














































Definition Multimedia Interface (HDMI) stan­
dard that uses a single bi-directional connec­
tion to carry digital video and audio signals­
up to eight channels at once- upporting up 
to 1080p video. 

Rhoda Alexander of iSuppli/Stanford 
Resources introduced the Flat-Panel Monitors 
session, stating that the adoption of LCD 
monitors has accelerated and LCDs will out­
sell CRT on a unit basis for the first time in 
2004. Even though LCD prices remain about 
twice those of CRTs, reduced shipping and 
warehousing costs make them appealing to 

resellers. As the price gap between 15- and 
17 -in. models continues to close, much of the 
growth will be driven by the larger monitors. 
Chris Connery, from EC-Mitsubishi Elec­
tronic Displays of America, discussed a new 
approach to running multiple monitors, show­
ing different images from a single graphics 
adapter with a single connector. Sending 
image data as packets along a daisy chain of 
displays allows each monitor to receive its 
own image data. 

The session on Projection Displays also 
demonstrated how market growth is likely to 
come largely from the consumer-electronics 
segment. Sweta Dash cited evidence that pro­
jector sales are moving from the corporate to 
consumer markets. with annual unit sales 
expected to more than double between 2002 
and 2006. Bruce Carskadon of lnFocus Corp. 
described the relationship between television 
and entertainment projectors as analogous to 
that between kitchen stoves and barbecue 
grills; even though there are duplicate func­
tions between the items in each pair, con­
sumers view and use them differently. 

Frank Moizio of Texas Instruments drew a 
parallel between ink-jet printers and projec­
tors; printers were business-only items until 
prices fell below a certain point and certain 
features became available, such as affordable 
photo printing. He sees a similar point com­
ing for projectors, and he predicts that an 
SVGA projector will be available in 2003 for 
under $1000. And Dan Zubic of NEC Corp. 
described the advantages of projectors that 
support wireless networking. 

The corporate-to-consumer shift was evi­
dent again in the Mobile Applications presen­
tations. Paul Semenza pointed out that while 
notebook applications show increased sales­
and movement to 15-in. screens as the pre­
dominant size - the massive unit growth will 
be in color mobile phones and color PDAs. 

Color active-matrix LCDs will continue to be 
dominant through 2006, making it difficult for 
novel technologies such as OLED technology 
to make significant inroads. Bert Keely, 
architect of tablet PCs from Microsoft Corp. , 
discussed the display and other requirements 
of tablet PCs. And Marc McConnaughey of 
YiewSonic pointed to the potential for rapid 
growth in tablet-PC sales, predicting that 
models will be available for less than $1000 
within 18 months. 

Kimberly Allen led the final session, cover­
ing OLEDs. The hyperactive interest in 
recent years has been tempered somewhat by 
changing economic conditions, but more than 
30 companies still have built or plan to build 
production lines (Fig. 6). In the next 2 years, 
many of these companies can be expected to 
drop out, merge. or be acquired by the remain­
ing companie as an industry shakeout takes 
place. All the same, unit sales are expected to 
grow from the startup levels of about 4 mil­
lion in 2002 to more than 180 million in 2006. 
with communications accounting for about 
two-thirds of the total. 

Bram Roukema of DuPont Displays 
announced an expansion of the company's 
already-extensive portfolio of licensing and 
other technology agreements with a cross­
licensing agreement with Universal Display 
Corp. (UDC). DuPont is also now taking 
orders for a monochrome cu tomer evaluation 
kit. Olaf Geisen of Covion Organic Semicon­
ductors GmbH discussed new developments 
in OLED materials, including the features 
required to make ink-jet "printing" of displays 
practical. One detail is that improvement in 
ink-jet resolution stopped when it was ade­
quate for end-user printing on paper, but 
improved accuracy is required for producing 
displays. And Mike Hack of UDC explained 
that solid-state displays such as OLED have 
distinct advantages for use on flexible sub­
strates, and top-emitting OLED designs have 
a larger aperture ratio and better fill factor 
than bottom-emitting designs. 

Turning 20 
Preparations are already under way for next 
year's meeting. which will include recognition 
of the conference's 20th anniversary. It is 
planned for December 8-10, 2003 , again in 
Monterey. • 

17 
The 8th Asian Symposium 
on Information Display 
(ASID '03) 

NANJING, JIANGSU, CHINA 
AUGUST 17-20, 2003 

• The Asian Symposium on lnfonmation Disolay 
IASIDl originated from the joint Japan-Korean infor­
mation display conference has become one of the 
major regional information-disolav conferences spon­
sored by SID. The puroose of the conference js to 
provide a friendly and collegiate environment for dis­
play researchers especially in the Asian region to pre­
sent their work and exchange information. ASID '03 
covers all asoects of disolay science and technology. 

