
DISPLAY WEEK 2011 REVIEW ISSUE

Official Monthly Publication of the Society for Information Display  • www.informationdisplay.org
July/August 2011

Vol. 27, Nos. 7 & 8



The resizing process has a high yield and is cost effective. Where possible, the resizing process preserves all of the LCD
components, such as LC material, polarizers and attached electronics. Only the pixels remaining in contact with the
row and column drivers continue to function. The performance and reliability of the original display is maintained.

Licensee: Symbolic Displays, Inc. (SDI), Santa Ana, CA
SDI has proven in-house resizing facilities.

SDI sells resized LCDs to the industry
and uses LCDs in their simulator product line.

www.symbolicdisplays.com

Tony Lopez, Director of Sales
tonyl@symbolicdisplays.com

714.258.2811 x105 / Cell: 714.585.4847

Licensee: SGB Enterprises, Inc., Valencia, CA
Custom LCD resizing and backlighting

www.sgbent.com

Joe Padula, VP Business Development
joe@sgbent.com
661.294.8306

Tannas Electronic Displays, Inc, Orange, CA
Custom Resized LCD Glass

and Licenses
www.tannas.com

Larry Tannas, President

l.tannas@tannas.com
714.633.7874

See Us at SID ‘11 Booth 1420

F O R I N F O R M A T I O N :

RESIZING
FOR CUSTOM SIZES

We Will Cut an LCD to Fit Almost Anywhere!

TANNAS-SIZES-SIZEDTM LCD LCD 

Digital signage for over subway door
36” (4.5:1) LCD

5 ATI aircraft instrument
(4.2” x 4.2”)

Electronic shelf label (15” x 1.2”)



2 Editorial
Optimisim Prevails:  A Look Back at Display Week Shows a Bright Future Ahead
� by Stephen P. Atwood

3 Industry News
Two Industry Giants Based in Asia Unveil Technology at Display Week
� by Jenny Donelan

4 President’s Note
SID Shines in Hollywood
� by Munisamy Anandan

8 LCDs
Liquid-crystal displays evolve in many directions.
� by Alfred Poor

12 e-Paper
A year of robust investment in more mature technologies also offers a few new surprises.
� by Jason Heikenfeld

16 3-D
Active-polarization switching may be the shape of things to come for home 3-D. 
� by Steve Sechrist

20 Touch Technology
2011 was the year that projected capacitive became the dominant touch technology in terms of
revenue, and this was evidenced by its overwhelming dominance on the show floor.
� by Geoff Walker

26 Frontline Technology: Photonic-Crystal Display Materials
Photonic Ink (P-Ink) technology comprises an active photonic crystal that reflects a band of
color that can be tuned by controlling the applied current or voltage.  All the individual spectral
colors in the visible range can be reflected by a single P-Ink material.  This technology provides
an opportunity to create a wider range of primary colors than the conventional RGB system,
given the same numbers of pixels for color mixing.
� by Hai Wang, Fergal Kerins, Ulrich Kamp, Leonardo Bonifacio, André C. Arsenault, and 

Geoffrey A. Ozin

30 2011 Best-in-Show
Nanosys, RealD, and Samsung Win Inaugural Best-in-Show Awards at Display Week 2011
� by Jenny Donelan

34 SID News
2012 SID Honors and Awards Nominations.

38 Journal of the SID August Contents

40 Sustaining Members

40 Index to Advertisers

JULY/AUGUST 2011
VOL. 27, NOS. 7&8

Next Month in
Information Display 

LCD Issue
� Future LC Technology and 3-D

Displays

� 3-D Technologies for Home LCD

TVs

� Large TFT-LCD Panels Shift into

High Resolution

� Measuring Resolution: PR vs. TM

Displays

� Advancing Science Education

INFORMATION DISPLAY (ISSN 0362-0972) is published 10 times
a year for the Society for Information Display by Palisades
Convention Management, 411 Lafayette Street, 2nd Floor, New  York,
NY 10003; William Klein, President and CEO. EDITORIAL AND
BUSINESS OFFICES: Jay Morreale, Editor-in-Chief, Palisades
Convention Management, 411 Lafayette Street, 2nd Floor, New York,
NY 10003; telephone 212/460-9700. Send manuscripts to the attention
of the Editor, ID. Director of Sales: Michele Klein, Palisades
Convention Management, 411 Lafayette Street, 2nd Floor, New York,
NY 10003; 212/460-9700. SID HEADQUARTERS, for corres-
pondence on subscriptions and membership: Society for Information
Display, 1475 S. Bascom Ave., Ste. 114, Campbell, CA 95008;
telephone 408/879-3901, fax -3833. SUBSCRIPTIONS: Information
Display is distributed without charge to those qualified and to SID
members as a benefit of membership (annual dues $100.00).
Subscriptions to others: U.S. & Canada: $75.00 one year, $7.50 single
copy; elsewhere: $100.00 one year, $7.50 single copy. PRINTED by
Sheridan Printing Company, Alpha, NJ 08865. Third-class postage
paid at Lehigh Valley, PA.  PERMISSIONS: Abstracting is permitted
with credit to the source. Libraries are permitted to photocopy beyond
the limits of the U.S. copyright law for private use of patrons,
providing a fee of $2.00 per article is paid to the Copyright Clearance
Center, 21 Congress Street, Salem, MA 01970 (reference serial code
0362-0972/11/$1.00 + $0.00). Instructors are permitted to photocopy
isolated articles for noncommercial classroom use without fee. This
permission does not apply to any special reports or lists published in
this magazine. For other copying, reprint or republication permission,
write to Society for Information Display, 1475 S. Bascom Ave.,
Ste. 114, Campbell, CA 95008. Copyright © 2011 Society for
Information Display. All rights reserved.

