






















































































conference report

Ken Werner

The author interviews at IDRC are well-attended, and provide opportunities for discussing and
viewing technology demonstrations and prototypes.

Power Reflective-Display Applications?” that
modifying traditional LCDs will provide the
most cost-effective technology for “electronic
paper” applications. But Morrissy made a con-
vincing case for the proposition that “bistable
LCDs will not find it easy to displace conven-
tional LCDs in high-volume applications.”
Starting with a coherent survey of the char-
acteristics of various mass-market LCD tech-
nologies, he asked how are these technologies
going to change to accommodate low power
consumption. Optically, the displays would
be used in reflective mode with a high-effi-
ciency reflector and optional front light guide
and LED lighting for illumination in low
ambients. A reflector with gain would
increase brightness over a limited range of
angles in appropriate applications.
Electronically, the use of multi-line scan-
ning (MLS) reduces FSTN power consump-
tion by up to a factor of 32 by lowering the
scan rate and driver voltages. For really low
power in reflective color LCDs, we need to
eliminate one polarizer, Morrissy said, and an
internal mirror will prevent ghost images.
The current state of the art in reflective dis-
plays includes a contrast ratio of between 10:1
and 14:1 and a reflectivity of 34%. The cur-
rent state-of-the-art power level, which has
recently experienced sharp reductions, is
1 mW/em?,
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In “Approach to the Full-Color Reflective
LCDs,” Yoshiharu Nakajima of ASET in
Tokyo, Japan, also targeted reflective LCD
technology as the most promising approach
to low-power displays, but he chose to look
at a broader range of technologies than did
Morrissy. Nakajima presented stacked-layer
structures, holographic polymer-dispersed
LCDs, and directive-reflector devices as being
the most promising, and discussed them in the
context of work being done at ASET.

The power consumption of reflective dis-
plays is a tenth to a hundredth that of backlit
LCDs of similar diagonal. The main issue is
attaining enough brightness. The typical
reflective LCD (RLCD) absorbs half of the
input luminous flux in the polarizers and two-
thirds of what remains in the color filters.
Maximum reflectivity is thus one-sixth or 16%.
Compared with the 55% reflectivity of news-
print, there is lots of room for improvement.

The approaches to improving reflectivity
fall into two categories, those with a color fil-
ter and those with full color in one pixel. The
stacked-trilayer guest-host LCD is in the sec-
ond category. It features a fast response and a
reflectivity greater than 60%, and it does not
have a polarizer. A double-layered XGA
monochrome prototype with 320 dpi has been
made at ASET, which is currently working on
a trilayered structure.

Microdisplays

In the Invited Symposium on Microdisplays, a
recurring theme was the strong influence on
display performance of fringe fields (FF)
between pixels — caused by the very small
pixel size in LCoS displays. One result is that
optical throughput can be degraded substan-
tially, said Minhua Lu and K. H. Yank (IBM
T. J. Watson Research Center, Yorktown
Heights, New York).

Hiap L. Ong (Kopin Corp., Westborough,
Massachusetts) observed that FF effects might
appear to be similar to image sticking or
flicker effects. Another problem with reflec-
tive TN-LCDs, Ong said, is the V., shift
from an unbalanced dc voltage between the
transmissive ITO electrode and the reflective
Al electrode, a point also made by Lu and
Yank.

In some geometries, the FF might com-
pletely reorient most of the LC in the reverse-
tilt direction. In the process of switching off,
the LC would take a much longer time than
usual to relax back to its original state.

Boundary stick is a unique bistable FF
effect that appears only in small-pixel geome-
tries and resembles image sticking. Under the
same LC and display geometries, boundary
stick occurred in all the investigated displays
with 12- and 15-pum pixels, but not in displays
with 24-pm pixels.

Ong concluded that FF effects are substan-
tial and important, and that electro-optic
effects in nematic microdisplays are more
interesting and complex than those in direct-
view LCDs.

