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

Whatever your LCD needs - standard o r custom - Optrex can offer an 

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

upon Optrex for technologically-advanced character, monochrome, color 

and 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. 
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COVER: If all the materials and structures neces
sal)' fo r an FED could be printed directly on the 
substrate, an inexpensive large color display could 
be fab ricated. The engineers at Printable Field 
Emirrer~·. Ltd., believe that all the necessa1y tech
nologies now exist, as do several 32 x 32-pixe/ pro
totypes, one of which is shown here. For more 
information, see the article beginning on page 14. 

Printable Field Emitters, Ltd. 

For more on what's coming in Information Display, and for 
othe r news on infonniltion-display technology, check the 
SID Web site on the World Wide Web: http://www.sid.org. 
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Microdisplay Issue 
• LCoS Technolgy and Applications 
• Manufacturing LCoS Microdisplays 
• Microdisplay Markets 
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Small Staff, Small World 

/D's relatively small staff of editors, contributing edi
tors, advisory editors, and correspondents try hard to 
bring you the world - the display world, at least. 

This year we plan to bring you full-fledged confer
ence and show reports on the SID International Sym
posium (Long Beach, Califomia, U.S.A.), IDRC 
(Palm Beach, Florida, U.S.A.), CeBIT (Hannover, 
Germany), SMAU (Milan, Italy), Computex Taipei 

(Taipei), EID (U.K.) , ASID (Xi ' an, China), IDMC (Seoul , Korea), CIC (Scotts
dale, Arizona, U.S.A.), and IDW (Kobe, Japan). In addition, we plan to attend 
INFOCOMM (Anaheim, California, U.S.A.) , PC Expo (New York City, 
U.S.A.), and Microdisplay 2000 (Boulder, Colorado, U.S.A.), and we will bring 
some information about those meeting to you as well. 

Because /D's editorial offices are located in the U.S.A., we have little trouble 
keeping in touch with what's going on in North America. We try particularly 
hard to obtain information from Asia and Europe, so that /D does not feel too 
much like a North American magazine. Our goal is to be fully international. 
We are closer to attaining th = ~ goal than we have ever been before. Every year 1 
personally attend more non-1-.forth-American conferences, which allows me to 
obtain more articles from Asia and Europe, as well as to leam from those con
ferences and report on them. (It is also one of the great pleasures of this job, but 
we' ll keep that a :;~::cret.) 

Still, we are farther away from attaining the goal of complete internationalism 
than I would like us to be. I therefore take pleasure in every additional step we 
take toward the goal. One of those steps involves George Isaacs, !D's very 
effective advertising executive in Europe. George keeps an eye out for possible 
articles that I might otherwise miss, while maintaining an admirable sensitivity 
to the need for keeping edi torial and advertising decisions completely separate 
in a reputable publication. (This is a golden rule that many Web sites seem to 
have trouble remembering.) 

Another step is that the editors of ID and the editors of Advanced Display 
have informally agreed to cooperate in order to benefit their readers. Advanced 
Display is a combination of magazine and journal that is published in Chinese to 
bring global advances in display technology to an audience of about 2000 that is 
more comfortable reading in Chinese than in English. From time to time the 
editors of Advanced Display will translate articles from ID into Chinese, and 
also translate selected articles from Chinese into English for publication in !D. 

As many of /D's readers know, there is a great deal of display manufacturing 
in Mainland China, as well as in Taiwan and Hong Kong, and its continued 
growth is virtually certain. We look forward to doing a better job of covering 
this important part of the d isplay world for you. 

If you have a particular interest in any other part of this continually shrinking 
planet, please let us know. 

- KIW 

We welcome your comments and suggestions. You can reach me by e-mail at 
kwemer@ nutmegconsultants.com, by fax at 203/855-9769, or by phone at 
203/853-7069. The contents of upcoming issues of ID are available on the JD 
page at the SID Web site (http://www.sid.org). 
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he ~volution of Powerful Video 6~nerato~s €ontinu~s! 
The Digital Video Generator for Digital CRT's and High-End FPD's 

ASTRO VG-852 
Do you engineer or evaluate high-end FPD's and/or 
interface circuits for Digital CRT's? The VG-852 pro
vides the high speed signals through LVDS, TMDS 
(Panel Link) and parallel outputs (24 or 48 bits/pixel) 
via DVI and other standard connectors. 

• 130 MHz/260 MHz dot clock per channel 

• Fully DDC -compatible 

• Bitmap operation supported 

• Operated/Programmed from Frontpanel or PC 

• Most flexible through simultaneous parallel 
and setial outputs 

Standalone Digital units from $4000 

Best 400 MHz Performance at the Lo-west Price 

11 l l l l I 

-
Contact us today! 

www. team-systems.com 
1-800-338-1981 

info@team-systems.com 

ASTRO VG-844 
Use your PC to program and a Remote Box to 
control/operate tllis brand new High Performance 
Video Generator. It even offers HDTV /Y-P8-PR 

compatibility. You w ill love its easy operation! 

• 400 MHz dot clock 

• 850 Programmable timing/pattern combos 

• 150 Fixed timing/ pattern combos 

• Ideal for HDTV-manuJacturing 

• Ideal for any High Resolution Monitor 

Standalone Analog tmits from $2,950 

Team Systems ... The Smart Choice! 
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Technology.net ... 

by Aris Silzars 

Suppose that you have recently been asked to join a 
new project team developing a new display technol
ogy, but don't know all that you would like to know 
about the emission technology being implemented. 
Or what if you have joined a new start-up company, 
and in your previous position you were required to 

sign a non-compete agreement so that you must now develop a somewhat differ
ent area of expertise? Or perhaps the large company where you have spent 
many years and where you expected to retire has decided to divest your business 
unit, and with each passing day the hallway rumors hint that the prospect of ter
mination notices is becoming ever more likely. Or, in a more positive vein, sup
pose that you are making great progress and would like your colleagues to hear 
about your recent discoveries. In these and many similar situations what should 
you do? 

It seems that our choices are limited and easy to enumerate. We can take the 
lone-inventor approach and try to solve all problems through our own creativity 
and brilliance. We can try to find someone else on our immediate project team 
who knows the answers we are seeking. We can enlarge our circle and try to 
search out someone with the appropriate expertise in our broader corporate orga
nization. We can do an extensive literature and patent search. We can attend a 
technical conference or two. We can call a colleague at a university or at 
another company and seek his or her advice. We can contact product vendors or 
attend trade shows. 

Typically, we will do as many of the above as we think will help us find the 
answers we seek. That is as it should be, and that is where technical societies 
such as SID become of great value. 

Imagine for a moment what our world would be like if there were no technical 
societies. There would be very few technical journals. There would be virtually 
no technical conferences, and consequently there would be no conference pro
ceedings. There would be no membership directories to help us locate col
leagues with common interests. There would be limited opportunities to share 
and discuss recent discoveries. There would be few seminars and specialized 
short courses. Perhaps some trade shows and advertising-supported magazines 
would still exist and maybe even try to increase their influence by publishing 
more scientifically important articles. But many of the most important sources 
of information on which we rely would either no longer exist or be much harder 
to access. Well, fortunately, we do have technical societies and we don ' t really 
need to worry about this peculiar scenario. Or do we? 

Consider just a few more "what ifs." What if companies began to seriously 
restrict the submission of papers and attendance at technical conferences? What 
if scientists and engineers could no longer find a way to communicate with each 
other at these meetings? What if additional barriers were created to the inter
change of scientific results? What if we all had to work in isolation? 

This begins to look like a really ugly scenario. Under these conditions, it 
seems to me, the rate of technical progress would slow to a crawl. The rate of 
world economic growth would be similarly affected. The restrictions on techni
cal information exchange would likely create other economic and political 

continued 011 page 42 
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easily tits most PCs. 

PLUG-INTO 160 MHz 
8-BIT COLOR TESTING. 

ANNOUNCING 
THE 802G-PCI 
VIDEO TEST ~/ 
GENERATOR PLUG-IN CARD. 
The new 802G-PCI video signal generator 
packs powerful performance into a small, 
half-sized PCI package. 

Get 8 bits per pixel up to 360 MHz for up to 
256 color or gray level testing. 

You'll begin testing displays quickly using 
our VGM® (Video Generator Manager) software 
and your PC. Choose between hundreds of built-in 
computer formats and test images, or download 
your own bitmapped (.bmp) images. 

For ATE users, we include the necessary support 
software to get your applications running quickly. 
Plus, the 802 's new high speed drawing engine 
renders images at lightning speed. 

The 802G-PCI provides high speed analog, 
8 bit color depth, fast drawing speed, and 
precision timing ... all in a plug-in design that 
saves bench space and rack space. Contact 
Quantum Data for more details. 
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The Art of Technology 

QUANTUM DATA 

2111 Big Timber Road, 

Elgin, IL 60 I 23 

Phone: 847 .. 888.0450 

Fax: 847 .. 888.2802 

Website: www.quantumdata.com 

E-mail: sales®quantumdata.com 





The new name 
When comparing notebook PCs and LCD displays, there's a new logo you should look for 
besides Intel Inside" , Certified for Windows• , and TCO 99. Introducing WiseViewn.t, 
the new brand name for Samsung LCD modules. And a symbol of quality from 
the world's No. 1 TFT-LCD maker that ensures you're getting the very best view available. 
Samsung Wise View,.. TFT-LCD 
• Worldwide best product. 
• Intelligent circuit design with state-of-the-art technologies. 
· Slim and simple design for easy product engineering. 
• Eye-catching images that are among the sharpest and truest available. 

LCD PC E-book KIOSK GAME DPA HDTV IMT-2000 DSC 

WISeview is a trademarl< owned by Samsung Electronics Co. Ltd; 
Intel, the Intel Inside logo, and related Intel names and logos are trademarl<s ol and otherwise owned by Intel Corporatioo; 

VIEW-CAM 

Microsoft, Microsoft Windows, and related Microsoft names and togas are trademarl<s ol and otherwise owned by Microsoft Corporatioo. 
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LCD Monitor 
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www.samsungTFTLCD.com 



Specialty Mounting For Flat Panel Monitors 

~Ergotron......_ 

P'ARMS"'~ 
Compatible .., 

Flat panel monitors compliant with the VESA• FPMPMI™ 
Standard are Ergotron ARMS Compatible; this means your 
monitor will easily attach to an Ergotron ARMS product. 

Contact Dan Hallberg, 651 -681-7659, for more information 
or to discuss OEM and Reseller relationships. 
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USA: 
Japan: 
Korea: 
Taiwan: 
China: 
Europe: 

Products for better displays."' 

Westar Corporation, 636-498-6004 ext.286 
Kyokuto Boeki Kaisha, Ltd., 03-3244-3795 
Truco, Inc., 02-3465-2004 
Advanced Team Enterprise Co., Ltd., 02-27035466 
Advanced Team Technology Service, 769-632-6399 
Ginsbury Electronics, Ltd., +44 (0) 1634-298900 

www.westar.com/fpm 
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USA: 
Japan: 
Korea: 
Taiwan: 
China: 
Europe: 

Products for better displays. "' 

Westar Corporation, 636-498-6004 ext.286 
Kyokuto Boeki Kaisha, Ltd. , 03-3244-3795 
Truco, Inc., 02-3465-2004 

• 

Advanced Team Enterprise Co., ltd. , 02-27035466 
Advanced Team Technology Service, 769-632-6399 
Ginsbury Electronics, Ltd., +44 (0) 1634-298900 

www.westar.com/mdis 
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CRT Monitor Video Channels in 

National's LM1253A & LM2453 Chipset Simplifies Design, Eliminates Up 
to 60 Parts From the Neckboard and Reduces Time to Market 

Chipset Integrates: 
• OSD Generator 
• 12C Preamp 
• Monolithic Triple CRT Driver 
• Bias Clamp 
• G1 Blanking 

LM1 253A Features: 
• 180MHz Preamp 
• OSD 190 2-Color & 64 4-Color 

ROM Based Cha racter Fonts 
• OSD Programmable Up to 512 

Characters 

LM2453 Features: 
• 6ns AC Coupled CRT Driver 
• Low Power 
• Integ rated Clamp 
• Integrated Boost Supply/ 

G1 Drive 

Unique Architecture Permits Ideal Partitioning 
by Process Technology 

J2C OSD GEN + PRE-AMP 

r 
r 
r 
r 
r 
r 
r 
r 
r 

CRT DRIVER WITH 
INTEGRATED CLAMP + Gl DR-t~ 
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Cl 2000 National Semiconductor Corporation. National Semconduc&or and t!l are registered lradernart s of National Somiconductor Corporation. AI rights reserved. 

For Complete System Architecture Specifications and a Free CRT Monitor Technology CD-ROM: 
www.monitorchipset.national.com 1-800-272-9959 
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we just make 
the numbers 

ERFECTLY CLEAR. 
At Elmwood Sensors, designing precision ther
mal solutions for extreme operating environ
ments is one of our specialties. So, what's that 
have to do with the extreme price of gasoline? 
Allow us to c/nrifiJ 

Elmwood Sensors makes one of the industry's 
most comprehensive and reliable lines of flexible 
heaters, bimetal thermostats and thermal fuses. 
And the gas station is just one of many exb:eme 
places you'll find our transparent flexible heaters. 

Our unique wireless design provides a clear, 
unobsh·ucted view of those inflated numbers at 
the pumps- even in the dead of winter. That's 
because our heater is specially designed to warm 
Liquid Crystal Displays (LCDs) in cold, moist 
environments- in operating extremes as low 
as -40°F. So, even as the temperature drops, you 
can clearly see the numbers at the pumps rise. 

