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COVER: Silicon field-emission tips can be made as part of
an MOS transisior, which can provide the-iip with logicol
intelligence and allow the “infelligent FED " to be inte-
graled with other system components on a silicon wafer.
See Ken Werner's IDRC report on page 28,
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For more on what's coming in fnformation Display, aud lor
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SID Web site on the World Wide Web: hitp:/fwww.sid.org,
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« Ferroelectric LCDs
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+ Dynamic human-machine interfaces
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Point ... Shoot ... and Poetry

Point and shoot. More than a hundred press releases
cross my desk in the course of a month, and some of
them are even interesting, Zemith certainly made the
“interesting” category with the announcement of its
National Academy of Television Arts and Sciences
“Emmy” Award for pioneering the development of
wireless remote controls for consumer television.

: The first practical wireless remote confrol was
invented by Robert Adler in 1955 - the same Robert Adler who later developed
Zenith’s flat-tension-mask CRT and became the company's VP of research.

Zenith’s corporate push of remote conirol derived from founder Eugene
McDonald’s conviction that TV viewers would not tolerate commercials, While
waiting for the collapse of commercial television and its replacement with com-
niercial-free subscription television, McDonald believed viewers would appreci-
ate a wireless remote for muting the sound of commercials.

The first attenipt - and the first wireless remote - was Eugene Polley’s
“Flashmatic,” a directional flashlight that could be aimed at photocells located at
the four corners of the screen (for rotate tuner clockwise, rotate counter-clock-
wise, sound on/off, power on/off). There were some problems - sunfight shin-
ing on the set could start the tuner rotating - but McDonald loved the concept
and ordered further development.

This was very much in the eta of vacuum-tube elecironics, so designing a
compact, lightweight remote control was not trivial (and the sales department
was opposed to nsing batteries in the remote). So the stage was set for Bob
Adler’s truly clever design for the “Zenith Space Command”: a spring-loaded
hammer struck a lightweight aluminum rod that produced an ultrasonic fre-
quency. Four rods of different lengths produced four frequencies for controlling
the four basic functions,

The original version of Space Command was introduced in 1956. Tt added
30% to the cost of a TV set because a six-tube receivet/processor had to be
added to the set, but the control itself was compact and used finger power
instead of battery power. As transistors replaced receiving tubes, the ultrasomc
sounds were generated electronically and the in-set receiver dropped in price. In
this form, the ultrasonic remote control lasted through the 1980s, Over nine mil-
lion were sold by Zenith and other manufacturers.over 25 years, until they were
completely replaced by infrared remotes.

I remember, as a boy, being fascinated by the Zenith Space Command
receiver at a friend’s house. I never expected then that I would someday mest
its inventor. In fact, although I have spoken with Robert Adler several times
over the last ten years, I did not know he was the inventor of this ingenious
device until the arrival of Zenith’s interesting press release.

... and Poetry. Although some of us may find a kind of poetry in the baroque
pathways that lead from quantum mechanics through electronic and optical engi-
neering to a viewer’s direct experience of art, drama, foreign cultures, distant
friends, and momentous events (and, yes, Beavis and Butthead and afternoon
soap operas), display technology does not generate much poetry of the words-
on-paper variety. In fact, I've never seen any at all - until now.

I am grateful to Mike Brill of Sarnoff Corporation - until recently, the David

continued on page 40
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owerful Video Generators,

The Smart Choices.

If you want a very flexible Video
Generator, the Astro V(3-823 15 2
high performance, lightweight and
compact unit that offers the capablity
to test any high resolution display
system up to 1600x1280 at high
refresh rates,

With a RB-649 controller its a
bench top video generator. With the
RB-614C Remote Box it’s perfect for
the manufacturing area and it can
easily be programmed and operated
from a PC via RS-232C—that’s true
multi functionality.

Call 1-800-338-1981

DIGITAL

If you service, repait, evaluate or
engineer modern Flat Panel Devices,
the Astro VG-826 is the Digital
Generator for you,

It's small and light enough to fit in
your briefcase, yet bas the performance
to drive any single or multiplexed
Flat Panel Device with a resolution of
24 bits per pixel up to a multiplexed
frequency of 120MHz

It can be programmed and oper-
ated from 2 PC or with the RB-646
“Remote” frontpanel or operated
only with the RB-614C Controlier.

Visit www.team-systems.com

PG-BASED

This is the best PC-Based Video
Generator if you work with Display
Systerns up to 2 1600x1280 resolu-
tion. Its “DDC” capability is an
increasingly important asset in service
& manufzcturing applications.

The UNI-VG-D250pc allows
VESA-D.PM.S. testing and the ability
to import preset data files from other
sources as “test patterns’.

The user interface is DOS- and
Windows 3.1 and very easy to operate.

TEAystems

TEAM Systems, Ine. 2934 Cotvin Drive, Santa Clara, Cailifonia 95051

Circle no. 2

“Test And Measursement Technology”




the display continuum

A World Full of Electronic Peepholes ...

by Aris Silzars

‘One momning Andy awoke, got dressed, and went to
work.” After he had settled himself in front of his
computer screen in his cubicle office, a realization hit
him. All the stores he normally passed on his way to
work were gone! Yes, you know, the kind of stores

*.- where you buy stuff like television sets, microwave
ovens, books, CDs, clothmg, and most everything else. They were all gone.
Closed up. All that was left were convenience stores combined with gas pumps,
grocery stores selling pre-prepared meals, and restaurants. The streets were
ctowded with UPS, FED-EX, and other delivery-service trucks making their
never-ending rounds in response to shoppers now doing all their purchasing
using on-line computers and WEB televisions.

Was this just a weird dream? It couldn’t be. He had awakened as always,
gotten ready for work, and followed his normal commute route. But seemingly
overnight, the world had changed.

He remembered reading a few prediciions recently about how on-line com-
merce would replace conventional shopping. One in particular that now came
back to him was a magazine article that he had seen one Sunday evening in the
local Barngs & Noble bookstore. It was a columnn by a well-known and fre-
quently quoted industry prognosticator. In his column, this prognosticator con-
tended that bookstores are on their way out. The fnture would belong to Ama-
zon.com and similar all-electronic transaction providers. All of our shopping
would be electronic, with no need for dealers, stores, or others to get in the way
and cause prices to go up. Except for magazines, that is. And especially the one
for which he was writing. Magazines, as “context” providers, were somehow
going to be excluded from this revolution.