Jiushi Xue and Mark A. Handschy
(Displaytech, Inc., Longmont, Colorado)
described the special characteristics of ferro-
electric liquid-crystal (FLC) microdisplays,
among which are minimal FF effects because
of their thin cell gap and smectic-layer struc-
tures. In these displays, image sticking only
occurs with unbalanced dc drive. In that case,
going from a checkerboard pattern to a dark
state produces a reduced-contrast version of
the checkerboard image instead of the pure
black one.

Displaytech has developed a technique they
call “kicking” for the removal of image stick-
ing without requiring overall dc balance in an
FLC device.

Flexible Displays
In the Invited Symposium on Substrates and
Electronics for Flexible Displays, presenta-
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Ken Werner

Kodak and Sanyo's passive “area color” OLED cellular-phone display prototype was shown at

the IDRC author interviews.

tions covered low-temperature-silicon tech-
nology, polysilicon-TFT technologies, organic
TFTs for flexible-substrate displays, and flexi-
ble displays with fully integrated electronics.

S. Wagner and H. Gleskova (Princeton
University, Princeton, New Jersey) indicated
that amorphous silicon on polyimide (Prince-
ton University), polysilicon on polyester
(Lawrence Livermore National Laboratory),
and pentacene on polyester (Pennsylvania
State University) are among the interesting
materials systems being investigated for TFTs
on plastic substrates. “Bringing silicon to
plastic substrates is not a matter of great dis-
coveries, but of continuous optimization,”
Wagner said.

After looking at the many materials and
compatibility issues, they concluded that
direct deposition of silicon on plastic is a real-
istic prospect, but the matching of silicon-TFT
materials to plastic substrates needs much
methodical work.

In answer to a question from Roger Stew-
art, Wagner said, “The only fundamental
problem I see in reducing the temperature of
processes is bringing CMOS down to under
100°C from the current 250°C.” Stewart: “Is
LTPS harder than amorphous silicon in this
regard?” Wagner: “No.”

In “Poly-Si TFT Technology for Flexible
Lightweight Flat- Panel Displays,” T.-J. King

(University of California, Berkeley) looked at
the ways the next generation of active-matrix
displays will make increased demands on TFT
designs.

A TFT cell needs +5 V, so the source-drain
must take 10 V, and Vg needs to be 20-25 V
to charge C,;; within one line time. This and

other considerations mean TFT drive currents
must be about 1 pA. Today, even a low
amorphous-silicon mobility of less than

1 cm?/V-sec permits the required drive current
of 1 uA. Polysilicon has a mobility of greater
than 30, allows smaller-pixel TFTs for higher
aperture ratio (AR), and enables the integra-
tion of driver circuitry.

Trends for future displays include low
power (reflective LCDs), lower-cost large-
area displays (OLEDs), lighter weight and
increased ruggedness (plastic substrates),
more-compact displays, and roll-up displays
(which implies monolithic integration of
driver circuitry).

Each of these trends has implications for
TFT design: reflective displays require a
higher breakdown voltage, OLEDs require
two transistors and an electron mobility
greater than 10, plastic substrates enforce a
process temperature of less than 200°C, and
so forth. The requirements for integrated
drivers are particularly demanding: high-fre-
quency operation, large drive currents (in the
mA range), mobilities higher than 20, low V,,
low power consumption, efc.

The most attractive electronics technology
for plastic displays, said King, is polycrys-
talline silicon. It has already shown adequate
characteristics, including fabrication by a
100°C process on polyethyleneterephthalate
(PET) at Lawrence Livermore National Labo-
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Kent Displays showed its full-color stacked cholesteric LCD display prototype.

ratory (Berkeley, California) a couple of years
ago, and can support integrated scan and data

drivers. The ultimate goal is large-scale inte-

gration (LSI) on plastic.

