
DISPLAY MANUFACTURING ISSUE 

• Fluidic Sell-Assembly 
• Laser Glass Cutting 
• Phosphor Requirements 
• Display Developments in Russia 
• Taiwan's Growing FPD Industry 



At Optrex, We Can Put Any 
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Whatever your LCD needs - standard or custom - Optrex can offer an 

effective, cost~efficient solution. For over 30 years, manufacturers have relied 

upon Optrex for technologically~advanced character, monochrome, color 

an d custom LCD configurations. Founded as a joint venture between Asahi 

Glass Co. LTD. and Mitsubishi Electric Corp., Optrex provides technical 

design and support through our own sales organization, and through more 

than 100 sales and distribution offices worldwide. For more information 

call Optrex, or see your electronics distributor today. 

44 1 60 P i. YMOUT H OAKS BLVD . • P LYMOUTH, Ml 48 1 70 • (7 34) 4 1 6-8500 • FAX: (734) 4 1 6 - 8 52 0 

E-m ail : lcdinfo@optrex usa .com 
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COVER: Alien Technology 'sjluidic self-assembly 
(FSA) washes IC-comaining NanoB/ockH1 devices 
into matchitlg depressions on a display back plate, 
as shown in this artist 's rendering. The devices are 
separated from a standard CMOS wafer, so they 
are made of single-crystal silicon that can be used 
to realize pixel switches, drivers, and system elec­
tronics. Will FSA replace TFTs ? See the article 
beginning on page 12. 

Alien Technology 

For more on what 's coming in lt![ormatiou Display, and for 
other news on infonnalion-display lechnology, check lhe 
SID Web sile on the World Wide Web: http://wmv.sid .or·g. 

Next Month in 
Information Display 

Display of the Year Awards Issue 
• The Best of '99 
• Electronic Projection 
• NIST Color Calibration 
• AMLCD Medical-Imaging Systems 
• Fewer Pixels; Equal Quality 
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Paradigm Shift 

During the process of selecting tills year 's S!Djlnfor­
mation Display Display of the Year Awards, a distin­
guished member of the Display of the Year Awards 
Cornrnittee - who might prefer that his name not be 
mentioned in this context - implied wi th tongue in 
cheek (I think) that all direct-view displays represent 
"dead-end technology." (Does this mean that no 

~ direct-view displays will win Display of the Year 
Awards? To find out, I'm afraid you will have to wait lUltil December to learn 
the results from Information Display's Display of the Year Awards Issue or 
from one of the other publications that report on the awards.) 

But my distinguished colleague was making an interesting point. Should we 
be trying to think the unthinkable? Whenever we envision a display-containing 
product, should we force ourselves to re-imagine that product with a display that 
is not a direct-view display? And what's left if we eliminate traditional direct­
view displays from this imaginative exercise: only virtual displays (small dis­
plays viewed through an optical system), projection displays, eyeglass and head­
mmmted displays, and retinal displays that sweep a modulated collimated light 
source across the retina to create an image. 

Would people accept a high-quality HMD - a descendent of the Sony 
Glasstron, perhaps - as their primary TV display? My friend Tom Holzel 
would like to believe that the new paradigm consists of very lightweight eye­
glass-type displays. Should a portable computer be of Palm Pilot size, with one 
of Tom's wearable displays and voice input? Or will it be microdisplay-based 
rear-projection displays that make large-screen direct-view TV receivers, com­
puter monitors, and even direct-view avionic AMLCDs obsolete? 

This issue of ID contains an article from Alien Technology describing a 
paradigm-busting way of making active-matrix flat-panel displays with single­
crystal pixel switches and the option of single-crystal on-board drivers and sys­
tem electronics. But the displays are direct-view. Could tllis new manufactm­
ing paradigm be derailed by new paradigms in display applications? Or could it 
go the other way, with the new manufacturing paradigm cutting costs and 
renewing the attractiveness of the old display paradigm? 

Of comse, the problem with thinking the unthinkable is not only that it's 
unthinkable. It may also be, at least in part, wrong. It may be that t11e babble of 
400 people dictating to their Palm Pilots on a Boeing 747 will not be socially 
acceptable. And if people find they need a keyboard-sized input device, then 
they may also wish to stick with a direct-view display of similar size. 

And some people may enjoy the social aspects of sharing a single television 
screen and a single visual space witl1 family or friends. (Sharing a visual space 
with your beer and chips might also save some wear and tear on the carpet.) 

I hope you weren't expecting a tidy conclusion to this editorial. I don ' t have 
one, but I'm not ready to kiss the direct-view display good-bye, either. Before 
consumers, even a sigtlificant minority of tl1em, will abandon direct-view dis­
plays, they will have to see something that works better for them in a particular 
application. In some cases, they will find a better paradigm, and in some cases, 
I tllink, tl1ey won't. But sirlce we in the display industry have not yet, relatively 
speaking, put a great many displays out on the market that try to solve consumer 
problems with non-direct-view displays, it 's too early to either cheer or worry. 

The year 2000, appropriately, is likely to provide tl1e first serious testirlg of 
the waters. - KIW 
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Powerful New Video Generators. 
The Smart Choices. 

--·5-----------.~ ..._.... - 5 -- ...... ~ 

STANDALONE PC-BASED 

Standalone Units from $2950 
400 MHz for true 2K x 2K resolutions; 
Storage of more than 1000 Timing/ 
Pattern Programs in Flash Memory and 
EEPROM; Fully PC-compatible with 
"Biomp" capability; direct access to any 
parameter from front panel or through 
PC-programs. And any of the 
(E)EPROM you used in earlier w1its 
can still be used. 

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

PC-Based Units f ranz $2500 
300 MHz gives you ample margin if 
you work with Display Systems up to 
a !600xl280 resolution. Its full 
"DDC" capability is an increasingly 
important asset in service and manu­
facruring applications. 

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

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

DIGITAL 

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

It's small and light, yet has the 
perfom1ance to drive any single or 
multiplexed Flat Panel Device with a 
resolution of 24 bits per pixel up to a 
multiplexed frequency of 150MHz. 

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

Make the Smart Choice ... Contact Team Systems 
Call Visit 
us: 1-800-338-1981 us: www. team-systems.com 

-----------------------------~-]E~~~ 
TEAM Systems, Inc. 29H Corvin Drive, Santa Clara, California 95051 
Tel.: 408-720-8877 Fax: 408-720-9643 
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Investment Advice ... 

by Aris Silzars 

Once upon a time, in a world before e-mail and the 
Intemet, when the wann glow of vacuum tubes in 
radios, B&W television sets, and first-generation 
high-fidelity systems was sufficient to take the chill 
off a modest-sized living room on a cool fall evening, 
there came into being a few new businesses founded 

by highly capable people with names such as Hewlett, Va lium, and Varian who 
believed in the future of this technology and in the excellence and quality of the 
products they could create. They built their companies on integrity and solid 
technical and fma.ncial accomplishments. Others soon emulated their success and 
eventually spawned entire geographic regions of intense teclmological activity. 

As these companies grew and prospered, there eventually came a time when it 
was no longer possible to support the rapid growth from the companies ' own 
profits. Thus, to raise the additional capital needed to supp01t their growth, the 
companies decided to "go public." Tllis was not always a happy decision. 
Being a public company brings with it many constraints and loss of management 
autonomy. Nevertheless, the benefits of faster growth usually outweighed the 
desire of the founders to retain autonomy and control. 

Of comse, by the time the decision was made to seek additional resources 
through the stock market, these were all well-established and profitable busi­
nesses. Investors could readily assess the value of each company based on a 
track record of sales and profit pelformance spanning a number of years. The 
world of fmance was relatively predictable and followed the rules of traditional 
economks. That is not to say that all was pelfect, since overall growth and 
recession cycles still could and did have a significant influence. 

Then, about twenty years ago, some enterprisil1g folks in some newly created 
bio-tech businesses had a really creative idea. Why not go public on the 
promise of future success? After all, who needs to have a real product and real 
profits? If the future potential is sufficiently great, maybe people would buy 
into the company even if it had no sales and no profi ts. Then there would be 
even more money for new product development. And, by the way, they also fig­
ured out that the founders would get a nice share of tllis wealth sooner and with­
out having to do all that nasty product-selling and showing-profitability stuff. 

And it came to pass that times were good and this approach succeeded beyond 
most people 's expectations. Furthem1ore, the eventual fail me of most of these 
compa1lies only dampened the spirits of investors in certain narrow market sec­
tors. If bio-tech didn't seem to be workil1g, then how about a new drug to cme 
the common cold? How about that company promising a new software pro­
gram? Well , if that doesn' t work, then how about that new Internet enterprise? 

In tllis new and exciting world of high-risk fmance, it is no longer necessary to 
show sales and profits. It is also no longer necessary to have a product. It is only 
necessary to have the appearance of great future products. In a fonn never con­
templated, we have achieved the "virtual" corporation. This virtual corporation 
doesn't produce a product. It has no sales. It lives off other people's money. Its 
founders become rich. Its major and sometil11es sole objective becomes moving 
wealth from one group of people to another. And I suppose, dependil1g on who 
populates each group, tlus may not be an entir·ely bad objective. 

continued on page 38 
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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 get much 

better than this ... 

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

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

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

of irs merits. 

Then, 

this is a 

cluster tool. 

So you can 

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 get a very attractive 

return on your investment. 

Designedforpmduction, HOC's 
jlexible cluster configuralionlelsyou 

deposit a single film or an entire slack. 

And this system 

also reduces downtime 

and requires less main­

tenance. 

Plus, it provides 

BOC's FCE-7000, the 
wodd's largest FED 
produclionlool, ca 11 

process panels up to 
600111111.\' 720111111. 

more advanced automation 

and higher materials utilization. 

So you can see how it achieves the 

lowest cost of ownership of any flat panel 

deposition system in the industry. 

A full spectrum of solutions. 

BOC has been 

producing coating 

systems for more 

than 35 years now. 

So they can 

provide not only 

high-throughput 

production sys­

tems, but also 

prototype R&D 

and intermediate 

systems, as well. 

They can also 

provide you with 

an unmatched 

repertoire of 

process and sys­

tem knowledge 

and managed 

engineering 

expertise. · 

So, even if 

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

BOC to help you answer the questions, negotiate the risks 

and get where you want to go. 

Bottom line, it means smarter solutions- from the big 

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

Temescal, a part ofBOC Coating Technology, 2700 Maxwell Way, 

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

##I' BOC 
COATING 
TECHNOLOGY 
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See what 
Westar's LCDcubeTMVP3 

can do for you ... 

• Digitizes computer-generated 
analog video 

• Works with VGA through SXGA 
resolutions 

• Drives commercial AMLCDs 

• Features the smallest form factor 

• Allows for easy in-the-field 
reconfiguration 

CALL 1·800-518-8379, ext 286 
Or visit our website at www.westar.com/lcdcube Products for batter displays."' 
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LAMINATORS 
For equipment specifications 

and additional information, 
please contact PV Sales 

at 781-275-6000 

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

© 1998 Spire Corporation 

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

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

SPI-LAMINATOR-
Models 240, 350, 460, & 660: 

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

Programmable Processing: 

• Temperature, 180°C (max.) 
• Pressure, 1 atm (max.) 
• Chamber Vacuum, 1 mm Hg 
• Automatic or Manual Cycles 

Circle no. 20 

Spire Corporation 
One Patnots Park 
Bedford, MA 01730-2396/USA 
TEL 781-275-6000 
FAX 781-275-7470 
EMAIL pvsales@sp~recorp.com 

sp1re 



MICROJOIN, INC 
Poway, CA 858/877-2100 

ACF Bonding System for FPD 

The Model 6800 is a computer con­
trolled ACF bonding system. It can 
pe1fonn TAB and chip-on glass assembly 
operations on flat panels of up to 40" 
(1.02M). It is ideal for h igh mix, 
low vo lu me assembly or rework 
environments. The system incorpo­
rates MicroJoin's Ceramic Hot Bar 
TechnologyTM providing highly 
repeatable part co-planarity and 
superior heat conduction. The 6800 
features high precision hot bar z-axis 
actuator for pressure control, vision 
alignment system option for parts to 
90 microns, multi-axis mo tion system, 

Windows NT-based operating system. 
The computer controls motion, v ision, 
lighting, and logs process parameters 
fo r S PC analysis. The system is Class 
100 clean room compatible. 

Circle No.1 

ACFBONDING HEAT SEAL BONDING REFLOW SOLDERING 

Ceramic Hot Bar Technology"' 
(CHBT"'} from Microjoin assures 
process control and part consiste ncy 
fo r ACF, heat seal, and reflow solde r 
bonding processes. Microjoin's 
CHBT pe rforms with exce ptional 
flatness and part co-planarity, very 
low th ermal gradie nts, complete 
e lectrical isolation from t he parts, 
a nd no oxidation build-up. 