Please send new product releases or 
news irems ro InformaTion Display, 
c/o Palisades Con venTion Management, 
411 Lafayette Street, 2nd Floor, New 
York, NY 10003. 
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The 1Oth Color Imaging Conference 

CIC celebrated its l Oth anniversary with resurgent attendance 
and a record number of display-related papers. 

by Brian Punt and Gabriel Marcu 

THE annual Color imaging Conference 
(CIC 10) - held most recently in Scott dale, 
Arizona, ovember 12- 15, 2002 - conti nues 
as the premier technical conference for engi­
neer and cientists working in the areas 
of color engineering and color science and 
their application to color products and color­
imaging technology. CIC is sponsored by the 
Society for Informat ion Display (SID) and the 
Society for Imaging Science and Technology 
(IS&T). and has a trong international pro­
gram committee devoted to en uring a high­
quality program through a thorough double­
blind review process. 

The technical pre entations are in a single­
track format that allow the attendee to listen 
to all of the oral presentations. In additi on. 
orne papers are pre ented within an ·'inter­

active session'' in the form of posters, which 
enables more in-depth one-to-one di cu sions 
between the presenter and the attendee . 

Each year. the conference is preceded by a 
series of tutorials covering the entire range of 
conference topics . The social event , com­
bined with Arizona's fine ovember weather, 
lead to a very plea ant. friendly working 
atrno phere with a genuine sense of commu­
ni ty. There are many opportunities for atten­
dees from academia and indu try to meet 

Brian Funt is a Professor at Simon Fraser 
University's Computational Vision Lab. 
Burnaby, British Columbia, Canada; tele­
phone 604/291-3126,/ax 6041291-3045, 
e-mail: fimt@sju.ca. Gabriel Marcu is Senior 
Sciemist at Apple Compwer, 1 Infinite Loop, 
MS 82-C5, Cupertino, CA 95014-2083; tele­
phone 408/974-1749, fax 408/974-9221. 
e-mail: marcu@apple.com. 
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colleagues from around the world . This 
year's conference celebrated the event's tenth 
anniversary with a special session, ·'Ten Years 
Later," as well as a bi1thday party in the 
evening. The program attracted 265 regis­
trants , up sub tantially from last year. 

Tutorials 
On the Tuesday before the start of the techni­
cal program. 16 tutorials were offered in the 
same 2-hour format that has been popular 

with attendees at past conferences. and they 
were organized in four tracks: Color Science. 
Color Management. Digi tal Imaging, and 
Applied Color Science. Topics ranged from 
the human visual system through the in and 
outs of the ICC color-management sy tern to 
spectral imaging and appearance models­
with cameras. canner . and displays covered 
along the way . Tutori al registration was 270, 
including many attendee who signed up to 
take more than one tutorial. 

Gabriel Marcu 

Fig. 1: An neue Jaffe (IS&T) and Andy Lakatos (S1D)- the general chairs for the first Color 
Imaging Conference- cut the birthday cake during the CIC l Oth anniversary parry. 
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One tutorial. "Color in Electronic 
Displays:' taught by Gabriel Marcu (Apple 
Computer. U.S.A .) - the co-author of thi 
article- gave a comprehensive overview 
of the color-related issues in the CRT, 
TFI'-LCD. PDP. and OLEO technologie . 

Keynotes 
There were three keynote addre ses by inter­
nationally renowned speakers. Robert Hunt, 
Visiting Profes or of Color Science at the 
Univer ity of Derby. U.K .. compared the 
capabilitie and limitations of the human eye 
with current camera technology, with the aim 
of identifying areas of possible improvement. 
Shree ayer. Columbia University . U.S.A .. 
de cribed work on a variety of no el imaging 
device . including omni-directional and high­
dynamic-range cameras. Jean-Marc Fournier. 
Rowland Institute for Science. de cribed the 
full - pectrum Lippmann photographic tech­
nique and showed one of Lippmann· s original 
photographs. Seeing a I 00-year-old original 
photograph and holding it , heavy with its 
thick gla ubstrate, is a marvelous experi-
ence. 