Likewise, our transparent heaters also make it 
possible for fork lift truck operators to clearly 
see their instrument panels when they're stock
ing the warehouse freezer. And meter readers 
have no problem reading their hand-held meters 
while trekkin.g through the foulest of climates. 

At Elmwood, we've been designing unique 
thermal solutions for more than 40 years. 
And when it comes to LCD applications, we 
think the cl1oice is clear. Contact us today 
and see for yourself. 

~&nsys 
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Sensor Systems 

Elmwood 
Sensors 



Printable Large-Area FEDs 

How close are we to creating large, affordable displays for mass markets? 

by Richard A. Tuck 

LE world wants a bigger view - of com
puter data and of entertainment content. A lot 
of excitement has been generated by 40-in. 
and larger plasma-display panels (PDPs), even 
though the excitement is not generally suffi
cient to overcome the high purchase price. Is 
there any hope that large displays can be made 
affordable for mass markets? 

Despite all the work being uudertaken on 
active-matrix LCDs (AMLCDs) and PDPs, it 
is becoming clear that a new technology is 
still required to produce 20-40-in.-diagonal 
displays that are affordable by the typical con
sumer. Field-emission displays (FEDs) have 
the potential to fill this gap, but their price 
must be reduced dramatically. FEDs that are 
available today, or that will be avai lable in the 
near future, use gated microtip structures fab
ricated using semiconductor processes, and 
are thus locked into cost and size limitations 
that are similar to those affecting LCDs. 
Therefore, they are unlikely to exceed 20 in. 
on the diagonal. 

Just over 4 years ago, Printable Field Emit
ters (PFE), Ltd., proposed the idea of a low
cost printed FED. At that time the idea was 
regarded as rather far-fetched by the FED 
community. But the wisdom of this sugges
tion has become apparent over the last 2 
years, particularly fo r large displays. In fact, 

R ichard A. Tuck is the Technical Director of 
Printable Field Emitters Ltd., Atlas Centre, 
Ruthelford Appleton Laborat01y, Chi/toll, 
Didcot, Oxo11 OX1 OQX, U.K.; telephone 
+44-1235-445-958, fax +44-1235-445-960, 
e-mail: richard.lllck@pfe-ltd.com. This arti
cle was developed ji-om a paper presented in 
December, 1999, at/DW '99 in Sendai, 
Japan. 
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it now appears that all of the technology com
ponents exist to build a printed FED. Further
more, much of the conceptual and develop
ment work has now been done by PFE. All 
that remains is to combine the wi ll and the 
investment required to bring all of the ele
ments together to build a large display. 

A number of printed FED and FED-like 
devices have been demonstrated by compa-

nies such as Samsung and Canon. The Canon 
Slllface-conduction emission (SCE) display is 
the most advanced of these, with quite large 
color prototypes having been demonstrated. 
But SCE technology is not without its prob
lems. Because the current-driven emitter ele
ments are spread out across the substrate, the 
technology seems to be limited to displays 
with I:Jrge (-1 nun) pixels. There is still a 

Fig. 1: The FED shOIVIl is a 32 x 32-pixe/ FED that uses YAG phosphors. 

0362-0972/00/1606-014$1.00 + .00 © SID 2000 
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need for a consumer-priced solution for large 
flat panels, and the printed FED looks like a 
very promising candidate. 

The key elements of a FED are 

• A field-emitter cathode. 
• An e lectrode system for low-voltage 

control. 
• An anode plane with efficient phosphors. 
• A spacer system between the cathode and 

anode. 
• A gettering system. 
• Glass-engineering technology. 
• Drive electronics. 

Our company has been aggressively devel
oping the fi rst two items. But before these 
developments are discussed, the status of the 
other items will be briefly reviewed. 

Driven by the needs of low-voltage tip
based FEDs, considerable work has been 
undertaken to improve the efficiency of low
voltage phosphors. However, conventional 
CRT phosphors will operate in FEDs provided 
the anode voltages are -5 kY or more, which 
greatly simplifies the problem of finding suit
able phosphors. 

Spacers present both mechanical and elec
trical problems, which have been addressed 

Fig. 2: This FED uses ZnS-Ag phosphors. 

by many companies from a number of differ
ent approaches. As a result, the technology 
has improved over the years and there are now 
companies, such as St. Gobain , offering com
mercial products. Samsung recently described 
a FED with printed spacers. In addition, there 
are strong similarities between FED spacers 
and PDP barrier ribs, so it may be possible to 
take advantage of PDP materials. A large 
FED will have a larger pixel pitch than a 
smaller display of the same pixel f01mat, so it 
may be much easier to accommodate spacers 
in a larger display. 

Getters are required to absorb materials that 
may outgas in the vacuum of the display. 
SAES Getters has recently produced a print
able getter material that activates during vac
uum bake-out. Although they have yet to 
print it onto glass, in principle this material 
could be distributed throughout the panel. 
The ideal location would be on the anode hid
den behind the black matrix. 

PDP development has ensured that the fab
rication of large flat evacuated panels is now a 
routine process. Providing that the drive volt
ages can be kept below 40 V, the electronics 
may be based upon economical CMOS pro
cesses. 

It lhus seems reasonable that, provided the 
cathode plane can be made in large sizes and 
at low cost, FEDs in the size range of 20-40 
in. could be developed and manufacnn·ed at 
consumer prices. 

The Field-Emitter Material 
PFE has created field-emitter materials that 
have threshold fields down to 3 V/f.!m and site 
densities close to 200,000 cm·2. These have 
routinely been deposited on 3-in. glass wafers 
by spinning. (The wafer size limit is imposed 
only by the process equipment used.) As an 
interim approach, the resulting film was pat
terned by a lift-off process. We now have 
screen-printable formulations that are as good 
as our best spun layers, and we expect the per
fomlance of these materials to overtake the 
spun layers in the very near future. 

Life-test data indicate that, following a con
ditioning period, the emission decay rate is 
consistent with in-display, i.e, pulsed, lives of 
over 500,000 hours to half-brightness . The 
materials have not yet been optimized for life, 
so it is reasonable to expect that these life
times could be extended further. 

Gated Devices 
If these displays are to be made at an afford
able price, the key feature is low-voltage con
trol through the use of a gate electrode. 
Although gated su·uctures using broad-area 
(flat) emitters have been reported, the teach
ing was that such structures could only be 
fabricated on smooth subsu·ates- with a 
roughness Jess than -0.2 f.!m peak to peak. 
We are now routinely fabricating well-formed 
I 0-mm-diameter gate strucU1res on substrates 
with roughness of -2.5 mm. The PFE device 
demonstrated at lOW '99 used thin-film depo
sition and subsequent photolithography for the 
tracks and gate insulator. 

We have made both 8 x I and 32 x 32 
gated arrays. The 32 x 32 devices were 
assembled into a small transportable vacuum 
chamber with getters and an ion pump for 
pressure monitoring. A number of devices 
have been made with surprisingly good yields 
(40%). Working displays have been assem
bled using di fferent types of phosphors: Y AG 
(Fig. I), ZnS-Ag (Fig. 2), and advanced 
nanopartic le phosphors made by Nanox in 
Oxford (Fig. 3). 

Since IDW '99, we have made considerable 
advances and now have gated devices with 
screen-printed address ing tracks and emitters. 
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Touch Monitors 
Our integrated touch screen/CRT monitors 

ntrn your ordinary 9" to 17" diagonal display 
into a powerful interactive man-machi11e 

interface. Harness tlus power to your 
advantage; improve your products by making 

them easier to use. 
It's that simple! 

Get in touch with CyberTouch. 

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

805 .499 .5000 • Fax 805 .499.5888 
sates@cybertouchusa.com 

www.cybertouchusa.com 

1
FEDs 

Fig. 3: This FED uses ZnS-Ag phosphors. 

The switching characteristics are very similar 
to the thin-film versions. The devices are 
very stable in operation and very tolerant of 
both poor vacuum conditions and the 
inevitable gate-anode vacuum breakdown that 
occurs when one is testing prototype devices. 
For example, in one case a display operated in 
a stable manner despite an air leak that raised 
the pressure withi n the device to -10·5 torr. 

There is clearly a pent-up demand for larger 
color displays in a wide range of business and 
consumer markets. While it appears that 

existing LCD and PDP technology may be 
inherently too expensive for mass-market 
sales, printed FEDs offer the promise of a 
solution. All of the technologies required to 
build a large-area low-cost FED now exist 
within PFE and other organizations around the 
world. At PFE, we believe that the question is 
not whether such a device can be built, but 
rather when will it be built? All it takes is the 
commitment by a company with sufficient 
resources to move this technology ahead, 
making it ready for mass production. • 

SID '01 
Symposium, Seminar, and Exhibition 

San Jose Convention Center 

San Jose, California 
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Teamworl<. 

The essence of teamwork at Lexel is 
talented, dedicated people working 
together and striving 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 which exceed customer 
requirements and expectations; pride 
in continually improvin g 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 

1 501 NEWTOWN PIKE • LEXINGTON, KY 40511 
PH ONE (606) 2 4 3-5500 • FAX (606) 243-5555 
SALES & MARKETING (970} 731-5260 • FAX (970) 731-5261 
Vi sit our website: www. lexe lcorp.com 
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Using Field-Emitter Arrays as CRT Cathodes 

Combining solid-state technology with traditional CRT designs 
results in a new hybrid device with distinct advantages. 

by Kazuo Konuma, Yuko Okada, Akihiko Okamoto, 
Yoshinori Tomihari, and Soichiro Miyano 

ER MORE THAN 100 YEARS cathode
ray tubes (CRTs) have relied on a hot cathode 
to provide the stream of electrons used to cre
ate the image on the phosphor layer. The 
development of fie ld-emitter arrays (FEAs) 
provides an alternati ve source of electrons that 
offers some distinct advantages over tradi
tional CRT designs. 

CRTs maintain a conunanding lead in the 
monitor market, largely due to their b1ight 
high-resolution images and their low produc
tion cost. We may be reaching the limits of the 
traditional technology, however, as future dis
plays require electron beams with larger cur
rent and smaller spot size. Hot-cathode designs 
may not be able to increase their heat loading 
much further, and it may not be possible to fur
ther improve the hole processing of the electrode. 

In recent years, FEAs have been studied 
extensively - primarily as a technology for 
thin emissive flat-panel displays. FEAs have 
hundreds of sub-micron electron guns inte-

Kazuo Kouuma is a principal researcher at 
NEC Silicon Systems Research Laboratories, 
ULSI Application Laborat01y , Shimokuza11•a 
1120, Sagamihara, Kcmagawa, 229-1 I 98, 
Japan; telephone +81-427-71-0622, fax 
+81-427-71-0878, e-mail: konuma@mel.cl. 
nec.co.jp. Yuko Okada is em engineer. 
Akihiko Okamoto is a manager, and Yoshi
uori Tomihari is an assistant manager with 
the NEC Silicon Systems Research Laborato
ries, Japan. Soichiro Miyauo is a manager 
with the Electronic Component Development 
Division, NEC C01p., Japan. 
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grated in a small area. This design can also be 
used to create a high-current-density electron 
beam without heating. We have used these 
arrays in place of hot cathodes in otherwise 
standard CRT designs, resulting in a new type 
of display: the FEA-CRT. 

The FEA Electron Gun 
The FEA chip relies on Spindt- type emitters 
made of molybdenum cones with sub-micron 
tungsten gate holes (Fig. 1) . A verti cal cur
rent limiter (VECTL) with a trench structure 
protects the FEA chips from damage by an arc 
electric discharge. The FEA chip has 868 
e lectron sources arranged within a 50-11m
diameter emitter circle. The focus elecu·ode 

surrounds the emitter area like a collar, and 
controls the potential distribution near the 
cathodes to converge the enlitted electrons . 

The electron emission characteri stics vary 
depending on the gate diameters D (Fig. 2). 
The e lectron beam ha~ a lower voltage as the 
gate diameter becomes smaller. 

Conventional hot-cathode electron guns and 
the newly developed FEA electron guns have 
nearly identical structures . In a hot-cathode 
design, the BaO cathode is heated and the 
electrons are converged in the electron gun, 
which consists of a cathode and G I and 02 
electrodes. This structure requires di men
sional precision to form an electron flux with 
convergence between the control electrodes. 

Fig. 1: An FEA chip for CRT cathodes in (a) plane view and (b) C/1 1 expanded view. 
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Fig. 2: The emission clwracleristics of the 
FEA depend on the gale diameter. 

The structure of the main lens in an FEA 
gun is the same, although the G I and G2 e lec
trodes have a larger hole diameter. Both 
designs need just two signal pins. The hot
cathode gun needs them for the heater, while 
the FEA gun needs them for the gate and 
focus electrodes. 

The FEA electron gun has three important 
characteristics. First, the gun does not require 
a heat source to produce the electron beam. 
The electron-source substrates are mounted 
just be low the G 1 e lectrode, without heater 

16 

e ..§. 14 

.... 
~ 12 
E 
.!!! 
-o 
c::: 10 .... 
2 
co c. 

pattern diameter 

30 50 70 

focus voltage (V) 

(b) 

Fig. 3: The emission distriblllion of an exper
imellfal FEA (a) with V"" = 2 kV and V8 = 65 
V and a focus-electrode voltage between 15 
and 65 V produced a range of illuminated 
pattern diameters (b). 

wires. Second, the electron beam does not 
cross over the way a hot-cathode beam does. 