Even more, these critical process 
feature s can be demonstrated 
under a wide range of dynamic 
co nditions. Microjoin has ove r 25 
configurable system platforms to 
meet specific application require­
ments. Stemming from its Toddco 
Genera l, Palomar, and Hughes 
roots, Microjoin has more than 
50 years of combined expertise. 

You can use C~ramic Hot Bar Technology for ne>Ho-glass. flex-to-fle><. mzcro 
nex-to-PCB, chip-to-glass. edge connectors. ribbon cable and more. J 0 I n 
Contact Us Today .•• 
Phone: 858 877·21 00 e-mail: hoCbars@mlcroJoln.com ·--~ 

MICROJOIN, fNC 
Poway, CA 858/877-2100 

Polarizer Laminator for FPD 

The Model 6300 is an all new work­
station for application of polarizing 
film to flat panel displays d iagonals 
of up to 2 1" (533mm) with an aspect 
ratio of 4:5. The 6300 features five 
standard roller lengths for a variety of 
fi lm sizes and vacuum hold-down for 
LCD panels. Lamination repeatabi lity 

is +1- 0.3mm. Typical cycle times 
range from 39 to 66 seconds including 
load/unload. The system is Class 100 
clean room compatible. 

Circle No. 2 

MICROJOIN, INC 
Poway, CA 858/877-2100 

4200 PDI for LCD Module 
Bonding, Testing 

The 4200PDI provides two 
bonding and two testing positions fo r 
LCD module assembly. Using two 
bond heads with MicroJoin's Ceramic 
Hot Bar Technology,TM the 4200 can 
increase throughput by a factor of 
three times. While two modules are 
bonding, another two are tested then 
unloaded. Its computer controller and 
camera provide real-time viewing of 

LCD pixels for quick assessment of 
bond quality. 

Circle No.3 



Teamworl<. 

The essence of teamwork at Lexel is 
talented, dedicated people working 
t ogether and s triving to achieve 
ever-increasing levels of excellence. 
Excellence is evident everywhere at 
Lexel and is the reason our special 
purpose CRTs are so valued in the 
industry. 

Pride in achieving excellence is the 
cornerstone of the Lexel Team. Pride 
in the design and manufacturing of 
CRTs w hich exceed cu stom er 
requirements and expectations; pride 
in continually improving our 
processes and products; pride in our 
commitment to our customers and in 
providing them with superior quali­
ty, value, performance and service; 
but most of all, pride in ourselves 
and in our continuing commitment 
to each other. 

Excellence, Pride and Teamwork -
That's Lexel 

LEXEL 
IMAGING SYSTEMS, INC 

A SUBSIDIARY OF LEXEL CORPORATION 
1501 N E W T OWN P I KE • LEXINGTON, KY 4 051 1 
P HONE (606) 243-5500 • FAX (606) 243-5555 
SALES & MA RKETING (970) 731-5260 • FAX (970) 731-5261 
Visi t our website: www.lexelco rp.com 
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With the SS200 family, 

you can precisely, 

automatically, and 

completely measure 

display performance­

and that includes 

flat panels. 

Complete tum key 
system with computer, 
6-axis positioner, 
monitor, sofiware, and 
S 200 camera system. 
Automaticall) performs 
spatial and luminance 
mcasurrmcnls. 

You can easily field upgrade 
to the more powerful SS2 to 
package, which provides aU 
SS200 functions, plus an 
integrated St>ectrometcr for 
spectral analysis and color 
measmements. Includes 
response time measure­
ment capability. 

For nat panel testing, a field upgrade to 
the SS220 is easy. The SS220 provides 
St>ectrometer·-based off-axjs measw·ement, 
color analysis, color shin and luminance 
testing. Coupled with the SS210, this is the 
most comt>rehensive test system ever 
o!Tcrcd- at a fraction of the cost of 
indil idual test instruments. All tests are 
pcr'forrned at \1ST-traceable accur·acy. 
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Ir you checked all of the 
above and would like more information, 
call Microvision at (800) 95J-5J88. 
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550 High St., Suite 108/ Auburn, CA 95603 
Tel: (530) 888-8344/ Fax: (530) 888-8349 
Toll Free: I (800) 931-3188 
Email: microvsn.com 
Web sire: http://www.microvsn.com 
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Japan - 11\GO COlli'., 06 539 3366 
Tai11an - SUI'ImLt\K TECH., 02 705 7090 
Korra -8 & I' I 'IT' I., 02 S-16 I 457 



Red So Real It's Dangerous. 
There's an old saying, "If you mess with the bull, you get the horns." Well, Toshiba has learned that if you 
mess with perfection, you get something even better. After bringing superior brightness and higher contrast 
to its advanced Microfilter technology, Toshiba has set its sights on adding realism and color purity to its 
display images. Introducing Microfilter 99 CRT. By improving the red color filter and red phosphor, Toshiba 
has extended the color range by 5%, resulting in brighter colors and glowing red hues that add dimension to 
its images. No other CRT can match this realistic color. Microfilter 99. Reds so bright, you might just say Ole . 

• 
~ 

In Touch with Tomorrow 

TOSHIBA 
http://www.toshiba.com/ taec 

Toshiba America Electronic Components, Inc., Electron Tube and Device Division: One Pkwy., North, Suite 500, Deerfield, IL60015 Tel:1· 800·879· 4963 
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Fluidic Self-Assembly Could Change 
the Way FPDs Are Made 

A new way of incorporating single-crystal-silicon p ixel switches, 
drivers, and system electronics in virtually any FPD back plate 
could create cheaper, better-performing displays. 

by Stan Drobac 

LDAY's active-matrix liquid-crystal dis­
play (AMLCD) is an impressive example of 
engineering and manufacturing prowess. 
Decades of R&D and billions of dollars of 
investment have resulted in an industry that 
can produce a fundamentally complex product 
at a cost acceptable to some relatively high­
volume markets. Producers have learned to 
fabricate amorphous-silicon (a-Si) and 
polysilicon (poly-Si) transistors, to handle 
ever-larger sheets of glass, and to perform dif­
ficult assembly operations with high yield. 

Still , current AMLCD manufacturiJlg is 
characterized by some painful compromises. 
Transistors, for example, are large and limited 
in perfonnance because they are usually fabri­
cated from a-Si deposited on glass. Even low­
temperature-polysilicon (LTPS) transistors are 
large and have poor characteristics compared 
to those made in even the s implest commodity 
IC processes. As a result, displays need either 
expensive TAB-mounted dri ver circuits (for 
a-Si) or added processing with attendant yield 
loss (for LTPS). In either case, it is not possi­
ble to bui ld much, if any, intell igence into the 
display matri x. 

Another compromise is that of the glass 
substrate itself. Glass is transparent and can 

Stan Drobac is Director of Business Develop­
ment at Alien Technology Corp., 2606 Bar­
rington Ct., Hayward, CA 94545; telephone 
510j783-1800,fax 510!783-6086, e-mail: 
sdrobac@alientechnology.com. 
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tolerate the processing temperatures and 
chemicals needed to produce a-Si and LTPS 
transistors, but it presents a difficult and 

costly handling challenge, especially as panel 
sizes grow. The resulting end product is a dis­
play that can look good but is easily broken. 

Alien Technology Corp. 

Fig. 1: These NanoBlocks used in .fluidic se(f:assembly ( FSA ) are "tested-good " !Cs separated 
.fi"om a CMOS wafer wltich can range from ten ro several hundred microns square. They are 
shown here in and around the "D" on a U.S. dime. 
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Fig. 2: In this artist's rendition, NanoBlocks are falling into the matching holes in a substrate. 

A long-held industry goal has been to move I ble plastic substrates. Doing so could allow 
display manufacture away from glass to flexi- the use of high-productivity roll-to-roll pro-

Fig. 3: Tire FSA process recycles excess NanoB/ocks and reuses tire suspension fluid. 

cessing and enable the production of thinner, 
lighter, more robust displays. However, plas­
tic substrates sharply limit processing tempera­
tures, making transistor fabrication substan­
tially more difficult. A few researchers have 
been able to produce ftmctional transistors on 
plastic, but the high-vohtme fabrication of 
plastic-substrate AMLCDs is not likely to be 
viable in the near future with existing methods. 

Fluidic Self-Assembly 
An alternative to the traditional approach of 
transistor fabrication in situ on a glass sub­
strate has been developed by Alien Technol­
ogy Corp. Fluidic self-assembly (FSA) 
decouples the production of transistors from 
the processing of the display materials, elimi­
nating the need for expensive fabs capable of 
producing transistors directly on a sheet of 
display glass. FSA allows the accurate depo­
sition of known good semiconductor devices 
over large rigid or flexible surfaces to within 
±I micron. As a result, the fabrication of 
devices for an active-matrix backplane can be 
outsourced to commercial IC foundries. 

FSA can be used to produce display back­
planes on rigid (glass or plastic) or tlexible 
(polyester, polyimide, polycarbonate, etc.) 
substrates. We at Alien are convinced that 

Information Display 11/99 13 



display packaging 

Single Crystal 
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Assemble 
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Alien Technology Corp. 

Fig. 4: After FSA, t!te passivated NanoBlocks are metallized and interconnected as (a) a single 
metallized Nanoblock and (b) a 3 x 4 array. 

such backplanes, built of devices from stan­
dard IC processes, can lower the cost and 
enhance the performance of essentially all 
flat-panel-display (FPD) teclmologies, includ­
ing promising new display teclmologies such 
as organic light-emitting diodes (OLEOs). 

FSA promises to accelerate the transition to 
fully automated in-line roll-to-roll (web) pro­
cessing on a continuous flexible substrate. 
Web processing is a high-volwne continuous 
technique, much more efficient than the 
batch-oriented processes used in existing 
AMLCD fabs. Together, FSA and web pro­
cessing promise to reduce manufacturing­
facility investment, reduce materials and man­
ufacturing costs, increase manufacturing 
throughput and yield, increase manufacturing-
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line flexibility, and provide the potential for 
making very large lightweight displays. 

What Is FSA? 
The basic principles behind FSA are simple. 
In the FSA process, specifically shaped semi­
conductor devices, ranging in size from 10 
microns to several hundred microns square, 
are suspended in liquid and flowed over a sur­
face that has correspondingly shaped depres­
sions on it into which the devices settle. The 
shapes of lhe devices and depressions are 
designed so the devices fall easily into place 
and are self-aligning. 

The process begins with a single-crystal-sili­
con wafer containing anywhere from hundreds 
to mi llions of microelectronic devices. The 

devices can be as simple as individual transis­
tors or as complex as integrated circuits (ICs). 
Alien uses large commercial semiconductor 
foundries to produce these microelectronic 
devices using standard CMOS IC processes. 

In the next step, each separate microelec­
tronic device is freed from the wafers tlu-ough 
an etching process that separates tl1e silicon 
wafer into thousands or millions of separate 
functional devices having specific three­
dimensional shapes (Fig. 1). Alien has trade­
marked the term "NanoBiock" to describe the 
devices freed from tl1e si licon wafers. 

Separately, the display backplate- to which 
the NanoBlocks will be bonded - has depres­
sions stamped, punched, etched, or laser­
drilled into it. These specifically shaped holes 
correspond to the shapes of the NanoBlocks. 
The NanoBlocks are then suspended in a 
fluid, which is flowed across a previously pre­
pared substrate sutface. As the NanoBlocks 
pass over the substrate surface, tl1ey drop into 
the correspondingly shaped holes (Fig. 2). 

It is this step that is the heart of the process. 
It allows all of the semiconductor circuitry for 
:m acti ve-matrix display to be produced in IC 
fabs. It also gives the display manufacturer 
lhe freedom to select flexible substrates and 
web processing, and to enjoy tl1e performance 
of single-crystal silicon, which is substantially 
greater than that of a-Si and poly-Si. 

The NanoBiocks that do not assemble 
themselves into holes in tl1e substrate surface 
are removed from the fluid, cleaned, and re­
suspended in cleaned fl uid to be flowed over 
another substrate. In this way the NanoB!ocks 
and suspension fluid are recycled (Fig.) ). 

In the last step, tl1e NanoBlocks that did 
self-assemble into the holes in tl1e substrate 
are electrically connected via standard metal­
lization techniques (Fig. 4) to create the final 
integrated system - in th is case, an active­
matrix display with fully integrated on-board 
drive and control logic. 

Because NanoBlocks are tested before sep­
aration from tl1e si licon wafer, all NanoBlocks 
that enter the FSA process are "tested-good" 
devices, which should result in high manufac­
turing yields and high-reliability displays. 
The NanoBiocks can be designed witl1 redun­
dant active devices and redundant row- and 
column-drive ci rcuitry for backup should one 
of the devices later become inoperable. 

The substrate into which NanoBiocks are 
assembled can be made from any number of 
rigid or flexible materials, including glass, 
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Alien Technology Corp. 

Fig. 5: This demonstration display was built on a PET substrate using single-c1ystal-silicon 
NanoBlocks and sputtered aluminum interconnects. The display is a PDLCj!TOjPET laminate. 

plastic, and silicon. The NanoBlocks them­
selves can be made so small that bending 
moments are not large enough to damage the 
blocks, even when they are mounted in a 
highly flexible substrate. This opens up the 
possibility of displays that can be flexed or 
bent while in use, and are light in weight. 

