














































































































display metrology

Another common projection-display mea-
surement is the contrast ratio of a 4 x 4
checkerboard pattern at 16 points (Fig. 5)."*
The illuminance at the center of each rectan-
gle is measured, and the average of the white
levels divided by the average of the black lev-
els gives one measure of contrast. Our results
show a 34% improvement in the contrast mea-
surement when using the projection-mask
method.

What About Luminance
Measurements?

So far, we have only discussed measurements
using an illuminance meter. Using a lumi-
nance meter poses a more difficult problem
because we must now consider the reflective
properties of the screen and the veiling glare
of the light-measuring-device (LMD) lens
(Fig. 6). Many screens direct or “shape™ most
of the projected light back in the direction of
the viewer more than a perfectly white Lam-
bertian surface would. Such shaping is called
“screen gain” and can been defined as the
ratio of the luminance of the screen at a spe-
cific point (usually center screen) to the lumi-
nance of a Lambertian diffuser placed at the
same point on the screen.

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

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

We can take advantage of the diffuser’s
properties to convert from a luminance mea-
surement (in cd/mz) to illuminance measure-
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Fig. 3: A stray-light-eliminarion tube (SLET) is a more complicated device than a projection
mask. But for extreme conditions, such as a room with overhead lights switched on, this method
is preferred because it eliminates a great deal of stray light.
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Fig. 4: As the size of the black rectangle in a series of halation images increases from 5 to
100%, the black-luminance level appears to decrease, but the level varies less dramatically if
back-reflections are taken into account. The SLET and the projection-mask methods produce
similar results.
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Fig. 5: Using a projection mask produced a 34% improvement in a contrast measurement

made in our laboratory.

ments (in Im/m?, or lux). By using the simple
relationship L = (p/m)E = gE, where p is the
fraction of light reflected from the surface
(luminance factor), and g = p/r is called the
luminance coefficient. This equation is only
valid for a Lambertian reflector. Materials
with p 2 99% can be obtained.

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

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

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

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

Other Precautions

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

Room reflections and other stray-light
sources may increase this variability. Varying
the distance of the detector from the projector
also changes the illuminance. As the distance
of the detector from the projector increases,
the illuminance decreases at a rate of 1/r?,
where r is the distance from the projector
(inverse square law). So, if r =3 m, thena
10-cm error in the placement of the illumi-
nance meter represents a 0.7% error in the
illuminance measurement. If the operator
must hold the instrument in the image plane

| for the duration of the measurement, then care

should be taken to avoid reflections from the
operator’s face, arms, hands, and clothing.
Standing as far off to the side as possible and
wearing dark clothing will help to minimize
such contributions. Finally, we must be sure
that the mask or the projected image of inter-
est completely covers the detector surface or
completely covers the measurement aperture.

Take Nothing for Granted

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

continued from page 4
Dear Mr. Silzars:

A friend in CRT manufacturing handed
me a copy of “The Display Continuum”
for April/May. I am in the photographic
retail and photo finishing business, and

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

In closing your article you state, “The

| biggest mistake I think most technology

forecasters make is to assume that once a
new technology is developed its accep-
tance is a given.” I suggest that you
should apply this caveat when considering
the future of photography. From my per-

spective, there are two great obstacles to
the digital photography revolution. The
first and most obvious is the basic lazi-
ness of the consumer. Granted, for the
professional, digital is the direction pho-
tography should and will head. However,
the amateur is a long way from being
willing and interested in sitting down at
the computer and making prints from his
100 or so vacation photos. Even printing
a dozen or so photos may require more
time than they are willing to expend.

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

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

— Brad Lundgren
Lundgren Photo

991 8. Perryville Road
Rockford, IL 61108
blundgren@aol.com

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

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

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

disk drive the start of some new trend,
and, therefore, does it mean that we really
should be concerned about the future read-
ability of information in which we may

have long-term interest? (And that, of

course, applies to more than just photos.)
In spite of these reservations, I am

going to make the bold prediction that
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digital photography is going to be the
“third wave” in computer-technology
evolution. The first wave was the devel-
opment of the PC itself. Most of us
would identify the birth of the Informa-

