


































































































display measurement

colors of a particular display. The differences
in results determine the errors of a test instru-
ment. Once these errors are known, they can
be corrected when the test instrument is sub-
sequently used.

In general, the errors - in both chromaticity
and luminance - vary depending on the color
of the display. A look-up table for the errors
with different colors would be difficult to
maintain. We chose a more manageable
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Fig. 3: Uncorrected chromaticity differences between five test instruments and the NIST refer-
ence instrument for 10 colors of a CRT display.
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approach, deriving a correction matrix for the
test instrument based on measured errors.

| This matrix makes it possible to correct for

any color of a particular display, transferring
the calibration from the NIST reference
instrument to the test instrument.

In order for this strategy to work reliably,
three cornerstones must be in place. We
require a stable, well-characterized reference
detector to be used for the display measure-
ments, an effective matrix-correction tech-
nique, and a display that is colorimetrically
stable over the course of a typical calibration
measurement sequence.

The NIST Reference Instrument

The reference spectroradiometer consists of
imaging optics, a double-grating scanning
monochromator for wavelength selection, and
a photomultiplier tube (PMT) (Fig. 1). The
output of the PMT is sent to a digital volt-
meter and the voltage is recorded as a function
of wavelength by a computer. The input
optics include a depolarizer and order-sorting
filters. The depolarizer reduces the polariza-
tion sensitivity of the instrument to less than
1% while order-sorting filters placed in front
of the spectrometer entrance slits eliminate
higher-order grating diffraction effects.

This design results in a reference instru-
ment with suitable characteristics (Table 1).
It can measure CRT colors with an expanded
uncertainty of approximately 0.001 in chro-
maticity and 1% in luminance.

Four-Color Matrix-Correction Method
The second cornerstone is an effective correc-
tion-matrix technique that can be used to
improve the accuracy of tristimulus colorime-
ters for color display measurements. The first
step is to measure the differences in results

Table 1: Reference Spectro-
radiometer Characteristics

Parameter Value

+0.1 nm

Snm £0.1 nm;

Wavelength uncertainty

Slit scattering function

triangular
Stray light factor <2x10°
Polarization sensitivity <1%

<0.2% of the
peak signal

Random noise




from the reference instrument and the instru-
ment being tested, when both measure various
colors of a display. This data can then be
used to create a 3 x 3 correction matrix. The
correction matrix can then be used to trans-
form the test instrument’s tristimulus values to
more closely approximate the reference val-
ues. The corrected values from the test instru-
ment are thus expressed as linear combina-
tions of the uncorrected values.

The trick here is to create a correction
matrix that accurately transforms the values,
and several different approaches have been
developed. For example, the American Soci-
ety for Testing and Materials (ASTM) recom-
mends a method that minimizes the root-
mean-square (rms) difference between mea-
sured and reference tristimulus values for sev-
eral different colors of a display. The chro-
maticity values are then calculated from the
corrected tristimulus values.

But this method does not always work as
well as expected. Because the ASTM method
is based on the transformation of tristimulus
values, it is susceptible to luminance errors
arising from display instabilities and inconsis-
tent alignment of the instruments that affect
the accuracy of the corrected chromaticity val-
ues.

Measurements of chromaticity values are
normally more stable and reproducible than
measurements of tristimulus values. They are
relative measurements, so many of the sources
of luminance error tend to be reduced or can-
celed. Consequently, a matrix-correction
method — the Four-Color Method — was
developed that reduces the difference between
measured and reference chromaticity values
rather than tristimulus values. Because the
new method is based on chromaticity values,
it is insensitive to luminance errors and conse-
quently tends to work better than previous
methods.

A comparison of corrections by various
matrix methods demonstrates the differences
in residual post-correction errors (Fig. 2). Ina
test with 10 display colors, the Four-Color
Method reduced the corrected rms chromatic-
ity differences more than the other techniques.