Information Display 7&8/11 1

Cover Design: Acapella Studios, Inc.

Information
DISPLAY

ON THE COVER: Attendees at Display Week
2011 enjoyed many opportunities to see the latest
in display technology, attend a variety of seminars
and paper sessions, and catch-up with old friends.
The first ever Best-in-Show awards were also pre-
sented this year to the most deserving exhibitors.
Everyone enjoyed the setting at the LA Convention
Center.
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Optimism Prevails: A Look Back at Display
Week Shows a Bright Future Ahead 

by Stephen Atwood

We’re looking back this month, as we do every year, to
review the most noteworthy things from the SID Display
Week event in May.  This year, we were back in LA and we
could not have picked a better place.  Between the energy
of that city and the renewed optimism among the many 

participants at the conference, it was exciting to be a part of the action again.  The 
display industry, like every other area of our global economy, has endured some real
challenges and lots of disappointments along multiple dimensions.  Funding for R&D
has been in short supply and so have been customers willing to place bets on unproven
solutions.  Many people I met this year were working at different companies than a
few years before and some were still looking for their next positions.  Yet despite this
backdrop, Display Week was clearly about the future and provided a much-needed
outlet for everyone’s creative sides to emerge.  From big companies to small start-ups,
innovation and optimism were everywhere.  If this event is a reflection of the face of
the industry, then what I saw was an industry full of new ideas, constantly adapting to
the marketplace, and looking way beyond 2011 with high hopes for the future.

I started my Display Week by attending the annual SID Business Conference 
organized by DisplaySearch.  As usual, DisplaySearch did a great job organizing a
program that highlighted some of the most dynamic areas of the marketplace, includ-
ing infrastructure investment and emerging markets in China and 3-D technology
expansion.  What struck me was the sheer scale of new physical plant investment
scheduled for China.  Over the next few years, as many as nine new full-scale LCD
fabrication facilities could be coming on line if all the current plans are realized.  
Similarly, several new OLED manufacturing plants are also in the plans.  Now I’ll
concede that a large chunk of this investment is likely motivated by the growing
domestic consumer market in China rather than a truly bullish view of the rest of the
world.  However, we are a global economy, and the China domestic consumer market-
place would not be so attractive if economic growth were not starting to return to the
many international export markets that Chinese companies serve.  If you did not make
it to this year’s Business Conference, please try to plan it into your agenda for next
year.  It’s really a don’t-miss piece of Display Week and I am very grateful for all the
effort put in by the organizing team each year so we can have access to this valuable
industry insight!

To give you a good picture of what Display Week 2011 was like, we asked a team
of freelance writers, mostly names familiar to those of you who read ID regularly, to
canvass the show and give us reviews of the most interesting things they saw and
heard.  These are in many cases their own opinions based on years of experience in
their fields and very enlightening as a result.  Our loyal and frequent contributor
Alfred Poor covered the myriad of new innovations within the field of LCDs, of which
there are too many to cover all in this issue.  Naturally, one of the big attention getters
was the RealD LC shutter implementation paired with a Samsung 46-in. LCD used to
make a field-sequential 3-D display that can use passive glasses.  (This one received
one of the three inaugural Best-in-Show awards!)  Behind the scenes all week was 
a frequent debate about the relative strengths of patterned-retarder vs. active-shutter
glasses embodiments for 3-D, but with one demonstration Samsung and RealD 
essentially made that argument moot.
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Two Industry Giants Based in
Asia Unveil Technology at
Display Week

by Jenny Donelan

The Beijing-based Hanwang is an extremely
well-known name in China, where the com-
pany enjoys a 70% share in the e-reader market, 
the largest in that country.  In fact, Hanvon
(the company and brand name used outside of
China) is the fourth largest e-reader company
in the world, after Amazon, Barnes & Noble,
and Sony.  It also manufactured the first 
e-reader featuring E Ink’s new color-imaging
technology, Triton.