tion Age with the IBM PC and the Apple
IIe. It’s interesting to think back how

many failed attempts there were to try to
make the PC a “useful” home appliance.
Not only were we going to do word-pro-
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cessing and spreadsheets, but we were
going to play all kinds of mentally chal-
lenging games on our computers, keep
detailed personal financial records, man-
age our grocery lists, and control our
home heating systems and kitchen appli-
ances. Well, the word-processing func-
tion and the spreadsheet survived pretty
well, even though these were not consid-
ered as sufficient justification for having
a home computer. A few database func-
tions such as address lists and specialized
small-business-management programs
also turned out to be handy. But at least
half of the laptop computers I see lit up
on airplanes these days are being used to
play solitaire. So much for using the
computer to challenge the intellect!

The second wave has been the Internet.

| This function was not anticipated by any

of the brilliant minds trying to come up
with relevant uses for the early PCs. It
evolved from a number of initially unre-
lated events. But once a few clever users
figured out that the Internet could be
accessed from their PCs, everyone
wanted in. The Internet introduced a
powerful communications capability to
the PC. And this has been the giant driv-
ing force for many people to become
computer-literate who otherwise would
have ignored PCs. Internet-connected
PCs create a communications medium
that does not replace the telephone. or the
fax, or even conventional mail, but which
facilitates a whole new and virtually cost-
free worldwide communications capabil-
ity. It’s personal, but not as personal as
the telephone. I can give you bad news
by e-mail easier than by a personal call. 1
can send a little or a whole bunch, but if
want you to see certain kinds of informa-
tion in a certain way, I may still want to
use a fax or even the mail, including an
overnight service. I can search for infor-
mation such as stock quotes and other
time-dependent data, and I can do it bet-
ter via the Internet than by any other
means. However, if I want lots of details,
or if I'm not sure what I'm looking for, a
trip to the bookstore or the library may

| still serve me better.




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

Now, I predict that the third wave
will be full-color imaging, and it’s
almost upon us. Within this, I include
image acquisition, image manipulation,
image storage, image reproduction, and
image transmission.

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

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

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

What we consumers really want is to
be able to choose the image-capture
medium we find the most convenient for
a given situation, and then to be able to
convert it to whatever other medium we
may want for our subsequent enjoyment
- film to disk, disk to CD, digital-camera

| module to disk, CD or disk to film, and

| so forth. All media are fine for us as long

| as we can acquire, manipulate, store,

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

Oh, how our past comes back to haunt
us! Some years ago in this column, 1
passed on to you the words that “Displays
are windows to the Information Age.”
And here we are, limited in our ability to
view multiple images by having too small
a “window.” Oh, sure, you could argue

| that it’s possible to put up more than one

picture at a time by dividing up the moni-
tor screen into segments, but that all
sounds like so much more effort than
spreading a bunch of photographs, maybe
a hundred or more, all over the dining
room table. Which would you rather do?
By the way, your answer might not be the
same as mine. Would bigger and higher-
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resolution displays solve this problem?
Not all that well, it seems to me.

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

to be achieved within the next two to
three years, when we begin to see two-
megapixel cameras at a selling price of
under $1000 (comparable to typical full-
feature 35-mm cameras).
Consumer-atfordable printing technol-
ogy is similarly not yet quite as good as
chemically based photography, but it’s
also getting closer, and we will be at par-
ity within about 3 years. However, for
many consumer and even commercial
applications parity is not required. News-
paper photos, real-estate and other adver-
tising brochures, and technical-report
images do not need the ultimate large-
format image quality. A 4 x 6-in. photo
is typically all that is needed. The current
digital cameras can do those instantly
and, to the casual user, with quality indis-
tinguishable from 35-mm photographs.
The younger set just wants to do inter-
esting stuff and have fun doing it. They
are typically more willing to try new things
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even if the new technology doesn’t meet
every quality criterion of the older tech-
nologies. If a reasonable-looking image
can be put up on the computer screen,
manipulated, printed, and sent to friends
via e-mail, then let’s just do it. In a few
months, we’ll do even better ones. That’s
the way the world works, doesn’t it?

