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The world 
plans, navigates, 

measures, monitors, 
plays, fishes, 

communicates, 
computes 

and 
displays with 
Optrex LCDs 

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

Why? Innovative engi neering and design suppmt, exceptional quali ty, 

and a natio nwide d istribution network. Our creative design approad1 a llows you to 

develop new appl icatio ns and enhance the petformance 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 mat. You will, too. 

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

44 1 GO P tVMOlllll OAKS Bt VD . • P L\'MOLITII, M l 48170 

(734 ) 4 16-8500 • FAX: ( 734) 416-8520 

led in fo @optrexusa.com 

C ir-cle no. 1 



BPA 
INTERNATIONAL 

w 
Earlier than industry watchers expected, Tohoku Pioneer 

lias solved tile problems of making a practical OLED dis
play, and parent company Pioneer is including it in its GD
Fl FA1 Multiplex Automotive Receiver for receiving text 

messages from tile VISC traffic-information system. Tile 
OLED earned tile SID/lnformation Display Di,play of tile 
Year Gold A ll'ard. To learn abouttllis and tile other five 
au·ards, see the artic:le beginning on p. 12. 

Credit: Tohoku Pioneer, Hughes~JVC, Sil icon Image, D11i N ippon 

For more on what's coming in lnfonnatioll Display, and for 
other news on infonnation-display technology, check the 
SID Web site on the World Wide Web; http://www.sid.org. 
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We Make the Box 

The legendary radio and TV newsman Edward R. 
Murrow once said that without high-quality program
ming, televis ion was just a box with lights, and wires 
coming out. Well , my dear readers, we make the box. 
By which I mean we do appl ied research for it, design 
it, manufacture it, integrate it, market it, advettise it, 
promote it, sell it, and write about it. And in the early 
years of tllis era of "convergence," the same applies 

to computer mmlitors and integral computer displays in re lation to Internet and 
CD-ROM (and DVD-ROM) programming. We make the box. 

For the most part, we do a very good job of making the box. The people in 
tllis industry - with only occasional exceptions, in my experience- approach 
their varied tasks with enthusiasm, industriousness, and integrity. Succeeding 
generations of boxes show larger, brighter, more detailed images, and the boxes 
themselves last longer, cost less, and consume less electrical power. 

We are now embarking on a new era of televis ion in which image quality will 
improve dramatically. We are making a much better box. But will the teclmol
ogy and econo mics of digital TV lead to higher-quality programming: program
ming that will educate us, enlighten us, give us entertainment that is occasion
a lly inte lligent, and provide us with the conscientious news reporting and analy
sis we need to be good citizens of our own countries and of the world - real 
news, not the " info-tainment" that tanlishes Ed Murrow's legacy. 

One of the problems is that good news requires intelligent, knowledgeable, 
well-trained joumalists; and good ente11aiim1ent requires ii1te lligent and well
trained writers, actors, di rectors, and producers. On the entertaii1111ent side, at 
least, U.S. television networks are already complailling about tl1ere not being 
enough talent to go arOtmd. It 's not clear how better picture quality and more 
charmels - which will further dilute the talent pool, divide the audience pie into 
smaller slices, and increase tl1e competition for ftmding - will help this sihtation. 

But neither is it clear that dividing an audience into enthusiastic, well-identi
fied segments can't sometimes stiinulate good progranmling. HBO was a big 
winner at the Enm1y awards last September on the strength of creative original 
programnling. The networks certainly have the resources to do tllis kind of pro
granuning, but they may feel such programs can not hold eno ugh of a ne twork's 
diverse audience. (They may also just lack the c reati vity and imagii1ation.) 

What effects lligh defi nition may have on programming is not easy to assess. 
Large, high-definition formats are certaii1ly well s uited to many spmts events 
and movies. Will the existence of HDTV skew prime-time schedules more in 
this di rection? Will we go through a period where visual spectacle will take 
precedence over other values - such as writing, directmg, and actmg? Will 
news depa ttments be inspired to recreate a modem form of the old newsreel to 
replace static and largely interchangeable "talking heads"? 

After the temporary technical problems are resolved, will digi tal TV acceler
ate or reverse tl1e trend toward cable and digital TV at the expense of terrestrial 
broadcasting? Cable and satellite will no longer have an advantage in terms of 
picture quality, and broadcasters will be able to de liver more chrumels tl1an they 
do now, at least at standard definition. So in some ways digita l TV may level 
the playing f ield. 

continued on page 23 
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Powerful New Video Generators. 
The Smart Choices. 

-.~------------~ - ..... ~ ... 
STANDALONE 

Standalone Units from 82950 
400 MHz for true 2K x 2K resolutions; 
Storage of more than I 000 Timing/ 
Pattern Programs in Flash Memmy and 
EEPROM; Fully PC-compatible with 
"Bitmap" capability; direct access to any 
parameter &·om &·ont panel or through 
PC-programs. And any of the 
(E)EPROM you used in earlier units 
can sti ll be used. 

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

PC-BASED 

PC-Based Units fro77z 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
facturing applications. 

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

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

DIGITAL 

Digital Units fro77z $5950 
Service, repair, evaluate or engineer 
FPDs? The Astra 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 
Conu·oller. 

Make the SmaT·t Choice ... Contact Team Systems 
CaU Visit 
us: 1-800-338-1981 us: www. team-systems.com 

----------------------------------~-JE~~!! 
TEAM Systems, Inc. 2934 Corvin Drive, Santi\ Clara, California 9505 1 
Tel.: 408-720-8877 Fax: 408-720-9643 C iJ-cle no. 2 

"Test And Measurement Technology" 



On the Third Day of Christmas . . . 

by Aris Silzars 

For Mathias and Nicole this had indeed been a joyous 
Christmas. They had felt the magic of Christmas Eve 
with the lighting of the tree, and having reached the 
relatively mature childhood ages of 10 and 8, they 
had been able to appreciate both the content and the 
symbolic meaning of their presents. On Christmas 

Day, all the feasting and visiting with their relatives and fam.ily had made tllis 
year's Christmas celebration the best one yet. Now, a few days later, they were 
getting in some serious playtime with their new toys. 

Nicole had already tried out her new digital camera to take photos of her 
stuffed bear collection. She had also photographed all her presents, made sev
eral photo-quality prints for herself, using the color printer attached to her dad's 
home-office computer, and transmitted some of these images via the lntemet to 
her two best friends across town. Now she was getting ready to send an e-mail 
with pictmes of two of her newest stuffed bears to Grandma so that her grand
mother could see how the Christmas presents she had sent looked sitting next to 
the other bears in Nicole's collection. 

Mathias was also experimenting with one of his Christmas presents, a game
compatible digital camera. (As with parents everywhere, Mathias's and 
Nicole's considered keeping a guod balance of presents between siblings an 
impot1ant goal.) Mathias was at the moment acquiring images of his stmound
ings so that he could personalize the software of a detective mystery puzzle on 
his game computer. Convincing Nicole that she should pose for llirn, so that he 
could make her one of the characters in his computer story, turned out to be the 
toughest challenge. However, she fin ally relented after he agreed to help her 
with her next school homework assignment. 

Their parents had already sent the images of the family's Cluistmas to all their 
friends and relatives and had conversely received pictorial Christmas greetings 
via e-mail from most of them in return. It was great how quickly this new tradi
tion had caught on and how the earlier tradition of sending store-bought Christ
mas greeting cards by mail had died out - equally quickly. After all , there was 
so much more interesting content in a just-captured electronic image of the fam
ily 's celebration than in a pre-printed card with nothing more than a signature or, 
maybe at most, a copy of a letter about how great all the kids have done over the 
past year and/or a posed photo of the ch.i ldren from some earlier occasion. 

Doesn' t this sotmd like a storybook-petfect description of a future Christmas 
celebration some years from now? Perhaps it does, but it's not. Except for a 
few minor details, we are not describing future Clu·istmases; we' re talking about 
th is Christmas, the Cluistmas of 1998. And the digital cameras for the kids? 
Rich kids only? Well , Nintendo has a digital camera on the market as an add-on 
to its Game Boy toy for $49.95 and pre-Cluistmas season sales have already 
exceeded 800,000 in the U.S. and Japan. And the camera for Nicole? Mattei 
has introduced one to go along with its Barbie toys for about $69. Both are 
made with CMOS sensors, which are less expensive than CCDs. 

Is the day of all -electronic digital photography rea lly upon us? Before we get 
too carried away with this teclmology-driven-lifestyle scenario, consider th is let
ter, which came to me in response to an earlier column . 

continued 011 page 40 
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Westar's LCDcubetm Drive Electronics 
solves the integration challenges in developing AMLCD-based displays 

.I Accepts standard video inputs and drives avionics AMLCDs 

.I Reduce development time and cost with standard off-the-shelf solution 

.I Shrink overall display outline dimensions with the smallest possible form factor: PC/1 04 

.I Apply to any CRT retrofit application without redesign 

Westar is a leading supplier of modular drive electronics and flat panel display test 
systems to the aerospace, computer, and FPD product industries. Contact us in the US 
at (314)298-8748, ext.286, or visit our website at www.westar.com/id. 

Copyright C 199B. Westar Corporation Tradema rks are property of their respective owners. 
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Ergonomically position your flat panel 
monitors, laptops and keyboards wherever 
you need them- with Ergotron 's 
Adjustable R otating Mounting S olutions 

Laptop 
Mounting 
Solutions 

• E~GO II:::::COn® 
1.800.888.8458 http://www.ergotron.com 
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NECTechnologtes 

To learn more, visit www.nectech.com. Or call (800) NEC-INFO. Expect more. Experience more. 
C ir-cle no. 6 



Almost nothing has a bigger impact on product preference than the visual performance of a display. 

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

direct view and projection displays. The difference is an immediately visib le improvement that will w in 

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 
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LCM SOLOMON Division 
SOLOMON Group 

HIGH QUALITY 
LCD Modules 

Standard and custom dEsigns 
SOLOMON Technology Corp. 
LCM Division 
42-1 Chang Ta i Str. llsiao Kang Di str ict 
TIV-8 12 Kaohsi ung 
Taiwan .R . O. C. 
Phone :+886-7-872-1787 
Fax: +885-7- 872- 1786 
E-mai l: jl@solomon.com.tw 

Circle no. 8 

US Branch Office: 
SOl.OMON Technology (USA) Corp. 
21038 Commerce Po in te Dr. 
Wa l nut , CA 91789 
USA 
Phone : (909) - ,168-3733 Ext.3038 & 3039 
Fax: (909) - 869- 6258 
E-mail:jb41cmCi x.netcom.com 



Introducing the world's most advanced 
FED technology in a high-volume cluster tool. 

The new Temescal® 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 gee much 

better chan 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 

T hen, 

chis is a 

cluster tool. 

So you can 

of its merits. 

4A. 
deposit a single • F/ 
film ora / ~~ 

"" 
whole stack, in 

just about any way you'd like. 

Plus, your panel size choices are virtually unlimited. 

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

happens to be the largest in the world. But BOC can also 

configure it for even larger sizes upon request. 

Highest throughput. 
Lowest cost of ownership. 

T he FCE-7000 is a proven production tool chat 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 gee a very attractive 

return on your investment. 

Deoigued.forp1Vduction. Boc:~ 
Jle.rible clus/er couj)guralioule!syou 

deposil a siuglej)/m or an en/ire .~lack. 
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And this system 

also reduces downtime 

and requires less main

tenance. 

Plus, it provides 

BOCs FCE·7000, !he 
ll'orlrl :,· /a rgesl FED 
produc/ion!ool. ca11 
process panels up lo 
600111/J/.\' 720111/J/. 

more advanced au tomation 

and higher materials utilization. 

So you can see how it achieves the 

lowest cost of ownership of any flat panel 

deposition sys tem 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 wel l. 

T hey can also 

provide you with 

an unmatched 

repertoire of 

process and sys

tem knowledge 

and managed 

engmeen ng 

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 pan of BOC Coating Technology, 2700 Maxwell Way, 

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

##I'BOC 
COATING 
TECHNOLOGY 



WiU1 U1e 88200 family, 

you can precisely, 

aulomaticaUy, and 

comple te ly measW'e 

d isplay performance

and lha l includes 

fla l pane ls. 

Complete ttu·nkey 
system with computer, 
6-axis positioner, 
monitor, sollwru·e, and 
SS200 camera system. 
Automnlically (Jerforms 
spatial and luminance 
measurements. 

You can easily field upgmdc 
to the more powerful SS2 1 0 
package, which provides all 
SS200 functions, plus an 
integrated spectrometer for 
spectral analysis and color 
measurements. Includes 
response time measure
ment capability. 

For fla t rmnel testing, a field upgrade to 
the SS220 is easy. The SS220 pmvides 
spectrometer-based off-axis measurement, 
color analysis, color shill and luminance 
testing. Coupled 11~Lh the SS2 l 0, this is U1e 
most comprehensive test system ever 
offered- at a fraction of U1e cost of 
individual test instruments. All tests arc 
(Jcd'or·mcd at 'liST -traceable accuracy. 
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If you checked all or the 
above and would like more information, 
call Microvision al (800) 95 1-5188. 

IMICROVISION 
I Dedicatee/to the Needs of the Disp/(ly Industry 

550 High St., Suite 108/ Auburn, CA 95603 
Tel: (530) 888-8344/ Fax: (530) 888-8349 
Toll Free: 1 (800) 931-3188 
Email: rnicrovsn.com 
Web site: http://www.microvsn.com 

trr ternalional llcps: 
Jap1111 - AIIGO COI\11., 00 3j9 5566 
Tai11an - UPEIILINK TECII., 02 705 7090 
Korea -ll & I' INT'L, 02 510 1<157 



Fourth Annual 
Display of the Year 
Awards 
For 1998, a newly commercialized display 
technology wins the Display of the Year 
Gold Award, and a new award for 
components and materials is added. 

by Ken Werner 

~N the members of the SID/ Information Display Display of the Year Awards Committee (DYAC) met near Ana
heim, California, during SID '98, they concluded a year-long deliberation by adding a third award honoring developments 
in components and materials to the two existing awards for displays and display products. The DYAC also retired the con
cept of giving "awards" and "honorable mentions." Starting this year, a gold and a silver award will be granted in each of 
the three categories. 

What has not changed is the DYAC's special character and the painstaking nature of its deliberations. The committee is 
not only fully international (see text box, 1998 Display of the Year Awards Conunittee), but consists of both distinguished 
members of the technical display community and distinguished technical journalists who cover displays. This combination 
ensures that the DYAC's deliberations are caiTied out with both technical sophistication and breadth of view. 

All of the displays and products considered for the awards were nominated either by the members of the DYAC or by 
interested parties who submitted their nominations to the DYAC secretariat. The secretariat distributed the names of all the 
nominees to the committee members, who then voted for the witmers. The DYA bylaws require the committee members to 
consider many factors when they vote, including technical innovation, commercial significance, and likely social impact. 
-------------- To be eligible for this year's awards, displays, products, components, and materials 
Ken Wem er is the editor oflnformat ion 
Display. The opinions expressed in this 
article are not necessarily those of the 
Publisl1er ojlnfom1ation Display Maga
zine or of the Society for Information 
Display. 
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must have become conunercially available - either to OEMs or end users -
between July 1, 1997,andJune30, 1998. 