And why would all this happen - which now, it seemed, it already had?
According to this writer, we buy books, for example, because we want to read
what a specific author has to say. Therefore, we can order these books just as
well over the Internet as we can by going to a bookstore. In other words, the
bookstore adds no value to the transaction and, therefore, just causes prices to
increase unnecessarily.

Now from the look of things, as far as Andy could tell, this author and others
predicting the on-line Information Society had been right on target.

For lunch, Andy went across the street to his favorite deli, had a quick sand-
wich, and decided to take a walk and maybe browse for a new CD. But the CD
store was no longer there, Oh well, might as well go back and work at the com-
puter in his cubicle some more.

On his way home from work, he stopped at the grocery store, bought a pre-
prepared dinner, and thought he might like to find an interesting book to read
later that evening. He wasn’t quite sure what might inspire him. In any case, it
would be fun to just look around. However, as he pulled into the parking lot, he
could already see that his favorite Bames & Noble store had been replaced with
a giant magazine emporium. A big sign out front said, “THE WORLD’S
LARGEST CONTEXT PROVIDERS.” Disappointed, he got back in his car
and headed for home. Somehow, he would try to search on-line to see if he
could find anything interesting. However, spending more time in front of the
continued on page 36
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european views

United Kingdom: The UK’s Display-Technology Alliance

by Alan Mosley

With this issue we are pleased to begin publication of “European Views, ” a bi-
monthly column focusing on European display developments and viewpoints of
the Furopean and global display scenes. “Views” is plural, and columns will be
writien/compiled/edited by various members of the European display community.
- KIw

With support from the UK Government’s Foresight Challenge technology pro-
gram, UK industrialists and academics have formed the Display Technology
Alliance (DTA) in order to work together to improve flat-panel-display tech-
nologies. Total funding for this 3-year program, which started in January 1997,
is approximately $7.5 million, of which almost $5 million comes from UK
industry,

Fourteen UK-based companies and six UK universities form the founding
partners of the DTA, which is managed by CRL. The DTA aims to improve dis-
play technologies and components in order to give the UK displays industry,
which is primarily composed of distributors and value-added resellers, a com-
petitive advantage.

The DTA Partner Organisations, and their areas of expertise relevant to the
program, are as follows;

« British Aerospace (Sowerby Research Centre) - human-factors affecting

displays.

« Cambridge Display Technology - development of light-emitiing polymers.

+ CRI, ~ passive-matrix LCDs and backlight technologies (Program Man-

ager).

+ Epigem - polymeric micro-optics development and manufacture.

+ Fibredata Group ~ fibre optics and components.

« Heriot Watt University - optics research and holography.

+ Hewlett-Packard Laboratories - display-systems prototyping and evalua-

tiomn,

- IBM UK - open video standards and interconnections for monitors.

+ Meggitt Electronic Components - display modules and systems develop-

met.

+ Merck - liquid crystals and optical-film development.

« Philips Research Laboratories - AMLCD-architectures research.

« Pilkington Optronics - optical-systems development.

+ Pilkington Technical Glass Division - glass substrates and coatings.

« Screen Technology Ltd. - display-system architectures and design.

+ Smiths Industries Defence Systems - high-intensity backlights and display
systems.

University College London - optical modelling and design, and analogue
and digital circuit design.

University of Brighton - structure analysis.

University of Cambridge - optics modelling and design.

Loughborough University - thin-film coatings.

University of Oxford - materials for FEDs.

The DTA program has been divided into five sub-projects which are sum-
marised below,

-

-

continued on page 40
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‘calendar

Display Technology

Display Worls 98: Display Manufactoring Tech-
nology Conference, Co-spenscred by SID, SEMI,
and USDC, Contact; Mark Goldfarb, Palisades
Institirte for Research Services, Inc., 201 Varick St.,
Suite 1006, New York, NY 10014; 212/620-3380,

1 fax 212/620-3379,
. Janovary 20-22, 1998 San Jose, CA

EUROMONITOR '98: The Second International
Exhibition-Fair of Information Display Devices
and Projection Equipment. Organizers: Russian
National Associaticn of Display Manufacturets,
Distributors, and Consmmners. Contact: E. G.
Gonshchin, President, SPS Cencept Engineering,
Office 902, 41 Vernadskogo av., Moscow, 117981,
Russia; (095) 430-8650, 338-9582, 339-5726,
e-mail: concept@aha.ru; Internet: hitp://www.aha,
ruf~concept.

April 14-17, 1998 Moscow, Russia

The 1998 SID International Symposium, Seminar
& Exhibition (SID '98). Sponsored by SID. Con-
tact; Tay Morreale, Palisades Institute for Research
Services, Inc., 201 Varick St., Suite 1006, New
York, NY 10014; 212/620-3371, tax 212/620-3375,
e-mail: jmorreal @ newyorlk. palisades.org.

May 17-22, 1998 Anaheim, CA

9th International Workshop on Inorganic and
Organic Electroluminescence (EL 98) and The
Fourth International Conference on the Science
and Technology of Display Phosphors. Spen-
gored by SID, PTCOE, DARPA, and the Oregon
Center for Advanced Technology Education.
Contact: Mark Goldfarb, Palisades Institute for
Research Services, Inc., 201 Varick St., Suite
1006, New York, NY 10014; 212/620-3380, fax
212/620-3379.

Sept. 14-17, 1998 Bend, OR

The 18th International Display Research Con-
ference (Asia Display '98). Sponsored by KPS
and SID. Contact Prof, S, Lim, Secretary General;
+82-417-550-3542, fax +82-417-551-9229, e-mail;
limsk @ns.dankook.ac.kr, Internet: hitp://tftled.
kyunghee.ac.ke/idrc98,

Sept. 28-Oct. 1, 1988 Seoul, Korea l

Please send new product releases or
news items to Information Display,
c/o Palisades Institute for Research
Services, Inc., 201 Varick Street, New
York, NY 10614,
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AﬂtiSync LCD Series

Lcb2o00™

mnm*\

Viewable Size

20.1"

W1

Max. Resolution

1280 x 1024

1024 x 768

Weight

22.0 Ibs

11.5 Ibs

Dimensions (W, H, D)

18.7x 18 x 8.7"

14.1 x 143 x B.7"

Brightness

150 cd/m*

180 cd/m*

Viewing Angle

160° conical XtraView technology

\ LED Type

Active Matrix _/

There is, however, plenty inside. For
starters, both of our space-saving MultiSync®
LCD monitors feature XtraView™ technology,
which opens up the viewing angle to a

panoramic 160° The screen itself is flat,

Both models are compatible with PC, Mac, Workstation or any VESA compliant analog RGB signal, no special card required.