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

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

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

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




Display Works 99: Manufacturing
Technology Conference

1 A Vertically Integrated Exposition
for the Electronic Display Industry

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

components.
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SID 99

SAN JOSE, CALIFORNIA
MAY 16-21, 1999

= SID' VENT

* An Int i 0si inar,
and Exhibition = ing:

— Technical Sessions — Poster Session

- Aut terviews — Eveni ane

- I lications Seminars
- ical inars — Applications

—P ibits — Display Technolo
Showcase

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

S[1|D

e S.EP TENIEER

19th International Display
Research Conference
(Euro Display "99)
BERLIN, GERMANY
SEPTEMBER 6-9, 1999
« An international conference on display

I velopment aspects of:

- Di Fi ntals. Display Devices.
— Hari ut Systems.
-1 ices and Applications

- Image and Signal Processing

— Color Perception. Human Factors

. NOVEMBER

6

Fifth International
Conference on the Science
and Technology of
Display Phosphors

SAN DIEGO, CALIFORNIA
NOVEMBER 8-10, 1999

international conference on the future
prospects of phosphors for:
—OLEDs — ELDs — FEDs
— CRTs — Plasma Displays
— PL Devices — LC Backlights

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




Reservation Housing Form

Society for Informational Display
May 16 - 21, 1999 - San Jose, California
CONVENTION HOTELS:

PLEASE TYPE OR PRINT CLEARLY: HOTEL 1PRS| 2PPL{ 3PPL| 4PPL
Use one (1) form for each room request. “* |Fairmont Hdq. §146 | §156
Photocopy additional forms if necessary “|Crowne Plaza 5149 |s149 £159 %159
Occupant Name “*|Hilton & Towers |8157 | 3175 3190 | $205
) " *[Hvatt Sainte Claire[$117 | (limited availability)
Sharing with “*|Hyatt Sainte Claire[$142 | 8142
“*|Hyatt Sainte Claire $155  [(2 beds, 2 people)
*|Hyatt Sainte Claire|5155 [ 8155 (1 King Bed)
SEND CONFIRMATION TO: Hyatt San Jose 8179 |$199 | $224 | $249
Name Doubletree s161 $181 $201 5211
Organization Rg(lisson Hotel .:52169 :'S169 Slﬁ‘) .:_fl(a()

d Wyndham 3169 [5169 5179 $189
Address Airport Inn Int'l_[889 | $99 | 899 | $99
City Best Western §70 | 870
State/Province Zip/Posta] Code Best Western (2 Lus. 2 people)f $80 280 £80
Country Hanford Hotel |$'13-'1- $144
Telephone FAX Note: These rates are subject to 10% occupancy tax.

*#Note: Within walking distance. (Other hotels are within 3-4 miles
Arrival Date Departure Date from the convention center.)
Email Address HOTEL PREFERENCE:
*Reservations will not be processecl without a_form of guarantee. First Choice
Type of Card
Account # Second Choice
Expires Third Choice
Signature

O Check [must accompany form in the amount of $150 per TYPE OF ACCOMMODATION: (check one)
room (payable to SJCVB] if credit card is not provided-FAX not Single (1 bed, 1 person) [0  Double (1bed, 2 people)
acceptable.| Double/Double (2 beds, 2-4 people)

-No purchase orders will be accepted. Smoking [ Non Smoking

Require special facilities in accordance

with the American With Disabilities Act.

ooono

ACCOMMODATIONS:

Guest room reservations at the official hotels are handled on a first-come. first-serve basis. Requests for guest rooms should
be faxed or mailed to the San Jose Housing Bureau. Failure to receive your first choice does not constitute an errvor. The
bureau will accept only written reservations. Please provide your FAX number for a faxed acknowledgment. No telephone
reservalions will be accepted through the Housing Bureau. If accommodations are not available at the hotel of your
choice, comparable reservations will be made at other participating hotels.

GUARANTEED RESERVATIONS ONLY:

All reservations must be guaranteed at the time of your request to the housing bureau. *Reservations will not be processed
without a form of guarantee. You may do so by using a major credit card or sending in an advance deposit with your hous-

ing form. Your credit card is only a form of guarantee.

DEADLINES:

The housing bureau requests a response no later than April 17, 1999.

CHANGES & CANCELLATIONS:

To cancel or make changes to reservations, contact the housing bureau in writing only, up until the cut-off date of 4/17/99.
All cancellations must be received by the assigned hotel at least 72 hours prior to arrival to avoid a cancellation fee. After
4/18/99 changes can be made directly with the hotel.

