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The world 
plans, navigates, 

measures, monitors, 
plays, fishes, 

communicates, 
computes 

and 
displays with 
OptrexLCDs 

And that's just the beginning. 
The applications for LCDs keep growing and so does Optrex. 

Why? Innovative engineering and design support, exceptional quality, 

and a nationwide disnibution network. Our creative design approach allows you to 

develop new applications and enhance the performance of your existing products. 

Most importantly, it allows you to create the custom or semi-custom LCDs that 

tum your bright ideas into reality. 

Our customers like that. You will, too. 

For more information, call (734) 416-8500, or fax (734) 416-8520 today. 

OPT REX 
A M E R I C A , I N C . 

441 60 PI.YMO LI I II O AKS RIVD. • PLYMOLIIII, J'vl l 4 8170 

(734 ) 416-8500 • FAX: (734) 416-8520 

l cd i nfo @o p trcxu sa.com 

See Us at SID ' 99 Booth 922 Circle no. 59 
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COVER: When we can't see the original scene, how do 

1n• know wltar's real? Judging rite naruralness of color 

rendirion becomes 11ntclt more dij]iculr in scenes rltctl are 
unfamiliar. See "Space, rite Final Color Fronrier, " begin

ning on page 46. 
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High-Quality Optics for Microdisplays 
The new generation of liquid-crystal- on-silicon microdisplays pro
duces beautiful images, but designing optics that increase the virtual 
size of the display while maintaining image quality is not easy. 

Alfred P. Hildebrand 

Thin-Film Microminor Array 
Daewoo uses piezoelectrics to give reflective-mirror microdisplays a 
new twist- and provide Tl's DMD with its first direct competition. 

Sang-Gook Kim and Kyu-Ho Hwang 

Varitronix: An Engineer's Fairy Tale 
This is the story of an engineer and a physicist who built a substantial 
LCD company that seems nearly immune to the industry's boom-and
bust cycle - and it's true. 

C. C. Chang and Ken Werner 

Space, the Final Color Frontier 
Discussion at CIC-6 returned to a basic question: How is perceived 
color affected by the spatial context and by parameters such as display 
resolution? 

Michael H. Brill 

Products on Display at SID '99 
For 3 days, May 18-20, leading manufacturers will present the latest 
displays, display components, and display systems. To preview the 
shOH{ we invited the exhibitors to highlight their offerings. 

The Editorial Staff 

SID News 

Letters 

Calendar of Display-Related Events 

Index to Advertisers 

Sustaining Members 

Information Display 4&5/99 1 



Display Education in the U.S.? 

Sw1gkyoo Lim, Director of the Information Display 
Research Center at Dankook University in Cheonan, 
Korea, tells me that there are approximately 100 pro
fessors in Korea working on display-manufacturing 
issues. Just display manufacturing! 

There is also (not surprisingly) generous academic 
,. support for the display industry in Japan, where the 

International Display Workshops- a research-ori
ented conference - draws more than 800 people annually, 75% of them from 
Japan. 

Although there are pockets of display-related academic activity in the U.S. 
(see Bob Donofrio's piece in "SID News" in this issue), the only world-class 
center- in my opinion, at least - is Kent State University's Liquid Crystal Insti
tute. The Institute has done impressive work, but one center is not enough. 
Now, the University of California, San Diego, wants to help fill the void. 

UC San Diego is working to establish a Center for Information Displays, 
which would be a wuversity-industry-government consortium. Among the 
entities working to develop the new center are the California Office of Strategic 
Technologies, Sony (which has a major presence in San Diego and neighboring 
Tijuana, Mexico), Intel, Motorola, Proxinla, Candescent, Gemfire, and the U.S. 
Display Consortium (USDC). 

UC San Diego is no stranger to display-related research and education. Thir
teen professors and 30 graduate students and post docs are doing display-related 
work now, and courses are being taught at both the undergraduate and graduate 
levels. Jan Talbot, a professor of chenucal engineering, is the Center's Acting 
Director. 

The university also has experience in creating centers and making them work. 
Existing centers for wireless commwtications and magnetic recording have suc
ceeded in attracting private-sector support, drawing creative students and fac
ulty, and producing valuable results. 

Talbot and her industrial and academic colleagues are now working on attract
ing industry partners and obtaiiting their requests for the research they would 
like to have done. In a recent telephone ii1terview, Jeff Nagle of the School of 
Engineering External Relations office told me, "Indusu·y came to us and said, 
'Here's this huge market that's getting bigger, but there are so many W1l'esolved 
issues, and there needs to be someplace where these issues can be brought 
together.' 

"The industry said to us, 'Displays are the future and the U.S. needs to do 
more, especially in regard to emissive displays.' Olll' faculty members who had 
already been working on such issues were delighted to receive this message." 

Nagle concluded our conversation by saying, "We would hope to announce 
the formal creation of the Center at SID '99 ii1 San Jose during the week of May 
16th." 

USDC made a concentrated effort to develop the hardware for a display-man
ufacturing infrastructure in the U.S., but there has been no parallel effort to 
expand the human ii1frastructure. With appropriate assistance, UC San Diego's 
Center for Information Displays could produce much-needed knowledge about 
both specialized and multi-disciplinary display issues - and also traii1 a new gen
eration of knowledge seekers. 

continued on page 94 
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Powerful New Video Generators. 
The Smart Choices. -F z 

... __ _ 

STANDALONE PC-BASED 

Standalone Units from 82950 
400 MHz for true 2K x 2K resolutions; 
Storage of more than 1000 Timing/ 
Pattern Programs in Flash Memory and 
EEPROM; Fully PC-compatible with 
"Bitmap" capability; direct access to any 
parameter from front panel or through 
PC-programs. And any of the 
(E)EPROM you used in earlier w1its 
can still be used. 

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

PC-Based Units from 82500 
300 MHz gives you ample margin if 
you work with Display Systems up to 
a 1600xl280 resolution. Its full 
"DDC" capability is an increasingly 
important asset in service and manu
facturi11g applications. 

Both PC-based w1its allow VESA
D.P.M.S. testing and the ability to 
import preset .pcx data files from 
other sources as "test patterns'~ 

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

DIGITAL 

Digital Units from $5950 
Service, repair, evaluate or engineer 
FPDs? The Astro VG-826A is the 
Digital Generator for you. 

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

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

Make the Smart Choice ... Contact Team Systems 
Call 

38 
Visit 

us: 1-800-3 -1981 us: www. team-systems.com 
See Us at SID '99 Booth 622 TE~M 
------------------------------------~re~ 
TEAJ\11 Systems, Inc. 2934 Corvin Drive, Santa Clara, California 95051 
Tel.: 408-720-8877 Fax: 408-720-9643 Circle no. 60 

"Test And Measurement Technology" 



The Great Inversion of 2029 ... 

by Ads Silzars 

It was 5:45 in the moming and still dark outside. Jeff 
was not ready to get out of bed. Another half-hour of 
peaceful snoozing wouldn' t be so bad, would it? 
Unfortunately, with each passing minute the com
puter-programmed music increased in vohm1e and 
tempo. At 5:52 Jeff's computer changed to its speak

ing mode and told him that he really would have to get up now. Along with the 
verbal prodding, the computer also increased the illumination in the room to full 
brightness. 

By now, Jeff knew the routine. No sense putting up with more of th is. He 
might as well get out of bed. While having his customary quick breakfast, Jeff 
scrumed the news and had a brief discussion about his latest credit card state
ment with his computer. He hated these discussions. Computers just don ' t 
understru1d the joys of shopping for a new high-tech toy, he thought to hin1self. 

By 6:20, he was in his car and out on the crowded highway heading east from 
Antioch. It was a typically clear, wam1, and dry Califomia late-spring morning. 
The sun was about to break over the bare East Bay hills. In spite of the traffic, 
Jeff dicln ' t mind the forty-fi ve minute drive to his work site today. In fact, the 
stmrise and the fresh early-moming air had so captivated him that it was some 
time before he was aware of a vague, uneasy feeling that he had forgotten some
thing. 

He was within five minutes of the construction site when he remembered to 
adjust his neural implant to lower his IQ to better suit his clay's activities. Jeff's 
computer had reminded him to do this as he left the house that muming, as it did 
every moming, but this time he had almost forgotten. Oh well, the first hour on 
the job would be a little more fmstrating while the in1plant slowly adjusted his 
intellectual-stimulation acceptability Level to match his constmction job 
demands, but then for the rest of the clay he would be OK. 

Every time he forgot to adjust his implant, it felt like he was stripping his 
gears while he worked. His mind would go all philosophical on him, which was 
a distracting nuisance that slowed his work rate on his job as a jotm1eyman resi
dential electrician. Philosophical contemplation wasn' t exactly what was 
desired while installing electrical wiring in this multithousand-home develop
ment, with its over-pretentious name "Grand-Ridge Executive Estates" - house 
by house, wire by wire, and switch box by switch box. 

The last ten years had been eventful in l1is life. Back in 2010, Jeff had gradu
ated with an advanced computer-science degree from a well-known Califomia 
tmiversity. His career had really taken off along with the rapid progress being 
made in software technology and computer intelligence. But during the critical 
ten-year period starting in 2023, as computer intelligence increased and finally 
surpassed what humans could do, the careers of most software engineers, com
puter scientists, and other knowledge workers had come to an unexpected and 
abrupt encl . The govenunent-sponsorecl retraining programs had been of some 
help, but still the change had been dramatic and had devastated careers, compa
nies, and univers ity departments . 

Here he was in 2035 in the prime of his life, and the only jobs available were 
those involving physical activities that computers coulcln ' t do yet. From the per

continued on page 88 
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QUALITY AND SELECTION BEYOND YOUR EXPECTATIONS 
ENGINEERED FOR EXCELLENCE 

Expect more from the # l supplier of DC to AC 
inverters. TDK DC to AC inverters are: 

• Compatible with LCDs from all major 
manufacturers 

• Cost efficient due to high volume production 
• Compactly designed 
• Available in custom designs to meet specific 

power supply requirements 

TDK CORPORATION OF AMERICA 
1600 Feehanvi lle Dr., Mt. Prospect IL 60056 
(847) 390-4478 Fax (847) 390-4498 

See Us at SID '99 Booth 522 Circle no. 61 

TDK offe rs one of the industry's most complete 
range of DC/ AC inverters. Fact is, so vast are our 
inventories that five TDK factories are dedicated to 
producing more than one million DC/AC inverters 
per month. 

Choose from encapsulated or non-encapsulated 
PC mounts or connectors, d imming or non-dimming, 
models in 2 through 20 Watts output power range 
driving 1 to 41amps standard (8 or more available). 
All highly recommended by top display manufacturers. 

What's more, you'll find TDK DC/AC inverters have 
some of the highest efficiency ratings in the industry. 

For more information, give us a call or e-mail us at 
power@tdktca.com. 

WWW. T DKT C A .CO M 
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FOR ANY SIZE OR 
APPLICATION 

DATA MODUL HAS YOUR 
Discover the industry's most L C D M 0 N I T Q R S 
well-rounded selection of flat LCD monitors from 3.0" up to 20.1"-the 

widest range available anywhere. A leader in customization, Data Modu l 

high performance active matrix TFT monitors, with razor sharp images, 

zero emissions and extremely low power consumption, deliver an array 

of advantages that are easy to see. 

Consider our high resolution glass. Or t ake a look at our state-of-the

art, high-bright technology, providing exceptional luminance and 

increased service life. 

To make sure our narrow profile monitors meet the broadest require

ments, we offer custom solutions at off-t he-shelf prices. Along with 

innovative engineering design support, wireless remote control 

and universal mountings for wall or ceiling, Data Modul indus

trial-strength LCD monitors can be modified for specific customer 

applications including kiosks, paneljrack and wall mounts. 

Ideal for space-hungry environments, our application ready, 

ISO and CE-certified standard monitors come with a three-year 

warranty. Contact us to find out how our flat monitors 

can add a whole new dimension to any application. 

CATAMCCUL 
120 Commerce Drive, Hauppauge, NY 11788 • Toll Free: 877-951-0800 • Tel: 516-951-0800 • Fax: 516-951-2121 • Website: www.datamodul.com 

See Us at SID '99 Booth 244 Circle no. 62 





With the SS200 family, 

you can precisely, 

automatically, and 

completely measure 

display performance

and tbaL includes 

fla t panels. 

SS200 
Complete turnkey 
system wilh computer, 
6-axis positioner, 
monitor, solhvare, and 
SS200 camera system. 
Automat ically perfor·ms 
spatial and luminance 
measurements. 

SS210 
You can easily field upgrade 
to the more powerful SS2 10 
package, which provides all 
SS200 functions, plus an 
integrated spectrometer for 
specll'al analysis and color 
measurements. Include 
respon e Lime measure
ment ca,Jahilit)'. 

See Us al SID '99 Booth 621 

SS220 
For flal panel testing, a field upgrade to 
Lhe SS220 is easy. The SS220 provides 
spectrometer-based off-a.xis measurement, 
color analysis, color shift and luminance 
testing. Coupled wilh the SS2 1 0, Lhis is Lhe 
most comprehensive test system ever 
offered- at a fraction of the cost of 
indil~dual test instrument . \II tests arc 
performed at ~I T-ll'aceable accur·acy. 

Circle no. 64 

If you checked all of Lhe 
above and would Wle more information, 
call Microvision at (800) 951-5188. 

IMICROVISION 
I Dedicated to the Needs of the Display Industry 

550 High St. , Suite t08/ Auburn, CA 95603 
Tel: (530) 888-8344/ Fax: (530) 888-8349 
Toll Free: I (800) 931-3188 
Email: microvsn.com 
Web site: http://www.microvsn.com 

tnternationallleps: 
Japan - ARGO CORP., 06 559 3566 
Tai~~an - SUPERLI\K TECH., 02 705 7090 
K01·ca - B &. P 11\T'L, 02 'i46 tl57 



SONY 

LAY OUT BETTER 
FD Trinitron 

The virtually flat FD Trinit r on® display 

series is the most revolutionary 

advancement in image techno logy 

since the invention of Tr i nitron 

technology in 1968. Web designers 

will enjoy the superior resolution . 

CAD professionals will appreciate the 

precision of the .22mm aperture grille 

pitch. And graphic designers will be 

dazzled by the truer, brighter colors. 

So whether it's the 19" GDM-F400 or 

21" GDM-F500 model (18" and 19.8" 

VIS), the FD Trinitron display makes 

a n immeasurable impress ion . 

q _. __ • 

Unique DisplayMouse'" 
control for quick, smooth 
adjustments of OSD. 

See Us at SID '99 Booth 802 

Smart Cable Design 
for shorter display depth on 
the desktop. 

USB Hub 
5 ports (1 upst ream, 4 down
stream) for easy connection 
to USB peripherals. 



Thin Film Devices 
"ANNOUNCES NEW PRODUCTS" 

INDEX MATCHED ITO {IMITOJ TO LC 
MATCHES LIGHT TO GLASS 

nm 

MAKES HIGH PERFORMANCE LCD's BETTER! 

APPLICATIONS: Reflective Mode, Projection LCD, 
STN and TFT LCD. 

BLACK CHROME 
GIVES DISPLAYS BETTER CONTRAST RATIOS 

APPLICATIONS: CR Mask, Light Absorber 
for FED, LCD and Sensors 

%T 

HIGH PERFORMANCE HOT MIRROR (HPHMJ 
25% BETTER HEAT REJECTION THAN 

HOT MIRRORS COMMONL Y AVAILABLE 

TO 
25K 

1200 4000 
(TFD HPHM) 

LCD's OPERATE TO BOOC AMBIENTS! 

APPLICATIONS: Outdoor, Sunlit Environs, Gas 
Station Pumps, Drive-In Menus 

INDEX MATCHED ITO (IM!TOJ TO AIR or EPOXY 

4~~~~~~~~ 
%R 

2 

APPLICATIONS: EMI Shielding, Heaters and 
Display Ruggedization. 



JUST 
GOT 

Announcing a New Era in Innovation from the Experts at Photo Research 

You need ed h ette1· acc urac y. You wanted faster measureme nts. You asked f01· mo1·e •·ohust 
software . Now, you ' ve got it. Eve rything to m ake your workload ligh te r. Yom· w01·kday 
easie1·. Innovative systems and software that do more, in l ess time, a t high e•· r eliability than 
eve r be fo•·e . Power up your R&D and QC testing with these pe rformance boosts: 

PR-705 

Advanced High Precision 

Spectroradiometer 

./ lOx more sensitive 

./ stand-alone operation 

./ six apertures for maximum 
versatility 

PR-9000 

Complete FPD Inspection 

System 

./ ISO & VESA compatible 
testing 

./ custom solutions tailored to 
your needs 

./ incorporates industry standa1·d 
instruments and positioners 

PR-BBOA 

Fully Automated Photometer 

for FPD/CRT Testing 

./ 20x faster 

./ internal source assures 
highest accuracy 

./ ideal for reliable luminance 
and contrast ratio 
measurements 

All our products come with flexible, application-oriented software such as SpectraWin, PaneiWin and VideoWin. 

Simplify your work with total solutions from the leader in precision light and color measui"ement 
systems. Call today or email us at sales@photoresearch.com 

PHOTO RESEARCH~t<C. 

The Experts in Light and Color 

9731 Topanga Canyon Place. Chatsworth , California 9131 1-4926 • Fox: 818.34 1.7070 • http:/ jwww.photoreseorch.com 
PSD 1/9'1 

3ee Us at SID '99 Booth 607 Circle no. 67 



call 630-963-6500 or e-mail KKM2@FLASH.NET. 
-800-925-328., 
www. midcominc.com 

MIDWEST ft?c~PUTER, 
Accommodating the needs of tomorrow's technology today 



• 
re s ar1e 

See Us at SID '99 Booth 316 

CP~ilms Inc .• formerly 

CourtCJulds PerformCJnce ~ilms. hCJs been 

providing customers worldwide with the 

best sputter coCJted film technology for over 

CJ decCJde. A wide rCJnge of industries hCJve 

successfully ICJunched new products uti lizing 

speciCJity coCJtings developed by CP~ilms. Brighter. 

longer -ICJsting ~L ICJmps, tmnspCJrent touch PCJnels. 

membmne switches. speciCJ ity two-side coCJted SCJtellite 

biCJnkets. CJnd now custom CJnti -reflective sputtered film hCJve 

CJII been mCJde possible with the consistency CJnd cost effectiveness 

our products CJre known for. Count on our superior coCJting technology, 

engineering, CJnd technicCJI support to help convert your ideCJs into reCJiities. 

21034 Osborne Street • CilnOgil Pilrk. Cilliforniil 91 304 • W~.M2-5744 • ~AX: lilli.M2-6519 
An ISO 9001 Registered Company 
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Whither LCOS? 

Liquid-crystal-on-silicon displays have a very 
bright future - but there are several types, and 
each type is best suited to particular applications. 

by Alan Mosley and Lewis Banks 

0 NE OF THE AMAZING THINGS ABOUT the 
liquid-crystal-display (LCD) industry is that 
just when we start to think it has now matured 
and no major new developments can be 
expected, it suddenly undergoes a whole 
series of dramatic changes. We are now liv
ing in such a time. 

Is there a realistic scenario for the develop
ment of LCOS displays in the context of 
lower-priced LCDs that can compete with 
CRTs? 

At last count there were roughly 30 compa
Ities involved in the development of LCOS 
displays. These companies range from huge 

Glass 

-

corporations like IBM, through long-estab
lished medium-sized companies such as 
Three-Five Systems, to new start-ups such as 
Colorado Microdisplay and MicroPix. (The 
structure of the LCOS displays fabricated by 
MicroPix is shown in Fig. 1.) The current 
market for LCOS displays is in LCD front 

Common ITO 
electrode 

Among the changes is the introduction of 
new technologies, such as the move to low
temperature-polysilicon (L TPS) thin-film 
transistors (TFTs) and away from amorphous
silicon (a-Si) TFTs in active-matrix LCDs 
(AMLCDs). New technologies are gaining 
momentum, such as liquid-crystal-on-silicon 
(LCOS) displays and reflective color LCDs. 
In addition, LCDs are beginning to compete 
with cathode-ray tubes (CRTs) in the desktop
monitor market. If they are to compete effec
tively, developers must reduce the manufac
turing costs of LCD modules. Designers are 
investigating many ways of doing this, partic
ularly the use of field-sequential color, which 
obviates the need for expensive color filters 
and also reduces by two-thirds the number of 
column drivers that are required to address the 
display. 

Liqu id Crysta l 
Meta l mirror 
/electrode 

A lan Mosley is Display Technology Alliance 
Project Managerfor CRL, Dawley Road, 
Hayes, Middlesex, U.K. UB3 1HH; telephone 
+44-1-81-848-6400, fax +44-1-81-848-6653, 
e-mail: amosley@crl.co.uk. He is a Regional 
Associate Editor for Information Display. 
Lewis Banks is Business Development Director 
for MicroPix Technologies Ltd., Dalgety Bay, 
U.K.; telephone +44-1383-828-333,/ax +44-
1383-828-345, e-mail: lewisb@micropix. com. 

14 Information Display 4&5/99 

Planarisation 

Gate 

Drain Source 

Storage 
Capacitor 

Via 

Fig. 1: The current range of LCOS displays from MicroPix use conventional DRAM-like struc
tures. 
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Fig. 2: Predictions for the North American front-projector market indicate that the XGAformat 
will have at least 50% of the market unti/2003. (Courtesy of Stanford Resources, Inc.) 

projectors, but in this market LCOS displays 
must compete with high-temperature-polysili
con LCDs, which are very well established. 
The main market for LCOS displays in the 
future appears to be in viewers for e-mail, fax, 
and Web pages that are attached to mobile 
telephones. Another potential market seems 
to be rear-projection desktop monitors. 

Somewhat surprisingly, the predicted mar
kets for headsets are much lower than those 
for viewers and desktop monitors. The poor 
acceptance of headsets to date and unan
swered questions about whether users will be 
inclined to use a headset with a wearable com
puter in public are probably the factors that 
are negatively affecting market predictions for 
these products. Having said this, MicroPix 
Trclmologies is already working in partner
ship with one company to produce a PC-com
patible XGA headset with a predicted street 
price of less than $200. It is only with the 
emergence of this kind of high-performance, 
low-cost product that the true market for 
wrarable computer headsets will be revealed. 

For each of the four applications we' ve dis
cussed - fron t projectors , viewers, desktop 
monitors, and headsets - there are four key 
factors: 

1. The use of three displays vs. the use of 
two displays or one display and a field
sequential-color teclmique. 

2. The screen resolution of the display 
required for each particular product. 
Many LCOS displays now have a pixel 

pitch of 12 IJm, so the size of the display 
is determined by the screen resolution. 

3. Is gray scale achieved through voltage 
modulation or temporal dither? (In our 
opinion, spatial ruther is not a sustainable 
option in this kind of high-resolution dis
play.) 

4. The structure of the silicon backplane, 
i.e., DRAM vs. SRAM. 

Factors 1 and 3 are generally determined by 
the choice of the particular liquid-crystal tech-

Backplane 

Fig. 3: Large-area AMLCDs based on a-Si 
TFTs have always employed a DRAM type of 
structure having (almost always) one transis
tor per pixel, as shown here. As a result, the 
majority of first-generation LCOS displays 
were based on DRAM structures. (Courtesy 
Society for Information Display.) 

nology. The general features of the more 
common liquid-crystal technologies are 
shown in Table 1. 

Field-Sequential Color 
It seems to be generally accepted that field
sequential-color techniques will have be used 
in the viewers and headsets. There simply is 
not enough room to include three LCOS dis
plays and their combining optics in these 
product categories. But for projectors there is 
a real choice. Using three displays will gener
ally provide brighter images, reduce the 
demand for a very-fast-switching liquid crys
tal, and ease the rate at which data must be fed 
to the display. On the other hand, using a sin
gle display greatly reduces both the cost and 
size of the projector and simplifies the design 
of the optics - and it increases the reliability 
of the product because there is no longer any 
possibility of rnisaligning the images from 
three displays. 

If we consider these factors together with 
the present dominance of the three-polysili-. 
con-display approach in front projectors for 
business applications, we can draw the fol
lowing conclusions: 

LCOS display manufacturers should first 
develop devices for viewers, headsets, 
and rear projection desktop monitors. 
Viewers and headsets demand the use of 
field-sequential color. 
In order to compete with CRT monitors, 
LCOS rear-projection monitors should be 
based on single displays employing field
sequential color. 

Resolution 
The ideal number of pixels required for the 
four identified applications is developing into 
an interesting issue. The general view for 
projectors and monitors is "the more pixels 
the better. " But the predictions for the North 
American front-projector market share by for
mat - SVGA, XGA, SXGA, etc. - indicate 
that the XGA format will have at least 50% of 
the market until 2003 (Fig. 2). Similarly, it is 
predicted that the XGA format will initially 
dominate the marketplace for LCD monitors. 
A view emerging from the Far East is that in 
order to compete with today's CRT-based 
products, the entry point for single-channel 
rear projectors will be pixel formats of SXGA 
and UXGA projected onto screens with 30-in. 
diagonals. Another market that has been iden
tified for LCOS displays is for HDTV and 
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LCD technology 

clock 

Fig. 4: A one-channel field-sequential-color LCOS display system with a DRAM-like strucfllre 
has a low duty ratio of almost 1:4, which is particularly inefficient for a projector, in which 
every last lumen counts. This problem CCII I be relieved with an SRAM type ofstructure, with 
several transistors per pixel allowing data to be stored at the pixel /eve/ and permitting a whole 
f rame of data to be written iu a few nanoseconds. 

SDTV displays projecting onto screens of 60 
in. or more. 

These inputs seem to suggest that those 
LCOS suppliers aiming to provide low-cost 
rear-projection desktop monitors and TVs 
need to work closely wid1 OEM comparues to 
ensure that the displays they develop are suit
able for the final products . 