This year's winners were developed by companies from three continents, and the 
voting for our new Display Material or Component Award of the Year resulted in 
an absolute tie. As a result, the DYAC is awarding two gold awards and no silver 
award in this category for 1998. 

0362-0972/98{1412-0 12$1.00 + .00 © SID 1998 



DISPLAY OF THE YEAR AWARD 
Gold Award: Tohoku Pioneer's Organic Electroluminescent Display 

Since an electroluminescent effect with an organic phosphor was fll'St demonstrated almost a dozen years ago, there has been a great deal of 
interest and research. But even 2 years ago, the difficulties of processing organic light-emitting-diode (OLED) materials and giving the result
ing devices reliability and long life seemed 
formidable. Then, in 1996, Tohoku Pioneer 
demonstrated a green 256 x 64 dot-matrix pro
totype OLEO with a luminance of 100 cdfm2 

and an estimated life of 10,000 hours, and later 
described the device at SID '97. 

Now, Tohoku and Pioneer are producing a 
production version of the device and are incor
porating it in Pioneer's GD-Fl FM Multiplex 
Automotive Receiver for receiving text mes
sages from the VISC traffic-infonnation sys
tem. The OLED's high luminance and contrast 
make the messages readable in most daylight 
conditions. 

Full-color devices are on the way from both 
Tohoku and Idemitsu, but for now, this green 
device is the world's fll'St and only commer
cially produced OLEO. The DYAC wishes to acknowledge Tohoku's and Pioneer's solution of the many technological problems that stood 
between a promising electro-optical material and practical display devices. 

DISPLAY OF THE YEAR AWARD 
Silver Award: Fujitsu's 15-in. Multi-Domain 
Vertical Alignment (MVA) TFT-LCD 

Makers of active-matrix liquid-crystal displays (AMLCDs) based 
on conventional twisted-nematic (TN) technology have struggled 
for years to attain video-rate switching speeds and wide viewing 
angles. New liquid-crystal (LC) modes have provided very wide 
viewing angles at the expense of response time, and wide viewing 
angles are now being combined with reasonable response times 
through the use of compensating films. 

What Fujitsu has accomplished with its FLC38XGC6Vf6V-OJ 
module is to combine a novel LC mode with a multi-domain stmc
ture for a combination of wide angle (160° both horizontally and 
vertically) and very fast switching time (25 ms, on + off) based on 
the stmcture of the display itself, i.e., without extemal compensa
tion. In addition, the multiple domains are created without mbbing. 

Fujitsu has exhibited a 21 .3-in. demonstration unit in Japan, 
which was shown displaying a motion picture, suggesting the possi
bility of a wall-hanging TV. But the excitement now is the 15-in. 
MY A-TFT module, which is being delivered at a rate of several 

0 

thousand a month, according to Fujitsu. With a luminance of 200 cd/m2
, a contrast ratio of 300: I , a fo ur-tube backlight, and a choice of an 

L VDS or CMOS digital interface, this LCD would seem to make a particularly attractive CRT replacement for monitors. 
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DISPLAY PRODUCT 
OF THE YEAR AWARD 

Gold Award: Hughes-JVC's D-ILA TM Digital Graphics GlOOO Projector 

Hughes-JVC has incorporated its recently developed Direct-Drive 
Image Light Amplifier (D-ILA "') in the fust projector to use this 
highly effective reflective light-valve technology. Unlike the CRT
addressed ILA $ devices developed previously by Hughes-JVC, the 
new LC-on-CMOS device is digitally addressed. At 0.9 in. on the 
diagonal, it is much smaller and lighter than the CRT-addressed 
devices. 

The new projector uses three of the D-ILA"' devices working 
through a single lens to produce a maximum screen resolution of 1365 1;:!0 
x 1024 pixels with a luminous flux of 1000 ANSI lumens and a con
trast ratio of more than 250: 1. The projector handles a full SXGA 
image without scaling or loss of quality, scales smoothly for lower 
screen resolutions, and can handle 1000 TV lines for full HDTV com
patibility. With a weight of 28.6 lbs., the projector is intended to be 
transportable and to offer easy set-up. 

The DY AC acknowledges a quarter century of dedicated light-valve development at Hughes and Hughes-JVC, culminating in 
the current combination of technical innovation and excellent product performance. 

DISPLAY PRODUCT OF THE YEAR AWARD 

Silver Award: Alcatel's One-Touch Com r" 

In its One-Touch Com'", Alcateluses a 40 x 80-mm backlit 
LCD to combine the functions of a GSM digital cellular 
phone, a personal organizer, a wireless Internet e-mail com
municator using SMTP and POP3 protocols, a short-message 
(SMS) communicator, and PC companion. A specially for
matted SMS message sent to the One-Touch Com ' can 
update the calendar automatically. PC synchronization can 
be done 1•ia the PC's serial port or wirelessly through the inte
grated lrDA infrared port. 

The key to getting all of this into a compact 240-gram 
package is the relatively large dis play, which can present a 
GUl, interactive data screens appropriate to the various func
tions, a soft keypad for dialing phone numbers, and a soft 
alphanumeric keyboard that is actuated with a stylus. To 
make creating messages easier, a variety of pre-written mes
sages can be called up and modified. 

Alcatel has created a sophisticated multi-functional product 
that could open Internet e-mail to a wide range of users, with
out any need for computer equipmelll or expertise. The prod
uct is based on a highly intelligent design that is enabled by 
display technology and a thoughtful user interface. The Dis
play Product of the Year Award was created to honor this 
kind of achievement. 
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DISPLAY MATERIAL OR 
CO~ONENTOFTHEYEARAWARD 

*Gold Award: Silicon Image's PanelLinkT"' 
In their quest to displace CRTs from the desktop, makers of flat-panel monitors (FPMs) have been impeded by the need to interface their 
inherently digital products to the analog output of the typical graphics controller cards in personal computers, or to supply a proprietary digital 
controller card. The former solution adds substantial cost and com
promises image quality; the latter solution also adds cost, as well as 
requiring the user to open the box and install the special card - the 
antithesis of "plug and display." 

With its invention of PanelLink"', the fust implementation of tran
sition-minimized differential signaling (TMDS), Silicon Image has 
set the stage for substantially less-expensive digital FPMs and univer
sal controller cards that will economically support both TMDS and 
traditional analog monitors. 

PanelLink"' implements TMDS with a transmitter-receiver chipset. 
The receiver chip (Sill 51) resides in the monitor. The transmitter 
chip (Sill 50) resides on either a single-purpose TMDS or universal 
graphics controller card. The two chips are connected with a twisted
pair cable up to 5 m long. 

PanelLink"' is enjoying strong industry support. VESA's "Plug 
and Display" standard was largely built around PaneiLinkTM, and the 
technology is being implemented by Compaq, IBM, A TI, Matrox, 
STB, LG Electronics, Princeton Graphics, Samsung, Viewsonic, Mag Innovision, Siemens-Nixdorf, Toshiba, and others. 

Silicon Image has developed a technology and commercialized a display component that is helping to move the display industry, its OEM 
customers, and display end users into an increasingly digital flat-panel future. 

DISPLAY MATERIAL OR 
COMPONENT OF THE YEAR AWARD 

*Gold Award: Dai Nippon's Ultra Contrast Screen 
Conventional double-lenticular "black stripe" screens, used with Fresnel lenses in television and other rear-projection applications, are very 
effective in providing high screen gain with low reflection of ambient light for high contrast. But the pixel pitch of these screens cannot be 
reduced much below 0.3 mm, which makes them unsuitable for 
SXGA and HDTV applications. 

At these higher screen resolutions, it is possible to use single
lenticular screens, but the lack of black stripes on these screens 
means reflections are higher and contrast lower. The addition of a 
contrast-enhancement filter would indeed provide increased contrast, 
but at the cost of screen luminance - which is in short supply in many 
rear-projection applications. So, as TV manufacturers moved into the 
HDTV era, they faced a serious dilemma. 

Dai Nippon Printing Company has helped resolve this dilemma 
with its ultra contrast screen (UCS), a lenticular screen with 0.14-mm 
pitch that incorporates an internal ambient-light absorption system 
(ALAS) that provides improved contrast without an external black 
matrix or contrast-enhancement layer. As the first and only high-gain 
enhanced-contrast solution to date for single-light-source (LCD, 
DMD, etc.) rear projectors, UCS is being widely accepted. 

*Because of a tie, there are two gold awards, and no silver award, in this category for 1998. 
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ORIGIN OF THE DISPLAY OF THE YEAR AWARDS 
The idea of awards for the best displays of the year was first suggested by Professor Shunsuke 

Kobayashi to Information Display editor Ken Werner in Monterey, California, in October 1994. Follow
ing discussions with Aris Silzars, Kathy Middo, and members of the Board of Directors of the Society 
for Information Display, the Display of the Year Awards Committee (DYAC) was formally constituted in 
January 1995 in Santa Clara, California, with Professor Kobayashi as Chair. To ensure a broad perspec
tive as well as in-depth technical understanding, it was agreed that the committee should include techni
cal journalists as well as distinguished display professionals - a strategy that has proved very successful. 

1998 DISPLAY OF THE YEAR AWARDS COMMITTEE 

Mr. Jean-Noel Perbet, Chair 
Sextant A vionique 
Commercial Air Transport Avionics 
Le Haillan, France 

Professor Shunsuke Kobayashi, 
Founding Chair 

Professor of Electronic Engineering 
Science University of Tokyo in Yamaguchi 
Onoda, Yamaguchi, Japan 

Ms. Cheryl Aj luni 
Western Editor 
Electronic Design 
San Jose, Califomia, USA 

Dr. Hsing-Yao (Jimmy) Chen 
Chunghwa Picture Tubes, Ltd. 
Taoyuan, Taiwan 

Professor Shou-Qian Ding 
Department of Electron Science 
Nankai University 
Tianjin, China 

Professor Jin Ja11g 
Ku11g Hee University 
Seoul, Korea 

Ms. Florence Ladouce 
Editor 
Electronique lntemational 
Paris, France 
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Mr. David Lieberman 
Northeast Editor 
Electronic Engineering Times 
Townsend, Massachusetts, USA 

David E. Mentley 
Vice President 
Stanford Resources 
San Jose, California, USA 

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

Dr. Alan Mosley 
Teclmical Director 
MicroPix Technologies 
Hayes, Middlesex, U.K. 

Mr. Alfred Poor 
Contributing Editor 
PC Magazine 
Perkasie, Pennsylvania, USA 

Dr. Aris Silzars 
President 
North.light Displays 
Issaquah, Washington, USA 

Professor Chuji Suzuki 
Advisor 
International Center for Materials Research 
Nara, Japan 

Mr. Chizuka Tani 
NEC Corporation 
Kanagawa, Japan 

Mr. Kenneth I. Werner 
Editor 
Information Display Magazine 
Norwalk, C01mecticut, USA 

For fmthcr infonnation, please communi
cate with the Conm1ittee Secretariat: 

Nutmeg Consultants 
Att: Dian Mecca 
2 Shady Brook Lane 
Norwalk, CT, 06854 
Phone: 203/853-7069 
Fax: 203/855-9769 
e-mail : kwerner@home.com 
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"I can see Microfilter's 

difference in the specs. Our 

customers can see it on the 

screen. From any perspective, 

the choice is easy." 

Richard Atanus 
Director of Product Development 
NEC Technologies Personal Display Division 

When you're making some of the 

world 's best monitors, you want to 

start with some of the world's best 

display tubes. So it's no wonder that 

NEC Technologies chooses Toshiba 

MicrofilterrM CRTs for their award-winning 

MultiSync® E900+rM monitors. Compared 

to conventional tubes, Microfilter tech

nology significantly enhances contrast, 

brightness and color fidelity. The difference 

can be seen in clearer, more focused 

pictures. Noticeably superior monitors. 

And a better image for everyone involved. 

To find out more, please visit our web 

site, or call t-8oo-879-4963. 

Toshiba CR T Advantages 

30% increase in brightness and contrast 

10% improvement in brightness uniformity 

25°/o decrease in power consumption 

Less wear on components 

Rectangular Cone (RAC) System 

{19see for yourself, visit our web site and register r for a live side-by-side comparison. 

microfitter 

In Touch with Tomorrow 

TOSHIBA 
TO•HIBA AMERICA E LECTR.ONIC COMPONIINTB, INC. 
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Small Displays Have a Big Future 

Depending on how we count, about 30 microdisplay 
vendors are seeking gold in the application hills. 
Can there possibly be enough to go around? 

by Hiap L. Ong and Ronald P. Gale 

~N WE THINK of liquid-crystal dis
plays (LCDs), we tend to envision a direct
view panel that is 10-13 in. on the diagonal, 
such as those used in portable computers or 
desktop monitors. Tiny panels the size of a 
thumbnail are poised to play increasingly 
important roles in computer, communications, 
and entertainment applications. 

What At·e Microdisplays? 
The proliferation of different microdisplay 
technologies in recent years has made it diffi
cult to define the category with precision, but 
in general these displays are small in physical 
size with high information content. Kopin 
Corporation's CyberDisplay 320C is a good 
example, with a 0.24-in. diagonal measure
ment and a 320 x 240 resolution (Fig. 1). The 
unique and common feature of microdisplays 
is that the pixel size is small , ranging from 
roughly a 50-p m pi tch down to below 10 p m, 
which corresponds to pixel densities from 500 
to 2500 lines per inch (I pi). By comparison, a 
typical direct-view LCD notebook panel has a 
0.28-mm pixel pitch - which is 280 pm and 
about 10 times larger than microdisplays. 

The tiny pixe ls of a microdisplay cannot be 
adequate ly resolved with the naked eye, and 
therefore requi re an optical magnification sys
tem to enlarge the image. There are two main 
approaches used to magnify the image: pro
jection and virtual images (Fig. 2). 

