the creation of business
and financial plans for submission to the SID
Board. Natugally, Dr. Mito became a candi-
date for Chair of the new chapter, and then
asked Inoguchi to be Secretary and me to be
Treasurer. This was very convenient because
everyone worked in the same building. Now
you can understand how it came to be that all

26 Information Display 11/00

‘ three of our first chapter officers worked for
Sharp (Fig. 1).

The bylaws and the 1975 directory were
completed by the end of October 1974, and
four influential men joined the Executive
Board of the Japan Chapter: Prof. Koichi
Miyaji, Prof. Akio Sasaki, Prof. Shunsuke
Kobayashi, and Dr. Iwao Ohishi. Dr. Gentaro
Miyazaki was elected as Director acting on

behalf of the Japan Chapter. He stayed in the
u.s.

The SID Board of Directors approved our
plan in May 1975, and the new chapter’s first
formal activity was a technical meeting on
June 13, 1975, that included reports on the
1975 International Symposium. The meeting,
held at the Sharp Building in Tokyo, attracted
60 persons (at that time, there were about 40
members in the SID Japan Chapter). The
meeting became an annual event, and it is still
held in the same hall in the Sharp Building
every year.

As Treasurer, I became anxious about pay-
ing for postage and the rental of our meeting
room because 1 had not yet received the entire
budget allocation for 1975, which consisted of
a $250 establishment fund, the member
rebate, and a chapter rebate (at that time, the
membership fee was $15). Fortunately, some
of the activities of the new chapter were sup-
ported by Sharp at first. Despite my concerns
about finances, our chapter activities contin-
ued.

In Osaka, on July 16, we had our second
technical meeting. Our guest was Dr. Robert
Adler of Zenith, inventor of the first practical
television remote control. About 70 persons
attended. We awoke to the fact that we had
not yet held the important General Meeting
for 1975, so we held it in Tokyo, on Septem-
ber 23, 1975. Our business and financial
plans were adopted. It was important to my
function as Treasurer to increase the member-

Takehiro Kojima

Fig. 5: A combined SID HQ/Japan Chapter meeting was held for the first time in Japan on the
opening day of Japan Display ‘89 in Kyoto, October 16, 1989.

— e



Fig. 6:
199..

ship. so I wrote some articles about papers
given at the SID International Symposium for
Japanese technical magazines every year after
that. As a result, our membership increased
rapidly.

Dr. Mito, our Chair and Overseas Advisor,
was active in attending the annual SID Sym-
posium (Fig. 2). He helped various Japanese
speakers, took care of Asian attendees, and
remained a member of the SID Board, staying
in the U.S. every year until he eventually
retired. From the Japan Chapter’s first year,
starting in March 1975, Mito ran an oral-pre-
sentation training program for Japanese
spenkers which has continued to this day.

At our General Meeting on July 6, 1976,
again at the Sharp Tokyo building, the same
three officers and four Board members were
re-elected, and the candidates for 1977 were
also selected: Miyaji as Chair, Suzuki and
Ko'ima as Secretaries, and Okada as Trea-
surer. The Board increased to 12 persons,
making it more active and powerful. Our
membership had increased rapidly to 60, so
our financial condition improved. Our bal-
ance was about $360 (about 100,000 yen at
the then-existing exchange rate) by the end of
October. The SID Japan Chapter had become
estublished, and it grew up in a hurry.

In the year 2000, I am once again a newly
elected Japan Chapter officer, as I was a quar-

Takehiro Kojima

The first SID Board of Directors Meeting in Japan was held in Hiroshima, October 11,

ter-century ago. But there are many differ-
ences. Among them is the fact that the Chap-
ter is a little bigger now: there are nearly 800
members.

— Chuji Suzuki

Looking Back

SID was established in 1962, 38 years ago.
The SID Japan Chapter was born 13 years
afterwards, covering 66% of the total SID his-
tory. In these 25 years, the advances in dis-
play technology have been enormous. In
Japan, it is frequently said that “semiconduc-
tors are rice for industry.” This means that
semiconductors are as important for the well-
being of Japanese industry as rice is for the
well-being of the Japanese people. Recently,
many people are saying, “Displays are the
second rice for industry.”

Many noteworthy events related to the dis-
play industry and the Japan Chapter of SID
have taken place in the last 25 years. Some of
the most significant, as I recall them, are as-
follows.

The Beginning of Japan Display. The
name was changed later to Asia Display — in
1983. By organizing Japan Display [the name
for the International Display Research Confer-
ence (IDRC) when it was held in Japan] every
third year, Japan became a major player in the
display community. Japan Display also made

it possible to publicize a large number of
research activities in Japan easily (Figs. 3-5).

Establishment of the Asian Symposium on
Information Display (ASID) in 1993. Coop-
eration between the Korea, Taipei, Beijing,
Hong Kong, and Japan Chapters promoted
SID activities in Asia.

Initiation of the International Display
Workshops (IDW) in 1994. The IDW, which
is held every fall in Japan, has a special fea-
ture. Session Chairs and Program Committee
members for about 10 workshops pursue the
task of organizing the technical program. In
this manner, the most up-to-date coverage of
leading-edge topics can be included.

Holding SID International Symposium
Asian Program Subcommittee Meetings.

The pre-selection of papers in Tokyo makes it
unnecessary for the 40 Asian subcommittee
members to travel to the U.S. paper-selection
meeting. All of these activities have been ini-
tiated or fostered under the strong leadership
of Professor Heiju Uchiike.

In addition to these events, the Japan Chap-
ter co-sponsors 12 domestic meetings every
year. The co-sponsorship with other organi-
zations widens the range of researchers
involved and also provides them with enough
opportunities to make presentations. Since
there is no paper-selection procedure for these
domestic meetings, anyone can submit
research results — even preliminary results in
which the presenter may not have full confi-
dence. Audiences can offer advice and com-
ment during the discussion period. But even
without the paper-selection process, the aca-
demic level of the presentations is kept high.
This is accomplished by allocating a relatively
long time, typically 30 minutes, to each pre-
sentation and by requiring the submission of
six-page manuscripts, which ensures that
authors spend appreciable time on the prepa-
ration. This is in contrast to SID’s interna-
tional conferences, in which speakers have
only 20 minutes or less, too short a time for
detailed discussion.

Because of the Japan Chapter’s intensive
activities, the number of chapter members
kept increasing, but only until 1991, when the
number peaked despite the steady incréase in
the number of persons engaged in the display
industry. This is mainly due to the language
barrier, since the official language of SID
events is English. But it is also trae that engi-
neers can now acquire most of the information
they need without becoming SID members.
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To stimulate membership growth, the Japan
Chapter recently adopted a system by which
members can pay their membership fees with
cash cards. The ability to pay through the
Web may simplify the process even further.
The introduction of an automatic renewal sys-

| tem — in which membership continues auto-

matically every year unless the member asks
for discontinuation — should also be consid-

ered. Most academic societies in Japan suc-
cessfully use this system.

The Japan Chapter hopes to promote dis-
play industries in Japan, in Asia, and through-
out the world.

— Shigeo Mikoshiba

Status and Outlook

Since the SID Japan Chapter’s foundation, its
membership has been on the rise and now
numbers 800. This expansion suggests that
people have high expectations for display
technology and the display business in this
information age. Behind our chapter’s suc-
cess, there have been tremendous efforts made
by our mentors, including Professor Sanai
Mito and Professor Koichi Miyaji, both of
whom passed away last year. Although their
deaths were a great loss to us, others have car-
ried out their will and devoted themselves to
growing the institution.

Almost every month, we host many techno-
logical meetings in Japan. We are proud that
no other chapter in the world does this more
aggressively than we do.

Our activities are not confined within our
borders. Japan Display, established in 1983
as a Japan-based international SID confer-
ence, became Asia Display in 1995. Asia Dis-
play was held in Seoul, Korea, in 1998 and
will be in Nagoya, Japan, in 2001. We are
lending a helping hand to our neighboring
chapters that want to revitalize their own
activities.

We also wanted to help Japanese scientists
and engineers publish their own ideas, and we
appealed to members of the global community
for their cooperation. The International Dis-
play Workshops (IDW), which was launched
in 1994 and has been held every fall since

SID’s major events. Its success is based on
the enthusiastic efforts of a great many volun-
teer members.

Members of the SID Japan Chapter are
working to develop basic display technolo-
gies, such as CRT, LCD, PDP, EL, and apply
them to actual products. New products com-
bined with the latest display technologies
appear in the market every year.

I believe that this dynamic technology
development and product creation comes from
the openness that was created after we tore
down barriers and asked scientists, engineers,
manufacturers, and users in different fields to
come forward with their own ideas, exchange
information, and enlighten each other. If we
had stuck to the old secrecy principle, our
development work would never have enjoyed
such great success. Our openness is the key to
success in the age of information, in which
people seem continually thirsty for new
displays featuring various cutting-edge tech-
nologies.

We need many young, talented people. The
electronics industry in Japan that used to
develop display devices now needs to obtain
displays from a variety of sources because it
now aims at other ambitious goals, including
display systems and fundamental R&D.

These industry segments are large compared
with the membership of the SID Japan Chap-
ter, and we want to attract the engineers work-
ing in these segments. For that purpose, the
Chapter has launched a system of student sup-
port to commemorate our 25th anniversary.
We pay some of the traveling expenses for
these talented young people so that they can
attend SID events and present their ideas in
front of a large professional audience — a rare
but quite important experience for them.