The situation relating to viewers is far from 
clear. Again, the general feel ing seems to be 
the more pixels the better, but the CyberDis
play 320C prototype developed by Kopin has 
only quarter-VGA resolution. One is forced 
to ask, "How many pixels are necessary for a 
viewer?" It is very important to answer this 
question correctly because when fie ld-sequen
tial color is used, the greater the number of 
pixels, the higher tl1e data rate (Table 2). In 
tum, data rate, as discussed below, has an 
impact on the choice of the silicon backplane. 
One way of handling this uncertainty is for the 
LCOS manufacturer to form a partnership/ 
all iance with a mobi le-telephone manufac
turer. Fortunately, most people seem to agree 
that the most common resolution for LCOS 
displays in headsets is likely to be XGA. 
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Gray Scale 
With the exception of ferroelectric liquid crys
tals (FLCs), all of the effects listed in Table I 
generate gray scale by voltage modulation. 
This is possible because these liquid-crystal 
effects exhibit a smooth, gradual, and repro
ducible change in contrast with increasing 
voltage. Tlus means that the pixels in the dis
play need only be addressed once per color 
frame in a single-channel field-sequential 
color display system, or once per frame in a 
three-chmmel system. 

The voltage-contrast curve for the FLC 
effect shows a great deal of hysteresis and 
consequently very poor gray-scale fidelity. 
Fortunately, FLCs have two very well defined 
ON and OFF states. It is therefore possible to 
obtain excellent gray-scale fidelity by repeat
edly switching between d1ese two states, i.e., 
using temporal dithering to obtain gray scale. 

The main disadvantage of this approach is 
that the display must be addressed several 
times per frame in order to generate gray lev
els. Consequently, the data must be loaded 
several times per frame, thereby increasing 
the data rate, which in tum will increase the 

power consumption. For example, generating 
26 - i.e., 64 - gray levels requires the display 
to be addressed six times per frame, and the 
data rates shown in Table 2 will be increased 
by a factor of 6. 

Silicon Backplane 
Large-area AMLCDs based on a-Si TFTs 
have always employed a DRAM type of struc
ture having one transistor per pixel - ignoring 
some earlier structures that utilized two tran
sistors in a redundancy scheme (Fig. 3). 
Therefore, it is not too surprising to find that 
the majority of fi rst-generation LCOS dis
plays were based on DRAM structures. 

In a DRAM-based device, data are trans
ferred to the display one row at a time until 
the whole display has been addressed. The 
time taken to transfer the data can be very 
short: on d1e order of I msec, as outlined 
above. But in a field-sequential-color display 
system, one must wait for the liquid crystal to 
respond after the data has been transferred, 
which can be 3 msec, before illuminating the 
display. Because only 5.5 msec are available 
for each color frame in the preceding exam
ple, only 1.5 msec are left to illuminate the 
display - a duty ratio of almost 1:4. This is 
clearly inefficient, particularly in a single
charmel projector, the designers of which will 
be fighting for every last lumen. 

One approach to relieving this problem is to 
use an SRAM type of structure. In an SRAM 
device, there are several transistors per pi xel 
(Fig. 4). This increased complexity enables 
data to be stored at the pixel level, which per
mits a whole frame of data to be written in a 
few nanoseconds. 111 operation, while a frame 
of data is being displayed, the next frame is 
being written into the ci rcuitry below each 
pixel. It is now possible to read in the new 
frame of data after sending a simple control 
signa l. 

A present limitation of the SRAM structure 
is that it can only provide two voltage levels. 
This means one can not rea lly drive a nematic 
liquid crystal, particularly not a fast-switching 
nematic liquid crystal, using an SRAM con
figuration. On the other hand, the SRAM 
structure is ideally suited to driving a ferro
electric liquid crystal because the latter oper
ates by switching - in about 50- 100 psec -
between two stable states. 

Using an SRAM structure wi th an FLC is 
an excellent approach to an LCOS display for 
use in s ingle-channel display systems utilizing 
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field-sequential color. This is particularly true 
of a single-cha!Ulel projector, in which it is 
important to have a very high duty ratio. In 
such a system based on an SRAM ferroelec
tric it should be possible to achieve a duty 
ratio of 1:1.1 , compared with 1:4 for a DRAM 
nematic-based system. An SRAM FLC dis
play (FLCD) can be considered the electro-· 
optic equivalent of the electromechanical 
DMD device. 

The Way Forward 
At this time, the future of LCOS displays 
appears to be very promising. There are two 
potentially very large markets - rear-projec
tion desktop monitors and viewers for mobile 
telephones - that can be addressed by LCOS 
technology. There are already some signs that 
manufacturers have realized that the transfer 
of very large amounts of data, particularly for 
the highly cost-effective single-channel dis
play systems, wiU be an issue. Consequently, 
SRAM silicon backplanes are being consid
ered. 

While SRAM devices are ideally suited to 
driving fast-switching bistable FLC materials, 
they are not suited to the addressing of fast
switching nematics. In order to drive the lat
ter materials, circuitry is required that is able 
to stun~ a fra111~ uf uata at the pixel level and 
provide multiple voltage levels to obtain the 
required number of gray levels. • 

6 
19th Intenzational Display 
Research Conference 
(Euro Display '99) 

BERLIN, GERMANY 
SEPTEMBER 6-9, 1999 

• An international conference on display 
research and deyelopment aspects of: 
- Display fundamentals Display Devices 
- Hard Copy & Storage Input Systems. 
- lntearated Devices and Applications 
- Image and Signal Processing 
-Color Perception Human factors 
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The Smart Choice 
in Digital 

Video Generators 

If you service, repair, evaluate or 
engineer modern Flat Panel Devices, 
the Astro VG-826 is the Digital 
Generator for you. 

It's small and light enough to fit in 
your briefcase, yet has the performance 
to drive any single or multiplexed 
Flat Panel Device with a resolution of 
24 bits per pixel up to a multiplexed 
frequency of 120.MHz. 

It can be progranuned and oper
ated from a PC or with the RB-646 
"Remote" frontpanel or operated 
only with the RB-614C Controller. 

Make the Smnrt Cboice ... 
Contact TEA.i\1. 

Call 1-800-338-1981 or visit us at 
http://www.team-systems.com 

---~-E ... ~M 
"Test And Measurement Technology" 
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Introducing the world's most advanced 
FED technology in a high-volume cluster tool. 

The newTemescal® FCE-7000 from BOC Coating 

Technology is very big news: In fact, if you're looking for 

high-volume FED flat panel deposition with lowest cost of 

ownership and incredible flexibility, it just doesn't get much 

better than this ... 

To start with, there's BOC's world-class e-beam technol

ogy- which gives you the best uniformity, highest rates, 

longest life and largest source inventory, to cite just a few 

of its merits. 

Then, 

this is a 

cluster tool. 

So you can 

deposit a single 

film or a 

whole stack, in 

just about any way you'd like. 

Plus, your panel size choices are virtuaUy unlimited. 

The tool now handles up to 600mm x 720mm, which 

happens to be the largest in the world. But BO C can also 

configure it for even larger sizes upon request. 

Highest throughput. 
Lowest cost of ownership. 

The FCE-7000 is a proven production tool that generates 

throughput speeds of from 10 to 60 panels per 

hour - and even up to 70 and 75 on certain 

processes. And when you combine that kind 

of throughput with high production 

quality levels, you get a very attractive 

return on your investment. 

Designedforproduclion, BOC's 
flexible cluster configuration lets you 

deposit a singlefilm or an entire slack. 

And this system 

also reduces downtime 

and requires less main

tenance. 

Plus, it provides 

soc:~ FCE· 7000, the 
world's Ia rgesl FED 
production tool, can 
process panels up to 
600mm.r 720mm. 

more advanced automation 

and higher materials utilization. 

So you can see how it achieves the 

lowest cost of ownership of any flat panel 

deposition system in the industry. 

A full spectrum of solutions. 

BOC has been 

producing coating 

systems for more 

than 35 years now. 

So they can 

provide not only 

high-throughput 

production sys

tems, but also 

prototype R&D 

and intermediate 

systems, as well. 

T hey can also 

provide you with 

an unmatched 

repertoire of 

process and sys

tem knowledge 

and managed 

engmeenng 

expertise. 

So, even if 

your process is not yet fully developed, you can depend on 

BOC to help you answer the questions, negotiate the risks 

and get where you want to go. 

Bottom line, it means smarter solutions - from the big 

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

Temescal, a part of BOC Coating Technology, 2700 Maxwell Way, 

Fairfield, CA 94585. (707) 423-2100. Fax: (707) 425-6071. 

III'BOC 
COATING 
TECHNOLOGY 

See Us at SID '99 Booth 1146 Circle no. 72 
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Ergonomically position your flat panel 
monitors, laptops and keyboards wherever 
you need them- with Ergotron's 
Adjustable Rotating Mounting S olutions 

Circle no. 73 

Laptop 
Mounting 
Solutions 

E~GO 1-1--=iOn® 
1.800.888.8458 http://www.ergotron.com 

Looking for a highlight at the SID 99? 

THE CONOSCOPE ® 

The fastest system for 
visual performance evaluation 
of Flat Panel Displays: 

• ! '1m~nr>) 1"111"'~ c· r n. rr '"IS. r ... ~ :-. i ~~! uv .... , ,) . ,-;. - ~ , 

+ Chromaticity, 
• lR1®~~®©~@Ull©® «®lR1 [Q)lf», 
+ Luminance dynamics 

versus viewing direction 
and driving conditions 

See us at Booth No. 833 

© autronic-MELCHERS GmbH 1999 
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MAK£ A B£TT£A FILM 

Witness our ATX series. Th is Industrial 

Deposition System applies a belief that 

performance means producing coated 

substrates in high volume at low cost. The 

ATX accomplishes both through automation 

friendliness. within a compact footprint. 

The ATX also applies a philosophy we've 

IT MUST ee APPLI€0 gained from building and using our own 

equipment for over twenty years. By bu ilding 

systems to solve rea l world problems. we've 

become one of the largest suppliers of coated 

I AT X "' o t Po s:rno N 

Small Footprint 

SYSTE M 
substrates to the FPD industry, with a global 

High Throughput capability in both coatings and equipment. 
low Maintenance 

Modular Design For more on the ATX series. call 

Automation Friendly 

303.774.3333 or reach us at 

info@appliedfilms.com. Then see what 

AT x su S 'f STCM l. II 1' 0 U T results when innovation is applied. 

CiJ·cle no. 75 

See Us at SID '99 Booth 1011 t 
Applied Films Corporation 

l 

IITX IIPPLI C IIT I DN S : F PD, TFT 1 FI D, II U T ONOT l V I li N D 110 111. 



... 
~~ DIS P LA YT E C H~ [h~ ~!~Ktt~6· 
Microdisplay Components & Subsystems 

PowerRJI 
Microdisplay 
Components 
for Consumer Products 

Images of Extraordinary 
Clarity, Color and Intensity 

• VGA, SXGA and introducing QVGA 

• Full Color 
• Low Power Consumption 
• Full Motion No-Smear Video 

• High Fill Factor 
• Superior Image Quality 

• Low Cost 

Hewlett-Packard and Displaytech 
-An Alliance that Delivers 
• Technology 

• Design 
• Manufacture 

• Marketing 

• Global Distribution and Support 

Proven Volume Manufacturing 
• Miyota Corporation 

in N agano,Japan 
• Responsive to Demanding 

OEM Production and Schedules 

For more information, contact the Alliance at 
2602 Clover Basin Drive, Longmont. Colorado 80503-7603. 
303.772.2191 BOO. 397.8124 Fox: 303.772.2193 

Displaytech&HP@displaytech.com 
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VGA 
8.32 x 6.24 mm 

SXGA 

See Us at SID '99 Booth 902 Cit-cle no. 76 



High-Quality Optics for Microdisplays 

The new generation of liquid-crystal-on- silicon microdisplays 
produces beautiful images, but designing optics that increase the 
virtual size of the display while maintaining image quality is not easy. 

by Alfred P. Hildebrand 

J UST AS CONSUMERS begin to express a 
strong interest in mobile data commwlications 
and wireless Internet access, a new class of 
microdisplays is emerging that allows pocket
sized (and even wearable) appliances to pre
sent images comparable to those people enjoy 
on their desktops. Utilizing liquid-crystal
on- silicon (LCOS) technology, this class of 
displays creates full-color high-resolution 
SVGA (or better) images on CMOS devices 
measuring less than half an inch on a side 
(Fig. 1) . 

Creating a highly magnified image of a 
high-resolution display this small is a chal
lenging optical-design problem, especially 
considering the ergononlic requirements of 
the consumer-product marketplace. With an 
emphasis on monocular displays that are held 
to the eye for viewing, we will describe a few 
of the optical approaches that have been 
demonstrated and compare their image quality 
and ease of use. 

Resolution of the Eye 
The perceived size of an image is measured 

Alfred P. Hildebrand is the Chairman and 
Founder of Siliscape, Inc., 1330 Bordeaux 
Dr., Sunnyvale, CA 94089; telephone 
408/734-9200 x710,Jax 408/734-9911, 
e-mail: ahildebrand@siliscape.com. 
Siliscape combines silicon-processing tech
niques and innovative optics to offer solutions 
for OEMs of consumer and business mobile 
products that demand high-pelformance 
microdisp/ay technology combined with effi
cient ultra-compact packaging. 
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by the angle subtended by that image at the 
observer's eye. In a reasonable ambient, the 
eye is able to resolve image features as small 
as 1 minute of arc (1/60 of a degree), although 
this resolution will drop rapidly with a reduc
tion in brightness or contrast. 

For small angles, the subtended angle of a 
resolvable image element equals the element's 
dimension divided by the distance of the 
image from the eye. Nonnally, one can 
increase the viewability (resolvability) of fine 
features by bringing the image closer to the 
eye because this will increase the subtended 
angle. But doing so requires the eye to focus 
more closely, to which there is a limit of about 
10 in. -called the "near point." 

It is interesting to compare the angles sub
tended by a given image element when pre
sented by several different display mecha
nisms - a fax on bond paper, a high-perfor
mance CRT monitor, and a digital projector -
as seen by the eye at normal viewing distance 
(Table 1). The subtended angles range from 
1.5 to 2 arc minutes. But in a typical microdis
play, where a 12-j..tm pixel is viewed at the 
near point (250 mm), the resulting subtended 

angle is far too small for the eye to see, and the 
display must be mag1lified to at least ten times 
its size for the pixel to become visible. In the 
field of optics, magnification is defined in just 
this way, through a comparison of the apparent 
image size with the size of the unmag~lified 
object viewed at the eye's near point. 

Magnification Primer 
We are all familiar with the simple lens or 
magnifying glass used to magnify fine print. 
Jewelers and photographers utilize much more 
refined magnifiers called lou pes, often with a 
magnifica tion of 8x or lOx. As a result of the 
way it is defined, the magnification of a lens 
equals the eye's near point (250 mm) divided 
by the focal length of the lens. To achieve a 
magnification of 1Qx, the focal length of a 
magnifier must be 25 nun . It is virtually 
impossible to make a well-corrected lens -
even a doublet (two optical elements 
cemented together) or triplet (three elements 
cemented together) - with a diameter larger 
than its focal length. As a result, these loupes 
have an apern1re of less than 20 mm and must 
be held close to the eye. 

-----1 Table 1: Typical Images with Normal Viewing Conditions 

Horizontal Resolution Angle/Element 
Type of Image Size Elements (minutes of arc) 

Faxed page at 10 in. 8 in. 200 dpi 1.7 1 
CRT at 20in. 12 in. 0.26-mm pitch 1.78 
Projection screen at 8 ft. 4ft. 1024 pixels 1.91 
Microdisplay at 10 in . 9.6mm 800 pixels @ 12 j..llll 0.162 

0362-0972/99/1505-022$1.00 + .00 © SID 1999 



e 

~s 

st 

... 

nt 
rc) 

An alternative type of magnifier is a con
cave mirror, wltich - unlike a lens - has no 
chromatic aberration, i.e., all colors from a 
point on the display are imaged ·to the same 
point by the magnifier. Many head-mounted 

displays have made use of a concave mirror to 
acltieve low-cost magnification, albeit with 
the addition of a beam splitter to fold the axis 
of the display onto the mirror axis. When the 
eye is located at the center of curvature of the 

Siliscape. Inc. 

F1g. 1: Plans are afoot to use microdisplays based on LCOS technology in a wide variety of 
applications, such as embedding them in a mobile telephone. 

mirror, virtually no off-axis aberrations are 
created except field curvature. As a result, 
large fields of view are easier to acltieve with 
a mirror magnifier than a single-lens element. 
Lens and mirror magnifiers come in many 
configurations, two of wltich are shown in 
Fig. 2. 

Compound magnification - using more 
than one stage of magnification - can easily 
provide ltigher power than simple magnifiers, 
although usually with ergonomic limitations, 
wltich we 'II discuss later. 

Image Size and Field of View 
The angle subtended by the entire image is 
called the field of view, and it is typically 
measured on the diagonal of the displayed 
image. The required field of view is directly 
determined by the eye's resolution times the 
number of pixels in the display (Table 2). For 
an SVGA display with 800 horizontal pixels 
subtending 2 arc minutes per pixel, the total 
diagonal field of view is 34°. Too small a 
field of view results in inadequate magnifica
tion. Too high a field of view can create eye 

· fatigue from excessive eye movement. Move
ment of 24° vertically and horizontally (34° 
diagonally) is considered an acceptable limit 
in head-mounted applications. 

Large fields of view are hard to acltieve 
when imaging objects as small as microdis
plays, and aberrations of the magnifier become 
radically more pronounced in large fields of 
view. Field curvature and distortion are serious 
aberrations, which are proportional to the 
square and cube of the field angle, respectively. 

Image Location and Field Curvature 
Most engineers are familiar with the magnify
ing glass used in laboratories to examine fine 
solder joints. Although their magnifying 
power may be only a factor of 2, these large 
lenses also help by creating an linage that is 
farther from the eye than the object itself, well 
beyond the near point of the eye. In fact, the 
image created by any magnifier appears to be 
out in space. Such images are called "virtual 
images," in contrast to the "real images" cre
ated by direct-view displays. 

Location of the image becomes much more 
important for older viewers because the lens 
of the eye becomes less flexible with age and 
loses its ability to accommodate the traditional 
near point. Tltis is why older readers often 
hold finely printed documents at ann's length, 
particularly in dim lighting. 

Information Display 4&5/99 23 



display optics 

Pupil 
Location 

If the apertltre of the magnifying optics is 
too small for the desired field of view, the 
image will be clipped. The viewing window 
itself may define the aperture or, in many 
cases, a pupi l is formed within the optical sy:,
tem itself. Clipping - or vignetting - can be 
easily observed by moving the display relative 
to the eye, and the amount of movement that 
can be tolerated without diminishing the dis
play's quality or fullness of view is often 
called the "eye box." A large eye box is very 
important to consumer acceptance of such dis
plays (Fig. 3). 

The figme shows the size of the eye box 
required to allow a 35-nun eye relief and 34° 
field of view. The pupil size is nominally 4 
mm and moves 6 mm laterally as the eye scans 
over the 34° field of view. As a result, the eye 
box must have a diagonal of at least 10 mm. 
Furthem1ore, if the display is to be hand-held, 
we must expect display motion of another few 
millimeters. For these reasons, Fig. 3 shows an 
eye box with a 12-mm diameter at the extreme 
of the eye relief. This is also the location of the 
exit pupil of the magnifier. 

Mirror 
Magnifie r 

Fig. 2: Lens and mirror magnifiers have differem form factors. Tl1e mirror is more compact 
due to the folded par II, while rile lens lias more eye relief 

For high-resolution images such as text, a 
comfortable image distance is often a compro
mise between focal accommodation of the eye 
and adequate character size. Reading glasses 
solve that problem by adding power to that of 
the eye to help see close-up objects. When 
viewing a vi rtual display, the user should use 
the eyeglasses pn::~cribed for nonnnl distance 
viewing (as opposed to reading glasses) 
because the virtual image is normally located 
at least a meter from the eye. 

Unfortunately, the magnified-image plane 
is rarely flat, and the focal distance wi ll vary 
with angle from the center of the image to the 
comers. This phenomenon is called field cur
vature, which can be a serious problem, espe
cially in binocular displays. For large field 
curvatures, the eye must constantly refocus as 
the image is scanned, and if the eye's range of 
accommodation is too small , part of the image 
wi ll be out of focus. Uncorrected mirror mag
nifiers have negative field curvature, in which 
the center of the display is focused nearer to 
the eye than the edges, while lens magnifiers 
have the opposite curvature. 

The Eye-Movement Box 
In addition to adequate magnification and an 
image located at a comfortable distance from 
the eye, the display must provide for a large 
range of movement relative to the eye without 
disturbing or distorting the image. The dis
tance from the display to the eye- called "eye 
relief' - must be large enough (at least 25 
mm) so as not to intetfere with prescription 
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eyeglasses. Furthermore, the optical system 
must be able to tolerate side-to-side motion of 
the eye to accommodate rotation of the eye
ball and viewer movement. 

35-mm 
Eye 

Relief 

12-mm 

34-degree 
Field of 
View 

Exit Pupil 
(non-vignetting) 

.. 

36-mm 
Display 

Aperture 
(diagonal) 

Fig. 3: A 35-11/m eye relief and 34° field of view are good specifications for a virrualmicrodis
play, and would require 011 "eye box" oft lie size i11dicated here. The pupil si::.e is nominally 
4 111111 and moves 6 111111 laterally as the eye scans over the 34° field of view. {f the display is to 
be hand-held and thus subjected to additional relative motion, the eye box should have a 
diagonal of at least a 12 111111. 
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Apparent Illumination 
Aperture to Fill Exit Pupi l 

Beamsplitter 

Fig. 4: Beam splitters are typically used to separate the illumination axis from the viewing axis 
in LCOS displays. The illumination rays must emanate from a ve1y large apparent source aper
ture. If the illuminator does not fill this aperture, a restricted exit pupil will be created at the 
location of the eye and there will be a very limited eye box. 

\ !though a simple magnifier does not actu
ally form an exit pupil as a compound magni
fier does, the illumination system may create 
the effect of an exit pupil in reflective displays 
such as CMOS devices. 

Microdisplay 

Illumination of a Reflective Display 
Reflective displays on silicon act much like 
mirrors unless the pixel is switched off, a fact 
that complicates the illumination of reflective 
displays as opposed to transmissive displays. 

Fig. 5: A comfortable portable product will need to have a depth that is less than the effective 
focal length of the magnifying optics, which requires extensive folding of the optical path. This 
magnifier has a nvicejolded beam path, which achieves an excellent form factor. 

Table 2: Required Fields of View 

Diagonal Field 
Display Resolution of View (deg) 

QVGA 240 X 320 13.3 
VGA 480 X 640 26.7 
SVGA 6QQ X 8QQ 33.3 
XGA 1024 X 768 42.7 

Typically, designers use beam splitters to sep
arate the illumination axis from the viewing 
axis (Fig. 4). The illumination rays must 
emanate from a very large apparent source 
aperture. If the illuminator does not fill this 
aperture, a restricted exit pupil will be created 
at the location of the eye and there will be a 
very limited eye box. Generally speaking, a 
good display will have a brightness over the 
entire span of the eye box that is at least 50% 
of the peak brightness in the center of the dis
play. Acceptable luminance ranges from 
approximately 20 to 100 fL. 

Display Size and Form Factor 
It is important for a portable product to feel 
comfortable in the pocket, on the belt, and in 
the hand. At least one dimension should be 
very small- less than 18 mm- and since it is 
smaller than the desired display aperture, this 

dimension must be the depth of the display. 
For the depth of a display to be sma!Jer than 
the effective focal length of the magnifier and 
less than either the height or width of the 
viewing aperture is a very strict requirement, 
and it requires extensive fo lding of the optical 
path (Fig. 5). 

Meeting All Requirements 
There is no hard and fast bmmdary to any spe
cific design constraint. Optical design for 
microdisplays gets easier if one is willing to 
pay the price of a larger CMOS die size. 
Indeed, magnified displays utilizing the some
what larger TFT displays with pixel sizes over 
20 !Jm allow f ields of view of well over 34° 
using simple magnifiers, albeit with somewhat 
excessive form factors. Achieving all the nec
essary characteristics with a single optical 
design requires the balancing of many vari
ables, and there is no one answer, but some 
solutions make the trade-offs much easier. 

Si liscape has found that a thrice-folded 
beam path inside a prism, a compound magni
fier with both reflective and refractive power, 
and the integration of several functions into 
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display optics 

each optical element provide an attractive set 
of solutions. Although more complex opti
cally, the functional integration combined 
with advanced fabrication technology allows 
for a highly manufacturable design. Most 

... - . - ....... n ........... ....,.......,,_....,........., 
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I . SElECT THE TEST PROCEDURE 
2. SElECT THE MONITOR FORMAT TO BE TESTED 
3. SELECT AHD RUH TEST PATTERNS IN SEQUENCE 

importantly, user testing has validated that 
consumers will be very pleased with the large 
and comfortable image provided by the com
pact package. • 

Introducing STAR"'' (Smart Testing and Repair) 
software. Now you can set up and run display tests 
in your factory quickly, easily and consistently. 

No more guessing at which tests to run, or in 
what sequence. STAR ... ,.. queries your test monitor 
to determine what formats it is capable of running. 
Then the operator 0 simply chooses which test 
procedure from the options shown, and clicks 0 
to decide which formal to lest. The proper test 
images 0 are automalicaliy selected in sequence. 

Steps and instructions can el'en be displayed in 
a separate window for the technician to refreshen 
his expertise. What could be easier? Or more con
sistent? Find STAR in a wide array of Quanmm Data 
l'ideo test products. Check out our fuU line on our 
website. And get started with STAR. 

