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A Millennial Editorial

This is my “new millennium” editorial. Yes, I know
it’s February and all the other editorialists did their
millennial editorials in January or December. But it
doesn’t matter because all of us are late — years late.
The 21st century began in 1996. Let me explain.

g We can certainly define the beginning of a new cen-
Q tury (and a new millennium) by the tick of a clock and
) the turning of a new page on the calendar. By that
measure, the new century indeed begins with the first second of January 1, 2000
(actually 2001, but we’re not being picky). But in terms of the important things
- cultural paradigms, attitudes, geopolitics, national character, lifestyles, global

economics — what changes on January 1st? Not much.

Certainly, not much changed with the turn of the 19th century. The Belle
Epoque continued in Europe and the United States. Attitudes and class struc-
tures continued virtually unchanged. While there was a fascination with tech-
nology and industry, the social expectations were of stability and steady
progress that would somehow not change the dominant order. But the 19th cen-
tury did end, not in 1900 (or 1901) but in 1914 - and then everything changed.
Social orders, political systems, personal expectations and attitudes, art, litera-
ture, psychology, class structures — and lives, millions of lives - all were shat-
tered, and painfully replaced or rebuilt in the succeeding years and decades. In
many ways, that rebuilding was what the 20th century has been about.

Now, I am of European ancestry and I realize that this is a somewhat Eurocen-
tric view. From an Asian perspective, it may be that the 20th century began
with the conclusion of the Russo-Japanese War in 1905 - the first victory of an
Asian power over a European power in modern times. The ascendance of Asia
has certainly been another of the 20th century’s grand themes.

I was lazily discussing these ideas with Mark, my tolerant and philosophically
minded barber, the other day, and I wondered aloud what cataclysmic event
might end the 20th century and begin the 21st, and how many years into the 21st
century it would be before that event occurred. Mark stopped clipping and
looked at me as if unable to believe the stupidity of the person sitting in his
chair. “It’s already happened,” he said. “It’s the Internet.”

Yes. Of course it is. Democratized, universal, global, nearly instant commu-
nication. It has already changed our world view, the way we communicate, the
way we do business, the way we make friends, the way we can find opportuni-
ties, the way we can freely explore ideas regardless of the attitudes of autocrats,
and the way we can find information despite the passion politicians and bureau-
crats continue to have for secrecy. And the changes are just beginning. Despite
the vast amount of dot-com foolishness and trivial e-commerce, this incredible
technology will continue to be the vehicle for sweeping social, intellectual, artis-
tic, commercial, and technological change. Working through those continuing
and expanding changes is likely to be one of the major topics of the first half of
the 21st century.

So it doesn’t matter that this editorial is appearing in February of 2000
because the new millennium began in 1996. Maybe 1997.

— KIW
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Powerful New Video Generators.
The Smart Choices.

STANDALONE

ASTRO VG-351/834

Dot Clock to 400 MHz

Horizontal Scan to
300KHz

Extremely easy operation
from front panel or PC

Highest Available
Performance

256 Levels at all
Frequencies

Fully compatible with
; all HDTV-formats-

Standalone Units from 32950

400 MHz for true 2K x 2K resolutions;
Storage of more than 1000 Timing/
Pattern Programs in Flash Memory and
EEPROM,; Fully PC-compatible with
“Bitmap” capability; direct access to any
parameter from front panel or through
PC-programs. And any of the
(E)EPROM you used in earlier units
can still be used.

That’s what we call High Performance,
Flexibility and Ease of Operation!

M

PC-BASED

Team VG-530pc

UNI VG-D300pc
PC-based Performance
Dot Clock to 300MHz

Horizontal Scan to
250KHz

Fully Programmable
Patterns

Fully DDC Compatible
Accepts Bitmap-Files

UNI' VG-D300pc Units
with Win 95 &
Win NT 4.0

PC-Based Units from 32500

300 MHz gives you ample margin if
you work with Display Systems up to
a 1600x1280 resolution. Its full
“DDC?” capability is an increasingly
important asset in service and manu-
facturing applications.

Both PC-based units allow VESA-
D.PM.S. testing and the ability to
import preset .pex data files from
other sources as “test patterns”

The user interface is DOS- and
Win 95 & Win NT 4.0 respectively.

b |é ITAL
ASTRO VG-826A

True “Digital” Video
Generator

Dot Clock to 75MHz /
150 MHz

Operated directly from
a PC or with “Remote”
Frontpanels

Very Compact &
Lightweight

8 Bits resolution/
pixel/ color

Digital Units from $9950

Service, repair, evaluate or engineer
FPDs? The Astro VG-826A is the
Digital Generator for you.

It’s small and light, yet has the
performance to drive any single or
multiplexed Flat Panel Device with a
resolution of 24 bits per pixel up to a
multiplexed frequency of 150MHz.

It can be programmed/operated
from a PC, the RB-646A “Remote”.
Frontpanel or the RB-614C
Controller.

Make the Smart Choice... Contact Team Systems

Visit

ﬁéﬁ“ 1-800-338-1981 us: www.team-systems.com

TE/AM

TEAM Systems, Inc. 2934 Corvin Drive, Santa Clara, California 95051

Tel.: 408-720-8877 Fax: 408-720-9643

Circle no. 2

systems

“Test And Measurement Technology”



the display continuum

Weather Vanes ...

by Aris Silzars

In the center of Issaquah, Washington, not more than
two blocks off Main Street, there is a full-fledged
operating salmon hatchery. The founders of
Issaquah, apparently not being a very creative lot,
named this street “Front Street.” Today on Front
Street you will find restaurants featuring a cross sec-
tion of quasi- ethnlc cuisine, a camera repair shop, a musty-smelling used-office-
furniture store, and a large commercial dairy with pictures of cows painted on
the side facing Front Street - which also happens to be the side where the large
shiny tanker trucks pull up to pump out their loads of fresh milk.