FSA is a fast process for placing from 
dozens to mi l]jons of microelectronic devices 
into an array. Substrate-fill experiments indi­
cate that arbitrarily large substrates can be 
completely filled in a few minutes at most. 

NanoBlocks can be fabricated in numerous 
materials, such as silicon, silicon-germanium, 
gallium arsenide, or indium gallium phos­
phide, depending on desired f tmctionality. 
NanoBlocks of differing sizes, shapes, materi­
als, and functionality can be mixed and 
matched on a substrate using the FSA process, 
and because submicron IC teclmologies can be 
used, the Nanoblocks can incorporate signifi­
cant circuitry while still consuming less space 
than individual a-Si or poly-Si transistors. 

Applications 
FSA promises to be an effective complement 
to some promising new display technologies. 
OLED displays, for instance, could be attrac­
tive for making wall-hung roll-up displays, 
but they require active-matrix drive character­
istics that a-Si and poly-Si processes cannot 
easily provide. FSA, using single-crystal-sili­
con NanoBiocks, could make large-screen 
active-matrix OLEDs practical. 

Plasma displays may also benefit from 
FSA. With FSA, an active-matrix backplane 
for a plasma display could be made using 
pixel transistors built on a standard high-volt­
age IC process. With such a backplane, high 
voltage could be switched locally at the pixel 
at high speed with optimized characteristics. 
This could dramatically reduce the panel's 
power consumption and simplify its design. 

LED displays could also be produced more 
economically with FSA. A single LED wafer 
could be rnicromachined into tens or hundreds 
of thousands of LED NanoBiocks and placed 

onto a suitable substrate using FSA. This 
would create an LED display array, which is 
prohibitively expensive to build with existing 
techniques. 

FSA applications are not limited to FPDs. 
Other possibilities include large-scale sensor 
arrays and mixed-technology electronic cir­
cuits - such as laser devices assembled into 
silicon circuits to provide optical intercon­
nects. As a cost-effective solution to the 
problem of creating large-area fine-scale 
assemblies, FSA has a large number of manu­
facturing applications . 

Where Are We Now? 
The FSA process has been proven on small 
substrates. Substrate fills into a 3-in.-square 
substrate with 11,000 NanoBiock sites show 
consistent 100% fills, i.e., no missing or mis­
aligned blocks- in 30-60 sec. We bel ieve 
that the process is easily scalable and capable 
of filling much larger substrates in about the 
same amount of time. (We intend to have 
production FSA equipment made with multi­
ple NanoBiock sources spread across the sub­
strate area, akin to watering a lawn with an 
array of sprinkler heads.) 

The subsequent process steps of depositing 
metal over the NanoBlocks and patterning 
interconnects to produce a functional active 
matrix have also been successfully demon­
strated. Flexible demonstration displays with 
140 pixels have been produced on a PET sub­
strate using a polymer-dispersed liquid-crystal 
(PDLC) display material (Fig. 5). 

Alien's Business Strategy 
The obvious initial application for FSA is to 
simply drop it into an existing AMLCD pro­
cess, elirninating all of the steps required to 
fabricate a-Si or LTPS transistors. Indeed, 
Alien has begun work with one major 
AMLCD manufacturer and is in discussion 
with others who are interested in using FSA in 
their existing glass-panel fabs . 

Alien itself intends to establish a roll-to-roll 
production facility to build displays on flexi­
ble substrates. In contrast to some other start­
ups, Alien will initiate production with the 
smallest, simplest displays possible. (Unlike 
many other new technologies, whose cost 
structures typically mandate a high-end mar­
ket entry, the combination of FSA with web 
processing will give Alien a cost structure that 
supports low-end consumer-product pricing.) 
This will allow the early development of a 
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Test Signal Generator for 
Digital Flat Panel Displays 
• 

• 

• Support for mu!tiple bitmap formats 

II Text with Bitmap and Vector fonts 

• Resolution up to 1920 x 1440 and higher 

• Windows and MS-DOS software 

• Full control of sync polarity and state 

• Full DDC (read/ write) and ATE support 

II Multiple generators in one PC 

II Unlimited number of permanent patterns, 
timings, colours, palettes, signal formats 
and sequences 

ll !External Personality Modules for LVDS, 
Panel-Link, RGB analog, parallel 
interfaces and for future solutions 

• Scrolling colours or bitmaps for test 
pattern animation 
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UNIGRAF 

VTG-1108 

The VTG-11 08 ISA board is • 
a digita l vid eo sig na l 
generator designed for • 
testing, evaluating and 
servicing different types of • 
Flat Panel Displays in 
Manufacturing, R & D and • 
Service. It supplies the 
necessary signals for • 
displaying test patterns on 
LCD, EL or Plasma Displays • 
or other equipment using 
digital video inputs, colour or • 
monochrome. 

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

high-volume production infrastructure with 
minimal execution risk. The company 's ini­
tial product, to begin sampling in late 2000, 
will be a small, flexible monochrome display 
for smart cards. Smart cards represent a large 
potential market that has not yet been served 
because of the difficulty and cost of producing 
a robust flexible display by conventional tech­
tuques. Alien is already engaged with irtitial 
customers in that market, and plans to ship 
millions of smart-card displays in 2001. 

Over time, Alien intends to expand its prod­
uct range to increasingly complex displays 
covering many kinds of portable devices and, 
later, larger displays for computer, TV, and 
other applications. • 

Save 90% of Original Cost 

• Double Sided Vertical In-Line 
· DC and RF · Up to 6 double side 750mm 
targets · Automated for production needs 
• Good condition · Professional De-Install 

· Documentation · Ready to ship now 

Leybold ZV 1200 
• Turbo Pumps · Chain Drive . Spares 
· Experienced Technical Team · Qty. 2 

Ulvac SPC-400 
· Cryo Pumps · Rack & Pinion Drive 

· PhD Process Devel. and Ulvac -Trained 
· Installation Consultants · Qty. 2 

www.lasermofion.com/ MFG-SEMI.hfml 

LMDC laser & Motion 
Development Co . 

3101 Whipple Road, Union City, CA 94587 
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Please send new product releases or 
news items to Info rmation Display, 
cjo Palisades Institute for Research 
Services, Inc., 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 



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

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

http://www. westar.com 
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The Future of Laser Glass Cutting 

Laser glass cutting is now a viable production process 
with clear benefits- particularly for high-value displays 
offering opportunities for downstream process savings. 

by Brian Hoekstra 

M ANY CRITICS might claim that - like 
the laser itself 20 years ago - the laser cutting 
of glass represents an invention still in search 
of an application. While there is no doubt that 
laser cutting of glass is a commercially viable 
process, the question remains, why hasn't 
laser cutting replaced mechanical methods? 
The two major reasons are cost and market 
acceptance. 

In reality, laser cutting may not replace 
mechanical methods for some applications. 
Laser cutting will, however, prosper in mar­
kets where it provides a decided cost advan­
tage or quality advantage, or turns out to be an 
enabling technology. The key to realizing this 
potential - as with any new teclmology - is 
acceptance by the industry. 

Gone are the days of smoke and mirrors. 
The technology is here and continues to 
improve every day. The quality of laser-cut 
glass is far superior to mechanically cut glass, 
no matter how one chooses to measure "qual­
ity." The feedback from customers ranges 
from astonishment to excitement as more and 
more new applications are discovered. As 
with most new technologies, they reach a cer­
tain level of maturity; however, the concerns 
seem to be shifting from technical feasibi lity 
to production, cost, and reliability. 

Brian Hoekstra, formerly Vice President of 
Technology at A ccudyne Corp., is currently 
the CEO of Applied Photonics, 12565 
Research Par/...'way, Suite 300, Orlando, FL 
32826; telephone 407/384-0881, fax 407/255-
5205, e-mail: brian@appliedphotonics.com. 
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The success of any pioneering teclmology 
depends on early adopters: forward-thinking 
customers who are willing to make a commit­
ment and endure the risk. Before these new 
users are willing to take that risk, they must be 
confident about the reliability of the process 
and equipment. One way to produce this con­
fidence is by cutting and analyzing actual 
samples to highlight the benefits of laser glass 
separation. Anotl1er way is to provide a clear 
and concise explanation of the current state of 
the technology - and of future improvements 
- so that customers can make informed deci­
sions about laser glass cutting. This article is 
an attempt to provide such an explanation. 

Background 
The laser cutting of glass is a high-tech solu­
tion to a relatively low-tech problem: how to 
make a number of little pieces of glass out of 
one large piece of glass. This process is 
important in many areas, but perhaps most 
important to active-matrix LCD (AMLCD) 
manufacturers, who routinely must fabricate 
several displays on a single glass substrate. 
The traditional metl10d of separation relies on 
mechanical scribe-and-break teclmiques that 
have been around for literally thousands of 
years. 

About 40 years ago, scientists discovered 
that a laser could be used to cut glass by melt­
ing and ablating the glass. Then, about 30 
years ago, laser heating and quenching meth­
ods were developed in the U.S. This metl1od 
creates a thermal shock in the glass that effec­
tively breaks the molecular bonds witl1out 
removing any material. Laser cutting, for the 
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purposes of this discussion, involves the con­
trolled propagation of a microcrack through a 
glass substrate. While this technique has been 
around since the early '70s, recent increases in 
processing speeds and single-pass separation 
techniques have helped make the process 
commercially viable. 

Full-Separation Technology 
In June of 1997, Accudyne Corp. received a 
contract - funded by the United States Dis­
play Consortium (USDC) - for an effort enti­
tled "Advanced Glass Separation." Origi­
nally, the USDC contract called for the devel­
opment of a laser scribe tool and a separate 
break tool. However, shortly after this author 
joined the USDC terun in February of 1998, 
tl1e USDC scientists and engineers developed 
innovative techniques for single-pass separa­
tion, elinlinating tl1e separate breaking step. 
As a result, tl1e USDC technical review team 
recommended building two identical units that 
would perforn1 both of these steps in a single 
tool. This full-separation technology repre­
sents a significant breakthrough in the qual ity 
of the cuts, as well as in throughput and cost 
of ownership (Fig. 1). 

When compared to traditional mechru1ical 
processes, laser cutting offers a wide range of 
advantages: 

Faster speeds of up to 1000 llUll/sec 
increase throughput. 
Single-pass separation improves 
throughput and is a non-contact method. 
Improved edge quality increases yields. 
C/eauroom certificatio n improves 
device yield fo r open surfaces. 



Fig. 1: A typical laser-cut edge is cleaner and more strain-free than a mechanically cut edge. 

Reduced cost of ownership eliminates 
the equipment required for downstream 
prUl:e~~e~ ~u\.:h a:; edge seaming, clean­

ing, and edge grinding. 
Reduced cleanroom floor space because 
fewer machines are required. 
More efficient use of substrates enables 
unique device layout, and saves glass 
real estate due to the elimination of 
kerf. 

USDC Beta Units 
The full -separation technology has been 
incorporated into the two USDC laser-cutting 
beta units that are cun ently being field-tested 
(Fig. 2). The first USDC beta unit was 
installed at Planar Systems in Beaverton, Ore­
gon, where it recently underwent production 
testing. The second beta unit was used for 
process demonstration and sample preparation 
at Accudyne Display and Semiconductor Sys­
tems in Palm Bay, Florida, before being 
shipped to Tlu-ee Five Systems in the fall of 
1999. A third research unit is being upgraded 
and readied for sample cutting, and several 
new commercial units are being designed and 
readied for sa le. 

Production Testing 
In May of 1999, Planar Systems performed a 
number of production rw1s in order to assess 
the equipment and teclmology under actual 
production conditions. The yield increased on 

each of five successive production tests, cul­
minating in a final production-run yield of 
99.5% on OA-2 glass designed for electrolu­
minescent (EL) devices. The tlu-oughput for 
this test averaged 37.5 panels, or 75 parts per 
hour. The exercise resulted in many lessons 
learned, and established laser glass cutting as 
a viable contender for use in production. The 
opportunity to test the equipment under actual 
production conditions with real parts proved 
to be invaluable. 

AMLCD Applications 
Laser cutting can be more expensive than 
mechanical processes; as a result, it is better 
suited at this point for some applications than 
others. If a company makes thousands upon 
tl10usands of 5-cent parts, then a laser-cutting 
system - no matter how superior the quality of 
its cuts - probably ca1mot be justified even 
with the most liberal cost-of-ownership 
model. If the parts are expensive, however, 
and a small improvement in yield can have a 
large financial impact - as is the case with 
AM LCD panels - then it is easier to justify 
the added cost of a laser-cutting system (Fig. 
3). 

Co11U11ercialization of laser-cutting systems 
is inevitable- it 's just a matter of when and 
by whom. Currently, the major players in 
laser-glass-cutting systems are Schott Glass in 
Germany, Mitsuboshi Diamond Company in 
Japan, and Accudyne DSS in the U.S. Schott 

Accudyne Corp. 

