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Fig. 2: Root-mean-square differences il1 chromaticity for 10 CRT colors, after correction by 
various matrix methods. 

surement system is performing, and whether or 
not it can do the job one needs it to do. 

There is an increased appreciation of tills 
issue in military and commercial fields; many 
applications now include requirements for the 
tmcertainties for display color measurements. 
For example, some ntilitary specifications 
require expanded uncertarnties (k = 2) of 
0.004 in chromaticity (x,y) for test equipment, 
while uncertainties of 0.005 or less ill x,y are 
recommended in international standards for 
color measurements of cathode-ray tubes 
(CRTs) and liquid-crystal displays (LCDs). 
An expanded uncertainty of k = 2 means that 
the measurements will agree with the true 
value to within the stated uncertainty 95.4% 
of the time. 

Instrument manufacturers typically cali­
brate their colorimeters. Product data sheets 
routinely specify uncertainty values on the 
order of 0.002 in x,y, and 2% ill luminance 
(Y). A note of caution: these values may be 
misleadillg; in particular, for display measure­
ments. They are often based on measure­
ments of an incandescent source with a color 
temperature of approximately 2856 K. These 
sources approxrn1ate the spectral power distri­
bution of the Commission Internationale de 

l'Eclairage (CIE) Standard Illumrnant A, 
which is a common standard source used in 
both photometry and colorimetry. 

There are problems with using just this type 
of source. As long as one uses the iJ1strument 
to measure sources witl1 spectral power distri­
butions simi Jar to that of IllllTilillant A, one 
could expect to get accurate results. 

However, we typically want to measure the 
color and luminance of displays having spec­
tral distributions that are quite different from 
lllurninant A. Comparative testing shows that 
the accuracy of color-measuril1g instruments 
can vary significantly, depending on the spec­
tra of the colors measured. 

In the case of colorimeters utilizillg tluee or 
four broadband detectors, called "tristirnulus 
colorimeters," the relative spectral responsivi­
ties of the individual channels to the CIE 
color-matching functions (x-bar, y-bar, and z­
bar) may not be matched wel l. This results ill 
errors when the device is used to measure dif­
ferent spectral distributions. 

In the case of array spectroradiometers, a 
number of factors can contribute to the accu­
racy of color measurements, including stray 
light, wavelength scale errors, and the linear­
ity of the detector array. 

No matter what type of device is used, the 
error analyses are complex and the uncertain­
ties of color-measuri11g instruments for vari­
ous displays - and for different colors - are 
often not well known. So even if an instru­
ment is calibrated accurately against an incan­
descent source, we don't know how well the 
instrument can subsequently measure the 
chmmaticity and luminance of display colors . 

Empirical evidence demonstrates how sig­
nificant this problem can be. We took anum­
ber of colorimeters and measured the cluo­
maticity of various colors of a display. We 
found that inter-instrument variations in the 
meas urements were as large as 0.01 in x,y and 
10% in Y, depending on the color and type of 
display being measured. These variations are 
an order of magnitude larger than expected 
from the manufacturers' specified calibration 
tmcertainties, and imply that the tmcertainty 
of some of the commercial instruments is at 
this level for display color measurements. 
Uncertainties in color measurements on tltis 
order are too large for many current commer­
cial, industrial, and military appl ications. 

In Juau y 
approaches relying solely on incandescent 
sources are not adequate to meet current needs 
in display measurements. The National Insti­
tute of Standards and Technology (NIST) has 
addressed this problem by developing a cali­
bration facility in Gaithersburg, Maryland, for 
colorimeters tailored to display measure­
ments. 

During a calibration, test instruments -
colorimeters or spectroradiometers - are cali­
brated in direct comparison with a reference 
instrun1ent while measuring various colors of 
actual displays. Upon calibration, a colorime­
ter can be used to measure any color of the 
display with a known tmcertainty in chro­
maticity and luminance. 

NIST Calibration Facility 
Both source-based and detector-based meth­
ods are commonly used as transfer standards 
in calibrations. Unfortunately, displays are 
not colorimetrically stable and reproducible 
enough over long time periods to be used as a 
source for transfer standards. As a result, we 
have employed a detector-based calibration 
strategy. 

The detector-based scheme starts with a ref­
erence instrument with known characteristics. 
Tlus reference instrument and the instrument 
to be cal ibrated are used to measure various 
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display measurement 

colors of a particular display. The differences In general, the errors- in both chromaticity approach, deriving a correction matrix for the 

in results determine the errors of a test instru- and luminance- vary depending on the color test instrument based on measured errors. 

ment. Once these errors are known, they can of the display. A look-up table for the errors Th.is matrix makes it possible to correct for 
be corrected when the test instrument is sub- with different colors would be difficult to any color of a particular display, transferring 

sequently used. 1 maintain. We chose a more manageable the calibration from the NIST reference 
instrument to the test instrument. 