Projection systems enlarge the microdisplay 
image to be viewed on a large screen, typi
cally in 20- 100-in.-diagonal sizes. The dis
play panel used is normally between 0.7 and 
about 3 in. on the diagonal; larger displays are 
~~~sier l o magnify and generally make more 

Kopin Corp. 

Hiap L. Ong is Chief LCD Teclmologist, Vice 
Presidem, and General Manager of Kopin 
Corporation's Asia Division, Hsinclw, Tai
wan; telephone +886-35-772-700 x1350,Jax 
+886-35-777-941, e-mail: Hiap_Ong@ 
kopin.com. R onald P. Gale is ChiefTeclmo/
ogy Officer and Vice President of Kopin 
Corp., 695 Myles Srandish Blvd., Taumon, 
MA 02780; telephone 508j824-6696,Jax 
508/822-1381, e-11wi/: Ron_Gale@kopin.com. 

Fig. 1: The CyberDisplay 320C microdisplay fi'om Kopi11 Corp. has a11 active display area that 
is only 0.24 in. on the diagonal, with 320 x 240/ir/1-color resolution. 
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Fig. 2: Microdisplay panels can be used eirherfor projecrion displays (left) or virtual displays (right). 

efficient systems, but also make fo r bulkier 
systems. 

Virtual images are obtai ned by simply mag
nifying the microdisplay and having the user 
look directly into the optical system. The 
apparent image is a virtual image with an 
image size from 3 to 20 in. on the diagonal, 
depending on microdisplay size and optical
system magnification. The display sizes used 
in this application generally range from 0.2 to 
1.0 in. on the diagonal. Typical applications 

for virtual-image displays require compact 
configurations, so most are based on a single 
panel. 

Applications for microdisplays require 
high-resolution images, which in tum require 
high pixel densities. Data-projector resolu
tions range from 640 columns x 480 rows 
(VGA resolution) to 1600 x 1200 (UXGA 
resolution). Virtual-image displays tend to 
be more modest at this point, ranging from 
320 x 240 (quarter VGA) to 800 x 600 

Table 1: Two Roads for Microdisplays 

Parameters 
(Typical values) 

Image type 
Image size 
Display panel sizes 
Resolution 
Panel cost 
Major vendors 
Sample major 

applications 

Projection Displays 

Real image on screen 
20- 100-in. diagonals 
0.7-3-in. diagonals 
VGA, SVGA, XGA, SXGA, UXGA 
$300-$2000 
20 
Projectors 

Virtual Displays 

Virtual image 
3- 20-in. diagonals 
0.2-1-in. diagonals 
quarter-VGA, VGA, SVGA 
$30-$1000 
30 
D igital cameras, mobi le phones 

Table 2A: Microdisplay Vendors Using Polysilicon AMLCDs 

Company Location Contt·ol LC Mode Color Applications 

Hitachi Tokyo, Japan High temp TN transmissive 3 panels Proj ector 
poly-Si Virtual display 

San yo Tokyo, Japan Low temp TN transmissive Diffraction Projector 
poly-S i Virtual display 

Sarif Vancouver, WA High temp TN transmissive 3 panels Projector 
poly-Si Virtual display 

Seiko-Epson Tokyo, Japan High temp TN transmissive 3 panels Projector 
poly-Si Virtual display 

Sony Tokyo, Japan High temp TN transmissive 3 panels Projector 
poly-S i Virtual d isplay 

(SVGA), although panels up to 1280 x 1024 
(SXGA) are under development. 

Whi le there may be some overl ap in the 
applications of specific microdisplays, most of 
the designs can be divided into projection and 
virtual-display applications, based on their 
size (Table I ). These two groups of microdis
plays tend to be different in terms of resolu
tion, cost, and intended application. 

Microdisplay Technology 
Most microdisplays are either transmissive or 
re flective, requiring a separate light source 
which is then modulated by the display. 
These displays are usually liquid-crystal (LC) 
based, although other teclmologies such as 
micro-mi rrors or micro-mechanical diffrac tion 
are used. Individual pixels are typically con
trolled via an active matri x of transistors, 
implemented in either single-crystal or poly
crystalline silicon, or in amorphous silicon. 
The high pixel density requires some level of 
drive-circuit integration on the display, and 
these drive teclmologies are implemented in 
the same process as the active matrix. 

Microdisplays used for virtua l-image appli 
cations may also be emissive, using electrolu
minescence (EL), organic EL, or field-emis
sion teclmologies. These d isplays may also 
use an active matrix for pixel control. Most of 
these devices must be used in virtual-image 
applications because the brightness levels are 
insufficient for large-area proj ection. 

Polysil icon (poly-Si) active-matri x LCD 
(AMLCD) panels are presently the main tech
nology for projection displays, whereas single
crystal complementary metal-oxide semicon
ductor (CMOS) silicon AMLCDs are cmTently 
the main technology for the virtual displays. 
Single-crystal-silicon designs offer a few major 
advantages over the more traditional amor
phous-Si (a-Si) and poly-Si acti ve matrices. 
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microdisplays 

First, single-crystal silicon can be used to 
fabricate high-quality integrated circuits (ICs) 
- including scarmers, clocks, memory, and 
logic circuits- right on the display panels 
themselves. Therefore, the single-crystai-Si 
circuit can be fabricated in an IC foundry with 
ex isting equipment and processes. Single
crystal Si also yields a higher-quality pixel 

transistor because of much higher mobility in 
single-crystal Si than the poly-Si and a-Si 
devices. As a result, pixels can be smaller, 
which in turn leads to better image quality, 
smaller devices, and lower overall costs for 
these devices. The fact that more circuitry is 
integrated on the display periphery a lso leads 
to higher chip reliability. 

Table 2B: Microdisplay Vendors Using CMOS-Based AMLCDs 

Company Location Control LCMode Color Applications 

Colorado Boulder, CO CMOSSi NLC reflective 3 panels, Projector 
Microdisplay Sequential Virtual display 

Displaytech Longmont, CO CMOS Si FLC reflective 3 panels, Projector 
Sequential Virtual display 

GEC Chelmsford, UK CMOS Si FLC reflective 3 panels Projector 
Virtual display 

IBM Yorktown CMOS Si TN reflective 3 panels Projector 
Heights, NY Virtual display 

Kopin Taunton, MA CMOS Si TN transmissive Mono, Color Virt ual display 
sequential 

Microdisplay San Pablo, CA CMOS Si TN reflective Mono, Color Projector 
sequential Virtual display 

Micropix Dunfermline, CMOS Si, FLC, TN 3 panels Projector 
Scotland Poly-Si Virtual display 

Mitsubishi Kumamoto, CMOS Si TN reflective 3 panels Projector 
Japan Virtual display 

National Santa Clara, CA CMOS Si PDLC reflective 3 panels Projector 
Semiconductor Virtual display 

Pioneer Saitama, Japan CMOS Si TN reflective Mono, Projector 
3 panels 

Raychem Menlo Park, CA CMOS Si PDLC reflective 3 panels Projector 
Vi rtual display 

Siliscape Palo Alto, CA CMOS Si TN reflective Color Virtual display 
Sequential 

Spatialight/ Novato, CA CMOS Si TN reflective 3 panels Projector 
HDTV Virtual display 

S-Vision Santa Clara, CA CMOS Si TN reflective 3 panels Projector 
Twinsburg, OH Monitor 

Thomson/ Princeton, NJ a-Si TN transmissive 3 panels Projector 
Sarnoff Virtual display 

Three-Five Tempe, AZ CMOS Si TN reflective Color Projector 
Systems Sequential Virtual display 

Vari tronix Kwun Tong, CMOS Si TN reflective Color Projector 
Hong Kong Sequential Virtual display 

Note: FLC, ferroelectric LC; NLC, nematic LC; PDLC. polymer·dispersed LC. 
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All but one of the single-crystal-silicon-based 
displays are reflective; the display circuitry and 
active matrices are processed on an opaque sil i
con wafer. The exception is Kopin Corpora
tion's CyberDisplay, which is transmissive. 
1l1e CyberDisplay uses a proprietary process to 
transfer the single-crystal circuit from the sili
con wafer to a transparent glass substrate. The 
circuit operation remains tmchanged, but, opti 
cally, light can pass through the display. This 
feature decouples the backlight from the view
ing optics, making it possible to design a much 
simpler optical system than would be required 
for a reflective display. 

Creating Color 
When it comes to creating color images in a 
display panel, system designers can choose 
among a variety of techniques. For example, 
a conventional LCD panel in a notebook com
puter relies on spatial color fi lters, in which 
each color pixel is divided into three sub
pixels and a red, green, or blue filter is applied 
to each sub-pixel. Given the tiny dimensions 
of microdisplays, color filters are not suitable, 
so other approaches must be used. 

For projection applications, the microdis
plays tend to be monochrome - only capable 
of displaying one color at a time - so a com
mon solution is to use three panels. These are 
illuminated by separate red, green, and blue 
lights, and then the three images are combined 
using optics to create full color - an approach 
similar to that used in projection cathode-ray
tube (CRT) units. 

Some projectors use a single chip, and illu
minate it with different colored lights. These 
different images are produced so quickly that 
the observer 's brain combines them into a sin
gle full-color image; th is approach is referred 
to as "field sequential" color. Smaller projec
tors based on Texas Instruments' Digital Light 
Processor (DLP) are one example of projec
tors that use field-sequential color. 

For virtual-display applications, field
sequential color provides the best solution. 
Because the same pixel passes all three colors, 
this method makes most efficient use of the 
available light and pixels. The microdisplay 
panel must operate tlU'ee times as fast as a 
panel using color filters, but the high-qual ity 
circuitry of the s ingle-crystal panels provides 
the rapid response times required for such 
applications. 

Some microdisplay panels rely on diffrac
tive effects to create color. As with a color-
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create a competitive sandwich above and 
below. For example, electrically controlled 
birefringence (ECB) twisted-nematic (TN) 
and supertwisted-nematic (STN) passive
matrix LCDs provide low-end choices for 
product designers, and poly-Si AMLCD and 
CRT displays stand ready to compete at the 
high end. In order to compete effectively, 
microdisplays must offer better price/perfor
mance than the other teclmologies. In order to 
compete effectively with other display tech
nologies in these areas, it is generally believed 
that the price for microdisplays should be less 
than $50 apiece. 

1996 1997 1998 1999 2000 2001 2002 2003 2004 Currently, production capacity is available 
at low cost in Asian integrated-chip fmmdries; 
these are capable of fabricating chips with 
0.35-1.0-llm design rules. As a result, 
reduced costs for microdisplays in general -
and virtual-display chips in particular - may 
be possible in the short term. 

l riilPoly Cells OA-Si Cells 

Fig. 3: LCD-projector sales are expected to increase over the coming years. (Source: Stanford 
Resources, Spring 1998) 

filter design, the panel must have three sub
pixels - one each for red, green, and blue -
which triples the required cell count compared 
with a monochrome panel of the same resolu
tion. The color-separation efficiency of the 
diffraction approach needs to improve for bet
ter color performance, but this design does 
have the advantage that there is no light loss 
compared with the color-filter approach. 

Different vendors have chosen to back dif
ferent microdisplay technologies. At Kopin, 
we believe that CMOS-based AMLCDs offer 
the best technology for virtual-display appli
cations. In addition to cost and production 
advantages, CMOS-based AMLCDs are well
suited for use as portable personal electrorucs 
products - such as calculators, watches, and 
pocket TVs - and their low-cost, low-power, 
and low-weight features will make them 
attractive microdisplays for the next genera
tion of pocket information appliances. 

Microdisplay Markets 
Microdisplay teclmology has been available in 
various forms for some time, but recent 
advances and market trends give reason to 
expect that sales of these devices wi ll grow 
rapidly. We expect to see many more new 
products introduced in 1999, along with 
increased competition among microdisplay 
vendors in both technology and marketing. 

The major application for projection dis
plays wi ll continue to be projectors. The 
greatest growth potential lies in consumer 

products, where sales volumes are measured 
in the multiple mi llions of units. Virtual dis
plays are well-suited for a number of con
sumer-product applications, including digital 
cameras, smart phones, videophones, PDAs, 
viewfinders, and head-mounted displays 
(HMDs). 

In addition to all the competing microdis
play teclmologies, alternative technologies 
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Microdisplays offer size, power, and reso
lution advantages that place them in a good 
position to compete with other technologies. 
For example, direct-view ECB TN- and STN
LCDs are commonly used in mobile phones. 
As the need for more information content 
increases, virtual displays will be needed to 
provide users with access to e-mail, digital 
images, information services, videophones, 
and Web browsers. 

1996 1997 1998 1999 2000 2001 2002 2003 2004 

OO Business OCom munica t ion II!IComputer Q Consumer •Industrial 

Fig. 4: Miniature-LCD sales are JJO\V expected to increase rapidly. (Source: Stm!ford 
Resources, Spring 1998) 
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microdisplays 

Table 2C: Microdisplay Vendors Using Other· Technologies 

Compa ny Location Control Light Modulation/ Colm· Applications 
M atrix Gener·ation 

Daewoo Seoul, Korea PLZT Actuated mirror Color wheel Projector 
(ceramic) 3 panels 

Display Pa lo Alto, CA CMOS Vacuum- Monochrome Virtual display 
Research fluorescent 
Labs phosphor 

FED Corp. Hopewell CMOS Si Organic LED 3 phosphors Virtual display 
Junction, NY 

Ise Mie, Japan CMOS Vacuum-fluorescent Monochrome Virtual display 
phosphor 

Microvision Seattle, W A CMOS Si Microelectro- 3 lasers Virtual display 
mechanical 
(MEM) system 

Micron Boise, ID Si licon Field emission Monoclu-ome Virtual display 
Display 3 phosphors 
Technology 

Motorola Tempe, AZ CMOS Si GaAs Monoclu-ome Virtual display 
LED matrix 

Planar Beaverton, OR CMOS Thin-film EL Mono Virtual display 
LC shutter 

Reflection Waltham, MA Mechanical GaAs LED array Monochrome Virntal display 
Teclmology scrumer 3 panels 

Sil icon Santa Clara, CA CMOS Diffraction Inherent Projector 
Light Micro- color Virtual display 
Machines mechanical 

Texas Dallas, TX CMOS Micro-mechanical Color wheel, Projector 
Instruments Mirrors 3 pane ls 

Note: TFEL. thin-film electroluminescence: LED. light-emining diode. 

Virtual displays are in a good position to 
capture this market, as can be seen in compar
ing a typical STN panel with the Kopin 
CyberDisplay 320C LCD. Compared with the 
monochrome ST N resolution of 32 x 100, the 
CyberDisplay offers 320 x 240 resolution, and 
in color. The direct-view STN offers up to a 
3-in.2 image size, but the virtual image of the 
CyberDisplay can range from 5.4 to 10.5 in2 , 

depending on the angle of the field of view. 
The CyberDisplay has a 100: I contrast ratio -
compared with 20: I for the STN-LCD - and 
draws one-half to one-thirteenth as much 
power, with a 6-75-g weight savings. 

as large, higher resolution (320 x 240 com
pared wi th 93 x 220 pixe ls), one-seventeenth 
the power draw, and one-third the weight. 

Another potential application is as an image 
viewer on a digita l camera. Compared with a 
typical 1.8-in. direct-view AMLCD panel, the 
CyberDisplay offers an image size 3-7 times 
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ln general, forecasts for the projector and 
virtual-display microdisplay markets are posi
tive. According to data provided by David 
Mentley, Vice President of Display Research, 
Stanford Resources, lnc., LCD projector and 
microdisplay sa les are expected to nearly dou
ble over the next 6 years (Figs. 3 and 4). 

Microdisplay Vendors 
The strong potential for the various microdis
play markets has drawn the attention of many 
different vendors, and competition is expected 
to be fierce. More than 30 vendors are partici
pating in the microdisplay field. Some of the 
major microdisplay vendors are Colorado 

MicroDisplay, Displaytech lnc., Kopin Corp., 
MicroDisplay Corp., Si liscape, and T lu-ee
Five Systems. Each company has its own 
approach, and is aiming its teclmology at a 
specific set of applications (Tables 2A, 2B, 
and2C). 

At Kopin, we believe that we have taken 
the early lead in three importru11 key ru·eas: 
technology, manufacturing, and marketing. 
Kopin was the first virtual-display vendor to 
demonstrate the use of color-sequential tech
niques for color generation, and it has made 
many innovative technology advances in low
power, low-voltag~, high-speed TFf-LCD 
device design and fabrication. In manufactur
ing, Kopin has increased its display produc
tion volume in its own U.S. production line, 
and has also establ ished a high-volume TFf
LCD foundry in Taiwan. ln marketing, Kopin 