Fig. 4: This magnified view of crossing lines 
on an FEA-CRT also shows the experimental 
conditions and the measured beam diameter. 
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Fig. 5: The FEA-CRT eleclron-beam diame
ter is made smaller by applying negative focus 
voltage. 

And, third, the quantity of electrons emitted is 
controlled inside the gate hole and does not 
influence other components outside the emit
ter's and gate hole's immediate vicinity. 

The FEA-CRT 
An FEA-CRT has nearly the same drive set as 
a conventional CRT. The main difference is 
that two bias-potential circuits are needed for 
the gate electrode and the focus electrode. 
The FEA-CRT can be driven with a smaller 
cathode-conversion amplitude than that of a 
hot-cathode CRT. 

Tests of an FEA-CRT demonstrate that the 
illuminated pattern is smaller when the focus
electrode voltage is lower than the gate volt-

1.6 .----..,.---.,...--... 
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Fig. 6: The FEA -CRT beam diameter gets 
smaller as the gate cathode voltage is 
reduced. 
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Fig. 7: FEA-CRT beams can control beam spread with focus electrodes; this shows (a) the chip layout. (b) the measurement setup. and (c) the 
illuminated pal/em. 

age (Fig. 3). Although the electrons from the 
cone tops are spread, the beam is immediately 
converged by the focus electrode, which can 
precisely control the beam. 

The FEA-CRT displayed an excellent color 
chart on a 15- in. screen using three separate 
FEA chips in an in- line configuration. The 
beam diameter was measured for the center 
electron gun (green) using a grid-pattern sig
nal (Fig. 4). The Eb voltage is 18 kY - lower 
than in a conventional CRT- and the mini
mum electron-beam diameter was 0.84 mm. 

Beam diameter varied depending on the G3 
electrode potential (Fig. 5). The potential of 
the focus electrode was changed as an experi
mental p;u·ameter. The lower we made the 
focus potential, the smaller the minimum 
beam diameter became. The focus potential 
reduces the spread of the emiss ion electrons 
and makes the beam nan·ow at the main lens, 
which causes the focal point to fall beyond the 
screen. By lowering the G3 electrode poten
tial and thus making the focus point closer, 
the minimum spot size is focused at the dis
play face. 

The minimum beam diameter for FEA
CRTs became smaller as the gate-cathode 
voltage was decreased (Fig. 6). This can be 
explained by the reduced e lectron velocity 
perpendicu lar to the beam direction. 

Further improvements can be realized by 
reducing the gate diameters, which decreases 
the cone pitch and results in an increase in 
beam-current density. This may be achieved 
by improving the FEA production process. 
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Controlling Beam Shape 
Conventional CRTs employ in-line self-con
vergence methods to control the electron
beam shape, especially in the corners of the 
screen, where the beam tends to become ell ip
tical. We addressed this problem by fabticat
ing FEA chips with divided focus electrodes, 
which function as " beam-restoration elec
trodes" (Fig. 7). By applying different volt
ages to the beam-restoration electrodes it is 
possible to res tore the form of an electron 
beam. The beam-spot shape is varied drasti
cally by changing the voltage on only two of 
six eli videcl focus e lectrodes. 

These experiments with FEA-CRTs demon
strate that the beam characteristics are good, 
and that the e lectrons can be controlled using 
techniques similar to those used in hot-cath
ode CRT designs . Beam-spot size can be con
trolled by a low gate-cathode voltage and 
through the use of beam-restoration electrodes 
that overcome normal beam deformation. 
These experiments demonstrate clear advan
tages over hot-cathode CRT designs, and may 
lead to displays with better focus characteris
tics than u·aclitional displays. • 

Please send new product releases or 
news items to /nformatio/1. Display, 
c/o Palisades Institute for Research 
Services, In c .. 411 Lafayette Street , 
2nd Floor, New York. NY 10003. 

Internet Consulting 
and 

Database Research 

Get on the "Net." Training, lec
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SS200 SERIES DISPLAY ANALYSIS SYSTEMS 
FAST 
ACCIJRATE 
REUABLE 
AFFORDABLE 

Jvficrovision - innomling since 1983 

Microvision 's SS200 series of display analysis equipment allows you to precisely, automatically and quickly 
measure display performance. And with many test laboratories currently using the SS200 series as their standard test 
system, shouldn 't you? 

The SS200 series includes the SS21 0, SS220 and SS230 systems. Each system allows for modular field upgrades 
for increased functionality- Buy what you need, when you need it! Each system may be used on any display type from 
CRTs & FPD to projection, cockpit and microdisplays. The familiar Windows-based GUI makes the equipment easy 
to use and personalize. All versions come with the time tested Spotseeker five-axis positioning stage integrated into all 
test sequences. Each system is a complete tumkey system with a computer, 5-axis positioner, monitor, software, 
spectrometer, and camera system. For automatic testing to ISO, VESA, NIDL & TCO specifications, or comprehensive 
analysis for engineering and quality control requirements, the SS200 series has the system for you! 

SS210 System: 
The SS21 0 package has a CCD camera to provide spatial measure
ments such as Line Width and MTF. It includes an integrated spec
trometer for spectral analysis and color measurements and also in
cludes an optional response time measurement capability. 

SS220 System: 
The SS220 system is the perfect choice for flat panel testing. It fea
tures spectrometer-based, off-axis measurements, color analysis, 
contrast ratio and luminance testing. 

SS230 System: 
The SS230 (pictured above) is a combination of the SS21 0 & 
SS220 system, resulting in the most comprehensive test system 
available. All tests are performed at NIST traceable accuracy. 
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MICRO VISION 
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international Representatives: 
Japan- ARGO CORP., 06 339 3366 
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Display Technology and Computer 
Entertainment 

The computer-entertainment industry is divided into 
three parts, each with its own distinct hardware 
profile, display needs, and business model. 

by Shin'ichi Okamoto 

c OMPUTER ENTERTAINMENT 
is an important industry. The game market in 
Japan was $9 bill ion in J 997, according to 
the 1999 CESA Annual Report. Computer
entertainment platforms in recent years have 
fallen into four distinct segments: PC, con
sole, mobile, and location-based. We ' ll focus 
on the last three of these. 

Consoles 
Consoles - such as the Sony PlayStation - are 
primarily used by connecting them to house
hold television sets. The basic business model 
is that content publishers pay a royalty to the 
hardware makers for the use of their hardware 
and format, and then sell software packages to 
end users, with either a disk or ROM cartridge 
as media. The console itself is sold so 
cheaply that little if any profit is made on its 
sale; the hardware manufacturers' earnings 
come from the royalties. 

Because the household television set is 
appropriated as the display device, the display 
system to which the software must correspond 
is limited to NTSC or PAL, and the resolution 

Shin'ichi Okamoto is Senior Vice President, 
R&D, at Sony Computer Emertainment, Inc., 
Tokyo, Japan; telephone +81 -3-5413-8633, 
fax -8631, e-mail: shin 'ichi_okamoto@hq. 
scei.sony.co.jp. This article was developed 
from the author's keyn01e address delivered at 
1DW '99 on December 1, 1999, in Sendai, 
Japan. 
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(in an NTSC system) is limited to 256 x 240 x 
30 fps non-interl aced or about 640 x 480 x 60 
fps interlaced. 

The situation with game consoles is very 
different from that found in the personal-com
puter (PC) business. In their pursuit of hard
ware sales, PC makers repeatedly introduce 
machines with new speci fications, but a game 
console will keep a single specification over 
its entire lifetime of 4-8 years (Fig. 1). In the 
game-console business, the pursuit of new 

Million units 

• 32-64bit 

hardware sales through frequent model 
changes is less important than offering a 
stable technology to the companies that pay 
royalties to the hardware manufac turers. 

This conservatism is not only understand
able, it is essential. Creating a game for a 
leading console platform is a major software 
project that requires the efforts of a team of 
15 creative software writers over a period of 
12- 18 months at a cost of about $2 million. 
The content creators must be confident that 

16bit H--+--+--+--+--+--+--+--+---+---+-

8bit 
25 • Atari 
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Fig. 1: Game-console platforms have are long-lived, 1vith a life expectancy of 4-8 years. 
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Sony Computer Entertainment, Inc. 

Fig. 2: The Sony PocketS/at ion is an example 
of a mobile entertainment platform that can 
use altemative (not built-in) software. 

the platform they are writing for will still be 
mound when the game is completed and 
placed on the market. 

The console segment of the game market is 
also the most conservative in its use of display 
devices because pan of the strategy for keep
ing hardware prices low is to exclude the d is
play-device costs from the hardware price. 
Low cost is cri tical because high sales volume 
is an absolute necessity. A manufacturer must 
sell at least three mill ion consoles in Japm1 
and the U.S. if content suppliers are to be con
vinced they should enter the business. 

T he immediate next-generation display 
device for the console segment is the PC mon
itor. But because an increase in d isplay reso
lution leads to an extension of the ti me it takes 
to produce the contents, and because the mm·
ket requi res co-existence with NTSC/PAL, a 
breakthrough in software technology is neces
sm·y if we are to target screen resolutions 
above SYGA. 

Mobile Platforms 
Mobile game platforms are computer systems 
equipped with batteries and a small display 
(Fig. 2). T he business model can be largely 
divided into two parts, one that sells hardware 
with fixed software built in and another that is 
similar to the console model. Distribution of 
content based on network technology is cur
rently being tested. 

This mobile segment, which offers care
fully integrated components from processors 
to display equipment, has the longest history 
in compu ter entertai nment. In recent years, 
Japan and North America have seen an expan-

sian of an already large business in th is seg
ment. The growth was stimulated by the 
introduction of new systems that supply soft
ware separate from the hardware, which has 
been made possible by advances in semicon
ductor technology. 

Because energy consumption is the largest 
syste m-design issue in this segment, display 
devices must have low energy consumption, 
occupy as little space as possible, and be low 
in weight. Hardware that can use alternative 
and loadable software often incorporates a rel
atively high-performance processor, which 
makes the demand fo r other components that 
consume very li ttle energy even more critical. 

Location-Based Platforms 
The location-based segment consists of enter
tainment systems that are more or less fixed in 
a given location and to which users must travel. 
They range from arcade games to lm·ge-scale 
amusement-industry rides, and include the 
equipment and softwme needed to make the 
system function. The basic business model is 
that the makers sell both hardware and soft
ware to the operators who manage the facilities 
and who charge the players for their use. 

Compatibility with previous generations of 
equi pment is not required in this segment, and 
limitations on cost and technology are the 
least severe. The physical size of display 
devices, along with their resolution and num-

ber of frames per second, can be chosen rela
tively freely. 

For content creators, the location-based 
segment is an experimental arena where they 
can realize their new ideas fo r the first time. 
This segment also offers a chance for hard
ware suppliers to introduce new technology 
and products to the entertainment industry. 

The re lative freedom of hm·dware selection 
in amusement- industry entertainment facilities 
and high-end arcade games provides the dis
play industry with an oppOitunity to work with 
system designers in the creation of exc iting 
display solut ions. For instance, the sense of 
immersion gained from connected and linked 
large-scale d isplays is the most important en
tertainment factor that can be offered by such 
facil ities. Three-dimensional visual and sound 
effects are introduced main ly in this segment. 

Capitalization on the improvement of 
graphics capabilities in the console and PC 
segments, location-based systems are begin
ning to concentrate on the abundant variations 
in display devices. But the actual s ize of 
m·cade-game displays, excluding those used in 
high-end systems, is not that large. In many 
cases, CRTs of PC or consumer-T V quality 
are used. 

How Is a Game like a Movie? 
The location-based segment's business model 
of attracting audiences to fixed fac ilities is 

83 84 85 86 87 89 90 91 92 93 94 95 96 97 98 

Fig. 3: VCR-based movies and games are the largest categories of paid content viewed on 
home television sets. 
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display applications 

very similar to that of the traditional movie 
industry. The console-segment's business 
model, which sells contents recorded on pack
aged media, is very c lose to the VCR-based 
movie business model. ln addition, computer
entertainment creators and creators in the 
movie industry- which is the largest supplier 
of paid content viewed on home te levision 
sets- support the same display technologies 
and are therefore travel ing in the same direc
tion (Fig. 3). 

With recent advances in semiconductor 
technology, the processes of game and movie 
production - and the facilities in which they 
are produced- have become ve ry similar. In 
the near future, creators that supply content to 
both areas are almost certain to appear, which 
will probably create more business links 
between the two industries. 

It is likely that the location-based segment 
will find opportunities to cooperate with 
movie exhibitors and perhaps experience 
some degree of unification with movie screen
ing facilities. We expect that display technol
ogy will be able to provide a high-resolution 
image of 2000 x I 000 pixels in the mid-term 
and 4000 x 2000 pixels in the longer term, 
which is sufficient to digitize cinema-quality 
programming. 

Demands on Technology 
Consoles. Because there is a desire to 

improve the quality of the displays used wi th 
game consoles, and because content suppliers 
are necessarily conservative, PC monitors 
with SVGA and XGA resolution are like ly to 
become the next-generation display device, at 
least in the short term. Consoles will be 

designed to support these displays in addit ion 
to NTSC and PAL TV receivers. Content 
suppliers always want to expand the installed 
base, and this implies a narrowing of resolu
tion variations. Although console and display 
manufacturers might wish it we re otherwise , 
innovations in game-display technology are 
not likely to originate in the conservative con
sole segment. 