Hanvon would like to become very well-
known in North America too, which is one
reason why the company chose to exhibit at
Display Week for the first time ever this year. 
Hanvon also had a new display technology to
show – a dual-touch e-reader system that
enables both finger and stylus input, shown at
Display Week in combination with E Ink’s
electrophoretic technology.  The company’s
approach utilizes electromagnetic resonance
(EMR) technology.  As DisplaySearch 
analyst Jennifer Colegrove noted in the 

DisplaySearch Blog covering Display Week,
“What makes it unique is that the sensors are
located beneath an e-paper display (from
E Ink Holdings) – there is no touch sensor in
front of the display.  Hanvon developed the
technology by adding several capacitors to a 
conventional digitizer touch sensor … it
works by adding an antenna network just
above the sensor board.”  This technology,
adds Colegrove, can easily be added to any
existing manufacturing process. 

The company claims the dual-mode tech-
nology is able to outperform comparable
capacitive, resistive, and acoustic-pulse-
recognition technologies in precision, data
report rate, and ease of use. 

I had a chance to try a prototype e-reader at
Display Week, and being able to use both 
finger touch and stylus is pretty neat.  You can
annotate text and write your own notes on a
separate page and save the notes.  You cannot,
however, use both input “devices” at the same
time.  The prototype, at least, required you to
switch between them.  This is probably useful
in terms of eliminating the potential for inad-
vertent touches when in stylus mode. 

Hanvon is planning to commercialize the
new technology in its e-readers in the second
half of this year, starting with the Chinese
market.  It is currently commercially available

to manufacturers in the U.S. and the rest of
the world.  For more about the Hanvon dual-
mode technology, including a diagram, see the
Touch Technology review from Display
Week also in this issue.

Another powerhouse manufacturer that 
has been seeking increased North American
visibility is Asahi Glass Company (AGC).
The Japanese firm has been around since
1907, employs about 50,000 people around
the world, and has annual global sales of
approximately $US15 billion.  It has the 
number-one global market share in architec-
tural glass, automotive glass, and glass 
substrates for AMOLED displays, LTPS,
PDPs, and projected-capacitive touch screens.
It is number two for TFT glass substrates.

At Display Week, Asahi was showing
Dragontrail, a chemically strengthened glass
material designed for high-quality cover glass
used in screens for electronic devices (Fig. 1).
Dragontrail, which is being marketed as a
competitor to Corning’s Gorilla Glass, is, 
in the words of the company, “six times
stronger than conventional soda-lime glass,
highly resistant to scratches, and features a
beautiful, pristine finish compared with
resin.”  Dragontrail is also free of arsenic,
lead, and antimony.

AGC uses a highly efficient float process to
manufacture Dragontrail, utilizing the com-
pany’s extensive background in producing
specialized glass for electronics.  AGC also
says it is poised to respond to growing
demand for cover glass used in televisions as
well as mobile devices.  (Gorilla Glass has
also been used in Sony televisions, for 
example.) 

At Display Week, AGC also announced
that it has developed ultra-thin sheet glass 
(not yet named) that is also manufactured
using the float process, and measures just 
0.1 mm, roughly the thinness of a sheet of
paper.  Made from alkali-free glass, which is
used as a glass substrate for TFT-LCDs, this
extremely thin sheet float glass is designed 
for use in next-generation displays, lighting,
touch screens, and high-tech applications 
such as medical devices. 

References
1http://www.displaysearchblog.com/2011/05/
sid-display-week-2011-amoled-touch-and-
3d-provide-excitement/.  ■
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Fig. 1:  Dragontrail glass is extremely impact and scratch resistant and is being positioned as a
competitor to Corning’s Gorilla Glass.



SID EXECUTIVE COMMITTEE

President:  M. Anandan
President-Elect:  B. Berkeley
Regional VP, Americas:  T. Voutsas
Regional VP, Asia:  H. S. Kwok
Regional VP, Europe: J. Rasp
Treasurer:  A. Ghosh
Secretary:  Y. S. Kim
Past President:  P. Drzaic

DIRECTORS

Bay Area: J. Pollack
Beijing:  B. P. Wang
Belarus:  V. Vyssotski
Canada:  T. C. Schmidt
Dayton:  D. G. Hopper
Delaware Valley:  J. W. Parker III
Detroit:  J. Kanicki
France:  J-P. Parneix
Hong Kong:  H. Leung
India:  G. Rajeswaran
Israel:  G. Golan
Japan:  N. Ibaraki
Korea:  K. W. Whang
Latin America:  A. Mammana
Los Angeles:  L. Tannas
Mid-Atlantic:  D. Morton
Mid-Europe:  H. de Smet
New England:  S. Atwood
Pacific Northwest:  A. Abileah
Russia:  I. N. Kompanets
Singapore:  X. W. Sun
Southwest:  S. O’Rourke
Taipei:  Y. S. Tsai
Texas:  Z. Yaniv
U.K. & Ireland:  S. Day
Ukraine:  V. Sergan
Upper Mid-West:  B. Bahadur