has established important partnership agree
ments with a nu mber of major vendors, 
including Siemens, Motorola, Gemplus, and 
Fujifilm Microdevices. 

Small Displays Have a Big Future 
With the ever increasing demands for the 
high-resolution portable and personal commu
nications devices, microdisplays offer a com
pelling solution. Microdisplays already com
mand the data-projector market. Personal 
communications products with virtual dis 
plays wil l become available to consumers in 
the near future, and these products will have 
tremendous appeal because they will be capa
ble of displaying graphics information while 
maintaining both long battery life and low 
cost. It looks as though the "next big thing" 
may be very small indeed. • 
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But I am reminded that the television 
remote control was invented (by Eugene 
Polley and Robert Adler) because Zenith 
founder Eugene M cDonald was con
vinced that TV viewers would not toler
ate co mme rc ia ls. Whil e M cDona ld 
waited for the collapse of commercial 
television and its replacement with com
mercial-free subscription television, he 
be lieved viewers wou ld appreciate a 
wireless remote for muting the sound of 
commercials. It took a long time, but 
subscription TV is here in the form of 
cable and satellite distribution. With pic
ture quality eliminated as a distinguishing 
characteristic, which form of distribution 
will viewers choose? Or will they con
tinue to choose both? 

The science-fiction writer Robert Hein
lein once wrote that people get the elected 
offi cials they deserve; they get people 
very much like themselves. We also get 
the television (and Internet and CD-ROM) 
programmjng we deserve; we get what we 
watch and pay for. As consumers, view
ers, a nd citizens we can en courage 
e1mobling elrama, perceptive news analy
sis, insightful comedy, and new modes of 
education and infonnation distribution. 

As members of the display conununi ty, 
we make the box. 

-KIW 

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

Please send new product releases or 
news items 10 Information Display, 
cjo Palisades Institute for Research 
Services, Inc., 411 Lafayelle Slreet, 
2nd Floor, New York, NY 10003. 

Touch Solutions 

Standard and Custom Touch Screens, 
TouchMonitors, LCD!fouch Systems, lnte1face 

boards, Software Drivers, Chip-sets ... you 
name it- we have it. If you want to add power 
of touch to your product, you need CyberTouch. 

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

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

805 .499.5000 • Fax 805.499.5888 
sales@cybertouchusa.com 

www.cybertouchusa.com 

The Smart Choice 
in High Speed 

Video Generators 

NEW CONCEPTS in Highest 
Pe1jormance, Flexibility & 
Ease of Operation: 
400 M~lz for tme 2K x 2K resolutions; 
Storage of more th:m 1000 Timing!Pauem 
Programs in Flash Memory and EEPROM; 
Fully PC·compatible with "Bitmap" 
capability; direct access to any pantmeter 
from front panel or tlu·ough PC·programs. 
And all)' of the (E) EPROM you used in 
earlier units can still be used. 

That's what we c:~l High Peifonmmce, 
Flexibility and E:ISe of Operation! 

Make the Smart Choice ... 

Contact TEAM Systems 
1-800-338-1981 

www.team-systems.com 
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Image Processing for Flat-Panel Displays 

If FPD-based monitors are to challenge CRTs, we must have the 
electronics to solve the "native-format problem "- and we do. 

by Ernest Yeung 

No LONGER LIMITED to just notebook 
computers, flat-panel displays (FPDs) are 
appearing in other parts of our daily lives in 
various forms, from plasma-display panels 
(PDPs) in our living rooms to liquid-crystal
display (LCD) monitors on our desktops. The 
fastest growing market segment for FPD prod
ucts is as stand-alone screens, instead of being 
incorporated into a larger system (such as the 
screen of a medical instrument). Sophisti
cated electronics can produce high-quality 
images seamlessly from a range of different 
video and graphics formats, and have become 
the "behind-the-scenes" heroes of the FPD 
revolution. 

In order to display di fferent source signals, 
the FPD controller must master several com
plex tasks. If the resolution of the image is 
different from the panel's native resolution, 
the source image must be scaled up or down 
to fit. The timing of the source signal and the 
display must be synchronized, even though 
the clock frequencies are not as accurate as 
they might be. In some instances, the frame 
rate must be converted to the s lower rates 
required by most FPDs . And the electronics 
must be able to identify the resolution and fre
quencies of source signals as accurately and 

Ernest Yeung is a product development engi
neer at Genesis Microchip, Inc., 200 Town 
Centre Blvd., Suite 400, Markham, Ontario, 
Canada L3R 8G5; telephone 905/470-2742 
x2303, fax 905/470-0612, Web site: http.// 
www.genesis-microchip.com. Genesis Micro
chip manufactures the lmEngine series of 
video/graphics processing !Cs for projectors 
andFPDs. 
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rapidly as possible. The following provides 
some insight into how these problems are 
solved. 

Image Scaling 
Video and graphics devices produce a variety 
of display formats and resolutions. In order to 
maximize the compatibility and market poten
tial of tl1eir products, FPD manufacturers 
strive to support as many different resolutions 
as possible with the same panel. TI1is is less 
of a problem with CRT-type displays because 
their scanning rate can be changed relatively 
easily. FPDs are direct-address digital 
devices with a fixed resolution, which creates 
problems when trying to display a higher- or 
lower-resolution image. 

One early solution to displaying a low-reso
lution image on a high-resolution display 
(which is still used in some laptop computers) 
is to display the unsealed image surrounded 
by a black border, leaving a significant region 
of the display unused. As the resolution of 
cmrent display panels increases, this method 
becomes less acceptable because more of the 
screen becomes unused and the image region 
becomes tmcomfortably small. A more 
acceptable solution is to scale, or resize, t11e 
image to the full resolution of the display 
panel, using a real-time image scaler. 

Primitive image scalers simply replicate 
input pixels to create a larger image when dis
playing a lower-resolution image, or discard 
pixels to reduce the image size of higher-reso
lution images . Slightly more complex sys
tems interpolate between pixels to smooth the 
output image. These systems do not offer sat
isfactory results, and phase sensitivity is the 
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most prominent problem. Depending on the 
sampling phase at a given location on the dis
play, certain pixels are processed by the image 
scaler while others are ignored. This discrimi
nation causes distortion in the output image -
lines of identical thickness in the original 
image appear to be of different thickness in 
the scaled result. This can dist011 text and 
make it difficult to read, while cmved lines 
often take on a jagged edge. 

An enlarged photograph of an LCD monitor 
with an inferior image scaler, displaying text 
and graphics scaled from 800 x 600 (SVGA) 
to 1024 x 768 (XGA), shows that the vertical 
and horizontal lines at the edge of the image 
do not appear to have the same thickness, 
though they are supposed to be the same. The 
text also suffers from random distortion, mak
ing it hard to read [Fig. l(a)]. Consumers 
who pay a premium price for LCD monitors 
and other FPD products expect nothing less 
than exceptional image quality on their dis
plays. Mediocre image scalers render t11e 
scaled output of an FPD system inferior to 
even low-end CRT systems, making them 
unattractive to the consumer. 

High-quality image scalers employ sophis
ticated digital-signal-processing (DSP) tech
niques and algori thms. The exact implemen
tation of these scalers is usually proprietary 
and the product of cutting-edge research. 
These scalers ensure that the resampled output 
image closely resembles the input and remains 
free of WJdesirable artifacts and distortion. 
Note tl1at when the same source material as in 
the prior example is scaled and displayed on 
an LCD monitor which employs a high-qual 
ity image scaler, t11e lines are not distorted and 
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Fig. 1: These magnified views of an 800 x 600 image scaled up to a 1024 x 768 panel show the 
difference bet111een (a) inferior and (b) high-quality image-scaler technology. 

the text is sharp and easier to read [Fig. l (b)]. 
Simple image scalers can be implemented in 
programmable logic chips, but high-qual ity 
image scalers are generally available as appl i
cation-specific integrated circui ts (ASICs) due 
to their high complexity. 

Aspect-ratio conversion - particularly for 
plasma screens - is another application of 
scaling teclmology. Many display panels 
intended for home-entertai1m1ent applications 
have an aspect ratio of 16:9 in order to accom
modate both wide-screen movies and possible 
future HDTV broadcast images. The over
whelming amount of video material available 
to consumers today - from television broad
casts to movies on videotapes - is formatted 
in the 4:3 (12:9) ratio. Without aspect-ratio 
conversion, either the top and bottom parts of 
the image must be cropped off (similar to pan 
and scan) or black borders must be shown on 
the left and right sides of the screen (similar to 
letterboxing). Neither of these approaches 
represents a satisfactory solution because one 
discards image data and the other leaves a sig
nificant portion of the screen unused. Further
more, either technique would further extend 
the "pan-and-scan vs. letterbox" debate raging 
in the consumer-video market today. The best 
solution would take maximum advantage of 
wide-screen displays with current video mate
rial, which can be accomplished by "stretch
ing" the image horizontally to fill the entire 
screen. 

A s imple way to alter aspect ratio is to 
magnify the video image by a larger amount 
horizontally than vertically. The resulting 
image would look squeezed, however, and 
less pleasing to the eye. A more advanced 
teclmique relies on non-linear scaling. 
Because the region of interest in most video 
material is at the center of the image, sca ling 
should not be applied to this area to ensure 
that it remains distortion-free. At a predeter
mined horizontal distance from the center, a 
small amount of horizontal magnification is 
applied to the image. The magnification ratio 
is gradually increased towards the sides of the 
original image. Although tlus process is non
linear, the result is pleasing and natural 
because it preserves al l the content of the orig
inal source image while still fil ling the entire 
screen (Fig. 2). 

Display Synchronization 
If the input and display images di ffer in reso-
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Fig. 2: Non-linear aspect-ratio conversion makes it possible to scale traditional4:3 images to 
the new wider 16:9 format by expanding the outer edges of the image and leaving the center 
region unchanged. 

lution, two separate clocks are needed in order 
to accommodate the different amounts of 
image data. Since the clock frequencies are 
generally not accurate, the input and display 
images will drift away from each other as time 
goes by and the display image wi ll be cor
rupted. Hence, a mechanism is needed to 
ensure that the input and display images are 
synchronized with each other. At this point in 
the process, the input frame rate equals the 
output frame rate, so a synchronized system 
means one input frame must result in exactly 
one display frame. 

A common display-synchronization tech
nique employs a lock event. This event is a 
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pre-progranm1ed point in the input region. 
When this poilll is reached, the system forces 
the output display to return to a specific point 
in the output region, usually to the begimung 
of a display frame. The lock event is deter
mined by a combination of various factors, 
such as the input format, the system latency, 
and the capacity of the image-scaling memory 
buffer (required by most high-quality image 
scalers) . 

This display-synchronization mechruusm 
continually forces the output display image to 
be in lockstep with the input video to guard 
against any variation in clock frequency and 
clock jitters. 

Other display-synchronization methods 
exist, some of which are available only to 
FPDs. For example, the total number of clock 
cycles in a line is not critical for FPD applica
tions, so a line-lock technique is often used; 
this technique is a proprietary technology for 
which a patent has been applied. The issue of 
display synchronization is often overlooked, 
and its correct implementation is crucial fo r a 
reliable display system. 

Frame-Rate Conversion 
Most FPDs today support a screen refresh rate 
up to 60 Hz. Whi le th is is not a problem for 
video signals - NTSC runs at 59.94 Hz, wlule 
PAL runs at 50 Hz- graplucs controllers for 
computers and workstations can generate out
put at 85 Hz or faster. The frame rate of the 
graphics signal must be reduced to accommo
date the slower FPD. On the other hand, it 
might be necessary to display a slow input 
signal on a fast FPD, which would require 
speeding up the signal's frame rate. To 
accommodate source materia l with differen t 
frame rates, many display systems incorporate 
a frame-rate converter. 

A frame buffer with independent write and 
read clocks can be used as a simple frame-rate 
converter. The graphics data can be written 
into the frame buffer at the input f rame rate, 
continuously updating the buffer memory 
with new linages. At the same time, data is 
read out of the buffer memory and displayed 
at the output frame rate. This implementation 
is inexpensive and simple and is used in desk
top LCD monitors, as well as in many sys
tems. Here, some output frames may consist 
of image data from more thru1 one input 
frame, a condition known as f rame tearing. 

Frame teari11g sounds worse than it looks and 
is generally unnoticeable when displaying com
puter graphics or video sources with little 
motion between frames. In order to prevent 
frame teari11g, a frame buffer with memory 
capacity for two frames can be used. While 
one buffer is being updated with input data, the 
data in the other buffer is read out and dis
played. Careful management of the read and 
write memory access pointers wi!J ensme that 
they never cross each other, and frrune tearing 
does not occur. This tecluuque is known as 
double buffering, and it adds only minimal cost 
overhead, especially when the pointer manage
ment is already implemented in an ASIC. 

For high-end video displays, temporal fil
tering - filtering many input frames to gener-
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Fig. 3: An image scaler is one key componenr of a controller for an FPD system. 

ate an output frame - may be perfonned to 
el iminate the effect of frame tearing. For 
most video systems, the cost and complexity 
of temporal filtering does not justify the 
marginal increase in quality. 

Format Detection 
A buzzword in the consumer teclmology mar
ket is "plug-and-play," highlighting the con
sumer's unwillingness to fumble with a system 
for hours before getting it to work. When a 
new video source is connected to an FPD sys
tem, consumers expect the system to detect the 
fonnat of the incoming signal and reconfigure 
itself automatica lly. Unfortunately, there are 
many different video and graphics formats, 
and the problems are made more difficult by 
the large mm1ber of non-standard pem1utations 
that exist for the vari ous fom1ats. Fortunately, 
t11e image signal formats can be detected with 
ease, using a bit of ingenuity. 

Video-sigml frame rates are easy to detect 
because the vertical synchronization 
(VSYNC) signal present in most video sys
tems occurs exact! y once per frame. The 
frame-rate in formation itself is often unimpor
tant because in most cases the frame-rate con
verter would convert the input frame rate to 
one which is more appropriate for the display 
paneL A more challenging issue is to locate 
the act ive region of a video signal - the image 
itself. The active region is surrounded by a 
blanking region that should not be displayed. 

Since the blanking region often contains black 
image data and the active region usually con
tains non-black image data, a generally 
accepted method of active detection is to sim
ply examine the image data. This simple 
method works surprisingly well, and its reUa
bility car1 be improved if a non-black test 
image can be provided to the system. 

The detection of the incoming video signal 
is useful for other reasons, such as the config
uration of video decoders and analog-to-digi 
tal converters, or support for automatic 