Return This Form To: Society for Information Display
P.O. Box 6299, San Jose, CA 95150-9828 or FAX 408/293-3705
Housing Info Line Only: 408/295-2265 Ext. 423

E-mail: sid@sanjose.org
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San Jose
International S
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1850 Tl Society for
E Taylor . .
snwsesme  NfOrmational Display
= University
Arena ———@ = Santa Clara
Amtrak —@ ; San Carlos May 16 - 2] ’ 1999
@ﬁ Al Convention Center
% = ,2 .
. = .28
— . Hotel Accommodations
= Yirginia 1 Fairmont Hotel, Hdq. Hotel
= 2 Crowne Plaza
R wr.uow 4 Hyatt Sail’lte C‘.laire
= Alma 5 Best Western
= T 6 Wyndham Hotel
= gz 7 Airport Inn International
= 0 9 Hyatt San Jose
§ 10 Doubletree
11 Hanford
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i Light Rail

Light Rail runs
every 10-15 minutes.
Call (408) 321-2300
for exact schedule.
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Convention & Visitors Bureau



sustaining members

Acer Display Technology
Ad-Vance Magnetics, Inc.
Advanced Display Technologies
Arconium

Artesyn Solutions, Inc.

ATI Technologies

autronic - Melchers GmbH
Brewer Science, Inc.

Brimar Ltd.

Canon, Inc.

CELCO

Cherry Electrical Products
Chunghwa Picture Tubes, Ltd.
Clinton Electronics Corp.
Colorado MicroDisplay, Inc.
Corning Japan K.K.

Crystaloid LCDs

Display Inspection Systems
Display Laboratories
DisplaySearch

Displaytech, Inc.

DNP Denmark

Dolch Computer Systems

Earth Computer Technologies
ELDEC Corp.

Electronic Designs, Inc.
Electro-Plasma, Inc.

Emeco Electronies Ltd.

Endicott Research Group, Inc.
ERSO/ITRI

FED Corp.

F-P Electronics

Futaba Corp. R&D Center
General Vacuum, Inc.
Hewlett-Packard Co.

Hitachi, Ltd.

Hoya Corporation USA

IBM

Imaging & Sensing Technology
Incom, Inc.

Industrial Electronic Engineers, Inc.
Infinite Graphics, Inc.

Infodex, Inc.

Instrument Systems

Interface Products, Inc.
Interserv Corp.

Interstate Electronics Corp.

ISE Electronics Corp.

Kent Display Systems

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

Micron Display Technology, Inc.
Microvision Corp.

Mitsubishi Electric Corp.
Mitsubishi Electronics America
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Motorola FPD Division

NEC Corp.
Nippon Seiki Co., Ltd.

OIS Optical Imaging Systems, Inc.

OKI Electric Industry Co., Lid.

Optical Coating Lab., Inc.

Optrex America, Inc.

Philips Flat Display System

Phosphor Technology Ltd.

Photon Dynamics

Photo Research

Pilkington Micronics Litd.

Pix Electronics, Inc.

Planar America

Planar Standish, Inc.

Plasmaco, Inc.

Polar Vision, Inc.

Polytronix, Inc.

Q.C. Optics, Inc.

Quantum Data Inc.

RF Power Products

ROLIC Research Ltd.

Sarnoff Corp.

Semiconductor Systems, Inc.

Schott Corp.

Sharp Corp. - Japan

SI Diamond Technology, Inc.

Sony Corp. Research Center

Stanford Resources, Inc,

Supertex, Ine

Symbol Technologies, Inc.

Syntronic Instruments, Inc.

Tamarack Scientific

TDK Corp.

TEAM Systems

Techneglas, Inc.

Teledyne Lighting & Display

Terapixel, Inc.

Thomas Electronics, Inc.

Three-Five Systems, Inc.

Toshiba America Electronic Corp.

Ultra Electronics Command &
Control Systems

ULVAC Technologies, Inc.

Unipac Optoelectronics Corp.

Universal Display Corp.

Ushio America, Inc.

Viratec Thin Films Inc.

Vishay-Dale Electronics, Inc.