The SID Japan Chapter will do its utmost to
help members progress in their studies and
businesses, and give them more opportunities
to exchange unique information about display
technology. We hope that all of you reading
this celebration of the Japan Chapter’s jubilee
will invite your friends and colleagues to join
SID. With fresh power and knowledge, I
believe we will be able to continue to explore

then, serves well for this purpose. It collects a | the unknown together.

variety of excellent papers from all over the
world and attracts many attendees. For the
conference’s seventh convocation — scheduled
for this November in Kobe, Japan — 1000
attendees are expected to come from 20
nations. The IDW has now become one of

— Makoto Maeda
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The First

conference report

MC and FPD Expo Korea Attract

More Than 1000 People to Seoul

Korea to command 40% of TFT-LCD industry says John Koo in Keynote;
Rainbow and Philips show 37-in. TFT-LCD to compete with PDPs.

by Ken Werner

A THOUSAND people came to the

Sheraton Walker Hill Hotel and Conference
Center in Seoul, Korea, from September 5th
to 7th to attend the first International Display
Manufacturing Conference (IDMC) and the
accompanying trade show, FPD Expo Korea
(Fig. 1). IDMC was sponsored by the Korea
Chapter of the Society for Information Dis-
play and the Korean Information Display
Society, along with other organizations; FPD |
Expo Korea was sponsored by SEMI Korea
and the Electronic Display Industrial Research
Association of Korea (EDIRAK).

In his IDMC keynote address, “Future
Prospects of the Flat-Panel-Display Industry
in Korea,” John Koo, Vice Chairman and
CEO of LG Electronics, Inc., commented that
not long ago, the CRT was the pride of the
Korean display industry and Korea had only
5% of the LCD market. By the end of last
year, Korea’s LCD market share was 31%; by
the end of this year it should be 38%.

The display is the window to the world of
digital information, and the 14-in. CRT moni-
tor is no longer adequate to do the job. The
displays we need now must show the informa- \
tion we obtain from digital technology net-
works on a large scale and at high resolution,
and they must be light, thin, and low in power
consumption,

This bodes well for the FPD industry. An
IDC Japan Study done in April 2000, said
Koo, predicted a $28 billion FPD market by

Ken Werner is editor of Information Display.
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the end of this year, growing to $65 billion in
2005. PDPs will account for 23% of the FPD
market in 2005.

In a short time, the Korean FPD industry

has come to dominate that market. In Q2 "00,

Samsung captured 21% of a worldwide FPD
market worth $3.7 billion, according to an
August 2000 report from DisplaySearch, said
Koo. LG had 14% and the leading Japanese
supplier, Hitachi, had 10%.

Koo identified several success factors that
contributed to the Korean industry’s achieve-
ment in surpassing Japan's market share in
1999 and dominating the TFT-LCD industry:

1. The willingness to invest aggressively even

in the midst of the Asian financial crisis.
. A commitment to TFT-LCDs as Korea’s
most promising industry.
The ability to transfer technology from a
strong semiconductor industry.
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Ken Werner

Fig. 1: One thousand people came to the Sheraton Walker Hill Hotel and Conference Center in
Seoul to attend the first International Display Manufacturing Conference and FPD Expo Korea.
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Ken Werner

When Korean companies design products for the domestic market, they may not look like those
designed for the international market — as is the case for this LG NeTee photographed at the
Techno Mart across from the Gangbyeon subway station.

But the Korean industry does have some
weaknesses. It is highly dependent on the
importation of manufacturing equipment and
critical technologies. And Korea needs to
develop its own cutting-edge core technolo-
gies — not just manufacturing technologies,
which it has done well.

“I believe these barriers will be overcome,”
said Koo, and “that the Korean share [of the
TFT-LCD market] will grow to 44% by
2005.” Samsung and LG will each hold about
20% of the market, even with Taiwan’s
aggressive development of their own TFT-
LCD industry.

LG’s goal is to become the leader of the
global FPD industry and the leader in digital
electronics and communications. The com-
pany sees the core of its business as mobile
networks built around IMT-2000 and home
networks (DTV). FPDs are crucial to this
vision, and the company intends to invest $5
billion in LCDs and $1 billion in PDPs
between now and 2005.

In answer to a question from Sungkyoo
Lim of Dankook University (who is also Sec-
retary General of IDMC 2000), Koo said that
an LG 40-in. PDP TV is commercially avail-
able now. The current 60-in. prototype still
needs a cooling fan and is too noisy for a
domestic environment. A fanless design

should be finalized this fall, and a 60-in. TV
should be commercially available next year.

Responding to another question, Koo said
that after 2005, LG and Samsung would be
investing heavily in production infrastructure
and materials. Korea is not likely to produce
manufacturing equipment at the level of Japan
before 2005, but Korean semiconductor-equip-
ment companies are doing some work to adapt
their technologies to display manufacturing.

In the other keynote address, “Display
Manufacturing: The Next 10 Years,” Aris
Silzars, President of SID, observed that dis-
play technology is now advancing at a much
slower rate than computing hardware and soft-
ware, i.e., limitations in display technology
are slowing the progress of computing and
communications devices. This is both a chal-
lenge to the display community and a source
of great opportunities.

Emphasizing one of his favorite themes,
Silzars said, “Breakthroughs only occur at the
materials level.” The breakthroughs we need
are those that will provide improvements in
performance — such as brightness, resolution,
and color — in comparison to other media, and
the ability to manufacture displays with these
improvements at a reasonable price.

Since display breakthroughs occur at the
malerials level, progress in the display busi-

ness is usually predictable. To prove his
point, Silzars showed some slides he used in a
presentation 15 years ago; most of the prog-
nostications over a wide range of topics were
remarkably accurate. A notable exception
was the belief, widely held at the time, that
teleconferencing would become extremely :
popular and would reduce the need for busi-

ness travel and personal contact. In fact, the

opposite has happened.

Teleconferencing — which Silzars defined
broadly to include e-mail and the various
forms of Internet-based communications — has
indeed exploded. But it has allowed us to
form new relationships, the nurturing of
which require personal contact. By helping us
form groupings based on interest rather than
geography, electronic communications
requires us to travel more, not less.

What wasn’t on the 1985 slides at all,

Silzars pointed out, was any mention of the
Internet. That’s a development that people
didn’t foresee. Silzars sees the proliferation
of Internet appliances as a large growth area
for displays. The main characteristics of these
appliances are ease of use, instant access, and
low cost, the other side of that coin is that the
highly touted “convergence” of TV and the
Web will be limited. People relate to a TV
and a Web terminal differently, they use them
differently, and the displays they will prefer
for the two functions have different character-
istics.

“While the major product categories such
as television and desktop computers will con-
tinue their predictably steady growth, the new
products such as PDA and other Internet
appliances will be the fertile ground that will
allow new display technologies to be intro-
duced,” Silzars said. “The greatest successes
will be the result of strong international rela-
tionships that will facilitate the transition of
innovative new technologies into products.

Silzars concluded with a thought that was
echoed in John Koo's presentation: “It is only
through such international cooperation that it
will be possible to meet the accelerating
demands of the Internet Society for displays
that are larger, brighter, more versatile, and
lower in cost.”

Exhibits Plus

Forty companies participated in FPD Expo
Korea, some with extensive and elaborate
booths. Samsung Electronics occupied the
left wall as one entered the Sunflower Room,
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Fig. 2: Samsung Electronics showed a prototype 2.04-in. reflective LTPS TFT-LCD with 240 x
240 pixels and a 15:1 contrast ratio for applications such as IMT-2000 cellular phones and

camcorders.

which served as the main exhibit hall. Their
sign prominently featured the new “wiseview’
logo featured at the SID show in May. A full
range of TFT-LCDs was being shown, but the
first two were of particular interest.

First was a 2.04-in. reflective low-tempera-
ture-polysilicon (LTPS) TFT-LCD with
240 x 240 pixels that could show 262,000
colors. The prototype’s contrast ratio (CR)
was 15:1 with the front light off and 10:1
with it on. When the front light is the sole
illumination for the display, the luminance is
5 cd/m?. 1 did not see the display in this

3

impressive, was a 6.6-in. UXGA TFT-LCD

mode, but it was impressive under bright spot- |

lights (Fig. 2). The color gamut was obvi-
ously limited, but the white was bright, with-
out any obvious tint, and the colors seemed
well saturated. The pixel density was 166 ppi,
and the display used the mixed twisted-
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nematic (MTN) mode. Samsung intends the
display for applications such as IMT-2000
cellular phones and camcorders.

Next in line, and perhaps even more

technology demonstrator mounted in an
e-Book mock-up (see cover photo). With a
pixel density of 302.4 ppi, luminance of

340 cd/m?, CR of 200:1, and optical response
time of 40 msec at 25°C, this display was
stunning. It uses a two-channel 30-pin LVDS
interface. Chi Woo Kim, the designer of the
display, said it uses amorphous TFTs and has
an aperture ratio of 34%. With these specifi-
cations, the display almost certainly consumes
too much power to be used in a practical bat-
tery-powered product, and Kim said that a
commercial e-Book display would probably
have less than UXGA screen resolution.

This is the first e-Book display (product or
prototype) I've seen that makes aesthetic and
ergonomic sense. (A monochrome version
would be appealing for straight text and
black-and-white illustrations.) When one sees
an e-Book mock-up with the display limita-
tions removed (except for screen size), it
shifts the burden to the software and system
designers.

In simply presenting various full-sized
pages on the relatively small display, type size
on the mock-up became too small for com-
fortable reading, which had nothing to do with
the limitations of the display and everything

| to do with the human eye’s visual acuity.

Designers will either have to reformat pages
with fewer words per page (as book designers
do when designing the paperback edition of a
hardcover book), arrange for presenting a
half-page at a time with suitable reformatting,
or some similar approach. This must be done
while keeping type size and line length within
the comfortable range.