power-down features. The detection itself is 
usua lly perfonned using a hybrid hardware/ 
firmware solution. The hardware is needed to 
process the high-speed image data and to pro
vide "hooks" so the system microcontroller 
can have access to the pixel data. The micro
controller firmware provides tl1e flexibil ity 
needed to cope with new formats and to han
dle infrequent computations that are more 
cost-effectively perfonned in fi rmware. For 
example, when a display system is powered 
on, certai n internal clock phase adjustments 
have to be made. T he FPD controller can pro
vide t11e microcontroller with access to the 
pixel data, and an algori thm in the microcon
troller fi nnware can analyze the pixel data to 
determine the optimal phase setting. 

System Ove•·view 
An FPD contro ller must be designed to handle 
all these tasks (Fig. 3). The controller may 

have to accept graphics and video signals in 
both analog and digital formats. Analog sig
nals are digitized by a video decoder or multi
ple analog-to-digital converters, while digital 
signals can be processed d irectly. If needed, a 
frame-rate-converter ASIC (with its compan
ion frame-buffer memory) can provide the 
display panel with the requ ired frame rate. 
The heart of the system is an image-scaler and 
display-synclu-onization ASIC, which scales 
the source material to fit the display panel and 
ensures that the proper synchronization is 
always achieved. If desired, an on-screen-dis
play (OSD) controller can be added, providing 
a convenient user interface for display-system 
configuration. The image data is finally trans
mitted to the display panel via a pane l inter
face. The system can be highly integrated, 
and its cost can be surprisingly low. 

The Big Picture 
There has been extraordinary progress made 
in FPD technology. The display panels today 
are bright, sharp, and power-efficient , and 
they are fast becomi ng cost-effective alterna
tives for many applications that were tradi
tionall y handled by ot11er display teclmolo
gies. Credit for this success must be shared 
with the advances made in the electronics that 
dri ve these FPDs. Working together, the 
high-quality display panels and sophisticated 
controlling electronics create the excellent 
images that drive the FPD revolution. • 
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The Military Display Dilemma 

The U.S. military can no longer use CRTs, and cannot afford to acquire 
LCDs- unless it substantially modifies its "corporate culture." 

by Kenneth E. Sola 

THE u.s. MILITARY can no longer use CRTs 
as primary displays on its platfonns. The bur
dens of CRT weight, bulk, power demand, 
and heat generation, tolerated for so long, 
have been increasing with display size. The 
continued availability - and the rising cost
of CRT-display replacements has become a 
serious issue. The problem is already critical 
on the Air Force E-3 A WACS and Navy S-3B 
Subhunter aircraft. 

Perhaps a more ominous problem is the 
reduction in airframe life caused by carrying 
the excessive weight loads of CRTs. l11e U.S. 
Navy EP-3E Electronic Intelligence (ELINT) 
aircraft carries 1377 lbs. of fully militarized 
CRTs on its missions (Fig. 1). (Some of these 
CRTs weigh 165 lbs. each.) 11lis aircraft is 
already overweight to the point where non
mission-critical equipment, such as bunks and 
galley tables, is being removed. Airframe life 
is being reduced to a critical poi11t on tllis air
craft because of the display load, since gross 
take-off weight, total flight hours, and fligh t 
in turbulent weather (which is common for the 
EP-3E) are major contributors to wing and 
airframe fatigue. 

Susceptibility to electromagnetic interfer
ence (EMI) and reliability are also CRT prob
lems. But perhaps the most pressing reason 
for the military to replace CRT displays on its 
ships, submarines, aircraft, and ground vehi-

Kenneth E. Sola is an engineering psychologist 
in the Crew-Systems Engineering Division at 
the Naval Air Wmfare Cemer, Aircraft Division 
(NA WCAD), Patuxent River, MD 20670; tele
phOIIe 30lj342-926l,fax 301/342-9305, 
e-mail: SolaKE@navair.navy.mil. 
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cles is the mounting pressure to convert to 
flat-panel displays (FPDs). l11is persistent 
siren call is becoming so loud that it can no 
longer be ignored. 

But cru1 the military afford FPDs? The 
answer may be no. Price is not the primary 
issue. (It rarely is with the military, ru1d FPD 
technology is rapidly becoming cost-competi
tive with CRTs.) The determitling factor is 
performance. If FPDs are to replace CRTs as 
the primary visual display on military plat-

fonns, FPD perfonnance must be equivalent 
to that of CRTs. 

Until automatic-target-recognition systems 
are mature enough to replace human opera
tors, mi litary visual displays must enJ1ance or 
maintain - and certainly not degrade - the 
military operator's ability to detect, identify, 
track, ru1d successfully engage targets. Ir 
would appear that at least one type of FPD -
the liquid-crystal display (LCD) - is ready for 
military prime time. Are these LCDs mature 

OHicial U.S. Navy file photo 

Fig. 1: The U.S. Navy EP-3£ Electronic Intelligence (£LINT) aircraft caries 1377lbs. ofCRTs, 
and will soon be replacing many o.ftlzem with LCDs. 

0362-0972{98{1412-028$1.00 + .00 © SID 1998 



enough to support military missions? Can 
they provide the resolution, information-cod
ing capability (especially color), brightness, 
dimmability, response time, and overall range 
and flexibility of the venerable CRT? Can 
LCDs be gracefully integrated with software 
suites that produce on-screen displays care
fully optimized for the current spectrum of 
CRT phosphors and drivers? Are the esti
mates of LCD reliability valid? What about 
the dependability of long-term supply- a crit
ical military acquisition issue. (As this is 
written, there are indications that one of the 
two remaining onshore suppliers of military 
LCDs is in serious financial difficulty, and 
this follows the demise of two other suppliers 

over the last year or so.) What risks do we 
incLLT by a lemming-like stampede to FPDs? 

These and other questions were answered 
in a recently completed evaluation of LCDs 
conducted at the Naval Air Warfare Center, 
Aircraft Division (NA WCAD), Patuxent 
River, Maryland.' 

Can LCDs Perform? A Benchmark 
Study 
Early in 1998, the U.S. Navy decided that 
one type of large-area high-resolution LCD 
technology was ready for a closer look. 
This was the highly touted NEC 2000 glass 
from Nippon Electric Corporation (NEC). 
Using a unique form of in-plane crystal 

switching, this display solved the limited 
off-axis viewing problem so bothersome 
with earlier LCDs. Although the pixel 
dimensions, 1280 x 1024, are the same as 
those of current 19-in. CRTs , the NEC 
2000's ful ly addressable 20.1 -in.-diagonal 
size and roughly 200-in. 2 surface increases 
the total display area by approximately 30% 
over the 19-in. CRT. We at Patuxent River 
evaluated tllis panel as integrated by seven 
suppliers. The LCD evaluation focused on 
the applicability of NEC 2000 LCD glass to 
the military crewstation. The goverrunent 
labs used mi litary sensor inputs , 37 military 
operators as test subjects, and replicated, as 
much as possible, fleet operational condi
tions during testing. Testing included signal 
detection and target identification in acti ve 
and passive acoustics (Fig. 2), three forms of 
radar video [surface s urveillance, synthetic 
aperture radar (SAR), and inverse synthetic 
aperture radar (ISAR)], and electro-optica l 
video. 

The video capability of NBC 2000 LCD 
glass was of special interest in tllis testing, 
since questions regarding video capabi lities 
had already been raised. (Tom Holzel elo
quently expressed these concerns in the March 
1997 issue of Information Display.2) To 
clearly isolate the differences in video perfor
mance between CRTs and the NBC 2000 LCD 
glass, live and videotaped sensor videos were 
supplemented with generated video test pat
terns during testing (Fig. 3). These generated 
patterns were presented dynanlically: they 
rotated, moved across the screen, and rapidly 
changed resolution, and the checkerboard pat
terns underwent reversal of their contrast lev
els. These patterns clearly demonstrated oper
ationally significant differences between the 
CRTs and LCDs in tl1e '" dynamic' contrast 
ratio" discussed by Holzel. 

Some units were subjected to cold-soak 
testing at 50°F, and all units were evaluated in 
the photometries laboratory for luminance, 
off-axis viewing, color gamut, and otl1er 
parameters (Fig. 4). Because the goal of the 
study was to determine if these LCDs could 
replace the color CRTs currently in the crew
stations, a ll test ing was conducted in a com
parative mode. The test subjects continuously 
compared each LCD submitted fo r testing 
against high-performance CRTs in a com
pletely controlled evaluation designed by 

Official u.s. Navy tile pholo experimental psychologists familiar with tl1e 
Fig. 2: A passive acoustic sensor display in Navy LCD evaluation. military missions (Fig. 5). 
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military displays 

Official U.S. Navy file photo 

Fig. 3: Three of the generated test patterns used to isolate differences in CRT and LCD video pe1j"ormance. 

Tin:: original plan was to test only a small 
sample of the display industry's integrations 
of NEC 2000 glass; the plan changed. Seven 
s uppliers offered units for evaluation: Aydin, 
BARCO, Coclar, GTE, L3 Communications, 
Raytheon, and Tech Electronics. Some units 
were configured with EMI shie lding consist
ing of either metal mesh or grounded indium 
tin oxide. Most were not EMI-shielded. 

There was a wide range of performance and 
operator preference among these units, despite 
the fact that all used the same LCD glass. The 
final report, in which the suppliers' identities 
are coded, contains the fu ll details and results 
of tltis LCD evaluation.' A summary of the 
results, negative and positive, is provided here. 

Negative results. Smearing of rapidly 
moving video images was evident. Waterfall 
acoustic gram blink (flicker at dense variable
intens ity screen updates) occurred on all units. 
(BARCO has since solved this problem.) 
High backlight levels and backlight non-uni 
formity were common. Display control suites 
va ried widely; some were unacceptable. 

Positive results. There was extraordinary 
industry response in reviewing the test plan, 
suggesting differentiators, offering UJtits for 
eva luation, and responding to the problems 
noted. Off-axis viewing was not a problem 
with NEC 2000 glass. The LCD received 
high scores from the operators/evaluators in 
many of the tests, and scored higher than the 
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CRT in character clarity and some forms of 
radar video. 

On balance, NEC 2000 glass - as offered 
by some suppliers, properly driven, and prop-

erly integrated into the military-platfom1 dis
play systems - was indeed qualified to replace 
on-board CRTs. Based on these findi ngs, the 
Navy proceeded immediately to draft a perfor-

Official U.S. Navy file photo 

Fig. 4: An NEC 20.1-in. LCD being plwrometrically evaluated at the Navy's laboratories in 
Patuxem River, Maryland. 



Official U.S. Navy file photo 

Fig. 5: LCDs and CRTs were tested side by side in the Navy's LCD evaluation. This phase of 
the testing compared the electro-optical sensor output. 

mance-based display speci fication and to initi
ate an acquisition program to replace CRTs at 
the tactical crewstations in many of its large 
aircraft, including the EP-3E aircraft. integra
tion of these displays into these platfom1s is 
planned for the very near futu re. 

The Military Can ' t Afford FPDs 
If LCD deployment in large Navy aircraft is 
now proceeding rapidly, why is the miLitary 
"stymied" and perhaps unable to afford FPDs? 
Quite simply, it is because display technology 
evolves rapidly, but military attitudes and 
acquisition practices are inclined to change at 
a glacial rate. As a result, the military really 
cannot afford FPDs - not until it radically 
changes many of its attitudes. 

The mi litary community is very much like 
the rest of us, who, when moving, carry junk 
from one house to the next. There is a great 
deal of inflexibility in specifying and procuring 
systems. We insist on having all that we cur
rently have - even though much of it is bad -
as well as having all of the best of what's new. 

We have not fully embraced the concept of 
commercial off-the-shelf (COTS) equipment. 
We sometimes insist on unrealistic durabi lity 
and longevity - even when the longevity of 

rapidly evolving systems is a clear and abso
lute negative (as in computers, for example). 
But most important of all , we carmot cooper
ate among ourselves. 

There are currently dozens of ongoing mili
tary display acquisitions throughout the Ser
vices. There is little or no collaboration - or 
even sharing of infonnation - between the 
programs . We bought unwisely throughout 
the halcyon years of the mili tary- i.e., before 
the dissolution of the Soviet Union - and we 
have not yet faced up to the new realities. 
Our house is cluttered and inefficient. It is 
time to clean that house. 

Sadly, although the plan for that house
cleaning lies c learly before us, it is not being 
executed. We simply have to do the follow
ing: 

Begin effecti ve inter- and intra-Service 
collaboration. 
Accept the utility (and inevitability) of 
COTS. 
Radically revise our specification of sys
tem "requirements." 
Accept the logic of "engineering trade
oft's" completely. 
Adapt our minds and our missions to the 
best, most cost-effective solutions. 

increase our emphasis on the Integrated 
Product Team (lPT) concept in coopera
tion with the display industry. 

Admiral N. Gorschkov, fmm er Admiral of 
the Soviet Fleet, once restated a very popular 
cliche: '"Better' is the worst enemy of 'good 
enough'." lf we systematically apply this to 
military display acquisition, we arrive at the 
following: 

CRTs are not "good enough" (i.e., we 
can no longer accept them). Therefore, 
something "better" is required. 
Among the flat-panel technologies, 
LCDs are better - and good enough right 
now to replace CRTs, with some com
pensations and workarounds. 
However, our disjointed and over-speci
fied acquisition processes are not "good 
enough." We must improve them. 
But we are not yet capable of making the 
changes in att itude necessary to update 
our acquisitions to be in tune with the 
Zeitgeist, the realities of our current 
world. 

We are faced with U1ese final truU1s. The 
military cannot accept CRTs. Neither can the 
military afford to acquire FPDs, given current 
acquisition practices. Finally, the military 
cannot continue to procrastinate in solving 
this dilemma. 

Refet·ences 
1Ken Sola, Karen Gamer, and Mike 
Mikulewicz, "The Liquid Crystal Display 
(LCD) Evaluation," U.S. Navy Technical 
Report, Report No. NA WCADPAX-98-79-
TR, 9 July-11 September 1998 . 
2Tom Holzel, "The Emperor and His Flat 
Panel Displays," Guest Editoria l in liiforma
tion Display 13/3, 3 (March 1997). • 

SID '99 
San Jose, California 

San Jose Convention Center 

May 16-21 , 1999 

f11./ormatio11 Display 12/98 31 



Flat Panel Testing ... 
The 55220 is the easiest and quickest way to test your flat panels! 
The system is portable and compact, fitting easily into your test 
area. No integration or mechanical fixturing is required. A simple 
click of the mouse and your test suite is on its way to complet ion, 
providing accurate display measurements AUTOMATICALLY! 

The 55220 Flat Panel Test System: 

• Fully Automatic Off Axis Measurements 
• Spectrometer Based - Luminance & Chromaticity Measurements 
• Automatic Measurements to VESA, ISO 13406 & 

TCO 95 Standards 
• Complete Turnkey System 
• Panel Drive Electronics 

Measurements: 

• Chromaticity vs. Viewing Angle 
• Contrast vs. Viewing Angle 
• Luminance & Color Uniformity 
• Spectral Plots 
• Contrast Ratio Plots 
• Back Light Characterization 
• Reflectance (BRDF) 

I MICROVISION 

I 550 High St., Auburn, CA 95603 
Tel : (530) 888-8344 Fax: (530) 888-8349 
Email: sales@microvsn.com 

Cit·cle no. 13 

Visit our Website at: 
www.microvsn.com 

Interface Solutions 
for flat panels 

Speed up development and product realisation time with our high quality flat panel interface controllers for 
your LCD, Plasma or EL projects. Suitable for small or high volume projects and monitor production. 

Analog - Computer 
AC series: A range of interface 
controllers for LCD, Plasma or EL, to 
connect to analog graphics source. 
VGA (640x480), SVGA (800x600), 
XGA ( I 024x768), SXGA (1280x I 024). 

SV-Series: A combination interface for 
both computer graphics and video (PAL, 
NTSC) for LCD & Plasma. 

Bus card- PC 
DC series: Includes PC! bus LCD 
graphics card for providing LCD digital 
signal output from a PC. 

~ NEC analog panels are also suppmted. 

Digital Vievv 