Technical Sessions 
The technical papers on displays were pre­
sented in oral and poster sessions. The oral 
session included two papers on TFI'-LCD 
color and one paper on the effects of different 
RGB color encodings on image proce ing. 

The color performance of TFT-LCDs has 
undergone a dramatic improvement in recent 
years. Part of the improvement has been 
through the introduction of wide-viewing­
angle liquid-crystal modes and enhanced 
monitor de ign. Although the best TFI'-LCD 
designs have very good color characteri tics , 
there i still a need to understand and model 
the effects that lead to color additivity errors . 
hue hift . and other undesirable characteris­
tics. 

The Display session started with "Color 
Calibration of TFr-LCDs'' by Yasuhiro 
Yoshida and Yoichi Yamamoto (Sharp Corp., 
Japan), which provided an overview of mech­
ani m that contribute to color shifts or color 
additivity errors . Among these are optical and 
capacitive eros talk. and liquid-crystal retar­
dation changes with pixel voltage. The e 
effect were modeled and then incorporated 
into a hardware color-management circuit. 

"Masking Model for Accurate Colorimetric 
Characterization of LCD, .. by Nobuhiko 

Fig. 2: The audience at a CIC technical session. 

Tamura and his colleague from Chiba 
University, Japan, propo ed a ma king model 
in which the color is separated into a gray 
(R=G=B) component, a secondary component 
(such as yellow R=G. B=O). and a primary 
component ( uch a R. G=B=O). The model 
is particularly relevam when capacitive 
crosstalk and light scattering are present in a 
TFI'-LCD pixel array, cau ing limited con­
trast ratio. 

The other papers on di play topics were 
presented in the interactive session. In ·'Color 
Error from RGB Pixel Stripe Structure,' ' 
M. Kanazawa and his co-workers from HK 
Re earch Laboratorie . Japan. presented an 
analysis of the effect of the RGB pixel stripe 
on the displayed color u ing a modified 
s-CTELAB method. The results showed that 
the pixel structure could degrade the image 
quality even for a viewing distance at which 
the pixel structure itself i not visible. This 
occurs because the color difference has a low­
frequency component that i detectable by the 
human vi ual system. Thi error can be 
reduced by a simple ignal-proce ing 
method. 

ln "Gray Tracking Correction for TFr­
LCDs,' ' Gabriel Marcu and Kok Chen (Apple 
Computer, U.S.A.) addre sed the issue of 

Gabriel Marcu 

blui h colorca t, gray non-uniformities, and 
color banding that arises from time-frame 
modulation , and the primary shift with the 
input level in T portable panels. Their cor­
rection method computes the gamma and 
gray-tracking correction using both the lumi­
nance and chrominance responses of the panel 
in each channel. The colorcast can be 
removed and a very good consistency of white 
point with the input signal can be achieved 
u ing the 1-D video-card look-up tables avail­
able in conventional graphics chips. The 
po ter wa awarded third prize at the Interac­
tive e ion. 

Eron Langendijk and Ingrid Heynderickx 
(Philips, The etherlands) presented "Optimal 
and Acceptable Color Ranges for Display 
Primarie :· From comparative studies of 
color reproduction of natural colors relative to 
EBU primaries. they concluded that for opti­
mal image quality, the saturation of red , 
green, and blue should be at least 90%, 90%, 
and 70%, respectively, while the acceptance 
thre hold for saturation should be 70%, 60%. 
and 35%, respectively, of the EB tandard. 

In "Color Conversion from RGB to RGB + 
White while Preserving Hue and Saturation, .. 
S. D. Lee and his colleagues from Samsung, 
Korea. confirmed that u ing the emire RGBW 
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conference report 

Gabriel Marcu 

Fig. 3: Jean-Mark Fournier demonstrates his sewp to project a rare original Lippmann photo­
graph. Lippmann showed his first pictures, displaying bright colored spectra, in early 1891. 

gamut can improve image brightnes without 
los of aturation. 

Two papers in the Color Appearance 
Models session dealt with CIECAM02, a new 
color appearance model soon to be standard­
ized by the CIE. Nathan Moroney (Hewlett­
Packard Labs, U.S.A.) , speaking on behalf of 
the technical committee presented the 
changes compared to CIECAM97s. These 
changes include a new linear chromatic adap­
tation transform, a new non-linear response 
compression, modifications to the viewing­
condition parameters, and changes to the per­
ceptual attribute correlates. Ronnier Luo 
(Univer ity of Derby, U.K.) followed with 
related experimental results. 