A few steps further there is a small bridge crossing an offshoot of the creek
used by the salmon to get to the hatchery. Next is the Village Theater with its
Stage Right Cafe, an art gallery, a dentist’s office, several modest variety stores,
a dilapidated used-everything store, and a TV repair shop with 50s-vintage sets
in the window. There are the obligatory four gas stations at the intersection with
Gilman Blvd. If you can visualize all this and add some fir- and maple-tree cov-
ered mountains for a background, you will have a reasonably good idea of what
you would encounter on a stroll down Front Street. And in keeping with the
reputation of the Pacific Northwest, you may also wish to include a few clouds
and a raindrop or two.

The only disruption to this bucolic sleepy-little-town scene is the daylong traf-
fic jam reflective of the all-too-rapid growth that the Pacific Northwest has
experienced over the last few years. The “serious” shopping areas, however, are
a few blocks away at the quaint boutiques of Gilman Village and the upscale
strip malls that have taken over the adjacent area that not too long ago was a
dirt-strip airport.

Each October the town of Issaquah celebrates fall with an event appropriately
called “Salmon Days.” The main activity is a two-day arts and crafts fair that
lines Front Street and the cross street leading to the hatchery with hundreds of
booths offering the gamut of o0il and watercolor paintings, photographs, musical
instruments, objects to decorate one’s person or one’s home, and various other
wood and metal crafts. Interspersed among these are the food booths that offer
everything from kettle-roasted popcorn to elephant ears, various wraps, skewers,
and dishes of yet more substantial fare. Other than the proximity of the salmon
hatchery, which provides a crowd-pleasing opportunity to watch the spawning
salmon bashing themselves repeatedly into the concrete dam that blocks their
way until they finally happen to find the fish ladders leading to the hatchery’s
holding ponds, this is much like any other outdoor crafts fair.

No matter where you live on this planet, or which country you visit, such fairs
seem to be much the same. The food vendors always appear to be the busiest.
At the Issaquah Salmon Days, the barbecued salmon steaks are a particular
favorite - for obvious reasons, I suppose. The rest of the arts and crafts vendors
seem to be mostly providing free entertainment for the wandering crowds. Peo-
ple love to look and compare, but few buy. I often wonder why the vendors
come. The business model for such a venture looks mighty shaky. With the
cost of the tent and set-up, the rental of the booth space, the cost of inventory,
and the cost of putting in at least two days away from home, the sales rate for

continued on page 36
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new technology

Solid-State Lasers for Projection Displays

High-performance solid-state lasers can be used to make excellent
projection displays that are compact and - eventually - inexpensive.

by Eric B. Takeuchi, Robert Bergstedt, and David E. Hargis

T—IE IDEAL DISPLAY has a bright and
uniform image, is responsive enough to show
full-motion images, and has stable color so
that different shades can be produced reliably,
yet is still compact, lightweight, and efficient.
Most display technologies fall short in one or
more of these categories, but a new form of
laser can produce a pure light that may
become part of displays that meet all these
requirements.

Major television manufacturers - including
RCA, Zenith, Hitachi, and NHK - have been
developing laser displays since the late 1960s.
One of the major barriers to creating viable prod-
ucts has been the lack of red, green, and blue
lasers that can be mass-produced at low cost.

Argon-ion gas lasers were used for the blue
and green wavelengths, while krypton-ion gas
lasers or argon-ion-laser-pumped liquid-dye
lasers were used for the red wavelength.
These lasers typically have a low electrical-to-
optical conversion efficiency of ~0.1%, which
leads to significant heating inside the laser. In
order to remove the excessive heat from the

Eric B. Takeuchi and Robert Bergstedt are
with Laser Power Corp., 12777 High Bluff
Dr., San Diego, CA 92130; telephone
858/755-0700, fax 858/259-9261, e-mail:
takeuchi@laserpower.com. David E. Hargis
is with Melles Griot, 2051 Palomar Airport
Rd., Suite 200, Carlsbad, CA 92009; tele-
phone 760/438-2131, e-mail: davidh@carls-
bad.mellesgriot.com. This work has been sup-
ported by the U.S. Air Force, Proxima Corp.,
Laser Display Technologie GmbH, CAE Elec-
tronics, NIST Advanced Technology Program,
and DARPA.
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system, water cooling is required along with
the associated - and cumbersome - closed-
loop chillers. The low efficiency and low
optical gain of gas lasers also require cavity
lengths approaching 1 m, giving rise to very
large overall package sizes. Finally, the cost
of these lasers to date has been high, with no
clear path for significant cost reduction, even
in high-volume production. As a conse-
quence, the lack of suitable visible lasers has
severely limited the acceptance of laser dis-
plays in the broad marketplace.

| Visible solid-state lasers have also been
used for laser displays. One type of solid-
state laser uses a broadband lamp to pump the
solid-state gain medium. Using conventional
intracavity frequency-doubling techniques,
continuous-wave (cw) Nd:YAG lasers operat-
ing at 532 nm have been developed with
higher conversion efficiencies than gas or lig-
uid lasers. However, because of the optical
inefficiencies associated with broadband
pump sources, water cooling still remains nec-
essary. In addition, solid-state lasers with

Backlit / Image
Blue, Green Microlaser | — 2-D Projection
Red Laser Diodes ——— | SLM Optics \
Direct-write / Image
Modulation —_—
Blue, Green, it Projection
i Optics
Red Microlaser 2.D Scan p \
Line-scan Image
Blue, Green Microlaser 1-D deM Projection
Red Laser Diodes an Optics
1-D Scan

Fig. 1: Three different approaches are under development for laser-display architectures.