Also among the units on display was
Samsung’s idiosyncratic 17-in. SXGA Model
LTN170E4 TFT-LCD panel intended for
high-performance monitors, engineering
workstations (EWS), and multimedia termi-
nals. This very nice panel has a 300:1 CR,
30-msec response time, 200-cd/m? luminance,
16.7 million colors, and 160° viewing angle
both vertically and horizontally. Monitors
with this panel are selling for $1500 vs. the
more typical 18-in. models that cost $2500,
IDC’s Bob O’Donnell told ID.

The largest AMLCD that Samsung showed
was the 24-in. WUXGA Model LTM240W 1.
With a 500:1 CR, 400-cd/m? luminance,
30-msec response time at 25°C, and 170°
viewing angle (H and V), this display exhib-
ited beautiful still images. Moving images

| were not shown.

Adjacent to Samsung Electronics’ exhibit,
but certainly not to be confused with it, was
the stand of Samsung SDI (the competition
between Samsung divisions has sometimes
been intense). Samsung SDI showed a 1.2-in.
passive-matrix organic EL display with small-
molecule phosphors intended for cellular
phones. Six of the displays were being shown
in demo cellular phones made by Samsung
Electronics.

This OLED prototype is a two-color 64-
gray-level device. Eui-Yeul Park, Senior
Engineer on the OLED Team, said a multi-
color version of the display will be available
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Fig. 3: LG Electronics showed its 60-in. WXGA plasma-display panel, with 500 cd/m?’,

/6.7 million colors, and a 600:1 contrast ratio.

to OEMs in June 2001, with mass production
beginning during the year. Park said he
expects the production unit to be cheaper than
an equivalent TFT-LCD. An active-matrix
vnit will follow the passive-matrix one, he
said. The size of the OLED’s active area is
28.14 x 14.50 mm, and the substrate size is
38.91 x 27.99 mm. The display has a 128 x 64
dot matrix, 82.6% aperture ratio, a CR greater
than 100:1, 1/64 duty cycle, 100-cd/m?* lumi-
nance, 3.7 grams of mass, and is 3 mm thick.

Next to the OLEDs, Samsung SDI was
showing 37- and 42-in. WVGA PDP TVs.
The 42-in. had a luminance of 550 cd/m” and
a CR spec of “greater than 900:1.” Although
the unit was bright and contrasty, there were
motion artifacts (loss of definition and edge
break-up). The 37-in. had a luminance of
500 cd/m” and a CR spec of “greater than
650:1.” The motion artifacts were less notice-
able on the 37-in. than on the 42-in. (and the
pixels were closer together), which made the
37-in. the more watchable display, to my eye
at least.

LG Electronics showed its 60-in. WXGA
PDP, with 500 cd/m?, 16.7 million colors, and
600:1 CR (Fig. 3). There were some motion
edge effects but, overall, the panel was
impressive and watchable. In his keynote
address, John Koo had said the fan noise from
this unit was too loud for a home environ-

ment. It didn’t sound bad to me at all, but I
was listening in the noisy environment of the
show floor.

LG’s 40-in. PDP in conventional VGA
format was impressive for its 850-cd/m?

luminance (with 600:1 CR), which was strik-
ing. Motion artifacts were visible, as well as
some noise not related to motion.

The adjacent LG.Philips LCD booths
housed selections from that company’s range
of LCDs for notebook, monitor, TV, and auto-
motive applications (Fig. 4).

Hyundai Electronics showed a full range
of competitive monitor and notebook TFT-
LCDs, including a 15.1-in. SXGA+ (1400 x
1050) unit weighing 650 grams and delivering
150 cd/m” with a 200:1 CR.

Most impressive was the Model HT118E22
monitor with an 18.1-in. SXGA TFT-LCD
using Hyundai’s proprietary Fringe Field
Switching (FFS) technology. The monitor
had a 170° viewing angle (H and V), a lumi-
nance of 200 cd/m?, a CR of 400:1, and 16.7
million colors. The video looked good, with
little smearing, despite the claim of a modest
50-msec total response time. A paper on FFES
technology was presented at the Asia Display
conference held in Seoul in 1998; the monitor
was being introduced here at IDMC.

Wooyoung (the Korean company whose
slogan is “Japanese Quality; Taiwanese Price;
Challenge to the World!”) is a maker of back-
lights and LED lighting for traffic signals,
illumination, signage, and architectural
accents. The company was showing a range
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Fig. 4: LG.Philips LCD showed its line of TFT-LCDs at FPD Expo Korea. The 60- and 40-in.
plasma displays of sibling company LG Electronics can be seen on the far wall.
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Rainbow Displays

Fig. 5: Rainbow Displays and Philips FDS demonstrated this 37-in. WWGA LCD TV with a
viewing angle of almost 180°. The display consists of three tiled panels, each of which is in
portrait orientation, so all the tiling seams are vertical. The seams were invisible under most

conditions.

of backlights for camcorders (2.5-in. diago-
nal) and PDAs (4.1-in.), monitors (24-in.
diagonals with 16:9 aspect ratios), and infor-
mation boards (30-in. diagonals with a lumi-
nance of 200 cd/m?) at a small-quantity price
of $2400.

Cleverly, the company has adapted its
backlights to be used as light panels behind
photographs and printed materials to make
them luminous. The backlights are thinner
than conventional light panels.

Also shown was the FBU-24 prototype, a
24-in. flat mercury-free discharge lamp for
backlighting, with a surface luminance of
5600 cd/m” and a brightness uniformity of
92%.

Another Samsung company, Samsung
Electro-Mechanics, is energetically develop-
ing its microdisplay-based projection engine
especially for rear-projection applications,
said R&D Manager Sang K. Yun. On display
to demonstrate the engine were a 25-in. moni-
tor and 720p HDTV set. The engine is sam-
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pling now, Yun said, with volume production
set for next year.

EO-PTG was showing a laser separation
machine developed by Florida-based PTG.
The machine will either cut or scribe display
glass, depending on process settings, Team
leader Jong-Moo Lee said the company has
customers in Korea and Taiwan. The Tai-
wanese customer is HannStar, and Frank
Yang, an engineer in HannStar’s Cell Process
Department, had stopped by for a customer-
supplier talk.

Yang told ID that HannStar currently uses
a scribe-and-break process to separate its 14-
and 15-in. PC and monitor LCDs; the com-
pany is evaluating the PTG machine for a pos-
sible production role. Yang and Lee were
energetically discussing questions of scribe
speed and process variables. (HannStar is
focusing on laser scribing rather than cutting,
said Yang.)

One of the most interesting displays was
not in the main exhibition hall at all, but

| appeared in the lobby of the convention area

in what amounted to an extended author inter-
view. The display, by Rainbow Displays and

| Philips FDS, was a tiled display consisting of

a single row of three AMLCD panels (Fig. 5). I
The individual panels were in portrait orienta-
tion, giving the entire ensemble a landscape
orientation. The complete WVGA (852 x 480)
display has a 37-in. diagonal and is intended
for SDTV applications. Rainbow technical
guru J. Peter Krusius (who is also Director of
the Electronic Packaging Program at Cornell
University) said the company is almost ready
to commercialize the 37-in. unit, and that a
720-line unit is coming soon. The company
will beat PDPs on price for the SDTV panel,
he said, and “will really beat them™ on WXGA.
Brave words, but how did the display work in
practice? Actually, impressively well.

The viewing angle was close to a remark-
able 180°, with good maintenance of color
through nearly all of that range (see the sum-
mary of Krusius’ paper later in this article).
There was no edge break-up on motion, and
only slight smearing, The unit was easier to
watch when showing moving images than
were any of the PDPs being demonstrated at
the exhibition. (It should be said that, as a
group, the Korean PDPs seemed to be 12-18
months behind the best Japanese PDPs in the
quest to tame motion artifacts; and the Rain-
bow display ranks with Fujitsu’s MVA and
Hyundai’s FFS as being among the best LCDs
I've seen when it comes to showing video.)

Technical Program

The technical program was organized in two
tracks over three days. The organizers orien-
tated the program toward manufacturing
(although that was flexibly applied), and two
technologies (TFT-LCDs and OLEDs) were
intentionally emphasized. Here are a few
highlights.

FEDs Are Not Dead
Richard Tuck (Printable Field Emitters, Ltd.)
and 11 co-authors led off a session on FEDs
with their paper “Printed Field Emission
Structures.” Previous work at PFE has
focused on fabricating FED structures with i
inks that were applied to the substrate by spin .
coating. The company has now developed
inks that can be applied by screen printing and |
perform better than the spin-coated inks. |
Next in the session, Prof. Yahachi Saito
(Mie University) presented his paper “Carbon |




Nanotubes: Preparation, Characterization, and
Field Emission.” Saito reviewed the various
structures of carbon nanotubes, their perfor-
mance, and their application to display
devices. The advantages of carbon nanotubes
as field emitters with sharp tips include a large
aspect ratio, mechanical strength, a stable and
chemically inert surface, and very low atomic
mobility, he said. Saito reported the fabrica-
tion of CRT light bulbs and VFD panels in
collaboration with ISE Electronics. He con-
cluded by saying, “The future of nanotubes
looks very bright and they are extremely ver-
satile. The fundamental science and applica-
tions of nanotubes are progressing rapidly.”

LCD Manufacturing

In “Manufacturing Issues in Wide-Viewing-
Angle TFT-LCDs,” Seung Hee Lee and Jai
Wan Koh (Hyundai Electronics) described the
major wide-viewing-angle LCD technologies
and characterized them in terms of their rela-
tive performance and manufacturability at both
the cell and array levels. Among the tech-
nologies discussed in detail were film-compen-
sated TN, divided-domain TN, IPS and FFS,
MVA, and PVA and SE (surrounding electrode).