Networks. Network technology centered 
on the Internet is having a great effect on 
computer entertainment because it is an excel
lent medium for the communication and dis
tribution of digital contents. 

In the console- and PC-based segments, on
line games have become very popular. On
line games have a history that is as old as the 
Internet itself, and can be called the fi rst gen
eration of network-based computer entertain-

Technology of the Sony Play Station 2 

Although the long-anticipated Sony PlayStation 2 (Fig. A) which wa introduced in Japan in March and will be available in the U.S. in 
October, will usc an NTSC/P/\L TV set as its display device, it will be able to rh·ive that device with the power of a graphics workstation 
(Fig. B). 

To make upgrading easier. the proces ing power of tl1e PlayStation 2 is partitioned into a general microprocessor called the Emotion 
Engine"' and a graphics synthesizer (or renderi ng engine). The first-generation Emotion Engine (EE I) has I 0 million transistors, the same as 
an Intel Pentium Ill '~ . The second-generation version (EE2), cheduled for introduction in 2002, will be made with a 0.13-~un process and 
will have 40 mill ion transistors. EE3. schedu led for introduction in 2005, will be made with a 0. 1 0-~m process and have 100 million transis
tors. This makes the rate of growth in processing power much greater for the EE family than for the Pentium fami ly (Fig. C). 

The PlayStation 2 wi ll have the power to dri ve a DTV or HDTV set. but content providers will not create content for DTVs until a large 
number have been sold. When they do, the results are likely to be exciting. 

Sony Computer Entertainment. Inc. 

A : The new Sony P/aySwtion 2, a console 
game machine with the power of a graphics 
workstation, will continue the tradition of 
using an NTSC/ PAL-format television set as 
its display device. 
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System Architecture 

8 : The PlayStarion 2 partitions its computing 
power into a genera/microprocessor called 
the Emotion Engine"' tmd a graphics synthe
sizer. The partitioning was done to facilitate 
upgrading of the Emotion Engine. 

- S. Okamoto and K. Werner 

CPU Transistors 
,....,. ... T~,!.------------

~· 

1572 1975 1!71 1981 1984 1!117 19!0 19!3 ' "' ,,, 2Cm 201)$ 

C: The Emotion Engine has as many transis
tors as an Intel Pentiumr" Ill, ll'ith a planned 
upgrade path that ll'ill outstrip the processing 
power of Pentium chips. 



ment. The second generation of network 
[;pplications will probably be based on the 
new cellular-telephone infrastructure. If this 
prediction holds true, the mobile-game seg
ment that would be used with the cellular 
infrastructure could, in the mid-term, become 
the center of computer entertainment. 

Mobile Platforms. A networked mobile 
platform will require a d isplay device with 
sufficient resolution to support communica
tions. lf communications implies textual 
information, then VGA wi ll be the initial tar
get resolution. But ultimately, communica
tions is likely to be based on a new man
machine interface centered on moving pic
tures and speech recognition, which implies 
an increase in bandwidth. Graphic images, 
sound, and the entire mix of data comprising a 
computer-entertainment program will be 
wholly transacted as digital data. Then, color
display quality consistent with the display of 
moving pictures will be demanded of display 
devices . Because input devices using moving 
pictures and high-quality processors will be 
essential , the de mand for display devices with 
low e nergy consumption wi ll continue, even 
with advances in battery technology. 

What's Coming? 
Computer entertainment. which exists in a 
strange land between art and technology, con
stantly changes by absorbing front-line tech
nology. Improvements in semiconductor and 
network technology will drive the unification 
of entertainment and communications. PC 
monitors will be the next display-technology 
target in the console segment. We will see the 
production of small displays that can support 
moving pictures for the mobile segment and 
large-scale high-resolution displays that can 
satisfy the creative standards of the movie 
industry in the location-based segment. • 
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Do FPDs Need New Image-Quality Metrics? 

Our 1netrics for quantifying image quality have been developed over the last half-century 
with CRTs in mind. To what extent are they suitable for newer display technologies? 

by C. E. Rash, V. K.lymenko, T. H. Harding, and J. S. Martin 

LE rapid rate at which technology has 
entered all facets of our li ves has infl uenced 
us in many ways. One effect is the over
whelming increase in the amount of informa
tion available to us- information that invari
ably is presented on displays. Visual d isplays 
are an increasingly imporrant method of effi
ciently conveying data, symbols, graphs, and 
still and video pictures. They are on our 
desks, in our cars, on our wrists, in our ai r
planes- just about everywhere we look 
(Fig. 1). 

While not all of this information involves 
life-and-death situations- such as that d is
played in aircraft cockpits and nuclear-power
plant control rooms- all of it is important to 

Clarence E. Rash is a research physicist at 
the U.S. Army Aeromedical Research Labora
tO/y (USAARL), Visual Sciences Branch. Fort 
Rucker, AL 36362; telephone 334/255-6814. 
fax 334/255-6977, e-mail: clarence. rash@ 
se. amedd.army.mil. Victor Klymenko is a 
research psychologist with UES, Inc., at 
USAARL; relephone 3341255-6824. fax 3341 
598-9256, e-mail: vklymenko@ues.com. 
Thomas H. Harding is a research scientist 
with UES, Inc., at USAA RL; telephone 3341 
255-6824. fax 3341598-9256. e-11wil: rhard
ing@ues.com. J ohn S. Martin is a research 
technician with UES, Inc., at USAARL: tele
phone 3341255-6824, fax 334/598-9256. 
e-mail: }martin@ ues.com. The views, opin
ions, and/or findings contained in this article 
are those of the authors and should not be 
construed as an official Department of the 
Army position, policy, or decision unless so 
designated by other official documelllation. 
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some degree. For this information to be used 
it must be '·readable.'' We use the concept of 
" image quality" to rate the abili ty of the infor
mation on a display to be perceived, inter
preted, and used. 

Many factors affect the user's ability to per
ceive and use the displayed information . If 
the information is a simple reproduction of 
computer-generated text, symbols, or graph
ics, then the major factor affecting the fidelity 
of the information is the capability of the dis
play to faithfully reproduce the image infor
mation with respect to characteristics such as 
size, contrast, bti ghtness, and color. If the 
information is a representation of some exter
nal view of the world, as from an imaging sys-

tem, then, in addition to the display issues, a 
number of other factors will affect the user's 
perception of the information. These include 
the sensor parameters associated with the 
imaging system (a camera, for example), 
transform functions associated with conver
sions of the scene from one domain to another 
(such as spatial, spectral , luminance, or tern
pont!), and attenuation and fi ltering produced 
by the processing, signal transmission, noise, 
and similar factors. But ultimately, visual 
performance is limited by the quality of the 
final image reproduced on the display. 

Figures of Merit 
Ensuring image quality requi res some defined 

USAARL 

Fig. 1: There are now many displays based on CRT and 110n-CRT technologies designed for a 
wide variety of applications. 
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Table 1: Image-Quality FOM Domains requirements of the human visual system. 
In many cases, what the value of a particular 
FOM means in terms of the viewer is not 
known, or only known over a limited range, or 
for a limited set of conditions. In spite of this 
caveat, display FOMs have served us well. 

Domam 

,!l;: ~x~~:~.~teo:l · ..... ~th anqular .:ul)ten2e an(l 
Spatial con elated to '•:lSUal-acurtv .~nd ·spattal 

sen ~1tr·.:rty 

approach to assessing the image presented on 
the display. A number of metrics have been 
developed and used to quantify the various 
aspects of an image. These metrics are 
referred to as display figures of merit (FOMs). 

For d isplay imagery, FOMs can be loosely 
classified into four domai ns: spatial, spectral , 
luminance, and temporal (Table I ). The spa
tial domain includes those display parameters 
that are associated with the display's physical 
dimensions and correlate with viewer visual 
acuity and spatial sensitivity. The spectral 
domain consists of those parameters that 
reflect the energy distribution (by wavelength) 
and are associated with viewer visual sensitiv
ity to color (wavelength). 

The luminance domai n encompasses 
parameters identified with the level of emitted 
energy, which correlate with the overall sensi
tivity of the observer to levels of light inten
sity. The temporal domain addresses d isplay 
parameters associated with any time modula
tion of the emitted energy and with the 
VIewer's sensitivity to changes in levels of 
light intensity. 

Until the last few years, the primary display 
has been the cathode-ray tube (CRT). Over 
the past decades, a number of FOMs have 
been developed for measuring image quality 
on C RT displays. An excellent summ<uy of a 
number of FOMs which are commonly used 
for evaluating image qual ity on C RTs was 

provided by Task and are presented in Table 
2.1 They were grouped into three categolies: 
geometric, electronic, and photometric. These 
FOMs have been widely used to compare 
images across various CRT models and maml
factu rers. 

B ut one point must be emphasized. For 
FOMs to truly quantify viewer ability to use 
the information presented on a display, these 
physical metrics must be matched to the 

New Display Technologies 
Towards the mid-90s, several new display 
technologies began to flourish in varying 
degrees, challenging (at least potentially) the 
dominance of the CRT. These new technolo
gies included liquid crystal (LC), electrolumi
nescent (EL), light-emitting d iode (LED), and 
plasma. 

Referred to collectively as flat-panel dis
plays (FPDs), these technologies differ from 
CRTs in three important ways. First, they dif
fer in the physics of how the light energy that 
creates the image is produced. Plasma, EL, 
and LED displays are emissive in nature, but 
have wholly different mechanisms for light 
generation. LC displays are non-emissive and 
actually act as an array of tiny shutters, modu
lating the light produced by a backl ight (usu
ally a fluorescent lamp). 

Second. displays based on FP technologies 
are more discrete in nature. Whi le, in general, 
CRTs present image elements that are discrete 
in the vertical dimension , they are continuous 
in the horizontal d imension. FPDs are fully 
pixelatecl. discrete in both the vertical and hor
izontal d imensions. Images on FPDs can 
largely be thought of as an array of picture 

Table 2: CRT F igures of Merit 

Geometric Electronic Photometric 

\it e-..,. ... , n~1 1]1 ~::tan c e 
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I .. J u rnb er of ·:.c :~ n l1n e ·~ 
Interlace ratio 
:::can l1ne ~:.pa c 1 n ~1 
Llnearrt··/ 

8 an ct·.o"·/I eft t·t 
[r.,..narntc ran~1e 
:::J~lnal.lnoJ~~e ratio 
Fr .~rne rate 
Ftel1] rate 

Lurntnance 
Gr ::t·i ·:.t·1a1]es 

1 Contra·:.t rat1o 
! H.~lat1on 
l .~.rnbtent JllurnJn.~nce 
Color 
F.' e ~:.ol uti on 
:::pot ·:.!Ze an1] ·:.hape 
t•.•1 odulat1on tr an·:.fer 

funct1on 
Lurnmanc e unrr·orrrnt·/ i 
Oarnrna 

Information Display 6/00 27 



display metrology 

Table 3: Common CRT and FPD FOMs Classified by Domain 

elements (pixels). Third, because of this tru ly 
pixelated nature, FPDs can differ further in 
the way that the pixels are individually lit up 
(or addressed). This brings us to the question 
at hand: Do these newer-technology displays 
differ from CRT displays to the point where 
new image-quality FOMs are necessary? 

FOMs Revisited 
It is reasonable to expect many of the FOMs 
that have been used for CRT displays to be 
just as usable for quantifying FPD image 
quality. And this is the case. However, it is 
equally reasonable to expect that the differ
ences in CRT and FPD technologies must dic
tate the need for one or more new FOMs. For 
example, most users of LCDs have encoun
tered the fall -off in luminance and contrast 
that occurs when these displays are viewed 
off-axis. 

Another example is that FPDs have intro
duced new methods for image pixel address
ing and updating, as well as for gray-scale 
generation. These new methods affect the 

Fig. 2: Among the LCD's characteristics J!wt 
must be taken into consideration in FOMs is 
thefa/1-offinluminance. This curve is repre
sentative. 
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temporal characteri stics of FPD images as 
compared to CRTs. And, there is the added 
parameter of pixel defects. Because the image 
on an FPD is an m-ray of pixels, which act 
independently, there is concern about how 
many defects exist and how they are dis
tributed across the display. Certainly, new 
FOMs are required to address these issues. 

Table 3 shows how current FOMs applied 
to CRT displays fall into the four previously 
defined di splay-parameter domains. These 
include those identified by Task, as well as 
others. The table also shows a similar list of 
current FOMs that can be applied to FPDs. 
The luminance domain - which also includes 
contrast- shares many FOMs across CRTs 
and FPDs. However, where CRTs are Lam
bertian sources, many LCDs exhibit a change 
in luminance and contrast as a function of 
viewing angle (Fig. 2) . This angular depen
dence creates a need to develop a new spatial 
FOM, which can quantify the effect. 

The color domain seems to be the least 
affected by the emergence of newer display 
technologies. FPDs and CRTs are both capa
ble of producing monochrome nnrl color 



Fig. 3: The MTF represents a CRT's efficiency at reproducing maxinwm contrast over a range 
of spatial.fi"equencies. The MTFA combines MTF with the human contrast-tlrreshold curve. 
The point of intersection of the 11110 curves is the poi111 at which the display can no longer gener
ate the contrast required for the human visual system to see the modulation. 

images, and existing FOMs effectively mea
sure color attributes. 