In order fo r this strategy to work reliably, 

0 .006 
three comerstones must be in place. We 

I I r 1 I require a stable, well-characterized reference 

" detector to be used for the display measure-D 

0 .004 
" 

- ments, an effective matrix-correction tech-

" " nique, and a display that is colorimetrically 

" " stable over the course of a typical calibration 
0.002 • c 0 " -

D D measurement sequence. 

X • • D 

0 • • - : • " • • The NIST Reference Insti·ument 
<I ... • ; • • ! The reference spectroradiometer consists of 

0 

-0.002 c 0 imaging optics, a double-grating scatming 
D • 0 

0 monochromator for wavelength selection, and • 
-0.004 • D a photomultiplier tube (PMT) (Fig. 1). The 

output of the PMT is sent to a digital volt-
0 meter and the voltage is recorded as a function 

-0.006 c 0 of wavelength by a computer. The input 
0 optics include a depolarizer and order-sorting 

-0.008 I 
filters. The depolarizer reduces the polariza-
tion sensitivity of the instrument to less thiln 
1% whi le order-sorting filters placed in front 

0.015 of the spectrometer entrance sl its eliminate 
I higher-order grating diffraction effects. 

T his design results in a reference instru-

0 
ment with suitable characteristics (Table 1). 

0 .01 It can measure CRT colors with an expanded 

0 
uncertainty of approximately 0.001 in chro-

0 
0 maticity and 1% in luminance. 

D 0 

>. 0.005 
c • Four-Color· Matrix-Con·ection Method 

<I • The second cornerstone is an effective correc-

I • 1!1 0 • 0 I • • tion-matrix technique that can be used to 
0 • • " 0 

' 
'I' c • D improve the accuracy of tristimulus colorime-

• ters for color display measurements. The first 
0 

• step is to measure the diffe rences in results 

-0.005 D 

c Table 1: Reference Spectro-
r adiometer Characterist ics 

-0.01 I I I I I 

w 0 z w z <( ::: co 0) 0 Parameter Va lue 
!:: w w ::,) <( ._ 

0 a: a: 
,..... 

J: a: w ..J > z ...1 0 0 a: Wavelength uncertainty ±0.1 nm 

::: a: m 0 w ...1 0 Colors " " w ...1 ...1 Slit scattering function 5 nm ± 0.1 nm; 
...1 0 0 ...J 
...J 

<( > 0 0 0 triangular 
:l ::::!!: 0 
LL Stray light factor <2 x w-6 

Polarization sensitivity <1 % 

Fig. 3: Uncorrected chromaticity differences between five test instruments and the NIST refer- Random noise <0.2% of the 

ence instrument for 10 colors of a CRT display. peak signal 
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from the reference instrument and the instru- of phosphors . The Four-Color Method works sured display and the display used in the 
ment being tested, when both measure various well (within ±0.00 1 in x,y) for small spectral derivation of the correction matrix. A cali-
colors of a display. This data can then be variations in the primary colors within the brated instrument can therefore measure any 
used to create a 3 x 3 correction matrix. TI1e same type of display, but is not effective if number of different displays utilizing similar 
correction matrix can then be used to trans- there are large variations between the mea- phosphors to the display used for the calibra-
form the test instrument's tristimulus values to 

l more closely approximate the reference val-
ues. The corrected values from the test instru- 0.008 
ment are thus expressed as linear combina- I I I I I I I I I I 

tions of the tmcorrected values. 0.006 The trick here is to create a correction 
matrix that accurately transfonns the values, 

0.004 and several different approaches have been -
developed. For example, the American Soci-

0.002 ety for Testing and Materials (ASTM) recom- X 
mends a method that minimizes the root-

<:] I I mean-square (rms) difference between mea- 0 - - - - • • 
sured and reference tristimulus values for sev- l!i il .. c 0 
era! different colors of a display. The chro- -0.002 c c 

maticity values are then calculated from the 
corrected tristimulus values. -0.004 

But this method does not always work as 
well as expected. Because the ASTM method 
is based on the transformation of tristimuJus 

-0.006 1-

values, it is susceptible to luminance errors -0.008 I I I I I I I I 

arising from display instabi lities and inconsis-
tent alignment of the instnunents that affect 
the accuracy of the corrected chromaticity val- 0.015 
ues. 