0362-0972/00/1602-016$1.00 + .00 © SID 2000










Laser sources, on the other hand, can be
remotely coupled to a miniature high-resolu-
tion SLM through an optical fiber, an
approach that has been investigated for cock-
pit display applications such as tactical HMDs
and HUDs. One important advantage of this
arrangement is that the light sources can be at
a distance from the display, something that
cannot be achieved efficiently with arc-lamp
sources. As a result, the complete system has
reduced power consumption, size, complexity,
and (ultimately) cost. In addition, because of
the high spatial coherence of lasers, a very
large depth of focus is achieved with excellent
image uniformity. The output linear polariza-
tion of microlasers also eliminates the require-
ment for the complicated optical schemes to
split and recombine light from an arc lamp for
illumination of polarization-sensitive SLMs.

Colorimetry and Laser Requirements
The laser requirements for any specific dis-
play application are strongly dependent on the
type of architecture employed. A study per-
formed on the human eye’s spectral response
relative to multicolor display systems con-
cluded that the wavelengths for optimum
luminous efficiency for the three primaries of
a display are 610 nm (red), 530 nm (green),
and 450 nm (blue) (Fig. 3). This combination

Table 2: Performance Specification
of the Laser-Illuminated LCD

Projector
AMLCD panel 1.3-in. diagonal
P@ resonion e 12%0 X I(E e *
Source lifetime ~ >10,000hours

Projection Not limited with

distance different projection
lenses.

Image size 2-10-ft. diagonal

demonstrated (larger
range with different
projection lenses)

>500 ANSI Im

Luminous output

Uniformity

+1.5% across imiégeifigld

Image distortion

keystone corrected

Contrast ratio >100:1
Dimensiog 15 x 15.5 x 8.5 in.
Audible noise <45 dBA

and has dimensions of 15 x 15.5 X 8.5 in.

maximizes the visual response per watt of
input light power. Fortuitously, we have

very close to two of these wavelengths - 457
‘ nm in the blue and 532 nm in the green - but

work remains to be done on the development
suitable red lasers. y

We have performed some work with red
microlasers emitting at 625-635 nm, but most
of the development work in the red has
focused on microlasers emitting at 656 nm
and red-emitting AlGaInP diode lasers at
~650 nm. One problem with these lasers is
that they require more power. Both require
| significantly more power than the green and
blue microlasers to produce a Dgs white. The
ideal red wavelength - which optimizes color
gamut and required optical power - is at
| approximately 625-635 nm. Recently, high-
power red semiconductor diode lasers in the
635-645-nm range have become available.
Although the color gamut is reduced slightly,
the eye is much more responsive at this wave-
length, and the power level required for
achieving a brightness equivalent to a 656-nm
source is reduced by a factor of about 4.

As an example, a 1000-Im D¢s white image
requires optical power of 0.9 W at 457 nm,
1.2 W at 532 nm, and 4.2 W at 656 nm. If a
laser emitting at 630 nm is used, the red
power requirement drops to 1.4 W. Note that
| these power levels are required on the screen;

developed efficient microlaser sources that are |

Fig. 4: A prototype air-cooled laser-illuminated portable LCD projector is fully self-contained

the actual power levels required from the
lasers are a function of the optical efficiency
of the projector.

Microlasers: Concept and
Characteristics

The red, green, and blue microlasers under
development employ well-developed near-IR
diode-laser technology as a pump source for
rare-earth ion-doped solid-state microlasers.
This facilitates the conversion of broadband
non-diffraction-limited near-IR diode emis-
sion into coherent narrowband near-diffrac-
tion-limited visible light. We are actively pur-
suing several novel approaches for obtaining
RGB microlaser emission. To date, we have
demonstrated visible microlaser operation at

| 670, 660, 656, 635, 628, 594, 532, 473, 457,

454, and 451 nm.

The technique employed to generate visible
light from a microlaser is based upon intra-
cavity frequency doubling of the near-IR laser
emission of a diode-pumped Nd**-ion-doped
crystal (Fig. 4). The microlaser consists of
two crystals: an Nd**-ion-doped gain medium
and a nonlinear medium. Dielectric coatings
are used to define the linear Fabry-Perot cav-
ity, and are often deposited directly upon the
surfaces of the crystals. The diode-laser out-
put is tuned to the ~800-nm absorption transi-
tion of Nd**, causing fundamental laser action
to occur at approximately 1313, 1064, and

Information Display 2/00 19



new technology

Fig. 5: This white-light laser source is fiber-coupled with a beamshaping integrated package
and suitable for a wide range of display applications.

914 nm. Intracavity frequency doubling of
this fundamental radiation is achieved with an
appropriate nonlinear crystal, which generates
visible light at approximately 656, 532, and
457 nm.

It should be noted that from the inception of
our development effort, the red-, green-, and
blue-microlaser sources have been geared
toward designs that are ultimately amenable to
low-cost mass production. As such, every
aspect of the microlasers has been tailored for
the maximum possible benefit relative to a
compact display system. The RGB micro-
lasers have been designed into extremely
compact packaging. AlGaAs diode-laser
arrays with a nominal output power of 10 W
are used. The diode array, microlaser crystals,
and integral thermoelectric coolers are con-
tained in a complete laser-head package size
of 1 x 1 x4.5in. This package is mounted
onto an air-cooled heat sink. The size of the
heat sink is a function of the maximum ambi-
ent temperature and the required operating
temperature of the diode laser. Typically, for
display applications multiple microlaser pack-
ages are mounted onto a common heat sink.

The beams from multiple microlasers can
easily be combined to achieve any desired
brightness, which provides an additional
advantage over lamps. The nominal electrical
drive power required by a microlaser package
- including cooling - varies between 30 and
100 W, depending upon the ambient tempera-
ture.

To date, 1.5 W from a blue microlaser oper-
ating at 457 nm has been demonstrated. To
the authors’ knowledge, this power level is the
highest average power for an all-solid-state
cw blue laser ever reported. Additionally, 5.4
W from green (532 nm) and 1.6 W from red
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(656 nm) microlaser sources have been
demonstrated.