Video - PAUNTSC 
PN series: Advanced multi system 
video interface for TFT LCD and 
Plasma panels. 

Accessories: A wide variety of 
support accessories. 

Enclosure options: 
Open frame kits: panels & interface 
controllers in easy to use frames. 
Industrial display systems 
Desktop monitors 
LCD multimedia systems 

USA: Tel: 408-782-7773, Fax: 408-782-7883 
England : Tel: (0)1438-816 600, Fax: (0)1438-816 909 
Hong Kong : Tel: 2861 3615, Fax: 2520 2987 

Internet: www.digitalview.com 
Email: sales@digitalview.com 
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· Programmed as you need from your p.c. using the 
V.I. Image Master library. 

· Stores up to 16 reference images - one pattern at 16 
different rates, or 16 patterns at one rate, or any 
combination in between. 

· Monochrome and RGB color video. 
· External synchronizing pulses. 
· Small, light, portable. 

U.l. 2155 Bellbrook Avenue • Xenia, OH 45385-4043 
Ph.:800-962-8905 • 937-376-4361 · Fax: 937-376-2802 

E-mail: sales@videoinstruments.com 
Visit our Web Site: www.videoinstruments.com 

VIDEO InSTRUmEnTS Visa · Mastercard - American Express 
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Increase EMI/RFI 
Protection vvith 
DURALAN II™ 
High Performance Windows, 
Lenses and Filters 

Laminated Within the Filter 

Various Conductors Available I 
Abrasion Resistant Surface 
Anti-Glare Finishes 
Various Transparent Colors 
Contrast Enhancement 

GRAPHICS AND ELECTRONICS 

For additional information call 609/825-8900, 
FAX: 609/825-8969, or visit our Web site at: 
www.silver-cloud.com 
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Imaging and Sensing 
Technology Corporation 
Headquarters 
300 Westinghouse Circle 
Horseheads, NY 14845 
Tel: 607-796-4350 
Fax: 607-796-4579 
www.istcorp.com 

Precision Performance, 

Proven Reliability, 

Consistent Quality. 

IST CRTs pe1jorm to 
the highest standards 
i1i. a diverse range of 
customer applications. 

1ST and IST-CRT 
Scientific manufactme 
high resolulion cathode 
ray tubes for military and 
industrial applications. 
Other specialties include 
the phosphor coating of 
RHEED screens and 
special ty substrates. 

Major motion pictme 
special-effects and other 
COillllU ter-generated 
grapltics are recorded 
on film or other 
substrates in high 
resolution hm·d copy 
application using 
IST-CRTs. 

~istcrt 
scientific 

1ST-CRT Scientific 
14746 Raymer Street 
Van Nuys. CA 91405 
Tel: 818-989·4610 
Fax: 818-989·4617 
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Is the Measurement of Front-Projector 
Characteristics an Impossible Task? 

A lot goes on between the projection lens and the eye that projector 
manufacturers can't control, but it is possible to make accurate front
projection-display measurements in stray-light conditions- if we're 
careful. This is the third in a series of articles jr01n NIST. 

by Paul A. Boynton and Edward F. Kelley 

SPECIFICATIONS of e lectronic projection 
displays such as contrast ratio are often based 
on measurements made in ideal darkroom 
conditions. But everyone does not have 
access to a facility that provides such condi
tions. Stray light from sources in the room, 
both direct and reflected off sLu·faces such as 
walls and tables, as well as back-reflections, 
contribute to the measured value and give an 
inaccurate indication of the projector's light 

output. So how can we verify that the projec
tor that we have purchased is operating 
according to its specifications? 

Leveling the Playing Field 
When measuring front-projection displays
those in which the screen is not an integral 
part of the system - the goal is to establish the 
intrinsic characteristics of the projector, inde
pendent of the screen and viewing room. This 

Paul A. Boy nton is an electronics engineer at 
tire Flat Panel Display Laboratory at tire 
National institute of STandards and Technol
ogy (NIST), Bldg. 22, Room A54, Gaithers
burg, MD 20899; Telephone 301/975-3014, 
fax 301/926-3534, e-mail: boynTon@eeel. 
nisT.gov. Edward F. Kelley is a physicist and 
projecT leader at tire FlaT Panel Display Lab
oratOI)' at NJST; telephone 301/975-3842, fax 
301/926-3534, e-mail: kelley@eeel.nisT.gov. 
This article is a conTribwion of NJST, Tech
nology AdministraTion, U.S. Departme/11 of 
Commerce, and is noT subject to copyrighT. 
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allows for a more accurate comparison of the 
display quality of different projectors. Mini
mizing the effects of ambient light achieves 
"a level playing field." 

What we see in a typical front-projection 
enviromnent is more than simply the perfor
mance of the projector (Fig. 1). In a typical 
user environment, a projector is set up and an 
image is projected onto a screen. The 
observed quality, however, depends not only 

IMAGE 

on the projector performance, but also on the 
reflective properties of the screen and the sur
rounding environment, as well as any ambi
ent-light sources. 

If we wish to quantify what the viewer 
observes, then we must account for the stray 
light falling upon the screen and for screen 
gain. These are not trivial tasks, and because 
the environment affects the displayed image 
they do not necessari ly provide useful infor-

BACK-REFLECTED 
LIGHT 

PROJECTOR 

VIEWER 

Fig. 1: Tire quality of tire image we see in a typical front-projection environmenT depends not 
only Oil tire projecTor pe1jormance, bur also on rlre reflecTive properties of the screen and tire 
surrounding environme/11, as well as any ambient-liglrr sources. 
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PROJECTION 
MASK PROJECTOR 

IMAGE • 
ILLUMINANCE 
METER 

VIEWING SCREEN 

Fig. 2: By us i11g a black projection mask to eclipse the projected lig /11, a11 illuminance meter 
will indicate the approximate amow1t of stray light illuminating the detector. 

mation about whether a particular display per
forms according to specifications or how it 
compares with other displays. Use of a black 
screen would reduce back-reflections, but we 
might still need to contend with other stray
light sources. The use of a s imple black mask 
- called a projection mask - will provide us 
with the compensation we need to assess our 
display without corruption from stray light. 

Using a Projection Mask 
Let's assume we want to measure the lumi
nance of a black rectangle on a white back
ground, with the black rectangle being 25 % of 
the screen size, based on diagonal measure 
(Fig. 2) . The light output at the center of the 
rectangle in the image plane of the screen is 
measured with an illuminance meter. This 
measurement includes contributions from any 
stray light. Next, a black mask is placed less 
than I m away from the screen such that the 
projected light stri king the screen and the illu
minance meter is eclipsed. With tllis projec
tion mask in place, the illunlinance meter, 
placed in the image plane of the screen, will 
provide a reading that indicates the approxi
mate amount of stray light illuminating the 
detector. By subtracting this value from the 
first measurement, a more accurate value of 
the black luminance of the projected image is 

obtained. 

The size and distance of the projection 
mas k can have a substantial effect. For our 
tests, the optimum distance of the mask from 
the projection screen was between 30 and 50 
em, but this can depend upon the room and 
projector configmation. If the projection 
mask is placed too near the screen, it will 
obscure some of the reflected light. If too fa r 
away, the diffraction around the mask and for
ward scattering by dust particles in the air 
may contribute to the measurement. To be 
safe, the projection-mask size is kept no 
smaller than the diameter of the projection 
lens to ensure that the projector is effectively 
eclipsed. Of course, the mask must be larger 
than the measurement area. 

The projection mask can be mounted on a 
floor stand with rods, suspended from the ceil
ing with string, or by any other suitable 
means . Whatever method is employed, the 
mask must be held steady and parallel to the 
image plane. If a stand is used, it should be 
covered with black fe lt to minimize reflec
tions that would interfere with the measure
ments. 

Stray-Light-Elimination Tube 
A second, more complex approach involves 
using a series of glossy black cones inside a 
glossy black tube (Fig. 3). The projected light 
enters one end of the tube, which has a 15-cm 

inner diameter. An illuminance meter is 
placed at the other end of the tube, 61 em 
away. Four cones are placed in opposing 
pairs, while a shallow fifth cone surrounds the 
meter. The apex angle of the cones should be 
90°, i.e., 45° on each side of the symmetry 
axis of the cone. 

The projected image is focused onto the 
meter. Any stray light entering the tube will 
be reflected away from the detector surface by 
the cones; hence the name, stray-light-elimi
nation tube (SLET). For extreme conditions, 
such as a room with overhead lights switched 
on, this method is preferred because it elimi
nates a great deal of stray light. Using the 
SLET, we have obtained the same results 
(within I %) with room lights either on or off. 
The SLET is still in its evaluation stage but 
was used to verify the projection-mask 
method for thi s article. 

Halation and Contrast 
To demonstrate the effectiveness of these 
methods, as well as to indicate the seriousness 
of back-reflections, we projected n series of 
halation images - a black rectangle on a white 
background - onto a white screen using a 
liquid-crystal-display (LCD) projector with a 
metal-halide lamp. The laboratory walls, ceil
ing, floor, furniture, and equipment were 
painted flat black, covered with black fel t, or 
manufactured with black material. 

The black rectangle was varied from 5 to 
100% of screen size (linear size based upon 
the screen diagonal), and the black-luminance 
level was measured and plotted against rectan
gle size. The black-luminance level decreases 
with increasing rectangle size (Fig. 4), but the 
level varies less dramaticall y if back-reflec
tions are taken into account. The SLET and 
the projection-mask methods produce simi lar 
results. 

Halation refers to light from bright areas of 
an image leaking into dark areas. An example 
would be the internal reflections between the 
front glass of a cathode-ray-tube (CRT) dis
play and the phosphor surface. The increase 
in the black luminance with decreasing box 
size after making corrections for stray light is 
probably due to the veiling glare from the pro
jection lens. (Veiling glare is a result of light 
scattering and reflecting at lens surfaces, at 
imperfections in the glass, at soiled areas on 
the glass, and at the barrel and other mechan i
cal parts of the lens .) 
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Another conm1on projection-display mea
surement is the contrast ratio of a 4 x 4 
checkerboard pattem at 16 points (Fig. 5).1.2 
The illuminance at the center of each rectan
gle is measured, and the average of the wh.ite 
levels di vided by the average of the black lev
els gives one measure of contrast. Our results 
show a 34% improvement in the contrast mea
surement when using the projection-mask 
method. 

What About Luminance 
Measurements? 
So far, we have only discussed measurements 
using an illum.inance meter. Using a lumi
nance meter poses a more difficult problem 
because we must now consider the reflecti ve 
properties of the screen and the veiling glare 
of the light-measuring-device (LMD) lens 
(Fig. 6). Many screens direct or "shape" most 
of the projected light back in the direction of 
the viewer more than a perfectly white Lam
bertian surface would. Such shaping is called 
"screen gain" and can been defined as the 
ratio of the lwn.inance of tht: :scrt:en at a s pe
cific point (usually center screen) to the lumi
nance of a Lambertian diffuser placed at the 
same point on the screen. 

However, when considering stray light, we 
must realize that the screen's reflective prop
erties are rather complicated. The reflected 
light measured from the screen depends upon 
the incident angle of the various light sources 
(such as the projector, room lights, and reflec
tions), the viewing angle of the measurement, 
and the reflection properties of the screen sur
face. [A general way to express this reflection 
is through the bidirectional reflectance distri
bution function (BRDF), a rather complex 
measurement. 3] 

Ideally, we can avoid the screen issue alto
gether. Using a nearly perfectly white Lam
bertian standard at each measurement point in 
the image plane would provide an accurate 
measurement unaffected by screen gain. 
Thus, measuring the luminance of the white 
standard with and without the projection 
mask, and taking the difference, will provide 
us with a measurement point corrected for 
refl ections . Because the surface is Lamber
tian, the angle of measurement can be slightly 
off-axis with negligible error. 

We can take advantage of the diffuser's 
properties to convert from a luminance mea
surement (in cdfm2) to illuminance measure-
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VIEWING SCREEN 

GLOSSY BLACK CONES 

PROJECTOR 

LIGHT FROM 
PROJECTOR 

Fig. 3: A srray-liglu-elimination tube (SLET) is a more complicated device than a projection 
mask. Bw for extreme conditions, such as a room with overhead lights switched on, this method 
is preferred because it eliminates a great deal of stray light. 
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Fig. 4: As the size of the black rectangle in a series of halation images increases from 5 to 
100%, the black-luminance level appears to decrease, butt he level varies less dramatically if 
back-reflections are taken into account. The SLET and the projection-mask methods produce 
similar results. 
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Fig. 5: Using a projecrion mask produced a 34% improvement in a colltrast measurement 
made in. our laboratOI)'· 

ments (in lm/m2, or lux). By using the simple 
relationshi p L = (p/rc)£ = q£ , where p is the 
fraction of light reflected from the surface 
(luminance factor), and q = p/rc is called the 
luminance coefficient. This equation is only 
valid for a Lambertian reflector. Materials 
with p ~ 99% can be obtained. 

Because we are subtracting two measure
ments with the same surrounding background, 
any veil ing-glare contribution from the LMD 
lens will cancel out. However, if we wish to 
make an absolute measurement with stray 
light included, then some teclutique must be 
employed to minimize tltis glare. We can 
accomplish this using a black cone mask with 
an apex of 45°. 

The cone mask is placed in front of the 
LMD such that the outer (larger) diameter 
faces the LMD and prevents any light from 
the display from reaching the LMD lens. The 
inner diameter (aperture) should be small 
enough to keep out stray light but large 
enough to prevent vignetting between the 
LMD aperture and the aperture of the cone. 
This cone mask has been used to improve the 
measurement of black luminance of direct
view transmissive displays by reducing the 
effect of veiling glare in tJ1e lens of the mea
suring instrument.4 

If we wish to determine the veiling-glare 
contribution of our LMD lens, we can place a 
glossy black mask across the black image, ti lt-

ing it slightly if necessary to elintinate specu
lar reflections from the projector. We must be 
sure the mask displays only reflections from a 
dark area of the room, from a light trap, or 
from some other essentially black reference. 
TI1e measured luminance of this mask gives 
an indication of the degree of veiling glare in 
the LMD. 

Other Precautions 
Although many readers may find them obvi
ous, we' ll mention a few other precautions. 
Uluntinance measurements can be sensitive to 
deviations off the normal axis. In our mea
surements, a 3% error resulted from a 10° 
ntisaHgnment of the luminance meter's axis 
with the screen perpendicular. Tltis sensitiv
ity is a function of distance from the source -
tJ1e closer to the projector, the more important 
normality becomes. 

Room reflections and other stray-light 
sources may increase this variabi lity. Varying 
the distance of the detector from the projector 
also changes the illuminance. As the distance 
of the detector from the projector increases, 
the illuminance decreases at a rate of 1fr 2

, 

where r is the distance from the projector 
(inverse square law). So, if r = 3 m, then a 
10-cm error in the placement of the illumi
nance meter represents a 0.7% error in the 
illuminance measurement. If the operator 
must hold the instrument in the image plane 

for the duration of the measurement, then care 
should be taken to avoid reflections from the 
operator's face, arms, hands, and clothing. 
Standing as fa r off to the side as possible and 
wearing dark clothlng wi ll help to minimize 
such contributions. Finally, we must be sure 
that the mask or the projected image of inter
est completely covers the detector surface or 
completely covers the measurement aperture. 