I I I I I I I I I I 

r:;;;... 
Measurements of chromaticity values are 

normally more stable and reproducible than 
0.01 measurements of tristimulus values. They are r- -

relative measurements, so many of the sources . 
of luminance error tend to be reduced or can-
celed. Consequently, a matrix-correction 0.005 r- -
method - the Four-Color Method - was 
developed that reduces the difference between >. 
measured and reference chromaticity values 0 

Iii I I <:] 0 • -rather than tristimu]us values. Because the c 1!1 - • 
new method is based on chromaticity values, c 
it is insensitive to luminance errors and conse- . 
quently tends to work better than previous -0.005 ,... -
methods. 

A comparison of corrections by various . 
matrix methods demonstrates the differences -0.01 I j_ I 

in residual post-correction errors (Fig. 2). In a w c z w z <1: 
== 

c:o 0) 0 
test with 10 display colors, the Four-Color !:: w w ::» <1: .... 0 c: c: 

,.. 
Method reduced the corrected rms chromatic- Colors :I: c: w -1 > z _, 

0 0 c: 
3: c: m (.) w _, 0 ity differences more than the other techniques. " " w 

_, _, 
..J 0 0 

_, 
Matrix-correction techniques assume that ..J <1: > (.) (.) 0 

the spectral distributions of the three primary ~ ::i!: (.) 
LL 

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 Fig. 4: Residual (post-correction) chromaticity differences between five cal ibrated test instru-
between displays incorporating different types ments and the NIST reference instrument for 10 colors of a CRT display. 
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display measurentent 

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

Calibration Results 
At NTST, we calibrated five disparate com­
mercial instruments - including tristimulus 
colorimeters a11d 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 I 0 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-

Bergquist Touchscreen 

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 instnnnents varied 
great ly 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 NTST 
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 ru1d that the calibrated instrument 
agrees with the reference instrument to within 
0.00 I 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 tltis 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 wi ll 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. 
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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 conummications, most office-type 
work could be clone 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 
tJu·ee 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 fo llow 
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 envirmm1ents 
outside of traditional corporate office struc­
tures . What is really fortunate is that all of the 
Internet appHances that are now being devel­
oped and will soon 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 35. 

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, 
Fai rchild, 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-fic tion 
fantasy, Tektronix introduced a 500-MHz 
oscilloscope. 

The teclmology was on a roll. Some 
expected that soon would come 1-, 2-, then 5-
0Hz 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 teclmology? 

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 impm1ant than the design of th e 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 banier with our computers, as earlier hap­
pened with test and measmement instruments. 
We will find that "the wall" is still somewhere 
around 1 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 neecl500-
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 litt le 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, conummi­
cations, and so forth, and respond to each of 
these with products having optimized fw1c­
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 opportuni ties. 

Therefore, as you cheerfully do your Hol i­
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, fina lly, 
suggest to your boss that you will stay home 
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and avoid the rush-hour conunute because you 
can be more productive that way. Won't that 
be a great Christmas present for yom 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 si lzars@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 jmm1ey to 22513 
S.E. 47th Place, Issaquah, WA 98029 on an 
airplane that will fly no faster than the ones of 
thirty Christmases past. • 

editorial 

continued from page 2 

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

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

Single Column Out 
Defect 

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

or visit our Web Site at www. iv-usa.com 
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The Sixth International 
Display Workshops 
(IDW'99) 
The 6th International Display Workshop (lOW '99) will 
be held at the Sendai International Center in Sendai, 
Japan, December 1-3, 1999. This year's workshop is 
comprised of 265 papers and will feature Poster 
Sessions, Author Interviews, and Exhibits. The work­
shops should be of interest not only to researchers and 
engineers, but also to those who manage companies 
and institutions in the display community. 

14 
SID '00 

LONG BEACH, CALIFORNIA 
MAY 14- 19, 2000 

• 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 

For additional information: 
Dee Dumont 1·: 
Society for Information Display l -

31 East Julian Street 
San Jose, CA 95112 
408/977-1013, fax -1531 
www.sid.org 

20th International Display 
Research Conference 
(IDRC '00) 

PALM BEACH, FLORIDA 
SEPTEMBER 25-28, 2000 

• An international conference on disolay 
research and development asoects of: 
- 'Display Fundamentals Display Devices 
-Hard Copy & Storage Input Systems 
- Integrated Devices and Applications 
- Image and Signal Processing, 
- Calor Perception, Human Factors 