Glass has limited its applications to in-house 
and generic glass-cutting applications in 
Europe for the most pa.1t. As of this writing, 
they have yet to make a serious entry into the 
AMLCD marketplace. Mitsubosh.i has been 
in the mechanical scribe-and-break business 
for years, and is now attempting to add laser 
cutting to its portfolio. Accudyne engineers 
developed a new approach and successfully 
developed it into a commercial technology. 
This author, in conjunction with scientists 
from the University of Central Florida, have 
since developed and perfected laser cutting for 
production use. As a result, patent applica­
tions have been filed to protect this new tech­
nology. And the race is on. 

Other Applications 
In addition to potential cost savings, laser cut­
ting can provide additional advantages over 
mechanical teclm.iques for some applications. 
For example, several glass-mounted biologi­
cal samples might need to be separated with­
out touching the swface in order to avoid con­
tamination. Some production processes may 
require cleamoom environments, such as cut­
ting of glass with open surfaces and active 
areas. Accordingly, the USDC tool has been 
designed and certified to operate ill Class 10 
cleamoom environments. This makes it pos­
sible to cut the glass prior to assembly of the 
cells, which gives the manufacturer more 
product-flow options. 
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The low-cost 

solution to glare control for 

CRT and·flat panel display applications. 

Now, there's an affordable, low-cost solution to glare control 

for computer screens, televisions, flat screen and electronic displays, 

and even glass display cases. 

Pilkington OptiTEC™ Anti-Reflective Glass. 

With a pyrolytic anti-reflective coating that's actually bonded 

to the surface of the glass while the glass is being made. 

So not only is it more economical, but more durable as well, 

for easier handling, fabricating, tempering, bending and more. 

That means faster tum-around and lower costs, too. 

And that's the bottom line. 

For more information, visit us at www.pilkington.com/specialty or contact your 

Pilkington representative. 

Pilkington Libbcy-Owcns-Ford, Specialty Glass Products 
P.O. Box 799, Toledo, OH 43697-0799 
Tel: 419 247 4724; Fax: 419 247 4517 

C l999 Pilkin~ton Lillbcy-Owens-Ford. OptiTEC'" Glass is a trndcmark of Pilkington. 

Circle no. 15 

0 
PILKINGTON 



~ 
\ 

So easy on the eyes, it 
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Pilkington OptiTEC™ Anti-Reflective Glass 

Manufactured on-li.ne with a durable pyrolytic Equally as important, Pilkington OptiTEC 

coating, Pilkington OphlEC Anti-Reflective Glass Anti-Reflective Glass reduces glare (reflected light 

offers all the benefits of an on-l ine coated glass: intensity). As a result, eye strain is minimized, 

easy handling, fabricating, cutting, tempering, readability is increased and the work place becomes 

bending and more. Bottom line, that means faster 

tum-around tim es and reduced labor costs. 
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Clear 
<5.3 89.5 +/- 1.0 <250 OphTEC 

Grey 
OphTEC <1.8 45+/- 2 <600 

a more productive, user-fTiendly environment. 

Product Features 

e LOWER-COST alternative to complete 

or expand an existing anti-reflective glass 

product line. 

e PYROLYT!CALLY COATED on-line clear 

base glass, using a patented chemical vapor 

deposition process, which forms a hard coating 

that offers unlimited shelf life, minimizes rubs 

and scratches and will not oxidize or change 

color over time. 

e IMPROVES COMFORT by minimizing 

reflection and glare, reducing eye strain and 

fatigue, increasing readability and enhancing 

overall ergonomics. 

e EASILY FABRICATED, the durable pyrolytic 

coating can be handled, cut, insulated, laminated, 

heat-strengthened and tempered using standard 

teclmiques. 

e BENDABLE Pilkington OptiTEC Anti­

Reflective Glass is easily heat-processed and 

bent after production for d istinctive applications, 

unlike soft or sputter-coated glass products. 

e ELECTRICALLY CONDUCTIVE for 

reducing electromagnetic interference and 

dissipati11g electmstatic charges. 

e IDEAL APPLICATIONS include CRT 

monitors, LCD panels, televisions and HDTV, 

aftem1arket glare filters, solar panels, display 

cases, framed picnlfC glass and even 

automotive dashboards and displays. 

e TRANSMISSION: avai lable in clear and 

reduced transmission grey coatings for contrast 

enhancement. 

e AVAILABLE IN 2.3nm1 and 3.2mm. 



display manufacturing 

great enough to provide engineering and manu­
facturing support for converting to a leading­
edge process. ll1is market is currently limited to 
major Japanese, Korean, and Taiwanese compa­
nies. More specifically, our near-tenu focus will 
be to incorporate the technology into a produc­
tion environment witl1 a large AMLCD manu­
facturer such as Samsung Electronics in Korea. 
Laser cutting can work in existing fab lines, as 
well as newer lines for larger glass panels, and 
can play a part in automating production lines. 

The U.S. market is expected to come along 
somewhat more slowly than the Asian market, 
and this technology will initially be used in 
specialty applications, stand-alone R&D units, 
and contract cutting of glass. 

The Futm·e 
The laser-cutting market remains ripe for 
development, and considerable efforts have 
been made familiarizing the industry with this 
technology through word of mouth, teclmical 
papers, presentations, and the demonstration 
of the equipment at SID '98 and Display 
Works ' 99. While the reception of the tech-

usoc nology has been enthusiastic, implementation 

Fig. 2: The LC-650 beta laser cutting tool was developed under a contract with the United has been s low for several reasons: 
States Display Consortium. 

Laser cutting makes edge cutting of mini­
mal size possible (Fig. 4). In theory, this 
could permit an AM LCD manufacturer to fab­
ricate larger panels on a given-size substrate 
by reducing the waste area. Since no material 
is removed by the process and there is no kerf, 
one can literally cut between pixels on a dis­
play, leaving each side undisturbed and 
undamaged. This could make it possible to 
tile panels with seamless boundaries between 
the tiles, resulting in the appearance of a s in­
gle contiguous large panel. 

Market Summa•·y 
A nw11ber of markets already exist that can 
take advantage of the benefits offered by 
laser-cutting technology: 

Flat-panel-display (FPD) manufacturers, 
primarily AMLCD. 
Specialty applications: biological coat­
ings, medical applications, and research 
and development. 
Glass singulation: architectural, automo­
tive, and ceo cameras. 

gets are large enough to support the purchase of 
process tools, and the technical resources are 

Manufacturers are reluctant to convert 
from an accepted and proven - even if 
not ideal - mechanical separation process 
to an unproved metllod. 

Manufacturers of AMLCDs are most likely to 
be tile first to adopt this new technology because 
the end products are expensive, tl1e capital bud- I Fig. 3: A variety of laser-cut AMLCDs have been produced. 

Samsung Eleclronics Corp. 
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Accudyne Corp. 

Fig. 4: With laser cutting, it is possible to cutl.O-mm-wide srripsjrom 0. 7-mm-thick Corning 
1737 glass. 

The Asian economic flu has hampered 
AMLCD sales in Asia and indirectly 
affected sales in the U.S., reducing capi­
tal expenditures by manufacturers ­
although capital-equipment sales may be 
on the verge of picking up as this article 
goes to press. 
Manufacturers are still not completely 
aware of the capabilities and advantages 
of laser glass cutting because the technol­
ogy has only recently been demonstrated 
to be viable. 
Limited production experience and a 
shortage of production glass has slowed 
efforts to bring the technology to market. 

In order to overcome these challenges, 
steps are being taken to 

Develop a commercial in-line laser-cut­
ting system designed to meet the 
demanding production requirements of 
AMLCD manufacturers . 
Spin-off USDC-funded laser-cutting tech­
nology to capital ize on the technological 
breakthroughs and market opportunities. 
Establish agreements and sales with 
major U.S. and Asian customers. 
Create partnerships with major U.S. and 
Asian companies to implement the 
technology. 

Secure private capital to meet market 
demand. 
Establish an after-sales support infras­
tructure both in the U.S. and Asia. 
Continue research and development on 
glass cutting and other production-related 
technologies. 

There is no question that laser cutting of 
glass panels works, is a viable production pro­
cess, and can offer significrult advantages and 
savings. In spite of the challenges that lie 
ahead in the near term, it is only a matter of 
time until manufacturers see the light. 
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Phosphor Requirements for FEDs and CRTs 

Despite the interest in phosphor research for field-emission displays, FED 
phosphors and CRT phosphors have more in common than one might expect. 

by Martin K y kta 

W r:rHER phosphors are being operated 
in a cathode-ray tube (CRT) or field-emission 
display (FED), they must be designed for opti­
mum efficiency and the proper vacuum must 
be maintained. For both devices, the operat­
ing voltages, currents, and light output are 
intimately related. The phosphor's lifetime ­
the operating time over which the light output 
fa lls to hal f its initial value- follows the same 
rules regardless of whether the phosphor is 
placed in a CRT or FED. 

A CRT typically has a vacuum of approxi­
mately l X J0'7 tO prevent contamination of 
the cathode. Manufacturers achieve this vac­
uum by a multi-step process. First, the CRT is 
vacuum baked, operated, and then sealed. A 
barium getter, activated by evaporation, is uti­
lized to trap contaminants that will outgas 
from the phosphor, cathode, and walls during 
operation - contaminants that would otherwise 
poison the cathode and degrade the phosphor. 
The usual phosphor-degradation contaminates 
are water, oxygen, and carbon dioxide. 

It is easy to pump the CRT down, i.e., 
establish a good vacuum inside it , because of 
its small surface-to-volume ratio. Nonethe­
less, the inside surface area available for 
applying the getter is large enough to allow a 
large ratio of active getter area to volume, 
which permits the CRT to maintain a good 
vacuum over its lifetime. 

The FED also needs a good vacuum to 
maintain phosphor li fe, but the FED has the 
disadvantage of having a large surface-to-val-

Martin Kykta is a consulting physicist with 
offices at 3603 Palomar Lane, Austin, TX; 
telephone 512/218-1676, e-mail: mkykta@jc. 
net. 
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ume ratio. It is as difficult to pump between 
two closely spaced glass sheets as it is to suck 
soda from a glass with a squashed straw. 
Faster pumping speeds could be obtained by 
increasing the gap between the plates, but this 
would require a focusing grid to direct the 
electrons at the phosphor and make the cur­
rent den:si ty more un.ifom1. Applying an evap 
a rable getter between the phosphor and cath­
ode to assist in the pumping would interfere 
with FED operation. Placing a non-eva p­
arable getter with a low activation tempera­
ture along the side could be the answer. 

Designing Phosphors fm· FEDs and CRTs 
A CRT phosphor is applied to tl1e inner sur­
face of a glass tube in a polyvinyl alcohol 

(PYA) resin slurry. A pattem is made in the 
phosphor by UV photolithography. Phosphor 
screens that have 1.4 layers of phosphor parti­
cles produce the most light. If any more lay­
ers are added, the light produced in the fi rst 
layers is scattered and absorbed in its path 
through the phosphor. In practice, two layers 
are put down to minimize manufactming 
defects. 

The phosphor-particle size determines 
screen resolution, and for most high-resolu­
tion CRT screens 4.5-I.Jm-diameter particles 
are acceptable. 1 A thin conductive layer, usu­
ally aluminum, is evaporated over the phos­
phor after an organic film is deposited onto 
the phosphor coating to create a smooth sur­
face for the alumjmun. However, a very thin 
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Fig 1: Calwlated plot of the efficacy (lnv'W) vs. voltage for a green ZnCdS:Cu,AI phosphor 
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Efficacy vs. Log of Average Current Density at 400 V 

Operating Voltage and Light Output 
To operate phosphors at low voltages is ineffi­
cient because these phosphors become effi­
cient at higher voltages. CRT manufactmers 
have long known that phosphors operate most 
efficiently and live longest at high voltages. 
(The exception is ZnO:Zn green phosphor, 
which operates most efficiently at 800-1000 
V, but it is easily surpassed in efficiency by 
other phosphors operating at high voltages.) 
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CRT makers are generally happy with high­
voltage phosphors. The desire for low-volt­
age red and blue phosphors came from FED 
manufacturers making color triode displays. 
The displays were arcing and had current­
leakage problems along the spacers separating 
the anode and cathode at high voltage. Lower 
voltages would mean no arcs and smaller 
leakage currents. Switching the device on and 
off was done with I 0-20 V on the gate. Fig 2: Calculated plot of the efficacy (lnVW) vs. log of the average cwTent density (A/cm2

) for 
a green ZnCdS:Cu,Al phosphor operating at 400 V witlz a 2-I..ISeC pulse width. The duty factor is 
1/1440 and the peak cu/Tent can be found by multiplying by 1440. 

The calculations that tell us that it is not 
efficient to operate phosphors at low voltages 
were perfonned years ago by knowledgeable 
phosphor researchers, but they were not well 
understood by display designers, who were 
not part of the phosphor community. The dis­
play designers hoped that materials develop­
ers would provide new color phosphors or that 
existillg phosphors that were highly efficient 
at low voltages would be discovered and 
prove the experts wrong. 

coating of MgO, which has a high secondary 
emission, has been used in place of aluminum. 