COMMITTEE CHAIRS

Academic:  P. Bos
Archives/Historian:  R. Donofrio
Audit:  S. O’Rourke
Bylaws:  A. Kmetz
Chapter Formation – Americas:  C. Curtin
Chapter Formation – Asia:  W. Lei
Chapter Formation – Europe:  H. de Smet
Conventions:  D. Eceles
Conventions – Europe:  I. Sage
Definitions & Standards:  J. Miseli
Definitions & Standards Co-Chair:  T. Fiske
Display of the Year:  R. Melcher
Exhibit Advisory Committee:  J. Chen
Honors & Awards:  F. Luo
Investment:  A. Ghosh
Long-Range Planning:  B. Berkeley
Membership: A. Silzars
Nominating:  P. Drzaic
Publications:  H. Seetzen
Senior Member Grade:  B. Berkeley
Web Site:  H. Seetzen
Web Activities:  L. Palmateer

CHAPTER CHAIRS

Bay Area: G. Walker
Beijing:  N. Xu
Belarus:  A. Smirnov
Canada:  A. Kitai
Dayton:  M. Most
Delaware Valley:  J. Blake
Detroit:  S. Pala
France:  J. P. Parneix
Hong Kong:  H. S. Kwok
India:  S. Kaura
Japan:  K. Kondo
Korea:  Y. S. Kim
Latin America:  V. Mammana
Los Angeles:  P. Joujon-Roche
Mid-Atlantic:  I. Kymissis
Mid-Europe:  H. J. Lemp
New England:  B. Harkavy
Pacific Northwest:  A. Silzars
Russia:  V. Belyaev
Singapore/Malaysia:  X. Sun
Southwest:  S. Venugopal
Taipei:  C. C. Wu
Texas:  R. Fink
U.K. & Ireland:  M. Jones
Ukraine:  V. Sergan
Upper Mid-West:  P. Downen

SOCIETY FOR INFORMATION DISPLAY

1475 S. Bascom Ave., Ste. 114, Campbell, CA 95008

408/879-3901, fax -3833 e-mail: office@sid.org

http://www.sid.org

SID Shines in Hollywood

by Munisamy Anandan
President, Society for Information Display

On March 11, 2011, at 16:46 JST, an earthquake of magni-
tude 9 occurred in Japan, resulting in a powerful tsunami
that caused massive destruction.  The entire world was in
shock and our prayers went out to the people of Japan.  At
SID, we immediately communicated with our members in

that country and received the good news that they were unharmed.  We were then 
concerned that our Japanese members would not be able to make it to Display Week
this year, but attendance from Japan in 2011 was at the same level that it was in 2010.
We thank these members for participating and supporting SID despite their economic
and logistical challenges, and we wish a speedy recovery to the nation of Japan and its
people.

Display Week 2011 was a success, and SID maintained its leadership in all areas of
display technology.  We are known as the No. 1 society in the world on display tech-
nology.  In that role, we serve the public by providing education on displays, we serve
members by helping them gain knowledge and growth, and we serve display and dis-
play-related companies through the promotion of their businesses.  The Society sup-
ports its own growth through increases in membership.  In order to keep growing and
providing all our services, we obtain some of our income through activities related 
to the business of displays.  Each year, Display Week includes events – such as the
Market Focus, Business, and Investors Conferences – that emphasize the business 
of displays.

Technology Highlights from Display Week 2011
Display Week 2011 kicked-off with keynote speeches from the University of Santa
Barbara’s Shuji Nakamura, who discussed the development and exciting future of
high-brightness LEDs; Keio University’s Yasuhiro Koike, who described the future 
of highly realistic face-to-face communications through the use of 3-D and super-
high-resolution 4K real-time video imaging; and Phil “Captain 3D” McNally from
DreamWorks Animation, who explained his personal vision for 3-D media.  It was
exciting to see the overflow of attendees in the ballroom, all wearing 3-D glasses to
view the imagery of DreamWorks Animation.

Our very successful technical conference focused on many hot topics in the display
industry.  For example, several papers described the progress of blue phase in LC
technology.  OLED advances could be seen in a paper on a 31-in. OLED 3-D TV.
The subject of 3-D continues to draw significant attention.  There were exciting tech-
nical papers on active glasses, passive glasses, and “glassless” viewing of 3-D images.
Many participants could be heard discussing the future of 3-D TV without glasses.
Numerous member companies of SID are actively involved in solving the problems
that exist in developing autostereoscopic 3-D TV.

On the substrate side, what were once thought to be rigid and breakable glass 
substrates are becoming flexible and nearly unbreakable!  We heard papers on 
“roll-to-roll” manufacturing employing flexible glass.  Flexible glass or even bendable
glass will find applications in displays using both OLED and LCD technology.  It is
exciting to see this technology becoming a reality.
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IF you stop and think about it, it is remark-
able how the liquid-crystal-display (LCD)
panel has come to dominate the world of
information display.  Not only has it displaced
a variety of older technologies – most notably
the cathode-ray tube (CRT) – it has also man-
aged to enable a host of new applications that
were not possible without it.  Notebook com-
puters, personal navigation devices, and even
cell phones could not have been successful
without thin, lightweight, and low-power
LCD technology.