Circle no. 5

and presents a brighter, flicker-free image.

While they consume less space than regular
monitors, our LCDs also weigh in about
70% lighter. Which makes wall mounting

the LCD2000 a breeze. Plus, they both boast

reduced emissions and energy consumption. So
really, what’s behind our MultiSync LCD monitors

is, as always, a continued commitment to creating

Ky

outstanding products. To learn more, call 1-800-
NEC-INFO. Or, if you prefer, please visit us at

www.nec.com. Expect more. Experience more.

A big thumbs up to our
R&D department for creating
the MultiSync LCDZ2000, the first ever
20.1" viewable LCD monitar to be
made for commercial use.

NEC

NEC Technologies
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Fig. 2: The RC time constant vs. time of exposure at 150°C varies strongly with fluorination of
a liguid crystal. [From H. J. Plach, G. Weber, and B. Rieger, SID Intl, Symp. Digest Tech.

Papers, 91 (1990}.]

types. Therefore, fluorinated compounds are
also useful from this point of view.

L Materials for STN-LCDs

A recent design goal for supertwisted-nematic
LCDs (STN-LCDs) is the fabrication of large
displays that can present moving images - a
goal that requires high information content
(HIC) and fast response time., Realizing HIC

in an STN-LCD requires a steep voltage-
transmission characteristic, which can be
achieved by an increase in the elastic-constant
ratio K4/K;. The response time can be
improved by decreasing the LC viscosity and
also by increasing the LC optical anisotropy
because high optical anisotropy permits
designers to use a thinner LC layer. These
characteristics were recently combined in a

novel LC-compound design containing fluo-
rine andfor acetylene groups.

FLC and AFLC Materials

Ferroelectric liquid-crystal (FL.C) materials
are expected to be utilized in new types of dis-
plays. FLC materials and displays have sev-

-eral valuable characteristics, such as fast

response time resulting from the FL.C’s spon-
tancous polarization (P;), memory effect
because of the bistability, and wide viewing
angle because of IPS.

The combinaticen of fast response time and
memory effect can be utilized to make large
LCDs with simple multiplexing that feature
very high information content and wide view-
ing angle. Canon, for example, demonstrated
a 15-in. color FLC display (FLCD) with 768
1024 dots at the Sixth International Confer-
ence on Ferroelectric Liquid Crystals (FLC
*97} last summer in Brest, Brittany. At the
International Display Worleshops (IDW 97)
last November in Nagova, Sharp and DERA
presented information on a 6-in, color FLCD
with 240 x 320 dots and 262,000 colors.

FLC materials ~ which must exhihit a tifted
chiral smectic phase such as the chiral smec-
tic-C phase - are usually prepared by mixing a
small amount of chiral compounds (Fig, 3)
with host 1.C materials (Fig. 4).

Anti-ferroelectric liquid-crystal (AFL.C)
materials also have valuable properties, such
as fast response time, the absence of ghosting,
and gray-scale capability (Fig. 5). Since nor-
mal AFL.C materials have double hysteresis,
simple multiplexing displays can be realized
by utilizing the hysteresis property. Last
Qctober, LCD Intelligence reported the

. demonstration by Denso of a 17.4-in, full-
. color AFLC display with 1240 x 1024 dots.

Recently, thresholdless AFLC materials
were discovered. Of interest because they can
exhibit wide viewing angle, gray scale, and
fast response time when used with TFTs,
these materials are AFL.Cs but of a type that
has smooth voltage-transmission characteris-
tics without threshold or hysteresis. Casio
presented a paper on a thresholdless AFLC-
TFT at SID *97 in Boston, and Toshiba pre-
sented one at FLC 97,

Application of Polymers

Active research into various polymer applica-
tlons, motivated by the expectation that LCDs
will be endowed with novel functions, has
recently come to fruition,
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improved viewing angle because of the axially
symmetrical molecular otientation.

Shinomiya and a group from Sharp’s Lig-
uid Crystal Labs have modified the ASM
technology for application to STN-LCDs.
Their goal is to improve the structure’s
mechanical stability for pen-hased portable
LCDs. The polymer walls in their design pro-
vide high resistance to pressure, and prevent
the pressure from fingers or a stylus from dis-
torting the image.

There have been some reports that the com-
bination of polymers with FLC material can be
used for realizing analog gray scale in FLCs,
while normal FLCs are bistable. For example,
A. Sakaigawa and a team from Sharp reported
at IDW *97 that FL.C materials containing a
few percent of polymer tend to show analog
gray-scale switching with domains of small
size and uniform disttibution.

Polymer and Discotic LCs

Recently, vatious applications of LC polymers
to flat-panel displays have been reported. At
SID *96 in San Diego, Merck Ltd., UK.,
announced wide-bandwidth reflective
cholesteric polarizers, which utilize
cholesteric LC polymers. This technology

can substantially improve luminous efficiency

/ X

Pixel (LC)

Polymer wall

Fig. 6: In the axially symmetrically aligned microcell (ASM) LCD, the symmetrical orientation
of the LC molecules, which is stabilized by the polymer walls, produces a significantly improved
viewing angle. [From N. Yamada et al., SID Intl. Symp. Digest Tech. Papers, 595 (1995).7

compared with normal polarizers. At SID 95
in Orlande, Nippon Gil described an LC-poly-
mer film functioning as an optical compen-
sator for a fast-response STN-LCD.

Idemitsu has described displays in which
FLC polymer is sandwiched between two
flexible plastic substtates with ITO electrodes.
A good molecular orientation was obtained by
shearing cells with bending, despite the
absence of an aligning film in these displays.
Such displays may not present fast-moving

Compensation
film

Negative birefringence
An <0

TN cell

Positive birefringence
An>0

Compensation
film

R N N | £ T}

Fig, 7: A negative-birefringence discotic film can be made to compensate for the positive bire-
Jringence of the LC in a conventional TN cell, [From T, Yamada et al., IDW °96 2, 349 (1996}.]

images, but they can he applied to large infor-
mation displays in public places.