The Art of Technology 

See Us at SID '99 Booth 608 

QUANtUM DATA 
2111 Big Tunber Road, Elgin, IL. 60123 
Phone: (847) 888-0450 Fax: (847) 888-2802 
Website: http://www.quantumdata.com 
E-mail: sales@quantumdata.com 
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Now these two have 
a lot in common 

"Hey, nice display." 

~~~~~ 
"Gee, thanks." 

/ 



c 0 

• 250 MHz RGB Video Generator for complete 
testing of high bandwidth computer monitors 
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of the monHor under test. The CM2250 s ores formats by 
manufacturer and model number for efficient testing of 
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The CM2250's 'Service Process Generator' simplifies the 
creation of effective testing and alignment procedures and 
simplifies the use of these procedures. 
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• Service Process Generator simplifies and 
standardizes testing and alignment procedures 

DDC Capabilities ive instant access to the 
monitor's formats 
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Thin-Film Micromirror Array 

Daewoo uses piezoelectrics to give reflective-mirror 
microdisplays a new twist- and provide TI's DMD 
with its first direct competition. 

By Sang-Gook Kim and Kyu-Ho Hwang 

IN THE EMERGTNG TNFORMATION ERA, many 
multimedia applications require brighter and 
larger images. Projection-display technology 
is the most promising solution for these needs, 
provided that it can deliver a sufficiently 
bright image to the screen. Recent develop
ments have created commercial e lectronic 
projectors that can create images under nor
mal room Ughting conditions, yet there is still 
much room for improvement. The creation of 
hlgh-quality images in typical display venues 
requires an innovative technology with hlgh 
optical efficiency. 

Currently, the mainstream projection tech
nology is the transmissive active-matri x LCD 
(AMLCD) technology. Conventional LCD
based projectors are limited in their ability to 
respond to the challenges of hlgh-brightness 
applications. The small aperture ratio and 
light polarization result in poor efficiency of 
light utilization. Recently, the improvements 
in hlgh-temperature poly-Si LCD technology 
with rnicrolenses and polarization conversion 
have led to significant improvements in opti
cal efficiency. However, heat generated by 

light absorption and photodegradation still 
limits the use of high-power light sources. 
LCD projectors can be portable, but their 
luminous outputs will be limited to about 
1500 ANSI lumens. 

The reflective type of spatial light modula
tor (SLM) is a good candidate for solving 
these problems because it provides a higher 
aperture ratio (or fill factor) and works more 

successfully with hlgher-power light sources. 
The Digital Micromirror Device (DMD) 
developed by Texas Instruments is the typical 
example of the reflective type of SLM based 
on a microelectromechanical system (MEMS). 
The DMD is a type of micromirror array in 
which individual mirrors can be tilted by an 
electrostatic fo rce to tum pixels on and off. 
The inevitable pulse-width modulation control 
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Saug-Gook Kim is the Director of the TMA 
Division at Daewoo Electronics, 60-8 Kasan
dong, Kumchun-gu, Seoull53-023, Korea; 
telephone +82-2-862-0385,Jax +82-2-862-
0386, e-mail: sangkim@tma.dwe.co.kr. 
Kyu-Ho H wang is a Senior Researcher in the 
TMA Division; telephone +82-2-818-9870, 
fax +82-2-862-0386, e-mail: k!Jwang @tma. 
dwe.co.kr. The allthors would like to express 
their gratitude to all rile members of Daewoo 
Electronics' TMA Division 

Fig. 1: A projection stop is used in the TMA design to modulate the light level of individual 
pixels. 
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early proportional to the tilt angle of each mir
ror. The precise control of the tilt angle can 
generate more than 256 levels of gray. 

Pixel Architecture 
The TMA pixel is a monolithically integrated 
MEMS device fabricated over a simple metal
oxide-semiconductor (MOS) switch. Each 
pixel consists of a mirror and an actuator. 
Each mirror must have both high reflectivity 
and excellent flatness, while the actuator must 
have linear and fast-response characteristics, 
as well as mechanical and electrical rel iabi l
ity. Several types of pixel structures have 
been designed and modified to improve the 
optical efficiency and reliability of the TMA 
(Fig. 2). 

Fig. 2: The pixel structure of the TMA device has been refined to improve efficiency and relia
bility. 

The main purposes of this design are to 
maximize the fill factor and to minimize the 
mechanical non-uniformity. The high fill fac
tor produces the high optical efficiency at the 
pixel level and the seamless projected image. 
This is done by hiding the actuating mecha
nism under the mi rror. In the early design of 
the TMA pixel, the mirror and the actuator 
were co-planar, and the mechanical structure 
of the actuator was directly exposed to the 
incident light. Tlus resulted in less area being 
available for the reflection and more light 

of on/off mirrors for gray-scale generation 
requires very sophisticated and expensive 
driving circuitry. 

Daewoo Electronics has developed a new 
kind of reflective SLM based on MEMS 
called a 11un-Film Micromirror Array (TMA). 
The TMA device looks very similar to the 
DMD device, but TMA uses micromachined 
thin-film piezoelectric actuators to control the 
gray scale on the screen. The continuous 
change of the tilt angle of each micromirror 
controls the gray level of each pixel with sim
ple image-processing circuitry. In addition to 
the simplicity of the system, TMA has a much 
higher optical efficiency than any other SLM 
at the present time. 

Light Modulation 
The TMA 's optical system uses Schlieren 
Optics to control the light intensity on the pro
jection screen through continuous changes of 
the reflection angle of each mirror. The pro
jection stop functions as a light valve (Fig. 1). 
The light reflected on a mirror s urface forms 
an image on the projection-stop plane, and 
this image moves along the horizontal axis as 
the reflection angle changes. When a mirror 
does not tilt, all the light reflected by the mh
ror is blocked by the projection stop, and the 
Pixel image on the screen shows the darkest 
State (black). When the mirror is fully tilted, 

all the Ught reflected by the mirror goes out 
through the projection stop and the pixel is at 
its brightest state (white). The amount of light 
that passes through the projection stop is lin-
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Fig. 3: The tilt angle of the TMA mirror is linear with applied voltage. 
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1010 cycles, which would be enough for a pro
jector life of 10 years . 

Fabrication 
The TMA module is monolithically fabricated 
over a PMOS active matrix by surface micro
machining techniques. The active matrix is a 
transistor array that addresses U1e video signal 
to each pixel. The size of each mirror is 97 x 
97 1-1m for the current VGA-format prototype. 
For tile forthcoming XGA-fonnat modules, 
these dinlensions will be reduced to 50 x 50 f.! ln. 

Fig. 4: A sequence of semiconductor processes are used in the fabrication ofTMA modules. 

The fabrication of the TMA module begins 
wiili tile completed PMOS active matrix 
employing a W metallization process (so it 
can stand the high-temperature post pro
cesses). After a circuit-protection layer is 
added on top of the active matrix, a poly-Si 
sacrificial layer (spacer 1) is deposited by a 
low-pressure chemical-vapor-deposition 
(LPCVD) process. A chemical-mechanical
polishing (CMP) process fo llows to provide a 
flat surface for the subsequent TMA fabrica
tion processes. The degree of planarization 
does not seriously affect the projector's 
brightness uniformity and contrast ratio 
because there is another sacrificial layer under 
the final mirror layer. The measured tolerance 
of tile sacrificial-layer thickness is less Ulan 
3% within the whole module. 

being scattering by the expu:sed mechanical 
s tructures. The result was poor optical effi
ciency and a low contrast ratio. The new 
design increases the fill factor to as much as 
94% and the contrast ratio to as much as 200:1. 

The TMA uses thin-film piezoelectric actu
ators in the form of micro-cantilevers. A mir
ror is connected to the underlying cantilevers 
through a support post. The cantilevers them
selves are anchored to the underlying sub
strate. A cantilever consists of the s upporting 
layer, bottom electrode, piezoelectric layer, 
and top electrode. When an electric fie ld is 
applied between the two electrodes, the piezo
electric layer shrinks in the horizontal direc
tion and expands in the vertical direction. 
Because the neutral plane of the cantilever 
shifts toward U1e bottom electrode due to the 
thickness of the supporting layer, the mechan
ical strain of the piezoelectric layer causes 
vertical deflection of the cantilever - and of 
the mirror on top of it. 

The tilt angle of the mirror (6) is linearly 
proportional to tile applied signal voltage 
withi n the 0- 10-V operating range (Fig. 3). 
The maximum tilt angle of 4° at 8 V is higher 
than the specification required by the optical 
system and thus provides a margin for opti-
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rnizing the system. The response time of the 
TMA pixel is less than 25 f.!Sec and is fast 
enough even for field-sequential-color display 
applications. 

An accelerated experiment was performed 
to test the reliability of tile TMA pixel. It 
showed no observable degradation in perfor
mance nor any kind of fai lure through 0.5 x 

The planarized sacrificial layer is removed 
later to produce an air gap for the vertical dis
placement of cantilevers. Anchor regions -
where the support posts for the cantilevers are 
formed - are patterned on the sacrificial layer 
[Fig. 4(a)] . 

Daewoo Electron 

Fig. 5: A scanning-electron-microscope image of a TMA module shows the mirrors (left). A 
few of the mirrors have been removed to show the underlying structure (right). 
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Fig. 6: A side-by-side comparison of images projected by LCD and TMA devices with lamps of 
the same power demonstrates the advantage of the high optical efficiency offered by TMA pro
jecrors. 

The bending moment at the anchor region 
is responsible for a large portion of the initial 
deflection of the micromachined cantilevers. 
This bending moment is sensitive to thickness 
variations and uneven residual stresses result
ing from process tolerances, and causes a non
uniform distribution of the initial deflection of 
the cantilever actuators. A novel design for 
the support anchor was developed to minimize 
the non-unifonnity in the initial deflection of 
the cantilevers. 

The subsequent layers - the supporting 
layer, the bottom electrode, the lead zirconate 
titanate (PZT) layer, and the top electrode -
th;:t make up the cantilever are deposited on 
top of the first sacrificial layer. The support
ing layer is made of a si licon-rich silicon 
nitride (SiN.) and deposited by the LPCVD 
process. The function of this layer is to con
vert the expansion/contraction defonnation of 
the piezoelectric layer to the vertical displace
ment of the cantilever. In addition, it makes 
the long cantilever flat by controlling the 
res;J ual stress. The top and bottom electrodes 
are deposited by the de magnetron sputtering 

of platinum. The piezoelectric layer is formed 
by using the sol-gel method with PZT, whose 
composition lies in the morphotropic phase 
boundary (MPB). The sol material is fust 
spin-coated onto the bottom electrode and 
subsequently heat-treated. A rapid-thennal
rumealing (RT A) process is used to crystallize 
thin-fi lm PZT into the Perovskite structure. 
After the deposition of the top electrode, etch
ing steps to shape the cantilever are performed 
in reverse order. The top electrode, the PZT, 
and the bottom electrode are etched using dry
etch processes. The via hole is formed to con
nect the bottom electrode to the drain pad of 
the active matrix. The supporting layer is 
etched after the via formation [Fig. 4(b)]. 

A second sacrificial layer (spacer 2) is 
needed to bui ld a flat mirror on top of the 
actuator structure. The material for this layer 
was carefully selected by considering the pro
cess compatibility, process temperature, and 
ease of planarization. A fluid polymeric sub
stance is spin-coated and hardened to form the 
second sacrificial layer. The hole in the sec
ond sacrificial layer forms the metal support 

post after mirror metal covers its sidewall 
[Fig. 4(c)]. 

The mirror layer is made of aluminum and 
is sputter-deposited on the second sacrificial 
layer. The measured reflectivity of the alu
minum layer is over 90%. The aluminum 
layer is patterned to make mirror shapes by a 
dry-etching process. Finally, the sacrificial 
layers are removed to form air gaps. Since 
two different materials are used as sacrificial 
layers, the release process is performed in two 
steps. First, the second sacrificial layer is 
removed through the openings between tnir
rors by plasma etching. After completely 
removing spacer 2, spacer 1 is exposed to air 
and removed by a XeF2 vapor-etch process 
[Fig. 4(d)]. Both release methods show fast 
lateral etch rates, leave no residues, and do not 
etch or damage the AI and PZT layers and 
thus do not need protection layers. Scamling
electron-microscope (SEM) photographs of 
the completed TMA module after the release 
process show the real array of tnirrors, and, 
with some tnirrors intentionally removed, the 
underlying structures can be seen (Fig. 5). 

Optical Efficiency 
The optical efficiency of the TMA projection 
system is the product of the efficiencies of the 
lamp coupling, the optical transition, and the 
TMA pixel. 

The lamp-coupling efficiency is defined as 
the amount of collected light that can be used 
by the TMA relative to the total emitted lrunp 
flux. For a given lamp entendue, the lamp
coupling efficiency increases as the TMA 
panel size increases. The current size of the 
TMA panel gives a high lamp-coupling effi
ciency of up to 72% . High lamp-coupling 
efficiency wi ll be maintained even when the 
TMA pixel pitch is reduced to 41 x 41 llffi for 
SXGA resolution. 

The optical transition efficiency depends on 
the dichroic-mirror reflection and transmis
sion losses and the reflection losses in the 
optical elements. The TMA optical system 
has a color-filter/projection-lens efficiency of 
45 %. 

The optical efficiency of the TMA module 
depends mainly on the fill factor, the reflectiv
ity, and the tnirror fla tness. Currently, the 
TMA module has a high fill factor of 94%, 
obtained by hiding the actuator structw·e 
behind the mirror. The retlectivity of an alu
rninum mirror is 90%. The real microma
chined mirrors, however, have a surface topol-
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projection 

ogy resulting from the imperfect planarization 
of the underlying sacriticial layer and the 
warpage from Lmbalanced residual stresses 
after the release process. 

In the TMA optical system, the mirror flat
ness strongly affects the shape of the beam 
image formed on the projection stop. In order 
to achieve high optical efficiency, special pla
narization processes have been developed. 
We are currently obtaining about 70% optical 
efficiency. Today, we are obtaining a total 
light efficiency of 22.7% -the highest ever 
among high-brightness projectors. 

Prototypes 
Two prototype TMA projectors were devel
oped using lamps of different power. With a 
lower-power lamp, such as would be used in 
lower-cost applications, the highest optical 
efficacy of 9.2 lm/W was achieved with a 
270-W metal-halide lamp. When compared 
with the image projected by an LCD projector 
using a lamp of the same power, the TMA 
projector is significantly brighter (Fig. 6). For 
high-brightness applications, 5400 ANSI 
lwnens were produced from a 1-kW xenon 
lamp - the most output ever obtained from a 
display using a 1-kW lamp. This high-power 
TMA projection system was demonstrated at 
Asia Display '98 in Seoul, Korea. 

What Now? 
The highly efficient optical perfonnance of 
the TMA module makes it possible to manu
facture projection displays offering high 
brightness at competitive costs. We expect 
that commercial XGA projectors with an out
put of over 5000 ANSI lwnens will be on the 
market within a year. The simplicity of the 
light-modulation principle and the high opti
cal efficiency allows more brightness to be 
provided for high-end large-venue projectors. 
At the low end, we will be able to provide 
desktop projectors and HDTVs that match the 
lwninance of current products at lower cost. • 

Please send new product releases or 
news items to Information Display, 
cjo Palisades Institute for Research 
Services, Inc. , 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 



• 

Make a Battery 
this Big , 

Last like a Battery 
This Big 

KENT ChLCO" No PoWER DisPlAYS 

DESIGNED FOR PORTABLE EQUIPMENT 
Unlike conventional LCD units, Kent ChLCD (Cholesteric Liquid Crystal Display) use power 
only to generate images- not to update, or refresh images, In fact, ChLCD images can be 
displayed indefinitely- seconds, hours, weeks or even years - without consuming a 
millijoule of power. It makes these displays ideal for any 1)1Je of pot1able equipment where 
increasing battery life is important. 

EAsiEST TO READ REFLECTIVE D rsPLAY TEcHNOLOGY 
ChLCD displays also offer better viewing than conventional LCD displays - especially in 
direct sunlight. With a 360 degree viewing cone and very high contrast, ChLCD displays 
offer exceptional reflectivity, without back lighting. 

GET THE FACTS 
To learn more about this technology that enables you to do more, call us at 
330-673-8784 or visit our website at 11'1\~v.kentdisplavs.com/pd. 
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._.KENTmsPLAYs 
.. .. INCORPORATED 

A MANNING VENTURES BUS I NESS UNIT 

Kent Displays, Inc. • 343 Portage Boulevard • Kent, OH 44240 • Phone: 330.673.8784 • f;Lx: 330.673.4408 
Internet: http://11ww.kentdisplays.com • E-mail: sales@kentdisplays.com 

f WKu :llld IKMDio~oft:rntlJtirl~l IIIC: an: {11111«1<11 ll,'lhr fol!tro.1ng pJ~m~~;· UnikoSilks: l.i.n.llll: BI!Hl&~ : Ul! Iiiii 
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See Us at SID '99 Booth 734 
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1/4 VGA "No Power" 
Display Modules 

Kent Displays' 1/4 VGA ChLCD "No Power" 
design not only provides exceptional readability but 
also requires no power to maintain displayed 
images, only to change them. Because power isn't 
constantly used to retain the image, expect 
exceptionally long battery life. Ideally suited for 
portable battery-operated products, this unit is 
excellent for displays that must be readable at any 
angle, even in direct sunlight. 

The 1/4 VGA format is ideal for portable 
communication devices, data collection products, 
global positioning systems and more. Available with 
or without an on-board controller, in 4 color 
combinations: yellow/black, yellow-green/black, 
green/black or blue/white. This display features an 
imaging area of 4.48 in. by 3.36 in. with a pixel 
resolution of 72 dots per inch. 

KENT Displays, Inc., 330-673-8784 
E-mail: sales@kentdisplays.com 
Circle no. 85 

1/8 VGA "No Power" 
Display Modules 

KENT 1/8 VGA display modules feature 
ChLCD technology for no power consumption 
except for image generation. This technology also 
provides high contrast and a wide viewing angle. 
They are available with a standard resolution of I 00 
dpi and an active viewing area of 40.6 mm by 61 .0 
mm ( 1.60 in. by 2.40 in). They're ideal for 
applications such as portable communications, data 
collection, global positioning systems and more. 

KENT Displays, Inc., 330-673-8784 
E-mail: sales@kentdisplays.com 

Cit·cle no. 86 
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AREA UNIFORMITY TESTING IN LESS THAN 30 SECONDS ? 
for LCDs, Plasma, FED, microdisplays, dashboards ... 

> 2D Luminance, Contrast or color analyses 

> MURA and Color MURA defects analysis 

> High accuracy and sensitivity through 
16 bits high grade cooled slow scan CCD 

> Compatible with VESA, FP.DM and ISO 
Standards 

MURATest 

= 

> User friendly Windows based software 
platform. Production tests automation 
throught ActiveX. TFT LCD Contrast uniformity measurement 

+ 150 mm j 
;;:
g: 

How much time will you give your competition ? o:il 
3i 
~ 
@ 

•$J~.) fLO IM ELECT R 0 NICS F 0 R DISPLAYS 1185 rue d'Epron 14200 HEROUVILLE SAINTCLAIR ·France • Phone : +33 2 31 94 76 00- Fox:+ 33 2 31 94 09 SO 
~ A N D I M A G I N G D E V I C E S EMail : eldim@eldim.fr • Internet address : hHp:/ / www.eldim.fr 

See Us at SID '99 Booth 1122 Circle no. 87 
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A resolution for all your problems. ; 
Mission is nothing without vision. Whatever your 
operational need we have a display to fit. Our full line 
of combat proven, in-service displays including 
electroluminescent gray shade and Active Matrix Liquid 
Crystal flat panels have earned us a dominant position as 
a military displays supplier. Come to the world leader in 
display solutions for Land, sea and air applications. 

For more information please contact us at: 

3785 Richmond Road, 
Nepean, Ontario, Canada K2H 5B7 
Tel: 1 (613) 596-7009 Fax: 1 (613) 596-7697 
floyd.bosko@cdott.com 
website: www.computingdevices.comjfpd 

Computing Devices Canada 
A GENERAL DYNAMICS COMPANY 

See Us at SID '99 Booth 1204 Circle no. 88 
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Varitronix: An Engineer's Fairy Tale 

This is the story of an engineer and a physicist who built 
a substantial LCD company that seems nearly immune to 
the industry's boom-and-bust cycle- and it 's true. 

by C. C. Chang and Ken Werner 

0 NCE UPON A TLME two young Ph.D.s
one from the University of Manchester Insti
tute of Science & Technology and one from 
Harvard University- decided to create a com
pany that would make displays in a fabled city 
famous for its entrepreneurial spirit. The year 
was 1978 and the entrepreneurial center was 
not Silicon Valley; it was Hong Kong. 

The two entrepreneurs, C. C. Chang and 
York Liao, had become lecturers at the Chi
nese University of Hong Kong after receiving 
their doctorates. Chang gave up his position 
to create Varitronix, a company that initially 
specialized in small custom liquid-crystal dis
plays (LCDs). Liao retained his university 
position until 1984, when he joined V aritronix 
on a full-time basis. 

It may not be easy to remember the display 
environment in 1978. It had only been 5 years 
since Sharp went into volume production of 
the EL-805, the first LCD-based electronic 
calculator, and only 3 years since Sharp had 
begun replacing displays based on RCA's 
original dynamic scattering mode (DSM) with 
the revolutionary twisted-nematic (TN) mode. 
It was just in the previous year, 1977, that 

LCD wrist watches were first produced in vol
ume. The making of smal l TN displays was 
an exciting and challenging new technology in 
1978. 

Initially, Varitronix manufactured and mar
keted standard watch, calculator, and instru
ment displays. The company's first invoice to 
a customer for a watch display showed a sell
ing price of US$1.25 per piece, 5-10% below 
the market price at the time. By 1980-81 , 
with a vast volume of displays corning from 
Japan, the price plunged to below US$0.30 

per piece for the same unit. (Of course, it is 
much lower today.) During that period, a few 
U.S. and European manufacturers closed their 
operations. 

Varitronix recognized that it couldn't com
pete with big players, so it took advantage of 
being small and flexible. The company 
focused on custom displays and was flexible 
enough to accept orders with no minimum 
quantities. V aritronix' s strategy was then 
changed to emphasize R&D and to increase 
the company's ability to provide as many 

C. C. Chang is Group Chairman ofVaritronix 
Intemational Ltd., 22 C/um Cheong St., TKO 
Industrial Estates, Tseung Kwan 0, Hong 
Kong; telephone +852-2197-6000,fax +852-
2343-9555, e-mail: info@varitronix.com.l!k. 
Ken Wemer is Editor of Information Display 
Magazine. Although he provided substantial 
technical assistance in the preparation of this 
article, the opinions expressed are those of 
Dr. Chang. 

Varitron~ 

Fig. 1: Varitronix moved into its new 160,000-ft. 2 manufacturing facility and headquarters in 
Hong Kong's Tseung Kwan 0 Industrial Estate in October 1997. 
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Varitronix 

Fig. 2: This wireless version of Varitronix's 
Telebet customer-input terminal is used by 
the Hong Kong Jockey Club. Over 80,000 
of the older, wired terminals are currently in 
use. Both versions use a Varitronix touch
sensitive overlay on a Varitronix-made dis
play. 

technologies as possible. In this way, the 
company would be prepared to give customers 
(almost) anything they wanted in their custom 
displays. 

In the succeeding 20 years, Varitronix has 
become extremely successful, with 1200 
employees; factories in Hong Kong, Shawan 
(China), Heyuan (China), and Penang 
(Malaysia); sales offices in Hong Kong, 
Champlan (France), Toronto (Canada), Milan 
(Italy), Los Angeles (U.S.A.), Bracknell 
(U.K.), Penang (Malaysia), Munich (Ger
many), and Graben (Switzerland); and a 
design center for liquid-crystal modules 
(LCMs) in Singapore. 

Varitronix does not seem to fo llow the 
usual models. It is growing rapidly, having 
opened its 120,000 ft? factory in Penang in 
September 1993, moved into its new Hong 
Kong factory and headquarters in late 1997 
(Fig. 1), and opened its Swiss sales office and 
Singapore LCM design center in late 1998. 
These investments did not seem to distract 
management from operational considerations. 
The company's revenues grew approximately 
12% (to HK$491M, or US$63M) for the frrst 
6 months of 1998 compared to the 6-month 
period a year earlier, with a similar percentage 

, increase in operating profit. The Asian flu 

Fig. 3: Among Varitronix's products are segmented, dot-matrix, and_ graphics LCD modules. 

finally affected Yaritronix in the second half 
of 1998, and revenues were flat for the year. 

Eggs in Many Baskets 
The company's ability to profit during the 
Asian economic crisis rests in part on its geo
graphically distributed markets . In 1997 
slightly more than half of Yaritronix's sales 
were to Europe, slightly more than a fifth to 
North America, and about a quarter to Asia. 
Both revenue and profit have increased every 
year since 1990 (although the increase from 
1995 to 1996 was small). Revenue in 1997 
was HK$843M. Market capitalization had 
grown to HK$4.28 (US$540M) by November 
1998. 

The company prides itself on being 
research-driven, and has succeeded in com
bining a mass-market LCD business with one 
focused on the custom design and manufactur
ing of sophisticated commercial, industrial, 