In the spatial domain, for FPDs, there is a 
definitive need for FOMs that capture the dis
crete nature of the FPD pixels and their poten
tial for de fects. Resolution (the ability to pro
duce fine detail) is strongly affected by the 
pixel discreteness of the new technologies. 
In CRTs, the modulation transfer function 
(MTF) is, perhaps, the best-known spatial 
FOM. The MTF represents a CRT's effi
ciency at reproducing maximum contrast over 
a range of spatial freque nc ies (Fig. 3). 

The human eye responds to a range of spa
tial frequencies. This human contrast-sensi
tivity fu nction (CSF), the inverse of which is 
the human contrast-threshold curve, is a mea
sure of the human eye's ability to detect con
trast at various spatial frequencies. In order to 
match the display's MTF to the viewer's spa
tial/contrast sensitivity, these two functions 
can be combined. 

The most s traightforward attempt to com
bine the two was proposed by Snyder,2 who 
developed the concept of the modulation
transfer-function area (MTFA) (Fig. 3). The 
MTFA is the area bounded by the display 's 
MTF and the human contrast-threshold curve. 
The point of intersection of the two curves is 
the upper spatial-frequency limit, the point at 
which the display can no longer generate the 

contrast required for the human visual system 
to see the modulation. 

The MTF as used in CRT displays was bor
rowed from the optical transfer function 
(OTF) used in optics. Mathematically, it is 
defined as the absolute value of the Fourier 
transform of the line-spread function. In fante 
has developed an MTF for discrete (mauix) 
displays.' This MTF is a function of individ
ual acti ve pixel s ize (which relates to the 
actual area that produces light energy) and the 
pixe l pitch (which relates to the number of 
pixels per linear dimension). Similar work 
that proposes an improvement over the MTFA 
concept, and is called the square-root integral 
(SQRJ) method, has been performed by 
Barten.4 

Perhaps the most important domain in 
which new FOMs are needed for FPDs is the 
temporal domain. Even for CRTs, this 
domain has been generally overlooked. Some 
advances have been made by Rash and 
Becher, who developed a model to define 
image smearing in CRTs due to phosphor per
sistence and beam scan rate.5 However, the 
major temporal aspects introduced by the 
image addressing and updating techniques 
used in pixelated displays pose an even more 
difficult problem -a problem that is becom
ing more urgent with the increasing use of dis
plays for real-time video imagery. 

In Conclusion 
The question asked here- whether there is a 
need for new FOMs - is not a new one. One 
of the first to ask it was Snyder.6 Like most 
good questions, it was asked long before the 
answer was avai lable. We have over the last 
few years gradually adopted FOMs that exc lu
sively address the image qual ity of FPDs. 
However, those in use are not exhaustive, and 
many are not validated by visual-performance 
stud ies. Continuing work is necessary, espe
ciall y in the spatial and temporal domains. 

References 
1H. L. Task, "An evaluation and comparison 
of several measures of image qual ity for tele
vision displays,'" Wright-Patterson AFB. OH. 
Aerospace Medical Research Laboratory, 
Report No. AMRL-TR-89-7 (1979). 
2H. L. Snyder, " Image quality and observer 
performance," in: Perception of Displayed 
Info rmation, ed ited by L. Biberman (Plenum 
Press, New York, 1973), pp. 87-118. 
3C. Infante, "On the modulation transfer fu nc
tion of matrix displays," JSID 1, No. 4, 
449-450 ( 1993). 
4P. G. Barten, ·'Evaluation of subjective image 
quality with the SQRl method,"' J. Opt. Soc. 
Am. (A) 7. 2024-203 1 (1 990). 
5C. E. Rash and J. Becher, "Analysis of linage 
smear in CRT displays clue to scan rate and 
phosphor persistence," U.S. Army Aeromedi
cal Research Laboratory, USAARL Report 
No. 83-5 ( 1982). 
6H. L. Snyder, "Human visual performance 
and tlat panel display image quality,"' Virginia 
Polytechn ical institu te and State University, 
Report HFL-80-1 ( 1980). • 

SID '01 
Symposium, Seminar, 

and Exhibition 

San Jose, California 

San Jose Convention Center 

June 3- 8, 2001 

11!/"ormatioll Display 6100 29 



The Seventh Color Imaging Conference 

The Seventh Color Imaging Conference (CIC 7) introduced its first 
tutorials devoted to color on the Intenzet, and color imaging with 
digital cameras was a nwjor topic in the technical sessions. 

by Jennifer Gille 

LE Seventh Color Imaging Conference 
(CIC 7) took place November 16-19. 1999, 
at the SunBurst Resort Hotel in Scottsdale, 
Arizona. CIC 7, the premier conference for 
color imaging drew 312 color sciemists and 
engineers from North America, Europe. and 
Asia, up from 285 last year. The conference 
is j o intly sponsored by the Society for Imag
ing Science and Technology (IS&T) and the 
Society for Information Display (SID). 

Color management and standards fo r the 
transfer of color information between devices 
were again imp011ant foci of the conference. 
Papers were presented dealing with issues of 
capture by digital cameras and scanners. and 
limning on LCDs, CRTs, and printers . Color 
science was fu rther represented in sessions on 
color constancy, scene perception, and color 
appearance. 

T he conference began on Tuesday with a 
full day of tutorials, organjzed in three tracks 
of four 2-hour classes each. Topics that con
tinued to be in demand this year included 
color fundamentals. color managemem, image 
qual ity, co lo r appc1u·ance, color in complex 
images, halftoning, and color for devices 
(hardcopy, digital cameras, displays, and 
scanners). This year, the Internet debuted at 
the tutorials with Color Imaging on the Inter
net and Color Design on the Web. 

J ennifer Gille is with Raytheon ITSS at the 
NASA Ames Research Center, MS 262-3. 
Moffett Field, CA 94035; telephone 650/604-
4252, fax 650!604-080 I. e-mail: jgille@mail. 
arc.nasa.gov. She was the Technical Pro
gram Co-Chairfor C/C 7. 
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The Technical Program 
The technical program began Wednesday 
morning with a keynote address presented by 
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John McCann entitled " Lessons Learned from 
Mondrians Applied to Real Images and Color 
Gamuts." This address emphasized the 
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Fig. 1: Scenes captured at dmvn or dusk have two sources of illumination, the ImP Still illumi
nating the objects in the scene and the skylight that is illuminating the shadows. The gamut dis
crepancy ji"o1n the t1 vo sources, shown here 011 two MacBeth Co/orCheckers. makes calculation 
ufcolur balance difficult. (Courtesy of Shoji Tominaga et al.) 
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importance of spatial comparisons in making 
color j udgments, and suggested a model-based 
approach to calculating color appearance that 
relies on spatial information instead of calcu
lating colors one pixel at a time. 

In the first session of technical papers, 
Image Capture, fi ve papers were presented; 
each deal t with a different aspect of capture 
by d igital camera. Using a d ig ital camera as a 
colorimeter in a multi-exposure multi-illumi
nant syste m was addressed by Wencheng 
Wu, Jan P. Allebach, and Mostafa Analoui . 
Francisco H. lmai and Roy S. Berns analyzed 
the colorimetric and spectral accuracy of spec
tral reconstruction in imaging using a trichro
matic camera and absorption filters. G . D. 
Finlayson and P. M. Morovic, rather than 
looking at multispectral imaging, proposed a 
new method for overcoming the color-repro
duction errors introduced by the mismatch 
between the spectral sensitivities of the cap
ture device and the CIE s tandard observer 
(colo r correction, device metamerism). Q uan
tization en·or (i ntroduced by digitizing contin
uous, i.e., analog, image intensities) for multi
spectral imaging systems was studied by Peter 
D. Burns and Roy S. Berns. Hiroaki Kotera, 
Chen Hung-Shing, and Ryoichi Saito pre
sented a virtual color target (computer-gener
ated LAB chips) for calibrating image-capture 
devices. T his target has the advantages of a 
wider gamut (compared to photographic
material chips) that is tunable, has a un iform 
distribution in CIELAB space, and allows for 
quick estimation without real chips. 

The second session on Wednesday, Scene 
Perception, consisted of three papers. Shoj i 
Tominaga, Satoru Ebisu i, and Brian A. Wan
de ll presented an improved method fo r esti 
mating the spectral power of image illumina
tion. Assuming that ill umination can be char
acterized by its color temperature, a modified 
con-elation method was presented and applied 
to the problem of rendering, under one illumi
nation, an image that was captured under 
another. 

Paul M . Hubel d iscussed color balance in 
photographic reproduction for scenes captured 
at dawn or dusk, when "the light is right. " At 
these times, there are essentially two sources 
of ill umination, the sun that is low on the hori
zon illuminating the objects in the scene and 
the skylight that is illuminating the shadows. 
It is this low-sun lighting that imparts the 
characteristic and beauti ful warm glow to 
images at dawn and dusk. However, th is 

lighting also breaks the assu mptions of most 
practical color-appearance and color-con
stancy models, and makes calculation of color 
balance difficu lt (Fig. I). The paper consid
ered which theories might be able to handle 
colo r balance for these images. 

Shudeish Mahadev and Ronald C. Hem y 
appl ied the Hunt94 colo r-appearance model to 
the problem of measuring air pollutants in 
haze for national park and wilderness areas, 
where the protection of visibility is mandated. 
They found that the model allowed the color 
appearance measured by an observer with a 
visual colorimeter to be compared to color 
appearance calculated from measurements 
made by a spectrophotometer. 

The third sess ion on Wednesday, Color 
Management, dealt with issues of accurate 
image rendering across devices. Thor Olson 
tackled the problem of producing smooth 
ramps in color-managed systems, where hue 
accuracy is given a higher pri ority than avoid
ance of artifacts such as contouring and band
ing. These are lumi nance artifacts , however, 
and are therefore quite visible . The paper con
cludes that more successful color management 
will include considering the spatial-frequency 
content of an image, using greater-than-eight
bit profiles, and reconsidering printer charac
terizations. 

Raja Balasubramanian proposed three d if
ferent methods for reducing the computational 
cost of color management, specifically color 
transformations using LUTs with multid imen
sional interpolation. T he methods not on ly 
deal with the computational details of the 
transformations, but also explo it properties of 
the human visual system; all three show 
promise. 

It may seem like trying to lift oneself up by 
one's bootstraps, but cali brating a scanner for 
a given medium without a calibration target 
for that medium was the topic of a paper by 
Guara v Sharma. The paper describes a 
model-based scheme that uses the spectral 
sensitivity of the scanner and the spectral 
measurements of the images to be scanned to 
model the medium, and then uses the scanner 
and medium models to provide the color cal i
bration. 

Lindsay MacDonald used the analogy with 
color management to propose a framework for 
image-sharpness management. The driving 
forces behind the automation of color image 
processing - cost, productivity, dev ice inde
pendence, and inter-operability - are also in 

effect fo r image-shar pness processi ng. The 
paper relates the human CSF, dev ice MTF, 
and the use of sharpening routines to enhance 
image qual ity. Input- and output-device pro
files are used to determine lumi nance-channel 
transforms, so that an image can be expressed 
in a dev ice-independent fo rm that may include 
information about rendering intent. 

Jack Holm wrapped up the technica l pro
gram for Wednesday with a comprehensive 
d iscussion of the implications for color man
agement of the new color-image-processing 
techn iques that have been developed in 
response to the r ise of digital photography, in 
which a dig ital image is produced without an 
intervening step as a reproduction-medium 
image (e.g. , photographic print). The many 
different ways that images are reproduced
displays, printing, photography - all have 
inherent limi tations, but the errors of a good 
system will be visually insignificant to the 
viewer. 

In the Thursday morn ing keynote address, 
"How to Make P ictures and Please People," 
Robert W. G. Hunt discussed various system 
limitations, the bases fo r assessment by view
ers, and priorities and objectives in color 
reproduction. He found that the least objec
tionable errors are those likely to be changes 
common in everyday life, that the objectives 
fo r a system are tied to the li kely use of the 
images, and that certain "etTors" may result in 
images that are actually preferred. 

Color Appearance and Other Matters 
T he Thursday technical papers began with 
the Color Appearance session. Mark D. 
Fairchi ld' s paper explored the re lationship 
between image contrast and overall perceived 
brightness. Variegated backgrounds, all of the 
same mean luminance but with d ifferent con
trasts, were matched to uniform grays. Some 
observers consistently perceived increasing 
brightness with increasing contrast, while oth
ers j udged the opposite . Averaged over the 
observers , luminance integration was success
ful in explaining the resu lts. A related simul
taneous contrast experiment found the same 
kind of inter-observer variability; the take
home message is that the idea of the overall 
brightness of a complex scene is a high-le vel 
perceptual function. 

Nathan Moroney used a mathematical 
model of a CRT function and C IECAM97s to 
estimate colo r to lerances for an sRGB moni
tor. For example, he was able to show di ffer-
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Fig. 2: The illulllinanl in a scene can be es1i111med by the inlerseclion of the dichrolllalic chro
maticity line and !he Planckian locus. Top, illu111inanl A: bollom, TL84. (Cour/esy ofGrahalll 
D. Finlayson and Gerald Schaefer.) 
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ent tolerance functions fo r the three phos
phors. Vlad C. C ardei, Brian Funt, and Ko bus 
Barnard compared four different methods for 
white-point (illumination) estimation of uncal
ibrated images. A whi te-patch algorithm, a 
gray-world algorithm, and two neural-net 
methods were used. The neural-net method 
that was trained using the measured chro 
matic ity o f the known white patch in the train
ing images prod uced the fewest errors in illu
minance estimation. Adapted white points for 
variegated backgrounds under various view
ing cond itions were measured by Peyma Osk
oui and Elizabeth Pirrotta. T hey found that 
the best predictor of adapted whi te po ints is 
the measured color of the variegated achro
matic background plus ambient, and that the 
adapted white point for the sRGB environ
ment is close to D65 . 