Theses ion Ten Year Later reviewed the 
past decade of the industrial side of the con­
ference with three invited papers. The fir t 
was Jim King's ''The Color Engineer." He 
pre ented the same talk he gave ten years ago 
to highlight how the field ha and has not 
changed. The second talk was Rob Buckley's 
''The History of Device lndependent Color-
10 Year Later. " The third was Todd 

ewman ' s account of "Division 8 and the 
Philosopher's Stone," which described the 
work of Todd's CIE committees . 
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In the Color Science session. Scott Fernan­
dez (RIT. U.S.A.) presented "Observer Prefer­
ence and Cultural Difference in Color 
Reproduction of Scenic Image ." He con­
cluded that cultural differences in observer 
preference are not of practical significance 
for most applications when a general class of 
images is u ed. Observers related to images 
with faces with a much tighter range of prefer­
ence than for images without faces. 

In the Applications session, Du-Yong g 
(Purdue University, U.S.A.) gave a pre enta­
tion on colorimetric imaging of human teeth. 
ln the Printing session , Jan Morovic (Univer­
sity of Derby, U.K. ) presented results of a 
p ychophysical experiment on image quality 
in which observers evaluated image differ­
ences induced by the use of one of four 
gamut-mapping algorithms. Safer Mourad 
(EMP A) and his colleagues at EPFL pre en ted 
a model for predicting the reflectance spectra 
in monochromatic printers. They extended 
the Kubelka-Munk model to incorporate lat­
eral light spreading within the printed sub­
strate. including fluorescent tran missions. 

In one of the Capturing sessions, Paul 
Hubel (Foveon. Inc., U.S.A.) presented '·Eye­
ing the Camera: Into the Next Century .'· Hi 

technical focu was on how the natural 
absorption of light by silicon is u ed to sepa­
rate the red, green, and blue signals that are 
collected by the buried p-n diodes. One que -
tion that aro e was the problem of light satura­
tion in the three-layer design. which does not 
have any overflow drain . Images were u ed 
to how how the .. three-layer· ' sensor pro­
duced images free of color-aliasing artifacts. 

Interactive Session 
This year' Interactive session comprised 33 
poster pre entations covering the fields of 
multispectral imaging, capturing, color sci­
ence. color reproduction, application . and 
di plays. Intensive discu sions with the 
authors could be observed at many posters. 
Best paper were elected by attendee voting, 
and the results were close. The Cactu Award 
winner (first place) was "Minimal-Effort 
Characterization of Color Printers for Addi­
tional Sub trate " by Mark Shaw and col­
leagues (Xerox Corp.. .S.A.). Thor Olson 
(Electronics for Imaging) won second place 
with his paper "The Colors of the Deep Sky:· 
Third place was shared by two papers: "Visu­
alization and Interactive Manipulation of 
Color Gamuts" by Ivar Farup and hi co­
workers (Gj~vik University College, Norway) 
and "Gray Tracking Correction for TFT­
LCDs'' by Gabriel Marcu and Kok Chen 
(Apple Computer, U.S.A .) . 

Next Year 
CIC II will be held once again at the 
SunBurst Resort Hotel in Scottsdale, on 
November 4-7, 2003. The General Confer­
ence Chair are Brian Funt (IS&T) and 
Gabriel Marcu (SID). and the Technical 
Program Co-Chair are aoya Katoh (IS&T) 
and Robert Buckley (SID). For current infor­
mation on CIC 11 , which will again be co­
sponsored by SID and IS&T. go to http:// 
www .imaging.com. • 

Please send new product releases or 
news items to Information Display, 
c/o Palisades Convenrion Management, 
411 Lafayette Street, 2nd Floor, New 
York, NY 10003. 
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my turn 

continued from page 4 

We now have a solid research base. The 
results of this research will not only support 
established industries, but will undoubtedly 
foster new companies having the vision and 
agility required to move research results 
quickly from the laboratory to the market­
place. If we abandon this base, we will 
squander our investment and ensure that we 
will play an ever-decreasing role in the dis­
play industry. 

Much better that we should have the vision 
and dogged determination that is required to 
succeed in this, or, for that matter, in any 
other high-technology industry. 