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

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

SCOTTSDALE, ARIZONA 
NOVEMBER 14-17,2000 

• An international multidisciplinary forum 
for dialogue on: 
-Creation and capture of Color Images 

Calor Image reproduction and 
interchange 

-Co-sponsored with IS& T 
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SID '00 
Long Beach, California 

Long Beach 

Convention Center 

May 14-19, 2000 

~ 
FAX: (440) 646-9987 1 (888) 646-9986 

www.genvac.com email: info@genvac.com 
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Increase EMI/RFI 
Protection vvith 
DURALAN II™ 
High Performance Windows, 
Lenses and Filters 

Laminated Within the Filter 
Various Conductors Available 
Abrasion Resistant Surface 
Anti-Glare Finishes 
Various Transparent Colors 
Contrast Enhancement 

Mark Your Calendar Now! 
GRAPHICS AND ELECTRON IC S 

For additional information call 856/825-8900, 
FAX: 856/825-8969, or visit our Web site at: 
www.silver-cloud.com 
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Internet Consulting 
and 

Database Research 

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

http:ffwww.sid.org 

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

H.L. Funk Consulting 
7 Diane Court 

Katonah, NY 10536 
Telephone/Fax: 914-232-3530 

E-mail: 
consult@ hlfunk.com 

C iJ·cle no. 24 

Save 90% of Original Cost 

• 
Double Sided Vertical In-Line 

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

· Documentation · Ready to ship now 

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

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

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

www.lasermotion. com/ MFG-SEMI.html 

l MDC laser & Motion 
Development Co. 

3101 Whipple Road, Union City, CA 94587 

510-429-1060 Fax-429-1065 
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The 6th International Display Workshops (IDW 
'99). Sponsored by the Institute of Image Infonna­
tion and Television Engineers and the Japan Chap­
ter of the Society for Information Display. Contact: 
IDW '99 Secretariat, c/o Conventions, Annecy­
Aoyama 2F, 2-6- 12, Minami, Tok')'o, 107-0662 
Japan; +8 1-3-3423-4180, Fax- 4108. 
Dec. 1-3, 1999 Sendai, Japan 

The 16th Annual Flat Infonnation Displays Con­
fet·ence. Sponsored by Stanford Resources. Con­
tact: Laura Barretto; 408/360-8400, fax -84 10, 
e-mail: l.barretto@stanfordresources.com. 
Dec. 16-17, 1999 Montet·ey, 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 
+33-2-96-233 1-64, 
e-mail: jverdez.clubvisu@wanadoo.fr. 
March 3-5, 2000 Porte Maillot, France 

2000 SID lntemational Symposium, Seminar & 
Exhibition (SID '00). Sponsored by the Society 
for Inf01mation Display. Contact: Mark Goldfa rb, 
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 In ternational Display Research Con­
ference (IDRC '00). Sponsored by the Society for 
Information Display. Contact: Ralph Nadell, Pal­
isades Institute for Research Services, Inc., 41 1 
Lafayette Street, 2nd Floor, New York, NY 10003; 
212/460-8090 x203, fax -5460, e-mail : rnadell @ 
newyork.pa lisades.org. 
Sept. 25-29, 2000 Palm Beach, FL 

Eighth Color Imaging Conference: Colot· 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; 408/977-10 13, 
fax - 153 1, e-mail: o!Tice@sid.org. 
Nov. 14-17, 2000 Scottsdale, AZ 

SID news 

* '~ '~ OBITUARY * * * 

Dr. Sanai Mito Dies at 88 
With great regret 

we rumounce the 

death of Dr. Sanai 

Mito, who was a 
SID life member 

and the first SID 

Japan Chapter 
Chair. He died of 

Dr. Sanai Mito acute pneumonia 
on September 14, 

1999, at Takarazuka Mwlicipal Hospital in 

Hyogo, Japan, after a long illness. He was 88 
years o ld. 

Dr. Mito was e lected a Fellow of th e Soci­

ety fo r Information Display (SID) in 1976, the 

fi rst Japanese c itizen to receive this honor. 
His notable contributions to the field of flat­

panel-display devices and Ius leadership in 

applying them to moni tors fo r persona l com­
puters and consumer TV sets won him respect 

both nationally and internationally during his 
st:rvic:t: i:l5 Executive D irector of Sharp Corpo­

ration from 1965 to 1988. 
We shall a lways remember him, not only as 

a scientist but as a broad-minded leader of the 

dis play-technology field. W hen Dr. Mito 
attended the SID lntematio nl Symposium and 
some other meetings in 1974, he itmnediately 

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 d evoted lumself to the 
well -being of S ID and the world display com­

munity . 