Why are aluminum or MgO coatings bene­
ficia l? Electrons striking the phosphor cause 
charge to accumulate on the surface. As the 
accelerating voltage increases, more electrons 
accumulate and act as a potential barrier to the 
excitation of the phosphor. The light output 
no longer increases with increasing accelerat­
ing voltage. This "sticking voltage" is typi­
cally between 5 and 8 kV, but it depends on 
the phosphor. A few atomic layers of MgO 
with a high secondary electron emission 
works well up to 15 kV, but it has been shown 
to be umeliable at higher voltages over the 
lifetime of the phosphor. 

An aluminum layer will stop low-energy elec­
trons and increase the threshold voltage at which 
light emission occurs -typically from 300 V 
with no aluminum layer to 3 kV -depending on 
the thickness of the aluminum layer. The alu­
minum layer prevents charging and thereby 
iJ1creases light output for accelerating voltages 
up to 60 kV. It also reflects light out that would 
otherwise be lost to the inside of the CRT. 

Alumin.ization also protects agai11st ion 
bum on the phosphor due to negative ions 
striking the phosphor. Alumirtization will 
also i11crease phosphor lifetime by preventing 
contaminant gases from reacting with the 
phosphor. The drawback is that the tube 
designer must s upply an accelerating voltage 
roughly 4 kV greater than would be required 

to produce the same light if the phosphor were 
not coated with aluminum? 

Should FED phosphors have an aluminum 
layer? One FED manufacturer is already 
usi11g an aluminum layer for a flat-panel dis­
play that operates between 6 and lO kV. The 
aluminum layer would obviously not be 
needed if the display were operating below 
4 kV. Why did the manufacturer choose to 
operate at higher voltages? 

At the ti111e, there was not a lot of phosphor 
efficiency data at low voltages - and no way 
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Fig. 3: Calculated plot of the efficacy (lmjW) vs. log of the average current density (A/cm1) for 
a green ZnCdS:Cu,Al phosphor operating at 5000 V with a 2-psec pulse 111idth. The duty factor 
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Efficacy vs. Avet·age Current Density at 400 V 
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Fig.4: Calculated plol of !he luminance (nits) vs. average current density (Ajcm 2
) fo r a green 

ZnCdS:Cu,AI phosphor operaling at 400 V with a 2-f.lSeC pulse width. The duty factor is 1/1440 
and the peak current can be found by multiplying by 1440. 

of predicting what the efficiency of a high­
voltage phosphor would be at low voltages 
and high current densities without measuring 
every phos phor. If one doesn 't measure the 
phosphor in this regime, how can a prediction 
be made about its luminance when the operat­
ing current density is so large that the phos­
phor is il1 saturation? And the phosphor data 
that did exist showed that phosphors which 
were operated at low voltages needed to be 
run at high current levels or in saturation to 
produce acceptable light output. 

A quick review will show where the prob­
lem lies. A VGA display operatil1g at 60 Hz 
has a refresh tin1e of 16.7 msec. The standard 
duty factor (elf) for three colors is 1/(3 x 480), 
or 0.000694. If a smaller pulse width (2 j.ISec) 
and larger refresh rate (f= 140 Hz) could be 
achieved, the phosphor would operate more 
efficient! y. 

We want to achieve 200 nits. The current 
density J is usually calculated from the simple 
equation J = 3.1415 x 10·4 L)/(11 V), where} is 
the current density in A/cm2

, Lis the lumi­
nance in n.its, f) is the efficiency il1 !J.11/W, and 
Vis the anode voltage. A plot of the effi­
ciency vs. voltage of a green phosphor, 
ZnCdS:Al,Cu, with no aluminum layer, s hows 
an efficiency of 32 lm/W at 5000 V 3 

The s imple equation shown above indicates 
that the required average current dens ity is 
0.39 pA/cm2

. Dividing by the df0.000694 
indicates that the peak current needed is 565 
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pA/cm2
. At an even lower anode voltage, 400 

V, the efficiency would be 4 hn/W. The cal­
culation shows the averagt: currc::ul density is 
39 pA/cm2

, and the calculated peak current 
density is 56.5 mAfcm2

. The current density 
is 100 times greater at 400 V than at 5000 V! 
The true peak current density must be even 
larger because the true efficiency is lower 
since the current density indicates that the 
phosphor is in saturation. 

This example demonstrates two points. 
Low-voltage phosphors require h.igh peak cur­
rent densities and the efficiency, 11, is a func­
tion of voltage and current and must be 
accounted for by a different equation. 

The phosphor efficiency and lumil1ance is 

1 

better dcscribeld by tho :q;oho,.~below: 

ll = ~~.~~~)~ I + g[ Jy
1 

) (lm/W) (1) 
(V- Vaf2 

Lv = f(V- Va)''l• ~ 1

1 ,, r(oH') (2) 

(V- Vaf 2 u 
These equations can be used to model any 

phosphor, with or without alumi.num. The effi ­
cacy q and luminance Lv can be predicted for 
any voltage V or average current density J 
within the data points. This cmmot be done 
with the simple equation shown previously. 

I 

To demonstrate the utility of these equa­
tions, we fitted them with values from the data 
in Ref. 3 (Table 1). We estimated the current 
density at which saturation occurs, and we 
assumed that efficiencies, which increase at 
short pulse (2 IJSec), and high current dens ity 
are related to efficiencies at long pulse and 
low current conditions for some phosphors.4 

A plot of the computed efficiency versus volt­
age at l -!JA/cm2 continuous current using Eq. 
(1) is shown in Fig. I. A plot of the computed 
efficiency vs. average current density at a elf 
of 0.000694 using Eq. (I) at 400 and 5000 V 
is shown in Figs. 2 and 3. 

Using our VGA example, let's find out 
what the complex equations predict the aver­
age current would be at 400 and 5000 V for a 
green display using unalumi.n.ized green 
ZnCdS:Cu,AI to produce a luminance of 200 
nits. The value for average current density at 
5000 V predicted by the simple equation is 
pretty close to the value 0.39 !JA/cm2 shown 
in Fig. 3 using Eq. (2) . The value for average 
current density at 400 V to achieve 200 nits is 
never realized; the closest value is 140 nits at 
160 j.JA/cm2 predicted by F.CJ. (2) and shown 
in Fig. 4. This is 4.1 times greater than the 39 
1-1A predicted by the simple equation, which 
does not account for current saturation. 

Phosphor Lifetime 
The average current density is about 410 
times greater at 400 V than at 5000 V for a 
display operatil1g a green ZnCdS:Cu,Al phos­
phor with no aluminum layer. This means 
410 times more electrons per second must be 
deposited at 400 V than at 5000 V to get the 
same light output. What does this mean for 
phosphor lifetime? 

According to Pfahnl 's law, the lifetime of a 
phosphor is related to the total deposited 
charge per area - the "Q dose." The lifetime 
is defined as the time it takes the light output 
to decrease to one-half of its initial value. The 
Q dose fo r a CRT phosphor is typically 100 
Cfcm2

, and projection-TV phosphors have 
even larger Q doses. More recent work shows 
that the energy, or accelerating voltage, of 
these electrons is a lso important.5 Electrons 
deposited at higher voltages do less damage 
than do those at lower voltages because their 
penetration is deeper, the volume is greater, 
and the energy deposited per volume is less, 
causing less damage. Phosphors operating at 
high voltages live longer than those operating 
at low voltages. 
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Luminance vs. Average Current Density at 5000 V 
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Fig. 5: Calculated plot of tile luminance (nits) vs. average current density (A/cm2
) for a green 

ZnCdS:Cu,Al phosphor operating at 5000 V wit II a 2-psec pulse 1vidtli. Tile duty factor is 
1/1440 and the average current can be found by multiplying by 1440. 

Experimental results show that the effect is 
even more profound for unaluminized ZnS 
phosphors, which show shorter lifetimes than 
expected for phosphors operating at low volt­
age. The lifetime of an unaluminized ZnS 
phosphor can be as short as Q ; I 0 Cfcm2 at 
5 kV.5 (Aluminized ZnS phosphors and 
unaluminized oxide phosphors are much 
longer lived.) 

The simple approximate equation that con­
verts these dose mm1bers to hours is given by 
t; QVT]/ l.l 31 L, where t is the lifetime in 
hours, Q is the number of Cfcm2 to half in ten-

Table 1 

Phosphor Green (ZnCdS:Cu,AI) 

Growth exponent '1 ; 1.60 

Threshold voltage V0 ; 119 V 

Conversion constant f ; 625 nits-cm2/A 

Reciprocal saturation g ; 2.08 X 107 

voltage, current 
density 

Current saturation y,; 1.144 
exponent 

Voltage saturation y2 ; 0.9206 
exponent 

Duty factor df; 0.000694 

sity, Vis the phosphor voltage, '1 is the effi­
ciency in hn/W, and Lis the luminance in 
nits. Assuming that the efficiency of 
ZnCdS:Cu,Al is similar to ZnS:Cu, then the 
lifetime for an unaluminized ZnS:Cu phos­
phor operating at 140 nits at 5000 V, •1 ; 32 
lmfW, in a VGA display is over 7000 hours. 
For the VGA unaluminized ZnS:Cu phosphor 
operating at 140 nits at 400 V, when '1 ; 0.7 
lm/W and Q; 5 Cfcm2, the lifeti.n1e would be 
about 8.8 hours. From this example, it can be 
seen that a phosphor with both a large Q and 
'1 operating at a voltage as large as possible 
would be the best choice. 
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Taiwan's Growing FPD Industry 

With support from Japan and claims of indifference from 
Korea, Taiwan is adding substantially to the worlds 14-
and 15-irz. AMLCD capacity- and is working on PDPs. 

by Julie Mei-Ling Chen and Ken Werner 

E ARL v IN THIS DECADE, a shortage of lap­
top LCD panels from Japan - then the only 
supplier nation - temporarily crippled Tai­
wan's laptop-computer business. The vision 
of hundreds of thousands of otherwise com­
plete Taiwanese laptops waiting for displays 
had a la:sti.11g effect on Taiwan's computer­
industry executives, who were convinced that 
Japan's laptop manufacturers were receiving 
preferential treatment from display suppliers 
that were often divisions of the same com­
pany. "Never again," said Taiwan's high-tech 
executives. "Never aga in." 

The commitment to create a domestic 
source of supply for Taiwan's notebook dis­
plays was a serious one, but the shortage of 
the early '90s was followed by periods of 
oversupply, format changes, and plummeting 

Julie Mei-Ling Chen was formerly Vice Pres­
ident fo r Marketing and Sales, Prime View 
International, Hsinchu, Taiwan. She is now 
residing in California and is involved in a 
start-up venture that develops electronic 
design automation sojhvare for nanometer 
/Cs. Nassada Corp. is located at 625 Ellis St., 
Suite 206, Mountain View, CA 94043; tele­
phone 408/316-0936; e-mail julieC@nassda. 
com. This article is an expanded and updated 
version of her invited presentation "Overview 
of FPD Industry in Taiwan," delivered as part 
of the USDC Business Conference at Display 
Works 99 in San Jose, Califonzia, on Febru­
ary 2, 1999. Ken Wem er is the ediwr of 
Information Display Magazine; telephone 
203j853-7069,fax 203/855-9769, e-mail: 
!..'lverner@sid.org. 
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prices - good times to be a buyer of LCDs, 
bad times to become a manufacturer. 

The Stars Align 
As the decade matured, several factors 
realigned themselves - and aU of them 
encouraged Taiwan's e lectronics industries to 

invest heavily in AM LCD manufacturing. 
First, Taiwan had become a global force in 
computer hardware. Its 1998 computer-hard­
ware production of $ 19.25 billion was bet­
tered only by the U.S. and Japan. More to the 
point, Taiwan shipped 6 mill ion notebook 
computers in 1998 worth $8.42 bi llion and 

Worldwide Notebook Production 
(in thousands of units) 
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Fig. 1: Taiwanese manufacturers will produce nearly half of the world's notebook computers 
in 2000. (Data: MIC) 
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3 million LCD monitors (Fig. 1). Clearly, if 
Taiwan's computer and monitor makers want 
to buy AMLCDs from Taiwanese suppliers, 
those suppliers would have a more-than-ade­
quate market. 

But wasn't 1998 a ridiculous time to con­
sicler building AMLCD plants? There was an 
overs upply of AMLCDs, manufacturers were 
awash in red ink, and prices were in free-fall. 
In fact, it tumed out to be a brilliant time to 
build if the marketing pundits, who tumed out 
to be right, were to be believed. Although 
their numbers differed, several major market­
research organizations agreed that the brutal 
oversupply of 1998 would become a shortage 
in 1999 and 2000. 