and military display modules, assemblies, and 
systems. Yaritronix also off ers the ability to 
take a concept all the way to a mass-pro
ducible end product, which it did, for instance, 
in the case of the more than 80,000 hand-held 
terminals currently being used as Telebet cus
tomer-input betting terminals by the Hong 
Kong Jockey Club. The terminals are net-

Information Display 4&5199 39 



company profile 

worked to a central processor via telephone 
lines or serial ports, and a wireless version 
was introduced in 1997 (Fig. 2). Both ver
sions use a Varitronix touch-sensitive overlay 
on the display for easy data entry. 

Among the company's products are seg
mented,_ dot-matrix, and graphics LCD mod
ules; color-coded STN modules; direct-con
tact touch screens; modules with integrated 
touch screens; and touch-sensitive hand-held 
terminals (Fig. 3). Assembly technologies 
include chip-on-board (COB), chip-on-glass 
(COG), and tape automated bonding (TAB). 
Recent additions to the product mix are elec
troclu·omic mirrors and liquid-crystal-on-sili
con (LCOS) rnicrodisplays. 

Looking Backward for Fun and Profit 
In August 1997, Varit:ronix Malaysia entered 
a joint-venture agreement with Donnelly Cor
poration, the world's largest producer of auto
motive mirror systems. (Donnelly's customer 
list includes all of the world 's major automo
bile manufacturers.) The newly formed com
pany, named Varitronix EC (Malaysia), wi ll 
produce interior and exterior mirrors that fea
ture automatic dimming through the use of 
electrochromic technology, and mirror sys
tems that can im:urporate a variety of features 
such as map lights and electronic compasses 
(Fig. 4). Pilot production began in May 1998, 
and samples were submitted to automotive 
manufacturers for quality acceptance. Vol
ume production started in January 1999. 

Varitronix EC intends to apply its elec
trochromic technology to information dis
plays. An electrochrornic display is essen
tially a charge-retention device. Depending 

Donnelly Corp. 

Fig. 4: Varitronix and Donnelly have jointly 
created a company in Malaysia to manufac
ture electrochromic-mirror systems for mass
market automotive applications. 
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on the structure, the charge-retention time can 
be as fast as seconds to as long as hours. For 
electrochrornic-rnirror applications, designers 
aim for a quick response time. In an applica
tion such as shelf-edge labels for supermar
kets, designers seek to maximize the duration 
of charge retention for a display that requires 
no on-board power. The long image retention 
and very low power consumption of elec
trochromic displays is a good match for appli
cations such as the supermarket shelf-edge 
labels mentioned above. 

Early to Board the Micro Bandwagon 
Varitronix received its ftrst patent for an 
LCOS microdisplay in 1997. The company 
focused on mixed TN and birefringent (MTB) 
mode on CMOS for its rnicrodisplays because 
it saw this technology as being relatively easy 
to bring to commercial mass production. 1 

This has turned out to be the case, and an 
XGA rnicrodisplay is now available that has a 
contrast ratio in excess of 100: I. Varitronix 
has recently fabricated I .6-l.lm MTB cells 
with response times around 3 msec, which 
would be suitable for fie ld-sequential color. 

In rnicrodisplay processing, the optimum 
method of marrying the front glass to the 
CMOS backplane is still an open question. 
The liquid-crystal material is introduced 
between these layers, and switching character
istics depend upon the precision and consis
tency of spacing between them. One is 
tempted to use what Varitronix calls "laminate 
processing," and what some other companies 
in the industry call "runy processing." In this 
technique, the glass is laminated to the wafer 
with proper spacing in the active areas, LC 
material is introduced through the fill ports 
(which are then sealed), and the laminate is 
then separated with traditional glass-separa
tion techniques. 

Although some other companies are using 
this approach, Varitronix does not believe the 
process can reliably provide adequate preci
sion and consistency of interlayer spacing in a 
mass-production environment. A single-piece 
process - in which the CMOS wafer is sepa
rated into individual display backplanes and 
mated with front plates one by one - provides 
adequate precision but is not practical for 
mass production. 

To solve this problem, Varitronix devel
oped its "hybrid laminate process," which 
mates many individual dies with a single 
larger piece of glass through the use of special 

j igs and tools. This allows LCOS microdis
plays to be processed on Varitronix's existing 
production facilities, which provide immedi
ate capacity to satisfy the demand for any 
foreseeable volume. The company has suc
cessfully controlled the cell gap to within an 
optical fringe in volume production, and with
out using spacers in the active area. Vari tronix 
is now shipping 2000-4000 microdisplays 
per week. 

The Varitronix story may have some of the 
magic of a fairy tale, but it isn't a mystery. 
Driven by research and committed to new 
technologies, the company also pays close 
attention to the needs of its customers and the 
quality and efficiency of its manufacturing. 
And, refusing to put all of its eggs in one bas
ket, Varitronix supplies a worldwide market 
with a substantial variety of display products 
-which don't compete with those of Sharp, 
NEC, or DTI. 

Notes 
1For more information, see "Generalized 
mixed-mode reflective liquid-crystal displays 
with large cell gaps and high contrast ratios," 
by H. S. Kwok et al., JSID (to be published). • 

Please send new product releases or 
news items to Info rmation Display, 
c/o Palisades Institute for Research 
Se rvices, Inc., 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 

SID '99 
Symposium, Seminar, 

and Exhibition 

San Jose, California 
San Jose Convention Center 

May 16-21, 1999 



(') 

? 
~ 
~ 

c> 
'l 

rom Miniature Microdisplay to C'</;..c> ~ ~ 
<~r,,. ~\'~> 

Large Mosaic Signboard Displays. '-t Liquid crystal M\c~o~\s 

• • • Your One-Stop LCD Supplier 
VARITRONIX LIMITED 
22 Chun Cheong Street, TKO I ndu s trial E s tate , T se u ng K wan 0 , H o n g Kong 
Te l: (852) 2 197 6000 Fax: (852) 2343 9555 E-mai l: info @va r itro n ix.com.hk 
URL: http: //www.va rit ronix. co m 

MA:-IUFACTURING PLANTS OVERSEAS OFFICES 

VA~ITRONIX LIMITED 
Hong. Kong 

VARITRONIX (HE YUAN) 
He) t•a n, China 

VARITRONIX (SHAIVAN) 
Sha\\Jn. China 

VL ELECTRONICS. INC. 
3250 Wilshire Blvd .. Suite 1901. 
Los Angeles. CA 90010. 
U.S.A. 
Tel: ( I )(213)738-8700 
Fa.<: (1)(2 13)738-5340 
E-mail: sales@vle.com 

VARITRONIX GmbH 
Landsberger Sir. 318-320. 
80687. Munchen. 
Germ:my 
Tel: (49)-89-560 17-108 
Fax: (49)·89-56017-109 
E-mail: S3les@v:uilroni:<.de 

VARITRONIX (FRANCE) S.A.R.L. 
Balimcnl uCu 
13/15 Chemin de Chilly. 
91160 Champlan. 
France 
Tel: (33) I 69 09 70 70 
Fax: (33) I 69 09 05 35 
E-mail: 101450.3047@compuservc.com 

VARITRONIX (CANADA) LIMITED VARITRONIX IT ALIA s.r.l. 
VAR ~TRONIX (MALAYSIA) SON. BHD. 
PI~ -10. Bayan Lepas Free lnduslrial Zone. 
Phak 4, 11900 Penang. 
Mala)<iiia 
Tel: I(>()) 4 644 3100 
Fox: 'hO) 4 644 2696 
E-mail: simsc@vmsb.com.my 

18 Crown Steel Drive, Suite 101 , 
Markham Onlario. 
Canada UR 9XS 
Tel: (I) (905) 415-0023 
Fax: (I) (905) 415-0094 
E-mail: vlcan@ibm.net 

We Put Our Heart on (DISPLAY fKJ ) 

Via Bruno Buoz.zi 90. 
20099 Scs10 San Giovanni. 
Milano. 
llaly 

VARITRONIX (SWITZERLAND) 
SchOrlish:iuscm 33A. 
CH-3376 Graben, 
Switzerland 

Tel: (39)-02-2622-2744 
F3X: (39)-02-2622-2745 
E·mail: vlil:lly@tin.il 

Tel: (41 )-62-958 50 80 
Fax: (41)-62-963 30 88 

ISO 9001 : 1994 
Certificalion No. CC 335 

E-mail: v;:~ritronix.swiss@blucwin.ch 

ISO 9001 : 1994 
Certificalion No. CC 335 

VARITRONIX (SINGAPORE) PTE LTD. 
Unit Bl-01102. Cinteeh I. 
73 Science Park Dri,·c. 
Singapore Science Park. 
118254 Singapore 
Tel: (65)-873 2705 
Fax: (65)-873 2706 
E-mail: sales(harilronix.com.sg 

VARITRONIX (UK) LIMITED 
Displ::ly House. 3 Milbanke Court. 
Milbanke Wa y. Bradncll. 
Berkshire RGI2 1BR 
United Kingdom 
Tel: (44) 1344 303077 
Fax: (44) 1344 300099 
E·mail: salcs@varitronixuk.ltd.uk 

Ckcle no. 90 
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ir and ground forces around the globe depend 
on Brimar technology for capability and survival. 

It's been that way ever since Brimar developed the world's 
first head-up and helmet-mounted tubes. 

And because all Brimar CATs are designed and built entirely in-house, they're 
backed by total on-site quality control. That means 
complete reassurance in fields as diverse as military and 
civil aviation. photography, telecine and medicine. 
~ And promises absolute confidence-

indoors and out. 

Brimar Limited 
Viewed as the fine s t in the world 

Brimar Ltd., Greenside Way, Middleton, Manchester M241SN, England. International Telephone: +44 161 681 7072 Fax: +44161 682 3818. 
Brimar Inc., 25358 Avenue Stanford, Valencia, California 91355 - 1214 USA. Telephone: (661) 295 5770 Fax: (661) 295-5087 

See Us at SID '99 Booth 708 Ci rcle no. 92 



Do You Require High Volume 
Production? 

Demand Exceptional Coating 
Uniformity? 

Do You Have a Light 
Regulating or Conductivity 
Problem? 

Need to Improve Contrast or 
Increase Transmittance? 

Reduce Glare? EMI/RFI? 

Do You Rely On Visibility 
Under Covert Conditions? 

For more than 50 years, Metavac has been a trusted resource, providing 
innovative solutions for optical and electro-optical systems worldwide. Our full 
production capabilities include glass fabrication, laminating and assembly. Metavac 
is qualified to provide quality assurance in accordance with MIL-I-45208A. 

• High Performance and High Throughput Uniquely Combined 
In Our New Custom Designed Coating System 

• Design and Manufacture of High Performance Heater Panels 
• Hydrophobic and Fingerprint Resistant Coatings 
• Implosion Resistant Flat Panel Protection 

• High Performance Spectrum Balance, Off Axis & Low 
Reflectance Coatings 

• Polarized and Custom Color Filters 
• Backlight Enhancement Program 

For your commercial, military or industrial applications , Metavac can offer 
the solutions you need to optimize the performance of your optical and electro
optical products. 

M ETAVAC 4000 Point Street, Holtsville, NY 11742 • (516) 447-7700 • FAX: (516) 447-7715 
www.metavac.com • e-mail: info@metavac.com 

A Division Of The Naugatuck Glass Company Thin Film Coatings and Filters for Optics & Electro-Optics 
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''WOW''- it's Ultra-Bright!m 
Our R&D efforts have turned out some extraordinary results -a unique combination of 
manufacturing processes and advanced materials that push the performance and quality levels of 
LCD~s lamps far beyond any other manufacturer's lamps or flat lighting products on the market today. 
The best way we can describe this entire technical ~rocess is "WOW" - it's Ultra-BrightTM! 

.A Double the efficacy (1m/watt) 

.A 50% improvement in lumen maintenance 

.A Maximized lighting uniformity 

Think what this could mean for your application -
.A Slashed power requirements 
.A Greatly extended maintenance intervals 
.A Enhanced display readability in bright ambient light 

Which type of lamps benefit- any hot or cold cathode, bent fluorescent lamp from 8mm to 25mm 
diameter. LCD~s proprietary manufacturing process eliminates any performance loss at the bends. 
Overall, LCD~s Ultra-Bright'M lamps now deliver more total lumen output for a given wattage input. 
Get improved display brightness, uniformity and readability. Brighter diffusion can work to substantially 
reduce device power requirements. 

What phosphor batch stability means -
LCD~s preferred phosphor sources and rigorous 
batch quality testing assures you of repeatable 
weak performance. Our special blue phosphor, 

, ~ major improvement over the kind typically used in 
the industry, and our other superior quality 
phosphors combine to increase luminance by up 
to 33%. Precision application of a measured, 
even layer of phosphor is the key to Ultra-Bright's'M 
outstanding luminance uniformity and 
extraordinarily low lumen depreciation. 

How the protective layer contributes -
LCD~s advanced overcoating material and 
proprietary lamp processing techniques deliver 
significantly better protection against Hg ion 
bombardment of the phosphor layer and 
solarization of the glass. 

It all adds up to Ultra-BrightTM -an extraordinary 
advance in lamp life, efficacy and AMLCD display 
performance. 

LCD 
liGHTING, INC. 
37 Robinson Boulevard • Orange, CT 06477 

ULTRA·BRIGHT•M vs. STANDARD LAMP MAINTENANCE 
(Serpentine Lamp 15mm / 2torr / 1 06mw/cm"2) 

7000 .................... ........................................................................ . 

6000 ................................................................................ ........ . 

2"sooo 
ur 
u 
~ 4000 
2 

:1 3 3000 ..... ....... ....... . 
2 

~ ::;: 2000 .. .. . ............................... ................................... . 

ULTRA-BRIGHT LAMP ---
1000 ............... ............. .................. .............................................. . 

STANDARD LAMP ---
0+-~--,_--r--r--T-~--,_--r--r~ 

0 2000 4000 6000 8000 10,000 12,000 14,000 16,000 18,000 20,000 
TIME (hours) 

ULTRA·BRIGHTrM vs. STANDARD LAMP MAINTENANCE 
(Serpentine Lamp 13mm I 4torr I 204mw/cm"2) 
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Ph: 203 795-1520 • Fax: 203 795-2874 • E-mail: lcdlighting.com · www.lcdl.com 
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Space, the Final Color Frontier 

Discussion at C/C-6 returned to a basic question: 
How is perceived color affected by the spatial context 
and by parameters such as display resolution? 

Michael H. Brill 

T.E SIXTH Color Imaging Conference 
(CIC-6), held November 17-20, 1998, drew 
285 color scientists and engineers to the Sun
Burst Resort Hotel in Scottsdale, Arizona. 
The conference is jointly sponsored by the 
Society for Information Display (SID) and the 
Society for Imaging Science and Technology 
(IS&T). Although attendance was somewhat 
Jess than last year's 330, participants agreed 
that the high quality of interactions maiu
tained the CIC's reputation as the premier 
forum for color imaging. 

Following the theme of last year, CIC-6 
continued to focus on standards for transfer
ring color between devices - scanners, VDUs, 
and hardcopy devices, for example, with par
ticular application to the Worldwide Web. 
However, this year also featured a return to 
basic vision questions. The most salient of 
these questions was how the perceived color 
of an image area is affected by that area's spa
tial context, and by other properties - s uch as 
display resolution - which are not usually 
associated with color. The spatial dependen
cies are not completely captured in most mod
els of color appearance, particularly the mod
els that have been adopted as standards. 
However, advances in computer technology 
are bringing spatia-chromatic models of color 
appearance closer to becoming useful tools. 

Another recurring theme was the inference 
and representation of the colors of extraterres
trial objects. In two senses, then, space was 
the "final frontier" explored at this conference. 

Standards Update 
"How many standards bodies does it take to 
change a light bulb?" asked Conference Chair 
Sabine Siisstrunk, to begin a panel discussion 
of color standards. 111e question was largely 
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rhetorical, but did bring home the point that 
standards bodies - some comprising countries 
and others comprising companies - interact in 
very complicated ways. The panel was moder
ated by Prof. Robert W. G. Htmt (University of 
Derby, U.K.), and focused on the organization 
of standards bodies, their purpose in color tech
nology, and their progress over recent years. 

Representatives from four standards gro11ps 
participated in the panel. TI1e International 

CRTs 

TFTLCDs 

Michael H. Brill is a Member of the Teclmi
cal Staff at Sarnoff C01p., P. 0. Box 5300, 
Princeton, NJ 08543-5300; telephone 
609/734-3037, fax 609/734-2662, e-mail: 
mbrill @sarnoff.com. 

Complexity (area, # pixels, pixel density) 
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Fig. 1: As high-definition television becomes more popular, TFT-LCDs may become cheaper 
than CRTs of the same complexity. (Courtesy ofS. Wright, IBM.) 
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Color Consortium (ICC) was represented by 
Tim Kohler (Canon Information Systems); the 
Int..:rnational Commission on Illumination 
(CIE) was represented by Alan Robertson 
(National Research Council, Canada); the 
International Standards Organization (ISO) 
wa'> represented by Tony Johnson; and the 
International Electrotechnical Commission 
(IEC) was represented by Mike Stokes 
(Hewlett-Packard). 

David McDowell of Kodak provided an 
overview of the relationship among the vari
ous standards bodies. Although thought to be 
too slow moving to keep up with technology, 
the CIE has recently established Division 8 
(!Jnage Technology, to be chaired by Todd 
Newman of Canon Information Systems), and 
Divisions 8 and 2 are moving very fast toward 
color-appearance standards. 

On the other hand, although the ICC was 
frrst thought to be a fast-moving organization 
based on consensus, it has slowed down in the 
last few years. One reason is financial : com
parties are more reluctant to devote their 
efforts to color-management and device-inde
pendent color. Another reason is that the 
focus of the group has been on interfaces and 
not on full technical solutions. As a result, it 
is possible to transport prescriptions for 
decoding color that are incorrect relative to 
what was sent, though the syntax of the inter
face will not detect this fact. The bookkeep
ing i-;sues (due to the multiplicity of devices 
and color-space options) seem as daunting as 
the basic technical issues. It may be years 
before we see "plug and play" color. 

Beyond this panel discussion, many indi
vidual contributions also dealt with standards. 
For example, several tests were reported of 
the color-appearance model CIECAM97s, 
which recently became a CIE standard. 
Nath·m Moroney (Hewlett-Packard) presented 
• A comparison of CIELAB and CIECAM97s." 
Moroney concluded that, although CIECAM97s 
has closer connection to color-appearance 
attributes, CIELAB sometimes wins in per
ceptual uniformity. A poster by Shuichi 
Kumada et al. (Canon and Japan Color 
Research), "Performance Evaluation of Color
Appearance Model," tested CIECAM97s 
again:,t four other models. Of the five models, 
CIEc '\ T94 was the winner in predicting color 
appearance. Because the correct color
appearance standard is yet uncertain, several 
Papers presented results in both CIECAM97s 

and CIELAB coordinates so as to be sure that 
these results were not artifacts of the color 
space. 

Finally, in "Color-Fidelity Test Methods," 
Michael Stokes (Hewlett-Packard) and Tom 
White (Microsoft) offered three kinds of test 
patterns for testing color-management systems. 
One such pattern is a complicated image in 
which there are delicate high-resolution objects 
- such as text - as well as a multitude of colors. 
The authors subject this image to "simple 
visual assessment," which amounts to a quick 
qualitative check that it is rendered properly. 
Another test pattern uses a page of solid refer
ence colors, with user control over a test color 
within the context of these reference colors. 

Demands Outrun Standards 
Despite much work on standards, new tech
nology has brought little reported improve
ment in color quality. However, the demand 
of color-system users is a moving target: We 
demand higher and higher quality - including 
color - in the displays we use most of our 
lives. Besides the obvious fact that people get 
used to a good thing and want more, another 
factor whets the demand for better color. 
Finer display resolution (apparently unrelated 
to color) results in a more acute demand for 
better color reproduction. 

Nowhere was this more apparent than in 
"Image-Quality Issues for High-Resolution 
TFT-LCDs," by Steven Wright of IBM (with 
A. N. Cazes, R. W. Nywening, and S. E. Mill
man of IBM; J. Larimer of NASA Ames; and 
J. Gille and J. Luszcz of Raytheon). The cen
terpiece of Wright's discussion was the new 
IBM Roentgen display, which has 2K x 2K 
full -color pixels, 200 pixels/in., 150: 1 contrast 
(measured either with full screen or with grat
ing), high peak luminance, and light (20-lb.) 
weight. Because of its capabilities, viewers 
see a high-quality image even at a close view
ing distance. Wright made the point that, as 
display complexity - addressability -
increases and the sales volume remains high, 
the expected cost increase of the TFT-LCD 
should be much less than that of cathode-ray
tube (CRT) technology. In fact, he predicts 
TFT-LCDs to be much more economical than 
CRTs in the near fu ture (Fig. 1). Further
more, Wright stated that the quality demanded 
by consumers increases to match the best 
quality that 's available, and that we are 
nowhere near the point where further 

improvements are indistinguishable to con
sumers. Wright's contribution was not explic
itly in color technology, but since color and 
spatial vision are inseparable, it is reasonable 
that color quality depends on more generic 
image-qual ity issues. 

Anotlter way in which demands outrun 
standards is that new display technologies are 
not so well understood as CRTs, so the old 
tried-and-true NTSC model cannot be relied 
upon. Consider LCDs, for example. Yoshi 
Ohno (with Steven W. Brown) of NIST has 
performed measurements of color-tracking of 
primaries for LCDs. Their results, reported in 
"Four-Color Matrix Method for Correction of 
Tristimulus Colorimeters- Part 2," reveal that 
ch.romaticities of the R, G, and B primaries do 
not stay constant with digital level. The chro
maticity of each primary wanders due to 
unwanted light from the other primaries. By 
subtracting the black-point tristimulus vector 
from all the measurements, it may be possible 
to make the chromaticity of each primary 
invariant with drive level. Ohno had not yet 
tested this hypothesis, but Mark Fairchild 
found that it worked for one high-end LCD 
(not reported at this conference). 

Frontier of Inner Space 
In his keynote address on the first day of CIC-
6, "Physiological Mechanisms of Primate 
Color Vision," David Hubel reminded us that 
awareness of the connection between spatial 
and color vision is not new. Hubel 's neuro
physiological work 30 years ago, which won 
him the Nobel prize in 1981, showed that in 
macaque monkeys - whose vision is very like 
our own - every level of spatial vision con
veys color as well . One almost-forgotten fact 
found by Hubel in 1966 was that, just after 
retinal processing - in a peanut-sized brain 
structure called the lateral geniculate body -
color seems to be encoded in cells that have a 
fairly broad and unselective spatial response 
(but more spatial dependence comes into play 
in higher brain centers). 

David Hubel's son Paul, who also con
tributed to CIC-6, introduced him and helped 
stage some impressive visual demonstrations 
of the interaction between spatial and color 
vision. Certain strong spatiotemporal effects, 
such as the appearance of a set of moving dots 
as a rotating cyli11der, are abol ished when the 
dots are made the same luminance as the 
background. 
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conference report 

Fig. 2: The problem of assessing naturalness in color rendirion becomes more difficulr for 
unfamiliar scenes. (Courtesy of S. Yendriklwvskij, !PO, Eindhoven, The Netherlands.) 

Robert W. G. Hunt (University of Derby, 
U.K.) gave another keynote address on the 
second day of CIC-6. This one also dealt with 
the problems of spatial context in color per
ception. In "An Eye for All Seasons," Hunt 
observed evidence of chromatic adaptation: 
perceived colors depend on a certain object 
being seen as white, even if seen under spec
trally biased illumination. This adaptation 
tends to ensure that all object colors stay con
stant under illumination change. Color con
stancy has its limits, and Hunt described mod
eling efforts to capture these limits, culminat
ing in CIECAM97s - to which he contributed. 

However, Todd Newman noted afterward 
that object-color perception may also depend 
on cognitive factors that are not in any model, 
e.g., the adopted white for a particular scene 
may not be the same as the adapted white for 
the same scene or a simpler scene with similar 
color statistics. Such effects were evident in 
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"Influence of Background Characteristics on 
Adapted White Points of CRTs" by Peyma 
Oskoui (Hewlett-Packard, Palo Alto) and 
Elizabeth Pirrotta (Consultant, Mountain 
View). They were also clear in "Visibility of 
Thin Lines on Coloured Backgrounds" by R. · 
Victor Klassen (with Karen Braun, Robert 
Buckley, and Kalpana Janamanchi from 
Xerox Corp.). 

Mark Fairchild of the Rochester Institute of 
Technology (with Jim Ferwerda of Cornell) 
further reinforced the color-spatial connec
tion. Fairchild and Ferwerda described an 
impressive spatia-chromati c vision model 
("Multiscale Model of Adaptation, Spatial 
Vision, and Color Appearance"). The authors 
acknowledged that their multi-resolution 
model - called a pyramid architecture - was 
inspired by the Sarnoff JND Vision Model 
reported by Michael Brill at last year's confer
ence. In the present model, the authors 

explicitly ensured that perceived colors in an 
image do not change with viewing distance 
when they are part of image features that are 
much above detection threshold. Also, the 
outputs of the model are presented in color
appearance coordinates, where they are used 
to predict various psychophysical effects . The 
method is described in the conference pro
ceedings, as well as in last SUilUller's proceed
ings of SIGGRA.PH. 

Frontier of Outer Space 
A paper by Thor Olson (Management Graph
ics, Inc.) on "The Colors of the Stars" not 
only told us about the history and measure
ment basis of astronomy, but also showed 
how to convey the most information about 
stars in a map without compromising spatial 
relationships such as constellations . Olson's 
pictures of stars encoded their chromaticities 
faithfully, but the brightness- magnitude
range was too great for direct visual presenta
tion. Olson found it was best to encode a 
star's magnitude as a carefully thought-out 
hybrid of brightness and size. Finally, Olson 
displayed the stars in stereo using a 1.5-light
year stereo base. The effect was impress ive 
when seen through a 3-D viewer. 

Closer to home, Peter H. Smith (University 
of Arizona) gave the third keynote speech: "Ts 
Mars Really Red? Color Imaging from Mars 
Pathfinder." Smith discussed how physical 
conditions on the surface of Mars influence 
the colors one would see there. First of all, 
Mars is not red - it is "butterscotch" in color. 