Westaim Advanced Display
Technology

Westar Corp.

WINTEK Corp.

WinTron Technologies

XCITEK, Inc.
XMR, Inc.

BOC Coating Technology.............e..... 10
CELCO (Constantine Engineering
Laboratories Co.)....cccou..
CyberTouch......
Digital View.
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Klein Instruments Corp....
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MicroJoin ......... 39
Microvision .......... 11,32
NEC Technologies ...

index to advertisers
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Optrex America
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Society for Information Display .

Solomon Technology Corp.
Team Systems ..
TEKRA
Three-Five Systems
Topeon America Corp.
Toshiba America Electronic
Components
Unigraf o
Video Instruments
Westar Corp. ....

Business and Editorial Offices
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

Sales Office
Palisades Institute for Research
Services, Inc.
411 Lafayelte Streel, 2nd Floor
New York, NY 10003
Christy Smith, Director of Sales
212/460-8090 x211  Fax: 212/460-5460

Employment Opportunity

The Display R&D Center of LG Electronics Inc.
(LGE) is soliciting applications for a research
engineer position. The applicant must have a
strong background in driver circuit design for flat-
panel displays, such as field emission or plasma.

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

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

Applications will be reviewed beginning
immediately and will continue until the position
is filled. Please send a letter of application, vita,
copies of transcripts, and three professional
references (name, position, institution, phone
and facsimile numbers, e-mail address) to
Mr. John H. Shin, Deputy General Manager,
Display R&D Center, LG Electronics Inc.,

16 Woomyeon-Dong, Seocho-Gu, Seoul 137-724,
Korea. Electronic submissions of application
materials are welcome and should be sent via
e-mail to johnshin@wm.lge.co.kr.
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Get Active

Three-Five Systems, Inc. is proud to introduce an off-the-shelf
display solution - the LCaD ™ 1/4 VGA display. LCaD™, Liquid
Crystal Active Drive, is a passive matrix display which uses
customized drive circuitry to scan multiple lines of the display
simultaneously. The result is a display with a higher contrast
ratio, wider viewing angle, and a lower power requirement than
a display using conventional LCD drive techniques.

LCaD™ 1/4 VGA displays bring enhanced viewing capability
usually reserved for active matrix displays at a fraction of the
cost. The LCaD™ 1/4 VGA generates up to 16 shades of gray
and is also easy to interface. With serial and parallel capability

@THREE—FIVE SYSTEMS, INC

Tempe = & Europe * 4

for command/data and all LCD rastering self-contained within
the LCaD ™ display, developing exciting content of both text and
graphics is just a few short programming steps away.

Is the information content of your design increasing? Is y
instrumentation or appliance design in need of a f: :

Ltd. Three-Five Systems, Inc
: 44-1793-549135 www.threefive.com email: Display@threefive.com

Circle no. 25
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As CELCO celebrates their 48th year providing
state-of-the-art components for CRT displays, we wish
to thank not only our longtime friends, but also the new
pioneers in the CRT imaging indusiry.

We are excited fo be on the leading edge of the
newest technology in space, avionics, defense, medi-
cine, scientific research, virtual reality and miniature,
portable display applications.

CELCO's newest generation of high resolufion yokes is
the result of challenges to meet the needs of high
performance in specialized medical imaging displays.
k CELCO, a Charter Member of the ever-growing
| Society for Information Display, annually exhibits their
newest products for the CRT display industry at SID.

CELCO founder and CEO, John M. Constanine, Sr.,
is a SID Fellow honored by the Society “for his widely

recognized and significant contribution to the advance-

ment of the display field.”

Contact CELCO Yoke Design Engineers
with your exacl display requirements

Faguy sagn

Computer-wound, patented
design for high resolution medical montiors

-

CELCO Yoke
for Naval
Shipboard Display

CELCO HMA400 |

Deflection Yokes for
Helmet-Mounfed,
Miniafure and Virtual

Reality Displays-

~ 70°Constantine Drive ¢+ Mahwah, NJ 07430
Tel: 201-327-1123 ¢ Fax: 201-327-7047

- E-Mail: CELCO NJ. com . www celco com ¢ Www. deﬂeciionyoke cam
= : Circle no. 26
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