John L. West is Director of the Liquid Crys­
tal Institute and the Center for Advanced Liq­
uid Crystalline Optical Materials at Kent State 
University, P.O. Box 5190, Kent, OH 44242-
0001 ; telephone 330/672-2654, fax 330/672-
2796, e-mail: johnwest@lci.kent.edu. 

Please send new product releases or 
news items to Information Display, 
c/o Palisades Convention Management, 
411 Lafayette Street, 2nd Floor, New 
York, NY 10003. 
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The 23rd International 
Display Research Confer­
ence (IDRC 2003) 

PHOENIX, ARIZONA 
SEPTEMBER 15-18, 2003 

• An international conference on disolay 
research and development aspects of: 
• Display Materials (liquid crvstals small­
molecule and polymer OLEOs phosphors, 
optical compensation films flexible substrates 
etc.) • Display modeling Design and Process­
ing • Display Systems and Human Interfaces 



Dear Mr. Lieberman: 
I just read with some humor your "Backlight" 
essay for the November 2002 issue of 
Information Display magazine. The column 
used our first polymer-OLEO product (the 
infamous razor) as a "sizzle, no steak" exam­
ple of new technologies. Quite frankly, while 
I might have wanted the first product to be the 
much more elegant passive-matrix display for 
a mobile phone with full video capability- an 
application we have also been discussing with 
OEMs- our Domestic Appliances division 
was first up to bat. What we did learn in 
working on it, and you have to give us some 
credit, is that it showed us that we could get 

high-yield manufacturing of this new display 
technology, and meet rigorous customer 
requirements for delivery and specifications at 
the same time. We knew what we were doing 
(after doing research for more than 10 years 
on OLEO), but some guts was necessary to 
get any product out the door. And again, 
nobody looked at the shaver as the best prod­
uct "first," but the fact that the Philishave/ 
Norelco is a well-known brand name means 
that we took a risk- and have become in­
famous for it. So be it - I have a shaver here 
in my office which I use for demonstrations 
(never shaved with it yet) ,-and I am waiting to 
see the new James Bond movie with our 

TAKE A 

shaver in the film. Call me childish, but the 
pleasure of getting this research out into a first 
consumer product is a real rarity. 

I read your column regularly, and enjoy 
your perspective on displays - please keep 
doing what you're doing. 

Regards, 
Eliav Haskal 
Project Leader 
Poly LED Mobile Integrated 
Device Technologies 

Philips Research Laboratories 
Eindhoven, The Netherlands 
e-mail: eliav.haskal @philips.com 

- . ·- TODAY FOR JUST 

S299* 
Feel the difference with Touch International's 

high performance capacitive touch screens 

' 15" CRT touch monitor @$299 

15" Openfrome LCD touch monitor@ $499 

15" Desktop LCD touch monitor@ $599 

Prices good through May 1, see www.touchinternational.com/testdrive.html for details. Touch International 

See Us at SID '03 Booth 405 

~ Taiwan {ASIA) 

...... - 886.3.4547599 
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editorial 

cominued from page 2 

The display ha a 0. 1-msec response and 
does render gray scale. In answer to a ques­
tion from Information Display. Sato said that 
the polymer network stabilizes the FLC. so 
there should be no mechanical in tability in 
large displays. Continuing development is 
focused on improving uniformity and increas­
ing display area. 

ext was an interesting autostereoscopic 
display using, for the moment. an HD LCD 
panel. The cene is shot with a 2000-line HD 
camera. Light from the scene pas e through 
a convex lens and then a fly-eye lens on its 
way to the camera's standard optics. The 
image from the camera goe to the HD LCD, 
which has a fly-eye lens in front of it that is 
the same ize a the LCD screen. The 3-D 
effect is strong, there are multiple "sweet 
spots" for viewing the image, and the viewer 
experiences true 3-D parallax in both x and y 
directions. The depth of focus needs work. 
and the system sacrifice screen re olution. so 
an HDTY 3-D ystem would require a camera 
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and LCD panel with several times the number 
of pixels normally required for HD, said 

HK's Jun Arai. Commercialization of such 
a y tem is at lea t 10 years away, he said. 

Our next stop was a change of pace. 
Instead of a laboratory environment. the loca­
tion was a small theater with stadium seating. 
We sat in front of a large 4 x 7-m creen 
(320-in. on the diagonal) with a large angular 
field of view. What we were shown on that 
creen wa an image with 4000 scanning 

lines. progressively scanned - essentially 
16 HDTV screens laid out in a 4 x 4 matrix. 
Four 8-Mpixel (3840 x 2048) LC panels are 
housed in two projectors whose images are 
aligned. One of each pair of panels is for RB; 
the other is for G 1 and 02, which are diago­
nally offset from the RB pixels . The projec­
tor throw 5000 lm at the screen, producing a 
screen luminance of 50 nits. 