Lee concluded the talk by reminding the
audience that the yield of an old process is
always better than that of new processes — at
first. Each of the technologies discussed has
strengths and some weaknesses — be it in a
performance area, number of masks needed,
or in alignment issues — and all require further
development. Which mode is “best” depends
on the performance and cost requirements of
the particular application, said Lee, and he
tastefully refrained from touting Hyundai’s
own FFS technology. But when I asked him
in the Q&A session which technology he
liked best, given the state of knowledge today,
he admitted to liking fast FFS based on the
combination of all features taken together,
including gray-level response.

In a detailed and interesting paper, “Current
and Future Technology of Low-Temperature
Poly-Si TFT-LCDs,” Yasuhisa Oana
(Toshiba LCD Research and Development
Center) said the performance of LTPS will
improve substantially over the next few years,
with excimer laser annealing (ELA), ion dop-
ing, and gate-oxide formation being the main
contributors to the enhanced performance.

The current polysilicon TFTs will be
replaced with grain-boundaryless liquid-
crystal (GBLC) TFTs, which will increase

the electron mobility from today’s 100 to

300 cm*/V-sec — and subsequently to 500
cm?/V-sec. Oana said GBLC-TFT “means
there are no grain boundaries in the TFT chan-
nel region, and it will be realized by using
large grain-sized poly-Si film.”

The next-generation design rules would go
from today’s 4 pm to 1 pm in the next genera-
tion and 0.5 pm subsequently. Similarly,
the clock frequency would go from 2 to 100

' MHz in the next generation, and then to 200
| MHz.

Ken Werner

Two of the floors at Seoul’s Techno-Mart were devoted to domestic (Korean) electronics. There
was nothing wrong with the TV receivers. The dark bars on the screens is an artifact caused by
the interaction between the vertical refresh period of the receivers and the shutter speed of the

camera, which was about half a scan period.
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International OLED Technology Roadmap
Development Initiated in Seoul

An international effort to develop a technology roadmap for organic light-emitting displays
(OLEDs) was begun at the IDMC in Seoul. The goal is to provide a forum in which
researchers and potential manufacturers can collaborate with system integrators and with
suppliers of materials and equipment to guide the growth of this promising new display
technology. Such collaboration will be essential for any flat-panel technology that hopes to
challenge the market dominance of liquid-crystal displays.

Over 60 scientists and engineers participated in this first workshop, organized jointly by
the Electronic Display Industry Research Association of Korea (EDIRAK) and the U. S.
Display Consortium (USDC). The study is being conducted by six working groups, each
addressing separate aspects of OLED development:

. System design, performance characterization, and marketing strategies.
. Substrates (glass and plastic) and encapsulation.
. Active materials: light emitters, transport layers, and electrodes.

. Electronics: conduction lines, TFT arrays, drivers, controllers, efc.
. Manufacturing strategies: fab architecture, substrate size, yield, throughput, erc.

The second workshop in this series will be held on January 23, 2001, in Montpelier,
France. All proponents of OLED technology are invited to join in the development of this
roadmap, which will be implemented primarily over the Internet. Prospective participants
should send an e-mail to norman@usdc.org, indicating which group they would prefer to

— Norman Bardsley

Oana estimated that a mobility of 500 cm?/
V-sec would be enough to fabricate a “sheet
computer — one in which the display is fully
integrated with CPU, memory, image sensor,
and wireless signal out/in devices” on a glass
substrate.

In “Optimization of TFT-LCD and a Large-
Scale Production Line for Large Glass Sub-
strates,” Kiyoshi Yoneda and his colleagues at
Sanyo Electric Co. performed a productivity
analysis of ELA and the other processes
required to make LTPS LCDs based on
investment costs for various motherglass
sizes. They concluded that if various process
problems can be overcome, “it will be possi-
ble to construct a large-scale production line
using large glass substrates such as 3.5 or 4th
generation size in the near future.” It will
enable LTPS TFT-LCDs to be “strongly cost-
competitive against a-Si TFT-LCDs.”

In “TFT-LCD for Large-Size TV Applica-
tions,” Jun Hyung Souk (Samsung Electronics
Co.) straightforwardly stated that before TFT-
LCDs can become mainstream TV displays,
significant improvements must be made in the
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liquid-crystal on-off and gray-to-gray
response time, color gamut, and luminance —
and cost must be substantially reduced.
Nonetheless, the potential is tempting. Souk
presented estimates of the market size for
LCD TV sets over 8.4 in. on the diagonal,
indicating that the market would grow from
350,000 units this year to 1.4 million in 2002,
' 3 million in 2003, and 6 million in 2005.

He said that even the fastest of today’s
wide-angle LC modes — PVA, Super V,
Super-IPS, and MV A — are not fast enough
for immediate TV application. “A minimum
value of 15-msec gray-to-gray speed (less
than one frame time) is required to eliminate
image-dragging effects in motion pictures.”
But Souk believes this speed will be obtained
this year, and a new high-speed LC mode
will permit 10-msec gray-to-gray speed by
2002.

We must work toward $10 per in. technol-
ogy, he said. Some current 15-in. LCDs
accomplish this, but new technology is needed
for larger sizes — even with forward estimat-
| ing on yield.

| 1000 x 1200 mm - for higher productivity.

AMLCD Manufacturing

‘ In “Requirements for Large-Size and High-

| Resolution TFT-LCDs,” which led off a
packed session on AMLCD manufacturing,
T. Ueki (IBM Japan) described the design
and construction of a wide-QUXGA (3840 x
2400) TFT-LCD monitor with a 28% aperture
ratio, 400:1 CR, 235-cd/m® luminance, and
16.6-msec response time. The dual-domain
IPS panel utilizes “one-drop fill” of the cells.
There are no injection holes.

C. W. Kim and his colleagues from Sam-
sung Electronics presented the paper “Manu-
facturing Technologies for Next- Generation
a-Si TFT-LCDs.” They stated that the 14.1-
in. XGA display will remain the mainline PC
display through 2005, and implied that the
current mainline monitor LCD (15 in.) may
hold its position through 2005 or be super-
seded by 17- and 18-in. versions.

The conclusion that follows from these
observations is that panel size has been maxi-
mized; higher pixel density is the issue. Note-
book panels are going from 14.1 XGA to 15.0
UXGA, Kim said. To make the panels that
will fulfill this trend, aperture ratios must go
up and the number of mask layers must go
down. One way to make pixels with higher
aperture ratios is to fabricate the color filter on
the TFT side of the liquid-crystal sandwich.
There is no assembly mismatch of filter and
cell, but the process is more complicated.

Kim discussed reduced-mask processes in
some detail, and noted that manufacturers are
thinking about Gen 5 motherglass — perhaps

In “Active-Matrix Display Layout Opti-
mization for Sub-pixel Image Rendering,”
Candice Brown Elliott (ClairVoyante Labora-
tories) observed that software — such as
Microsoft’s ClearType and Adobe’s
CoolType - cannot optimize subpixel render-
ing by itself. For that, one must also redesign
the pixel geometry. She described ClairVoy-
ante’s proprietary design, the Pentile Matrix",
which doubles addressability and MTF in both
the horizontal and vertical directions, and
does so with both black-and-white and full-
color images. The algorithm that remaps out-
puts from RGB stripe to Pentile can be imple-
mented in software or in a small ASIC of
between 5000 and 15,000 gates, she said.

J. Peter Krusius and his colleagues from
Rainbow Displays and Philips FDS described
the tiled display discussed in the Exhibits sec-
tion of this article in the paper “Manufactur-




ing of Large Wide-Viewing-Angle Seamless
Tiled AMLCDs for Business and Consumer
Applications.” The companies had shown a
display at SID 2000 that had 2 x 2 tiling. The
next goal was to be a WVGA display with

1 % 3 tiling and only vertical seams for
WVGA. Because a tiling allocation border is
needed on all the pixels — not just the ones on
the margin — for visually seamless tiling, tiling
on only the vertical edge improves aperture
ratio. Access wiring is a challenge with col-
umn and row access lines coming out of the
same edge; there are quite a number of
crossovers, but they are manageable, said
Krusius. For production reasons, Rainbow
orients the RGB stripes horizontally, i.e., per-
pendicular to the vertical seams.

The technology is based on several ele-
ments, including a novel brightness/color-
matching scheme done on the fly. When the
display was demonstrated, the tiling lines
were completely invisible most of the time,
and only faintly visible with some image col-
ors. Nearly 180° viewability is obtained by
collimating the light from the backlight before
it passes through the LCD, where it is dif-
fused, said Krusius. Very little reflection was
observed from the front surface.

SRO for OLEDs

The Thursday morning OLED session had
standing room only, and there were still
standees even after additional chairs were
brought into the room.

Sung Tae Kim (LG Electronics Institute of
Technology) discussed LG Electronics’ devel-
opment of an OLED display for a PCS wire-
less telephone in “PCS Handset with OLED
Display.” The instructions from LG’s cellu-
lar-phone group were that the OLED had to be
a plug-in replacement for the existing LCD.
The project is a serious one. LG is spending
$1.3 billion on development. Full graphic
multicolor displays should appear in phones in
a year and a half.

Kim presented the structure of the LG dis-
play, and observed that luminous efficiency is
an issue. The efficiency of the red phosphor
needs to be doubled; yellow is good now. Kim’s
group found that ac operation gives much bet-
ter lifetime to half-luminance than does dc, in
contradiction to conventional wisdom.