In addition, it looked like a refreshing pre­
dictability was about to make itself felt in the 
area of notebook display sizes and fmmats, 
with the dominant size going from 12.1 in. in 
1998 to 13.3 in. in 1999 and 2000, and to 14. 1 
in. in 2001 , but with significant sales for both 
13.3 and 14.1 in. tlu-oughout the period. 

But there was even more to make 1998 an 
exciting year for Taiwan's developing 
AMLCD industry. While Korea and Japan 
had suffered severely from Asia 's financial 
crisis, Taiwan, with its relatively small compa­
nies carrying low indebtedness, went compar­
atively w1scathed. There was money to invest 
thanks to Taiwan's very strong capital market, 
and investors could get good deals on equip­
ment and tech11ology alliances from troubled 
Japanese companies. ln addition, some 
Japanese a11d Korean companies seemed to be 
coming to the conclusion that 14- and 15-in. 
AMLCDs would soon be commodities with 
too small a margin to make at home. Early 
tlus year, when one of us (KIW) asked Jun H. 
Souk, V .P. of Samsung Electronics, if he was 

worried about Taiwan's AMLCD industry, he 
said that Taiwan would not be a competitive 
concem for a couple of years. "Then they 'll 
be doing small s izes ( 12-13 in.), a11d Samsung 
wi ll be doing larger displays (17-18 in.)." 

Many of the Taiwanese companies making 
new fabs have Japanese teclmology partners, 
who see Taiwan as a good source of hlgh­
quality displays at reduced cost. Chungwha 's 
deal with Mitsubishi involved the transfer of 
Mitsubishi 's display-manufacturing tecru101-
ogy to Chungwha, and allows Mitsubishl to 
buy 30% of Chungwha 's production of 14-
and 15-in. displays. 

The investment involved is huge. During 
1999, no less than five major new AMLCD 
fabs were being constructed in Taiwan at an 
average cost of $600 million each - a total of 
$3 billion. The investment has produced 
sweeping changes in related industries, suppli­
ers, and customers, and has created a shortage 
of display and manufacturing engineers. 

Who Are the Playet·s? 
Taiwan's six major AMLCD players are 
Prilllt: Vit:w lutentational, Unipac, Chi Mei, 
Acer Display, HannStar, and Chunghwa 
(Table 1). 

Prime View Intemational. Current product 
lines are color TFf-LCD modules from 1.8 to 
6.4 in.; and 6.4-in. VGA, 9.2-in. SVGA, and 
10.4-in. SVGA color TFf-LCD modules. 
Plans are to dedicate Fab I for small-to­
medium-sized TFf-LCD production; capture 
major market shares in automotive, consumer 
A/V, and mini-notebooks in 1999 through the 
compa11y's strong worldwide sales network; 
and to continue to offer limited samples of 
13.8-in. TFf-LCDs, with plans to produce 
larger sizes in Fab 2. Prime View lntema-

Table 1: Taiwan's TFf-LCD Players 

Company Founded Glass Size Capacity AMLCDMass Technology 
Production 

Started 

Prime View 1992 370 X 470 36k/month Q4 '96 Own 

Unipac 1992 300 X 400 30k/month Q4 '99 Matsushita 

Chi Mei 1997 620 X 750 30k/month Q4 '99 Own 

Acer Display 1997 600 X 720 20k/month Q3 '99 IBM 

HannStar 1997 550 X 650 30k/month Q1 '00 Toshiba 

Chunghwa 1997 (TFf) 550 X 670 20k/month Q2 '99 Mitsubislu 

tional's parent company is YFY, a leader in 
paper manufacturing, biotech research, bank­
ing, and sofrware development. 

Unipac Optoelectronics. Current product 
lines are color TFf-LCD modules from 4 to 
6.8 in. Plans are to continue partnerships with 
PixTech for FED manufacturing, Kopin for 
miniature-display manufacturing, and Mat­
sushlta fo r developing Gen 3.5 manufacturing 
teclmology and setting up a new line for 600 x 
720-mm targeted for mass production in 
November 1999. New products will be 13.3 
and 14.1 in. fo r notebooks and 17 in. for mon­
itors . Parent company UMC is the second 
largest semiconductor enterprise in Taiwan. 

Chi Mei Optoelectronics. Chi Mei is a 
newcomer to the TFf-LCD industry. Two 
companies were formed in 1997: Chl Mei 
Electr01ucs Corp. for color-filter manufactur­
ing and Chi Mei Optoelectronics Corp. for 
TFf-LCD manufacturing. In December 1998, 
Chi Mei Electronics announced its first proto­
type color filter (for STN) and began offering 
samples to local LCD manufacturers. Chi 
Mei Optoelectronics is setting up a Gen 3.5 
fab scheduled to begin mass production i.n Q4 
'99 with a Phase 1 capacity of 30k/month, 
expanding to 85k/month in 2001. Parent com­
pany Chi Mei Enterprises is the world's 
largest manufacturer of ABS polymer, and is 
famous for its art museum in Tainan. 

Acer Display Technology. Although its 
parent company, The Acer Group, is a major 
force in computers and related teclmologies, 
Acer Display is a newcomer to the TFT-LCD 
industry. The company signed a teclmology­
transfer agreement with IBM in March 1998, 
and it was pla~ming to start producing 13.3-in. 
TFf-LCDs on its 600 x 720-mm line in July 
1999 with an initial capacity of 5k/month, 
ramping up to 30k/month in 2000, when it 
also plans to reach the break-even point and 
go public. 

HannStar Display Technology. A new­
comer to the TFf-LCD industry, HannStar is 
partnering with Toshiba for the transfer of the 
Japanese company's 550 x 650-mm TFT­
LCD teclmology. Parent company Winbond 
is Taiwan's third-ranking semiconductor com­
pany . 

Cl11mghwa Picture Tubes (CP1). CPT is 
the world's largest supplier of color data 
tubes, but is a newcomer to the TFf-LCD 
indusu·y. It has partnered with Mitsubishi/ 
ADJ to transfer the technology for its 550 x 

1 670-mm manufacturing line. Production of 
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display manufacturing 

14- and 15-in . displays began in May. Parent 
company Tatl.mg is a leading manufactl.trer of 
TVs, monitors, and appliances. 

Although they are not yet building TFf­
LCD fabs, Taiwan companies Picvue, URT, 
and Wintek are substamial manufacturers of 
TN- and STN-LCD modules. The three com­
panies together produce 7.4 % of the world's 
TN- and STN-LCD modules. 

The Road Ahead 
Taiwanese companies are intentionally carv­
ing out a piece of the FPD business that 
involves high volumes and low margins. Tai­
wanese high-technology executives point to 
their previous success with other high-volume 
low-margin high-quality high-technology 
products such as desktop and notebook com­
puters, scanners, CD-ROM decks, and semi­
conductors. 

The Taiwanese business style is "bottom­
line sensitive." Successful managers have 
mastered the art of cost control. They are 
pragmatic, flexible, and trained to have a great 
sense of urgency. 

Japan is currently providing mat~rials and 
know-how, but Taiwanese executives are con­
fident that they can develop their own exper­
tise and fill in the gaps in the local supply 
chain. And Taiwan has a supply of very low­
cost labor in Mainland China, where Tai­
wanese-owned plants are built regularly. The 
Taiwanese display industry also plans to 
source materials from the mainland, thus cut­
ting costs further - as well as further cutting 
the ties that bind it to Japan. • 
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Recent Display Developments and 
Products in Russia 

April 's EuroMonitor event showed that although Russia and the Commonwealth of 
Independent States are not known for large-scale manufacturing of displays, they 
provide remarkably f ertile ground f or display research and development. 

by Viktor V. Belyaev 

TosE INTERESTED IN advances in display 
technology - from cathode-ray tubes (CRTs) 
and plasma panels to organic light-emitting 
diodes (OLEOs) and field-emitter displays 
(FEDs) - might want to schedule a trip to 
Moscow next spring. 1l1e EuroMonitor Inter­
national Exhibition-Fair and Conference has 
been held there for the past 3 years, and the 
April 1999 session featured a wide range of 
interesting prototype and manufactured devices. 

ties of 50-100 arrays per year. Russia also 

has everytlling needed to undertake develop-

ment and fabrication of active-matrix liquid­

crystal-display (AMLCD) projectors. 

The exhibition and conference is organized 
by the Russian National Association Dis-
play Soyuz and the Russian SID Chapter, and 
enjoys the participation of many different 
institutions and companies throughout Russia 
and the Conunonwealth of Independent States 
(CIS). Witl1 so much attention focused on 
display research and development in other 
parts of the world, this event provides an 
excellent opportunity to cmmect with a rich 
source of new teclmology and facilities tl1at 
might otl1erwise be overlooked. 

For example, Russia now has the facilities 
and technology requi red for any type of opti­
cal lens in plastic or glass. The glass produc­
tion can be particularly efficient, making low­
volume production profitable even in quanti-

Viktor V. Belyaev is with the Russian 
National Association of Display Manufactur­
ers, Vernadskogo Ave., 41-902 Moscow, Rus­
sia; telephone +7-95-577-1981,/ax +7-95-
274-0896, e-mail: vbelyaev@mtu-net.ru. 
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One special feature of EuroMonitor '99 was 
sponsored by the Scientific Industrial Com­
pany Concept Engineering, whkh made it 
possible for institutions and finns without any 
funding to display their advanced develop­
ments. The Institute of Electronics (Minsk, 
Belarus) took advantage of this opportunity to 
show a new color LED panel controlled by a 
light beam, and R&D PRES (Moscow) exhib­
ited new software simulating various electro­
optic effects in liquid crystals. 

An overview of the highlights from the 
exhibition and conference clearly demon­
strates that a lot of interesting research is tak­
ing place in Russia and the CIS cOLmtries. 

Projection Technology 
R&D Institute Platan (Moscow Region) and 
ARTI Co. (Moscow) have developed a CRT 
projector with increased light flux (-5000 lm) 
and resolution (-2000 TV lines). Platan has 
had promising results with multi-beam excita­
tion of phosphors, with up to eight electron 
beams at a time in the lab. Controlling the 
raster scans has proven to be a sophisticated 
problem, and to date only a two-beam design 
is ready for commercial production. This pro­
duces twice the light flux ( -250 lm) of single­
beam designs. 

OAO VNillS (Institute of Light Sources) 
and Saransk and Rosich Co. (now ARTI Co.) 
of Moscow have created a joint venture to cre­
ate metal-halogen lamps for projectors. TI1ese 
lamps range from 150 to 1000 W. 

Laser CRTs offer great promise for large 
displays, up to 100m2

• A new version aimed 
at the home market creates a 2-m image with 
up to 3000 pixels/line. 

FEDs 
Researchers have made advances in FED 
technology, and a number of developments on 
FED microtips and phosphors were presented. 

Prof. E. I. Givargizov, Institute of Crystal ­
lography, Russian Academy of Sciences 
(RAS), Moscow, described a new structure of 
a "perfect" phosphor for PEDs. Small crystals 
of ZnO or CdS phosphor as large as 3-5 mm 
and as high as 10 mm are grown on the sub­
strate to reduce light scattering and increase 
the light efficiency of the screen. An electron 
emitted from the cathode generates a light 
beam in a crystal grain that does not scatter, 
but instead propagates within a narrow range 
after a few reflections inside the crystal. Gaps 

between crystal grains can be filled with a 
conducting material to increase contrast and 
reduce charge leakage (Fig. 1) . 

TI1e report by Prof. A. T. Rakhimov, R&D 
Institute of Nuclear Physics, Moscow State 
University, created a lot of interest when he 
displayed data on the emission of cold-cathode 
films fabricated on a base of carbon com­
pounds. The luminance of the film is at least 
one order of magnitude higher than those made 
with other known teclmologies. A prototype of 
a display with matrix driving has been made. 

Good samples of PEDs were fabricated at 
the R&D Institute Volga (Saratov, Russia), 
where three types of devices with autoemis­
sion cathodes were developed. Of pa1ticular 
interest was a variation using edge emission. 

Vacuum Fluorescent Displays 
The R&D Institute Volga also demonstrated 
ultra-bright and large VFD panels. This tech­
nology is expected to make possible 

Jumbo tiled VFD screens as large as 
50-100 m2 and with a brightness up to 
5000 cdfm2 

Prototypes of monoclu-ome and multi­
color 8- and 14-in. VFD TV sets. 
QVGA and VGA monhors with 35-V 
operating voltages. 

Plasma-Display Panels 
MicS Co. (Moscow) demonstrated a big 
screen made up of 20 x 20-cm ACPDP mod­
ules, whk h rapidly became the hit of the exhi­
bition. This design can produce a bright pic­
ture - 400 ccl/m2 with a 3-mm pixel or 1000 
cdfm2 with a 6-nun pixel in peak mode - over 
a large screen area with high resolution. The 
panels are only 10 em thick, and optics can 
correct edge effects between tiled modules. 
The ac plasma panels used in the display were 
from NPO Plasma (Ryazan ', Russia). 