Color Constancy was the subject of the 
Thursday aftem oon technical-paper session. 
Graham D. Fi nlayson and Gerald Schaefer 
were able to show that the illuminant in a 
scene can be estimated , and colo r constancy 
therefore attained, by using two pieces of 
information. First, statistically, most illumi
nants, including daylights, t1uorescents, and 
ce rtainly incandescents, fall very near the 
Planckian locus in chromaticity. Second, 
even a sing le-surface scene contains the infor
mation necessary to use the physics-based 
d ichromatic model of image fo rmation to plot 
the diclu·omatic chromaticity line . The inter
sectio n of this line and the Planckian locus is 
shown to give an excel le nt estimate of illumi 
natio n, and to allow a superior color correc
tio n of real images (Fig. 2). 

The second paper, by Kobus Barnard and 
Brian Funt, also presented a computational 
color-constancy algorithm. Some algorithms 
use specularities in an image to estimate the 
illuminanl, but these re ly on the presence of 
identifiable specularities in the scene that do 
not saturate the camera sensors and are the 
color o f the illuminant, which will not be true 
for colored metals. The algorithm presented 
by the authors overcomes these limitations, 
and will estimate the ill uminant even in the 
absence o f specularities. Graham D. Fin
layson , Steven Hord ley, and Paul M. Hubel 
used a correlation method fo r estimating the 
ill uminant in a scene, and showed that most 

ex isting color constancy algori thms can be 
fo rmulated wi thin the corre lation framework. 

Thursday afte rnoon was devoted to the 
Poster Sess ion, with 26 papers , some with 



demonstrations, spanning the fu ll range of 
topics of the conference. The high quality of 
the presentations made the choice of Best 
Poster Paper particularly di fficult. The out
come was a tie between two papers, each con
cerned with wavelet encoding of images for 
different purposes. "Opponent Color, Human 
Vision, and Wavelets for Image Compres
sion," by Marcus J . Nadenau and J ulien 
Reichel, examined three color spaces that 
were incorporated into the JPEG 2000 com
pression codec, and compared their perfor
mances. 

Bo Tao, lngeborg Tastl, Ted Cooper, Mike 
Blasgen, and Eric Edwards looked at demo
saicing algorithms for digital cameras in 
·'Demosaicing Using Human Visual Proper
ties and Wavelet Interpolation Filtering." The 
proposed algorithm differs from others in two 
ways: the RGB data is transformed to a per
ceptually uniform color space, and wavelet 
interpolation fi lters are used. Several exam
ples demonstrated the finding that the new 
algorithm is superior to previous ones. 

The Thursday evening talk is traditionally 
the forum for a different kind of presentation, 
something of special interest to all the partici
pants, and this year's talk was particularly 
enjoyable and informative. John Warnock, 
CEO and founder of Adobe Systems, dis
cussed his new company, Octavo, which is 
devoted to the imaging and then digitizing and 
recording of rare books on COs. The motiva
tions for this endeavor grew out of his love of 
old books and the desire that they be widely 
available for appreciation and snady. For an 
understanding of the issues involved in imag
ing and reproducing rare books, the reader is 
directed to the company 's Web site, www. 
ocravo.com. 

Friday morning began with a keynote pre
sentation by Noboru Ohta, "Designing Color 
Reproduction Systems: A Perspective View." 
Using color photography as an example, the 
discussion concerned the development of 
improvements in color reproduction, and shed 
light on the interrelations among factors 
affecting the quality of color reproduction. 
The optimum color-reproduction systems 
which have been predicted by theoretical 
models turn out to be very close to systems 
that have evolved over time. 

The fi rst Friday morning session, Stan
dards, contained two papers. Sabine 
Suesstrunk, Robert Buckley, and Steve Swen 
discussed differences between various stan-

dard RGB color spaces, and where each might 
be appropriate for the archiving, communicat
ing, compressing, or viewing of images. Tim 
Kohler and Michael Rodriguez discussed 
standard color spaces used in ICC color man
agement. They found that profile-based color 
management can run into trouble in practical 
implementations because of varying scenarios 
in print reproduction, and suggested ways that 
standard CMYK color spaces can be used 
within the ICC framework. 

The second Friday morning session and the 
first afternoon session were Gamut Mapping I 
and U, with a total of seven papers. Jan 
Morovic and Pei-Li Sun gave an overview of 
statistical , spatial, and cognitive image char
acteristics that affect the performance of 
gamut-mapping algorithms, and analyzed 
which were most influential. Patrick G. Her
zog and Hendrik Buering evaluated gamut
mapping algorithms for monitor-to-monitor 
reproduction, with the goal of illuminating the 
mechanisms of gamut mapping. Their psy
chophysical experiments also showed that the 
new "relative lightness change" technique was 
superior to centroid mapping. Gustav J. 
Braun and Mark D. Fairchild tested a set of 
general-purpose gamut-mapping algorithms 
that utilize contrast-preserving scaling func
tions. Their experiments examined monitor
to-printer and printer-to-printer mapping, and 
found that sigmoidal lightness remapping 
functions preserve tone and perform better 
than linear functions, and that chromatic com
pression that preserves chromatic contrast per
formed better than linear chromatic compres
sion. 

Printing, the final session of the conference 
on Friday afternoon, consisted of four papers. 
Patrick Emmel and Roger David Hersch intro
duced new mathematical models of light scat
tering and ink spreading for paper, and were 
able to make good predictions of the spectra 
of 100 real paper samples from two ink-jet 
printers. Di-Yuan Tzeng and Roy S. Berns 
fo llowed up on their presentation at ere 6 
with a paper on optimal ink selection. They 
describe an algorithm that selects a set of six 
inks from a given ink database that minimizes 
metamerism in a halftone color-reproduction 
system. Gary G. Field closed the conference 
with a presentation defining guidelines for 
selecting. designing, and evaluating test 
images for color-reproduction quality. 

CIC 8 will be he ld November 7-10, 2000, 
at the SunBurst Resort Hotel in Scottsdale, 

Arizona (visit http://www.imaging.org/confer
ences/cic8/). Among the plans for the confer
ence are a series of "How-To" workshops on 
topics that have been requested by the atten
dees: Writing Photoshop plug-ins, under
standing PDF and Postscript, bui lding and 
using ICC profiles, and ColorSync workflow. 
T hese more practical workshops will be 
offered alongside the tutorials. 

The Poster Session has been refashioned 
into the Interactive Papers Session, to empha
size its importance to the conference and its 
abi li ty to combine attractive featllres of both 
oral and poster sessions. A Cutting-Edge Dis
play Technologies session is planned for the 
demonstration of prototype displays and 
developers kits. Interested display developers 
should visit http://www.imaging.org/confer
ences/cic8/demonstrations.html for more 
information. As always, three keynote 
addresses wi ll be presented by noted experts 
in the color-imaging field, including, by popu
lar demand, Dr. R. W. G . Hunt. • 
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8th Color Imaging 
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- Color Image reproduction and 
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(~- SharpEye™ Inspection Station 
Inspection of Small Flat Panel Display Technologies 

The SharpEye ™ small flat panel display 
inspection station is designed for the 
inspection of LCoS, OLEO, MEM, EL, LTPS, 
FED, LCD and other emerging technologies. 

The SharpEye TM station can be configured 
to inspect all industry display formats such 
as QVGA, VGA, SVGA, XGA, SXGA, 
SXGA+, UXGA and HDTV. 

SharpEye ™ offers system configurations to meet the exact production inspection 
requirements of the display manufacturer. Inspection parameters for defect resolution and 
classification, cycle time, data reporting, and automation are considered with each customer's 
application requirements. 

For more product information visit our web site at www.iv-usa.com 

!!'-f.I!.91J!l .. '1.!.$.!.1!.!1 
USA: Tel.+1(248) 471-2660 Fax. +1(248) 615·2971 Email. sales@iv-usa.com 
Europe: Tel.+44 1234-843345 Fax.+44 1234-843390 Email.sales@integral-vision.co.uk 

Simply POWERFUL Vislon SolutiOns Japan: Tel. +81 (27) 343-0571 Fax +81 (27) 343-1518 
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" THE APPROPRIATE SOLUTION FOR TFT-LCD INTEGRATORS" 

• Sunlight Readable Brightness 

• Improving the Brightness of TFT-LCD 

• Wide Viewing Angle of TFT-LCD 

bringing light 
• Increasing the Contrast Ratio of TFT-LCD 

• Technology Can Be Applied To Any TFT-LCD 

• Solution Ready, Low Lead Times 

• TFT-LCD Expens 

to the world • Low Cost Solution 

Call fo r m o re informatio n : 

through innovation ... 
Tel: 714.223.7111 

Fax: 714.223.7711 

600 South Jefferson St. Unit K 

Placentia, CA 92870 

www. vertexlcd .com 

Vertexllll• ll:ompang 
W e «.: a II Ill II d i f y a II y T I ' T - I (' D ! 

"ENGINEERED F O R EXCE L LENCE " 
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EmiCiareTM EMI 
Shielded Windows 
• More light transmission -

Less optical distortion 
• Higher shielding performance-

Lower cost 
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EmiCiare windows deliver exceptional optical performance with high levels of EMI shielding. 
Their unique mesh system dramatically reduces text distortion. Light transmission is 65-
70%. EmiCiare windows utilize a proprietary shielding mesh, laminated between high optical 
polycarbonate layers, with front and rear protective coatings. Standard and custom EmiCiare 
windows are available for LCDs, CRTs, POPs and other flat panel technologies 
Contact Chomerics for samples and complete technical details. 

www.chomerics.com/emiclare 

Woburn, MA 
Tel: 781 -935-4850 
Fax: 781-933-4318 
mailbox@chomerics.com 

Marlow, UK 
Tel: (44) 1628 404000 
Fax: (44) 1628 404090 
chomerics-europe@parker.com 

Hong Kong 
Tel: (852) 2 428 8008 
Fax: (852) 2 423 8253 
mailbox@chomerics.com 
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LCD Color Reversal at a Glance 

A new test pattern developed at N/DL and NIST provides a quick evaluation 
of LCD color and gray-level shifts with changes in viewing angle. 

by Michael H. Brill 

IF ONE LOOKS at a liquid-crystal display 
(LCD) driven by the test pattern shown in the 
figure, head motion reveals some interesting 
changes in the color and gray-level relation
ships. Here, " interesting" is a bad thing, as in 
the Chinese curse, "May you live in interest
ing times.' ' Perhaps the red, green, and blue 
areas change to the ir respective complements 
(cyan, magenta, and yellow). Perhaps the 
counterc lockwise progression of gray levels 
rrom dark to light is suddenly disrupted. Per
haps some sectors of one of the disks visually 
fuse together, and the boundary between them 
vanishes. 

The chart shown here (by M. H . Brill, 
National Information Display Laboratory and 
E. F. Kelley, National Institute of Standards 
and Technology) is designed for easy detec
tion of such "interesting' ' behavior. Armed 
with this knowledge, one can avoid annoying 
reversals by selecting either the display or the 
viewing angle. The chart - in a variety of 
pixel formats- has been included in the 2000 
version of the SID Display Technology Show
case CD-ROM. 

Michael H . Brill is a Member of the Tecllni
cal Staff at Sam off Corp., 201 Washi11gto11 
Ave., Princeton, NJ 08543-5300; telephone 
6091734-3037,fax 6091734-2662, e-mail: 
mbrill@samo.ff.com. The work described 
here was partially sponsored (through the 
Nationall11formation Display Laborat01y at 
Sanwff) by the Departme111 of the Navy, 
Office of Naval Research. The conte111 does 
110tnecessarily reflect the positio11 or policy o.f 
the Government, and no official endorseme111 
should be inferred. 

36 Information Display 6/00 

The chart is both a large-area test and a 
screen-uniformity test. For a large-area test, 
the largest circ le encompasses the basic pat
tern; for a screen-unifonnity test, that pattern 
is replicated (in reduced form) at nine loca
tions on the screen. including screen corners, 
edges, and center. 

Each major section of the large circle is a 
gray-level pie wedge with a small circle inside 
it. The small circle contains red, green, and 
blue perturbations on the gray wedge in which 
it is embedded. At the optimal viewing angle, 
the gray levels ascend (from darkest to light
est) counterclockwise (CCW) around the large 
circle. Also, the colored sections of the small 
circles are ananged in the CCW order red, 
green, and blue (a spectral order). But this 
spectral order might change with viewing 
angle. 

0362-0972/00/l606-036$ 1.00 + .00 ©SID 2000 

To be quantitative, the digital value fo r 
each gray level is denoted as the same number 
11 in all three color channels (red is r, green is 
g, blue is b). For a pie wedge of gray leveln 
(one of the values 0, 36, 73, 109, 146, 182, 
and 219), the embedded colors have the fo l
lowing (r.g.b) digital values: reddish (11 + 
36,11,11), gn:t:uish (11,11 + J6,11), and bluish 

( 11,11.11 + 36). For 11 = 255, the colors are the 
same as ror 11 = 219. 