Kim thinks that there are already too many
national players in the OLED game, and prob-
ably only three can make money. But there is
room for smaller companies as suppliers of
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| The shuttle bus from the Sheraton Walker Hill to Seoul’s subway deposits its riders across the
street from the Techno-Mart, a department store consisting of many dozens of individual shops.

chemicals, plastics, sealing, chips, and equip-
ment.

In *“Polymer OLED: Display Design
Aspects and Material Requirements,” Ho
Kyoon Chung (Samsung) observed that poly-
mer LEDs (PLEDs) have lots of advantages
over small-molecule OLEDs, but there are
also challenges. One issue that is shared by
PLEDs and small-molecule OLEDs is color
rendition. Blue and green are not bad (on the
CIE color diagram), but “red” is more like an

orange-yellow, so deep reds can’t be produced.

In passive-matrix PLEDs, the pixels are
scanned, so peak luminescence is much
greater than average luminescence. Peak
green needs to be 25,000 cd/m” for an SVGA
display, and a higher peak means lower effi-
ciencies and higher driving voltage. Current
polymer materials are already well suited to
the lower voltages necessary for active-matrix
operation. Chung concluded by observing
that while passive-matrix PLEDs may be a
good place to start, active-matrix technology
needs to be developed to fully exploit the ben-
efits of polymers.

Backlights

In “TFT-LCD Backlight Unit (BLU) Manu-
facturing in Korea,” Tae-Hyun Choi and Cha-
Yeon Kim (Taesan LCD) delivered a wide-
ranging talk on technological and commercial
considerations. They noted that the backlight

| unit accounts for half of an LCD module’s

panel thickness and a major part of its power
consumption. The dominant lamp in back-

| lights is the cold-cathode fluorcscent lamp

(CCFL). These lamps are quite efficient, but
only about 30% of their light enters the back-

| light’s lightguide pipe (LGP). We need new

designs and new materials, said the authors.
Will the next generation be a flat lamp? The
next LGP will be both printless and pattern-
less, they said.

Taesan is proud of their low failure rate,
which is 6568 per million panels. This com-
pares to 11,074 per million panels for
Japanese makers and 12,896 per million for
all Korean makers. Taesan is hoping to drop
its failure rate from the current 0.66% to less
than 0.5% soon. Taesan sees a backlight-unit
market growth of about 30% per year for the
next several years.

Conclusion

This first IDMC was widely held to be a criti-
cal success, with many stimulating papers,
and FPD Expo Korea contributed to this suc-
cess with a very good trade show. IDMC Sec-
retary General Sungkyoo Kim said that the
conference was also a financial success.

The organizers intend to make IDMC a reg-
ular event, but they are discussing the possi-
bility of moving it from September to January,
which is a less crowded part of the display
conference season. H
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Extend Your Picture View Through

Worldwide:No,1 LCD Supplier in PDA arena.
. NO.1 TN/STN maker in Taiwan.

ECB COG COF
f—— LCD can provide four to seven colors
and drive from 1/8 duty to 1/160 duty

LCD: TN LCD. STN LCD. FSTN LCD. Multi color ECB. SSCT LCM: COB.TAB.COG.COF

@Y

150-14001

Tel : 886-3-5596145 Fax : 886-3-5572471 Contact Person: Jeff Chang (Ext.1313)
Website : www.picvue.com.tw E-mail:sales@picvue.com.tw

Picvue Electronics, Lid.
No. 12, Lane 468, Sec.2, Chien-Hsing Rd, Hsin-Fung, Hsin Chu, Talwan, R.0.C.
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Today's Video Photometer,
Radiometer and Colorimeter

i ' proMetric Color

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:

® Flat panel displays

® Backlights

® Micro displays

® 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
® Contrast ratio
® CIE chromaticity coordinates

® Correlated color temperature

Please call or visit our website at

www.radimg.com = ]

Corporate Headquarters: - am
26425 NE Allen Street e Suite 203 ¢ Duvall, VWA 98019 - ||| -

phone 425.844.0152 » fax 425.844.0153 U | G | NG

Sales Office: . : ; .
88 VilCom Circle » Suite 110 » Chapel Hill, NC 27514 e Bright Solutions for lllumination
phone 919.932.7610 » fax 919.932.7611
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Aeer Displey Technalogy, bnc
ACON-Advanced Connedtek USA Inc
Advonced Loser Technologies
ADI Systems Inc.

Americon Assoc. of Medidne (AAPM)
AMP Incorporated

Analog Devicas, Inc.

Anson Group

Appian Graphics

Apple Computer Inc.

AsaV Display Labs

Aten Infernational, Inc

Al Technologles, Inc

Aurora Systems

Awanca Logie, Inc

Barca nv Display Systems
Broadtom Corporation

Canon Information Systems
(EBus

Chroma ATE, Inc,

Chrontel, Inc

Colorado Mitrodisplay Inc
Compog Computer Corp.
(reative Lobs, Inc

Dell Computer Corparation
Delta Produds Corporafion
Digilens, Inc.

Digital Assodiates

Digital Quoke, Inc.

Display Laboratorias, Inc.

H20 MANAD Corporation
ELDIA

Ho TouchSystems, Inc.

He

ELSA AG

eMagin Corparation
Enginenrad System Solufions
Envisian Peripherals Inc.

Epson Resaarch & Devolopment
Ergotran, Inc.

EuraAG Technology B.Y.
Evons & Sulharkond Computer Lorp
Faxconn/Hon Hal

Fufitsu General, Lid,

Fuftsu Limited

Fufitsu Slomens Computers GmbH
Genesis Microchip Int

Griffin Technology Corp
Guillemat Researth & Development SARL
HannStor Electronic Corp.
Honsal Blectranic, Inc.
Hewlott-Pockard (ompony
Hirose Electric (USA} Inc.
Hitochi/NSA

Hitachi Electranic Devices USA
Honda Tsushin Kogyo Co., Lid.
Hong Videa Technolagy, Inc.
Hosiden Corp./Philips Display Corp.
Hyadong Electronics Co. Ltd.
|0 Dota Device, Int.

10 Display Systoms.

I-PEX Company, Lid

1BM Corporation

iCompression

Iav

165 Technologies, Inc.

fiyema North America, Inc
Imogination Technologies Group ple
In Forus Systems, Inc
Infotronic America, Inc.
Innavative Semicondudors, Inc
Intel Corporation

Inventec Corporation

INVIBRO Technolagies, Inc
In¥iso

JAE Elocionies, Inc

Joon Company, Lid.

Julo Elsctronks Corparation
Juplter Systems

Kawosakd Steel Corporation
Kopin Carporafion

Koreo Data Systems Co., Ltd.
Londar Inmstruments Corporation
Loxmark Internationcl

LG Elnctranies USA, Inc
Llesagang Eloctronls GribH

BE AMONG THE FIRST TO KNOW.

Remember the last fime the compefition got the jump on you?
You'd probably rather not.

Avoid future catch-up scenarios and the nightmare of retrofitting. Parficipate
in a dialogue with over 600 of the world’s brightest technical specialists from
more than 150 of the display industry’s leading companies.

Establishing open and interoperable standards

For over a decade, VESA, the Video Electronics Standards Association,
has provided a forum to establish open, interoperable display and display
interface standards to foster industry innovation and global market growth.

Help shape the future of display technology

Through committee meetings, online work groups and special interest groups,
VESA members have led the way in developing standards that have had
a far-reaching impact on the future of display technology.

Ao
Thoroughly utilize VESA's extensive resources. 14,,6

Join today and take control of your company’s future. =

Working to make electronics
work together.

920 Hillview Courl, Ste. 140, Milpitas, CA 95035~ 408.957.9270 fx 408.957.9277 sales@vesn.org www.vesa.org
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Likom Computer System Sdn Bhd
Lite-Dn Group
Maotrox Grophics, Inc.
MACD, Inc
Meltdown Systems (1L
Microbus Desiges, Ltd.
Microlesign Associnies Inc
Micravision
Mlolex: Inc
T Compeny, 1t
Myszn Technalogy, Inc.
HibL
HIST
Hationol Semiconductor Corparafion
Hational Physical Loboratory
HAVCOM Technologies
HEC Bdlroniss, Inc.
NEC-Hitsubishi Hectronics Display
Network Computing Devices, Inc.
Hokia Oyj
HVIDIA Corporntion
Qlympus Opfical Co., Lid.
OPLUS Technologies, [1D.
Optoma Corparafian
Orion Hecric (o, Lid.
Ponasonic
Philips (omponents/FDS
Philips Moniiors
Philips Semironductor Business Group
Philips Semitondutiors-Tohwmn
Photon Dynamics
FicioreTel (orporation
Pionzer Hedronic (orporafion
Pixelfusion U1d.
Pixehrorks Inc.
Pixie Technalogies, Inc.
Portroit Displays, Inc.
Princelon Graphit Systems
Pro Acch Technology, Inc.
Quantum Duio, Inc
Rainbow Disploys
Raylar Design Int.
Reflectivity, fnc.
Rendition Inc
RGE Systems (dba) Extron Bedronics
Rohm (o, Ltd.
$3 Incorporoted
Suge Incorporated
Sompo Techaalogy, Inc.
Sameung Hedroairs America
Sameung Informefion Systenss
Samyo Mulfimedio Center USA
Scilech Safiware Int.
Seiko Epson (orporafien
el
Sicon Videa Internafional, Inc.
Sigmacom (o, Lid
Slicon Image, Inc.
Silicon Integroted Systems Corp.
Sifican Motion, fnc.
SmartASIC Incerporated
Smilz Internafional, Inc.
Sany Hecranis, Inc.
STHicroelectronits
Sum Microsystems, Inc.
Taike Derki Co, Ltd.
Tatung Company of America, Inc.
Txan Europe Lid.
TECO Information Systems (o, Uid.
Telcordia Technologies
Texas Instruments Semionductor
Texas Instruments Inc.-Digital Imaging Group
Thine Hectronics, Inc.
Thomson Consumer Bedironics
Three-Five Systems, Inc.
Topision isplay Technologies
Toshiba Americ Becivanic Companents, Inc.
Toshiba Americo Information Systems, lnc.
Totol Technologizs, Ltd.
Totoky Electric Co., Ld.
Transmeia Corporfion
TreySoft.Com
Trident Microsystems Inc.
Unigrof Oy
Vestel Heciranik AS.
Vidnter, Incorporated
ViewSenic Corporofion
X-Vefn, Inc
XFreeB6 Project
Xi Graphics
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Introducing the world’s most advanced
FED technology in a high-volume cluster tool.