Reputation exaggerates tl1e redness - it is not 
even observed in earthbound photographs if 
the color is represented correctly. Further
more, the Martian sky is filled with wind
blown dust whose optical thickness is thinnest 
in the direction of the sun. Consequently, the 
yellowish sky surrounds a blue halo aroUJtd 
the sun. Three distinct lighting conditions can 
be seen through shadows cast by large rocks: 
the direct sunlight, a fairly collimated light 
from the blue halo, and a diffuse yellowish 
light from the dust. Some startling, unearthly 
shadows appear more yellow than patches 
directly illuminated from the blue halo. We 
on eartl1 are more used to a bluish shadow 
from the sky. 

Othet· Highlights 
Among the poster papers, the winner of t11e 
annual "Cactus" award was "Optimizing 
Color Reproduction of Natural Images" by 
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Sergej Yendrikhovsk.ij [with F. 1. Glommaert 
and H. De Ridder (IPO, Eindhoven, The 
Netherlands)]. Yendrikhovsk.ij's difficult goal 
wa~ to assess colors in an image by a "natural
ness index" to determine automatically how 
well the image represents a natural scene. His 
inspiration was a set of four pictures of a 
lighthouse scene, only two of which appear 
nantral (Fig. 2). Here is a quote from his 
Ph.D. dissertation : "One has a very good rea
son to feel uncomfortable eating something 
blue." 

Another approach to understanding color in 
the natural world was "A Huge Spectral-Char
acteristics Database and Its Application to 
Color-Imaging-Device Design," presented by 
Johji Tajima (C&C Media Research Labs, 
NEC Corporation, Kawasaki, Japan). The 
measured spectra in the database included 
photographic materials, graphic prints, paints, 
flowers, leaves, human skin, and outdoor 
objects. Characterizing these data in lower
dimensional spaces helps designers of color
imaging devices. Tajima 's paper summarized 
the work of the Spectral-Characteristics 
Datab:~se Construction Working Group of the 
Japan Standards Association. 

Although constraints in the natural world 
might help the design of color imagers, there 
are a priori design principles that make a 
device intrinsically better at rendering color. 
A papa that discussed this issue, "Prime Col
ors and Color Imaging," was presented by 
Michael Brill (Sarnoff Corp.), with Graham 
Finlayson (University of Derby, U.K.), Paul 
Hubel (Hewlett-Packard), and William A. 
Thornton (Prime-Color Inc., Cranford, N.J.). 
In theory, TV-camera sensitivities should be 
linear combinations of the color-matching 
functions. Which lli1ear combinations should 
they be? Ideally, they should be dual to the 
spectral primaries of the TV, i.e., a color
matching experiment using the TV phosphors 
as Primaries should yield the camera sensitivi
ties as color-matching functions. This ideal is 
llrictly impossible because the required cam
era-sensitivity functions would be negative at 
-enain wavelengths. But the negativity is 
reduced by choosing the phosphor-primary 
chromaticities near three wavelengths called 
be prin1c-color wavelengths - approximately 
U450, 540, and 605 nm, as determined by 
lliomton 30 years ago. These wavelengths 
!l~e the greatest efficiency per primary. Also, 
"hen the illuminant spectrum changes on a 

scene, gain control on these TV primaries 
restores most accurately the tristimulus values 
of object colors in the scene. Because stan
dard phosphors are near the prime-color chro
maticities, current TV technology enjoys these 
advantages. 

Together with softcopy displays, ink-on
paper teclmology had a large representation at 
CIC-6. One particular presentation was a sig
nificant theoretical breakthrough: "Spectral 
Colour Prediction Model for a Transparent 
Fluorescent Ink on Paper," presented by 
Patrick Emmel (with Roger Hersch, from 
Ecole Polytechnique Federate de Lausanne, 
Switzerland). Emmel showed a matrix 
method that generalizes Kubelka-Munk for
mulation to include fluorescent colorants sus
pended in a volume vehicle. The ultimate 
goal is to prescribe the colorant quantities 
necessary to achieve a particular tristimulus 
specification tmder a particular light. Previ
ous theories - of which Eugene Allen's 1964 
theory still holds sway - make enough 
assumptions so that the shape of the predicted 
fluorescent emission spectrtm1 does not 
change shape with colorant concentration. 
But this carmot be true in a volume suspen
sion, as Emmel showed in a vivid demonstra
tion. When fluorescent-bearing plastics of 
various colors were overlaid, it was clear that 
the color depends on which is on the top and 
which is on the bottom. This is what has 
made the prediction of color for mixntres of 
fluorescent inks difficult. Emmel's approach 
- an extension of a model he presented at 
CIC-5 - promises to solve this difficult prob
lem. 

The poster session contained other papers 
dealing with hardcopy color issues including 
gamut mapping and device characterization. 
One of these, "Halftone Color: Diffusion of 
Light within Paper" by Geoffrey Rogers, 
Fashion Institute of Technology, continued 
the excellent physical-modeling work reported 
last year by J. S. Arney (CIC-5 Proceedings, 
pp. 62-65). 

Finally, William A. Thornton gave a stand
by paper on "Basic Colorimetry" that called 
into question the CIE standard observers that 
underlie all color-imaging work. Thornton 
observed the following. Let light A (a full
spectrum white reference) match light B (con
centrated around two complementary wave
lengths) as perceived by a human observer. 
Thornton found a light C (a full-spectrum 

light reflected from a green patch) that 
matches light B to the CIE 1931 Standard 
Observer. When humans compare lights A 
and C, they see A as being white and Cas 
being bright green. Although Thornton's 
result is not a show-stopper for current color 
technology, it may be important in some 
future color systems that have strong inherent 
metamerism. 

Plan for 1999 
The Color Imaging Conference continues to 
be a unique and dependable forum for color 
technology. In 1999, the ere will again be 
held in the SunBurst Resort Hotel in Scotts
dale on November 16-19, and wi ll revisit 
many themes from previous years. Besides 
adopting the goal of reporting individual 
advances, the organizers of CIC-7 will 
encourage speakers to provide cross-refer
ences with other papers from this and previ
ous CICs. This "coherent front" emphasis 
will help make progress in color technology -
all the way from basic research to standards of 
practice - more evident. • 

Please send new product releases or 
news items to Information Display, 
cjo Palisades Institute for Research 
Services, Inc., 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 

8 
NOVEMB ER . : 

Fifth International 
Conference on the Science 
and Technology of 
Display Phosphors 

SAN DIEGO, CALIFORNIA 
NOVEMBER 8-10, 1999 

• An international conference on the future 
prospects of phosphors for: 
-OLEOs- ELDs- EEDs 
- CRTs - Plasma Ojsolays 
- PL Devices - LC Backlights 
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Almost nothing has a bigger impact on product preference than the visual performance of a d isplay. 

OCLI's image enhancement technology delivers vivid colors, high contrast and crisp resolution on 

direct view and projection displays. The difference is an immediately visible improvement that will win 

over even the most discriminating customers, the moment they see it. 

Contact us for more information: www.ocli.com 
USA (707) 545-6440 (888)312-0848 EUROPE (49) 6162-93030 JAPAN (81) 3-3225-8974 

See Us at SID '99 Booth 613 Cil-cle no. 95 
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As multi-faceted as a diamond ... 
are the many solutions we offer as a 

leading p roducer of thin films and 

opcical components. Always providing a 
dedicated effort to benefit our worldwide 

partners - Balzers Thin Films has the 

professional ski ll and expertise to meet 

the needs of your most challenging 

applications. 

Combining our proven thin film 

technology w ith our 
manufacturing knowledge -
in tegrated solutions for optical 

componcms and assemblies are now 

available from one source. Oprimi1.ed ro 

the needs of the projecrion display 

manufacturer we offer the ColorCubeTM 

and ColorWheeiTM for color splitting 

and recombination, SilflexTht ultra-high 

reflective mirrors, CalHcx TM hot mirrors 

and much more ... 

Thin Films 

Balzers T hin Films 

FL-9496 Balzers 

Principality of Liechtenstein 

Tel. +4 1 (0)75-388 44 44 

Fax +41 (0)75-388 54 05 

E-Mail: sales@brf.balzers.net 

USA, Golden, CO 

Tel. +I (303)273-9700 

Fax + I (303)273-2995 

Germany, Geisenheim 

Tel. +49(0)67 22-99 30 

Fax +49(0)67 22-99 31 61 

http ://www. bt f.balzers .com 
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INFOCOMM '99 16.-21. June, Orlando, !'lorida 

Display Puzzle # 1 : 

How can I get 
• o_rt1mum 

performance 
from my 

AMLCD display? 

let ELDEC solve the puzzle. 

ELDEC offers you state-of-the-art power 
solutions in AM LCD display applications. 

From sunlight readable to night vision 

compatible, our Backlight Driver can meet the 
toughest dimming requirements. so yo11r 

display system will look its very best. 

ELDEC also makes a complementary li ne of 

low voltage power supplies, so you can get a 

complete and integrated power solution. 

With proven expertise in high and low voltage 

power technologies, you can 
count on ELDEC to make your 

display system perform its 

best. Stop by our booth -

#1248- at SID '99 to 

see how we can help 

solve your display 

system puzzle. 
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Partners for Solutions You Can Count On 

Additional aerospace solutions from these Crone Co. Companies: HYD RO-AIRE • LEAR ROMEC 

Sec Us at SID '99 Booth 425 
, L_----------------------------------------~ 
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The UDT Instruments SLS 9400 Colorimeter 
Unsurpassed Perlonnance And Convenience. 
Want to make your job easier and more effective? 

Pick up the SLS 9400 Colorimeter from UDT 
Instruments, a world leader in 
advanced photometric instru
mentation. 

First you' II notice its unique 
ergonomic design. Comfortable. 
Extremely light weight. And tilted 
for easy viewing-even when you set 
the instrument on a tabletop. 

Next you'll discover its refreshingly simple 
operation. Including intuitive, menu-driven 
commands. A four-position toggle switch that 

puts total control at your fingertips. An oversized, 
backlit LCD display for strain-free viewing. Plus 

an RS-232 port for remote operation. 
It's all so simple, you'll hardly need 
the instmctions. 

Then there's the sensor head. 
You'll enjoy a low-proftle design 
that's perfect for hard-to-reach 
places. And a vacuum-seal suction 

cup that holds securely-yet releases 
in moments. 

And the performance? Nothing short of lab 
grade. A combination of four sensors (otl1ers 
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use only tl1ree) closely mirror tl1e CIE tri-stimu
lus curve, making it ideal for a complete range 
of demanding applications. 

Oh yes-the SLS 9400 also beats competitive 
units on price, too. 

For more information, please call today. 
(800) 891-2709. Or write UDT Instruments, 
727 S. Wolfe St., Baltimore, MD 21231. 

Website: www.udtinstruments.com 

~INSTRUMENTS 

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

I ' 
() 1998 Spire Corporation 

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

Spire laminators, widely 
used in the production of 
photovoltaic modules, apply 
uniform temperature and 
pressure over areas up to 4 m' . 

SPI-LAMINATOR~ 

Models 240, 350, 460, &. 660: 

• 1 m' to 4 m' process area 
• 2.5 em max. stack thickness 
• Built-in vacuum system 
• Conveyor load/unload option 
• Clean room compatible 
• Custom engineering available 

Programmable Processing: 
• Temperature, 180°C (max.) 
• Pressure, 1 atm (max.) 
• Chamber Vacuum, 1 mm Hg 
• Automatic or Manual Cycles 
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Let Microvision's Display Test Systems 
simplify them for you with AUTOMATIC test suites ' 

Microvision's SS200 series of display test equipment offers fully automatic test suites for flat panels, CATs, projection & 
cockpit displays, in monochrome and color. One click of the mouse and your test suite is automatically initiated, performing fast 
and accurate measurements in accordance with ISO (9241 parts 3,7 & 8 and 13406-2), TCO (95 & 99), NIDL and VESA (FPDM) 
specifications. Or you can develop your own test sequence with Microvision's proprietary MATL software. With the SS200 
family, you can quickly interchange between CRT and flat panel testing. And the system is portable and compact, fitting easily 
into any test area. 

I MICROVISION 
1 550 High Street, Auburn, CA 95603 

Tel: (530)888-8344 • Fax: (530)888-8349 
Toll Free: 800 931-3188 
Email: sales@microvsn.com 

See Us at SID '99 Booth 621 
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Visit our Website at: 
www.microvsn.com 

~::d:. PROCESSES ON ONE MACHINE 
• Fully automated operation for ACF dispense, 

component pick & place, and final cure 

• Panel sizes up to 400mm x 300mm 

• 7 micron placement accuracy 

BUY CAPACITY As NEEDED 
A single AFG-4000 cell supports moderate production 
volumes at an attractive price. Invest in additional capac
ity by integrating modules as your sales grow! 

BUILT AND SERVICED IN THE USA 11\ 
ANOTECH 

Aaotecb Inc. • 135 Ricencld Lane • Hauppauge, Y 11 788 • Phone: 5 16·231-1995 • Fax: 516-232-1407 • E-mail: anotech@unorad.com • Websitc:www.anorad.com/anot •cb 
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LCM SOLOMON Division 
SOlLOMON Group 

HIGH QUALITY 
LCD ModulES 

Standard and custom dEsigns 
SOLOMON Technology Corp. 
LCM Division 
42- 1 Chang Tai Str.llsiao Kang Di strict 
TW-81 2 Kaohsiung 
Taiwan , R.O.C. 
Phone:+886-7-872-1787 
Fax: +885-7-872-1786 
E-mail: jl®solomon.com.tw 

Sec Us at SID ' 99 Booth 1243 Circle no. 103 

US llrancb Office: 
SOLOMON Technology (USA) Corp. 
21038 Commerce Pointe Or. 
Walnut , CA 91789 
USA 
Phone: (909) -468-3733 Ext.3038 & 3039 
Fax: (909) - 869-6258 
E-mail:jb4lcm@ix .net com.com 



We give you more color and monochrome CRT options ... from 0.6 to 36 inches in diameter. 
Each CRT we produce can be supplied for the life of your design. Our 51 year heritage has been built 
on fast response, partnership and trust. We build value into the products we produce and quali
ty into the systems you design. For CRT design, you're in great shape with Thomas Electronics. 

THOMAS ELECTRONICS 
Oear Vision ... By Design 

Thomas Eledronks, In<., 100 Riverview Drive, Wayne, NJ 07470 U.S.A. Tel201.696.5200 Fax 201.696.8298 
See Us at SID '99 Booth 507 Circle no. 104 



ALL MAGNETIC SHIELDS ARE NOT 

CREATED EQUAL 

CUSTOMER SATISFACTION 

See Us at SID '99 Booth 511 CiJ·cle no. 105 

SOME HAVE 

AD-~ANc'E 
INGREDIENTS 

Request AD-VANCE Magnetics' 
20-page Procurement Catalog which 
gives major designing/procuring 
guidelines. The 64-page Engineering 
Catalog offers magnetic shielding 
users the major technical guideline 
data needed to design and choose 
the optimum magnetic shielding 
solution for a given application. 
Yours for the asking. 



Products on Display at SID ~99 

Some of the products on display at SID s 
largest exhibition ever are previewed. 

by THE EDITORIAL STAFF 

~SID '99 INTERNATIONAL SYMPOS£UM, 

SEMINAR & ExHlBmON will be held at the San 
Jose Convention Center in San Jose, Califor
nia, the week of May 16. For 3 days, May 
18-20, leading manufacturers will present the 
latest displays, display components, and dis
play systems. To give you a preview of the 
show, we invited the exhibitors to higl!light 
their offerings. The following is based on 
their responses. 

ABBlE GREGG, INC. (AGI) 

Tempe, AZ 602/446-8000 
Booth 1234 

FPD cost-of-owner ship software 

AGI will demonstrate eValuatec software at SID 
'99. This unique software program is designed to 
assist FPD companies in understanding the cost of 
ownership of tools in an FPD fa b. Some of its fea

tures and benefits include providing FPD manufac
tures and OEMs with a systematic approach to com

paring the different tool types; increasing the under
standing of the role that recurring costs, process 
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yields, and other non-fixed costs have with regard 
to overall tool ownership costs; information on the 
manpower and number of tools required to support 
a given production volume; and evaluation of the 
impact of proposed process changes. 
Circle no. 1 

ADHESIVES RESEARCH 
Glen Rock, PA 1-800-445-6240 
Booth 326 

Adhesive-coated products 

Adhesives Research will display optically clear 
unsupported transfer adhesive products and custom
coated optically clear pressure-sensitive adhesive
coated products for defect-free bonding of back
lights, polarizers, filters, retarders, and diffusers and 
holographic, anti-reflective, and hardcoated films 
used in projection screens, touch screens, LCDs, 
and flat-panel displays. Also on exhibit will be elec
tronically clean and low-outgassing pressure-sensi
tive adhesives for electronics assembly, and elec
tronically conductive adhesives for static control, 
sl1ielding, grounding, and interconnections. 

Circle no. 2 

APPIAN GRAPHICS 
Redmond, MA 425/882-2020 
Booth 811 

Display-management software 

Appian Graphics wi ll feature Jeronimo'" Pro, a soft
ware program that provides superior speed and 
power to instantly access and manipulate text, com
plex 2-D/3-D graphics, and video. Perfect for 
power users, such as financial managers, design 
engineers, digital content creators, and multi-media 
developers, the Jeronimo Pro enables the user to 
master the power of multiple monitors. lt includes 
Hydra Vision, Appian's patented display-manage
ment software that uses high-speed Permedia 2 
accelerator chips. 

Circle no. 3 

Please send new product releases or 
news items to information Display, 
cjo Palisades Institute for Research 
Services, Inc., 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 



APPLIED CONCEPTS 
Tully, NY 3 15/696-6676 
Booth 1221 

ac-to-de inverters 

Applied Concepts, a designer and manufacturer of 
ac-to-de inverters for multiple CCFL backlights 
used in sunlight-readable, vehicular, military, and 
industrial display systems, will introduce the stan
dard AC5 fami ly of inverters at SID '99. The series 
offers a compact low-profile package capable of 
rlriving 1- 10 outputs and up to 35-W output power, 
at average electrical efficiencies greater than 90%. 
,\C5 inverters are factory fmnware programmable 
for maximum control function flexibility, including 
ambient-light sensing/feedback, single-line serial 
control, and custom brightness response curves (lin
ear or logarithmic). This flexibi lity also allows for 
v~ry wide dynamic dimming ranges. 

Cit-cle no. 4 

-------------------------------APPLIED FILMS CORP. 
Longmont, CO 303/774-3200 
Booth lOll 

Vacuum sputtering equipme nt 

Applied Films Corp., the largest supplier of coated 
gla;s to the FPD industry, designs and builds a com
plete line of in-line !ugh-throughput vacuum sput
tering equipment with a focus on low cost of owner
ship. World-class facilities in the U.S. and China 
provide excellent manufacturing and training plat-

fom1s. Conductive coatings and vacuum sputtering 
systems are presently used in the PDP, EL, elec
trochromic, field enussion, and OEL industries. 
Circle no. 5 

A VED DISPLAY TECHNOLOGIES 
Tustin, CA 714/573-5035 
Booth 514 

ContJ-olle r/panel-inter·face control electronics 

A VED Display Technologies is a supplier of key 
controller and panel-interface control electronics to 
OEMs whose end products range from industrial 
control and medica l equipment to gaming and mul
timedia advertising applications. The latest board 
set, the A V555-L VDS, coupled with the ADT-
L VDS-RCVR2 board supports 1280 x 1024 dis
plays at 16 million colors at up to 15-m remote. 
Panel drive, power distribution, RS-232, and user
definable 1/0 are supported through a single simple 
cable cormection. The panel interface is fully 
buffered and EMI filtered. The board supports 
large-format TFT, plasma, and DSTN panels with 
panel interfaces up to 48 bits wide at a 70-MHz 
operating frequency . 

C ircle no. 6 

SID '00 
Symposium, Seminar, 

and Exhibition 

Long Beach, California 

Long Beach Convention Center 

May 14-19, 2000 

AXON CABLE 
Mount Prospect, IL 847/699-8822 
Booth 448 

Flexible flat cables 

Axon Cable will feature Axojumpl!>, flexible flat 
cables used in e lectronic devices where space 
reduction is the most important criteria . Designed 
principally for the consumer electronics market, 
these flat cables are used in board-to-board inter
cmmections in VCRs, CD players, notebook PCs, 
and telephones as well as TVs and radios. 

Cir-cle no. 7 

BREAULT RESEARCH ORGANIZATION 
Tncson, AZ 520/72 1-0500 
Booth 437 

Ulumination-system modeling 

Breault Research Organization will introduce at SID 
'99 the ASAP'" 6.5 for illumination-system model
ing. The ASAP models serpentine flourescents to 
LEOs to polychromatic volumetric emissions from 
arc lamps, and handles nucro-optics for backlit dis
plays, complex dichroics for projectors, as well as 
polarization and scattering effects. Its non-sequen
tial ray-trace algoritlun is extremely fast, allowing 
system evaluation in a minimum of time. The ASAP 
bulb library is a growing collection of predefined 
industry bulbs from which a bulb model can be 
imported directly into the ASAP system geometry. 
Circle no_ 8 

CENTRAL RESEARCH LABORATORIES (CRL) 
Middlesex, Hayes, U.K. +44-181-848-6421 
Booth 712 

Miniature displays 

CRL will feature their Liquid Sun'" line of minia
ture displays that use transmissive TFT active
matrix poly-Si technology and have been designed 
to enable users to simply plug and play. The most 
recent XGAI display is a monochrome device 
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which measures only 46 nun on the diagonal and 
offers XGA resolution (1024 x 768 pixels). The 
device is supplied with its own XGA interface to 
allow direct PC conversion. The miniature displays 
are available with and without polarizers. 

Circle no. 9 

COLORADO MICRODISPLA Y 
Boulder, CO 303/546-9700 
Booth 1134 

Microdisplays 

Colorado MicroDisplay, Inc. (CMD) will showcase 
the CMD8X6P, a microdisplay that features a resolu
tion of 800 x 600, a refresh rate of 75-90 Hz (per 
color), 24-bit color depth, and low power ( < 45 m W). 

TI1e CMD8X6P is fabricated using CMD's Dynamic 
Nematic Liquid Crystal on Silicon"' (DNLCOS) 
technology. TI1e 8X6P supports a fu ll range of con
tent from text to full -motion video, enabling applica
tions in mobile-computing, entertainment, medical, 
and industrial devices. Evaluation kits and microdis
plays are available through CMD or one of its world
wide distribution partners. Pricing for the 
CMD8X6P is less than $50 in OEM quantities. 

Circle no. 10 
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COLORLlNK 
Boulder, CO 303/545-5843 
Booth 225 

ColorSwitch 

Color Link, manufacturers of color components for 
projection display systems, will introduce at SID 
'99 the ColorSwitch'", a low-cost low-power high
throughput solid-state "color wheel." In contrast to 
the wheel, the ColorS witch has no moving parts. 
The order, intensity, duration, and selection of red, 
green, blue, cyan, magenta, yellow, white, and 
black colors are programmable. The ColorSwitch 
enables each pixel to be a fu ll-color pixel, allowing 
images of unprecedented sharpness and quality to 
be displayed with a single LCD panel. This reduces 
system size, cost, and complexity. Applications 
include rear-projection computer monitors, TVs, 
and multimedia systems. 

Circle no. 11 

COMPUTING DEVICES CANADA 
Nepean, Ontario, Canada 6 13/596-7697 
Booth 1204 

Militarized AMLCD 

Computing Devices Canada will feature a 12.1-in.
diagonal high-brightness militarized AMLCD with 
a !024 x 768 pixel resolution. Both XGA and RS-

170A composite video interfaces are supported, and 
RS-422 interfaces for display control and integrated 
switch panel status a re supported. The high-perfor
mance display has already been delivered for usc on 
the Advanced Amphibious Vehicle (AAA V) for the 
U.S. Marine Corps. 

Circle no. 12 

CRYSTALOID TECHNOLOGIES 
Hudson, OH 1-888-BEST-LCD 
Booth 1307 

Touch-s~ o·ee~1 LCDs 

) 
D 
g 

Crystaloid will feature touch-screen LCD modules 
that use resistive sense technology, which includes 
superior environmental protection compared to 
older capacitive-sense devices. TI1ese modules can 
be used for operator input as well as data readout in 
a wide variety of applications, including handheld 
data 1/0 terminals in demanding environments. The 
modules contain all the LCD drive electronics and 



AT HOFFMAN ENGINEERING, 
we know light. We simulate it and 

detect it. We filter it and focus it; 

bend, project and analyze it. We 

design, build, test and cal ibrate 

equipment to measure it. 

Accurate light and energy data is 

critical to the success of any lighting 

project. We combine mechanical and 

electro-optical skills to provide flat 

panel display manufacturers the 

gonia-photometric resources to 

completely analyze today ' s 

advanced displays with confidence. 

Hoffman's photometric test and 

contrast measurement systems 

support automotive, aerospace and 

display equipment manufacturers -

industries where precision lighting 

measurement is essential. 

As a recognized leader in lighting 

standards, integrating spheres and 

test equipment, Hoffman's extensive 

experience and philosophy of 

personal service has given us a 

well deserved reputation for electro

optical engineering excellence. 

Our mission is to design and 

produce the next generation of 

test and measurement equipment. 

With over 40 years of experience 

in photometric and radiometric 

technology, we accept that 

challenge with confidence. 





Micro Join's FPD Workstation: 
Ten TI!ays to Profit 

Automated Vision System· 
• Speeds alignment task 
• Improves accuracy & repeatability 
• Fine pitch <90 micron capabili ty 
• mi2J Upper or lower cameras 

available 

All-Ceramic Hot Bar· 
M/CROJDIN PArENtED rECHNOLOSY 

• Superior thermal uniformity 
• Superior planarity (flatness) 
• No voltage or current transferred 

to parts or traces 

A Process 
V Development 

• Auxiliary thermocoples 
for quick thermal 
characterization o f 
bond area 

• Dara acquisition for 
reports and quality 
assurance 

• View & plot real-t ime 
process values 

Computer Controlled 
Temperature & Pressure 
• Precise repeatability 
• Reduce process variation 
• Sofrware conflgurable for 

ACF heat seal or solder 
applications 

Graphical 
User 
Interface· 
• Simplilles 

high mix 
process 

• Easy to learn 
• Easy to use 
• Graphical 

diagnostic 
tools for 
easy crouble 
shooting 

Ergonomic 
Operator Features 
• D ual start sensors for 

safety and ergonomics 
• Track ball 
• Sliding keyboard tray 

for seated operation 

Customized Fixtures A Selection & Service 
• Optimize efficiency & V • More price performance 