The mode size, beam divergence, and
amplitude noise have been measured for the
RGB microlasers (see Table 1). The blue and
green microlasers are very close to meeting all
of the specifications for both backlit and
direct-write displays. However, because of
the high power requirement at 656 nm, the red
microlaser falls short of the required power
levels. Microlasers at this wavelength will
require further development work and power
scaling to enable before they can be used in
high-luminance display systems. High-power
red-diode lasers have now been developed,
and they could be used as an alternative to red
microlasers in backlit display configurations.

The differences in the peak output power
and the power levels typically achieved can be
attributed to the performances of key system
components. Slight variations in crystal qual-
ity, surface finish, and thin-film-coating char-
acteristics can lead to variations in output
power from device to device. We are cur-
rently working on the manufacturing tech-
nologies required to eliminate these varia-
tions. We believe that the ultimate lifetime of
the microlasers will be limited by the near-IR
diode-laser pump sources - AlGaAs diode-
laser devices that have measured lifetimes of
~10,000-20,000 hours. The fundamental
degradation mechanism has been shown to be
due to the Al site in the lattice. Recent break-
throughs in Al-free diode lasers show promise
for lifetimes approaching many tens of thou-

| sands of hours.

Prototype LCD Projector

Together with Proxima Corporation, we have

| developed and fabricated a microlaser-based

LCD-projector prototype (Fig. 4). The design
goal for the joint development project was to
develop a projector configuration that resem-
bled existing lamp-based desktop projectors in
size, weight, and electrical power consump-
tion, while providing the long lifetime, high
resolution, image uniformity, large color
gamut, and color accuracy that can be had
with lasers. The backlit LCD configuration
was selected because appropriate green and
blue microlasers, along with high-power red-
diode lasers, were ready for commercializa-
tion. Several SLM technologies were evalu-
ated, including transmissive polysilicon LCDs
and DMDs. However, only reflective active-
matrix LCD (AMLCD) devices could provide
high throughput efficiency and full video
frame rates at pixel dimensions of 1280 X
1024.

The projector prototype contained a single
green-microlaser module, three blue modules,
and an array of red-diode lasers to produce the
requisite power for the 500-lm projector: 1.35
W at 457 nm, 1.53 W at 532 nm, and 4.65 W
at 650 nm, with a total optical-system throughput
efficiency of approximately 33%. Addition-
ally, the air-cooled projector prototype was
fully self-contained, including all power sup-
plies, modulation electronics, and standard
RGB computer interface, so that the projector
could be used with a Windows-based PC,
VCR, or videodisc player. The projector was
capable of producing acceptable full-color
images at a maximum luminous output of
~700 Im. With precise Dgs color balancing,
the output was closer to 500 Im (see Table 2).
The image also displayed a relatively large
depth of focus as compared to lamp-based
LCD projectors. This first prototype used
inefficient off-the-shelf power supplies and
electronics, and therefore was much larger
and heavier than if customized components
had been used.

Cockpit Display Module

The long lifetime (reliability), ruggedness,
and high luminance of microlasers make them
attractive for high-performance display appli-
cations such as those for military and com-
mercial aircraft. Supported by the U.S. Air
Force Research Labs, we have begun develop-
ment of a laser illumination module employ-
ing our green microlaser with red-semicon-
ductor-diode lasers as a high-luminance
source for illuminating a subtractive-color
AMLCD assembly to be used for target/



symbol display in tactical HMD applications.
In general, this type of configuration can pro-
vide a common light engine to be used for
illuminating any of a number of displays in
the cockpit. The output after the beam-shap-
ing optics at the end of the fiber was approxi-
mately 24,000,000 cd/m?. Further optimiza-
tion of the optical coupling and diffusion
angle should yield increased luminance.

A full-color RGB laser light engine can
provide a white-light laser source suitable for
illuminating full-color instrumentation dis-
plays within the cockpit, as well as enabling
commercial applications such as projection
displays and laser light shows (Fig. 5). At the
output end of the optical fiber, appropriate
beam-shaping and speckle-elimination optics
are integrated to provide a uniform speckle-
free light source for backlighting a variety of
display platforms. Further engineering devel-

opment of these types of systems could lead to |

full-color laser illuminator systems of sub-
stantially reduced volume.

Microlasers have attributes that make them
ideally suited for a wide range of display
applications. Whether it is by direct illumina-
tion of reflective LCD panels or remotely cou-
pled applications using fiber optics, these light
sources promise advantages in light output,
efficiency, weight, lifetime, and cost over
other technologies. As further improvements
are made in the efficiency and wavelength of
these tiny light sources, microlasers may find
their way into a wide range of displays for
military, commercial, and consumer
products.l
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LCD technology

Reflective Color Liquid-Crystal Displays

A wide range of portable electronic products will benefit from the low power
consumption and light weight of high-resolution reflective color LCDs — but
brightness, color saturation, and contrast ratio still need to improve.

by Yoichi Taira

TI—[E MOST COMMON liquid-crystal displays
(LCDs) are reflective. Examples can be seen
in watches and calculators, which demonstrate
the ability of liquid crystals to display crisp
images with very low power consumption.
Are reflective displays used in more sophisti-
cated LCDs as well? In general, the answer to
this is no. Today, the most common flat-panel
LCDs in higher-resolution applications are
backlit, not reflective. The main drawback of
reflective displays is that their performance is
not high enough for these more sophisticated
applications.

Various types of reflective display tech-
nologies are available. Let’s look at these
technologies so we can improve our under-
standing of the goals that designers and prod-
uct planners have for reflective displays, as
well as improve our understanding of the cur-
rent status and remaining shortcomings of
these technologies. Finally, what can we
expect of reflective displays in the future?