Matrix-correction techniques assume that
the spectral distributions of the three primary
colors do not change. However, there are
small variations in primary spectra between
displays incorporating the same type of phos-
phors and, frequently, large variations
between displays incorporating different types

of phosphors. The Four-Color Method works
well (within +0.001 in x,y) for small spectral
variations in the primary colors within the
same type of display, but is not effective if
there are large variations between the mea-

sured display and the display used in the
derivation of the correction matrix. A cali-
brated instrument can therefore measure any
number of different displays utilizing similar
| phosphors to the display used for the calibra-
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Fig. 4: Residual (post-correction) chromaticity differences between five calibrated test instru-
ments and the NIST reference instrument for 10 colors of a CRT display.
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display measurement

tion, but a separate correction matrix should
be obtained for each different type of display.

Calibration Results
At NIST, we calibrated five disparate com-
mercial instruments — including tristimulus
colorimeters and array spectroradiometers —
for a CRT against the NIST reference instru-
ment. We used a broadcast-quality color CRT
as the calibration source. This display demon-
strated negligible chromaticity changes over
the course of a comparison measurement
which took about 30 minutes. The five test
instruments and the reference instrument mea-
sured 10 of the CRT’s colors, and the chro-
maticity differences between the NIST refer-
ence instrument and the test instruments were
recorded (Fig. 3).

We observed significant differences in the
measured chromaticity values between the
different units, with some instruments agree-

ing with the reference instrument to within
£0.002 in x,y for all colors measured, and
other instruments disagreeing by greater than
+0.005 for certain colors. This is perhaps to
be expected since these instruments varied
greatly in design and complexity — and in
price. In general, they were all high-quality
instruments, we would expect even larger dif-
ferences with lower-grade instruments.

Using the primary-color measurements and
white, we derived the correction matrix for

each instrument using the Four-Color Method.

We then applied the corrections to the 10 col-
ors measured, and calculated the residual
chromaticity differences between the NIST
reference instrument and the calibrated test
instruments (Fig. 4). The results provide a
dramatic illustration of this calibration
method’s effectiveness.

We obtained similar results for the lumi-
nance measurements, with the calibrated
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instruments agreeing much better with the ref-
erence instrument results for four out of the
five instruments. In the one exception, the dif-
ference in luminance measurements between
the test and the reference instruments was not
reduced upon application of the correction
matrix. This result underscores that when
experimental noise or luminance errors are sig-
nificantly large, the Four-Color Method is not
the most suitable for luminance correction.
We know that we can measure various col-
ors of the CRT with the reference instrument
with an expanded uncertainty of 0.0012 or
less in x,y and that the calibrated instrument
agrees with the reference instrument to within
0.001 in x,y. Therefore, the expanded uncer-

tainty of CRT chromaticity measurements

using the calibrated instrument — taking the
maximum uncertainty in each case and taking
the root-sum-square of the uncertainties — is
0.0015 in x,y or less. Taking into account the
repeatability of the test instrument as well, the
expanded uncertainty of chromaticity mea-
surements of a CRT using a NIST-calibrated
instrument should be on the order of 0.002 or
less.

Our results demonstrate that this calibration
procedure can be used to correct measure-
ments from different colorimeters, using a ref-
erence instrument for comparison, even when
those test instruments produce large differ-
ences in uncalibrated measurements for the
same display colors. This calibration can
bring the expanded uncertainty for these
devices to 0.002 in x,y or less — well within
the limits required for general test equipment,
as well as the limits recommended for interna-
tional standards.

The NIST facility will offer official calibra-
tion services using this technique early next
year. As a result, display manufacturers and
users will be able to know if the red on the
screen is truly red.

Acknowledgments

We would like to thank Joe Velasquez and
John Grangaard for useful discussions. This
work was supported by the U.S. Air Force
under CCG contract 97-422. |

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




GOOD VISIBILITY

Goldentek produces high-quality,
reliable LCDs for a wide range of
electronic products.

GREAT SERVICE

Goldentek provides advanced qualify

with competitive prices, timely delivery and
comprehensive technical consultations.

GROWING PROSPECT

With 9 years of LCD production experience,

Goldentek is the rising sun in the world of LCDs

with the best equipment and facilities, fogether with
p-ranking engineers.

———.—

t.\?}_w .,

' - A —

Goldentek Display America, Inc.