Security 

quality of volume production options 
• Universal TAB vacuum • More automation options 

fiXtures to minimize • Factory installation 
tooling for low volume assistance available 
production • Technical and application 

• Precision alignment of engineering support 
<90 micron TAB pitch 

• Key lock & software 
password proteC[ion 

• Two levels of software 
name/password security 

• Eliminate unauthorized 
access or changes 

• Control profile and 
process sequence 
revisions 

Circle no. 108 

Micro join's Flat 
Panel Display 
Workstations 
offer you exclusive 
design fearures that 
provide the most 
effective and prof
Itable flat panel 
repair, rework 
operations, high
mix production 
and prototyping. 

Our hot bar is 
all-ceramic which 
ensures consistent 
temperarure and 
pressure across 
the bond surface. 
A universal glass 
stage means you 
get faster and more 
accurate product 
change-over from 
panel to panel. 

More models 
to choose from, 
more industry 

-specific featureS 
and more appli
cation experi
ence than any 
other vendor 
makes Micro)oin 
the manu.facnu-er 
of choice for the 
flat panel indus
try. Contact 
Micro)oin today, 

and fmd out how 

13535 Danielson St. 

Poway, CA 92064 
Tel: (619) 877·2100 

Fax: (619) 877-2110 



USA: 
Japan: 
Korea: 
Taiwan: 
China: 
Europe: 

Westar Corp., 314-298-8748 ext.286 
Kyokuto Boeki Kaishi, Ltd., 03-3244-3795 
Truco, Inc., 02-3487-1070 
Advanced Team Enterprise Co., Ltd. , 02-27035466 
Advanced Team Technology Service, 769-632-6399 
Ginsbury Electronics, Ltd., +44 (0) 1634-298900 

http://www.westar.com 
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touch-panel logic required to display data, sense 
operator inputs, and output digital control data. The 
dot matrix can be programmed to display informa
tion such as alphanwnerics, a QWERTY keyboard, 
icons, and other graphics. The touch-screen LCD is 
available with or without built-in backlighting. 
Circle no. 13 

CTP-COIL 
Slough, Beprks, U.K. +44-1753-575-0 11 
Booth 1037 

Advanced LCD backlights 

CTP-Coil will feature LED lightguides that demon
strate comparable performance to existing technol
ogy, with significant power savings and reduced 
component count. A spatially distributed scatter 
pattern has been optimized to provide even illwni
nation across the viewing area, and, at just 0.5-mm 
thick, the lightquide is lightweight and compact. 
Although developed for mobile phones, the technol
ogy can be extended into other product areas such 
as automotive displays, portable computers, and 
handheld remote controls. 

Circle no. 14 

CTXOPTO 
Sunnyvale, CA 408/541 -6060 
Booth 1309 

Plug-and-play LCD monitor 

CTX Opto will feature the Pano View 75 1, a com
pletely plug-and-play LC monitor compatible with 
both PC and Macintosh platforms, requiring no spe
cial graphics cards or drivers. With its compact 
footprint, the Panoview 75 1 is tailored for space
constrained environments and includes an active
matrix TFI' capable of displaying 16.7 million col
ors at a true 1024 x 768 XGA resolution. The 
power-efficient monitor utilizes two cold-cathode 
fluorescent lamp backlights with 40,000 hours of 
average life producing a luminance of 200 nits, yet 
draws only 50 W of power. The ergonomic design 

features dual-tilt and swivel adjustments in the base 
which gives viewers complete positioning control. 

Circle no. 15 

DARK FIELD TECHNOLOGIES 
Norwalk, CT 203/853-2035 
Booth 228 

Laser scanners and sensors 

Dark Field Technologies will introduce several new 
products at SID '99. These include the Telecentric 
Laser Scanner for on-line visual defect detection of 
substrates or coating defects; the Retro-Reflective 
Laser Scarmer for on-line real-time I 00% inspection 
of reflective and low-E coatings, as well as detec
tion of defects in glass substrates; the compact ASC 
Advanced Laser Scanner for on-line/off-line I 00% 
surface inspection for special applications; and the 
Flying Spot Laser Sensor for profiling, track height, 
and flatness measurements. 
Circle no. 16 

DUPONT COMPANY 
Wilmington, DE 302/892-8644 
Booth 115 

Photopolymer-based holographic reflectors 

DuPont will feature photopolymer-based holo
graphic reflectors that are current! y being used in a 
variety of handheld devices, including cellular 
phones, pagers, and watches to enhance the bright
ness and contrast of LCDs. Current monochrome 
green and gold reflectors show brighmess enhance
ment five times greater than that of the white stan-

dard and withstand rigorous environmental tests at 
85"C/85% relative humidity. Next-generation 
white holographic-reflector prototypes will also be 
on display. 
C ircle no. 17 

ELDECCORP. 
Lynwood, WA 425{743-8633 
Booth 1248 

Dimmable backlight driver·s 

ELDEC will feature new backlight drivers suited 
for AMLCD applications requiring high dimming. 
With a dimming capability of greater than 20,000: 1, 
these backlight drivers enable readability in almost 
any condition from sunlight to NVIS. The drivers 
are compatible with both tubular and flat lamps, and 
cold- and hot-cathode technologies. Features 
include low component count for miniature size and 
high re liability, low power consumption for 
improved thermal management, and low fi lament 
stress for long lamp life. The drivers can be inte
grated with low-voltage power supplies to provide a 
total display power solution. 

Circle no. 18 

SID '00 
Symposium, Seminar, 

and Exhibition 

Long Beach, California 

Long Beach Convention Center 

May 14-19,2000 
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ELDIM 
Herouville, France +33-2-31-94-76-00 
Booth 1122 

Uniform ity testing equipment 

ELDIM will introduce at SID '99 MURATest 
equipment which provides the only package for area 
uniformity (versus sampled uniformity). Lumi
nance, contrast, and color coordinates as a function 
of the position on the display can be evaluated in 
less than 30 sec. The sensor is a high-grade cooled 
16-bit CCD (512 x 768 or 1024 x 1536 resolution). 
Three optical lenses are available for standard anal
ysis. The windows-based software allows for vari
ous analysis and remote control. 

Cir·cle no. 19 

EXTRON ELECTRONICS 
Anaheim, CA 714/491- 1500 
Booth 3 10 

Sync processor 

Extron Electronics will showcase the SS 200, a 300-
MHz sync processor that accepts virtually any input 
sync configuration and outputs digitally reprocessed 
RGBHV simultaneously on five BNCs and a female 
VGA connector. The SS 200 restores the sync sig
nal to its original form when sync signals have been 
altered through previous processing. Other applica
tions include converting RGsB or RGBS to RGBHV 
since many digital displays require an RGBHV input. 
Circle no. 20 

FRESNEL OPTICS 
Rochester, NY 716/647-1140 
Booth 1318 

Microstructur al optical p.-oducts 

Fresnel Optics will exhibit large Fresnel lenses up 
to 67 in. on the diagonal, integrated rear-projection 
screen systems, micro lens arrays for projection sys
tems, prisms used in backlighting applications, and 
distributed lighting applications. 
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C ircle no. 21 

HOLTRONlC TECHNOLOGIES 
Marin, Switzerland +41-32-753-6800 
Booth 1302 

Holographic mask aligner 

Holtronic Technologies will feature the HMA400, a 
holographic mask aligner that uses a unique holo
graphic exposure technique that achieves a 0.5-~m 
resolution without contact and has the largest expo
sure field in the industry - a full 10 x 12 in. The 
system can be configured to handle substrates of up 
to 400 x 500 mm, is equipped with interferometric 
autofocus control, and has an overlay capability of 
better than 0.5 ~m. The HMA400 builds on the 
success of the HMA 150 which has become the sys
tem of choice for leading developers of FEDs and 
poly-Si TFT-LCDs. 

C ircle no. 22 

INCLINE 
Newbury Park, CA 805/376-3300 
Booth 1223 

LCD universa l test syste m 

Incline will exhibit a universal test solution system 
for flat panels. The test system facilitates compre
hensive testing of the individual LCD assembly as 
well as the whole screen assembly and electronics. 

Test funct ionality includes immediate boot-up, 
quick connect and disconnect, a menu-driven soft
ware interface, and a unique modular interface con
nector system that facilitates current and future 
interface technologies. The small footprint incorpo
rates built-in illumination, a single-board computer, 
power adapter, and a backlight inverter. The system 
will support network connection, data collection, 
and full I/0 cormectivity. 

Circle no. 23 

INDUSTRIAL ELECTRONIC ENGINEERS (lEE) 
Van Nuys, CA 818/787-3953 
Booth 233 

Customized plasma displays 

lEE will feature its large plasma displays ideal for 
viewing at hotels, corporate offices, fast-food out
let,;, H" well as public-information stations at tra'lS
portation centers and shopping malls. The dis
play's high reliability makes it suitable for govern
ment applications. Available with a variety of fea
tures and analog inputs, the display can be cus
tomized to meet specific customer requirements. 
Only 4-in. thick, the monitor offers vibrant color 
reproduction in a thin and low-proti le package. Its 
internal structure supports shock- and vibration
sensitive components in a shock-mounted compart
ment, reducing the transfer of externally imposed 
hazardous energy. 

C ircle no. 24 



hOPIN CORP. 
Taunton, MA 508/824-6696 
Booth 814 

MiniatUJ·e displays 

J~opin will exhibit a complete line of miniature low
power monochrome and color 320 x 240 and 640 x 
480 AMLCDs specifically designed for ultra
portable personal-information devices. These dis
plays can be used in camcorders, digital cameras, 
J'DAs, GPS systems, HMDs, toys, games, smart 
ce llular telephones, and other consumer devices. 

Circle no. 25 

KORRY ELECfRONICS CO. 
Seattle, W A 1-800-25 7-8921 
Booth 1114 

NVIS compat ible AMLCDs 

Korry Electronics will exhibit night-vision-compati
ble AMLCD products designed for avionics cockpit 
applications, offering a wide dimming range and 
full sunlight readability. Optional Nightshield® 
NVIS filtering provides high performance at 
reduced cost and is compliant with MIL-L-85762. 

Ci•·cle no. 26 

LAMBDA PHYSIK 
Ft. Lauderdale, FL 954/486-1500 
Booth 1222 

Excimer-laser annealing 

Lambda Physik will introduce d1e LAMBDA 4308 
B, d1e world's most powerful industrial exci mer 
laser. Based on award-winning Nova Tube technol
ogy, the LAMBDA 4308 B is designed for high
drroughput high-duty-cycle production-line envi
ronments and is optimized for high-energy stability 
to meet the specific requirements of TFT annealing. 
The excimer laser features an average power of 200 
W at a repetition rate of 300 Hz. The pulse energy 
as well as the temporal and spatial laser beam distri
bution are optimally stabilized. The use of 
extended electrostatic and electrically driven cryo
genic gas cleaning further enhances the mainte
nance intervals and lowers d1e running costs. 

C ircle no. 27 

LINFINITY MICROELECTRONICS 
Garden Grove, CA 7 14/898-812 1 
Booth 1034 

CCFL controller IC 

LinFinity Microelectronics will feature the LXI686 
controller IC that provides direct-drive digital dim
ming for inverter modules that power LCD moni
tors and other applications lit by cold-cathode fluo
rescent lamps. By allowing the use of more-effi
cient magnetics, the IC also saves power in battery
operated applications. 
Circle no. 28 

MECC USA, INC. 
Des Plaines, IL 847/827-4974 
Booth 207 

High-speed a utomatic CRT tester 

MECC will introduce the Model HFS-01, a high
speed first-inspection system featuring very quick 
inspections of static characteristics in 15 sec and 
super-accurate socket insertions supported by sens
ing with a CCD camera. The PC control, isolated 
wid1 fiber optics, enables more realistic operation, 
easy customizing of test conditions, and data collec
tion/analysis. Also on display will be the Model 
Y AM-21 series, a multi-frequency system which is 
also PC controllable and designed for screen tests. 

Circle no. 29 

Please send new product releases or 
news items to Information Display, 
cjo Palisades Institute for Research 
Services, Inc., 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 
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MICRODISPLA Y CORP. 
San Pablo, CA 510/243-9515 
Booth 1245 

Color-evaluation kit 

The MicroDisplay Corp. will showcase the 
MD800G6, a thumbnail-sized SVGA full-color dis
play now available in an evaluation system. The 

Color Evaluation Kit, version 2.0, features an eye
piece with all the necessary optics to comfortably 
view the 800 x 600 resolution display operating in 
field-sequential color. The kit includes an unobtru
s ive elecu·onics package that may be located up to 
I m from the eyepiece on the supplied cable, and 
the signal input is a s tandard 15 pin sub D cmmec
tor. The entire system can be powered indefinitely 
by the supplied wall transformer or for up to 3 hours 
using AA batteries. 

Circle no. 30 

MICROJOIN 
Poway, CA 619/877-2 100 
Booth 1102 

Polarizer/ laminator 

MicroJoin will feature Model 6300, a polarizer/lam
inator with a panel-size capability of 6- 21 in. on the 
diagonal. The lamination time for a typical 15.1-
in.-diagonal panel is 6-10 sec with a total lamina
tion process time of 39-66 sec. 

C ircle no. 31 
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MITSUBISHI ELECTRONICS AMERICA 
Stnmyva le, CA 408/730-5900 
Booth 534 

Non-PC TFT flat-panel displays 

Mitsubishi Electronics America will display 8.4-, 
10.4-, and 12.1 -in. color ANGLEVJEW'" TFT 

flat-panel displays for the non-PC marketplace. 
The 8.4- and 10.4-in. VGA and 12.1-in. SVGA 
High-Bright displays offer luminances of 350, 
300, and 300 nits, respectively, for the industrial 
and instrumentation markets. All High-Bright 
displays have two fau lt-tolerant field-replaceable 
cold-cathode fluorescent tubes that make the 
display useable even if one of the tubes should 
fail. The displays feature a 120° viewing angle, 
18-bit color depth, and Mitsubishi 's CMOS/TTL 
s tandard digital interface for crisp image q uality 
and easy implementation. 
Circle no. 32 

PANEL VIEW 
Beaverton, OR 503/643-9311 
Booth 1124 

Optically enhanced TFT-LCDs 

Panel view will feature the ENH series of optically 
enhanced VGA TFT-LCDs with diagonals of 6.4, 
8.4, and 10.4 in., ideally suited for high-ambient 
lighting conditions and outdoor sunlight readable 
applications. Applications include indus trial con
trol, portable medical devices, gas pumps, point-of
sales terminals, or any other application that 
requires viewability in bright ambient lighting con
ditions. The ENH standard is a TFT display wi th a 
complete optical-enhancement system. The ENH
p/us has the addition of a bright backlighting sys
tem, while the ENHbrite adds a bright 1500-nit 

backlight for maximum viewability. 

C ircle no. 33 

PHILIPS FLAT DISPLAY SYSTEMS 
San Jose, CA 408/570-5600 
Booth 1008 

Flat displays 

Philips Flat Display Systems will showcase a variety 
of flat-display products , including LCD modules 
ranging from 5.8 to 18 in. for monitor, notebook, 
handheld, and automotive applications. Its 8.4-in. 
reflective panel offers SVGA resolution that delivers 
clear images and low-power consumption for 
extended battery life. In addition, a 5.8-in. AM LCD 
panel for extreme temperature applications in auto
motive and industiial markets will also be on display. 
Circle no. 34 

PHOTON DYNAMICS 
San Jose, CA 408/226-9900 
Booth 826 

FPD an·ay lest system 

Photon Dynamics will showcase the ArrayChecker, 
an FPD array test system that integrates with robots 
and CJM systems, detects the broadest range of 
defects, produces gate-data defect maps, and handles 
650 x 830-mm plates. T11e system provides color 
images of substrate films with selective magnitica
tion, and images can be ptinted or s tored for subse
quent analysis. T11e ArrayChecker reduces test fixture 
and panel production costs by us ing checking array~ 
before adding expensive color fi lters to the panel. 

C it'cle no. 35 

PHYSICAL OPTICS CORP. 
Torrance, CA 310/320-3088 
Booth 433 

Hologr·aphic light-shaping diffuset·s 

Physical Optics Corp. will feature Holographic Light 
Shaping Diffusers., (LSD~ that are used as random
ized surface-relief diffusers, homogenizers, and beaJil 
shapers. LSDs allow the controlled disu·ibution of 



The 
Solution 

• JS 

Windows ... Optical filters ... Overlays ... Panels ... Shields ... 
Dontech is the best provider for your electronic display filters. 

Medical ... Militmy ... Test and Measurement Instrumentation 

. .. Telecommunication ... Avionic and Commercial Electronic 

customers have made Dontech their clear choice in 

providing unique products for the demands of 

today's high tech environments. Dontech takes 

customer satisfaction to a new level. 

Backed by more than 25 years of quality and 

innovative design, Dontech understands 

We Make 
Your Product 

Look Better. 

Cil·cle no. 110 

that each application is unique. 

Performance, durability, and 

flexibility of Dontech's dynamic 

product range provides 

"picture perfect" solutions 

for your applications. 

This makes Dontech your 

clear choice. 

@1999 Dontech Incorpora ted 



We're shipping the industry's 
LARGEST CLUSTER-TOOL 
FOR SPUTTERING. 
Intevac D-SrAR• sputtering 
systems for FPDs are the most 
complete family of PVD cluster
tools available. Capable of Gen 2, 
Gen 3, Gen 3.5, Gen 4, and 
beyond. Up to 1600 x 1200 mm2• 

That's big. And there's more. 

D-STAR delivers ITO and metal 
thin film uniformities to 3%. 
That's uniformity. 
Sputtered MgO for PDPs and a-Si, 
SiNx and Si02 for poly-Si TFT's too. 
That's process flexibility. 

Add high throughput and lower cost of 
ownership and you have the really big 
FPD news. 

• 
~ l ~~ 

§ +ror;:s 
>< ~ 2. 
~ '\ mz • 650 x 550 mm 
.- 72ox600 m 

Intevac, Inc. 
3550 Bassett Street, Santa Clara, CA 95054 USA 
Tel: (408) 986-9888 
Fax: (408) 988-8145 
Email: fpd@intevac.com 

intevac 
See Us at SID '99 Booth 525 Circle no. 111 

With throughput to 
60 substrates per hour, 
RTA sets a new benchmark 
for poly-Si LCD production 
cost of ownership. 
That's money in your pocket. 

As a large area thermal processor 
with many degrees of process control, 
new applications for poly-Si, 
EL phosphors, and PDP processes 
are being tested constantly. 
That's versatility. 

In Japan: !MAT Inc. 
Tel: (03) 5472-4421 
Fax: (03) 54 72-4422 
Email: fpd@imat.co.jp 

0 1998-9 lnte\"aC. Inc. D-SrAR is a tmdem.'Uit oC lrlle\'3C. Inc. All Iigltl3 resm"l"d. 



WinTron Technologies deliv e r s the next 

generation in deflec t ion technology. 

WinTron, Inc. is now WinTron Technologies, 
a division of Video Display Corporation. 

WinTron Technologies. providers of yokes. coils. power supplies. 
and flyback transformers to the display industry, is proud to 
announce its new association with Video Display Corporation. 
We will serve the industry w ith the same quality. re liability, and 
responsiveness you've come to know us for. And now we have 
the power of Video Display Corporation behind us! 

Phone: 814-625-2720 
Fax: 814-625-2725 
See Us at SID '99 Booth 110 

WinTron Technologies 
has moved to a new location!! 

614 Spearing Street 
Howard, PA-16841 

E-mail wintron@ wintrontech. com 
Circle no. 112 

Global supplier or 
display technolocy 

See us on the web 
www. wintrontech. com 
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electronicAsia 99 
October 12-15, 1999 
Hong Kong Convention 
and Exhibition Centre 

Connect To Asia's "Busiest 
Electronics Marketplace" In 
Hong Kong, This October. 

Unlike other events, electronicAsia is an international 

electronics event in Asia where professionals meet. 

In 1998, over 21 ,000 buyers from 95 countries 

and regions visited the fair. 43% of the buyers 

came from outside Hong Kong, with major 

representations from Asia, Europe and USA. 

Strategically timed and held on the doorstep of 

Chinese Mainland, electronicAsia captures the 

best possibili ty for your best presentation with its 

comprehensive showcase of electronics components, 

assemblies and production equipment. 

Special Feature: 

The electronic display industry will now have its own 

platform "World of Display Technology", designed to 
provide a look at the challenges and solutions for the 

electronic display imlu>l•y hu11o " 1alerials, 

equipment to products and 

services. The "Fair within a Fair' 

is not to be missed by any 

electronic display related 

suppliers. 

Concurrently held with Asia's largest consumer electronics 

show, Hong Kong Electronics Fair, and a host of other exciting 

events, Asian Electronics Forum, PCIM Hong Kong and the 
first-ever Hong Kong International Ughting Fair, electronicAsia 

99 is connecting you to Asia's "Busiest Electronics 

Marketplace" I 

http://www.electronicasia.com.hk 
Register now and be a part of it! 

OrgMiars: 
MMI · Munich lrltilrMtlciMI lAde f*' ,._ Ltd 
Tel: (65) 562·9021 
Fax: (65) 562·9022 
E-mail: mml....sgOmmiasia.Cillll.sg 

Hong Kong lAde.,..,.~ c-ldl 
Tel: (852) 25114-4333 
Fax: (852) 2824.Q026/.Q249 
E-mail edllbitiansOtdcOill hk 

Eulvpe c-diMIDr. 
IMAG · ............_.Exhibition a'* 5ervlml Ltd 
Tel: (49) 89-949-22.0 /89-949-22·119 
Fax: (491 89-949-22·350 /89-949-22-122 
E-mail: lmagOimlg.de 

U.s.A.~. 

Jeny IC8IInwl, blmen----Inc. 
Tel: 201-652-7070 Fax: 201-652·3898 
E-mail: jenyOmunictlfllrs-usa Clllll 



trade-show preview 

light willie achieving transmission efficiencies up to 
92%. A variety of circular and elliptical angles from 
J.2° to over 100• FWHM, suitable for many light 
sources such as homogenizing, machine vision, LEDs, 
automotive lights, and LCD backlights, are available. 
The high-resolution and micron structures are excel
lent for digital rear- and front-projection screens. 

C ircle no. 36 

PlXTECH 
Santa Clara, CA 408/986-8868 
Booth 834 

World 's largest FED 

PixTech will unveil 15-in.-diagonal FEDs at SID 
'99. These high-voltage (5-6 kV) FED prototypes 
clearly demonstrate their wide equal-brightness 
viewing angles and, in particular, their true video 
speed, making them the only flat-panel video dis
plays with no motion artifacts. 

C ircle no. 37 

PLANAR SYSTEMS 
Beaverton, OR 503/690-1100 
Booth 407 

EL displays 

Planar Systems will feature the EL160.120.39, a 
new electroluminescent display module that deliv
ers excellent viewing quality in a compact package. 
The display is designed for instrument appHcations 
requiring at-a-glance readability. The rugged 
design, with a broad temperature range, makes this 
new display equally well-suited for indoor and out
door appHcations, as well as portable equipment. 
The 160 x 120 matrix has a 4-bit LCD-type video 
interface, built-in analog dimming, and a wide volt
age input range, making it suitable for battery-pow
ered systems. 

Circle no. 38 

PLASMA CO 
Highland, NY 9 14/883-6800 
Booth 707 

ac plasma displays 

Plasmaco has developed large-area ac plasma dis
plays that incorporate s tate-of-the-art color plasma 
technology. Features include 16.7million colors 
with a bright high-contrast image and a 160° view
ing angle- the widest of any flat-panel teclmology. 
Both 42- and 50-in.-diagonal displays will be on 
exhibit at SID '99. 

Circle no. 39 

PORTRAIT DISPLAYS 
Pleasanton, CA 925/227-2700 
Booth 1304 

Pivot software 

Pmt rait Displays will feature Pivot® Software, a 
software program that allows the rotation of an 
image 90° clockwise for portrait as well as tradi
tional landscape modes on rotating LCD, plasma, 
and CRT monitors as well as for handheld, aU-in
one, and pen-based tablet computers. Pivot® Soft
ware works as a "plug-in" to the native graphics 
driver and is compatible with over 90% of the most 
popular graphics cards and chipsets, both analog 
and digital. It is currently available on CD-ROM 
and for licensing with support in many languages. 

Circle no. 40 

RADIANT TECHNOLOGY CORP. 
Fullerton, CA 7 14/991-0200 
Booth 1137 

Infrared furnaces 

Radiant Technology Corp. designs and manufac
tures infrared furnaces ideally suited for the ther
mal-processing demands and cleanliness require
ments for manufacturing flat-panel displays. 
Patented heating teclmology delivers extremely 
tight temperature control even under demanding 
thermal load associated with large glass panels. 
These systems can be equipped with indexed or 
continuous-motion belt conveyance or powered 
rollers up to 60 in. wide. The furnaces can be 
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trade-show preview 

equipped willi an automated loading and w1loading 
capability. A very low particulate level is main
tained lliroughout the process area of the furnace. 
The control system is based on standard off-the
shelf el<'ctronic components and provides robust 
capability through a grapllical user interface. 
Cir·cle no. 41 

SAGE 
San Jose, CA 408/383-5300 
Booth 647 

Dis[>lay drivers and contro ller·s 

Sage will demonstrate the highly integrated Cheetah 
ASIC solution for driving XGA/SXGA TFTs. Also 
featured will be various LCD-monitor OEM prod
ucts powered by the Cheetah ASIC. 
Circle no. 42 

SCHIEDERWERK Gm bH & CO. 
Nurnberg, Germany 3 10/459-3441 
Booth 237 

Arc-lamp power supplies 

Schiederwerk GmbH & Co. will introduce its new 
line of compact electronic arc-lamp power supplies 
at SID '99. Power supplies are available for ac and 
de lamps, and range in power from 35 W (for the 
0 2 lamp) to 1200 W. All power supplies feature 
power-factor correction, Line-voltage auto-select, 
and adjustable power output. Power supplies for 
halogen lamps are available as well. 

Cir·cle no. 43 
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SILICON LMAGE 
Cupertino, CA 408/873-3 11 1 
Booth 414 

Monitor·-on-a-chip 

Silicon Image will launch at SID '99 the Sil 801 , 
the world's first pure-digital monitor-on-a-chip that 
provides a total digital monitor solution in a cost 
effective 100-pin TQFP package. Features inc lude 
an integrated Pane iLink'" receiver, a high-quality 
PixelPrecision"' scaling engine, a built-in OSD, 
and auto-resolution detect circuitry. The Sil 80 I 
accepts input resolutions up to SXGA (25- 112-
MHz dot clock). Starter ki ts and samples are now 
avai lable. 

Cir·cle no. 44 

SILICON VALLEY CHEMLABS 
Surmyvale, CA 408/732-4700 
Booth 1138 

Positive photor-esist stripper· 

Silicon Valley Chemlabs will feature the SVC-
175'", an advanced positive photoresist stripper that 
safely cleans photoresist and polymer residue from 
flat-panel displays without corroding sensitive 
metal thin films. SVC-175 dissolves hard-to
remove polymers 2-3 times faster than conventional 
s trip methods. It is water soluble and biodegrad
able, and because it is non-flammable, non-toxic, 
and non-corrosive, soft metals such as AI, Co, Cr, 
Cu, Fe, Ni, Al20 3, and other sensitive alloys are not 
affected. The product e liminates the need for post
strip-rinse solvents such as isopropyl alcohol or 
NMP, and the stripped parts can be rinsed directly 
with de-ionized water, minimizing costs and pro
cess sequence. 

SILVER CLOUD MANUFACTURING 
Millville, NJ 609/825-8900 
Booth 234 

Screen protectors 