OLEDs 
Dr. E. I. Mal'tsev, the Frumkin Institute of 
Electrochemistry, RAS, Moscow, reported on 
mechanisms of luminance and electron-hole 
transp01t in organic phosphors . A set of new 
aromatic polyimides with luminance in various 
spectral ranges, high light efficiency, and 
approximately equal magnitudes of e lectron 
and hole mobility was developed at the Insti­
tute. Unusual systems, such as nanocrystalline 
J-aggregates, were synthesized to obtain emis­
sion in the red and infrared spectral ranges. 

LEDs 
Optonika, a subsidiary of Pulsar (Moscow), 
presented different bi- and tri-color LED­
panel modules designed for traffic lights. 
Hewlett-Packard is now the firm 's main part­
ner for supplying components . 

A report by Prof. Y. V. Trofimov, Institute 
of Electronics, National Academy of Sciences 
(Minsk, Belarus), described the latest in traffic 
security systems. LED and LCD panels 
received a lot of attention, but relatively old 
technologies, such as blinking lights and 
mechanical semaphores, are also regarded as 
effective. A combination of technologies may 
be the most effective strategy. 

Prof. Trofimov also reported on a new type 
of optoelectronic device that can act as both a 
photoreceptor and an LED. The devices have 
extremely steep dependence of emission 
intensity on intensity of a controlled light 
beam. An LED panel was demonstrated with 
an arbitrary image that was written with a 
laser pointer. The image, or a portion of it, 
can be erased with a green beam . A demon­
stration display with colored segments was 
also shown. All the colors shown - milk­
white, reel, green, blue, and yellow - were 
approximately of the same intensity. 

Electmchromic Materials 
Different organic electrochromic materials 
were developed recently at the Frumkin Insti­
tute of Electrochemistry (Moscow) and R&D 
Institute of Fine Chemical Synthesis (Dolgo­
prudnyi, Moscow Region). They are used in 
controlled light filters, displays, and panels 
with slow information change (response time 
less than 1 sec). TI1e advantages of elec­
trochromic devices are low current density 
(mA/cm2

), low power consumption 
(mW/cm2), thermal stabi lity, and low cost. 

V. F. Ivanov from the Frumkin Institute of 
Electrochemistry presented results obtained in 
polyanilines. In comparison with inorganic 
materials, tl1e polymeric ones have a greater 
electroclu-omic effect: 200- 300 instead of 
60- 80 cm2/Coulomb. 

LCD Technology 
R&D Institute Volga demonstrated fast-switch­
illg light modulators. These would be suitable 
for eye protection in welding masks, volume 
vision systems, transmission-mode LC panels 
with very high contrast, and monochrome 14-
in. VGA panels for teaching computers. 
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conference report 

Dr. V. Volodin of the Stock Co. NPP RusPE 
(Moscow) has developed and patented address­
ing methods that promise to reduce or el imi­

nate spurious effects on LC passive panels. 
The drivers based on these methods can signif­
icantly improve picture quality, gray scale, 

color accuracy, and homogeneity of high-speed 
passive SVGA or TV LCDs up to 20 or 22 in. 

on the diagonal. The addressing methods can 
be three times faster than traditional tech­
niques. Working jointly with Volga, Saratov 

intends to create high-speed STN panels for 
TV applications based on the approach. 

A. Kalashnikov of the Moscow State Tech­
nical University of Radiotechnics, Electronics, 

and Automation, and Prof. V. V. Belyaev of 
the Central R&D Institute Cometa (Moscow) 
presented a new method to create the active 
element of an AMLCD. The processes 
depends on materials whose capacitance has a 

non-linear dependence on voltage, such as 
another liquid-crys tal layer o r ferroelectric 
liquid crystal. The twist-effect voltage-trans­

mission performance was increased by about 
20 times. The addition of a ferroelectric liq­
uid-crystal layer can also help maintain a writ­
ten in1age and thus increase its contrast. 

Liquid-crystal photoal ignment processes 
were discussed in the report by Dr. V. M. 
Kozenkov from R&D PRES (Moscow). He 
described the control of the stu·face tilt angle 

in the 0- 90° range. Photochromic materials 
have yielded promising results in this process. 
They have high stabil ity when subjected to 

light and different spectra for polarization. 
The induced birefringence can be as high as 
0.35. An image written in this medium can be 
kept for 10 years or more. These substances 
also have high thermal stability - up to poly­

mer melting temperatures of about 160°C. 
Other new types of liquid-crystal alignment 

were reported by GNllKHTEOS (Moscow), 

using s ilicon organic compounds with 
increased heat, frost, and chemical stability; 

and Moscow Lomonosov University, using 
plastic substrates with controlled relief. Phys­
ical properties of silicon organic fi lms were 

considered for 20 classes of substances. 

Visual Pe•·ception, Standa~·ds, and 
Certification 
Dr. A. S. Blokhin, Head of the Program Elec­

tronic C inema at the R&D Institute of Materi­
als for Movies and Televis ion (Moscow), pre­
sented a very simple and efficient approach 
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for watching three-dimensional pictures while 
using a single raster image. Any projection 
unit can be made with a unit that eliminates 

ocular convergence. Two equal pictures with 
orthogonal polari zation are fonned on a spe­
cial screen. A viewer uses simple polarizing 

glasses, and the brain's irmate ability to com­
bine the two images creates the three-dimen­
sional effect. As both images are projected 

simultaneously, it appears that there is no 
fatigue effect for the viewer. Coupled with 
surround sound, the effect could be striking. 

Prof. I. I. Litvak, from the Moscow State 
Teclmical University of Mathematics and 
Electronics and the firm Elita, presented a 

s trategy to optimize alphabets for character 
displays. To reduce power conswnption, this 
approach does not tum off all portions of a 
character, but instead leaves on a basic symbol 
that contains the maximum number of repeat­

ing elements in the character set. To test this, 
characters were analyzed for different configu­

rations - such as 5 x 7 and 7 x 9 pixel cells -
and the alphabet was divided into different 
groups based on different basic symbols. 
These symbols were tested, and then improved 

based on the rate of false recognitions. The 
final set of symbols resulted in only one-tenth 
as many mistakes in recognition. 

Prof. G. G. Demirchoglyan from the Rus­
sian Physical Culture and Sports R&D Insti­

tute (Moscow) considered d ifferent systems of 
eye protection for PC users. He proposed spe­
cial glasses to reduce operator fatigue. 

Virtual-real ity applications were the subject 
of two reports from the Institute of Philosophy 

of RAS (Moscow). Dr. N. N. Nosovdis­
cussed how to determine wl1ich applications 
are best suited to virtual -reality systems, 
based on the modeling of important psycho­
logical factors . Human behavior in critical 

circumstances must work in harmony with the 
display system; a pilot and an aircraft are di f­
ferent systems, and the pilot 's display require­

ments are d ifferent when fl ying alone from 
when flying in format ion. To be effective, the 
system design must include the human as an 

element in the whole system. 
Prof. V. M. Rubin presented a system for 

the semiotic classification of virtual-reality 
systems. The first type is "imitation reality," 

and resembles familiar reality; this is one of 
the least-advanced areas in the field. "Condi­

tional reality" imitates jus t the perceived spa­
tial features of an environment. "Projective 

reality" or "artificial reality" is based on an 
idea or a concept that may not have any ana­

log in actual reality. Virtual reality can also 
imitate sensations other than sight, which 
Rubin classifies as "border reality." For 

example, some modern surgi cal procedures 
take place in a multi-layered space. 

If a picture is worth a thousand words, then 

a trip to EuroMoni tor in Moscow can g ive one 
a far better p icture of the state of display tech­
nology research and development in Russia 
and the CIS than might any article. There are 
new teclmologies and opporttmities for part­

nering and joint ventures, making the future 
look bright for displays from this part of the 

world. • 
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• Complete in-house manufacturing facility 
• Geometric shapes supported by hydroform draw 

process 

To find out how Magnetic Radiation Laboratories can 
solve your problems, fax or E-mail today. Or call 
(630) 285-0800. 

MAGNETIC RADIATION LABORATORIES. INC 

690 Hilltop Drive •Itasca, IL 60143·1326 
Phone: 630-285·0800 • Fax: 630·285·0807 • E-mail: sales@magrad.com 
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C LA R Ex· 
cast aery I ic sheet 

DR-I diffusion reflector 
DR-II transmissive diffusion reflector 
DR-II EL transmissive diffusion reflector 
DR-IIIC white diffusion filter 
DR-IIICV colored diffusion filter 
Light guide reflector 
Light guide panel 
HSOT light guide panel 
Precision thin sheet 
Non-glare sheet 
UV cut filter 
UV transmission filter 
NIR (infra-red) filter 
Anti-bacterial filter 
AR (anti-reflective) filter 
AR & emi shield filter 

..... 

' ' \ 
\ 
I 

astra products ,' 
e: info@astraproducts.com I 
t: 516-242-1612 f: 516-242-1620 // 
www.astraproducts.com ~ - ' 
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The Sixth International 
Display Workshops 
(IDW '99) 
The 6th International Display Workshop (lOW '99) will 
be held at the Sendai International Center in Sendai, 
Japan, December 1-3, 1999. This year's workshop is 
comprised of 265 papers and will feature Poster 
Sessions, Author Interviews, and Exhibits. The work­
shops should be of interest not only to researchers and 
engineers, but also to those who manage companies 
and institutions in the display community. 

SID '00 
LONG BEACH, CALIFORNIA 

MAY 14- 19, 2000 
• SID's MAJOR ANNUAL EVENT 
• An International Symposium Seminar 

and Exhibition- Featuri ng· 
- Technical Sessions- Poster Session 
-Author Interviews - Evening Panels 
-Short Courses- Applications Seminars 
- Technical Seminars- Applications 
~ 

- Product Exhibits- Display Technology 
Showcase 

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

. ~~, S E P T E M 8 E R .::t '1:, 

20th International Display 
Research Conference 
(IDRC '00) 

PALM BEACH, FLORIDA 
SEPTEMBER 25-28, 2000 

• An international conference on display 
research and development aspects of: 
- Display Fundamentals Display Devices 
- Hard Copy & Storage Input Systems 
- Integrated Devices and Applications 
- Image and Signal Processing 
- Color Perception Human Factors 

Since !962, a professional worldwide interdisciplinary society 
committed to the advancement of information display. 

8th Color Imaging 
Conference: Color Science, 
Engineering, Systems & 
A pplications 

SCOTTSDALE, ARIZONA 
NOVEMBER 14-17, 2000 

• An international multidisciplinary forum 
for dialogue on· 
-Creation and capture of Color Images 
-Color Image reproduction and 

interchange 
- Co-sponsored with IS& I 



oNFUSED Sil 
Are you C G STANDARD . 

tJy TESTIN Let Microvision's d isplay t est systems 
simplify them for you with AUTOMATIC t est suites! 

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

Used by testing laboratories 
world-wide. 

I MICROVISION 
I 550 High Street, Auburn, CA 95603 

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

Visit our Website at: 
www.microvsn.com 
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Monitor Shields 

A Few Shields Or A Few Thousand­
We're Geared For Any Production Peak. 

M agnetic shielding - that's our specialty. 
And we are equipped to handle any 

monitor shield­
ing requirement 
you may have. 
It's a matter of 
applying our 
experience with 
our production 
facilities to 
produce 
your monitor 
shielding 
needs on the most demanding schedule. We can 
prove it. Please request our latest ca talog. 

The Problem Solving Magnetic Shielding Specialists 

AD·VANCE MAGNETICS, INC. 
P.O. Box 69 • 625 Monroe Street 
Rochester, Indiana 46975 
{219) 223-31 58 • FAX (219) 223-2524 
E-Mai l: sales@advancemag.com 

Web Home Page: http://www.advancemag.com 
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UV /Visible 
Display 
Bonding 

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

Nov A CUR E" 

•Complete control for reliable, 
precise, repeatable curing 

•Custom light guides and 
optics for simultaneous 

tack/cure of multiple sites 

•Continuous process 
feedback/monitoring 

•ISO 9001 quality system 
with worldwide sales 

and service 

EFOS Inc. 
Tel: 905-821-2600 

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

web: www.efos.com 

800-668-8752 
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display continuum 

colllinued fro m page 4 

Since for such a company there is no real 
value based on sales and profits, its value can 
only be based on the perception of the 
investors. The more the investors can be con­
vinced of "future potential," the more the 
value is likely to increase. Press releases, 
technology demonstrations, and alliances with 
respectable companies become the tools in 
this process of perception-building. A cam­
paign of armouncements hinting at the latest 
breakthrough teclmologies, development con­
tracts awarded, discussions with respected 
large corporations, influxes of new investment 
dollars, mention of publications in well­
known journals, patents awarded, and partici­
pation in industry associations all become 
tools for the publicity campaign. Never mind 
that there are no sales, that product amlOunce­
ments are repeatedly rescheduled or modified, 
and that money is being burned at an ever­
increasing rate. Till11k of the future potential. 
Believe. Buy that stock now while you can 
still get in before it "really takes off." 