2115 W. Crescent Avenue. Suite 251, Anaheim, CA 92801 (U.S.A))
TEL: 714-774-4653 FAX: 714-774-4659

E-mail: goldentekd@aol.com
www.goldentek.com.fw

Circle no. 16

a N
HIGH GRADE LCD MONITORS e e e
. Sl il SN
CV211R (12.1”LCD) [CV511T (15”LCD) 2 Riga Lane * Birdsboro, PA 19508-1303
*a-si TFT active matrix *a-si TFT active matrix(Fujitsu Panel) CHOERSAAN - T il ansie
*Compact size *Resolution:NTSC to 1280x1024 "
*Resolution:VGA to 800x600  [*2 input: D-sub mini 15 pin + New/Recycled * Ruggedized
*Resistive touch panel optional [*1 input: NTSC/PAL (Video/Audio) » [RNisible/UV - Special Purpose
*Wide angle range (Both Vertical I d C Desi
CV811R (18.1”LCD)  |and horizontal:160 deg) * Improve * Gustom Designs
*a-si TFT active matrix “High Contrast (300:1) Replacement
*Resolution:VGA to 1280x1024 ['High Brightness (250cd/m.sq)
*2 input: D-sub mini 15 pin x 2 *HESDO"SE time 10ms
*High Contrast (300:1) MTBF = 50,000 hours
1 MEETS WORLDWIDE SAFETY STANDARDS
UL1950,CSA950, TUV-GS(ENB0950, ZH1/618), TUV-Ergo
(1809241-3, MPR-Il), SEMKO,DEMKO, NEMKO, FIMKO,
! TCO/99, FCC-class B, EMC/CE, Energy Star
***Manufactured by TOTOKU Electric Co.,Ltd,Japan***
U.S.Electronics, Inc.
5730 Duluth Street
Minneapolis,MN 55422
Phone:612-591-2605
. www.uselectronix.com + GRTS o Camera Tuhes o Displays o
' E-mail: uselectr@aol.com .
S o/ '
Circle no. 17 Circle no. 18




S S

display continuum

continued from page 4

more enjoyable to examine an object of our
dreams before we decide to buy it and take it
home? Isn’t there something pleasurable
about browsing through a bookstore, compar-
ing the latest projection televisions or laptop
computer displays, or fondling the new two-
megapixel digital cameras before selecting the
one that feels the best in our hands? A down-
loaded low-resolution image along with a cur-
sory spec-sheet somehow doesn’t have the
same appeal.

On the other hand, when we arrive at work,
don’t most of us start the day by logging on to
our computers, reading (or deleting) the latest
e-mails, looking at our daily calendars, and
then working on (or responding to) these vari-
ous communications? Then we spend the rest
of our days in meetings - most of which are
unnecessary - on more desk work, and per-
haps in a few seriously valuable one-on-one
interactions. Of course, some of us get to do
truly fun activities such as performing experi-
ments in a laboratory (sometimes known as
R&D), and a few others actually work at mak-
ing things (often called manufacturing). This
minority of the population and those in ser-
vice industries of course need to be at particu-
lar locations in order to accomplish their hard-
ware-related tasks, and they must arrive at and
depart from work at pre-designated times.
However, in these days of high-speed voice
and data communications, most office-type
work could be done at any location that can
accommodate a computer and a telephone
line. Most meetings can be eliminated and
replaced by an occasional encounter - two or
three times per week at most. Even those who
spend a significant amount of their time in a
laboratory seldom need a regular eight-hour
day to accomplish their tasks.

Doesn’t this seem incredibly logical? For
the last three years, I have personally been
conducting exactly this kind of an experiment.
It has worked out surprisingly well. But then
I"ve never done my best when trying to follow
conventional paths.

It may take some time, but I think there is a
growing possibility that more and more peo-
ple will begin to create work environments
outside of traditional corporate office struc-
tures. What is really fortunate is that all of the
Internet appliances that are now being devel-
oped and will scon appear in ever greater
numbers will be as well suited for doing real
work as for doing the currently over-promoted
Internet versions of “mail-order” shopping.
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Personal computers have become a mature
product. In the future, we will not see the dra-
matic increases in speed and processing capa-
bility that we have experienced over the last
fifteen years.