Tom N. Jackson (Pennsylvania State Uni-
versity, University Park, Pennsylvania), in
“Organic Thin-Film Transistors for Flexible-
Substrate Displays,” observed that the target
specifications for organic TFTs (OTFTs) are
in the range of current amorphous TFTs, and
that’s achievable.

Pentacene has shown mobilities in the
range of 2. But structures are currently built
on silicon substrates — which is not too useful
—so realistic TFT structures are needed for
actual devices. It will be necessary to define
pentacene structures photolithographically so
that the pentacene is not exposed to an organic
solvent.

There are advantages in making comple-
mentary TFT circuits with amorphous silicon
for the n-channel and pentacene for the
p-channel. The authors have made these at
small LST levels of a few thousand gates.

Combining OTFT and OLED is a natural
combination for an all-organic integrated
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pixel. Doing so removes one contact from the
OLED and permits a high density of injected
carriers. The goal is not video rate but small
portable displays.

In “Flexible Displays with Fully Integrated
Electronics,” Roger Stewart (Alien Technol-
ogy, Morgan Hill, California) discussed the
current status of Alien’s innovative technol-
ogy of inserting electronics packaged in tiny
NanoBlocks™ in the backplanes of flat-panel
displays. The company’s goal, he said, is to
go head to head with other technologies for
low-end display manufacturing. Fluidic self-
assembly, the company’s signature technol-
ogy, and web processing uses very little labor;
Stewart estimated that up to 3 million displays
a year can be manufactured at the company’s
new Morgan Hill plant with only 250 people.
The process is stable now, and the company is
getting ready for manufacturing.

The first flexible-display product with fully
integrated electronics will be a simple low-
cost module embedded in Smartcards. It will
be a monochrome bi-level reflective display.
The display electronics is innovative, consist-
ing of a single interface NanoBlock IC —

called the “Enterprise,” consistent with the
company’s alien theme — that services six
smaller NanoBlock ICs called “Zircon shuttle-
craft” to drive the display. There are no select
or data lines; each NanoBlock extracts
instruction and code from a bus that sequen-
tially hits each block. There is software con-
trol of all major display functions, and there is
direct connection to any ISO 7816 Smartcard
with a four-lead interface and handshake logic.

The Enterprise chip is fairly complex, con-
taining a small power supply. The Zircon
chip features a function lead. The block can
land in a hole in any of four orientations, and
the block senses this and configures its con-
nections accordingly.

The individual Zircon blocks are only 350
um per side, and Alien plans to drive that
down to 90 pm.

The system assigns a relatively large num-
ber of transistors to each pixel. Allan Kmetz
questioned the cost of this approach. Stewart
answered that intelligence is cheap but leads
are expensive. Alien is currently limited by
the cost of leads and must limit their number.

A Polymer Display

In “A TN Display Using Only Polymer-Based
Materials for Substrates and All Coatings,” a
team of authors including J.-P. Tahon (Agfa-
Gevaert, Mortsel, Belgium) and Ernst Liider
(Labor fiir Bildschirmtechnik, Stuttgart, Ger-
many) described the building of a TN passive
display using only polymer-based materials.

Despite the interest in plastic displays, there
are only a few manufacturers, including
Sharp, and only moderate success so far in the
market for such displays for telecommunica-
tions and consumer-electronics hand-held
products. The roadmap includes the develop-
ment of larger, full-color, and full-polymer
TN displays.

The authors find poly-3,4-ethylene-
dioxythiophene (PEDOT), an intrinsically
conductive and transparent polymer, to be an
attractive material for polymer displays. The
authors have made a TN test display on
polyethersulfone (PES) with PEDOT as con-
ducting and alignment layers. The driving
voltage is 3 V, and a PEDOT-on-PES test cell
exhibited a contrast ratio (CR) of 98:1 (which
compares to 128:1 for ITO on PES).

The system exhibits good performance and
the display is flexible. Low-temperature pat-
terning without vacuum is feasible. A lively
Q&A session following the talk focused on




very specific questions regarding possible pat-
terning solvents, material stability, and similar
issues. The test display demonstrated impres-
sive contrast when shown at the author inter-
views.