The new Temescal® FCE-7000 from BOC Coating
Technology is very big news: In fact, if you're looking for
high-volume FED flat panel deposition with lowest cost of
ownership and incredible flexibility, it just doesn’t get much
better than this...

To start with, there’s BOC’s world-class e-beam technol-
ogy — which gives you the best uniformity, highest rates,
longest life and largest source inventory, to cite just a few

of its merits.

Then,
this is a
cluster tool.
So you can
deposit a single

film ora

whole stack, in
just about any way youd like.

Plus, your panel size choices are virtually unlimited.
The tool now handles up to 600mm x 720mm, which
happens to be the largest in the world. But BOC can also

configure it for even larger sizes upon request.
Highest throughput.
Lowest cost of ownership.

The FCE-7000 is a proven production tool that generates
throughput speeds of from 10 to 60 panels per

hour — and even up to 70 and 75 on certain

processes. And when you combine that kind
of throughput with high production
quality levels, you get a very attractive

return on your investment.

Designed for production, BOC's
flexible cluster configuration lels you
deposit a single film or an entire stack.

And this system

also reduces downtime

BOC's FCE-7000, the
world's largest FED

production tool, can
process panels up to
600mm x 720mm.

and requires less main-
tenance.

Plus, it provides
more advanced automation
and higher materials utilization.
So you can see how it achieves the
lowest cost of ownership of any flat panel
deposition system in the industry.

A full spectrum of solutions.

BOC has been
producing coating
systems for more

than 35 years now.

So they can
provide not only
high-throughput
production sys-
tems, but also
prototype R&D

and intermediate

systems, as well.

They can also

provide you with
an unmatched
repertoire of
process and sys-
tem knowledge

| and managed

| engineering

| expertise.

So, even if
your process is not yet fully developed, you can depend on
BOC to help you answer the questions, negotiate the risks
and get where you want to go.

Bottom line, it means smarter solutions — from the big

performance guys, BOC. Call them and see for yourself...

Temescal, a part of BOC Coating Technology, 2700 Maxwell Way,
Fairfield, CA 94585. (707) 423-2100. Fax: (707) 425-6071.

&7 BOC

COATING
TECHNOLOGY
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a view from the hilltop

continued from page 4

furniture items such as beds and sofas, and
houses with vehicles. Even the simplest of
combinations — such as a television with a

VCR - has had only limited success.

Now, before you get all excited and call to
tell me about the sofa-bed industry, the recre-
ational-vehicle industry, the mobile-home
industry, and the great houseboat and clock

We enhance

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.

L3

625 Alaska Avenue *
310.320.9768 + 800.269.8801
www.polarvision.com e-mail: sales

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
wirn-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.

A/

POLAR VISION

Torrance « CA 90503
FAX:310.320.9357
polarvision.com

INC.
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radio that you own, let me state that I am not
suggesting that these do not exist as viable
products. What I am suggesting is that they
have in no way replaced the products that pro-
vide these functions in their pure form. In the
same way that the proverbial Swiss Army
knife can be a useful device in special circum-
stances, while not replacing the tools that per-
form each of these functions, a sofa bed is
useful in a one-room apartment or a guest
room, a recreational vehicle is great for those
who wish to spend their retirement years trav-
eling around the country, and the houseboat is
great if you want to be intimate with a body of
water. However, for most of us, these are not
the preferred ways of performing the func-
tions for which we buy sofas, beds, houses,
and cars. The mainstream products thrive
while the specialty products serve a much
smaller — although still important — segment
of the market. So, when I am told of the plans
by some companies to bring about the conver-
gence of television and the Internet, and how
we will all be glued to our TV sets doing
e-mail, interactive shopping, and searching for
information, I tend to be a skeptic. While I
can see a few people doing it, for most of us I
don’t think it will be that interesting.

First there is a practical viewability prob-
lem. Sitting in front of a computer to watch
television doesn’t seem all that comfortable.
On the other hand, reading e-mails from two
or three meters’ distance — the typical televi-
sion watching position — seems even more dif-
ficult. At best, I can read a dozen lines of text
on my television from this distance. If I must
move closer, then I can just as easily go sit in
front of my computer. Furthermore, given
that watching television is an activity that
often involves more than one person, will this
social pattern carry over to reading e-mails or
searching Internet sites? Not very likely.

Finally, when I am watching television, I
am usually looking for a way to forget about
work-related tasks. The last thing I want is
for the latest e-mail to show up on my televi-
sion set. Even the possibility that I could do
this makes me want to run away to some
deserted island.

The personal computer has already become
much like the Swiss Army knife. It does
many things — but perhaps not as well as a
specialized device could do them. If I want to
take care of my e-mails, I want to have instant
access, to be able to do it from anywhere at
anytime, and I want a device that is light-




weight and easy to take on my travels. If I am
in my car, I want a navigation device that will
tell me how to get to a particular location. If I
wish to put my presentation material on a
computer, it should not take me five minutes
to bring up my presentation while the audi-
ence examines the contents of my files.

Desktop and laptop computers have been
great products and will continue to serve us
with their broad-ranging capabilities. How-
ever, I believe there is great opportunity for
products that do specialized functions exceed-
ingly well. Many of these products will be
highly portable and will need displays that are
efficient and bright. Others will be used in
multiple locations in homes and offices and
will need low-cost displays that still provide
color and excellent resolution. Yet others will
be used in conference settings and will need to
display clear images on large screens readable
in normal room ambience.

Divergence is going to be great for those of
us in the display industry. It will allow us to
be creative in bringing many new display
technologies to market. It will demand that
we work closely with product designers and
that we understand the specialized needs of
our customers. The only temporary detractors
from this inevitable trend will be the few
dominant companies that would prefer to
retain control over the Information Society
with their limited offerings of Swiss-Army-
knife-like products.

Since I have always liked lots of choices, I
am an enthusiastic proponent of these oppor- ‘
tunities and am looking forward to helping
bring about some of this diversity.

Should you wish to provide some of your
own — perhaps divergent — thoughts, you may |
reach me by e-mail at silzars @attglobal.net or
at president@sid.org, by telephone at
425/557-8850, by fax at 425/557-8983, or by
the pre-divergent method known as the U.S.
mail at 22513 S. E. 47th Place, Issaquah, WA
98029.

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

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,

First in PC...

Video Test Generators

; VTG-1135
VTG-1108 VTG-1250 VTG-1300
® 80 MHz Double Pixel Clock B Pixel frequency up to 300 MHz

for 160MHz Pixel Frequency
W 2k x 2k x 8bit Colours out of 16.7 million ™ Resolutions over 2048 x 1536

m Scrolling colours or bitmaps for test ® DLL control with WinVTG.exe or
pattern animation user’s own software (Basic, C++)

M External Interface Adapters for LVDS, m Unlimited number of permanent
TMDS,PanelLink, DVI, RGB, Parallel-TTL patterns, timings, colours, palettes,
interfaces and for future solutions signal formats and sequences

Distribution network

GERMANY: Meinhardt Electronic, +49 2129 4461 KOREA: WE Corporation, +82 2 585 8253

GERMANY: TL-Elektronic, +49 83 329 4490 TAIWAN: ACCESS Technology, +886 2 2299 6272
HUNGARY: DEXON Systems, +36 1 335 7162 UK: Ginsbury, +44 1634 298300
JAPAN: ARGO, +81 6 339 3366 USA: TEAM Systems, +1 408 720 8877

Tel. +358 (0)9 859 550

Fax + 358 (0)9 802 6699
IS0 9001 CERTIFICATED FIRM Email: sales@unigraf.fi

http://www.unigraf.fi

/// UNIGRAF FIN-02320 E5poo. inland
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DC-INPUT DIMMABLE BACK-LIGHT INVERTERS

Broad range of field-proven designs

Very high reliability and rugged construction

DC-input 12V; 24V; 28V; 36V or custom
Output power 1W to 200W and higher
Open circuit voltage up to 3000V rms
Dimming ratio 2000 : 1 and wider

Fast turn-around, even for custom designs
Applications include aviation,
transportation, mining,

scientific instrumentation

110 Walgreen Road, Carp, ON., KOA 1L0, CANADA

Tel.: (613) 836-3511 Fax: (613) 836-7488
e-mail: absopulse@absopulse.com
visit us at www.absopulse.com

Designers and Manufacturers of quality Converters, Inverters, U '

and DC-input Fluorescent Inverters since 1982. Cus
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the display business

Europe:

= Display measurements & Display
certifications

= CRT, LCD and Flat Panel Display Asia:
performance measurements according
to 1ISO 9241-3,-7,-8 and I1SO 13406-2

= Color, luminance, contrast & reflection

analysis America:
= Display- and Graphics-Systems,

Notebook, Projection and PDA-

Applications

= Testing & product certification services

= o Use the access to our labs and certification services
YOUI" tICket for success In to qualify your display products in:

TUV Rheinland/Berlin-Brandenburg TUV

_ ABSOPULSE |

TUV Rheinland Product Safety GmbH
e-mail: scheuer@de.tuv.com
phone: + (49) 221 8062607

fax: + (49) 221 806 3480

TUV Rheinland Taiwan
e-mail: bk@twn.tuv.com
phone: + (886) 22516 6040
fax: + (886) 22509 6583

TUV Rheinland of North America
e-mail: sbraun@us.tuv.com
phone: +(925) 249 9123

fax: + {925) 2499135 g

for International Approvals
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"THE APPROPRIATE SOLUTION FOR TFT-LCD INTEGRATORS" ;

gh-Bright TFT-LCD’s throligh_innovation

Sunlight Readable Brightness

Improving the Brightness of TFT-LCD
Wide Viewing Angle of TFET-LCD
o ar - Increasing the Contrast Ratio of TFET-LCD
| 3 * Technology Can Be Applied To Any TFT-LCD
f o o Solution Ready, Low Lead Times
TFT-LCD Experts
Low Cost Solution

Y"ENGINEERED FOR EXGEERIERICTE
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Inspection of Small Flat Panel Display Technologies pyra
A

The SharpEye™ small flat panel display S
inspection station is designed for the . |
inspection of LCoS, OLED, MEM, EL, LTPS, @rg_@
FED, LCD and other emerging technologies. B : :
The SharpEye ™ station can be configured e el

to inspect all industry display formats such
as QVGA, VGA, SVGA, XGA, SXGA,

MRO0O | OO0 0000 FO0 000 PO
|
SXGA+, UXGA and HDTV. Rego|Esaninonninnis lpons
Zooming [File

SharpEyemI offers system configurations to meet the exact production inspection
requirements of the display manufacturer. Inspection parameters for defect resolution and
classification, cycle time, data reporting, and automation are considered with each customer’s
application requirements.

For more product information visit our web site at www.iv-usa.com
USA:  Tel.+1(248) 471-2660  Fax. +1(248) 615-2971 Email. sales @iv-usa.com
I”te ra’ Vision Europe: Tel.+44 1234-843345 Fax. +44 1234-843390 Email. sales @integral-vision.co.uk
_..."."g.__,_._"_”_"”"" Japan: Tel.+81(3)5283-1217 Fax. +81(3)5283-1230/Marubeni Techno Systems Corp.
Simply POWERFUL Vision Solutions ~ Taiwan: Tel.+886(2)2378-9331  Fax. +886(2)2378-8667/TGC Ltd.
Korea: Tel.+82(02)548-7041/2 Fax. +82(02)548-6428/Sungwoo Intl. Trading Co.
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Improve testing capabilities and throughput

deal Systems for evaluating electro-optical characteristics of

- i
Materials, Coatings, LEDs, Plasmas, FEDs, Reflective And Transmissive Displays, Dashboards... i
s ! il 2 =% 4 : 5
%%, ELECTRONICS FOR DISPLAYS ELDIM - 14200 Hérouville Saint Cloir - Fronce = Phone: + 332 31 94 7600 - Fox: + 33 2 31 94 09 50 i
.é}} ELD’M AND IMAGING DEVICES  EMail: eldim@eldim.fr * Internet address - hitp://www.eldim.fr i
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o |
| TECHNOLOGIES, INC.
— 2 Riga Lane * Birdsboro, PA 19508-1303
N W 610.582.9450 « fax: 610.582.0851
° ,_ » New/Recycled * Ruggedized
* IRNisihle/UV - Special Purpose
Introducing the VESA Flat Panel Display Measurement Standard X
VESA's Flat Panel Display M Standord has been developed b " o * osinen Rmstans
's Flot Panel Disploy Measurement Standard has been ceveloped by
experts in the field of display metrology. Its easy fo use format provides o Replacement
desription of each meosurement with respective setup, procedure, analysis,
reporfing and comments. Data, examples and configurations are olso indud-
ed, os well os technical discussions and o glossary for those who are new
to display metrology. $39.95 plus shipping (COROM with PDF version included)
VESA is the international non-profit organizafion
thot sets and supports indusirywide electronic
standords for the video, audio and graphics
interface of computer designs. It develops open,
interoperable and infernational standards for
the global marketplace, thus ensuring world-
Vs il Working to make electronics
For more on VESA, visit us at: work tugeihe{.
www.vesa.org 920 Hillview Court, Ste. 140
or email us of Milpitas, CA 95035
sales@vesa.org 408.957.9270 fox 408.957.9277 ¢ cn‘l’s ¢ camera Tuhes 'S nisnlavs ¢
\ 4
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Just when you thought it couldn’t
get any better...

‘ We made it 60x better.

The PR®705 spectroradiometer. It's the latest in the long line of SpectraScan®
instruments. The standard for accurate light and color measurement. The portable
PR-705 is 60X more sensitive than its predecessor, to allow testing of instrument
panels, LCDs and other FPDs at light levels as low as 0.003 cd/m?

Use it stand-alone to measure displays inside automobiles and cockpits. Measure
CRTs, LEDs, flash lamps and light sources in the lab with easy-to-use SpectraWin®
software. Or control the PR-705 remotely by sending ASCI|
commands over a RS-232 interface.

No matter what your application,
the PR-705 is the best choice.

m The highest sensitivity and accuracy are guaranteed by
a cooled detector, low-noise electronics and NIST-traceable
calibration.

m Six apertures and patented Pritchard® optics make it possible to measure
targets down to 0.02 mm with bandwidths as small as 2.5 nm.

m Optics are designed for precise display measurements with low acceptance
angles and minimal errors due to lens flare and polarization.

m Built-in floppy drive and parallel printer port eliminate the need for an
external computer.

The PR-705 is the solution for all your brightness and color quality problems.
Call us today for a demonstration.

PHOTO RESEARCH, inc.
9731 Topanga Canyon Place, Chatsworth, CA 91311-4135
Phone: 818-341-5151 » Fax: 818-341-7070

http://www.photoresearch.com ‘
e-mail: sales@photoresearch.com Circle no. 30
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editorial

continued from page 2

This issue features a special report on the
first International Display Manufacturing

Conference, held in September.
- KIW E

We welcome your comments and suggestions.
You can reach me by e-mail at kwerner@
nutmegeonsultants.com, by fax at 203/855-
9769, or by phone at 203/853-7069. The
contents of upcoming issues of ID are avail-
able on the ID page at the SID Web site

00

" NOVEMBER

Sixth International
Conference on the Science

(http://www.sid.org). " and Technology of
& :
f Display Phosphors
| SAN DIEGO, CALIFORNIA
' NOVEMBER 6-8, 2000
B i tional conference on the future

Please send new product releases or
news items to Information Display,

Services, Inc., 411 Lafayette Street,

prospects of phosphors for:
—OLEDs — ELDs — FEDs
- CRTs - Plasma Displays
— PL Devices — LC Backlights

| Nov. 7-10, 2000

c/o Palisades Institute for Research [ 1]
l
€

2nd Floor, New York, NY 10003.

Instruments
Corporation

KLEI

KLEIN VPG Series

Stand-Alone Pattern Generator

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

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.

[ PC program included

n ey ove s

K b

ph: 503-245-1012 - fax: 503-245-8166 +« www.kleininc.com

Test Equipment for Computer Monitor Displays

Portland, OR USA
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The Sixth International Conference on the Sci-
ence and Technology of Display Phosphors.
Sponsored by DARPA and SID. Contact: Mark
Goldfarb, Palisades Institute for Research Services;
212/460-8090 x202, fax -5460, e-mail:
mgoldfar@newyork.palisades.org.

Nov. 6-8, 2000 San Diego, CA

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

Scottsdale, AZ

COMDEX Fall 2000. Contact: Key3Media
Events; 781/433-1500 or 650/578-6900.
Nov. 13-17, 2000 Las Vegas, NV

Electronic Information Displays (EID 2000).
Sponsored by SID. Contact: Trident Exhibitions,
+44-(0)-1882-614671, fax -614818, e-mail:
info@trident exhibitions.co.uk.

Nov. 21-23, 2000 London, UK

The Seventh International Display Workshops

(IDW *00). Sponsored by ITE and SID. Contact:
IDW 00 Secretariat; +81-3-3423-4180, fax -4108.
Nov. 29-Dec. 1, 2000 Kobe, Japan

10th International Workshop on Inorganic and
Organic Electroluminescence (EL *00). Contact:
Prof. Y. Nakanishi, Workshop Secretary, +81-53-
478-1346 (fax), e-mail: nakanishi @rie.shizuoka.
ac.jp.

Dec. 4-7, 2000 Hamamatsu, Japan

2000 International Electron Devices Meeting
(IEDM). Contact: Phyllis Mahoney; 301/527-0900
x103, fax -0994, e-mail: phyllism @ widerkehr.com
Dec. 11-13, 2000 San Francisco, CA

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; 703/907-7603,
fax -7675, e-mail: cesinfo@ce.org.

Jan. 6-9, 2001 Las Vegas, NV

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 H
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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-8606 Nanikon
Switzerland

Phone +411 94319 00

Fax +411 94319 01

E-Mail imtadmin@imtag.ch
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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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Monitor Shields

A Few Shields Or A Few Thousand —
We're Geared For Any Production Peak.

agnetic shielding — that’s our specialty.

And we are equipped to handle any
monitor shield-
ing requirement :
you may have.
It’s a matter of
applying our
experience with
our production
facilities to
produce
your monitor
shielding —_——
needs on the most demanding schedule. We can
prove it. Please request our latest catalog.