For an instructive historical comparison,
let’s consider how the premier electronics
measurement instrument, the oscilloscope,
evolved. From its introduction as a precision
measurement tool shortly after the Second
World War, the oscilloscope has been the
most important instrument in most electronics
laboratories. For many years, Tektronix and
Hewlett-Packard oscilloscopes were consid-
ered by many to be the best available. The
early oscilloscopes struggled to get to band-
widths of only a few megahertz, and sensitivi-
ties were sometimes not all one would have
liked. Then, over about a ten-year period,
models were developed with bandwidths
exceeding 10 MHz, then 20, and then 33.

The next big challenge was to get to 100
MHz. That seemed almost impossible. The
first Tektronix product attempting to meet this
target fell somewhat short, at around 80 MHz.
But then a relatively unknown competitor,
Fairchild, achieved the 100 MHz. This set the
new standard and the speed race was on.

Soon came 200 MHz and then, in what
seemed like the realization of a science-fiction
fantasy, Tektronix introduced a 500-MHz
oscilloscope.

The technology was on a roll. Some
expected that soon would come 1-, 2-, then 5-
GHz oscilloscopes, and so on. (Well, there
actually was a 1-GHz oscilloscope, but it
never became a major product.) Even though
the technology could reach that lofty perfor-
mance in a premium product, there were few
engineers or scientists who needed such a
measurement capability. The analog oscillo-
scope race stopped at about 500 MHz, and the
core of the market for many years was at
around 200-300 MHz. What happened and
how does this apply to today’s desktop-com-
puter technology?

The answer is that the world of circuit
design gets ever so much harder once operat-
ing speeds get above 500 MHz. And above 1
GHz, we enter the realm of the microwave
engineer. At these higher frequencies, signals
no longer want to propagate inside or along
conductors. The interconnects become anten-
nas. Digital no longer looks like digital;
everything looks analog again. Any mis-
matched impedances result in losses, reflec-

tions, and phase shifts. Broadband becomes
narrowband. Signal propagation becomes
more important than the design of the active
circuits. To most digital designers, this is a
strange and unfriendly world, and the rules of
digital design no longer produce the expected
results.

For these reasons, I think we will encounter
a barrier with our computers, as earlier hap-
pened with test and measurement instruments.
We will find that “the wall” is still somewhere
around | GHz. Fortunately, for just about
everything we want to do, including image
processing, that will be “good enough.” It will
also match the foreseeable bandwidth capabil-
ities of communications systems.

If the speed race is about to end, then what
will be the next new direction? I think it will
be toward more Internet-based appliances,
more products that are convenient to use, and,
of course, further advances in data storage to
accommodate complex image- and voice-
based computing. We really don’t need 500-
MHz computers to read and respond to e-
mails. A telephone-based Internet appliance
should be more than sufficient for that.
Portable telephones will soon have similar
capability. A laptop computer should be con-
figured for specific needs and not be a generic
device that is too heavy and has too little bat-
tery life. The new market opportunities will
be to address the needs of specialized tasks.
We will move beyond the “Swiss army knife”
appliance that the desktop computer has
become. We can segment our activities into
text processing, image processing, communi-
cations, and so forth, and respond to each of
these with products having optimized func-
tions. The Personal Digital Assistant is an
early, albeit rudimentary, example of what
I’'m suggesting.

All of these Internet appliances will need
new displays in a variety of formats. It’s great
to know that no matter exactly how these
products evolve, we display developers will
be at the center of the action. We’re a vital
part of it all. There will be no end of interest-
ing opportunities.

Therefore, as you cheerfully do your Holi-
day shopping this year, begin to look for these
appliances. We are in the very early stages of
what will soon be a wave of new products.
Go to the malls. Take a trip to the electronics
stores. Visit your local bookstore. Shop on
the Internet only as a last resort. And, finally,
suggest to your boss that you will stay home
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and avoid the rush-hour commute because you
can be more productive that way. Won't that
be a great Christmas present for your com-
pany and for you?