So it should be little surprise that LCDs
dominated all aspects of Display Week 2011,
from the exhibit hall floor to the Symposium
sessions.  And there seems to be plenty of life
left in the technology, with new advances
being explored in many different directions.

In the space allotted here for LCD cover-
age, it would be impossible even just to list all
the 2011 Display Week papers, posters, and
exhibits that related to LCDs.  Instead, here is
an overview of some of the highlights.

Display Week As a Materials Show
Materials are a good place to start because
there was plenty of news on the subject at this
year’s show.  These developments are likely
to have a significant impact on the LCD
industry going forward.

For example, LCD production remains a
batch process using discrete sheets of mother-
glass that are then cut into individual displays.

There is some question as to whether or not
we have reached the practical limits of this
approach with Gen 10 production plants such
as Sharp’s Sakai facility.  One possible
avenue to lower production costs and higher
efficiencies is through the use of roll-to-roll
processing for some or all production steps.
Substrates other than glass have the flexibility
to make this possible, though these alternative
materials have shortcomings compared to
glass.

As a result, it was interesting that both
Corning and Asahi Glass Company showed

0.1-mm-thick glass in their DisplayWeek
exhibits (Fig. 1).  While this glass has poten-
tial for several display technologies (such as
serving as an encapsulation layer for OLED
panels), it could have a particularly big impact
on LCDs.  It could eliminate a lot of weight,
for example, which has advantages when 
multiplied times millions of units.  And it
could help lower production costs by increas-
ing efficiency.

Another group of materials that received
lots of attention at Display Week were the
metal oxides that are being used instead of a
silicon layer for the active backplane in LCDs.
Sharp has announced that it will convert about
one-quarter of its Kameyama 2 Gen 8 plant to
use indium gallium zinc oxide (IGZO) for its
semiconductor layer.  Samsung also demon-
strated a 70-in. UD (3840 × 2160 pixel) LCD
panel with a metal-oxide TFT backplane.

Another material that has drawn a lot of
interest is “blue-phase” LC technology.  This
is a phase of liquid-crystal material that nor-
mally exists in a narrow range of conditions,
but can be stabilized through the use of poly-
mers.  The result would be an LCD panel with
extremely rapid refresh rates, with the poten-
tial for reduced motion blur.  It is also possi-
ble that the panels could be fast enough to
support field-sequential backlight illumina-
tion, which could eliminate the need for sub-
pixels and color filters.  There were three 
separate sessions devoted to blue phase alone
in the Symposium, as well as a Monday 
seminar.  (For earlier discussions of blue
phase, see the November 2009 issue of 
Information Display.)

One of the most dramatic materials demon-
strations was on display at the 3M booth.  The
company showed its “Collimating Multi-layer

DisplayWeek 2011 Review:  LCDs

Liquid-crystal displays evolve in many directions.

by Alfred Poor

Alfred Poor is an editor and publisher of the
HDTV Almanac and a freelance writer cover-
ing technology topics with special emphasis
on displays.  He is a Senior Member of SID
and can be reached at apoor@verizon.net.
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Fig. 1:  Corning’s 0.1-mm-thick glass is so
flexible that it can be moved in a continuous
loop around rollers.  Photo courtesy of Alfred
Poor. 



Optical Film” (CMOF), which makes possible
a new light-mixing technology for LCD-panel
backlights that it calls “Air Guide.”  The tradi-
tional approach to LED edge-lighting for LCD
panels requires multiple layers of light guides,
diffusers, collimators, and other materials.
The new 3M approach combines all these
functions into a single layer that is adhered 
to the back of an LCD panel.  An air space
behind this is then backed by a reflective 
layer at the back of the display.

The new film can eliminate as much as 3 kg
of weight from a typical 52-in. LCD HDTV
simply by eliminating the extra materials.  It
also is so effective at diffusing the edge light
that the LEDs can be spaced as far apart as 
60 mm instead of the standard 12 mm, which
means that either display designers can use
fewer LED parts or they can use the standard
number with increased reliability because a
failed LED will not be noticeable.  There are
other benefits to this more effective light mix-
ing; for example, less-expensive white LEDs
can be mixed to produce the same color tem-
perature as more expensive pieces.  As a
result, this new Air Guide technology may
have a big impact on large-LCD-panel design.

More Panels
Of course, there were plenty of LCD panels 
to see and hear about at Display Week.  

Samsung showed a number of displays using
the Nouvoyance PenTile technology, includ-
ing a tablet-sized panel with 300-ppi resolu-
tion and another with a 180-Hz refresh rate
that had a field-sequential-color backlight.
(Samsung also showed a 46-in. “active
retarder” 3-D HDTV that uses passive glasses,
employing a second LCD layer to actively
switch the polarity of the image’s light.)