Over the last 2 years, Fuji Photo Film, Nip-
pon Oil, and Kent State University’s Liquid
Crystal Institute have presented papers on a
discotic LC film with a hybrid molecular ori-
entation for improving viewing angle. This
negalive-birefringence film has a normal opti-
cal axis, which compensates for the LC
layer’s positive birefringence (Fig. 7). The
film can be made by a process in which a
diseotic compound layer is coated on an align-
ment layer of a film substrate.

The discotic layer is aligned and then poly-
merized by UV light to fix the structure., A
significant advantage of this method - which
may be the first application of discotic LCs to
displays - is that the film is external to the LC
cells and requires no modification of the cell
structure.

Conclusion

Thermotropic LC materials with low molecular
weight and rod-like structure are reliable, effec-
tive, and widely used - and they now feel as
conventional as cathode-ray tubes. But new
LC-material technologies - including poly-
meric and discotic LCs - are being used to cre-
ate a new generation of LCDs with enhanced

viewing angle, contrast ratio, optical response,

luminous efficiency, and gray scale. Materials
scientists continue to pursue research on dis-
play materials vigorously, and we expect to
find a wide range of new LCD applications.

Note
"Mean dielectric constant e = (2e, + gp)f3. 1
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New Technology for CRTs

The development of CRT technology is still active and interesting. Here are some examples
of CRT research-and-development activities, adapted from material provided by Stanford

+ A digitally controlled focus-adjustment system using built-in ultrasonic motors for
high-resolution CRT monitors. Developed by Hitachi, Tokyo, Japan.

A flat-faceplate CRT which uses a slot-type pre-stretched mask, a newly developed
electron gun that produces a stall horizontal spot size at the screen periphery, and a
self-converging yoke enabling the “pure flat” tubes to be used in multi-scanning moni-
tors. Such monitors have appeared on the market within the last few months. Devel-
oped by Matsushita Electronics Corporation, Osaka, Japan.

+ An “in-neck yoke” that is mounted inside a 21-in. color CRT. Developed by
researchers at Southeast University, Nanjing, People’s Republic of China.

- A three-layer anti-reflective anti-static screen coating that is less expensive to apply
than traditional coatings, which require chernical vapor deposition or physical vapor
deposition. Developed by researchers at Chunghwa Picture Tubes, Taiwan.

+ A new color-CRT design that employs a striped-phosphor-screen construction and a
super-fine slot-type shadow mask in conjuncticn with an optimized electron-beam con-
figuration. Currently in production. Developed by NEC Kansai, Ltd., Shiga, Japan.

- A 15-in. screen that reduces menitor power by 10% by using a CRT optimized for 20-
kV operation. Developed by Philips Compenents BV, Eindhoven, The Netherlands.

+ A CRT using an elliptical-aperture dynamic-focus electron gun and a hotizontal mask
pitch of 0.22 mm. Developed by Hitachi, Tokyo, Japan.

+ A 24-in.-diagonal widescreen Ttinitron® tube and a multi-scan monitor that can be
switched between widescreen (16:9 aspect ratio) and conventional (4:3 aspect ratio)
modes. Developed by the Sony Corporation, Tokyo, Japan.

Computer Displays: A Strong No. 2
Displays for computers have been able to use
refined versions of TV picture tubes since the
beginning, and this relationship still seetns to
work. Computer displays give the CRT
maker an early start on developing technolo-
gies such as the fine-pitch masks and higher-
resclution electron guns needed for future
television tubes, while experience with televi-
sion makes it possible to provide the com-
puter-display maker with a product that is
more mature in areas such as colorimetry and
visual image quality.

“The one basic thing is reduction of cost,”
said Sony’s Tei Tki, Tf one tracks color-CRT
cost and price erosion, performance keeps get-
ting better but cost is declining. Right now,
monitor requirements ate getting closer to

TV’s. If one were to track the cost per pixel
of color CRTs, one would see a dramatic
improvement. A lot of CRT R&D is not
glamourous but a matter of survivall

“My opinion is that the requirements for
R&D are different in various regions. [For
example,] the absolute-flat CRT is very popu-
lar in Japan, but the jury is out in the U.,S.
People are working on absclute-flat CRTs -
16:9 is the direction for high end. Whenever
gsomething like that is done, performance gets
more difficult. Although these are incremen-
tal improvements by themselves, [they
become] substantial when [they are] all put
together. [For example,] corner focus must be
okay without increasing the size of tbe CRT.
[Now] that video clips [are being shown on]
meonitors, more brightness [better cathode per-

| formance] is needed. [With] multimedia,

- many formats - [such as] bright video clips,
legible small characters, and graphics - get
displayed on the same device, without distor-
tion on a flat face.

“PC customers don’t care how hard this is
and don’t want to pay either. The aperture-
grille structure has merit for information den-
sity and uniformity, but part of the cost is the
damper wire. Workstation people understand
physics [and the cost of providing perfor-
mance] but PC customers say, ‘that’s your
problem.” [Although the business is difficult,}
people are still investing in CRT capacity [for

a very basic reason:] the cost/performance of

the CRT teally can’t he beaten because it's a
moving target.”

Iki would aiso like to see more emphasis on
understanding (he display needs of end users.
One of the industry’s problems, he says, is
that LCD people describe the merits of LCDs
vs, their perception of CRTs, Meanwhile,
each technology progresses. “Analyzing the
merits of types of displays - LCDs, FEDs,
CRTs - needs attention in a more scientific
way,” said Iki. “T hope to do some of that,
maybe working with a university.”

Niche Markets - and a Few Question
Marks

Instrumentation provides a special applica-
tions environment for CRTs, in which the
CRT itself can be a part of the measurement
system. Although such applications have
been significantly diminished by the growth
of fast digital signal-processing electronics
and compact display panels, some types of
measurements, particularly in nuclear instru-
mentation, still need the very high speed and
sensitivity that a CRT can provide.

A few years ago - before the development
of high-quality flat-panel displays (FPDs) ~
the CRT was a contender for systems to be
used in automobiles. Navigation and status

monitoring could be done by computer, with
visual output on a display somewhat like that

used in aircraft.