We offer our s incere thanks to all those 
who showed Dr. Mito kindness during his 

lifetime. 

- Chuj i Suzuki 
SID Fellow 

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



lNTRODUClNG A FLAT PANEL DlSPLAY APPLlCATlONS CONFERENCE 

DAPPCON San Jose wi11 be co-located with DISPLAY 
WORKS 

FPD BUSlNESS CONFERENCE 
Featuring Presentations from Philips, In tel, AT8:T, 
Glassbook, and Needham 8: Co. 

• From Electronics to Displays 

• Integrating Displays lnto Platforms 

• TI1e Future of Human Communications 

• Software and Displays 

• Why Wall Street is Betting on Displays 

MANUFACTURlNG TECHNOLOGY CONFERENCE 
Featuring Presentations from Applied Materials, Kodak, 
Hewlett-Packard and Displaytech 

• Microdisplays 

• OLEOs 

• LCDs 

• Yield Improvement 

• Production Cost Savings 

lNDUSTRY EXHlBlTS • WORKSHOPS AND COURSES • lNDUSTRY MEETlNGS 
For Full Progrdm Information and On- line Registration, visit www.dappcon.org 

Exhibit lnfonnation: Phone SHO, Inc. at 650-964-2050 or email sho@'ix.nctcorn.corn General Information: Phone USDC at 408-277-2400 or ernailusdc@usdc.org 
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Acer Display Teclmology 
Ad-Vance Magnetics, Inc. 
Advance Reproduction Corp. 
American Panel Corp. 
Applied Concepts, Inc. 
Arconium 
Artesyn Solutions, Inc. 
A TI Technologies 
autronic - Me leiters GmbH 

BPS 
Brewer Science, Inc . 
BrimarLtd. 
Brown & Sharpe Surface Inspection 

Systems, Inc. 

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

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

Earth Computer Teclmologies 
ELDECCorp. 
Electro-Plasma, lnc. 
Emco Electronics Ltd. 
Endicott Research Group, Inc. 
ERSO/ITRI 

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

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

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

IBM 
Imaging & Sensing Teclmology 
Imaging Syste ms Technology 
Incom, Inc. 
Industrial Electronic Engineers, Inc. 
Infinite Graphics, Inc. 
Infodex, Inc. 
Instrument Systems 
Interface Products, Inc. 
lnterserv Corp. 
Interstate Electronics Corp. 
Ion Systems 
lse Electronics Corp. 

Kent Displays 

LCD Lighting 
Lexel Imaging Systems, Inc. 
LinFini ty Microelectronics, Inc. 
Lite Array, Inc. 

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

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

RF Power Products 
ROLIC Research Ltd. 

Sarnoff Corp. 
Schott Corp. 
Semiconductor Systems, Inc. 
Sharp Corp. 
SI Diamond Teclmology, Inc. 
Sony Corp. Research Center 
Stanford Resources, Inc. 
Superior M.icroPowders 
Supertex, Inc. 
Symbol Technologies, Inc. 
Syntronic Instruments, Inc. 

Tamarack Scientific 
TDKCorp. 
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 

UL V AC 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 Teclmologies 

XCITEK, Inc. 

Bergquist .............................................. 34 
BOC Coating Technology ..................... 6 
CELCO (Constantine Engineering 

Laboratory Company) ..................... C4 
DAPPCOM .......................................... 43 
H. L. Funk Consulting ......................... 42 
General Vacuum ...................... ............ 41 
Goldentek ............................................. 35 
Integral Vision .... ................ ................. 39 
Klein Instruments ................................. 20 
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Microvision ................................... .... 8,39 
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Business and Editorial Offices 
Palisades Institute for Research 

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

Pilkington Libbey-Owens-Ford ............. S 
Photo Research .................................... 17 
Polar Vision ......................................... 25 
Quantum Data .......... .............................. 7 
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U.S. Electronics ......... .......................... 35 
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Sales Office 
Palisades Institute for Research 

Services, Inc. 
411 Lafayette Street, 2nd Floor 
New York, NY 10003 
Tracy Leibowitz, Sales Manager 
212/460-8090 x2 11 Fax: 212/460-5460 
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Three-Five Systems, Inc. 
Tempe • 602-389-8600 Fax: 602-389-8801 

THREE-FIVE SYSTEMS, INC.™ 
We Display Excellence 

Three-Five Systems, Inc. 
www.lhreeflve.com email: Display@threefive.com 