LG had some impressive LCD panels,
including a 4.5-in. display with 329-ppi 
resolution.  A 47-in. panel with LED edge
lighting along just on one side demonstrated
low power consumption, demonstrating a
power reading of 35–38 W.

Several companies showed LCD panels
with narrow bezels designed for video-wall
applications, either for control room or 
digital-signage installations.  One of these,
from Planar, had a display that used 46-in.
panels and had a combined 6.7-mm-wide
bezel when tiled (Fig. 2). 

There were several LCD panels with inte-
grated photosensors.  Samsung showed a 
40-in. panel with an IR sensor at every pixel
in their high-definition 1920 × 1080 display.
The sensors support input from more than 50
simultaneous points without relying on ambi-
ent lighting, a technology that Samsung has
named “PixelSense.”  The panel is designed
for use in the upcoming Microsoft Surface-2

touch display.  Toshiba had a panel that inte-
grated both a photosensor and a 1-bit memory
per pixel.  This 7-in. QVGA panel with 
“in-cell write-erasable” technology lets the
user write on the screen, which then requires
just 0.7 mW to maintain the image.  The result
is a display that can act much like an Etch-A-
Sketch toy, in that you can write on the screen
with a light pen and the image will be retained
using very little power.  You can then erase
the image at any time (Fig. 3).

Industrial Applications
Many exhibitors showed LCD panels for
industrial and other vertical applications.
Unlike the typical consumer products that ship
in the tens or hundreds of thousands, devices
for medical, aviation, or industrial applica-
tions ship in much smaller quantities and a
given model may need to have a lifetime that
spans many years.  Display manufacturers
must be able to provide the customers that
count on them with a steady and reliable 
supply.

This is not always easy to accomplish.  For
example, Sharp Microelectronics was
informed not too long ago by its supplier of
cold-cathode fluorescent (CCFL) backlights
that the company was exiting the market.  The
Sharp engineers had to design LED-backlight
equivalent displays that were plug-compatible
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Fig. 2:  Planar’s LCD panels have thin bezels so that they can be tiled
to create a video wall.  Photo courtesy of Alfred Poor. 

Fig. 3:  Toshiba demonstrated an LCD panel that contained both light
sensors and 1 bit of memory per pixel, which allows one to write on the
screen with a light pen and the image to be retained using very little
power.  Photo courtesy of Alfred Poor. 



with the original CCFL models.  In most
cases, they were able to incorporate the LED
drivers onboard the panel.  In a similar vein,
Endicott Research Group (ERG) was showing
LED backlight drivers at Display Week that
were on circuit boards that have the same
physical dimensions and mounting holes as
the CCFL inverter boards that they are
designed to replace (Fig. 4).

NEC LCD Technologies also provides panels 
for industrial applications.  The company has 
developed a new “Color Xcell” technology that 
allows the color points to be reset by changing
the drivers at the cell level.  This provides
additional color control and is a feature that
will be available in all the company’s prod-
ucts eventually.  NEC also has seen growing
demand for wide-format displays, as well as
panels optimized for portrait orientation.

Many other companies exhibited a wide
range of LCD panels intended for industrial
and other applications.  Rockwell Collins
showed applications for its Direct Dry Film
technology that allows the company to modify
bare panels for everything from 3-D tech-
nologies to touch screens.  Many companies
also exhibited high-brightness LCD panels,
including INSYNC Peripherals Corp. and
Brightview Technologies.  GemLight 
Technologies showed “Sapphire Star” 
displays that are rated at 2000 cd/m2 or more,
but that can also be dimmed to 100:1 as
needed.

Different Shapes and Sizes
Some of the LCDs on display were not of the
standard 4:3 or 16:9 aspect ratios.  Tannas
Electronics demonstrated its ability to cut 

LCD panels to just about any size or shape
needed, showing a 5 × 35.5-in. panel that was
cut from a 40-in. LCD panel (Fig. 5).  FSN
also had some novel-sized panels at its booth, 
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Fig. 4:  LED driver boards from Endicott Research Group (ERG) are physical replacements for
their CCFL inverters.  Photo courtesy of Alfred Poor. 

Fig. 5:  Tannas Electronics can cut LCD panels to create displays with
novel dimensions.  Photo courtesy of Alfred Poor. 

Fig. 6:  Kopin’s high-resolution LCD panels are less than 0.5 in. on the
diagonal.  Photo courtesy of Alfred Poor. 



including a 1920 × 480-pixel “panoramic”
display that it showed in both landscape and
portrait modes .

There were even tiny LCD panels.  Perhaps
the smallest were the ones shown by Kopin.
Their BDM-720P LCD panel has 1280 × 720
pixels – sufficient for HDTV images – in a
panel that is just under 0.5 in. on the diagonal.
At the same booth, they showed a new
SXGA-R5 panel from Forth Dimension 
Displays (now owned by Kopin) that has 
1280 × 1024 pixels on a panel that is just 
0.88 in. on the diagonal.  Designed for near-
to-eye applications such as viewers and head-
mounted displays, these panels use ferro-
electric LCD technology.  Forth Dimension
plans to have a QXGA panel available in
about a year, with 2048 × 1536 pixels (Fig. 6).