But the market opportunity appears to have
passed by. Although some CRTs were used
in cars up to about 1992, it will be FPDs - not
CRTs - for autos from now on, predicts
Robert Donoftio, principal at Display Device
Consultants (Ann Arbor, Michigan). And
FPDs have made big inroads in the truck

industry for GPS and driving aids, he said.
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conference report

Micran Display Technology

Fig. 3: Micron Display Technology has fabricated glass-post spacers 350 um tall and 25 pim in
diameter, These posts have been attached to the anode in the black-matrix region of the dis-
play, where they do not interfere with the display image.

current; pulse-width modulation (PWM) of
voltage, current, or a combination of the two;
and a combination of AM and PWM. Smith
described grading criteria and applied them to
the various drive techmiques. He concluded
that some form of PWM voltage drive is best
suited for today’s cathode technology, but in
the long run an AM-current drive approach is
likely to offer an optimum combination of
power consumption and display uniformity.
However, problems with pixel defectivity
must be solved first.

During the Q&A period, Smith was asked if
he bad observed differential aging in FEDs.
His answer was succinct: “We’ve observed it.
We’re not far enough along to worry about it.
It’s going to be a problem.”

In the other FED Symposium paper, J.
Browming and a group from Micron Display
Technology (MDT), Boise, Idaho, discussed
the issues involved in scaling FEDs beyond 10
in. on the diagonal. Micron has fabricated 14-
in. baseplates using chemical mechanical pol-
ishing, and has packaged 12.1-in, baseplates in
spacerless packages. MDT is currently fabri-
cating 12.1-in. color XGA displays, but the
most interest was generated by the authors’
description of their glass-post spacets.

MDT has adopted the “medium voltage”
(2500 V) approach to FED design for accept-
able phosphor efficiency without the need for
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a focusing electrode. This voltage requires
spacers greater than 375 um tall. MDT has
fabricated glass-post spacers made from glass
fibers, which are attached to the anode in the

! black-matrix region of the display, where they

do not interfere with the display image. The
authors showed a photomicrograph of spacer
posts 350 um tall and 25 pm in diameter (Fig.
3), and another photomicrograph of posts
2400 pm tall and 40 um in diamneter. An
array of 70,000 350-u1n posts were tested
under compression, and supported 14350 Ibs.
before failing. The authors stated, “The post-
application process is self-aligning, and the
posts can easily be placed on any size display,
including sizes of 60 in. on the diagonal.”
The authors did add that the run-ont for very-
large high-resolution displays is a concern.

In the Q& A, Emst Lueder of the University
of Stuttgart asked how the authors fabricated
the spacer posts. Browning’s answer: “I can’t
tell you.” Motorola’s Bob Smith asked if the
posts were bulk-conductive or coated.
Browning: “We're locking at a vatiety of
approaches, but we’ll probably coat.”

Information Display: “When do you expect
to have an operating panel with'spacers?“

Browning: “I can’t answer.”

Privately, an MDT executive has told Infor-
mation Display, “We've solved the spacer
problem.”

First Commercial OEL Display
Announced

Teruo Tohma of Tohokue Pioneer Electronics®
OFEL Engineering Division in Yamagata,
Japan, discussed recent progress in developing
a dot-matrix organic electroluminescent
(OEL) display module. A prototype module
has 256 x 64 dots, a luminance of 100 cd/m®,
a CR of greater than 100:1 at 500 lux ambient,
and emits in the green. Modifications to the
driver ICs permit a four-level gray scale and
32-level dimming despite the display struc-
ture’s parasitic capacitance.

The prototype was demonstrated publicly at
the conference for the first time, and Tohma
armenmeed that a commercial version would be
mitroduced in October in a Pioneer car audio
product. Seminar Chairman Ching Tang,
whose path-breaking 1987 paper initiated OEL
development, congratulated Pioneer “for
developing the first cominercial OEL display.”

In their paper on integrated organic light-
emitting-diode {OLED) structure using doped
polymers, J. C. Sturm and C. C. Wu of Prince-
ton University commented that the heat gener-
ated in OLEDs is large and polymerts are ther-
maily insulating. It is therefore possible to hit-
erally melt a display in the pursuit of high
luminance.

During the break, Roger Stewart of Sarnoff
Corp. noted that there’s a two-order-of-magni-
tude difference between basic OEL luminous
efficiency and overall system efficiency, so
there’s a lot of work to be done.

LCDs

Shin-ichi Hirano, recently retired from IBM
Japan, led off Monday’s Invited Symposium
on AMLCDs by describing the expected
requirements for TFT-LCD performance and
production processes in 2003, relying heavily
on the conclusions of the UCS TFT-LCD
techmical committee. Hirano observed that
the current 10-13 deposition layers must be
reduced to 7 or 8. “We must exchange our
complicated Big Mac hamburger for a simple
ham-and-cheese sandwich.”

The UCS commiftee has recommended a
standard substrate size of 960 % 1100 mm,
which is probably as large (or larger) than
manufacturing engineers would want to han-
dle, and which would efficiently accommo-
date displays of the sizes consurmers are most
likety to want, from 40-in, 16:9 displays 2-up
through 19-in. 4:3 displays 8-up to 12-in, 4:3
displays 16-up.

























display continuum

coordinating meetings or remotely filling up a
manager’s day with previously unknown and
unplanned activities.

This experience had also made Andy real-
ize that he would not be enamored with hav-
ing his newspaper delivered on-line. He espe-
cially enjoyed the experience of scanning the
pages while he ate his brealfast.

One morning, a day or two after his bad-
dream experience, he did a quick calculation
of what it would take to replace his newspaper
with a computer screen. He noted that his
breakfast reverie typically took about twenty
minutes and the paper had about sixty pages.
Some pages be scanned quickly, On others he
would find soinething unexpectedly interest-
ing and would read an entite article, Part of
the fun was the element of surprise and find-
ing something intriguing for which he wasn’t
even searching. He liked to get an overview
of all the happenings in the world.

To get the saine content up on his computer
screen, it would take at least four screens for

each newsprint page. That would mean that
he would have to scan one screen every five
seconds on the average. And that would mean
some of the screens could only be up for one
or two seconds. Hadnt he already had a dis-
concerting experience like this somewhere?
Well, of course. This would be very similar
to the last time be went to the library and
looked up information on a microfiche reader.
Using one of those things had made him
almost nauseous. Maybe having portions of a
newspaper page flash up every few seconds
oh a computer screen wouldn’t be guite as
bad, but Andy decided it wouldn’t be nearly
as relaxing as looking at the equivalent of
eight screens at once, positicned at just the
right angle to permit him to move food from
plate to mouth in the most efficient manner.
That morming, driving to work, Andy
decided that he liked the world pretty much as
it was. He liked stores, he liked shopping
malls, but he also liked mail-order shopping.

| He especially liked weekend craft fairs that
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attract large crowds, It was great Fun to wan-
der and look at all the stuff and all the people.
He liked telephones, and he liked the Internet.
He liked all these things and more, What he
didn’t like was someone trying to tell him that
some of the things he liked were going to go
away just because they could be done on-line
cheaper or more efficiently. That was really
dumb, he decided. Aslong as people liked
something, technology wasn’t going to take it
away. “Who’s in charge here, anyway,”
thought Andy, almost out loud. Now he was
feeling much better. In fact, be decided that
he wasn’t even going to bother writing the
Letter to the Editor he had been composing in
his head, Why bother? Let the Information
Age pundits have their fun. It won’t hurt any-
one. Well, except maybe for an occasional
bad dream ...