Take Nothing for Granted 
As in all measurements, take nothing for 
granted. If in doubt about whether the view
ing room produces back-reflections onto the 
screen, try using the small black projection 
mask and determine how much stray light 
contributes to the measurements (if at all). 
We certainly found stray-light contributions in 
our darkroom environment. Straightforward 
techniques, such as those described in thls 
article, are simple to implement and will help 
provide assurance that we are accurately char
acterizing our projection display. 
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Display Workr 99 
The Only Display Event 
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Manufacturing 

Exposition: 
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Conferences and Events: 
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• Manufacturing Technology Conference
The Technology of Display Manufacturing 
Technical sessions include: 
• Lithography 
• Thin Films 
• Manufacturing Yield 
• Drivers & Interconnects 
• CRT Manufacturing 
• Substrates 
• FPD Impact 
• Environmentally-Conscious 
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1en reasons to 
go with Micro Join: 

Computer Controlled M * J · ' Fl 
Temperature & Pressure tcro oms at 
• Precise repearabiliry Panel Display 

All-Ceramic Hot Bar· 
MICRO JOIN PATENTED TECHNOLOGY 

• Superior thermal uniformiry 
• Superior planariry (flatness) 

• Reduce process variation Workstations 

• No volrage or current transferred 
to parts or traces 

• Sofrvtare configurable for ACF 
hear seal or solder applications 

Automated Vision System· 
• Speeds alignment task 
• Improves accuracy & repeatabiliry 
• etw?t tch <90 micron capabiliry 
• Upper or lower cameras 

available 

0 
Universal 
Glass Transport 
• Accon 

w1 e variery of 
glass panels 

• Recordable, repeatable 
settings for quick 
product change over 

• Migration path for 
panel sizes up to 60 
inches -

Process Graphical 
Development User 
• Auxiliary rhermocoples Interface* 
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characterization of high mix 
bond area 
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process 
• Easy to learn 
• Easy to use 

assurance 
• View & plot real-rime 

process values 

• Graphical 
diagnostic 
tools for 
easy trouble 
shooting 

micro -
JOin 

I 

Ergonomic 
Operator Features 
• Dual start sensors for 

safery and ergonomics 
• Track ball 

C) Selection & Service 
• More price perfo rmance 

• Sliding keyboard tray 
for seated operation 

C . d F" t options 
USt~m_lze IX ures • More automation options 

• Opt_Imlze effiCiency & . • Factory installation 
quality of volume producoon assistance available 

• Universal TAB _vacuum • Technical and application 
fiXtu res to mm1m1ze engi neering support 
tooling for low volume 
production 

• Precision alignment of 
<90 micron TAB pitch 

Security 
• Key lock & software 

password protection 
• Two levels of software 

name/password security 
• Eliminate unauthorized 

access or changes 
• Control profile and 

process sequence 
revisions 

offer you exclusive 
design features that 
provide the most 
effective and prof
itable flat panel 
repair, rework 
operations, high
mix production 
and prototyping. 

Our hot bar is 
aU-ceramic which 
ensures consistent 
temperanrre and 
presstrre across 
the bond surface. 
A universal glass 
stage means you 
get fc~ster and more 
accurate product 
change-over from 
panel to panel. 

More models 
to choose from, 
more industry

specific features 
and more applica
tion experience 
than any other 
vendor makes 
Micro]oin the 
manufacrurer 
of choice for the 
flat panel industry. 
Contact Micro]oin 
today, and find 

out how we con-

mzcro 
JQ!O 

13535 Danielson St. 
Poway, CA 92064 
Fax: (619) 877-2110 
E-mail: sales@microjoin.com 

Web: http://www.microjoin.com 
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continued from page 4 

Dear Mr. Silzars: 
A friend in CRT manufacturing handed 

me a copy of "The Display Continuum" 
for April/May. I am in the photographic 
retail and photo fmishing business, and 

300M Hz 

have been for nearly 30 years. Your 
cmrunents about electronic photography 
are of great interest to me. 

In closing yom article you state, "The 
biggest nustake I think most technology 

Video Test Generator 

VTG-1300 is the latest addition to the family of High-performance Video Test 
Generators from Unigrof. The 300 MHz pixel frequency enables 1800 x 1440 
display resolution at 85 Hz and above. Fast software response makes the VTG-1300 
on ideal choice for ATE systems. It is full of features like DOC 1/DDC2, fosl bitmap 
patterns, 255 simultaneous colours and o powerful software support for both DOS 
and Windows including drivers for Windows 95 & NT 4.0. 

IJI UNIGRAF 
ISO DUll I fER'fll'll: \'fEll I'IIDl 
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UNIGRAF Oy, Ruukinlie 18 
FIN·02320 Espoo 
Finland 
Tel. +358 9 802 7641 
Fox + 358 9 802 6699 
hHp://www.unigrol.fi 

forecasters make is to assume that once a 
new teclmology is developed its accep
tance is a given." I suggest that you 
should apply this caveat when considering 
the future of photography. From my per
spective, there are two great obstacles to 
the digital photography revolution. The 
first and most obvious is the basic lazi
ness of the consumer. Granted, for the 
professional, digital is the direction pho
tography should and will head. However, 
the amateur is a long way from being 
willing and interested in sitting down at 
the computer and making prints from his 
100 or so vacation photos. Even printing 
a dozen or so photos may require more 
time than they are willing to expend. 

The second issue is subtle, but may 
prove to be the most important. It has 
long been an old stmy that when a house 
catches fire, the owner rescues his family 
first, pets second, and his family photos 
next. Evcty time you snap n picture, you 
are capturing a memory for the future. 
You are archiving. We reprint negatives 
and restore photos taken from as long ago 
as the nun of the cennuy . We also print 
picnrres taken only minutes ago. All these 
pictures are in many different formats, but 
are stored on film. We can easily make 
good quality prints from vi1t uaUy any for
mat. Can you read tl1e files you prepared 
on your computer 10 years ago? Can you 
fmd them? What if you accidentally hit 
the delete button when cleaning up your 
hard drive? It is one tlung to lose an old 
correspondence or spreadsheet, but how 
about the picnrres of your children grow
ing up? That is anotl1er matter. 

When tl1e Polaroid was introduced, 
many believed tl1at it would replace con
ventional photography. That was not tl1e 
case. The digital camera is in many ways 
the Polaroid of tl1e next millemuum. It is 
good for some uses, but tota lly inappro
priate for others. You may still be right, 
though. Perhaps in the next 5 years 50% 
of all photos taken will be with digital 
cameras. I hope and believe, however, 
that the pie will become so big that those 
50% of all photos will be in addition to 



silver halide, not as a replacement. 

- Brad Lundgren 
Lundgren Photo 

991 S. Perryville Road 
Rockford, JL 61108 

blundgren@ aol. com 

Well, what about it? Television didn ' t 
replace movies, video conferencing 
hasn ' t yet had measurable impact on 
business travel, and the idea of the paper
less office now sounds pretty silly. Is 
digital photography just another technol
ogy-driven gadget that will only supple
ment "real" photography in certain spe
cialized applications? 

As all of you know, my tendency is to 
approach new technologies with consid
erable caution and skepticism. I agree 
with Mr. Llmdgren that often the teclmol
ogists ignore what the customer is really 
after. Are the digital formats to be 
trusted when we think in tenns of 50 or 
more years of family memories? The for
mats may change with time, but at least 
with film the image is always retrievable 
and printable as long as the film materials 
hold out. But even here, there are some 
well-documented cases of film that was 
put on the market that couldn 't hold an 
image for much more than about 10 
years. The early color negative films 
made by Kodak were especially bad for 
losing their images - sometin1es known 
as the " lost decade" among professional 
photographers . Today's color films can 
be considered archival for periods 
exceeding 50 years if the right brand of 
film is selected and if reasonable care is 
taken with its post-processing storage. 

So far we have good cause to worry 
about storing our archival information on 
digital media. The 5'/"-in. floppy-disk 
format lasted for only about 5 years. The 
3'h-in. disk has done somewhat better, but 
now the new Macintosh computers don' t 
have a floppy drive. If you have an itnage 
stored on a floppy disk, how are you sup
posed to read it into your new iMac com
puter? Is having to purchase an extemal 

disk dtive the start of some new trend, 
and, therefore, does it mean that we really 
should be concemed about the future read
ability of infonnation in which we may 

have long-tenn interest? (And that, of 
course, applies to more than just photos.) 

In spite of these reservations, I am 
going to make the bold prediction that 

EXTREME ENVIRONMENTS. 
HARSH CHEMICALS. HARD USE. 
No challenge is too great for 
hardcoated films from Tekra's 
Advanced Technologies Group. 

We specialize in custom solutions 
for your tough, demanding 
applications: COs, OVO's, FPO's, 
POA's, GPS's. And we match our 
products' superior quality with 
s uperior service, providing quick 
turnaround and on-going support. 

Call for details on our capabilities. 
Better yet, bring us your most 
demanding applications ... and 
see how ATG can take you to 
new heights. 

Advanced Technologies 

414•784•5533 800•448•0291 Fax: 414•797•3276 
www . tekraatg .com 
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digital photography is going to be the 
"third wave" in computer-teclmology 
evolution. The first wave was the devel
opment of the PC itself. Most of us 
would identify the birth of the Inforn1a-

tion Age with the IBM PC and the Apple 
lie. It 's interesting to think back how 
many failed attempts there were to try to 
make the PC a "useful" home appliance. 
Not only were we going to do word-pro-

HOW WOULD YOU MEASURE 
YOUR DISPLAY REFLECTIONS? 

EZContrast well known display 
measurement solution now provides: 
> Diffuse illumination measurements 
> Specular illumination measurements 
> BRDF analysis 
> Automatic angular dynamic adiustment 

Over +I- 80° incidence, 0-360° azimuth angle while maintaining a measurement 
speed of less than 1 mn for luminance measurements. 
Compatibility with main display characteristics measurement standards (ISO, VESA ... ). 

• ++.+.+.+. . ~ .• ~ ElECT RO NI CS FOR DI SPLA YS AN D IMAGING DEVIC ES 

1185 rue d'Epron 14 200 HEROUVILLE SAINT CLAIR • Fronce 
Phone : + 33 2 31 94 76 00 - Fax : + 33 2 31 94 09 SO 

EMoil : eldim@eldim.fr - Internet oddress : http:/ /www.eldim.fr 
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cessing and spreadsheets, but we were 
going to play all kinds of mentally chal
lenging games on our computers, keep 
detailed personal financial records, man
age our grocery lists, and control our 
home heating systems and kitchen appli
ances. Well, the word-processing ftmc
tion and the spreadsheet survived pretty 
well, even though these were not consid
ered as sufficient justification for having 
a home computer. A few database ftmc
tions such as address lists and specialized 
small-business-management programs 
also tumed out to be handy. But at least 
half of the laptop computers I see lit up 
on airplanes these days are being used to 
play solitaire. So much for using the 
computer to challenge the intellect! 

The second wave has been the Internet. 
This ftmction was not anticipated by any 
of the brilliant minds trying to come up 
with relevant uses for the early PCs. It 
evolved from a number of initially LUU'e
lated events. But once a few clever users 
figured out that the Internet could be 
accessed from their PCs, everyone 
wanted in. The Internet introduced a 
powerful commwtications capability to 
the PC. And this has been the giant driv
ing force for many people to become 
computer-literate who otherwise would 
have ignored PCs. Internet-cormected 
PCs create a commtmications medium 
that does not replace the telephone, or the 
fax, or even conventional mail , but which 
facilitates a whole new and virtually cost
free worldwide communications capabil
ity. It's personal, but not as personal as 
the telephone. I can give you bad news 
by e-mail easier than by a personal call. I 
can send a little or a whole bunch, but if I 
want you to see certain kinds of informa
tion in a certain way, I may still want to 
use a fax or even the mail, including an 
oventight service. I can search for infor
mation such as stock quotes and other 
time-dependent data, and I can do it bet
ter via the Internet than by any other 
means. However, if I want lots of details, 
or if I'm not sure what I'm looking for, a 
trip to the bookstore or the library may 
still serve me better. 



Because of the Internet, stock-market 
players, collectors, job seekers, and all 
that ilk of worldwide merchants and com
municators have had to improve their typ
ing skills, whether they wanted to or not. 
And they have had to learn how to left
click and right-click, and to move that lit
tle pointy-tiling all arOLmd the screen. As 
a consequence, the world of the personal 
computer has expanded manyfold. 

Now, I predict that the third wave 
will be full-color linagli1g, and it 's 
almost upon us. Within tlus, I li1clude 
image acquisition, image manipulation, 
image storage, image reproduction, and 
linage transmission. 

The change will first be driven by pro
fessional users and then will be immedi
ately followed by yOtmger (a ll school 
ages, including college) computer users. 
The multiplicity of professional uses have 
already been evolving for several years 
and include everythil1g from tecluucal 
reports to news stories, real-estate 
brochures, and high-quality arcluval stor
age and retrieval. The younger generation 
will appreciate digital linaging because it 
will give them the ability to communicate 
with their friends by pictures in addition 
to words, the ability to ma11ipulate linages 
(enhancing their appearance, for exam
ple), and tl1e potential for quick results 
(instant gratification). Ultimately, the 
new technology will create some new and 
as yet unanticipated changes. 

Should we, therefore, conclude that 
Kodak, Fuji, and other film and photo
graphic-paper makers should plan their 
orderly denuse and tllink ill tenns of how 
many more years they can survive before 
they close their doors? I don' t think so. 
Just as the Internet has not and will not 
replace the phone, fax, or FedEx, digital 
imagli1g will not replace some film uses 
for many years to come. Consider, for 
example, tl1at even digitally produced 
images are often most conveniently put 
onto 35-nml slides, especially if it's for a 
presentation to a large audience. Or con
sider the scenario of photos from an 
extended vacation. For this situation, I 

would agree with Mr. Lundgren. The 
easiest way to look at them is to first get 
them all printed using conventional 
chemically based processing and then to 
do a sorting from the hard copies. 
Putting lnmdreds of images onto a PC 
and then taking the time to bring each 
one up and look at it without having the 
ready comparison with the others would 
indeed be a frustrating task. 

What we consumers really want is to 
be able to choose the image-capture 
medium we find the most convenient for 
a given situation, and then to be able to 
convert it to whatever other medium we 
may want for our subsequent enjoyment 
-film to disk, disk to CD, digita l-camera 
module to disk, CD or disk to film, and 
so fmth. All media are fine for us as long 
as we can acquire, manipulate, store, 

~KLEIN 
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Instruments 
Corporation 
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print, and transmit our favorite images. 
And multiple formats are great for that 
extra assurance that the images we really 
care about won't be lost. 

Oh, how our past comes back to ham1t 
us! Some years ago in this colunm, I 
passed on to you the words that "Displays 
are windows to the Inforn1ation Age." 
And here we are, limited in our ability to 
view multiple linages by having too small 
a "window." Oh, sure, you could argue 
that it's possible to put up more than one 
picture at a time by dividing up the moni
tor screen into segments, but that all 
sounds like so much more effort than 
spreadli1g a btmch of photographs, maybe 
a hundred or more, all over the dliling 
room table. Which would you rather do? 
By the way, your answer might not be the 
same as mine. Would bigger and higher-

KLEIN VPG 250 
Stand-Alone Pattern Generator 

,~ 