OLEDs

In “Degradation Mechanism of OLEDs Based
on ALQ;,” Zoran D. Popovic and his col-
leagues (Xerox Research Centre of Canada,
Ontario, Canada) presented a paper on small-
molecule OLEDs that could serve as a model
for the experimental approach in device
physics. They concluded that intrinsic degra-
dation in ALQs-based OLEDs is primarily
caused by the degradation of AlQ; molecules
in the vicinity of the HTM/AIQ; interface as a
result of the injection of holes and the forma-
tion of unstable cationic AlQ; species, a
mechanism that explains a wide range of
seemingly unrelated observations.

In “Electrophosphorescent Organic Light-
Emitting Diodes,” Mark E. Thompson spoke
for a large team of co-authors from the Uni-
versity of Southern California Chemistry
Department, the Princeton University Electri-
cal Engineering Department, and Universal
Display Corp.

Their goal is to try to beat the traditional
inherent 25% limit on internal efficiency — the
conversion of excitons to photons — observed
in traditional fluorescence-based singlet-exci-
ton OLED systems. They are moving toward
100% internal efficiency utilizing triplet exci-
tons, phosphorescence, and confinement-opti-
mizing recombination processes.

Most OLEDs focus on getting radiation out
of the singlet excitons created by hole-elec-
tronic combination, but only 25% of excitons
are singlets. Thompson’s team has looked for
materials in which triplet emission is allowed
and reasonably efficient. In fact, there are
such materials, even though radiation from
triplets is normally forbidden.

Thompson indicated ways of making a vari-
ety of materials with different ligands that
produce a wide variety of colors. (“We're
chemists,” he said, “so we like to make com-
pounds.”) The team has developed “a pretty
good green and a red that is spot on for NTSC
red with good efficiency!” Iridium com-
pounds are all on the red-green axis of the
CIE diagram, but the team has now developed
a platinum compound that produces a blue.

In “Passive-Matrix OLED Displays: Opera-
tional and Storage Stability,” Steve Van Slyke

and his colleagues at Eastman Kodak Co.
(Rochester, New York) and Sanyo Electric
Co., Ltd. (Gifu, Japan) started by reviewing
the multilayered structure of the OLEDs,
which Van Slyke described as a low-voltage
high-field device. It is possible to get a good
selection of reds, greens, and blues by the
appropriate selection of hosts and dopants.

Passive OLEDs are high-current high-
bright-pulse short-duty-cycle devices. Active-
matrix OLEDs are low-current low-peak-
brightness high-duty-cycle devices, but the
two varieties have similar average lumi-
nances. A device that produces high lumi-
nance at high duty cycle will have a short life-
time.

Patterning cathodes in passive OLEDs
turns out to be a crucial process. The initial
approach used in Japan was to perform cath-
ode isolation using a conventional shadow
mask. It works well but the mask gets too
fragile for large sizes. Pioneer now uses
an integral shadow mask, with which pho-
tolithography is performed prior to organic
deposition. The process scales to large sizes.
Kodak and Sanyo have used this technique to
make 120 x 60-pixel area-color passive-
matrix displays with 85% fill factor and a
23 x 25-mm active area.

A passive display is pushed up the I-V
curve as one moves to a higher row count, so
there is an effort to make the curve steeper,
which would allow designers to go to a higher
row count and higher current at modest volt-
ages. Current passive displays have modest
maximum row counts of about 60 lines. Dis-
plays survive well at a storage temperature of
85°C, but 105°C storage causes a rise in drive
voltage. These displays are currently ade-
quate for cellular phones, Van Slyke said, but
more must be done for full color.