In keeping with Andy’s view of the world, I
am available for Information Age encounters
using all methods new and old. You can
reach me by e-mail at silzars @ibm.net, by
phone at 425/557-8830, by fax at 425/557-
8983, or by mail at 22513 S.E. 47th Place,
Issaquah, WA 98029, If you wish to know
what article and what pundit inspired this col-
umpn, please use one of the above media to
convey your wish and T will gladly respond. B

Note: In the December Display Continuum
Column the age of Microsoft was stated

as 33 years; it should have read 23 years.
We apologize for this typographical error.

SAN JOSE, CALIFORNIA
JANUARY 20-22, 1998

= An internatio rence addressing all

aspects of Display Manufactuting including:
— Flat Panel and CRT Manufacturing

—Di aterials

— Manufagturing Equipment,

— Cost Reducti Yield Improvemen
— Industry Forecasts

— Invesior Presentations
— International Standards
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for flat panels

Speed up development and product realisation time with our high quality flat panel interface controllers for
your LCD, Plasma or EL projects. Suitable for small or high velume projects and monitor production.

Video - PAL/NTSC

PN series: Advanced multi sysitem
video interface for TFT LCD and
Plagma panels.

Bus card - PC

DC series: Includes PCI bus LCD
graphics card for providing LCD digital
signal output from a PC.

Analog - Computer

AC series: A range of interface
controllers for LCD, Plasma or EL, to
connect to analog graphics source,
VGA (640x480), SVGA (830x600),
XGA (1024x768), SXGA (1280x1024).

Accessories: A wide variety of
SV-Series: A combination interface for support accegsories,
both computer graphics and video (PAL,

NTSC) for LCD & Plasma. .
Enclosure options:

Open frame kits: panels & interface
controllers in easy to use frames.
Industrial display systems

Desktop momitors

LCD multimedia systems

> NEC analog panels are also supported.

Digital View

Eiute
USA: Tel: 408-287 4935, Fax: 408-287 3952

England: Tel: (0)1438-816 600, Fax: (0)1438-816 909
Hong Kong: Tel: 2861 3615, Fax: 2520 2987

Internet: www.digitalview.com
Email: sales@digitalview.com

Circle no, 16

g
1)
2
&
[
E I
. magine what you could do with a W EMI/RFT Shielding
-§ very special, transparent float glass that . . . ® Anti-Static Coatings
& B Conducts electricity . . . with a wide W Bir-
: ty Bar-Code Scanners
vg range of available resistance W Copier Cover Plates

B Has a transparent, color-neutral
coating (with excellent optical properties)
bonded to the surface of the glass
while it's still in its molten state

M Has high infrared heat reflectance

W Features a durable, abrasion-resistant
surface that stands up to conditions
that would quickly mar or scratch
ordinary glass

B TR Reflecting Windows
B HeatReflecting Self-Cleaning
Oven Doors
B Defrosting Refrigerator and
Freezer Doors
W Solar Heating
W Security Systems
Now, imagine what you can do
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In fact, innovative engineers have )
already found a wide range of
applications for LOF TEC-Glass, including;

| Thin-Film Photovoltaics
W Flat Panel Displays
M Electrochromic Devices

Spacialty Glass Products
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419-247-4926
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editorial

continued from page 2

Sarnoff Research Center - both for dramatically increasing the display comimunity’s poetic out-
put and for selecting Information Display to provide the first puhlication of his work,

- Ken Werner
Gamma and Its Bases i
by Michael H. Brill

When voltage in a cathode tube setids slow electrons speeding,
That cause the phosphor dots to glow, the light for TV’s needing
Is made according to a law that varies day-by-day.

That law says voltage makes the light with power gamma. Pray
What gamma is the proper one, that heaven handed down?

That number is a vagary that makes grave sages frown.

“One group of such, NTSC, declared it 2.2.

The makers of the cameras, and of home receivers too

Agreed, and signed a pact, and went their merry ways, but when
The TV sets themselves belied the hallowed value, then

The sages separately declared two better values. Who

Could argue with the averages or with a purpose true?

Sir Chatles' announced a purpose, and the value 2.5.

He said the TV watchers and the viewers who're alive
Undo the bloody gainma and retrieve the voltage V:

A marvelous coincidence - a clever fellow, he!

But 2.5 is not quite the inverse of 1 on 3,

The exponent that sages say is part of you and me,

That hammers frightful wattages into benign perceptiot.
But to say we’Te made for 2.5 perhaps is self-deception.

I much prefer the gamma that Sir Denis? claims is true.

That gamma value’s 2.3 and holds a secret too.

When input by a voltage in a base Napierian,

This gamma makes a luminance whose value in base ten

Is proportional to voltage in the base “au naturel,”

And serves us folks who work in tens and count on fingers well.

And so 1 end this essay of the gamma, put to song,
And hope that hetas strike me if my tale of gamma’s wrong.

'Charles Poynton, “‘Gamma’ and its disguises: The nonlinear mappings of intensity in percep-
tion, CRTs, film and video,” SMPTE J., 1099-1108 (December 1993).

Denis Pelli, “Pixel independence: Measuring spatial interactions on a CRT display,” Spatial
Vision 10, 443-446 (1997), The value 2.3 is from this paper, but the log-base interpretation is
not his fault!

We welcome your comments and suggestions. You can reach me by e-mail at kwerner@
netaxis.com, by fax at 203/855-9769, or by phone at 203/853-7069. The contents of upcoming
issues of ID are available on the /D page at the SID Web site (http:/fwww.sid.org).
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eurcpean views

continued from page 6

The Advanced Substrate Materials project
will investigate Hghtweight, altra-thin glasses
and polymer substrates with conductive coat-
ings for use in light-emitting-polymer dis-
plays. This will allow development of
lightweight, formable emissive displays.