Should you wish to send me a Holiday
greeting, or to let me know how your boss
responds to the above suggestion, you can
reach me by e-mail at silzars@attglobal.net,
by phone at 425/557-8850, by fax at 425/557-
8983, or by conventional letter - which will
likely take a portion of its journey to 22513
S.E. 47th Place, Issaquah, WA 98029 on an
airplane that will fly no faster than the ones of
thirty Christmases past. l

editorial

continued from page 2

American LCD Workshop, he regretted he
could not squeeze some Iberian ham and good
Rioja wine into the bit stream. For that, T will
have to return to Madrid and José’s warm hos-
pitality. But some of his warmth reaches me
along with his Internet-transmitted words, and
some of my concern reached around the world
to my friends in Hsinchu and Taipei.

Tt turns out that where we are - together
with the consequent differences in our experi-
ences and cultures - matters a great deal. But
the almost instantaneous transmission of our
thoughts, ideas, mutual concerns, and love for
each other binds us together as never before.
Where are you? In a particular place on the
skin of the world, but you are not alone.

- KIW

We welcome your comments and sugges-
tions. You can reach me by e-mail at
kwerr sid. org, by fax at 203/855-9769, or
by phone at 203/853-7069. The contents of
upcoming issues of /D are available on the ID
page at the SID Web site (http://www.sid.
org).
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The 6th International Display Workshops (IDW
’99). Sponsored by the Institute of Image Informa-
tion and Television Engineers and the Japan Chap-
ter of the Society for Information Display. Contact:
IDW 99 Secretariat, ¢/fo Conventions, Annecy-
Aoyama 2F, 2-6-12, Minami, Tokyo, 107-0662
Japan; +81-3-3423-4180, Fax - 4108.

Dec. 1-3, 1999 Sendai, Japan

The 16th Annual Flat Information Displays Con-
ference. Sponsored by Stanford Resources. Con-
tact: Laura Barretto; 408/360-8400, fax -8410,
e-mail: |.barretto @stanfordresources.com.

Dec. 16-17, 1999 Monterey, CA

VISU 2000. Sponsored by Le Club VISU and the
French Chapter of the Society for Information Dis-
play. Contact: J. Verdez, Le Club VISU; phone/fax
+33-2-96-2331-64,

e-mail: jverdez.clubvisu @ wanadoo.fr.

March 3-5, 2000 Porte Maillot, France

| 2000 SID International Symposium, Seminar &

Exhibition (SID '00). Sponsored by the Society
for Information Display. Contact: Mark Goldfarb,
Palisades Institute for Research Services, Inc., 411
Lafayette Street, 2nd Floor, New York, NY 10003;
212/460-8090 x202, fax -5460, e-mail: mgoldfar@
newyork.palisades.org.

May 14-19, 2000 Long Beach, CA

Twentieth International Display Research Con-
ference (IDRC *00). Sponsored by the Society for
Information Display. Contact: Ralph Nadell, Pal-
isades Institute for Research Services, Inc., 411
Lafayette Street, 2nd Floor, New York, NY 10003;
212/460-8090 x203, fax -5460, e-mail: rnadell@
newyork.palisades.org.

Sept. 25-29, 2000 Palm Beach, FL

Eighth Color Imaging Conference: Color Sci-
ence, Engineering Systems & Applications.
Sponsored by IS&T and the Society for Information
Display. Contact: Dee Dumont, SID HQ, 31 East

| Julian St., San Jose, CA 95112; 408/977-1013,

fax -1531, e-mail: office @sid.org.

Nov. 14-17, 2000 Scottsdale, AZ

SID news

%% % OBITUARY * * *

Dr. Sanai Mito Dies at 88

With great regret
we announce the
death of Dr. Sanai
Mito, who was a
SID life member
and the first SID
Japan Chapter
Chair. He died of
acute pneumonia
on September 14,
1999, at Takarazuka Municipal Hospital in
Hyogo, Japan, after a long illness. He was 88
years old.

Dr. Mito was elected a Fellow of the Soci-
ety for Information Display (SID) in 1976, the
first Japanese citizen to receive this honor.
His notable contributions to the field of flat-
panel-display devices and his leadership in
applying them to monitors for personal com-
puters and consumer TV sets won him respect
both nationally and internationally during his
service as Executive Director of Sharp Corpo-
ration from 1965 to 1988.