The Problem Solving Magnetic Shielding Specialists

AD-VANCE MAGNETICS, INC.

P.O. Box 69 » 625 Monroe Street

—— :
Rochester, Indiana 46975

Zomu (MAGNETICS) swiELonia

——\/—— (219) 223-3158 « FAX (219) 223-2524
E-Mail: sales@advancemag.com
Web Home Page: http://www.advancemag.com
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Helmet-Mounted Displays:
Design Issues for Rotary-Wing
Aircraft

Clarence E. Rash (ed.),

U.S. GPO 1999-735-164, 1999,

293 pages.

Reviewed by Kenneth E. Sola

For anyone interested in the history and evo-
lution of Army helmet-mounted displays
(HMDs), this little book is all one needs.
Clarence Rash has pulled together Army
experts and addressed the key areas in HMDs
for helicopters.

The text is palatably understandable and
richly supplemented with figures, formulae,
and photographs. It will also be comforting to
most readers to know that one will not be bur-
dened by a crush of military acronyms.

Dr. Rash lists the design issues early:
Virtually every HMD, concept or fielded
system, suffers from one or more defi-
ciencies, such as [heavy] head-supported
weight, center-of-mass (CM) offsets,
inadequate exit pupil, limited FOV, low
brightness, low contrast, limited resolu-
tion, fitting problems, and low user
acceptance,

And these are only a few of the problems
inherent in fitting a display directly onto the
head of an aviator to assist in piloting and tar-
geting tasks.

Although the HMD problems, and their
interaction, seem insurmountable, the book
offers a very positive research trail of prob-
lems addressed and resolved. For the current
researcher in the HMD field and the young
engineer interested in making a career contri-
bution in this critical area, this book offers
hope and a focus on most of the persistent
problems remaining to be solved.

Perhaps the greatest value of this book is its
extensive reference list which, while concen-
trating mostly on Army researchers, manages
to cite most of the best in vision research
(e.g., Boff & Lincoln, Farrell & Booth, Hart,
Infante, Silverstein, Snyder, and Yaniv).

Rash establishes the framework early:

(1) image sources [displays], (2) display
optics, (3) helmet, and (4) tracker. Thereafter,
he and his colleagues address these issues in
chapters on displays, optical designs, visual
coupling, optical and acoustical performance,
and biodynamics. These are the best sections,
especially those where Dr. Bill McLean, an
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Army research optometrist, brings mathemati-
cal rigor into the discussion.

Rash wisely limits the scope to HMD
hardware design issues. He doesn’t tackle
imagery content (e.g., data, symbology, for-
matting), and states early on that this * ... is
not a cookbook for building an integrated
helmet and display system.”

Perhaps of greatest interest to readers of
Information Display are the chapters on image
sources [displays] and optical performance.
Though the book is copyrighted 1999, most of
the discussion concerns CRTs. In fact, all of
the fielded HMDs currently use CRTs. Flat-
panel technology is addressed, but the discus-
sion is somewhat stale, considering recent
improvements in technology in the area of
FPDs. In the image-sources chapter, field-
emission displays (FEDs) are described as
“the most promising display technology” to
replace CRTs and cited as “the holy grail of
image sources.” There is market potential in
supplying lighter, more effective displays to
meet military HMD requirements.

I must warn those who — like me — are
specifically interested in the human-factors
engineering of HMDs that this book is of
limited interest. Chapter 9 (HFE Issues) and
Chapter 10 (Test & Evaluation) merely tell
one what to look for and how to look for it.
Saved as the final chapters in the book, they
total 23 pages and leave the reader wondering,
“Is that all there is?”

This disappointment is acute, since in his
excellent introductory section, Dr. Rash pre-
pares us for some significant HFE discussion.
For instance, when he cites “low user accep-
tance” as one of the HMD deficiencies, and
goes even further in stating, “Of the potential
problems with HMDs, none are more trouble-
some than those associated with the interfac-
ing of the system with the human user.” He
also lists 21 different and conflicting require-
ments for HMDs — but user acceptance is not
mentioned in the list.

Thus, the hardware of HMDs is well cov-
ered in this book, but the human “software™ —
the aviator’s brain — is not adequately
addressed. Readers will have to go elsewhere
to find the details concerning what aviators
really think about flying HMDs.

Kenneth E. Sola is an engineering psycholo-
gist in the Crew-Systems Engineering Divi-
sion at the Naval Air Warfare Center, Aircraft
Division (NAWCAD), Patuxent River, MD;

telephone 301/342-9261, fax 301/342-9305,
e-mail: SolaKE@navair.navy.mil.

Projection Displays

Edward H. Stupp and Matthew §.
Brennesholtz (eds. ),

Wiley-SID Series in Display Technology,
John Wiley & Sons, in Association with SID,
430 pages.

Reviewed by Terry Schmidt

This is a brilliant and practical collection of
useful information, principles, and concepts
used in modern electronic projection systems
of all types. The text is straightforward and
easy to read, making it easy to understand
even difficult principles. It uses minimal
mathematics, yet enough formulae, data, and
references are presented to be useful as a ref-
erence text. This is certainly a feat for a tech-
nical treatise, much less one spanning as many
varied disciplines as Projection Displays.

The 430-page book, published by John
Wiley & Sons in association with SID, is bro-
ken into five logical components to facilitate
quick reference. In Part 1, the authors, each
bringing 20 years of experience to the reader,
begin with a fresh overview of an electronic
projection market that didn’t even exist a few
years ago. Categories ranging from portable
presentations to electronic cinema are studied
in terms of their customer requirements and
the technologies best suited to meet their spe-
cific needs. In this introduction, the reader is
familiarized with key projection performance
issues such as brightness, contrast, and image
resolution. The authors also state up front that
traditional overhead projectors, and the elec-
tronics, outside of the displays themselves,
are not covered.

Part 2 examines, in detail, key image-form-
ing components. These range from technolo-
gies that emit their own light, such as tradi-
tional projection CRTs and newer laser-pow-
ered systems, to light valves that control illu-
mination from a lamp, such as liquid crystals,
and microelectromechanical devices. Princi-
ples of operation are described with the assis-
tance of charts, graphs, and a generous num-
ber of layout diagrams. Important perfor-
mance details are explained that will assist
designers to know when a projection system
is optimized or when to dig deeper.

Part 3 explains key optical components,




such as thin-film dichroic filters, as well as
UV, IR, and anti-reflection coatings. Recent
advances in polarization recovery techniques
are described, including the pros and cons of
various layouts. Projection-lens “offset” is
well explained as the cure for keystone distor-
tion for projection above the optical axis in
flat panels. This section dedicates over 100
pages to details that educates and encourages
us all to innovate and discover new designs to
further optimize the state of the art.

Part 4 is suitably named “Projector Archi-
tectures and Performance.” In this section,
both three-lens and single-lens CRT systems
are described in terms of their advantages and
disadvantages. The long history, lower cost,
and analog simplicity, along with the excel-
lent image quality, continue to make the CRT
projection category significant and important
even today. Reading between the lines, how-
ever, one can see that this technology will
soon be squeezed out as costs come down and
resolution and image quality improve on
newer flat-panel projectors. Important three-
panel topologies, as well as one- and two-
panel systems, are described, and detailed
diagrams of the optical layouts are included.
The authors are fair in their praise and criti-
cism of the various good and bad features of
each system. The text brings to light often
hidden details, such as alignment difficulties
or low efficiency, which may rule out an oth-
erwise great optical-layout candidate.

Part 5 is an often overlooked but absolutely
key part of any projection product: “Display
Characterization and Perception.” Perception
may be the only thing that differentiates a
product from the competition. In this section,
the authors describe the human visual system
and how spatial and temporal characteristics,
luminance, contrast, and color all play
together to form an image that leaves a favor-
able perception. Essential ANSI contrast and
luminance measurement procedures are fully
described, including test patterns. Image arti-
facts, or items detracting from a perfect
image, such as moiré, pixelization, flicker,
and judder, are also explained in detail.

The book is finished off with a flourish of
appendices that act as references for radio-
metric and photometric terms and definitions.
The perplexing “optical invariant,” or étendue
concept, is allocated 11 pages of excellent text
and diagrams to illustrate its detrimental effect
on lumen output from lamp-based projector
systems. Finally, a glossary of terms com-

pletes a valuable reference work well worth
having constantly near at hand.

Terry Schmidt is an Advanced Development
Engineer at Christie Digital Systems in Kitch-
ener, Ontario, Canada, and is currently the
Director of the Canada Chapter of SID. B

SID '01

Symposium, Seminar,
and Exhibition

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

8th Color Imaging
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— Creation and capture of Color Images

| _—=Color Image reproduction and

interchange

| _—Co-sponsored with IS&T

SCOTTSDALE, ARIZONA
NOVEMBER 7-10, 2000
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not to scale

Accurate
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w/pc program
For CRT’s
Just $999

[ PC program included ]

KLEIN LM Series
Colorimeter/Color Analyzer

We have the Color Analyzer for You.
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not ta scale
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Runs with laptop/

Tri-stimulus

desktop pc’s
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Test Equipment for Computer Monitor Displays
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S TANDARD & CUS TOM DISPLAY
SOLUTIONS from Displays

* High Bright Backlights » 1,000 nits Plus!
* Anti-Reflective & Enhancement Films

* Heaters, Custom Enclosures
Call: 408.523.8216

| & Sub- -Systems
www.ANDdisplays.com m

B
A division of Purdy Electronics Corporation Dlsplays

Circle no. 36




-—

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.

,J~ Vikuiti -

" Display Enhancement

Brighter. Wider. Better. g :
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