Active-matrix OLEDs (AMOLEDS), in
which each pixel has at least one TFT and
stays on for the entire frame — if it is supposed
to be on — have now been made. A 5.5-in.
QVGA AMOLED was shown at SID 2000
and a 2.4-in. QVGA AMOLED at JES 1999
and SID 2000. The 2.4-in. is harder to make
because of its higher pixel density, Van Slyke
said. They are now getting a pretty good
green and red on the CIE diagram, but blue
needs improving. Also, the efficiency of the
red is low, so a disproportionate amount of
power is currently going into the red channel.

The remaining OLED challenges are tem-
poral stability (particularly differential aging),

thermal stability, efficiency, drive voltage of
passive displays at high row current, cathode
adhesion, manufacturing yield, and color pat-
terning. (The shadow mask is okay now, but
something else is necessary for the next gen-
eration.)

Poster Session and Author Interviews
There were 56 poster papers presented at
IDRC 2000, and many discussions and
demonstrations in the evening author inter-
views. Here are a very few samples.

In the author interview for the paper “Opti-
cally Written Displays Based on Up-Conver-
sion of Near-Infrared Light,” a team from the
University of Central Florida demonstrated a
clever approach to color displays in which the
light from a scanning near-infrared laser is up-
converted to red, green, and blue by a fluo-
ride-crystal host co-doped with Tm?* ions for
blue, Ho* or Er** ions for green, and Er**
ions for red. The prototype only produced
red, green, and blue dots but demonstrated the
point. Fred Kahn of Kahn International did
some shirt-cuff calculations and concluded
that the luminous efficiency of the system was
not impressive. We were told that the system
was highly non-optimized, however.

In one of the author interviews, eMagin
Corp. (East Fishkill, New York) unveiled the
world’s first full-color active-matrix OLED-
on-silicon microdisplay. The demonstration
attracted one of the largest crowds at the
evening’s interviews. The microdisplay uses
a quad pixel arrangement, has over 1.3 million
12-pum subpixels, and uses a white-light
OLED technology with color filters built
directly on top of the display. The demon-
strated technology will be applied to an
SVGA+ display that will be the company’s
first microdisplay designed for consumer
applications, said eMagin Executive V.P.
Susan Jones. Samples should be available to
system manufacturers early next year.

In a poster paper, Kent Displays (Kent,
Ohio) described and demonstrated a full-color
reflective cholesteric liquid-crystal display.
Cholesteric displays are inherently monochro-
matic, so multicolor displays have been made
in the past by stacking two or three cholesteric
layers, each tuned for a different color. The
current display adds gray scale to each of the
three 0.5-mm layers and broadens and
smoothes the reflectivity vs. wavelength
response by fracturing the planar texture into
many small domains. The approach produced
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apertures and Automatic Internal Calibration (AIC). It delivers
industry-leading, low-light sensitivity and unprecedented flexibility.

The PR®-705 is nearly 100 times more sensiive than its predecessor,
making it the most sensitive spectroradiometer in its class. It can

measure areas as small as 0.02 mm. It has up to six apertures,
built in floppy drive and SpectraWin™ Windows-based software
extends its user interface and control capabilities.

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

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

Highly accurate luminance and chromaticity measurements are as fast as touching a button.

Do it today, a new era of innovation has just begun.

For more information about Photo Research solutions, call (818) 341-5151 ext. 1
or visit www.photoresearch.com.
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S SOLOMON

SOLOMON Systech Limited

SOLOMON GROUP

Our Product - IC

actual size

Formerly a business division of Motorola, Solomon Systech is
a new name in LCD. Yet you will find the same experienced
people continuing to provide you the same high quality products
- LCD driver & controller ICs. What's more is our flexibility,
prompt service and our focus in developing innovative system
solutions for next generation display technologies.

Units 1-9, 37th Floor, Tower 1, Millennium City, 388 Kwun Tong Road, Kwun Tong, Kowloon, Hong Kong.
Tel : (852) 2207 1111 « Fax : (852) 2267 0800 + http:/www.solomon-systech.com
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