We shall always remember him, not only as
a scientist but as a broad-minded leader of the
display-technology field. When Dr. Mito
attended the SID Internationl Symposium and
some other meetings in 1974, he immediately
consulted with the appropriate SID officers
and promptly established the SID Japan Chap-
ter in 1975. With many generous acts over
many years, Dr. Mito devoted himself to the
well-being of SID and the world display com-
munity.

We offer our sincere thanks to all those
who showed Dr. Mito kindness during his
lifetime.

Dr. Sanai Mito

- Chuji Suzuki
SID Fellow

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




INTRODUCING A FLAT PANEL DISPLAY APPLICATIONS CONFERENCE

January 31 - February 4, 2000
San Jose Convention Center
San Jose, California

San JOSQ A new and unique series
of application seminars for
DA P P C O N electronic display manufac-
Display Applications Conference turers, distributors, product
|

designers and consumers

www.dappcon.org

B Electronic |
& Informati evi

Featured
Tracks:

‘ o
igh-Resolution Monitors ' | .Héndheld Industrial Units
I Handheld &t Personal Use Products I Portable Projectors
Sponsors: . .

=
USE@C

: i . DIspLAY PIFS-
DAPPCON San Jose will be co-located with WORKS2000

FPD BUSINESS CONFERENCE MANUFACTURING TECHNOLOGY CONFERENCE

|

. Featuring Presentations from Philips, Intel, ATET, Featuring Presentations from Applied Materials, Kodak,
Glassbook, and Needham & Co. Hewlett-Packard and Displaytech
|

* From Electronics to Displays * Microdisplays

* Integrating Displays Into Platforms * OLEDs

® The Future of Human Communications * LCDs

* Software and Displays * Yield Improvement

* Why Wall Street is Betting on Displays * Production Cost Savings

INDUSTRY EXHIBITS e WORKSHOPS AND COURSES e INDUSTRY MEETINGS

For Full Program Information and On-line Registration, visit www.dappcon.org
Exhibit Information: Phone SHO, Inc. at 650-964-2050 or email sho@ix.netcom.com General Information: Phone USDC at 408-277-2400 or email usdc@usdc.org
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Acer Display Technology
Ad-Vance Magnetics, Inc.
Advance Reproduction Corp.
American Panel Corp.
Applied Concepts, Inc.
Arconium

Artesyn Solutions, Inc.

ATI Technologies |
autronic - Melchers GmbH
BPS

Brewer Science, Inc.

Brimar Ltd.

Brown & Sharpe Surface Inspection
Systems, Inc.

Canon, Inc.

CELCO

Cherry Electrical Products

Chunghwa Picture Tubes, Ltd.

Clinton Electronics Corp.

Colorado Microdisplay, Inc.

Corning Incorporated

Corning Japan K.K.

Crystaloid Technologies

DigilLens, Inc.

Display Laboratories, Inc.

DisplaySearch

Displaytech, Inc.

Dolch Computer Systems, Inc.

Earth Computer Technologies

ELDEC Corp.

Electro-Plasma, Inc.

Emco Electronies Ltd.

Endicott Research Group, Inc.

ERSO/ITRI

FED Corp.

F-P Electronics

Futaba Corp. R&D Center

General Vacuum, Inc.

Gerome Manufacturing Co., Inc.

Hewlett-Packard Co.

Hitachi, Ltd.

Hoya Corporation USA

IBM

Imaging & Sensing Technology
Imaging Systems Technology [
Incom, Inc.

Industrial Electronic Engineers, Inc. |
Infinite Graphics, Inc.

Infodex, Inc.

Instrument Systems

Interface Products, Inc.
Interserv Corp.

Interstate Electronics Corp.

Ion Systems

Ise Electronics Corp.

Kent Displays

LCD Lighting

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

Micron Display Technology, Inc.
Micronic Laser Systems AB
Microvision Corp.

Mitsubishi Electric Corp.