We were shown a program con i ting of 
both recorded scenic material and a live feed 
of a wall-sized curio cabinet with various 

finely detailed objects. some of which were 
moving. The recorded material was scanned 
from 70-mm film, we were told by Senior 
Re earch Engineer Ma aru Kanazawa, and the 
system has greater resolution than the 70-mm 
film. To tore 30 ec of programming for the 
projector require 40 Gbytes, so they have not 
recorded extended programs. 

The LCoS panels used in the projector 
deliver good. but not exceptional, color and 
contrast. Kanazawa said. The effect of that 
large, detailed image. however, wa impres-
ive. The image was combined with a 21 -
peaker 3-D ound system. 

On the other ide of one wall wa a studio 
with the curio cabinet and the camera using 
four 8-Mpixel RGG'B chips. The two greens 
have slightly different sampling points , but 
the main rea on for the two greens i for their 
luminance contribution. The camera head, 
made by Tkegami with lens by Fuji Photo 
Optical. is connected to a 5-ft.-high equipment 
rack by an optical cable. The signal is tran -
mitted from the rack to the projector by 16 
HD SDI systems. The cabling alone i 
impressive. 

As I returned to Shibuya Station through 
the mostly melted snow- via a ¥ 3000 cab 
ride (STRL i quite far from central Tokyo) I 
thought about the benefits of having industrial 
research labs that commit themselves to doing 
long-term re earch and development. With 
many of the great American industrial labs 
now in decline or out of business entirely, it is 
heartening to ee that there are till organiza­
tions like NHK with the resources and com­
mitment to do thi kind of work. 

-KIW 

We welcome your comments and suggestions. 
You can reach me by e-mail at kwerner@ 
nutmegconsultant .com, by fax at 203/855-
9769, or by phone at 203/853-7069. The con­
tent of upcoming i ues of ID are available 
on the ID page at the SID Web site (http:// 
www.sid. org). 

Please send new producT releases or 
news items to information Disp lay. 
c/o Palisades Convemion Management, 
411 Lafayette Street, 2nd Floor, New 
York, NY 10003. 



backlight 

continued from page 56 

for power-sen itive applications such as cellu­
lar phones because the interface circuitry can 
be inactive until the screen contents change. 
The next step on the integration trail , said 
Vrablik, is the integration of digital-to-analog 
converters and amplifiers into displays, cour­
tesy of enhanced L TPS processes. And fur­
ther enhancements in the future, he said, will 
lead to integrated "graphics controilers and 
other peripheral circuitry." 

"The bttle bit of SRAM in today ' s L TPS 
devices allow you to store images and very 
efficiently address the display by taking 
advantage of that memory," said Joel Pollack, 
Vice-President of the Display Product 
Business nit at Sharp Microelectronic of 
the Americas. But with the higher electron 
mobility and, hence, space efficiency of 
Sharp's CGS technology, he said, ·'we can 
have a lot more memory and not limit the 
color palette." Sharp has, in fact , given the 
world an early indication of the great promise 
of CGS, demon trating a Z80 microprocessor 
built with that technology in October 2002. 
And the ultimate dream of the system-on­
glass is a di >play with not just memory and 
peripheral circuits, but a full-fledged micro­
processor as well. 

None of this is to say that the sy tem-on­
glas is right around the comer. In fact , I have 
checked my archives and discovered that I 
first wrote about the concept in 1992, over ten 
years ago, and the culmination of the vision is 
still nowhere in sight. At that time, the dis­
play operation at Xerox PARC (later to 
become dpiX) had already succeeded in inte­
grating polysibcon digital-to-analog convert­
ers into a display, but thi interim tep has yet 
to be taken by the maker of any commercially 
available direct-view di play. 

It is fair to say that L TPS and CGS are both 
till in their infancy and, based on the techni­

cal challenges alone, it will doubtlessly be 
several years at the least before a system-on­
glass becomes viable. "Don't undere timate 
the challenges of the integration path ," said 
David Mentley, Senior Vice-President at 
iSuppli/Stanford Re ources. LTPS, he said, 
"has been very tough to tame, far harder than 
anyone anticipated. obody ' s about to just do 
a Pentium in polysilicon." 