The objective of the Fibre Optic Displays
Interfaces project is to develop and demon-
strate the technology for a low-cost noise-
immune digital fibre-optic link, from system
units to displays that will operate over dis-
tances of up to 100 m.

The Field Emission Backlight project will
develop field-emission technology suitable for
backlighting applications, such as LCDs ot
signage.

The Novel Optics for Displays project wilk
investigate the use of novel optical designs in
bacldit and reflective LCDs with the aim of
achjeving higher brightness and improved
efficiency in order to meet the demands of the
marketplace.

Finally, the Advanced Interconnections for
Displays project will investigate technologies
required for high-resolution flexible connec-
tors and “chip-on-substrate” sub-assemblies to
compete with the “chip-on-glass” techniques
used by the leading Far Eastern manufacturers.

In order to make the DTA a broad forum
for the UK-based displays comrnunity, other
companies and universities will be encour-
aged to becotne Associate Members of the
DTA. To help achieve this objective, a quar-
terly newsletter, Displays Focus, and a Web
site have been established. In addition, work-
shops covering specific aspects of display
technology and other issues, such as better
coordination of research activities, will be
organised. The first workshop, on light-emit-
ting organics, is being held on the 14th Jan-
uary 1998.

The DTA represents a new initiative that is
clearly focused on the needs and strengths of
the UK displays community. This focus and
the synergy provided by the collaboration of
UK companies and universities should lead to
the development of new products and cornpo-
nents that will benefit the many UK companies
that use flat-panel displays in their products. B

Alan Mosley is Director of Business Develop-
ment at CRL, and a Regional Associate Editor
of Information Display; telephone +44-1-81-
848-6400, fax +44-1-81-848-6653, e-mail:
amosley@crl.co.uk.




























SOCIETY FOR INFORMATION DISPLAY

RETURN THIS FORM ONE OF THREE WAYS:

Mail to: Fax to: On the web:

SID Conference (714) 776-2688 www.anaheimoc.org/housing.html
c/o Anaheim Housing Bureau (Group code; SID)

PO Box 4270 '

Anaheim, CA 92803

1.) Rooms are assigned on a first-come, first-served basis as received by the Housing Bureau. If rooms are no longer available in the hotel(s) of your

choice you will be placed in the next closest availabie hotel in your rate preference.
2.) To ensure that your request is handled quickly and efficiently, you must complete the form in its entirety.

3.) NO TELEPHONE RESERVATIONS WILL BE ACCEPTED. If you have not received a confirmation aiter 2 weeks, please call the housing bureau.

4.) ONLY ONE ROOM MAY BE REQUESTED under each name and only one room per form please.

B.) If you are sharing a room, complete only ONE form with the names of ihe persons who are sharing; be sure o include all names. Include earliest

arrival date and latest departure date.

6.) Allow 1 week for processing. Once your reservation has been processed by the Housing Bureau, you will receive an Acknowledgement Form in the :;

mail or by FAX {only if FAX number is given.) NOTE: THIS IS NOT A CONFIRMATION. You will receive confirmation of your yeservation directly from N

the hotel at a later date.
7.) Atter April 24, make all reservations, changes and cancellations directly with hotel.

8.) Guaranteed room reservations are required, with your Housing Form, piease include a major credit card number. Your credit card wili be charged first
night room and tax if you are booked at the Anaheim Hilton & Towers. Deposits are returned if cancelled 7 days prior to arrival date. All other hotels will

‘hold your credit card number as a guarantee.

9.) Room rates quoted are subject to a 15% state and city room tax.

PART |. HOTEL INFORMATION

Hotel Choices (by code, see reverse side for codes and rates)

1. Rate

2. Rate

3. Fla_te

Arrival Date Departure Date
Number of cccupants Occupants’ Names

Room Type (see reverse):

If choosing Hilton: O Main Building O Lanal O Towers If choosing Quality: O Standard
Special Requests: O King Bed O Non-Smoking O Handicap-Accesible

O Studio Suite

PART Il. CREDIT CARD INFORMATION
OVISA [IMasterCard I American Express 0O Diner's Club O Discover

Card No. Exp. Date Signature

PART lil. SEND CONFIRMATION TO:

First Name Last (Family) Name Title
Company

Address

City State Zip Country

Phone Fax E-mait
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industry news

continued from page 48 .

Lexel Corp. The new company remains dedi-
cated to serving its customers with world-
class products and services that expand its tra-
ditional high-performance CRTs, but now also
includes electronic assembly, test, and design
services. Its employee teams are committed
to providing the industry with ever-increasing
levels of quality, service, and on-time deliver-
ies. Operations will continue at the com-
pany’s present location at 1501 Newtown Pike
in Lexington, Kentucky.

“photo albums” that can be viewed by com-
puter-literate grandparents the world over. In
addition to the obvious uses for such images,
such as e-mailing them, Fuji Film will also
allow you to select an image and have prints
delivered anywhere in the U.S, Basic storage
at the site costs $4.95/month, but the first 3
months are free, at least for (he moment. It’s
hard to tell how many additional - or larger -
displays Fuji’s service is likely to sell, but
every bit helps.

Clinton Electronics and Orwin
Associates combine resources

Clinton Electromics Corp. and Orwin Associ-
ates, Inc., have entered into an initial agree-
ment to combine their respective resources.
Both firms are privately held and will con-
tinue to maintain operations from current
facilities. This combination brings together
the design and advanced engineering talents at
Orwin with the manufacturing capacity and
experience of Clinton Electronics. Tt will pro-
vide the medical-imaging market with a full
spectrum of preducts, from high-resolution
custom designs to high-volume clinical dis-
plays. Both firms bring digital-control experi-
ence together with new concepts in closed-
loop control and quality feedback systems for
the next generation of medical displays,

Photo war hits the net

The war between Kodalk and Fuji Film for the
hearts, minds, and dollars of amateur photog-
raphers entered the digital domain some years
apo with Kodak’s Photo CD initiative. (Photo
CD never caught on with amateurs, althongh
it is highly valued by professionals in the
graphic arts.) More recently, sources report to
ID, Kodak’s senior nmianagement has lost the
conviction that the future of amateur photog-
raphy is digital (despite an active digital-imag-
ing group within Kodak). Apparently not so at
Fuji Fiim, which has established a digital-
photography service at www fujifiltn.net.
Participating photo fimshers will scan your
film and upload the images to the site, where
they can viewed or downloaded with a pass-
word. Software is available for creating