Why Reflectives?
The key performance factors of reflective dis-
plays are (1) power consumption, (2) reflectiv-

Yoichi Taira is Senior Technical Staff Mem-
ber, Manager of the Display Technology
Project at IBM Tokyo Research Laboratory,
1623-14 Shimotsuruma, Yamato, 242-8502
Japan; telephone +81-46-273-4875, fax +81-
46-273-7428, e-mail: taira@jp.ibm.com. The
work described in this article was supported
by NEDO. The author thanks his colleagues
at IBM Tokyo Research for their contributions
and support.

26 Information Display 2/00

ity, and (3) contrast ratio. Direct-view reflec-
tive displays are considered to be among the
most important candidates for future-
generation displays. Although current backlit
LCDs can display crisp and flicker-free images

| without much driving power, there is still

room for improvement in their power con-
sumption and user friendliness. More than
half the power of these LCDs is consumed in

| the display illumination. In a 12.1-in.-diago-
. nal LCD, for example, 3 W are used for the
| backlight and 2 W are used for driving the LC

panel. This high backlight power is required
because less than 10% of the backlight illumi-
nation goes through the LC pixels. We could
expect the total display power to be reduced by
60% by using a non-backlit system, which
would allow high-information-content displays
to be used in a wider variety of applications.

In addition to low power consumption,
another important advantage of reflective dis-
plays is their paper-like appearance. Unlike
the luminance of a self-emitting display -
which is fixed regardless of the environment
or illumination conditions - the luminance of
a reflective display is always determined by
the environment. This often results in better
eye adaptation and a faster reading speed,
with less eye strain. The key features of a
paper-like display are a reasonably high reso-
lution [such as 300 dpi for a two-level (black-
and-white) display], a reflectivity close to that
of a sheet of paper, and a contrast ratio (CR)
better than 10:1. If the display has gray-level
capability, the pixel density can be less, i.e.,
150 dpi.

Reflective displays could be useful in both
portable and desktop applications, but it is not

M. Hasegawa, IBM Tokyo Research Laboratory

| Fig. 1: A double-layer guest-host (DGH) LCD can have a contrast ratio as high as 15:1 and a
reflectivity of as much as 60%. This early DGH prototype had not yet realized such high per-

formance levels.
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easy to realize a color reflective display with
satisfactory performance. This is because the
theoretical maximum transmission of an ordi-
nary color LC pixel using an ideal color filter
is only one-sixth; the polarizer absorbs half of
the light and the color filters absorb two-
thirds of what remains. To realize higher
reflectivity, it would be better not to use a
polarizer or color filters, but there are trade-
offs with other factors such as contrast ratio
and drivability.

In order to meet the key performance fac-
tors, we have to consider techniques for real-
izing (a) an optical switch or transducer hav-
ing two level states - on and off - or gray-
level capability, (b) enhanced usage of the
illuminating light, (c) presentation of color,
and (d) low power consumption.

Reflective Pixels

There are three basic ways of enabling the
transducer function: controlling (1) the polar-
ization state, (2) the absorption, or (3) the
reflection and/or scattering. However, the
situation is a little more complicated than it
would appear from this simple statement
because a given transducer often changes two
parameters at the same time. The amount of

the change is often dependent on the wave-

j length and the direction of the light ray. Com-
plicating the situation still further, the trans-
ducer function must be driven electrically
with a reasonable set of driving conditions.

| There are many possible ways of realizing

such functions (see Table 1).

Liquid-crystal technology is the most com-
mon choice. It is capable of controlling the
polarization state, the absorption, and reflec-
tion/scattering, but the most successful scheme
for the transducer to date has been to control
| the reflectivity by changing the polarization.

All of the candidate reflective techniques
are improving and have some advantages over
the other techniques. If a technology with far

| superior performance is developed, the choice

. will evolve naturally. The most common

| reflective method today - which uses a polar-
izer and color filters - has been determined
mainly by its process compatibility with exist-
ing display-fabrication facilities. One can
simply use existing TFT and color-filter fabri-
cation facilities to make a side-by-side sub-
pixel structure. The use of a good subpixel
reflection-enhancement method, described in
the following section, is the key to good per-
formance with this approach.

Table 1: Technology Candidates Useful for Reflective Pixels
Transducer Main Wavelength Remark
system principle dependence
TN Polarization change ~ Achromatic Normally black (NB) or
Normally white (NW)
ECBmode Polarization change Dependent Limited color or gray level

Birefringent m_ode

Polarization change  Achromatic

OCB, VA, FLC

Guest host Absorbtion Dye dependent TN effect also exists.
PSCT (planar- Reflection Dependent Bistable, reflecting only
focalconic) one circular polarization
PSCT (focalconic- Scattering Achromatic Higher voltage
homeotropic)
PDLC Scattering Achromatic
Holographic PDLC Reflection Strongly dependent Volume hologram
Electrophoresis (EP)  Absorption Monochrome Black or scattering white
Reverse-mode EP At;drb;ioh Particle dependent  Clear or absorbing
Magnetophoresisi % Absorption b/w Mechanical writing head
Micromechanical Absorption/ Structure dependent Many varieties
devices interference/

scattering

In these polarizer/color-filter displays, the
reflective twisted-nematic (TN) mode is used
to reduce the effective birefringence. This is
done because the optical retardation of the LC
layer is too large with typical LC-cell thick-
nesses (typically on the order of 5 pm) when a
homogeneous alignment is used.! The TN
material can be used in either a low-twist or
high-twist configuration.” It is important that
the TN - or any other polarization-changing
technique - provide a good CR.