Si lver Cloud Manufacturing will feantre thin hard
coated screen protectors for LCDs and other types of 
displays. 1l1e protectors are especially effective 
where pens or other instturnents are touched against 
the screen to initiate actuation. 1l1e thin sheets are 
adhesive backed and can be installed easily. 1l1e 
hardness of the thin film protects tl1e display against 
scratches or otl1er types of damage to the display. 
These tllin h<trd-coated protectors can be die cut into 
housings that already exis t. The screen protectors arc 
available in a variety of tllicknesses and surface fm
ishes and can be produced in custom sizes and shapes. 

C ircle no. 46 



SONO-TEK CORP. 
l\1ilton, NY 914/795-2020 
Booth 748 

Spray-coating system 

Sono-Tek will demonstrate the MCS-Infinity spray 
coating system that delivers a soft , uniform, and 
highly controllable spray pattern over virnmlly any 
'' idth. The MCS-Infinity system can be used to 
apply micro-sphere spacers and rods up to 8 m in 
diameter. In addition, the low-velocity uniform 
spray is ideal for anti-scratch and anti-reflective 
coatings. 

Circle no. 47 

STANFORD RESOURCES 
San Jose, CA 408/448-4440 
Booth 626 

FPD monitot· r eport 

Stanford Resources will feature their most compre
hensive report on the FPD monitor market, Flat 
Panel Monitor Marker Trends in 1999. This report 
defines the complete FPD monitor market through 
an examination of the current supply and demand 
for all desktop computer displays, an analysis of the 
global display environment, and identification and 
discussion of the companies involved in supplying 
FPD monitors worldwide. The report features a 
database that covers extensive FPD monitor infor
mation segmented into TFT-LCD and STN-LCD 
screen size, pixel format, and region as well as com
pound aruma! growth data tl1rough the year 2004. 
Each region's forecast provides separate tables for 
units, average selling price, and market value. 
Cit·cle no. 48 

SUPERIOR MICROPOWDERS 
Albuquerque, NM 505/342-1492 
Booth 1308 

Phosphor powders 

Superior Micropowders will feature phosphor pow
ders tl1at have advanced powder characteristics not 
found in traditional phosphors, maki ng them ideally 
suited for ink-jet printing pixels and features. The 
phosphor powders are micron-sized with a narrow 
particle-size distribution, spherical morphology, and 
are non-agglomerated. These attributes allow for 
the formation of controlled rheology phosphor dis
persions suitable for ink-jet printing without com
prising brightness. 

C ircle no. 49 

SUPERTEX 
SuiUlyvale, CA 408/744-0 I 00 
Booth 627 

E L backlighting lamp d.-ivet· IC 

Supertex will feature the HV809, the only high
voltage EL backlighting lamp driver JC suitable for 
illuminating backlighting panels up to 100 in.2

• The 
HV809 features power efficiency, brightness, space, 
and cost savings. Applications include backlighting 
large control pane ls in industrial equipment, appli
ances, data acquisition terminals, advertising signs, 
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point-of-sale termina ls, remote-control tenninals, 
and GPS systems. The HV809 is the first IC in the 
industry to address these applications which cur
rently are handled by discrete components and 
bulky components. 
Cit·cle no. SO 

S-VISION 
Santa Clara, CA 408/987-5000 
Booth 936 

Silicon imaging pt·oducts 

S-Vision designs and assembles silicon imaging 
products, which enable OEMs to produce a new 
generation of large-screen high-resolution computer 
monitors, multimedia projectors, and digital TVs. 
The MicroLCD imager combines two proven and 
mature technologies, liquid-crystal materials and 
silicon ICs, resulting in a new display device which 
offers a superior combination of resolution and 
brightness. By providing comprehensive solutions, 
S-Vision is able to demonstrate implementations of 
its teclmology and enable its customers to reduce 
their design cycles and bring products to marker 
more rapidly and inexpensively. 

Circle no. 51 

Please send new product releases or 
news items to Information Display, 
cjo Palisades Institute for Research 
Services, In c., 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 

Information Display 4&5/99 75 



trade-show preview 

TEAM SYSTEMS 
Santa Clara, CA 408/720-8877 
Booth 622 

New HDTV and digita l video generators 

TEAM Systems will fea ture the ASTRO VG-854 
HDTV video generator that combines HDTV capa
biUties with high-end computer display testing. The 
VG-854 offers Monosope and Zoneplate patterns 
for all the preset SDTV and HDTV timings and is 
capable of s imulating a lithe A TSC formats. Its 
maximum pixel frequency is 400 MHz and the max
imum horizontal scanning range is 300 kHz. TI1e 
ASTRO VG-854 is priced at $ 18,550 and will be 
available in the second quarter of 1999. The UNI 
VG-DD080pc, the fi rst PC-based digital video gen
erator, will also be featured. Its interfacing to FPDs 
will be tested through "PersonaUty Modules," 
which makes any of the present or future interfaces 
such as parallel digital, LVDS, PanelLink (TMDS), 
etc., easy to use. The maximum pixel frequency is 
80 MHz with either up to 24 or 48 bits of parallel 
outputs per clock edge. The list price for this new 
unit s tarts at $6100 with delivery scheduled for the 
third quarter of this year 

----

C ircle no. 52 
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TEKRA ADVANCED TECHNOLOGIES 
2New BerUn, WI 414/784-5533 
Booth 144 

Hardcoated films 

Tekra Advanced Teclu10logies Group will feature 
Terrapin'" hardcoated films, developed to meet the 
demands of the optoelectronics, photonics, and 
emerging avionics markets. High-optics, smooth
surface, and anti-glare properties combined with 
highly defmed resolution make these films ideal for 
applications such as touch screens, digitizers, nat
panel displays, CRT monitors, and global position
ing devices. Terrapin films are receptive to vacuum 
deposition, A/R coatings, and ITO sputtering and 
exhibit excellent clarity, resistance to chemicals and 
abrasions, and pass the 3H pencil hardness test. 
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TELEDYNE LIGHTING & DISPLAY 
PRODUCTS 
Hawthorne, CA 323/242-1900 
Booth 822 

AlphalightT" illumination 

Teledyne Lighting & Display Products will offer 
ALPHALIGHT"' diffuse illumination products 
ideal for back, edge, and front Ughting of LCDs 
and spatial light modulators. These products pro
vide the highest optical efficiency along with supe
rior uniformity for appUcations requiring field
sequential-color lighting, white light that economi
cally replaces CCFLs, and monochromatic lighting 
for specialty applications that includes NVIS. The 
ALPHALIGHT'" products are five times brighter 
than equivalent electroluminescent products. 

C ircle no. 54 

Please send new product releases or 
news items to Information Display, 
cjo Palisades Institute for Research 
Services, Inc., 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 

THREE-FIVE SYSTEMS 
Tempe, AZ 602/389-8600 
Booth 343 

LCOS displays 

Three-Five Systems will feature the LCaD"' 1/4-
VGA display system that is a fully integrated "sys
tem on the display," with a capability of displaying 
16 shades of gray. An advanced multi-line address
ing teclu1ique is utiUzed with a 5-in. passive-matrix 
panel to achieve the 16 shades of gray. The built·in 
controller allows hardware engineers to architect the 
display as an lfO device, with no specialized display 
circuitry or components required. The display is 
available with CCFL, LED, or EL backlighting. 

Circle no. 55 

TORREY PINES RESEARCH 
Carlsbad, CA 760/292-4800 
Booth 2 15 

Breadboard test fix ture 

Torrey Pines Research will fea ture the PDLab 
Breadboard, a s tandardized laboratory-grade test 
fixture with a nexible architecture that supports fea
sibiUty testing and data acquisition for critical 
experiments. It is also an excellent platform for 
complex manufacturing. The breadboard comes 
with an optical benchtop, an expandable 19-in. rnck 
stmcture for housing standard e lectrical compo
nents. It also includes an embedded industrial PC 
with analog and digital 1/0 boards that control indi
vidual components via VXWORKS - a real-time 
operating system - and an acjdc power distribution 
system. The PDLab Breadboard can be used for a 
variety of tasks including electrostatic coating and 
ink-jet micro-dispensing systems. 
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TOSHIBA AMERICA ELECTRONIC 
COMPONENTS 
Deerfield, II 1-800·879-4963 
Booth 1123 

4-in. LTPS TFT-LCDs 

Measure color and light output using 
the CS-1 Color Sensor in conjunction 
with Quantum Data's VGM color 
measurement software (included). 

Toshiba America Electronics Components will 
showcase the L TM04C380S, the World' first 4-in. 
low-temperature poly-Si TFf-LCD with VGA reso
lution, a 0. 126 x 0. 126-mm pixel pitch, a 200-ppi 
pi xel density, 6 bits/color, and a contrast ratio (typi
cal) of 250: I. The new display is ideal for palm-top 
and hand-held portable applications, including digi
tal cameras, personal digital assistants, teleconunu
nication devices as well as other infonnation equip
ment. The new 4-in. LTPS TFf-LCD will be avail
able at SID '99. Sample pricing for the L TM04C380S 
is $500. 

SIMPLY CENTER THE COLORED BALL ON THE TARGET 

The RGB sensor provides interactive 
adjustment of your test monitor. The 
sensor package attaches to the monitor 
with a suction cup, and connects to 
your PC via a serial port. Easy. 

Circle no. 57 

WHITE ELECTRONIC DEVICES 
Westborough, MA 508/366-515 1 
Booth 411 

AMLCD head modules 

White Electronics will showcase sunlight-readable 
color AMLCD head modules designed for use in 
conunercial and military cockpits as a multifunc
tional color-display assembly. These modules uti
lize proven ruggedization techniques and high-per
formance commercial-off-the-shelf AMLCD tech
nology to provide a cost-effective solution for 
lmrsh-environment applications. The backlight is a 
closed-loop luminance-sensed system. A luminance 
sensor monitors the luminance output of the bulb 
and compares its output with the input voltage set-

See Us at SID ' 99 Booth 608 

ti ng, and regulates the luminance output. C ircle no. 58 • 

Just contact us for more information. 

The Art of Technology 

QUANTUMI)ATA 
2111 Big Timber Road, Elgin, 11. 60123 
Phone: (847) 888·0450 Fax: (847) 888-2802 
Website: http://www.quantumdata.com 
E-mail: sales@quanttlmdata.com 

Circle no. 114 

SID '00 
Long Beach, California 

Long Beach 

Convention Center 

May 14-19, 2000 
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REDUCED REFLECTIONS 
ENHANCED CONTRAST 

ROBUST HIGH EFFIClliNCY BACKLIGHT 
ECONOMICAL REPLACEMENT FEATURE 

PASSIVE THERMAL MANAGEMENT 

PRODUCT FAMILY 
4", 5", 5.5" - 1/4 VGA 
6.4", 1 0.4" - VGA 
HIGH RESOLUTION TO 20.1" 

ABSOLUTELY VmWABLE UNDER ANY 
LIGHTING CONDITION 

WITHSTANDS HIGH SHOCK & VmRATION 
Low POWER -+ LOW HEAT 

FLEXIBILITY IN APPLICATION 
EXCELLENT PRICE PERFORMANCE 
2-YEAR WARRANTY 

Circle no. 115 



See Us at SID '99 Booth 1308 Circle no. 116 

UV /Visible 
Display 
Bonding 

• Chip-On-Glass 
• Pin Attachment 
• Fill Hole Sealing 
• Encapsulation 
• Glass-Glass Bond 
• Strain Relief 
•Coating 
•Gasketing 

N 0 VA cuRE'" 

•Complete control for reliable, 
precise, repeatable curing 
•Custom light guides and 

optics for simultaneous 
tack/cure of multiple sites 

•Continuous process 
feedback/monitoring 

•ISO 9001 quality system 
with worldwide sales 

and service 

EFOS Inc. 
Tel: 905-821-2600 

Fax: 905-821-2055 
e-mail: uvinfo@efos.com 

web: www.efos.com 

800-668-8752 

Circle no. 117 

Ckcle no. 118 

See Us at SID '99 Booth 314 

• Custom Glass 
Melting in Platinum 

• Laboratory Test Melts 
• Production Volumes 
VIOX considers our cus
tomers' needs for purity, 
service, and confidentiality 
all important. Look to us as 
a partner, able to deliver the 
ultimate in custom melted, 
fritted, or powdered glass 
products. We can melt to 
your proprietary formula, up 
to 2000 pounds in a single 
platinum pot. This provides 

uniform consistency. 
So team up with 
VIOX's 40 years of 
glass manufacturing for 
a great composition. 
For more informa
tion or a sample 
melt, contact: 

YIOX 
CORPORATION 

6701 Sixth Ave. 5. 
Seattle, WA 98108 
(206) 763-2170 
Fax (206) 763-25n 
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Access the latest re~earch 
on fast-changing displays 

technology.·· 
.. .for only us$ 4S\ 

In the international arena where an emerging multimedia age of drastic 
change and increasing emphasis on safety and the environment is 

unfolding -electronic displays are evolving rapid ly. With Displays, the 
international journal from Elsevier Science, the research, development 
and application of displays technology and its effective presentation of 
visual information is brought together in one readable source. 

Now you can have your own desktop copy of Displays - the international 
journal documenting the rapid evolution of display technology. 

Displays publishes technical papers on practica l developments 
in diverse displays technology. In addition to technology, the 
journal focuses on design and human factors, providing a base of 
information for further involvement in research developments. 

To keep you fully informed, Displays provides: 
• current research • reviews of new books 
• industrial developments and reports ot important 

and new products meetings from around 
• a conference calendar the world. 

Place your personal subscription now to ensure you have access 
to this essential source for both researchers and highly technical 
industry specialists. 

For more information, visit our Web site at: 
www.elsevi e r. co milo cate/d isp Ia 

Human Factors Editor: D. Travis 
SJIStems Concept Ltd., Suffolk, UK 

Teclmology Editor: S. Morozumi, 
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Interface Solutions 
for flat panels 

Speed up development and product realisation time with our high quality flat panel interface controllers for 
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When things are critical, 
does y our display glare at you? 

The single most important quality of a 
light emitting display is readability. The 

quantitative measure of readaoility is 
called the Discrimination Index (01). The 

principal contrioutor to the 01 is the 
contrast oetween an "on .. pixel and its 
oackground-ooth luminence contrast 

and chrominence contrast. 
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SID Scholarships 

by Robert L. Donofrio 

The Americas Region chapters have devel
oped activities to foster SID's purpose "To 
encourage scientific, literary, and educational 
advancement of infom1ation displays." 

ln 1997, the Metropolitan Detroit Chapter 
and Optical Imaging Systems (OIS) got 
together to award a student with a $3000 
matching scholarship. The chapter con
tributed $1500, which was matched by OIS. 
The award went to Steve Shan11o11 of the Uni
versity of Michigan for his work on plasma 
etching with application to display fabrication. 

Two chapters in the Americas region devel
oped and supported grant and scholarship 
award programs in 1998. The Los Angeles 
Chapter awarded a grant to Dr. Yang at 
UCLA for research in organic LED displays. 
Their grant was co-sponsored by the Industrial 
Electronic Engineers, Inc., with a matching 
sum of $2500. Dr. Yang's research focused 
on a novel approach for making organic LED 
displays. He uses a conjugated polymer solu
tion to apply the organic EL material with the 
aid of ink-jet printing (IJP) teclmology. 
Potentially, this is a very low-cost and mate
rial-t:fficient teclmique for making complex 
2-D patterns of monochrome or multicolor EL 
light emitters. The technique has been suc
cessfully demonstrated, and this has attracted 
considerable attention. Novel electronic 

devices based on IJP are expected to be 
reported by Dr. Yang's group in the near 
future. 

In 1998, the top five candidates for scholar
ships from the Metropolitan Detroit Chapter 
were ranked so closely that it was virtually 
impossible to decide on an objective differen
tiation. The chapter thus gave five scholarship 
awards of $750 to each graduate. These 
awards were presented at the 1998 Strategic 
and Teclmical Symposium, sponsored by the 
Metropolitan Chapter and the Center for Inte
grated Microsystems of the University of 
Michigan. The award winners represented 
three Michigan universities - Wayne State 
University, The University of Michigan, and 
Michigan State University - and are listed 
below (see photo): 

A t do Bad a no, University of Michigan, 
Department of Nuclear Engineering and Radi
ological Sciences. Topic: High-fidelity dis
plays for application to medical imaging. 

Slwoqiu Gong, University of Michigan, 
Department of Electrical Engineering and 
Computer Science. Topic: Multi-domain LCD 
cells using UV photoalignment of polyimide. 

Ungsik Kim, Michigan State University, 
Department of Electrical Engineering. Topic: 
Field emission from low-temperature poly
crystalline diamond. 

Lihua Li, Wayne State University, Depart
ment of Material Science and Engineering. 
Topic: Boron nitride cold-cathode materials 
for use as electron emitters in FEDs. 

Four of the jive winners of 1998 scholarships from the Metropolitan Detroit Chapter of SID, 
(fi·om left to right) are Aldo Bad a no (University of Michigcm), Ungsik Kim (Michigan State Uni
versity), Shaoqiu Gong (University of Michigan), and Brooke Stutzman (University of Michi
gan). Lilwa Li ( Wayne State University) is not in the picture. 
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Brooke Stutzman, University of Michigan, 
Department of Nuclear Engineering and Radi
ological Sciences. Topic: Application of spa
tially resolved optical emission spectroscopy 
and quadrupole mass spectroscopy to plasma 
etch and deposition processes for display
related thin fi lms. 

111 1999, the $5000 SID/IEE grant for Dr. 
Yang's OLED research has been continued by 
the LA Chapter of SID. For 1999, the 
Metropolitan Detroit Chapter continues to 
offer a scholarship award of up to $3000 to 
qual ified graduate students for study (or 
research) in fields that advance display tech
nology in Michigan. The areas of interest 
include display-related technology in the 
fields of electronic engineering, physics, pro
cess and manufacturing engineering, human 
factors, and other related disciplines. The 
Southwest Chapter in 1999 is looking into 
supporting students via "Internships" and sug
gesting to students what companies may have 
internships. Their concept is that by interfac
ing the academic sector with the business sec
tor they will see how each can be better 
served. This activity will improve the visibil
ity of the SID Southwest Chapter to students 
and industry. 

The author would like to thank Yin Can
nella, Director of the Metropolitan Detroit 
Chapter; Peter Baron, Director of the LA 
Chapter; and Jolm O'Dmmell, Chair of the 
SW Chapter, for input on their chapter activi
ties. 

Final Call for Papers 
The 6th allJ1ual Flat Panel Strategic and Tech
nical Symposium, on Vehicular Applications 
of Displays and Microsensors, is soliciting 
papers for its September 22-23, 1999, meeting 
in Ypsilanti, Michigan. This two-day event 
will be jointly sponsored by the University of 
Michigan Center for Integrated Microsystems 
and the Metropolitan Detroit Chapter of the 
Society for Information Display. Topics 
include strategic/business issues (both govern
ment and industry), vehicular applications 
(status and prospects in autos, trucks, large 
ground vehicles, and avionics), emerging flat
panel technologies (organic EL, FEDs, silicon
based display technologies, microdisplays, 
etc.), and microsensor and MEMS technology 
(inertial devices, mechanical devices, chemi
cal sensors and systems, and physical sen-
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sors). The deadline for submission of 
abstracts is June 11, 1999. All abstracts 
should be mailed to Robert Donofrio, Display 
Device Consultant, 6170 Plymouth Rd. , Ann 

Arbor, MI 48105; 734/665-4266, fax 734/665-
4211, e-mail: rldonofrio@aol.com. Accep
tance notifications will be mailed July 2, 1999, 
with manuscripts due August 20, 1999. 

Test Signal Generator for 
Digital Flat Panel Displays 
• 

• 

IIJ UNIGRAF 
ISO 11410 I Clm'fii'IC!l1'llll Film 

See Us at SID '99 Booth 622 

UNIGRAF 

VTG-1108 

The VTG-1108 ISA board is • 
a digital video signal 
generator designed for • 
testing, evaluating and 
servicing different types of • 
Flat Panel Displays in 
Manufacturing, R & D and • 
Service. It supplies the 
necessary signa ls for • 
displaying test patterns on 
LCD, Elor Plasma Displays • 
or other equipment using 
digital video inputs, colour or • 
monochrome. 

UNIGRAF Oy, Ruukintie 18 
FIN-02320 Espoo, Finland 
Tel. +358 9-802 7641 
Fax+ 358 9-802 6699 
Email: sales@unigraf.fi 
Http://www.unigraf.fi 

• 
• 
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• 

Cit·cle no. 129 

The program will consist of four oral ses
sions including one strategic issues session 
and three teclmical sessions. A poster session 
will feature papers and demonstrations, allow
ing for detailed discussions with the authors. 
The Metrology Standards for Vehicular Flat 
Panel Displays meeting sponsored by SAE
ITS and SID will be held on September 24, 
1999 . • 

Letters 

To the Editor: 
In the January issue of Information Display 
Magazine, my article, "Seeing Through 
Screen Reflection" (pages 28-31), lacked an 
appropriate attribution. I wrote that article 
entirely under the sponsorship of the National 
Information Display Laboratory (NIDL), and 
that should be duly noted. 

The NIDL, hosted by the Sarnoff Corpora
tion, was commissioned by the U.S. Govern
ment in 1990. Its key programs focus on 
advanced display systems, tools for process
ing softcopy infonnation, visualization, dis
tributed collaboration, communications and 
compression tedutiques, and multin1edia 
datahase de.<;ign. NTDL actively promote.<; the 
development of industry standards to ensure 
interoperability and user understanding of 
commercial and consumer products. 

-Michael H. Brill 
National Information 

Display Laboratory 
P. 0. Box 8619 
Princeton, NJ 08543-8619 
e-111ail: mbrill@nicll.org 

SID '00 
Symposium, Seminar, 

and Exhibition 

Long Beach, California 

Long Beach Convention Center 

May 14-19, 2000 
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SID '99 
International Symposium, 
Seminar and Exhibition 
May 16-21, 1999 
San Jose, California 
San Jose Convention Center 

• SID's MAJOR ANNUAL EVENT, featuring: 
-Technical Sessions, Poster Session 
-Author Interviews, Evening Panels 
-Short Courses, Application Seminars 
-Technical Semina~, ApprKolion Sessions 
-Product and Technology Exhibits 
-Display Technology Showcase 

Euro Display 
September 6-9, 1999 
Berlin, Germany 

• An international conference on display 
research and development aspeds of: 
-Display Fundamenta~, Display Devices 
-Hard Copy & Storage, Input Systems 
-Integrated Devices and Devi<e 

Applications 
-Multimedia Systems 
- Image and Signal Processing 
-Color Perception, Human Factors 
-Product and Technology Exhibits 

Display Phosphors Conference 
November 8-10, 1999 
San Diego, California 

• 5th annual international conference on 
display phosphors 



EID '99 
NOVEMBER 16-18, 1999 
Esher, Surrey, UK 
• EID ~ o single-frock technical conference 
ond exhibition featuring UK ond European 
disploy products. 

Color Imaging Conference 
November 16-19,1999 
Scottsdale, Arizona 
• An international multi-disdplinory 

forum lor dialogue on: 
· Creation and !Dplure of color images 
· Color image reproduction ond 

interchange 
· Color image disploy 

• Co-sponsored with IS&T 

IDW '99 
December 1-3, 1999 
Sendai, Japan 

• Information D~play Workshops 
• Invited experts will presenl lalks 

al workshops on: 
· Em~sive Displays 
· Non-Emissive Displays 
· Plosmo and EL Displays 

• Sponsored by SID/Asio 
Region, Jopon Chapter, IEICEJ, ITEJ 



display continuum 

continued from page 4 

spective of his now rapidly fading philosophi
cal mood, he found it ironic that, while incred
ible growth in compute power had resulted in 
the replacement of essentially all knowledge 

workers, people still built and lived in houses 
very much like those at the turn of the century 
and the century before that. The latest genera
tion of automobiles were also not all that dif-

LCD Dot Matrix Modules in Sizes and Styles to 

Fit Every Need. When it comes to variety and 

quality performance, nothing measures up to Clearly 
Data Modul character and graphic LCD dot matrix modules. 

Available in the industry's broadest selection, d r· d 
with wide viewing angles, character heights e In e 
from 3mm t o 12 mm, and versatile graphic 

capabilities, our LCD modules offer the following advantages: 

• Custom modification options 

• Full range of temperatures 

• Full line of accessories 
characters 

• Available in TN, STN and FSTN technologies 

• Choice of colors d 
• Availability from stock an 
• ISO 9001 and CE certification 

graphic 
Contact us to find out how our modules sol.ut•lons 
can fit into your plans, or for the 

distributor nearest you. 

DATA MDDUL 
120 Commerce Dr. , Hauppauge, New York 11788 • Toll Free: 877-951-0800 
Tel: 516-951-0800 • Fax: 516-951-2121 • Website: www. datamodul.com 
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ferent from those of thirty-five years ago - a 
little lighter, cleaner, and more energy-effi
cient. Apparently, hardware changes were on 
a different time-line than progress in artificial 
intelligence. Also, it seemed that no matter 
what happened with computer intelligence, 
people still wanted to live much like they have 
lived for hundreds of years - in single-family 
homes, driving cars to work, doing shopping, 
visiting friends, and periodically transporting 
themselves to various events and locations for 
pleasure and entertainment. And since build
ing materials and construction methods hadn't 
changed much more in the last 35 years than 
in the previous 50, the work that had to be 
done was also much the same. 

In a final spark of brilliance, before his neu
ral implant kicked in with his lower IQ, Jeff 
had this thought: Computers can now out
think us humans, do all the knowledge 
work, and continue to improve upon them
selves, but we humans still get to take out the 
trash. 

Whoa, Aris, what have you been imbibing 
to come up with this story? Well, let me tell 
you how this little vignette came about. Last 
Sunday evening, I was taking a break after 
having spent the afternoon constructing an 
attic space to provide some extra storage. 
After a few weekends of adding extra floor 
joists, rerouting the wiring, and putting up 
drywall, I had spent several hours taping the 
joints and covering the nail holes. So, after
wards, while relaxing on the family-room sofa 
for what I thought was a well-deserved break, 
I took a look at a recent EE Times issue. This 
particular issue featured people that EE Times 
considered particularly noteworthy in 1998. 
One article that caught my eye, and subse