If the technical hurdles for the sy tern-on­
glass are high, the busine s barriers are even 
higher. But that's a topic for another column. 

• 
David Lieberman i a veteran display 
journalist bving in Massachusetts. 

Realize. • • 
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METAVAC 

4000 Point St. Holtsville NY 11742 
Tel. 800.739.9063 info@metavac.com 

See Us at SID '03 Booth 938 
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Dontech, Inc. 
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Electro-Plasma, Jnc. 
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Endicott Research Group 
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Futaba Corp., Production Product 
Development Center 
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Gebr. Schmid GmbH & Co. 
Gennum Corp. 
GPO Corp. 

Hannstar 
Hitachi, Ltd. 
Hoya Corp., USA 
Hunet, Inc. 

iFire Technology, Inc. 
IMT Masken und Teilungen AG 
lncom, Inc. 
Industrial Electronic Engineers, Inc. 

(lEE) 
Info Incorporation 
lnnova Electronics, Inc. 
Instrument Systems 
Integrated Technology Express, Inc. 
Interface Display & Controls, Inc. 
lntevac, Inc. 
iSuppli/Stanford Resources 

Japan Patent Office 

Kent Displays, Inc. 

LCD Lighting, Inc. 
Lexel Imaging Systems, Inc. 
LG.Philips LCD 

Micronic Laser Systems AB 
Microvision, Inc. 
Mitsubishi Electric Corp. 
Myson Century, Inc. 

National Semiconductor Corp. 
NEC Corp. 
Nippon Seiki Co. , Ltd. 
Noritake ltron Corp. 

OCLI- A JDS Uniphase Company 
OES/ITRI 
Optrex America 
OSRAMGmbH 

Phosphor Technology Ltd. 
Photon Dynamics 
Photo Research, Inc. 
Pioneer Electronics (USA), Inc. 
Planar Systems 
Plasmaco, Inc. 
Polar Vision, Inc. 
Polytronix , Inc. 

Quanta Display, Inc. 
Quantum Data, Inc. 

Reflexite Display Optics 
ROLIC Research Ltd. 
ROLIC Technologies, Ltd. 

Sarnoff Corp. 
Schott Corp. 
Sharp Corp. 
SI Diamond Technology, Inc. 
Silicon Optix, Inc. 
Silver Cloud Manufacturing Co. 
Sony Chemicals Corp. of America 
Sony Corp. Research Center 
Supertex, Inc. 
Symbol Technologies, Inc. 

Tannas Electronics 
Thomas Electronics, Inc. 
Three-Five Systems, Inc. 
Tiun Yuan Technology Co., Ltd. 
TLC International 
Toppoly Optoelectronics Corp. 
Toshiba America Electronic 

Components, Inc. 

Unaxis Balzars, Ltd. 
UNIGRAF 
Universal Display Corp. 
USA EEL Y -ECW Optoelectronics, Inc. 

Video Electronics Standards 
Association 

Viratec Thin Films, Inc. 
Vi shay-Dale Electronics, Inc. 
VON ARDENNE Coating Technology 

Westar Corp. 
WINTEK Corp. 

ZBD Displays, Ltd. 
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In Pursuit of the System-on-Glass 

by David Lieberman 

We have started seeing some trade-press articles 
lately about highly integrated displays, by which I 
mean displays that incorporate much of the support 
circuitry that traditionally resides in discrete semicon­
ductor packages on a printed-circuit board. The 
vision of higher integration over time has had various 

faces, with the ultimate being the so-called system-on-panel or system-on-glass, 
a long-heralded phenomenon which transforms the display from a system­
attached component to the platform for the system itself. 

The fust step towards higher display integration, of course, has involved 
drivers, which have been brought closer to the display in the interests of econ­
omy in a variety of ways, sometimes utilizing packaged semiconductor drivers 
and sometimes bare driver dice. These include chip-on-flex (COF) cable, chip­
on-board (COB), and chip-on-glass (COG). But the active-matrix revolution in 
LCDs put an entirely different face on the essence of integration, adding transis­
tors and associated capacitors to the electronics mix but fashioning them on the 
display substrate itself using thin-film-semiconductor fabrication processes, 
rather than relying on the mounting of discrete ICs. 