Color field-sequential
illuminators

Teledyne Electronic Technologies, Haw-
thome, California, has developed RGB Alpha-
light™ color fleld-sequential illuminators
(CFSIs), a wide variety of small-aperture
(0.25-1.4-in. on the diagonal) RGB backlights
that meet the demand for full digital informa-
tion and video display interfaces for battery-
powered hand-held or wearable electronic
devices and simpler “green” PC projection
monitor CRT replacement units, CFSIs are
ideal for creating more efficient, less costly,
and more compact VGA-compatible imagers
for LCDs and spatial light modulators. CFSIs
are now quickly becoming the key enabling
technology for many of these applications, are
critical to the proliferation of such end prod-
uets, and will be instrumental in their realiza-
tion in low-power non-emissive displays,

The LCD industry has focused on making
displays of ever-increasing size with inte-
grated, separately deposited color RGB filters.
Each “color™ pixel is segmented into thirds or
fourths, assigning each portion to a specific
primary-color site, Third-generation facilities
are now producing either two 15-in.- or one
23-in.-diagonal display per “motherglass,”
with line set-up costs of about $500 million.
Fourth-generation lines are now seen as the
only way to economically sustain panel-size
growth commensurate with decreased costs
and increased yields. These new lines cost
$750 millien to $1 billion.

The color filters used in these products, and
their associated yields, are said to cost approx-
imately 40% of the price to produce each
panel and render the display able to transmit
only 3-4% of the light produced by its fluo-
rescent illuminators, thus wasting much

power. CFSIs eliminate color filters and
increase existing resolution by a factor of
three. Additionally, they would cut power,
vield a horizontal viewing angle from 90 to
160%, reduce size and weight, reduce drive,
conversion, and address circuitry, and simplify
manufacturing manyfold.

Information: Bill Kennedy, Teledyne Elec-
tromic Technologies, 12520 Daphne Ave.,
Hawthorne, CA 90250, 213/777-0077, fax
213/242-1924. 1
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Acer Peripherals

Ad-Vance Magnetics, Inc.

Advance Reproductions Corp.

AlliedSignal, Inc./
MicroOptic Devices

Arconium

Brewer Science, Inc.

Brimar Ltd.

Canon, Inc.

Capetronic Computer USA (HK),
Inc.

Celco

Cherry Electrical Products

Chunghwa Picture Tubes, Lid.

Clinton Electronics Corp.

Corning Inc.

Corning Japan K.K.

Crystaloid LCDs

Dale Electronics, Inc,

David Sarnoff Research Center

Diagnostic/Retrieval Systems, Inc.

Display Inspection Systems

Display Laboratoties

DNP Denmeark

dpiX, A Xerox Company

Elecironic Designs, Inc.

Electro-Plasmia, Inc.

Endicott Research Group, Inc.

Epson America

FED Clorp.

F-P Electronics

Flat Panel Display Co. (FFD) B.V.

Futaba Corp.

General Vacuum

Gerome Manufacturing

GE Plastics Japan Ltd.

Graseby Optronics

Hewlett-Packard Co.

Hitachi, Ltd,

F. Hoffmann-La Roche

Honeywell, Inc.

Hoya Corporation USA

Hughes Lexington

Hyundai Electronics America

IBM Corp.

Imaging & Sensing Technology

Incom, Ingc.

Industrial Electronic Engineers, Inc.

Industrial Technology Research
Institute

In Focus Systems, Inc,

Infodex, Inc,

Innotec Group, Inc.

Interfece Procucts, Inc.

Interserv Corp.

Interstate Electronics Corp.

ISE Electromics Corp.

Kent Display Systems

Lam Research

LG Electronics, Inc.

Libbey-Owens-Ford Co.

Linfinity Microelectronics

Litton Systems Canada Ltd. (2)

Loral Librascope
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'sustaining members

Man & Machine, Inc.

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

Minolta Corp.

Minolta Hong Kong Ltd.
Mitsubishi Electronics America
Motif, Inc.

Motarola FPD Divisicn

MRS Technology, Inc.

NEC Corp., Japan

Nippen Seild Co,, Ltd,

Norden Systems Westinghouse

OIS Optical Imaging Systems, Inc.

OKI Electric Industry Co., Ltd.

Optical Coating Lab,, Inc,

Phosphor Technology Ltd.

Photonics Systems, Inc,

Photo Research

Photronics, Inc.

Pilkington Micronics Litd.

Planar Systems, Inc.

Plasmaco, Inc.

Polytronix, Inc.

Progressive Systems Technology,
Inc. -

Q.C. Optics, Inc.

Quantum Data Inc.

Raytheon Company

Regisbrook Group, Led.

Rockwell International

ROLIC Liguid Crystals R&D Ca.

Schott Corp.

Semiconductor Systems, Inc,

Sharp Corp. - Japan

51 Diamond Technology

Sony Cotp. of America

Sony Corp./Corporate Research
Labs

Standish Industries, Inc.

Stanford Resources, Inc.

Supertex, Inc.

Syntronic Instruruents, Inc.

Tamarack Scientific Co., Inc.

TDK Corp.

TEAM Systems

Techneglas, Inc.

Teledyne Electronic Technologies

Terapixel, Inc,

Thomas Electronics, Inc.

Thomson Components and Tubes
Corp.

Toshiba America

Ultra Electronics

ULVAC Technologies, Inc,

Universal Display Corp.

Viratee Thin Films Inc.

Wande, Inc.

The Westaim Corp.,
Westar Corp.
WinTron

XMR, Inc.

Ad-Vance Magnetics.,
Brimar Lid....oce..
Clinton Electronics,...,

Courtaulds Performance Films,, .
Despatch. e, 19
Digital View

Display Works.... .
Endicott Research Group w....ceenne. a5
H. L. Funk Consulting......crrriuninen 23
Tmage Processing Systems.

Instrument Systems .. 30

Klein Instruments
Kurdex..oooovecnnnn
Lexel Inaging Systemis ... veeeeenn. C4

Libbey-Owens-Ford ...
Microvision
MuShield
NEC Technologies ..
Optrex Ametica
Photo Research
Partrait Displays..
Syntronic Instruments....
TEAM Systems.......
Three-Five Systems.
Toddeo General
Westat Coip. ..o
Video Instruments...
Yiratec.,...,
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