44 Information Display 12/99

sustaining members

Molex, Inc.
Motorola FPD Division

NEC Corp.

Nippon Seiki Co., Ltd.
OES/ITRI

OKI Electric Industry Co., Ltd.
Optical Coating Lab., Inc.
Optrex America, Inc.
Philips Flat Display Systems
Phosphor Technology Ltd.
Photon Dynamics

Photo Research

Pilkington Micronics Ltd.
Pix Electronics, Inc.

Planar Standish, Inc.

Planar Systems

Plasmaco, Inc.

Polar Vision, Inc.
Polytronix, Inc.

Premium Allied Tool
Progressive System Technologies
Q.C. Optics, Inc.

Quantum Data Inc.

RF Power Products

ROLIC Research Ltd.

Sarnoff Corp.

Schott Corp.

Semiconductor Systems, Inc.

Sharp Corp.

SI Diamond Technology, Inc.

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.

Teledyne Lighting & Display

Terapixel, Inc.

Thomas Electronics, Inc.

Thomson Components & Tubes

Three-Five Systems, Inc.

Torrey Pines Research

Toshiba America Electronic
Components, Inc.

Ultra Electronics Command &
Control Systems

ULVAC Technologies, Inc.

UNIGRAF

Unipac Optoelectronics Corp.

Universal Display Corp.

Ushio America, Inc.

Viratec Thin Films Inc.

Vishay-Dale Electronics, Inc.

Westaim Advanced Display
Technologies

Westar Corp.

White Electronic Designs, Inc.

WINTEK Corp.

WinTron Technologies

XCITEK, Inc.

Bergomist: i
BOC Coating Technology .
CELCO (Constantine Engineering

Laboratory Company)...
DAPPCOM
H. L. Funk Consulting ...
General Vacuum
Goldentek............
Integral Vision
Klein Instruments...
Kurt J. Lesker.

index to advertisers

Pilkington Libbey-Owens-Ford.............5
Photo Research ...........o.oeieeeicnnnens
Polar Vision......
Quantum Data.,.,
Silver Cloud Manufacturing ...
Society for Information Display ..........40
Team Systems
Tehtton. .
Three Five Systems
3M Optical Systems..
Toshiba
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BT s Westar Corp.......... o |
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Business and Editorial Offices Sales Office

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

Palisades Institute for Research
Services, Inc.
411 Lafayette Street, 2nd Floor
New York, NY 10003
Tracy Leibowitz, Sales Manager
212/460-8090 x211  Fax: 212/460-5460

SID °00

Long Beach, California

Long Beach

Convention Center

May 14-19, 2000

Mark Your Calendar Now!




use your cellular phone fog md'tf

than just phone calls. A world where surfing:
the web or checking your e-mail through your"

cell phone is as easy as pressing a button on

your remote control. The wireless industry is

rapidly developing these products and

Three-Five Systems is developing the displays

for them. Our LCoS™ microdisplays deliver

amazing resolution in a compact portable
minuIe that will let you see the world with

otal clarity.

* High information - resolutions up to SXGA

* Comfortable viewing - 35 degree

FOV optics

* Low impact to battery life - 60 mw
power cor'.sumptuon

o Smw&lin |Ightwe\ght - 0.5" diagonal, {

0.5 ounces

For over a decade, Three-Five Systems has

been a leading supplier of display solutions

v S

for the mobile phone industry and is known

for innovative solutions to tough display chal-
lenges. To learn how Three-Five Systems can

revolutionize your products and your bhusi-

ness, give us a call.

\/) THREE—FIVE SYSTEMS, INC.™
W :

]

e ’),'{',n"fu} XCellerice

Three-Five Systems, Inc. Three-Five Systems Ltd. Three-Five Systems, Inc.
Tempe = 602-389-8600 Fax: 602-38 Europe = 44-1793-549100 Fax: 44-179348 www.threefive.com email: Display@threefive.com
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" ias0 cELED 2000
YOURVISION |

7 OF THE™NNG o
NEW MILLENMNS

CELEBRATING OUR 50TH AN

a
i

Rancho Cucamonga, CA
WWW.celco.com Digital Motion Picture Recor
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