~~~-p======~ 

• Programmable Timings (500) 
• Programmable Sequences (30) 
• User Programmable Patterns 
• 2048 x 2048 pixel resolution 
• 999.9 Hz max Vertical frequency 
• 999.99 KHz max Horizontal freq. 

Test Equipment for Computer Monitor Displays 
ph: 503-245-1012 • fax: 503-245-8166 • www.kleininc.com 

Call for Prices! 
Portland, OR USA 
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resolution displays solve this problem? 
Not all that well, it seems to me. 

Do you remember 8-mm home movies? 
It sure didn't take long for the video cam
era to replace those. However, at the pro
fessional level, where image quality is 
important, film continues to be used. 
What about the quality of digital images? 
How do current digital-camera images 
compare with 35-mm-ftlm photographs? 
At the one-megapixellevel, which is typi
cal for the majority of today's consumer 
cameras, they are not as good. A care
fully made 35-m.m photograph is equiva
lent to about a 2-megapixel digital image. 
A good-quality 35-mm-film-based photo
graph can be enlarged to an 8 x 10-in. 
image or occasionally even an 11 x 14-i.n. 
linage without showing significant grain 
or lack of sharpness. The current one
mega pixel digital cameras look compara
bly good at printed-linage sizes of about 
5 x 7 in. However, I would expect parity 

to be achieved within the next two to 
three years, when we begin to see two
megapixel cameras at a selling price of 
under $1000 (comparable to typical full
feature 35-nun cameras). 

Consumer-affordable prli1ting technol
ogy is similarly not yet quite as good as 
chemically based photography, but it's 
also getting closer, and we will be at par
ity within about 3 years. However, for 
many consumer and even commercial 
applications parity is not required. News
paper photos, real-estate and other adver
tising brochures, and teclmical-report 
images do not need the ultimate large
format linage quality. A 4 x 6-in. photo 
is typically all that is needed. The current 
digital cameras can do those instantly 
and, to the casual user, with quality indis
tinguishable from 35-mm photographs. 

The yOLmger set just wants to do inter
esting stuff and have fun doing it. They 
are typically more willing to try new things 

~ KLEJN Instrume?ts k1 Corporation 
KLEIN CM7AG 

Convergence Error Gauge 

Superior clarity, right in the 
palm of your hand. 
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 en-or, placing supe
rior clarity right in the palm 
of your hand. 

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

Test Equipment for Computer Monitor Displays 
ph: 5 03-245-1012 • fax: 503-245-8 166 • www.kleininc.com Portland, OR USA 
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even if the new technology doesn't meet 
every quality criterion of the older tech
nologies. If a reasonable-looking image 
can be put up on the computer screen, 
manipulated, printed, and sent to friends 
via e-mail, then let's just do it. In a few 
months, we'll do even better ones. That 's 
the way the world works, doesn 't it? 

So the thil·d wave of computer technol
ogy will impact us all. The professionals 
have already picked up on it through the 
various CAD programs that today per
vade every field, from art to advertising, 
engineering, fashion design, news report
ing, photography, publishing, and televi
sion. Now the rest of us will have our 
opportunity, with the younger generation 
picking it up the fastest. 

The home computer with Windows95 
or Windows98 and Internet access is 
already becoming a mature product. The 
third wave will build arow1d this maturing 
capability by introducing the widespread 
use of li1put devices, such as digital cam
eras and scrumers, and output devices, 
such as photo-quality color printers, color 
fax machines - and of course, bigger, 
brighter, and higher-resolution displays. 

We display engli1eers have much to be 
thankful for this Holiday Season. We are 
going to be much needed to create the 
displays that will meet the expectations 
of the image-driven Information Age. 
What better present could Santa Claus 
bring us than to let us know that we wi II 
be in demand for years to come? With 
that, I wish eve1y one of you the best of 
Holiday Seasons and a coming year 
filled with great opportunities to apply 
your talents to creating great displays 
forfuture generations to use. 

Should you wish to send me your com
ments that perhaps could become the 
seeds of a future colunm, please provide 
them to me by the medium of your choice 
(since none of them are, so far, in any 
noticeable stage of declme) . My e-mail 
address is silzars@ ibm.net, my fax is 
425/557-8983, my telephone number is 
425/557-8850, and the post office seems 
to know that I am at 22513 SE 47th 
Place, Issaquah, WA 98029. • 



Display Works 99: Manufacturing 
Technology Conference 
A Vertically Integrated Exposition 
for the Electronic Display Industry 
Display Works 99 is directed specifically to the world
wide electronic display industry. Display Works 99 
incorporates a world-class exposition, leading technical 
and business conferences, key display meetings and 
social events in one convenient location. Display 
exhibitors from around the world (Japan, Europe, 
Korea, Taiwan and the United States) will show 
electronic displays, equipment, materials and 
components. 

16 
SID '99 

SAN JOSE, CALIFORNIA 
MAY16-21, 1999 

• SIP's MAJOR ANNUAL EVENT 
• An International Symposium Seminar 
and Exhibition- Featuring· 
-Technical Sessions- Poster Session 
-Author lnteryiews- Evening Panels 
-Short Courses - APplications Seminars 

Technical Seminars- Applications 
Slli.i.o.D..s. 
Product Exhibits - Pis play Technology 
Showcase 

-; For additional information: 
Dee Dumont 
Society for Information Display 
31 East J ulia.r1 Street 
Sa.r1 Jose, CA 95112 
408/977-1013, fax -1531 
www.sid.org 

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

BERLIN, GERMANY 
SEPTEMBER 6-9, 1999 

• An international conference on display 
research and deyelooment asoects of· 
-Display Fundamentals Display Devices 
-Hard Copy & Storage. Input Systems 
- Integrated Pevices and Applications 
- Image and Signal Processing 
-Color Perception Hyman Factors 

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

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 - FEDs 
- CBTs - Plasma Displays 
- PL Pevices - LC Backlights 



Reservation Housing Form 
Society for Informational Display 

May 16- 21, 1999- San Jose, California 

PLEASE TYPE OR PRINT CLEARLY: 
Use one ( l) form for each room request. 
Photocopy additional forms if necessary 

Occupant Name __________________________ __ 

Sharing with --------------·-------------

SEND CONFIRMATION TO: 
Name. ____________________________________________ __ 

Organization ______________________________________ _ 
Address ________________________________________ __ 

Cicy ____________________________________ __ 

State/Province _________ Zip/Postal Code __________ __ 
Country ________________________________________ __ 

Telephone ________________ FAX~-----------------
Arrival Date _____________ Departure Date ____________ _ 

Email Address ________________________________ _ 
*Reservations will not be processed withoLLt a fo rm of gLLarantee. 
TypeofCard __________________________________ ___ 
Account # ________________________________________ __ 
Expires __________________________________________ __ 
Signature ________________________________________ __ 

0 Check !must accompany form in the amount of $150 per 
room (payable to SJCVB) if credit card is not provided-FAX not 
acceptable.! 
-No purchase orders will be accepted. 

ACCOMMODATIONS: 

CONVENTION HOTELS: 
HOTEL lPRS 2PPL 3PPL 4PPL 
Fainnont Hdn . 8146 Sl56 
Ct·owne P laza 8 149 8149 S159 8159 
Hilton & Towet·s 8157 S175 8190 $205 
H vatt Sain te Cla it·e Sll 7 (limited ava ilab ili ty) 
H vall Sainte Cla it·e S142 8142 
H ya ll Sainte Clait·e 8155 (2 beds, 2 people) 
H yatt Sainte Clait·e S155 S155 (l Kin!! Bed) 
H yatt San J ose S179 8199 S224 S249 
Doublett·ee 8161 S181 S201 S2 ll 
R ad isson H otel Sl69 8 169 Sl69 Sl69 
Wyndham Sl69 8169 8179 8189 
Ait·porl Tnn Int'l $89 S99 $99 899 
Best Western 870 870 
Best \\festem (2 luis. 2 u·o Jle) 880 880 S80 
Hanfonl H otel Sl 34 8144 

Note: These rates are subject to lOo/o occupancy tax. 
•!•l\ott:": \Vithin walking: distant·~. (Other hoh'ls un• within 3-4 milt's 
from tht• rnnvt·nt ion t't:'Jllt:'l'. ) 

HOTEL PREFERENCE: 
First Choice 

Second Choice ______________________ __ 

Third Choice ________________________ _ 

TYPE OF ACCOMMODATION: (check one) 
0 Single (l bed. I person] 0 Double (!bed, 2 people) 
0 Double/Double (2 beds. 2-4 people) 
0 Smoking 0 Non Smoking 
0 Require specia l facilities in accordance 

with the American With Disabilities Act. 

Gues t room t·eset·vations a l the officia l hotels at·e handled on a fit·s t-come, firs t-set·ve basis. Requests fo t· gues t t·ooms should 
be faxed o•· mai led lo the San Jose !lousing Bureau . Failu t·c lo t·eceive yout· fit·s t choice does not cons titute an etTOL The 
bm·eau will accept on ly wri llen t·eset·va lions. P lease p t·ovide your FAX numbet· fo t· a faxed acknowledgment. ' o telephone 
t·esct·vations will be accepted tlwongh the Housing Bm·eau . lf accommoda tions are not available al the hotel of your 
choice, compa rable t·cse t·va lions wi ll be made a t other pat·ticipaling hotels. 

GUARANTEED RESERVATIONS ONLY: 
Allt·eset·valions must be gua t·anteed at the lime of yout· t·cquest to the housing but·eau. *R eset·vations will no t be pt·ocessed 
without a fot·m o f guat·anlee . You may do so by using a majot· ct·edit cat·d o t· sending in an advance deposit wi th you t· hous
i11g fo nn. Yout· cr edit can! is only a fot·m of guannlee. 

DEADLINES: 
The housing btu·eau requests a t·esponse n o latet· than Apri l 17, 1999. 

CHANGES & CANCELLATIONS: 
To cancel or make changes lo 1·eserva tions, conlacl the housi11g b ureau in \Hiling only, up tullil the cut-off dale of 4/17/99. 
All cancella tion s must b e t·eceived by the assign ed hotel a l leas t 72 holll·s pt·ior to anival lo avoid a cancella tion fee. After 
tl/18/99 changes can be made dit·ectl y wi th the hotel. 

Retum This Form To: Society fot· Informati on Display 

P.O. Box 6299, San Jose, CA 95150-9828 o1· FAX 408/293-3 705 
Housing Info Line Only: 408/295-2265 Ext. 423 

E-mail : sicl@sa njose.org 



Light Rail runs 

International 
Airport 

every 10-15 minutes. 
Call (408)321-2300 
for exact schedule. 

Trimble 

Brokaw 

..... 
0 ..... 

Society for 
Informational Display 

May 16-21, 1999 

Hotel Accommodations 
1 Fairmont Hotel, Hdq. Hotel 
2 C rowne P laza 
3 Hilton & Towers 
4 Hyatt Sainte C la ire 
5 Best Weste rn 
6 W y ndham Hotel 
7 Airport Inn Intern atio n a l 
8 R adisson H o te l 
9 Hyatt S a n Jose 

10 Doubletree 
11 Hanford 

ft~~ 
Convention & Visitors Bureau 



Acer Display Technology 
Ad-Vance Magnetics, lnc. 
Advanced Display Teclmologies 
Arconium 
Artcsyn Solutions, Inc. 
A Tl Technologies 
autronic - Melchers GmbH 

Brewer Science, Inc. 
Brimar Ltd. 

Canon, Inc. 
CELCO 
Cherry Electrica l Products 
Chunghwa Picture Tubes, Ltd. 
Clinton Electronics Corp. 
Colorado MicroDisplay, lnc. 
Corning Japan K.K. 
Crystaloid LCDs 
Display Inspection Systems 
Display Laboratories 
Display Search 
Displaytech, Inc. 
DNP Denmark 
Dolch Computer Systems 
Earth Computer Teclmologies 
ELDECCorp. 
Electronic Designs, lnc. 
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 

IBM 
Imaging & Sensing Technology 
Incom, Inc. 
Industrial Electronic Engineers, Inc. 
Infini te Graphics, Inc. 
Infodex, Inc. 
Instrument Systems 
Interface Products, Inc. 
lnterserv Corp. 
Interstate Electronics Corp. 
ISE Electronics Corp. 

Kent Display Systems 

Lexel Imaging Systems, Inc. 
LinFinity Microelectronics, Inc. 
Lite Array, Inc. 
Micron Display Technology, lnc. 
Microvision Corp. 
Mitsubishi Electric Corp. 
Mitsubishi Electronics America 
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NECCorp. 
Nippon Seiki Co., Ltd. 

OIS Optical Imaging Systems, Inc. 
OKI Electric Industry Co., Ltd. 
Optical Coating Lab., lnc. 
Optrex America, Inc. 

Philips Flat Display System 
Phosphor Technology 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. 

RF Power Products 
ROLIC Research Ltd. 

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

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

Ultra Electronics Command & 
Control Systems 

ULVAC Technologies, Inc. 
Unipac Optoelectronics Corp. 
Uni versal Display Corp. 
Ushio America, Inc. 

Viratec Thin Films Inc. 
Vishay-Dalc Electronics, Inc. 

Westaim Advanced Display 
Technology 

Westar Corp. 
WINTEK Corp. 
WinTron Technologies 
XCITEK, Inc. 
XMR, l.nc. 

BOC Coating Technology ................... IO 
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Laboratories Co.) .......... .................. C4 
CyberTouch ......................................... 23 
Digital View ..... ...... ..... ... .... .. .. .... ... .. ... 32 
Display Works 99 ............................... 38 
ELDlM ......... ..... ...... .. .. ....... ................ 42 
Ergotron .............. .... .. .............. ..... ........ 6 
Imaging and Sensing 

Technology Corp ......... .................... 33 
Klein Instruments Corp .................. 43,44 
LG Electronics ........... ....... ............ ..... .48 
MicroJoin ............................................ 39 
Microvision .................................... 11,32 
NEC Technologies ................................ 7 
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Three-Five Systems ...... ....... .............. C3 
Topcon America Corp ..................... ... .. 5 
Toshiba America Electronic 

Components ........ ......... ......... ..... ..... I 7 
Unigraf ...................... .......................... 40 
Video Instruments ............................... 33 
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Sales Office 
Palisades Institute for Research 

Services, Inc. 
411 Lafayette Street, 2nd Floor 
New York, NY 10003 
Christy Smith, Director of Sales 
212/460-8090 x211 Fax: 212/460-5460 

Employment Opportunity 
The Display R&D Center of LG Electronics Inc. 

(LGE) is soliciting applications for a research 
engineer position. The applicant must have a 
strong background in driver circuit design for flat
panel displays, such as field emission or plasma. 

Applicants should have a doctoral or master's 
degree in electrical engineering and research 
experience in electronic displays. 

The LGE Display R&D Center is currently 
carrying out a number of R&D projects related to 
flat-panel displays and other displays for the next 
generation. The LGE research complex is located 
in the suburbs of Seoul (Woomyeon-Dong). We 
offer competitive wages and benefits. 

Applications will be reviewed beginning 
immediately and will continue until the position 
is filled . Please send a letter of application, vita, 
copies of transcripts, and three professional 
references (name, position, institution, phone 
and facsimile numbers, e-mail address) to 
Mr. John H. Shin, Deputy General Manager, 
Display R&D Center, LG Electronics Inc., 
16 Woomyeon-Dong, Seocho-Gu, Seoull37-724, 
Korea. Electronic submissions of application 
materials are welcome and should be sent via 
e-mail to johnshin@wm.lge.co.kr. 
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