The theory behind the chart is that the 
visual system forgives systematic changes in 
gray level and color, but is high ly sensi tive to 
changes in gray-level and spectral ordering. 
When the ordering changes are extreme, it is 
as if we were suddenly confronted with a neg
ative instead of a positive. A single number 
quantifying the color reversal is readily 
obtained from CW vs. CCW ordering of three 



labeled colors in chromaticity space. Stan
dard color-blindness tests (such as the 
Farnsworth-Munselt hundred-hue test) reveal 
in normal individuals the visual system's abil
ity to recognize and create such orderings 
[M. H. Brill and H. Hemmendinger, "Illumi
nant Dependence of Object-Color Ordering," 
Die Farbe 32/33,35--42 ( 1985/1986)]. Based 
on thi s background, a measurement procedure 
has been described for assessing color reversal 
(VESA FPDM Standard, 1998, Section 
307-5) . • 

7 
8th Color Imaging 
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20th International Display 
Research Conference 
(IDRC '00) 

PALM BEACH, FLORIDA 
SEPTEMBER 25-28, 2000 

• An international conference on displav 
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 
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While others have sought to equal our Video Photometers, Photo Research has lifted the standard once again. 
Introducing the PR-920 Digital Video Photometer (DVP). The PR-920 is designed to measure, test and inspect 
high-resolution CRTs and flat panel displays in automotive, aerospace, computer and commercial applications. 
It defines a new state of the art in three mission-critical areas: 

SENSITIVITY 

ACCURACY 

RESOLUTION 

An advanced thermoelectrically cooled detector guarantees the utmost in both 
sensitivity and precision. The PR-920 measures extremely low light levels with 
high precision. 

The PR-920 is a photometrically corrected digital photometer. Regardless of 
the special power distribution of the source, the PR-920 provides exceptional 
luminance accuracy, without special calibrations. 

The PR-920 delivers a dramatic increase in resolution and dynamic range. Its 
cooled digital camera incorporates a remarkable industry-leading 1024 x 1024 
ceo with 14- bit resolution. 

The PR-920 is the new standard by which other video photometers will be judged. 

Call Today for More Information: 
USA: 818-341 -5151 Ext. 1 

E-mail at sales@photoresearch.com or visit www.photoresearch.com 

Photo Research Inc. • 9731 Topanga Canyon Place • Chatsworth • CA • 91311 - 4135 
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Born 14th of March 1879 

• • E INSTEI N 
By combining fact, intuition and vision, 
Einstein triggered the potential of his 
brain and changed our view of the 
world forever. 

We share his vision. Our goal is to 
change the IT world by creating 
innovative yet dependable solutions 
that meet the needs of our customers. 

To secure this goal, we have combined 
the brainforce and potential of our 
three leading IT companies into one 
unified global entity: Unaxis. 

balzers 
Thin Films 

;;pS) 
balzers 
Balzers & Leybold Materials 

The benefit for your business is clear. 

Combining their unique expertise in 
Data Storage, Disp lays, Materials, 
Optics and Semiconductors into a 
united Unaxis IT segment, establishes 
competences of unprecedented ability. 

Born 1Oth of July 2000 

• U1C1X'S 
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111ak1ng IT possible 

www.unaxis.com 

Protect your equipment from stray magnetic fields. 
We understand your criteria, your mechanical 
constraints, and your environmental conditions -
and we make certain your shield meets those criteria. 

As your single source for Low EMI interference problem 
solving, we offer 

• EMI design and testing 
• High permeability nickel shielding grade alloys 
• 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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TROUBLESHOOTING 
MONITORS? 

15 Day Evaluation Period 

The Troubleshooter 
Model3030 

Every video pattern you need 
for complete monitor 

troubleshooting and alignment. 

• 
from 

XtroniX® 

• 200KHz Horizontal Freq. 

• DOC Test 

• Auto Configuration Setup 

Optional Color Measurement 

XtroniX Corporation 
3150 Clinto n Court • Norcross, GA 30071 

tel: 770.495.4881 

www.xtronix.com 
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C NfUSED ~ you CO STANDARDS. 
bY TESTING Let Microvision's display test systems 

simplify them for you with AUTOMATIC test suites! 

Microvision's SS200 series of display test equipment offers fully automatic test suites for flat panels, 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@mlcrovsn.com 
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Visit our Website at: 
www.microvsn.com 

mTiTiTI armm 
o STANDARD SMALL PACKAGE SIZE 

o HIGH VOLTAGE 

o HIGH RELIABILITY 

o CUSTOM PACKAGE OPTIONS 

VOLTAGE MULTIPLIERS INC. 
8711 W. Roon ve/1 Avo. • VIsalia, California 93291 

559 651-1402 FAX 559 651·0740 
www.voltlgemultlpllers.com 
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a view from the hilltop 

continued from page 4 

barriers. All in all , it is not a direction that 
most of us would want to see our world go. 

Over the last several years, the Society for 
Informat ion Display has been able to achieve 
healthy membership growth and has adhered 

to the principles of continuous improvement 
in its publicat ions, conferences, chapter activi
ties, and other member services. Neverthe
less, we have noted that many of our members 
are finding it ever more difficult to justify 

First in PC. .. 

VTG-1108 
• 80 MHz Double Pixel Clock 

for 160MHz Pixel Frequency 

• 2k x 2k x 8bit Colours out of 16.7 million 

• Scrolling colours or bitmaps for test 
pattern animation 

• External Interface Adapters for LVDS, 
TMDS,Panellink, DVI, RGB, Parallel-TIL 
interfaces and for future solutions 

VTG-1135 
VTG-1250 VTG-1300 

• Pixel frequency up to 300 MHz 

• Resolutions over 2048 x 1536 

• DLL control with WinVTG.exe or 
user"s own software (Basic, C++) 

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

Distribution network 

GERMANY: Meinhardt Electronic, +49 2129 4461 

GERMANY: TL-Eiektronic, +49 89 329 4490 

HUNGARY: DEXON Systems, +36 1 335 7162 

JAPAN: ARGO, +81 6 339 3366 

Ill u NIG RAF 
ISO !1001 CllR1'1FICA1'EIIl'llUI 

KOREA: WE Corporation, +82 2 585 8253 

TAIWAN: ACCESS Technology, +886 2 2299 6272 

UK: Ginsbury, +44 1634 298900 

USA: TEAM Systems, +1 408 720 8877 

UNIGRAF Oy,Ruukintie 3 
FIN-02320 Espoo, Finland 
Tel. +358 (0)9 859 550 
Fax + 358 (0)9 802 6699 
Email: sales@unigraf.fi 
hllp://www.unigraf.fi 
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their travel and active participation at key 
technical events to their managers. In spite of 
generally healthy economic conditions, it 
seems to be getting harder rather than easier to 
get management approvals. Temporary bud
get restrictions, once enacted, have the pecu
liar tendency to become the guideline num
bers for the following year's planning. The 
short-term-profit culture of many companies 
and the need to show aggressive cost cutting 
to stockholders makes conference travel an 
easy target. Writing and publishing papers is 
similarly easy to restrict or el iminate for not 
having an immediate profit-line benefit. 

Can these small decisions eventually add up 
and reverse our recent growth trends? Of 
course they can. Thus, it becomes our collec
tive responsibility to make sure they don't. 
S lD can and will do its part by striving to 
organize technical events of the highest cal
iber, by continuing to improve the quality and 
timeliness of its publications, by encouraging 
chapter activities that allow for the building of 
local professional networks, and by instituting 
electronic comm unications capabilities that 
allow for the dissemination of information and 
for interaction among all members of the dis
play community. However, each one of us 
must also do our part by convincing our 
bosses and managers of the importance of our 
active participation through paper submissions 
and attendance at international conferences as 
well as chapter meetings. 

In today's world, lonely inventors are very 
few. Even large corporations, with equally 
large budgets, that have tried to develop new 
technologies in isolation have fai led spectacu
larly. Only by sharing our results and inter
acting with our colleagues do we seem to be 
able to keep up with the pace of technological 
progress and contribute to it. 

Therefore, the development of a personal 
network of contacts within the display com
munity takes on a major and very personal 
signi ficance in regard to how successful we 
will be in our career growth. Once developed, 
this network of contacts becomes the most 
efficient method for gaining nearly instant 
access to whatever knowledge we seek. A 
few e-mails or a few phone calls (typically not 
more than three) are all that is necessary for 
us to be guided to the best answer that current 
knowledge can provide. 

You may wish to start, or continue to build, 
your personal network by contacting me and 
sharing your work- or Sill-related experi-



ences. Your method of contact may be any of 
the fo llowing: by e-mail at silzars@att
global.net, by phone at 425/557-8850, by fax 
at 425/557-8983, or by the traditional (but 
increasingly rare) post office method at 225 13 

S.E. 47th Place, Issaquah, WA 98029. 

Aris Silzars is President of the Society for 
Information Display. He lives on a hilltop in 
Issaquah, Washington. 

o lo r 

The Cllro1111J 7130 mini colorimeter is a compact CIB-baud 

colorimeter. II is designed with a built-in proceuor for fast and 

accurate measurement data . It offers a va riety of mea s urement 

functions like chromaticity luminance and color temperature for 

calibration , characterization, and control of co lor monitors 

CHROMA ATE INC. 
43, ~ Ro.d, WIHCu nd. P.tr, 
WIHCu, Tlllpel tt.1en, Tlllwan, R.O.C. 
Tel : +888·2-2288·3855 ext.8209 
Fu : +8811·2-2288-35911 
E-fNIII: chromeOchroma.com.tw 

CHROMA ATE INC. 

CHROMA ATE INC. (U.s.A.) 
152711 Alton Parttway, Stl. 400 
Irvine, CA 1121118 
Tel : +1~7118-0822 
Fu:+1~~ 
Toll FnMI:1-aoo-47&-2028 

EUROPE B.V. 
llu l'lenckatnllll4 
11718 BE Ede, The Nellwtancle 
Tel : +31-3111-648282 
Fu : +31-3111-648288 

http://www.chromaate.com.tw 
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KLEIN 
Instruments Corporation 

Contact us now at 
Klein Instruments 
Portland, OR USA 
ph (503) 245-1012 
fax (503) 245-8166 
www.kle ininc.com 
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000 International Display 
Research Conference 
(IDRC '00) 
The 20th edition of the International Display Research 
Conference will be held at The Breakers Hotel, 
Palm Beach, Florida, September 25- 28, 2000. 
This year's conference is comprised of papers from 
Asia, Europe, the U.S. and Canada. The presentations 
reflect the current thrust of flat-panel research on 
organic LEOs, virtual displays, and light valves on 
Si for projection, printing replacing vacuum processes, 
and reflective displays with color or multiline addressing. 

6 
N 0 V E M 8 E Rill 

Sixth International 
Conference on the Science 
and Technology of 
Display Phosphors 

SAN DIEGO, CALIFORNIA 
NOVEMBER 6-8, 2000 

• An international conference on the future 
prospects of Phosphors for: 
- OLEOs - ELDs - EEDs 
- CRTs- Plasma Displays 
- PL Devices - LC Backlights 

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

8th Color Imaging 
Conference: Color Science, 
Engineering, Systems & 
Applications 

SCOTTSDALE, ARIZONA 
NOVEMBER 7-10, 2000 

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

interchange 
- Co-sponsored with IS& T 

SAN JOSE, CALIFORNIA 
JUNE 3- 8, 2001 

• SID's MAJOR ANNUAL EVENT 
• An International Symposium Seminar and 
Exhibition - Featuring 
-Technical Sessions - Poster Session 
-Author Interviews- Evening Panels 
-Short Courses- ApPlications Seminars 
- Technical Seminars - Applications 
~ 

- Product Exhibits- Display Technology 
Showcase 



Magnetic Shields Any Size or Shape, Already 
Tooled-Up ... No Tooling Costs For You 

Ad-Vance Magnetics is tooled for hundreds of magnetic shields components. Take advantage of the 
immense quantity of tooling available. We keep it all on hand to help reduce your costs and to 
serve you faster. Only a few of the hundreds of pre-tooled shields can be shown because of space 
limitations. 

CRT Shield 
CRT Deflection 

Yoke & Neck 
Shield 

("L" locking) 

AD-MU Alloys Protect Permanently 
1. AD-MU alloys will not saturate when properly used. 
2. No excessive loss of permeability from shock. 
3. Relatively stable permeability characteristics are 

exhibited after final anneal avoiding the expense and 
inconvenience of regularly repeated annealings. 

4. Minimal retentivity is displayed by AD-MU alloys 
for any alloy of a given permeability. 

Electrical Characteristics 
Typical DC Magnetic Properties for AD-MU Shielding Alloys 

Magnetic Isolation 
Chamber 

Hydroformed 
CRT Shield & Storage 

Tube Shield 

Custom Fabricated CRT Shields 

Made from high permeability 
AD-MU-80 or 

AD-MU-78 

Material Initial Permeability Maximum Saturation Coercive 
Permeabil ity at 100-200 Permeability Induction Force 
at 40 gauss gauss gauss oersteds 

High Permeability AD-MU-80 75,000 100,000 300,000 8,000 O.D15 
AD-MU-78 60,000 43,000 250,000 7,600 O.D1 

Med. Permeability AD-MU-48 11,500 20,000 130,000 15,500 0.05 
Low Permeability AD-MU-00 '300 1,300 3,000 22,000 1.00 

*Unannealcd Slate 

Typical Physical Properties of Typical Mechanical Properties of 
AD-MU Alloys AD-MU Alloys 
(Forming Temper - Not Annealed) (Forming Temper- Not Annealed) 

AD-MU-80 AD-MU-78 AD-MU-48 AD-MU-00 AD-MU-80 AD-MU-78 AD-MU-48 AD-MU-00 
Density 0.316 0.305 0.294 0.283 Tensile Strength 90 85 85 45 
(lb/in') (lbs/in' '1 0') 

Thermal Expansion ?.Ox10• 7.5x10' 4.6x10' 7.6x10 ' Yield Slrength 35 30 40 30 
Coefficienti"F(68··212"F) (lbslin' '10') 

Thermal Conductivity 136 115 90 Modulus of Elasticity 32.0 30.0 24.0 29.5 
(BTU/in/11'/hr/"F) (lbs/in' '10') 

Electrical Resistivity 349 331 290 Elongation in 2" (%) 40 30 25 30 
(ohm-cir miVft) 

Hardness 
Curie Temperature (F) 845 761 932 (rockwell B) 

62175 64/74 59/68 65 
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• Color photos • Test patterns • Medical images • Computer graphics 
• Graphic control interface 

Many additional images, including the Brill-Kelley Color Inversion Target 
and 24-bit color images you haven't seen before. 