If a good polarizer-less transducer candi-
date could be developed, then a display could
be made that is twice as bright as similar ones
made with conventional technology. Current
candidates include guest-host LC,>* PDLC,
and electrophoresis. Although fabrication and
driving connection are more difficult, tech-
niques using stacked structures have even
more potential to achieve higher brightness
because the color-filter losses of two-thirds
can be eliminated. Cholesteric, guest-host
LC, or holographic PDLC can be used as the
transducer for a stacked structure. Encapsu-
lated guest-host LC has been shown to be
useful.?

The multilayered structure is also effective
for achieving a high-contrast high-reflectivity
monochrome pixel. An orthogonally aligned
double-layer guest-host (DGH) LCD has been
shown to have a 15:1 CR and 60% reflectiv-
ity,% while a single-layer guest-host LC pro-
duces a CR of only 5:1 (Fig. 1).

Enhancing Luminance

Since a liquid-crystal pixel using two polariz-
ers is simple and provides high contrast, it is
commonly used in watches, calculators, cellu-
lar phones, and other portable devices. How-
ever, because the reflector is placed under the

| lower glass plate, parallax becomes a problem

in a high-density display. A single-polarizer
system is desirable for such displays because
it does away with the absorption in the second
polarizer.

There should be a diffuser in a reflective
display to allow the illuminating light to reach
the viewer’s eyes. The diffuser can be either a
diffusing reflector or a forward scatterer.
When a diffusing reflector is placed next to a
material with a refractive index higher than
that of air, we need to remember not to make
the diffusing power too large.

The incident light ray is reflected through
total internal reflection (TIR) when the
reflected angle exceeds the critical angle,
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bos

-

~—__Intensity distribution

TIR component

Internal reflector

Fig. 2: Ifthe internal reflector in a reflective display reflects light at too great an angle, the
light does not re-emerge from the display because it undergoes total internal reflection.

which is 42° for a material with an index of
1.5 (Fig. 2). The maximum slope of the
reflector is designed to be about 10°, and a
similar condition holds for a front diffuser.
When the diffusing power is reduced, the
reflected light power per unit solid angle
increases accordingly, although the optimum
viewing direction is limited. We often use the
term “reflector gain” to mean an increase in
the luminance obtained by using a controlled
reflector or diffuser.

Since there is always a specular-reflection
component from the top surface or an internal
interfacial surface, better viewing perfor-
mance can be obtained by using an asymmet-
ric diffuser. Such a diffuser can be made by
using an off-axis hologram, asymmetric dif-
fusing-reflector structures, or asymmetric for-
ward-scattering prism structures.

An off-axis hologram is a volume hologram,
and its reflection is dependent on wavelength.
Therefore, it is possible to make a color dis-
play if three-color reflectors are formed like
color filters. The advantage is that there is less
transmission loss than with filters.

Presenting Colors
The most common technique for displaying a
color image is to use color filters. The high
color-filter losses are sometimes reduced in
reflective displays by giving the filters a
higher transmission by widely overlapping of
the wavelength-transmission regions. This
makes the display colors more pastel-like.
The tri-layer stacked guest-host LCD can
display full-color images if each layer absorbs
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one of the three color components (red, green,
and blue) sequentially. This can be achieved
by choosing appropriate dyes. Three-layer
holographic PDLC displays can produce full-
color images when each layer reflects one of
the three color components. Reflective dis-
plays with an absorbing system use subtractive
color presentation with cyan, magenta, and yel-
low primaries, while the stacked holographic
PDLC and side-by-side reflective subpixel sys-

| tems use RGB additive color presentation.

Driving the Pixels

TN-based LCDs are usually driven by using
thin-film transistors (TFTs), a technique that
produces better temperature stability and
faster response. STN-based LCDs are driven
by using a simple passive matrix. A polymer-
stabilized cholesteric liquid crystal (PSCT)
has hysteresis and memory. Therefore, a sim-
ple passive matrix can drive PSCT. Because
the voltage is high and a special pulse
sequence is necessary to write an on or off
state to each pixel, demonstration displays
fabricated by Kent Displays require several
TV frames to refresh the total frame image.
Although the time requirement is a problem,
this scheme is appealing because TFT plates
are not necessary, and simple matrices can be
used for the three-layer stacked cell. The
power consumption of PSCT can be very low
because this is a memory type of pixel, in
which a stationary image is displayed indefi-
nitely without power. (A longer refresh time
in non-memory displays also reduces power
consumption.)

In tri-layer LCDs that require TFTs, one
can use three independent TFT-array plates to

| drive the pixels.” Since it is costly to use

three TFT plates, we may need to make fur-
ther simplifications, such as using only one
TFT plate and connecting the pixel electrode
vertically from the bottom. The three-layer
holographic PDLC also has to be driven by
TFTs, as does the three-layer guest-host LCD.

| The driving voltage has to be compatible with

that of the TFT.

Applications and the Future

Watches and calculators use monochrome
reflective TN-LCDs with a fixed-pattern driv-
ing method. At one time, PDAs and small
portable computers used an STN-based
matrix-driven reflective monochrome display.
An STN-based color reflective display was
used in a color PDA in 1996. In 1998, color
PDAs and a color portable game machine
using a TN-based color reflective display
were released.

In the future, main application areas will
presumably be PDAs - including watch or
cellular phones - and paper-like displays. For
the latter application, the key requirement is to
achieve satisfactory performance. When rea-
sonably high-performance reflective displays
become available, it will be possible to use
displays in ways that are totally different from
the ways in which we use them now.

High-quality TN-based reflective color dis-
plays are already being used in various prod-
ucts. These reflective displays exhibit good
performance and can be used in many envi-
ronments. However, their actual readability is
not equal to that of printed paper. So there is
considerable room for improvement, and sub-
stantial improvement will require revolution-
ary new ideas.
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marketing channels

The Secret of Success

Different display markets require different

sales and support structures.

by Dale H. Maunu

EVEN IF ONE SUCCEEDS in building a
better mousetrap, the world still may not beat
a path to ones doorstep. In most cases, the
secret to success is finding an efficient and
effective way to get the product to the user’s
doorstep. And the solution that works for one
market may not be the best for another.