Still Growing
Despite of its dominant position in the infor-
mation-display industry, LCD technology is
not sitting still.  Big and small, fine resolution
and bright, standard or novel shaped, the LCD
panel continues to evolve to meet the needs of
new applications as they arise.  While there
are other technologies that show a great deal
of promise, it will be increasingly difficult for
them to unseat LCDs as the leading way to
obtain information from our various electronic
devices.  ■
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LAST YEAR was a breakthrough in
visual terms for e-Paper at Display Week, as
numerous color prototypes appeared through-
out the 2010 exhibition and symposium.
Sometime before the show, I wrote, with
authors Paul Drzaic, Jong-Souk Yeo, and 
Tim Koch, a major overview of e-Paper 
(see Ref. 1).  I was curious going into this
year’s Display Week about whether the rapid
pace of e-Paper technology had already out-
dated our article.

While Display Week 2011 did not match
the amount of new e-Paper technology shown
at Display Week 2010, this year represented
both increased product focus and firm invest-
ment from large display and electronics com-
panies.  What a great time to be involved in
the technology or business of e-Paper.  I find
it absolutely amazing that there are so many
unique horses (technologies) in the race.  How
long will they last?  Maybe for a while, as the
“perfect” color-video e-Paper has yet to be
achieved, even in a laboratory setting. 

It makes sense to start any e-Paper over-
view with E Ink Corp.  At Display Week, the
company showed a familiar array of excellent
looking electrophoretic displays.  Sony also
showed a large 13.3-in. flexible module based
on E Ink’s Triton color technology (Fig. 1).

A couple of weeks before the conference,
endgadget posted a blog (http://www.engadget.
com/2011/05/04/e-ink-develops-flashing-
displays-for-cloth-and-tyvek-experiment/)
about possible full-motion video in the 2012

product update from E Ink.  However, such a
video module was not to be found at the E Ink
booth – maybe next year… .  To most of us,
the resolution capability of E Ink at up to 
300 ppi is completely satisfactory.  E Ink con-
tinues to be on a roll, increasing production
capacity, appearing in prototypes of numerous
display companies, and, appropriately, win-
ning the Society for Information Display’s
Gold Display Component of the Year Award
for Triton film.

Comebacks
It was exciting to see a few of those compa-
nies that had previously exited e-Paper now
back in the race and stronger than ever.  

Consider Samsung who just last August
announced a halt to e-Paper production, and
then this year strategically surprised many by
acquiring Liquavista and therefore a global
lead in electrowetting display technology.
Samsung showed 6.3-in. color active-matrix
electrowetting prototypes that appeared to
have better gray scale and fewer defects than
the Liquavista units displayed last year.  One
of the demo modules, and a symposium talk
given by Liquavista engineer Andrea Giraldo,
showed a low refresh rate of 1 Hz for power
reduction (electrowetting displays are not
bistable).  Johan Feenstra, CEO of Liquavista,
noted that with the acquisition by Samsung,
electrowetting-display commercialization is
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Fig. 1:  Sony’s 13.3-in. flexible prototype uses E Ink’s new color imaging technology, Triton.



now more focused than ever before, with a
clear product and production facility in sight.  

If you visited the Solutia (Flexview) booth,
you might have seen Edzer Huitema, CTO of
Polymer Vision, showing a defect-free 6-in.
SVGA rollable display.  The display used
SiPix microcup front-plane technology and
exhibited 40% reflection.  The fact that it was
defect free is important because the display
came off Polymer Vision‘s new Gen 2.5 R&D
line in Eindhoven.  Polymer Vision appeared
to exit the e-Paper race in 2009 when it
declared bankruptcy, but was acquired in
2010 by Wistron Corp. and is now once again
pushing its technology forward.

New Offerings
So what was new?  Actually quite a bit.
There was a talk given by SiPix Imaging on
its dual-mode display.  It has now demon-
strated prototypes with “dual color pixels,” in
which a single pixel can display a color or
white or black.  The big benefit is a possible
boost in reflectance, but no strong supporting
data were presented at this time.  In the 
exhibit hall, you could find an HP electro-
kinetic active-matrix module (in the Corning
booth), and if you were lucky enough to run
into Tim Koch of HP, you were treated to a
demo of a three-layered CMY prototype,
which now nearly satisfies SNAP (Specifica-
tions for Newsprint Advertising Production;
see Ref. 1) color standards such as reflectance
and color gamut that we are all accustomed to
from newsprint.  This is a major advance for
e-Paper.

A very interesting e-Paper adaptation was
shown at the Qualcomm booth, where there
were two mirasol demos that were front lit 
for nighttime readability.  The image quality
for the front-lit units was good [Figs. 2(a) 
and 2(b)]. 