Order the Display Technology Showcase 
. CD-ROMtoday! 

0 Yes! P lease send me the SID 2000 DisplayTechnology Showcase C D-ROM. 

DTS CD-ROM resolutions: 
Please ship to the following: 

• 160 X 120 • 1024 X 768 XG A NAME 

0 320 X 240 QVGA • 1366 X 768 WXGA 
• 640 X 480 VGA • 1280 X 1024 SXGA COMPM-JY 

• BOO x 600 SVGA • 1600 X 1200 UXGA ADDRESS 

• 853 X 480 WVGA 
PHONE 

FAX 

Total # of copies @ $100.00 = $ EMAIL 

Tax: (8.25% CA soles only) $ 
Shipping/handling: (First class rote) 

$ U.S. $8.50 / International $1 5.00 

Method of payment: 

0 I VIS4' I 0 Ill 
0 CHECK 0 MONEY ORDER 

0~ O t&""'' ,.,., ... 
CARD# EXPIRATIO N DATE 

Total Due $ 
SIGNATURE 

Please mail check or money order to: r:JII] 
SOCIETY FOR INFORMATION OISPLAY 

Nutmeg Consultants, 2 Shady Brook Lane, Norwalk, a 06854, U.S.A. Tel: {203) 853-7069 
Please fax your credit card order to: Nutmeg Consultants Fox: (203) 855-9769 



FPD Expo Taiwan 2000. Sponsored by SEMI Tai
wan. Contact: Sue Chung, SEMI Mountain View; 
650/940-7961, fax-7953, e-mail: schung @semi-org . 
.June 12-13, 2000 Hsinchu, Taiwan 

Microdisplay 2000. Sponsored by Displaytech, 
Inc., and the SID Southwest Chapter. Contact: 
United Engineering Foundation Conferences; 
212/59 1-7836, fax -7441 , e-mail: engfind@aol.com. 
Aug. 7-9, 2000 Boulder, CO 

The First International Display Manufactul"ing 
Conference (IDMC 2000) and Vendor Exhibition 
(FPD Expo 2000). Sponsored by the SID Korea 
Chapter and Korea Information Display Society. 
Contact: Prof. S. Lim, Secretary General ; telephone 
+82-417-550-3542, fax -3592, e-mail: limsk@ns. 
dankook.ac.ker. 
Sept. 5-7, 2000 Seoul, Korea 

Twentieth International Display Research Con
ference (IDRC '00). Sponsored by SID. Contact: 
Ralph Nadell, Palisades Institute for Research Ser
vices, Inc., 212/460-8090 x203, fax -5460, e-mail: 
Rnadell @newyork.palisades.org. 
Sept. 25- 29, 2000 Palm Beach, FL 

Seventh Annual Symposium on Vehicle Displays. 
Sponsored by the SID Detroit Chapter. Contact: V. 
Cannella; 248/540-7830. 
Oct. 3, 2000 Dearborn, MI 

The Sixth Asian Symposium on Information Dis
play (ASID ' 00) and Information Display China 
2000. Sponsored by the SID Asia Region, ITE, 
IEICE, and XJTU. Contact: Prof. C. Liu, Xi 'an 
Jiaotong University; +86-29-2668657, fax -
2668659, e-mail: chlliu@xjtu.edu.cn. 
Oct. 18- 20, 2000 Xi' an, Shaanxi, P.R. China 

The Sixth International Conference on the Sci
ence and T echnology of Display Phosphors. 
Sponsored by DARPA and SID. Contact: Mark 
Goldfarb, Palisades Institute for Research Services: 
212/460-8090 x202, fax -5460, e-mail: 
mgolclfar@newyork.palisades.org. 
Nov. 6-8, 2000 San Diego, CA 

Eighth Color Imaging Conference: Color Sci
ence, Engineel'ing Systems & Applications. 
Sponsored by !S&T and SID. Contact: Dee 
Dumont, SID HQ, 408/977- 10 13, fax -1531 , e-mail: 
office @sid.org. 
Nov. 7-10, 2000 Scottsdale, AZ 

Electronic Inl"omuttion Displays (EID 2000). 
Sponsored by SID. Contact: Trident Exhibitions, 
+-i4-(0)-1882-61 467 1, fax -6148 18, e-mail: 
info@ trident exhibitions.co.uk. 
Nov 21-23, 2000 London, UK 

T he Seventh International Display Workshops 
(lOW '00). Sponsored by ITE and SID. Contact: 
fDW '00 Secretariat; +8 l-3-3423-4 180, fax -4108. 
Nov. 29-Dec. I , 2000 Kobe, .Japan • 

Simplicity 
with 
Power. 
That's the Klein VPG250. 

yes 
• Programmable custom patterns? 0 
• Displays and runs DDC 1/2B from test unit? 0 
• Programmable timings? 0 
• Pre-loaded VESA timings? 0 
• Displays xyY from colorimeter accessory? 0 
• Helps test work flow smoother? 0 

Call today for a FREE five-day trial! 

l:iiKLEIN ~:!~~':'a~~~~ 
2236 SE Belmont St, Portland, OR 97214 USA 

tel503.245.1012 fax 503.245.81 66 
sales@kleininc.com www.kleininc.com 
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Bergquist Touchscreen Other Touchscreens. · 

When You Put A Bergquist 
Touchscreen Next To Others, 

The Comparison Is Clear. 
With Bergquist, you don't see the effect of the separator dots so your panel display 

stays clear. In a simple side by side comparison with the touchscreen you're using now 
and a Bergquist touchscreen, it's easy to see greater clarity Brilliant colors, sharper 
images and crisper words, will oil make your touchscreen easier to read and navigate. 
Better clarity, better product. See the clear difference today Ca/11.800.949.4021 

• 
TOUCH PRODUCTS D I VISION 

301 Washington Street, Cannon Falls, Minnesota 55009 507.263.3766 Fax 507.263.5085 
www.bergquistcompany.com 
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Acer Display Technology 
Ad-Vance Magnetics, Inc. 
Advance Reproduction Corp. 
American Panel Corp. 
Applied Concepts, Inc. 
Artesyn Solutions, Inc. 
Aurora Systems 
autronic- Melchers GmbH 

BPS 
Babcock, Inc. 
Blue Fin Technologies 
Brimar Ltd. 
Brown & Sharpe Surface Inspection 

Systems. Inc. 

Canon. Inc. 
CELCO 
Chunghwa Picture Tubes, Ltd. 
Clare Micronix Integrated Systems, Inc. 
Clinton Electronics Corp. 
Colorado Microdisplay, Inc. 
Compaq Computer Corp. 
Corning Incorporated 
Coming J apan K.K. 
Crystaloid Technologies 
CTX Opto-Electronics Corp. 

DigiLens, Inc. 
Digital View, Inc. 
Display Laboratories, Inc. 
Display Search 
Dontech, Inc. 

Earth Computer Technologies 
ELDEC Corp. 
Electro-Plasma, Inc. 
eMagin Corp. 
Emco Electronics Ltd. 
Endicott Research Group, Inc . 
ERSOIITRJ 

F-P Electronics 
Futaba Corp. R&D Center 

Gerome Manufacturing Co., Inc. 

Hannstar 
Hitachi, Ltd. 
Honeywell 
Hoya Corporation USA 

IBM 
iFire Technologies 
Imaging & Sensing Technology 
Imaging Systems Technology 
IMT Masken und Teilungen AG 
lncom,lnc. 
Industrial Electronic Engineers, inc. 
Infinite Graphics, Inc. 
In nova Electronics, Inc. 
Instrument Systems 
Interface Display & Controls, Inc. 
lnterserv Corp. 
Interstate Electronics Corp. 
lntevac, Inc. 
lnViso 
lon Systems 
lse Electronics Corp. 

Kent Displays 

LCD Lighting 
LC-Tec, Inc. 
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Lexellmaging Systems, Inc. 
LinFinity Microelectronics. Inc. 
Lite Array, Inc. 
Lumin-Oz. LLC 

Micronic Laser Systems AB 
Microvision Corp. 
Mino lta Corp. 
Mitsubishi Electric Corp. 
Mitsubishi Electronics America 
Molex, Inc. 
Mo torola FPD Division 

NEC Corp. 
Nippon Seiki Co., Ltd. 

OESIITRI 
OKl Electric Industry Co., Ltd. 
Optrex America, Inc. 

Philips Flat Display Systems 
Phosphor Technology Ltd. 
Photon Dynamics 
Photo Research 
Pilkington Micronics Ltd. 
Planar Systems 
Plasmaco, Inc. 
Polar Vision, Inc. 
Polytronix, Inc. 
Premium Allied Tool 

Quantum Data Inc. 

ROLIC Research Ltd. 

Sarnoff Corp. 
Schott Corp. 
Sharp Corp. 
Smart ASIC 
Sony Chemicals Corp. of America 
Sony Corp. Research Center 
Stanford Resources, Inc. 
Superior MicroPowders 
Supertex, Inc. 
Symbol Technologies, Inc. 
Syntronic Instruments, Inc. 

Tamarack Scientific 
TDK Corp. 
TEAM Systems 
Techneglas, Inc. 
Terapixel, Inc. 
Thomas Electronics, Inc. 
Thomson Components & Tubes 
Three-Five Systems, Inc. 
Torrey Pines Research 
Toshiba America Elec tronic 

Components, Inc. 

Ultra Electronics Command & Control 
Systems 

ULV AC Technologies, Inc. 
UNIGRAF 
Unipac Optoelectronics Corp. 
Universal Display Corp. 
Ushio America, Inc. 

Video Electronics Standards 
Association 

Viratec Thin Films Inc. 

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

Ad-Vance Magnetics ......................... ..45 
Bergquist ............ .............................. ... 47 
CELCO (Constantine Engineering 

Laboratory Company) .................... C4 
Chomerics ........................................... 35 
Chroma ATE ....... ....... ..... .... ............... 43 
CyberTouch ... ..................... .. .............. 16 
Display Technology Showcase .......... . 46 
Elmwood Sensors .. ............ ................ 13 
Ergotron ................................ ............... 8 
H. L. Funk Consulting ........................ . 20 
Integral Vision ..................................... 34 
Klein lnstruments .......................... .43,47 
Kurt J. Lesker.. .................................... 35 
Lexel Imaging Systems ....................... 17 
LMDC ................................................. 25 
Magnetic Radiation Laboratories ........ 40 
Microvision .......... ...... .................... 21 ,41 
National Seminconductor .................... 12 

Business and Editorial Ortices 
Palisades Institute for Research 

Services, Inc. 
41 1 Lafayette Street, 2nd Floor 
New York, NY 10003 
Jay Morreale, Managing Editor 
212/460-8090 x212 Fax: 2 12/460-5460 
jmorreal@newyork.palisades.org 

European Sales Office 
George Isaacs 
12 Park View Court 
The Paddock, Eaton Ford 
St. Neots. Cambridgeshire 
PEI97SDU.K. 
Phone/Fax: +44-(0)- 1480-218400 
george@gandg.demon.co.uk 

Optrex America .................................. C2 
Photo Research .................................... 38 
Physical Optics Corp .......................... 25 
Polar Vision..................... .. ...... 37 
Quantum Data ...................................... 5 
Samsung Electronics ...................... ... 6,7 
S=ruqSm ............... . ... ~ 
Silver Cloud M;mufacturing ............. ..41 
Society for lnfonnation Display . ....... 44 
Syntronic Instruments ......................... 10 
Team Systems ....................................... 3 
3M Optical Systems ........................... C3 
Um1xis ................................................ .40 
Unigraf ................................................ 42 
Vertex LCD ......................................... 34 
Voltage Multipliers ............................ .41 
Westar Corp ..................................... 9,11 
XtroniX Corp ...................................... 40 

Sales Ortice 
Palisades Institute for Research 

Services, Inc. 
411 Lafayette Street. 2nd Floor 
New York. NY 10003 
Tracy Leibowitz, Director of Sales 
2121460-8090 x211 Fax: 212/460-5460 
tleibowitz@newyork.palisades.org 

Korean Sales Office 
.lung-Won Suh 
Sinsegi Media. Inc. 
Bldg. Room 301 
437-3 Ahyun-dong 
Mapo-ku. Seoul, Korea 
+82-2-313-1951/2 Fax: +82-2-312-7335 
sinsegie@chollian.net 





Mahwah, NJ 
Yokes & Focus Coils www.celco.com 
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Rancho Cucamonga, CA 
Digital Motion Picture Recorders 