Color thin-film-transistor (TFT) flat-panel
displays (FPDs) are desirable alternatives to
cathode-ray tubes (CRTSs) in various applica-
tions for a number of reasons. They are
lighter, easier to handle, more maneuverable,
and consume significantly less power for
equivalent picture quality. Some markets
require enormous numbers of TFT modules -
generating large amounts of revenue - but
there are other markets with smaller-volume
demand that still offer attractive profits. Suc-
cess depends on striking a balance between
the support needs of the high- and low-vol-
ume applications.

How PC and Non-PC Markets Differ
When people think of TFT displays, they
often think of PC-based applications, such as
notebook computers or desktop LCD moni-
tors. There is also a large market for TFT dis-
plays that are not part of a computer; this mar-
ket has widely differing market characteristics
and places widely differing demands on TFT
FPD manufacturers.

Dale H. Maunu is Product Manager of Flat-
Panel Display Products for the Electronic
Device Group of Mitsubishi Electronics
America, Inc., 1050 East Arques Ave., Sunny-
vale, CA 94086, telephone 408/730-5900,
fax 408/245-2690, e-mail: tft @edg.mea.com.

30 Information Display 2/00

PC original-equipment manufacturers
(OEMs) typically order more than 20,000
TFT FPD modules per month from a given
supplier. PC makers usually order modules
from two to five sources so that they are able
to fill their enormous shipment volumes and
so that a shortage in shipments from one sup-
plier doesn’t end up stopping the PC maker’s
production line. Display suppliers must adapt
to wildly fluctuating market prices for their
TFT FPD modules, based on the push and pull
of supply and demand. PC display modules
also have short life spans - typically 6-9
months - as changing styles and tastes modify
user demands, and as technological improve-
ments and new standards become adopted
throughout the industry (Fig. 1).

The non-PC market has a much more diver-
sified customer base, divided into different
market segments. OEM customers with
industrial, medical, and instrumentation appli-
cations typically require displays with more
customized designs than those typical of more
standardized PC products. These OEM cus-
tomers typically order 10-2500 displays per
month, usually from one supplier but some-
times from two if volumes warrant. Display
pricing for these segments tends to be much
more stable than for PCs, but display manu-
facturers must keep their pricing competitive
or they run the risk of losing future design
wins.

Industrial, medical, and instrumentation
displays typically require extremely long
product life cycles - anywhere from 3 to 5
years, and sometimes more than 10 years.
One reason for this difference is that product
certification and approval often requires an
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extensive and exhaustive approval process,
which results in time and dollar costs that the
OEMs must amortize over the useful life of
the product. This is especially true for medi-
cal equipment, which often must go through
the long and expensive process of obtaining
approval from government agencies such as
the Food and Drug Administration (Fig. 2).

The non-PC consumer market segment -
typified by flat-screen TV and other consumer
display applications, as well as those for auto-
motive after-market products - presents a
very different picture. OEMs weigh the dis-
play’s front-of-screen performance against its
price as one of the key differentiators in
choosing a supplier for the panels.

Consumer products are, by nature, ex-
tremely cost-sensitive, which severely limits
profit margins per display. Only an efficient
manufacturing process can hope to succeed in
such a market. Fortunately, like PCs, con-
sumer display applications offer large rev-
enues from display volumes of more than
10,000 units per month. Consumer display
products tend to lag behind products in other
market segments in terms of technical innova-
tion, which is one way they can achieve their
aggressive cost goals. Consumer-display-
product life cycles are typically short, which
is a result of fads and technological evolution,
so frequent design changes with rapid
turnaround times are essential.

PC Sales and Support Channels

PC and non-PC markets also require different
kinds of sales channels to support their busi-
ness models. Display manufacturers typically
| employ three models of sales channels for the




























quantum mechanics combines the behaviors
of particles with waves, the merging of tech-
nological possibilities with seemingly unpre-
dictable emotion-driven human behavior is
comfortable territory for only a few.

Should you wish to share your opinions of
what you consider to be the most outrageous
recent new-product announcements, or other
topics of interest, you may do so by contact-
ing me via e-mail at silzars @attglobal.net, by
phone at 425/557-8850, by fax at 425/557-
8983, or by way of the downtown Issaquah
post office to my home office at 22513 S.E.
47th Place, Issaquah, WA 98029.1
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Please send new product releases or
news items to Information Display,
¢/o Palisades Institute for Research
Services, Inc., 411 Lafayette Street,
2nd Floor, New York, NY 10003.
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. In the “Display of the Year Awards™ article

appearing in the December issue of Information
Display Magazine, the correct awards committee
listing should have read:

Mr. Alfred Poor, Chair
Contributing Editor, PC Magazine
Perkasie, Pennsylvania, U.S.A.

Professor Shunsuke Kobayashi,

Founding Chair
Science University of Tokyo in Yamaguchi
Onoda, Yamaguchi, Japan

Ms. Cheryl Ajluni
Western Editor, Electronic Design
San Jose, California, U.S.A.

Professor Shou-Qian Ding
Nankai University
Tianjin, China

Professor Jin Jang
Kung Hee University
Seoul, Korea

Ms. Florence Ladouce
Editor, Electronique International
Paris, France

Mr. David Lieberman

Northeast Editor

Electronic Engineering Times
Townsend, Massachusetts, U.S.A.

Mr. Makoto Maeda
Sony Corp.
Atsugi, Japan

Mr. David E. Mentley
Vice President, Stanford Resources
Richmond, California, U.S.A.

Professor Shigeo Mikoshiba
The University of Electro-Communications
Tokyo, Japan

Dr. Alan Mosley
CRL
Hayes, Middlesex, U.K.