This front-light concept is quite intriguing
because a bright front light could possibly
allow e-Readers to have a “saturated” color
mode.  For instance, with RGBW, if the red is
turned on, the front light illuminates the red
creating better color saturation than achieved
with R&W pixels in the reflective-only mode.
Qualcomm is not the only company working
on advanced front lights, although it is the
only one thus far to publicly disclose it.
Regarding product launches of e-Reader/
tablet-sized mirasol displays, the target date
has been pushed back to late 2011.  This
seems to represent a strategic shift for 
Qualcomm, from mobile phones to larger-
sized displays.  Also based on optical interfer-
ence, but not requiring micromechanical 
pixels, is the improved photonic-crystal elec-
tronic ink that Opalux CTO André Arsenault 
presented at the Symposium.  This “P-Ink” has 
60% reflection across the visible spectrum.
Unlike mirasol, this technology currently can
create any saturated color across the visible
spectrum inside one pixel (see the article from
Opalux, “Photonic Crystal Display Materials,”
in this month’s issue of Information Display).

Arguably one of the most exciting presenta-
tions at the SID Symposium was Ricoh’s
three-layered CMY electrochromic display.
In electrochromism, colorants undergo an 

oxidation change that shifts them between a
clear or colored state.  First, the white-state
reflectance was 70% (although the black state
was not fully black yet).  Second, the color
gamut was vastly improved through the use of
CMY stacking as opposed to RGBW.  Third,
the stacked display used a common electrolyte
that coupled all three layers to a single back-
plane.  This eliminates many of the optical
losses in CMY stacking.  Only two substrates
were used, a first ever for stacked e-Paper.
Although slow (it took seconds to refresh), 
the gray scale was striking for a first demo
(see Fig. 3). 

I was impressed by how the three layers
were stacked and addressed between just two
substrates.  Ricoh reported that each layer is
only ~ 2 µm thick, and when questioned in the
session, company representatives claimed
20,000 cycles of operation.  Akira Suzuki of
Ricoh has been seen at every display confer-
ence for as long as I can remember, assessing
what technologies Ricoh should pursue.  It
looks like the company’s first major bet may
now be played.  
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(a)

(b)

Fig. 2:  (a) External ambient illumination is
used (as it would be for standard e-Paper)
and (b) the display in a dark environment with
the front light activated. 

Fig. 3:  Ricoh unveiled a three-layered (CMY)
electrochromic display capable of 70% white-
state reflectance and, amazingly, driven with
a single backplane.



ADT and Gamma Dynamics reported on
the progress in their variations of displays
using electrowetting, not to change surface
wetting, but to move (transport) colored fluids
inside microfluidic pixels.  The ADT booth
showed a first-ever medium-sized droplet-
driven prototype (Fig. 4).  ADT’s Frank 
Bartels also noted the availability of evalua-
tion kits late this year, with initial products in
2012.

Last but not least, a resurgence in tradi-
tional liquid-crystal displays (LCDs) was seen
throughout the exhibit hall.  Sharp displayed
two polymer-network LCDs.  Also, the new
Chinese startup company Halation showed
numerous smectic LC products (see Fig. 5).

I ran into display industry expert Mark
Willner, who is knowledgable about smectic-
A displays and Halation in particular. He was

impressed by how far the company had come
in just 2 years in developing both smectic-A
liquid-crystal materials and displays for pro-
duction in China.  Mark said “If Halation is
able to improve performance and meet ESL
market requirements, they could become a
significant player.”  None of these LC tech-
nologies look superior to E Ink or other more
optically diffuse displays, but the infrastruc-
ture for LC technology is strong, so the costs
for such displays could be quite low, even in
the short term.  Kent Displays did not exhibit,
nor were there many cholesteric demos,
except for several papers and demos presented
by ITRI.

It is  not possible to cover all the e-Paper
seen at Display Week 2011 in this short
review.  Almost every major company has
reflective technology in production or devel-
opment.  However, e-Paper is still only widely
available in monochrome formats.  After
approximately 1 year, the major technologies
reviewed in our JSID paper are still in play.
None of us knows all the true challenges and
benefits for all the competing technologies.
Presentations, demos, and review articles such
as this will soon give way to the ultimate
judge of commercial success or failure – the
marketplace.  Looking forward to next year,
will we have color E Ink (electrophoretic),
Bridgestone (liquid powder), Qualcomm
(mirasol), and Samsung (electrowetting) 
modules in the marketplace?  The demos look
ready to go.  Some now already have video,
which pushes e-Paper into closer competition
with LCD and OLED tablets.  Next year
should be a critical one for accessing the 
ability of e-Paper to move beyond signage and
e-Readers.
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Fig. 4:  ADT showed, for the first time, a
highly pixelated and bistable droplet-driven
(electrowetting) display.

Fig. 5:  Halation’s smectic-A e-Paper 
displays exhibit good e-Paper performance
with the potential for low-cost manufacturing.
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