Yet another angle on higher integration reared its head in mid-2001 with the 
advent of the so-called "smart" or "ali-in-one" LCD, which incorporates much 
of the circuitry formerly added to a display after the fact by a monitor maker. 
This phenomenon has reduced monitor costs by eliminating the printed-circuit 
board, cabling, and connectors, and it also increased the value of the displays 
provided by LCD manufacturers. 

The vision of the system-on-glass, though, is an active-matrix vision, and one 
whose fulfillment will require materials with higher electron mobility than is 
possible with the amorphous-silicon material used by mainstream active-matrix 
displays. For microdisplays, built on top of single-crystal silicon, the integration 
possibilities are enormous, limited only by the available real estate of the dis-

. play. For direct-view displays, the answer is low-temperature polycrystalline 
silicon (LTPS) and continuous-grain silicon (CGS), which are just now starting 
to stride down the integration trail. 

It has been some time since LTPS took the first step beyond active matrices of 
thin-film transistors and capacitors, incorporating drivers, latches, and shift reg­
isters. The result is a display with far fewer interface connections to the outside 
world and, according to L TPS boosters, a far more reliable display. "One key 
point is reliability," said Steve Vrablik, Business Development Director for 
LCDs at the Display Device and Component Business Unit of Toshiba America 
Electronic Components, Inc., a U.S. arm of Toshiba Matsushita Display Tech­
nology Co., Ltd. 

"With notebook computers," he said, "the connections are a major failure 
point and you can have problems with blocks or lines [of pixels] missing, some­
times due to twisting or deformation [of driver connections]. Looking at our 
rate of [display] returns since 1998 with LTPS, they are an order of magnitude 
better than for amorphous," he said. 

More recently, companies such as Toshiba and ST-LCD have integrated 
SRAM into their smaller LTPS LCDs. This represents a power savings 

continued on page 51 
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SID 2003 International Symposium, Seminar, 
and Exhibition (SID '03). Contact: SID HQ, · 
408/977-101 3, fax -153 1, e-mail: office@sid.org, 
www.sid.org. 
May 18-23, 2003 Baltimore, Maryland 

The 8th Asian Symposium on Information Dis­
play (ASID '03). Contact: Southeast University, 
Electronic Engineering Dept. , Nanj ing, Jiangsu, 
210018 China, telephone/fax +86-25-3363222, 
URL: www .asid03.seu.edu.cn. 
August 17-20, 2003 Nanjing, China 

The 12th International Symposium on Advanced 
Display Technologies & Flowers, 2003. Contact: 
SID HQ, 408/977-101 3, fax -1531 , e-mail : 
office@sid.org. 
August 25-27,2003 Moscow, Russia 

The 23rd International Display Research Con­
ference (IDRC '03). Contact: Ralph Nadell, PCM, 
212/460-8090 x203, fax -5460, e-mail: Rnadell @ 
pcm4ll.com. 
September 15-18,2003 Phoenix, AZ • 

Please send new product releases or 
news items to Information Display, 
c/o Palisades Convention Management, 
411 Lafayette Street, 2nd Floor, New 
York, NY 10003. 

15 
SEPTEMBERP· 

The 23rd International 
Display Research Confer­
ence (IDRC 2003) 

PHOENIX, ARIZONA 
SEPTEMBER 15-18, 2003 

• An international conference on display 
research and development aspects of: 
• Display Materials (liquid crystals, small­
molecule and polymer OLEOs phosphors 
optical compensation films flexible substrates. 
etc.) • Display modeling Design and Process­
ing • Display Systems and Human Interfaces 



VESA Announces the 3rd Annual 

DISPLAY INTERFACES 
2003 SYMPOSIUM 
Moyl & 2 
Embassy Suites, Milpitas, CA 

Sponsored by the Video Electronics Standards Association (VESA), Display Interfaces 2003 is a technical conference 
that will focus on recent developments and future needs in the area of display interfaces and interface standards. 

Session Topics: 
Electrical Interfaces & Protocols for Displays 
Display Interface Requirements for non-PC displays (television, PDAs, etc.) 
Future Display Interface & Graphics Hardware Architectures 
Display Interface Requirements for Portable Products 
Digital Television Interfaces 
Display Timing Standards for CRT & non{RT Displays 
Physical Connectors Intended for Display Interface Use 
Wireless Interfaces for Displays 
Overall trends in the display industry or market(s), 
and the impact of these on display interface requirements and standards 

FEES Members- S 125 Non-Members- $200 
For more information, call 408.957.9270 or visit www.vesa.org 
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