Mr. Jean-Noel Perbet

Sextant Avionique - APN
Commercial Air Transport Avionics
Le Haillan, France

Dr. Aris Silzars
President, Northlight Displays
Issaquah, Washington

Professor Chuji Suzuki
International Center for Materials Research
Nara, Japan

Mr. Chizuka Tani
NEC Corp.
Kanagawa, Japan

Mr. Kenneth I. Werner
Editor, Information Display Magazine
Norwalk, Connecticut, U.S.A.

OIS Technology Alive

The demise of OIS Optical Imaging Systems
last year was a major setback for its cus-
tomers, shareholders, employees, the U.S.
Government, and the U.S. flat-panel-display
industry in general.

OIS technology, however, continues to
make waves. Since the shutdown 11 more
U.S. patents and three more European patents
have been issued to OIS as of September
1999, with possibly more in the pipeline.
Some of these patents cover processes and
designs for high-aperture TFT-LCDs that are
now becoming mainstream technology and
wide-viewing-angle technology for LCDs
based on retardation approaches.

Others are on TFT arrays for large direct-
conversion x-ray sensors that were the first to
receive FDA approval, and on novel configu-
rations for thin-film diode LCDs.

Another exciting technology, demonstrated
in protypes by OIS and presented in a paper at
the Asia Display ’98 conference, is color-filter
integration on the TFT array.

NEC announced in August 1999, the devel-
opment of an ultrahigh-resolution 9.4-in.
1200 x 1600-pixel TFT-LCD, in which color-
filter integration on the TFT array is indis-
pensable.

The OIS case is a typical example of the
short-term horizon of U.S. investors. It has
largely shielded them from the losses suffered
by the AMLCD manufacturing industry from
1995 to 1998. On the other hand, it has led to
missed opportunities to participate in an
industry that is expected to grow from $10 bil-
lion to $70 billion in annual revenues over the
next 10 years.

— Willem den Boer
Planar Systems
formerly Director of
Advanced Technology,
OIS Optical Imaging Systems
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Europe: Tel. +44 1234-843345 Email. sales@integral-vision.co.uk
Japan: Tel. +81 (052) 232-0727 Email. kondoy@ marinet.or.jp
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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.

H

Visit us at the SID 2000 — booth 256

IMT Masken und Teilungen AG
Im Langacher, Greifensee

P. O. Box, CH-8606 Nanikon
Switzerland

Phone +411 94319 00

Fax +411 9431901
E-Mail imtadmin@imtag.ch
www.imtag.ch
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SID 2000 INTERNATIONAL SYMPOSIUM, SEMINAR, & EXHIBITION
May 14-19, 2000 Long Beach California USA
ATTENDEE HOUSING FORM

Fax to: (562) 590-9366
Visit the SID web-site at: www.sid.org
Visit our web-site at: www.golongbeach.org

Mail Housing form Directly to: or
LBACVB Housing Bureau

One World Trade Center #300
Long Beach, CA 90831-0300
* Sorry, phone reservations not accepted *

Reservations must be received at the LBACVB Housing Bureau by 5 pm (PST) April 14, 2000

Last Name: First Name Middle Initial:
Company:

Street Address:

City: State : Postal Code: Country:
Phone: ( ) Fax: ( )

*Acknowledgement will be faxed if fax number is given

Arrival Date: Departure Date:

HOTEL ACCOMMODATIONS & ROOM RATES
Rank at least three hotel choices below (1 highest — 6 lowest) & Circle bed type of your choice

Hotels Single: Double: Dbl/Dbl: Triple: Quad:
1ppl/1bed 2ppl/1bed 2ppl/2beds 3ppl/2beds 4ppl/2beds

Hyatt (HQ) $147 $147 $147 $172 §199
Rank here:
Westin (EX. HQ) $134 S$134 $154 $174 $194
Rank here:
Renaissance $112 $112 $112 $122 $132
Rank here:
Courtyard Marriott $90 $90 $90 N/A N/A
Rank here:
Hilton $132 $132 $132 N/A N/A
Rank here:
Queen Mary $119 $119 $119 $134 $149
Rank here:

12% state, city and room tax will be added to above rates
Name of ALL room occupants:

Requests: Non-smoking Smoking Special needs(please specify)
(All special requests are confirmed at the time of check-in)

ROOM DEPOSIT INFORMATION: _

O All reservations must be guaranteed by providing a major credit card or a deposit of $100, in US Funds, by personal check, bank draft or

a certified check made payable to Long Beach Housing Bureau. Reservations not guaranteed will not be processed. Deposit guarantee will be

charged to the credit card supplied at the time the reservation is booked. I understand that if I do not arrive or cancel within 72 hours of

my arrival date, I will be liable for my first night’s deposit. Reservations are processed on a first come first served basis.

___ $100 deposit enclosed or

Please bill my credit card — American Express MasterCard Visa Discover Diners
Account Number : Exp. Date
Name on Card: Signature:

O Please read all hotel information prior to completing and submitting this form to the LBACVB Housing Bureau.
Keep a copy of this form. Use one form per room required.

All reservation changes and cancellations must be made in writing to the Housing Bureau prior to April 14, 2000
After April 14, 2000, please contact hotel directly for any reservations, revisions or cancellations

The assigned hotel must receive room cancellations at least 72 hours prior to arrival for refund.
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Business and Editorial Offices
Palisades Institute for Research

Services, Inc.
411 Lafayette Street, 2nd Floor
New York, NY 10003
Jay Morreale, Managing Editor
212/460-8090 x212  Fax: 212/460-5460

Sales Office
Palisades Institute for Research
Services, Inc.
411 Lafayette Street, 2nd Floor
New York, NY 10003
Tracy Leibowitz, Sales Manager
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SID °00

Long Beach, California

Long Beach

Convention Center
May 14-19, 2000

Mark Your Calendar Now!
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