Is there anything here that is fundamenta lly 
different from betting on horses at the track? 
Is there anything different from gambling at 
the tables in Las Vegas or Monte Carlo? Yes, 
there is. ln those situations you know the 
odds. In buying stock in these highly pro­
moted new-technology ventures, you don ' t. 

As I cheerfully answered my ringing tele­
phone, the voice on the other end began, "Dr. 
Silzars, we haven' t met before, but a friend 
recently showed me your column and I was 
wondering if you could answer a few brief 
questions." "Of course, how cru1 I be of 
help?" 

"Well , you see, recently I bought some 
stock in 'Symbiotically Incredible Display 
Technologies' and I was wondering what you 
think of their technology? Do you think they 
will be introducing their product as they have 
am10uncecl, and do you think their stock is 
going to skyrocket once their product hits the 
market?" Uh-oh, I was afraid that we were 
heading clown this path. 

Later that day, another call came in. "Dr. 
Si lzars, I am a broker with a fi rm that I'm sure 
you know. I have been talking to the manage­
ment at Symbiotically Incredible Displays and 
they are really on to something. Even though 
I'm not a technologist, 1 can tell you that this 
is going to be the greatest technology since 
the integrated circui t was invented. Why 
don't you guys at Information Display do a 
better job of writing about these new tech-

38 Information Display 11/99 

nologies? The stock in tllis company would 
go up even faster and my investors would 
benefit if you would just te ll the world what 
tllis company has created. And, by the way, 
why don't you jump in and buy some of tills 
s tock for yourself. You've got to know how 
this technology is going to take off any day 
n O\V." 

Experience is a great teacher. These phone 
calls no longer leave me wondering what to 
say. My response is polite and well-practiced. 
However, one tlling t11at I will never wlder­
stand is why the calls always come after the 
investment has been made and not before. 
Nevertheless, here is what fo llows. 

"I'm so glad you called, but please let me 
explain that the price of the stock in tills com­
pany or any other has lillie do with the tech­
nology they are touting. The price of the 
stock is dependent only on the perceptions of 
other investors like you. What I trunk of the 
teclmology and whether it has any merit are 
completely beside the point. Someday that 
wi ll become an important issue when a real 
product finally needs to be introduced, but I 
can't tell you when that someday is any more 
than I can te ll you when you will li ve happily 
ever after. I can tell you for sure that compa­
nies can go for many years on tl1e perception 
of a breakthrough technology about to hap­
pen. So please don't ask me for my opinion 
because it is of no consequence." 

"But, Dr. Silzars, don't you think that this 
is one of the greatest developments in display 
technology? Couldn't you just give me your 
opinion?" Oh yes, I could, and do I ever have 
an opinion! But my response continues, 
"Your stock purchase decision should only be 
based on what you believe other investors 
th ink of tllis company. You will of course 
want to be prudent to watch for changes in 
their product announcements, but as you well 
kJ1ow, the investment community currently 
responds to infl uences other tl1an product 
sales or profitability. You will need to watch 
those to evaluate your investment decision." 

And to my new-found stockbroker friend, I 
add the fo llowing, "iliformation Display 
Magazine will be pleased to report on this 
new technology as soon as the management of 
this company is wil ling to tell us the specifics 
of how these products function. If we can 
understand what it is that they are claimi ng, 
we will be the first to give them all the expo­
sure they merit. However, we will not make 
announcements about displays that are 

claimed to work on some mysterious new 
principle, especially when the company is 
unwill ing to let us examine a working proto­
type. And, by the way, I never make invest­
ments in teclmology companies I track. The 
reason is that understanding a teclmology has 
no relationship to the price of the stock. Also, 
being able to predict the eventual course that a 
company will be forced to take is of even less 

• help in projecting what the stock will do in the 
interi m before everyone else figures out the 
inevitable. In buying and selling stock, real 
knowledge can be a major detriment. And to 
date I have not been able to figure out how to 
compensate for that or to ignore it altogether. 
So it is best for me not to invest in those com­
panies that I know too much about. However, 
thank you for your call. I will discuss this 
matter with Ken Werner, our Editor-in-Cillef, 
and we will take another look at this company 
to see if we can write anything constructive 
about their new display teclmology." 

Is it any surprise that all too frequently this 
investment world, built on perception and 
make-believe, collides with our technical 
world, where eventually tht: prumises must be 
ful filled and the products demonstrated? 

Finally, there is the "millor" issue of manu­
facturing these marvelous new products for a 
price that consumers are willing to pay. 
When is the last time that you heard an 
investor ask about manufacturing cost and 
volume production? As companies have 
learned over and over again , those may not be 
the glamorous tasks, but they just happen to 
be the boundary condition between success 
and failure of the enterprise as a real (prof­
itable) business. 

Investment and cost-effec tive manufactur­
ing - can you think of two other topics of 
more interest for additional discussion? 
T herefore, I look forward to hearing your 
opinions on both. You can reach me by 
e-mail at si lzars@attglobal.net, by phone at 
425/557-8850, by fax at 425/557-8983, and 
by regular mail at 22513 S.E. 47th Place, 
Issaquah, WA 98029. • 

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

DuPont is a global research- and technology-based company committed 
to the miracles of science. We currently have the following opportunities 
available in major markets including circuitry for telecommunications, 
computer and automotive electronics, color proofing systems for the 
printing industry, and flexographic plates for packaging graphics: 

Applications Engineer (FPID99PEM0284) - Research Triangle Park, NC 

Work with customers, product development and marketing personnel 
to set product performance and design requirements for display devices, 
and coordinate sample and prototype requests. Translate requirements 
to customer specifications. Skills required: BS Electrical Engineer or 
applied physics degree is preferred with experience in dealing with 
customers, innovative product design and coordinating efforts to meet 
critical customer needs. 

Device Engineer (FPID99PEM0285) - Research Triangle Park, NC 

Design and fabricate display devices for internal and external use including 
customer samples, prototypes and final design for scale up for manufacturing. 
Skills required: Electrical Engineering degree with broad experience in 
display electronics and device design. Must be able to work in a team 
environment to meet customer needs. 

Device Testing Engineer (FPID99PEM3258) -
Research Triangle Park, NC 

Set up a display device test facility and operate it to support customers 
and guide R&D programs. BS or advanced degree in Electrical 
Engineering, Electronics or Physics .. 

DuPont offers a competitive salary and an outstanding benefits package. 
To apply, submit resume indicating job code to email: jobs@dupont.com 
or fax 1-800-978-9774 or Mail to: DuPont Resume Processing Center, P.O. 
Box 540117, Waltham, MA 02453-0117. An Equal Opportunity Employer. 

~ 
The miracles of sciencen• 
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Accr Display Technology 
Ad-Vance Magnetics, Inc. 
Advance Reproduction Corp. 
American Panel Corp. 
Applied Concepts, Inc. 
Arconium 
Artesyn Solutions, Inc. 
A Tl Tech.nologies 
autronic - Melchers GmbH 

BPS 
Brewer Science, Inc. 
Brimar Ltd. 
Brown & Sharpe Surface Inspection 

Systems, Inc. 

Canon, Inc. 
CELCO 
Cherry Electrical Products 
Chunghwa Picture Tubes, Ltd. 
Clinton Electronics Corp. 
Colorado Microdisplay, Inc. 
Coming Incorporated 
Coming Japan K.K. 
Crystaloid Teclmologies 

DigiLens, Inc. 
Display Laboratories, Inc. 
Display Search 
Displaytech, Inc. 
Dolch Computer Systems, Inc. 

Earth Computer Technologies 
ELDECCorp. 
Electro-Plasma, Inc . 
Emco Electron ics Ltd. 
Endicott Research Group, Inc. 
ERSO{lTRI 

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

General Vacuum, Inc. 
Gerome Manufacturing Co., Inc. 

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

IBM 
Imaging & Sensing Technology 
Imaging Systems Technology 
lncom, Inc. 
Industrial Electronic Engineers, Inc. 
Infinite Graphics, Inc. 
lttfodex, Inc. 
Instrument Systems 
Interface Products, Inc. 
lnterserv Corp. 
Interstate Electronics Corp. 
lse Electronics Corp. 

Kent Displays 

LCD Lighting 
Lexel lmaging Systems, Inc. 
LinFinity Microelectronics, Inc. 
Lite Array, Inc. 

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

NECCorp. 
Nippon Seiki Co., Ltd. 

OES/ITRI 
OK! Electric Industry Co., Ltd. 
Optical Coating Lab., Inc. 
Optrex America, Inc. 

Philips Flat Display Systems 
Phosphor Technology Ltd. 
Photon Dynamics 
Photo Research 
Pilkington Micronics Ltd . 
Pix Electronics, Inc. 
Planar Standish, Inc. 
P lanar Systems 
Plasmaco, Inc. 
Polar Vision, Inc. 
Polytronix, Inc. 
Premium Allied Tool 
Progressive System Technologies 

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

RF Power Products 
ROLIC Research Ltd. 

Sarnoff Corp. 
Schott Corp. 
Semiconductor Systems, Inc. 
Sharp Corp. 
SI Diamond Technology, lt1c. 
Sony Corp. Research Center 
Stanford Resomces, Inc. 
Superior MicroPowders 
Supertex, Inc. 
Symbol Technologies, Inc. 
Syntronic Instruments, Inc. 

Tamarack Scientific 
TDK Corp. 
TEAM Systems 
Techneglas, Inc. 
Teledyne Lighting & Display 
Terapixel, Inc. 
Thomas Electronics, Inc. 
Thomson Components & Tubes 
Th.ree-Five Systems, Inc. 
Torrey Pines Research 
Toshiba America Electronic 

Components, Inc. 

Ultra Electronics Command & 
Control Systems 

UL VAC Technologies, Inc. 
UNIGRAF 
Unipac Optoelectronics Corp. 
Universal Display Corp. 
Ushio America, Inc. 

Viratec Thin Films Inc. 
Vishay-Dale Electronics, lnc. 

Westaim Advanced Display 
Teclmologies 

Westar Corp. 
White Electronic Designs, Inc. 
WINTEK Corp. 
WinTron Technologies 

XCITEK, Inc. 
XMR, Inc. 

Ad-Vance Magnetics ........................... 37 
Astra Products ..................................... 35 
BOC Coating Technology ..................... 6 
DuPont ................................................ 39 
EFOS ........................................... ........ 37 
ELDIM ........ ......................... ....... ........ 35 
H. L. Funk Consulting .......... ....... ....... . 34 
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Liquid Crystal Institute ........ ............... 39 
LMDC .................................. ....... ........ I G 
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212/460-8090 x212 Fax: 212/460-5460 
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Quantum Data ......... .................. .... .. ..... 5 
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Unigraf ................................... ............ 16 
Wcstar Corp ........................... ......... 7,17 

Sales Office 
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MicroDisplav 
Inspection Station 

5 Second or Less Inspection Time 
per Displayed Inspection Image 

The MicroDisplay 
Inspection Station is 
designed for LCoS 
VGA, SVGA, SXGA, 
and UXGA devices. 
It can classify and 
quantify functional 
pixel level defects, 
defective pixel clus­
ters, and cosmetic 
defects such as parti­
cles and scratches. 

Multiple Column Out 
and Contamination 
Defect 

Single Column Out 
Defect 

38700 Grand River Ave., Farmington Hills, Ml 48327 
Phone (248) 471-2660 Fax (248) 615-2951 

or visit our Web Site at www. iv-usa.com 
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Perform spectrally-based luminance and color measure­
ments anywhere, anytime. With the battery-powered Photo 
Research® PR®-650 SpectraColorimeter~M Whether you are 
testing displays, measuring skin color or tracking pollution, 
don't settle for an inaccurate fi lter colorimeter. Choose the 
only NIST-traceable spectroradiometer that is truly portable. 

Use the hand-held PR-650 in the field to measure spectral 

FAST. 
ACCURATE. 
PORTABLE. 

reflectance in seconds. Measure emissive sources like displays and projectors in the lab 
with user-friendly Spectra Win® software. Or automate your 
QC testing by controlling the PR-650 remotely from a PC over 
an RS-232 interface. 

Proven SpectraScan® diode-array technology captures the entire 
visible spectrum from 380 to 780 nm in one shot. The PR-650 
also offers AutoSync~M a unique feature which automatically locks 
to the refresh frequency of CRTs and allows accurate testing of 
computer monitors. 

Backlit supertwist LCD display 

Pritchard optics, on-board data storage, push-button operation, 
fast-charge Nicad batteries and a host of other features make the PR-650 the most versatile 
colorimeter on the market. Choose from a variety of optical 
accessories fo r specialized applications. 

Call us and discover how affordable, fast and accurate light and 
color measurement can be. 

PHOTO RESEARCH' INC. 

9731 Topanga Canyon Place 
Chatsworth, CA 913 11 -4135 U.S.A 
Phone: 818-341-5151 • FAX: 818-341-7070 
http:/ /www.photoresearch.com 
e-mail : sales@photo researc h.com 

The PR-650 
Light Measurement 

on the Move 
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