quently led me to construct this worrisome 
vision of the future, was a comm entary about 
Raymond Kurzweil. From his credentials, 
Mr. Kurzweil is clearly one "smart cookie," 
with nine honorary doctorates, White House 
connections, a major award-winning book, 
three start-up companies, MIT backgratmd, 
and countless other honors to his credit. 

When a person with such prestigious cre
dentials asserts that we will all be wearing 
neural implants in something like 40 years 
and that computers wiii all be smarter than we 
humans, t11at is not something to be taken 
lightly. According to Mr. Kmzweil, "By the 
middle of the next century, machine intelli
gence wiii be so superior to human intelli
gence as we !mow it today, that in order to be 

--



intellectually relevant we will have to enhance 
our brains with neural implants. Of course, 
ultimately we won 't bother with neural 
implants because by the middle of the next 
century we will be able to scan a human brain 
and instantiate it into a neural computer. Our 
old carbon-based bodies are going to be obso
lete. Even the concept of a body will become 
unclear, s ince you could run your virtual per
sonality on a network of computers or you 
could have multiple neural personalities all 
rumling on a single neural computer." 

Now, can you begin to see the source of my 
confusion? Here I had just spent the day 
immersed in some very basic construction 
activities, such as hammering nails and 
spreading sheetrock mud, and in the next 
moments I read about how a computer is 
going to replace all my intellectual abil.ities. 
Not only that, I may even live to experience 
this event. 

In the last 50 years, the materials and meth
ods of building homes have changed very lit
tle. In fact, we have gone back to building 
homes that look more like 18th- and 19th-cen
tury French chateaux than anything remotely 
resembling the predicted futuristic designs. 
To further emphasize our apparent wish to 
return to tbe past, recent trends in automobile 
styling are taking their inspiration from the 
1950s, and even from the 1930s. At the same 
time, in many parts of the world, economies 
continue to be too weak to provide even the 
basics of adequate food and shelter for a good 
fraction of the world 's population. 

Are we human beings really doomed to per
fonn mundane chores while our computers 
have all the ftm doing the thinking for us? 
Not one to take anyone's predictions at face 
value, no matter how famous or how presti
gious his credentials, I decided to do a little 
more probing. Could I perhaps turn up some
thing either to validate, refute, or perhaps 
modify Mr. Kurzweil's ominous-sounding 
future? 

The first hint of suspicion about Mr. 
Kurzweil's abilities as a seer came while 
reviewing his selection for the five most sig
nificant technology developments of 1998. 
Among these Mr. Kurzweil included retinal 
displays. According to him, the retinal dis
play heralds an era of non-invasive interface 
technologies that allow people to d irectly 
access information, and the retinal display 
achieves that by writing its images directly 
onto the retina of the eye, transfening pixel 

data to the brain without any physical connec
tion. 

Am I missing something here? Doesn 't any 
display show up as an image on a retina? My 

See Us at SID '99 Booth 1202 

TV or computer displays are created pixe l by 
pixel and show up on my retina. Optical sys
tems present me with real or virtual images. I 
can create these all at once or in rapid 
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sequence. I can make them with lasers or 
electron beams. What is so special or funda
mentally revolutionary about a scanning laser 
display? In fact, the more likely reaction to 

being told that a laser is being used to project 
an image onto the inside of one's eyeball is 
going to be, "You aren ' t going to blast my 
eyeball with that laser tiling!!! I don't care 

AllfvaJtced Technologies Group, 
have an eye on tomorrow's 

challenges. We pride ourselves on 
developing innovative solutions for 
your most demanding applications. 

Our Terrapin,.. line of hardcoated films Is 
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• resistance to chemicals, industrial 
solvents and etching solutions 

• excellent optical clarity and light 
transmission 

• resistance to steel wool and other 
surface abrasives 

• an ultra-smooth coating surface 

And that's not all. Terrapin films are 
coated In a class 10,000 cleanroom to 
reduce the possibility of contamination. 
Call Tekra's Advanced Technologies 
Group today, and let our Terrapin films 
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Advanced Technologies 
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how safe you te ll me it is." 
Not wanting to make too much of one pos

sible discrepancy, I decided to take a look at 
Mr. Kurzweil's award-winning book, The Age 
of Intelligent Machines. In the conclusion of 
this book, written in the late 80s and pub
lished in 1990, Mr. Kurzweil makes a number 
of predictions of what will happen during the 
1990s and into the 2000s. Many of the com
pute-power predictions are in keeping with 
Moore's law and are, therefore, pretty much 
on track. His prediction that in 2000 the 
world chess champion will be a computer is 
nicely on target. However, a number of tech
nology developments that Mr. Kurzweil 
thought would dominate the 90s (from his 
perspective of the late 80s) didn 't. ASIC 
technology didn 't become nearly as pervasive 
as he thought it would, with systems on a chip 
happening instead. Artificial intelligence (AI) 
and expert systems also didn't take off as pre
dicted. Apparently, we hwnans are better at 
protecting our turf from computers than Mr. 
Kurzweil realized. Pattern recognition for 
personal identification has been evolving, but 
much more slowly than predicted. Mr. 
Kurzweil also expected that many docwnents 
would never exist on paper because they 
would incorporate audio and video clips. 
(The wish for a paperless office just won't 
die.) He expected that by now we would 
have computer-generated personalities and 
image systems with some hwnan characteris
tics. On the hardware front, be predicted 
three-dimensional chips as the way to imple
ment more compute power. This may happen 
to a small degree in the next decade if, for 
example, a concept proposed by Ball Semi
conductor succeeds, but certainly not in this 
century. 

So perhaps we can temper Mr. Kurzweil 's 
view of the future -just a little. Reading his 
commentary, I get the sense of a person dis
connected from the day-to-day struggles of 
the rest of us. Given the average income of 
people the world over, and any reasonable 
scenario for what is likely to happen over the 
next 50 years as more and more of us populate 
this earth, why could he possibly tlli.nk that we 
need or want neural implants? Maybe for the 
few who wish to be computer-enhanced chess 
champions this steroid-like existence may be 
appealing, but that isn't what the great major
ity of the world's citizens need or want. For 
instance, think of the nli.llions of people living 
in small communities the world over leading 



modest but comfortable lives. What would 
they do with a neural implant or a computer
controlled virtual personality? 

Computer processing power will continue 
to grow exponentially and perhaps someday 
surpass us all, but hardware-based robotics 
will come along at a much slower pace. Hard
ware design is c learly on a different time-line 
than software. Even now there is a growing 
realization that tl1e interface of the computer 
and the human depends more on good hard
ware ilian on ever-more-complicated software 
offerings. We need good displays, better 
input and output devices, and fast and reliable 
communications networks. As display engi
neers, we couldn't be better positioned to 
serve the growing demands of people being 
assisted by intelligent machines. 

However, for additional security in fuis 
rapidly changing world you may want some 
extra " insurance." In that case, I would rec
ommend that you develop or maintain some 
practical ski lls. Learn how to build things. 
Learn home construction, explore metalwork
ing, try building an eight-pixel plasma panel 
in your spare time, build a telescope, or 
explore the art of making jewelry by the lost
wax method. Windows 98 has come and soon 
will go. Our current generations of software 
are just that - current generations. Their com
plexity and difficulty of use are symbols of 
ilieir immaturity. That will soon pass. Who 
wants or needs to learn a new "language" 
that's only good for one or two years? But 
hardware skills, wiili minor updates, are good 
for a lifetime. 

The world in which we live is based on 
hardware - and something else. The hardware 
part we are begimling to understand fairly 
welL However, our understanding of nature's 
"software" is at the most rudimentary of lev
els. The quest for tllis understanding and 
appreciation will lead us to far greater benefits 
ilian steroid-like neural implants to turbo
charge our brains' computational processes. 
However, t01light, before you turn in - espe
cially if your spouse or significant oilier 

! renlinds you - don't forget to take out ilie 
'! trash. 

The energy source on my neural implant is 
nearing depletion, so now ilie time has come 
for me to request your response to my futuris
tic philosophical excursion. I would enjoy 
hearing from you because, for me, compute 

~ power will never be able to replace the plea
sure of human interactions. So please interact 

- by e-mail at silzars@ ibm.net, via tl1e fax at 
425/557-8983, by voice communications at 
425/557-8850, or by tlle written word at 22513 
S.E. 47tl1 Place, Issaquah, WA 98029. • 

Internet Consulting 
and 

Database Research 

Get on the "Net." Training, lee-
tures, Web sites, and consulting 
by the former Executive Director 
of the Internet Society. Visit the 
SID homepage at 

http:jjwww.sid.org 

Database research. Patent 
Searches, Technical Literature, 
Competitive Analysis , Market 
Research, Demographics 

H.L. Funk Consulting 
7 Diane Court 

Katonah, NY 1 0536 
Telephone/Fax: 914-232-3530 

E-mail: 
consult@ hlfunk.com 

C ircle no. 133 

SID '00 
Symposium, Seminar, 

and Exhibition 

Long Beach, California 
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Touch Screens 
The most powerful man-machine interface 
since advent of the keyboard and the mouse. 
Harness tl1is power to your advantage; improve 
your products by making them easier to use. 

It's that simple! 
Get in touch with CyberTouch. 

[qb~rTouch 
Touch Screens • Touch Monitors • Touch Systems 

805.499.5000 • Fax 805 .499 .5888 
sales@cybertouchusa.com 

www. cybertouch usa. com 

The 7th Intemational Conference on Fermelec

tt·ic Liquid Cr ystals (FLC '99). Contact: Prof. 

Wolfgang Haase, Condensed Maner Research 
Group, Institute of Physical Chemistry, Darmstadt 

University of Technology, Petersenstra~e 20, D-

64287 Darmstadt, Germany; +49-61-51-16-33-98, 
fax -49-24, e-mail: flc99@tu-darmstadt.de, 

hnp://flc99.tu.darmstadt.de. 
Aug. 29-Sept. 3, 1999 Darmstadt, Germany 

The 19th International Display Resem·ch Confer

ence (EuroDisplay '99). Sponsored by SID and in 
cooperation with ITG. Contact: Dipi.-Ing. Rupert 

Rompel, VDE Verband Deutscher Elektrotechniker 

e.V., Stresemannallee 15, D-60596 Frankfurt am 
Main; +49-69-6308-38 1, fax +49-69-963 1-5213, e

mail: l00145-67@compuserve.com. 

Sept. 6-9, 1999 Berlin, Germany 

The 6th Annual F lat Panel Strategic and Techni

cal Symposium, "Vehicular Applications of Dis
plays and Microsensors. " Sponsored by The Uni

versity of Michigan Center for Integrated Microsys
tems and the Metropolitan Detroit Chapter of SID. 

Contact: R. Donofrio, Display Device Consultants, 

6170 Plymouth Rd., Ann Arbor, MI 48105; 734/665-
4266, fax -4211, e-mail: rldonofrio@aol. com. 

Sept. 22-23, 1999 Ypsila nti, MI 

The Fifth lntemational Confe1·ence on the 

Science and Technology of Display P hosphors. 

Sponsored by S ID, PTCOE, and DARPA. 

Contact: Mark Goldfarb, Palisades Institute for 

Research Services, Inc., 4 11 Lafayette St., New 

York, NY 10003; 212/460-8090 x203, fax -5460, 

e-mail: mgoldfar@newyork.palisades.org. 

Nov. 8-10, 1999 San Diego, CA 

Electronic Information Displays (EID '99). 
Sponsored by the SID UK/Ireland Chapter. 
Contact: Trident Exhibitions, Jon Jones, West 
Devon Business Park, Brook Lane, Tavjstock, 

Devon, PLI9 9DP, U.K. ; +44- 1822-614-67 1, 
fax -818. 
Nov.16- 18, 1999 Surrey, U.K. 

The Seventh International Color Imaging 

Confe•·ence. Sponsored by IS&T and SID. 

Contact: IS&T, 7003 Kilworth Lane, Springfield, 

VA 22 151; 703/642-9090, fax -9094, e-mail: 

info@imaging.org. 

Nov. 16-19, 1999 Scottsd ale, AZ 

Sunlight to NVIS Backlights 
for Color AMLCDs 

Intended for COTS Military/Avionics Industrial Applications 

Visit our website: www.insyncperipherals.com 

Distinctive Features: 
• Sunlight readable 
• Collimated high efficient backlight 
• Night vision compatible (Type I, Type II; 

Class A or B) 
• Custom design backlight compatible with 

most AMLCDS 
• Controlled dinuning range from 10:1 to 

50,000:1 
• Extended temperature of operation (- 40° 

to 70 °C) 
• Constant light output maintained under 

closed loop circuitry 
• Manufactured in the USA under IS0 9000 
• Rated life to half brightness: 25,000 hours. 

Circle n o. 135 

For further information 
Call (949) 588-2675 
Fax (949) 588-2679 
E-mail: 
info@ insyncperipherals.com 

IN SYNC 
Peripherals Corporation 
2295 1 La Cadena Dr. 
Laguna Hills, CA 92653-1 711 

-



got indium? 
ITO FOR LCD's 

Whether you require high density ITO 

sputter targets for glass coating or ultrafine 

indium oxide powders for EMI shielding on 

CRT's, Arco11ium is y our source for display 

coating materials. 

~AIICIINIUM 
800.343.0282 

1101 456 0800 

(Fox) 1101.421 .21119 

www.arconium.com 

D o p ed ox i des fo r co!ld ll c ti ve i 11k s 

98% DENSE ITO 

A lte rnat i ve TCO 's: I ZO, Z i11 c Ox i de, Tin Ox i de 

RECLAIM / RECYCLING OF SPENT ITO 

T A RGET BONDI N G 

See Us at SID '99 Booth 124 Circle no. 136 

SID '00 
Long Beach, California 

Long Beach 

Convention Center 

May 14-19, 2000 

Mark Your Calendar Now! 

Shield YourseH From 1he High Cost 
Of "Off-The-Shelf' 1\Aonitor Shields. 

Magnetic interference can make your CRT display j~tery and 
distorted. But most off-the-shelf monitor shields are bulky, overbuilt, 
and expensive. On the other hand, custom monitor shields from 
Eagle Magnetic can provide unsurpassed protection from magnetic 
interference ... at a cost lower than off·the·shelf shields! 

• Ideal for: military, industrial, power plant, government, medical, 
research, and office applications - even the harshest magnetic 
environments. 

• Choice of materials or a nested combination to meet your 
environmental requirements. 

• Custom designs that lit your monitor precisely. 
• Available in closely matching computer colors to enhance appearance. 
• Matching bezels and shrouds provide add~ ionallacial shielding. 
• Fast turn around of prototypes and production. 

EAGLE MAGNETIC CO., INC. 
P.O. Box 24283 • Indianapolis, IN 46224 
PHONE (317) 297·1030 
FAX (317) 299-1323 
E·MAIL: INTERNET EAGLEAAA@AOL .COM 
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Klein VPG 250 
Stand-Alone Video Pattern Generator 

'7; ~ ~: ; ~ ~= i 
. . . . ~ . . ~. . .. 
• • ••• ---..--..-..-+ ·+ . . 

........ \ . . .... ' 
. ~ - ., . ~L:J: 

· 250 MHz Dot Clock · 2048x2048 Pixel Resolution 

· 250 Programmable Timings · 999 Hz Vertical Frequency 
· 30 Stored Patterns · 999 KHz Horizontal 

· User Definable Patterns · DOC 1/ 28 Compliant 

~ KLEIN ~~:~~~a~r~~ 
Test Equipment for Computer Monitor Displays 

ph: 503-245-1012 • fax: 503-245-8166 • www.kleininc.com Portland, OR USA 
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Superior clarity, right in the 
palm of your hand. 

Klein CM7AG 
Only Klein Instruments has this 
finely calibrated, handheld instrument 
which measures convergence error 
between colors on CRT 
displays. It's easily 
manipulated to identify the 
degree of error, placing 
superior clarity right in the 
palm of your hand. 

More information on 
Klein 's advanced 
quality assurance 
products is just a 
phone call away. We'd 
love to hear from you. 

~ KLEIN ~~:~~~a~r~~ 
Test Equipment for Computer Monitor Displays 

ph: 503-245-101 2 • fax: 503-245-8166 • www.kleininc.com Portland, OR USA 

Circle no. 139 

editorial 

collfinuedji·om page 2 

A successful UC San Diego effort will ben
efit the global display community. It deserves 
our support. 

- Ken Werner 

We welcome your comments and sugges
tions. You can reach me by e-mail at 
kwemer@sid.org, by fax at 203/855-9769, or 
by phone at 203/853-7069. The contents of 
upcoming issues of ID are available on the /D 
page at the SID Web site (http://www.sid. 
org). 

DISPLAYS 
CONSULTING 

GROUP 

Design 

Development 

Production 

Components 

Measurements 

Applications 

Contact: 
H. W. Grossbohlin 

Phone 1-800-653-985 7 
Fax: 805/526-1145 

Circle no. 140 

Please send new product releases or 
news items to Information Display, 
cjo Palisades Institute for Research 
Services, Inc., 411 Lafayette Street. 
2nd Floor, New York, NY 10003. 



International Symposium, Seminar 
& Exhibition (SID '99) 
JOIN US IN SAN JOSE TO SEE AND HEAR 
WHAT'S NEW IN DISPLAY TECHNOLOGY. 
· The Technical Program will consist of over 180 original 
and invited papers with 60 more in a Poster Session, all 
organized in six parallel tracks: 
. AMLCDs and Display Manufacturing 
• Applications and LC Technology 
. CATs and Emissive Displays 
. Applied Vision, Human Factors, Display Measurement, 

and Display Electronics 
· Large-Area Displays and Display Systems 
• The Seminar Program will once again draw on 
industry leaders for three days dedicated to short 
c:>urses, technology overviews, and display applications. 
· Over 250 vendors will demonstrate the latest in displays, 
components, and equipment. 
·Evening Panel Discussions, an Exhibitor Reception, 
a Conference Luncheon, and an evening Social 
Event will complement the technical program. 

6 
SEPTEMBER 

19th International Display 
Research Conference 
(Euro Display '99) 

BERLIN, GERMANY 
SEPTEMBER 6-9, 1999 

• An international conference on display 
research and deyelopment aspects ot 
- Display Fundamentals. Display Devices 
-Hard Copy & Storage Input Systems. 

Integrated Devices and Applications 
-Image and Signal Processing. 
-Color Perception Human Factors 

For additional information: 
Dee Dumont 
Society for Information Display 
31 East Julian Street 
San Jose, CA 95112 
408/977-1013, fax - 1531 
www.sid.org 

NOVEMBER 
Fifth International 
Conference on the Science 
and Technology of 
Display Phosphors 

SAN DIEGO, CALIFORNIA 
NOVEMBER 8-10, 1999 

• An international conference on the future 
prospects of phosphors fo(' 
- OLEOs - ELDs - EEDs 
- CBis - Plasma Displays 
- PL Deyices- LC Backlights 

Since 1962, a professional worldwide interdisciplinary society 
committed to the advancement of information display. 

NOVEMBER 
7th Color Imaging 
Conference: Color Science, 
Engineering, Systems & 
Applications 

SCOTTSDALE, ARIZONA 
NOVEMBER 16-19, 1999 

• An international multidisciplinary forum 
for dialogue on· 

Creation and capture of Color Images 
Color Image reproduction and 
interchange 

- Co-sponsored with IS&T 



Accr Display Technology 
Ad-Vance Magnetics, Inc. 
American Panel Corp. 
Applied Concepts, Inc. 
Arconium 
Artesyn Solutions, Inc. 
A TI Teclmologies 
aut.ronic - Melchers GmbH 

BPS 
Brewer Science, Inc. 
Brimar Ltd. 

Canon, Inc. 
CELCO 
Cherry Electrical Products 
Chwtghwa Picture Tubes, Ltd. 
Clinton Electronics Corp. 
Colorado MicroDisplay, Inc. 
Corning Japan K.K. 
Crystaloid LCDs 

Display Inspection Systems 
Display Laboratories 
Display Search 
Displaytech, Inc. 
DNPDenmark 
Dolch Computer Systems 

Earth Computer Technologies 
ELDEC Corp. 
Electronic Designs, Inc. 
Electro-Plasma, Inc. 
Emco Electronics Ltd. 
Endicott Research Group, Inc. 
ERSO/ITRI 

FED Corp. 
F-P Electronics 
Futaba Corp. R&D Center 

General Vacuum, Inc. 

Hewlett-Packard Co. 
Hitachi, Ltd. 
Hoya Corporation USA 

IDM 
Imaging & Sensing Technology 
Incom, Inc. 
Industrial Electronic Engineers, Inc. 
Infinite Graphics, Inc. 
lnfodex, Inc. 
Instrument Systems 
Interface Products, Inc. 
Interserv Corp. 
Interstate Electronics Corp. 
ISE Electronics Corp. 

Kent Displays 

Lexel Imaging Systems, Inc. 
LinFinity Microelectronics, Inc. 
Lite Array, Inc. 

Micron Display Technology, Inc. 
Micronic Laser Systems 
Microvision Corp. 
Mitsubishi Electric Corp. 
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Mitsubishi Electronics America 
Motorola FPD Division 

NEC Corp. 
Nippon Seiki Co., Ltd. 

OKI Electric Industry Co., Ltd. 
Optical Coating Lab., Inc. 
Optrex America, Inc. 

Philips Flat Display Systems 
Phosphor Teclmology Ltd. 
Photon Dynamics 
Photo Research 
Pilkington Micronics Ltd. 
Pix Electronics, Inc. 
Planar America 
Planar Standish, Inc. 
Plasmaco, Inc. 
Polar Vision, Inc. 
Polytronix, Inc. 

Q.C. Optics, Inc. 
Quantum Data Inc. 

Retinal Displays, Inc. 
RF Power Products 
ROLIC Research Ltd. 

Sarnoff Corp. 
Schott Corp. 
Semiconductor Systems, Inc. 
Sharp Corp. - Japan 
SI Diamond Technology, Inc . 
Sony Corp. Research Center 
Stanford Resources, Inc. 
Supertex, Inc. 
Symbol Technologies, Inc. 
Syntronic Instruments, Inc. 

Tamarack Scientific 
TDK Corp. 
TEAM Systems 
Teclmeglas, Inc. 
Teledyne Lighting & Display 
Terapixel, Inc. 
Thomas Electronics, Inc. 
Thomson Components & Tubes 
Three-Five Systems, Inc. 
Toshiba America Electronic Corp. 

Ultra Electronics Conmtand & 
Control Systems 

UL V AC Technologies, Inc. 
Unipac Optoelectronics Corp. 
Universal Display Corp. 
Ushio America, Inc. 

Viratec Tl1in Films Inc. 
Vishay-Dale Electronics, Inc. 

Westaim Advanced Display 
Technology 

Westar Corp. 
WTNTEK Corp. 
WinTron Teclmologies 

XCITEK, Inc. 
XMR, Inc. 

Ad-Vance Magnetics ........................... 57 
American Polarizers ............................ 82 

Anmech ............................................... 54 
Applied Films Corp ............................. 20 

Arconium ............................................ 93 
autronic-Melchers GmbH ................... 19 
Balzers TI1in Films ........... ................... 5! 

BOC Coating Technology ................... 18 
Brimar Ltd ........................................... 42 

CELCO (Constamine Engineering 
Laboratories Company) ..................... 7 

Computing Devices Canada ................ 36 
CP Films .............................................. 13 
CyberTouch ......................................... 92 

DATA MODUL ............................... 6,88 
Digital View ........................................ 81 

Display Imernational ........................... 42 
Displaytech .......................................... 21 
Dontech ................. ....... ....................... 69 
Eagle Magnetic Co .............................. 93 
EFOS ............................ ....................... 79 

ELDEC Corp ....................................... SI 
ELDIM ................................................ 36 

Electronics Specialty Corp .................. 78 
Elsevier. ............................................... 80 

Ergotron .............................................. 19 
lnsync Peripherals Corp ...................... 92 
Imevac ................................................. 70 
Imegral Vision ..................................... 82 
Kem Displays .... .................................. 35 
Klein lnstnnnents ................................ 94 
H. L. Funk Consulting ......................... 91 

Hoffman Engineering .......................... 61 
H. W. Grossbohlin .............................. 94 

LCD Lighting ................................. 44,45 
Lexellmaging Systems ....................... 37 
LinFinity Microelectronics ................. 53 
Liquid Crystal Inst itute ....................... 17 
Magnetic Radiation Labonotories ........ 83 
Metavac .............. ................................. 43 
MicroJoin ............................................ 63 

Business and Editorial Offices 
Palisades Institute for Research 

Services, Inc. 
411 Lafayette Street, 2nd Floor 
New York, NY 10003 
Jay Morreale, Managing Editor 
212/460-8090 x212 Fax: 2 12/460-5460 

Microvision ...................................... 8,54 
Midwest Computer .............................. l2 
Munich lmemational 

Trade Fairs Pte. Lld ......................... 72 

NEC Technologies .............................. 27 
OCLI ................................................... 50 
Optotck .............................. .................. 62 

Opt rex America ................... ............... C2 
Photo Research .................................... ll 
Physical Optics Corp ........................... 34 
Polar Vision ......................................... 26 
Precision Glass & Optics .................... 91 
Precision Technology Cemer .............. 83 
Quamum Data ................................ 26, 77 
Sencore ................................................ 29 
Silver Cloud Manuf acturing ................ 82 

Society for lnforn1ation 
Display .................................. 86,87 ,95 

Solomon Technology .......................... 55 
Sony Electronics ................................ ... 9 
Spire Corp ........................................... 52 

Superior MicroPowdcrs ...................... 79 
Syntronic Instnnnents ........................ C4 

TDK ...................................................... 5 
Team Systems .................................. 3,17 
Tekra Advanced Technologies ............ 90 
Tellron Technologies .......................... 83 
Thin Film Devices ................... ............ 10 
Thomas Electronics ...................... .. .. ... 56 
Three-Five Systems ............................ C3 

3M Optical Systems ............................ 28 
Toray Engineering Co ......................... 34 

UDT Ins trumems ................................. 52 
Unigraf ................................................ 85 

Ul!raVoll ............................................. 79 
Varitronix Lid ................................... ..41 
Video lnstruments ............................... 82 
Viox Corp ............................................ 79 
Westar Corp ........................................ 64 
WinTron Technologies .................. 71,81 
Xymtex ..................................... ......... .. 89 

Sales Office 
Palisades Insti tute for Research 

Services, Lnc. 
41 I Lafayene Street, 2nd Floor 
New York, NY 10003 
Michele Klein, Director of Sales 
2 12/460-8090 x211 Fax: 212/460-5460 



Three-Five Systems, Inc. 
Tempe • 602-389-8600 Fax: 602-389-8801 

See Us at SID '99 Booth 343 

THREE-FIVE SYSTEMS, INC. TM 

Three-Five Systems Ltd. 
Europe • 44-1793-549100 Fax: 44-1793-549135 
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~ Display Excellence 

Three-Five Systems, Inc. 
www.threeflve.com email: Dlsplay@lhreeflve.com 
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