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For years we've become known as one of the world’s premiere passive-
matrix LCD companies. What the world doesn’t know yet, is that we're also
a leader in display technology research and development. Our U.S.-based
R&D group is supported by the highest volume LCD glass manufacturing
line in North America. From technology concept to process design,
through initial prototypes and full production, the process is seamless, And
that means quicker time to market for our customers. Whether a product
requires a new display, or a new technology, we have the resources and the
expertise.And that’s no secret.

THREE-FIVE SYSTEMS, INC.
1600 N. Desert Drive

Tempe, Arizona 85281-1230

Phone 602-389-8600 Fax: 602-389-8989
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COVER: The Japanese display industry made a major
commitment to develop and commercialize large, flat plas-
ma-display panels. Fujitsu and NEC were first to market
and share this vear's Display of the Year Award. For the
other award winners, see Ken Werner’s article that begins
on page 10.

Credit: Fujitsu
NEC

For more on what’s coming in Information Display, and for
other news on information-display technology, check the
SID Web site on the World Wide Web: hitp:/fwww.sid.org.
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The Great Tide

The forces of global integration are a great tide, inex-
orably wearing away the established order of things.

— William Jefferson Clinton
Addressing the United Nations General Assembly
Monday, September 22, 1997

It is a wonderful story. In 1275, according to his own
account, Marco Polo of Venice began a 20-year exploration of China, opening
the wonders of Chinese technology and the riches of Chinese trade to the West.
The story may not be true, but it is wonderful nonetheless.

A recently discovered account by Jacob of Ancona, which itself may not be
true, describes a slightly earlier and much briefer exploration. Four years before
Marco ever claimed to have arrived in China, Jacob described a thriving foreign
community in Zeitung and a society so licentious that it moved the Orthodox
Jewish trader to write, “May God forgive me for what my eyes have seen.” But
on one thing Jacob, Marco, and virtually all others analysts agree: In the 13th
century China had, culturally and technologically, the most advanced civiliza-
tion in the world.

But China came to look inward, and global power migrated to the West. Chi-
nese cultural and technical superiority, which had been part of the established
order of things for centuries, was worn away by the great tides of the time.

Now, I would guess that most members of the display community would be
inclined to agree with President Clinton that the forces of global integration are
one of the great tides of our time. And I would agree that the established order
of things is being worn away, but change now seems so constant - as well as so
rapid - that it’s sometimes hard to remember when there was an established
order, much less what it was.

But some things do change more slowly than others in the display world and
the world in general, and it might be useful to try to remember what some of
these relatively constant features are. These are the elements that do define
something of an established order, which is a platform on which to stand and
plan today’s tactics and tomorrow’s strategies - even if we know the platform is
temporary.

This, then, is the established order of things:

+ Japan’s dominance of advanced display-manufacturing technology is

remarkably durable.

+ Western technical creativity is remarkably durable.

+ North America is the largest market for displays and display products.

+ The decline in North American manufacturing has reversed.

+ European manufacturing has trouble competing not only with Asian coun-
tries, but also with the United States.

+ Korean companies are and will continue to be major players in display tech-
nology and manufacturing.

- Seven centuries after Marco Polo’s journey, the Chinese mainland is a
major center of display manufacturing, sometimes in plants that are owned
and managed by Taiwan-based companies.

« Taiwan makes lots of monitors.

continued on page 45
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Powerful Video (Generators.

The

STANDALONE

ASTRO VG-823

Dot Glock to 250 MHz

Horizontal Scan to
255KHz

Operated airectly from
a PG or with “Remote”
Frontpanels

Compact/High
Performance

256 Levels at all
Frequencies

Standalone Units from $2950

If you want a very flexible Video
Generator, the Astro VG-823 is a
high performance, lightweight and
compact unit that offers the capability
to test any high resolution display
system up to 1600x1280 at high
refresh rates.

With a RB-649 controller it’s 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

Sm

PC-BASED
UNI VG-D250.

DIGITAL
ASTRO VG-826

True “Digital” Video
Generator

Dot Clock to 60MHz /
120 MHz

Operated directly from
a PG or with “Remaote”
Frontpanels

Very Compact &
« Lightweight

8 Bits resolution/
pixel/ color

If you service, repair, 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 has 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 a PC or with the RB-646
“Remote” frontpanel or operated
only with the RB-614C Controller.

Visit www.team-systems.com

mart Choices.

PC-based Performance

_ Dot Glock to 250MHz -

Horizontal Scan to
250KHz

Fully Programmable
. Patterns :

Fully DDG Gompatible
Accepts Bitmap-files

PC-Based Units from 32500

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

TEAM

systems

TEAM Systems, Inc. 2934 Corvin Drive, Santa Clara, Cailifonia 95051
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the display continuum

A Million Santas, One Really Rich Kid,
and a Few Others ...

by Aris Silzars

Can it already be nearly 3 months since those warm
early fall days when taking the boat out on the lake
seemed so pleasantly appropriate? Time sure does
fly when one is having fun. Or maybe it just flies to
keep me from getting done all those good things I

seem to want to do.

It was one of those fall days. The late-afternoon sun was warm and the breeze
was cool. Lake Washington sparkled, with the Seattle skyline on one side and
Bellevue and Kirkland on the other. Since it was late in the boating season and
getting toward evening, not too many other people were out. My plan was to do
a run from our launch point, south of the I-90 bridge, up to Kirkland and back, a
distance of about 15 miles each way. We had invited along another couple: he
was a banker and she a former schoolteacher.

As we cruised along the eastern shore of this rather large lake, our guests
pointed out many of the waterfront homes of the richer folks of Seattle. Fora
banker this is, I surmised, important information to have. There were certainly
plenty of them to point out. In fact, there were darn few that didn’t fit into the
extremely wealthy category. This all seemed to fit in with an article I had read
not too long before that said the waterfront along Lake Washington had become
the highest-priced residential real estate in the U.S.

I looked and admired but somehow could not visualize myself as the owner of
one of these opulent and immaculately groomed estates.

Quite suddenly, something else caught my attention. And a very important
something else it was when one pilots a small boat at a good clip. I could see a
giant flock of boats a few hundred yards dead ahead. Whoa! Back off on that
throttle. What the heck is going on? Many of these boats seemed to be aim-
lessly cruising in circles, while others seemed not to be going in much of any
direction at all. Then, I understood: They were all looking at Bill Gates’s new
“digs.” The construction trailers were still there, but the place was beginning to
take on a more finished look.

So what does this $50 million wonder look like? To me, like a typically
northwest contemporary-style convention center. It surely does not look like a
home or even a mansion. Perhaps it could be described as more like a village
built into a hillside. I guess it’s the modern equivalent of a castle, where some-
one started with some chambers, and then added sleeping rooms ... and then
meeting rooms ... and then guest rooms ... and then support-service rooms ...
and then the stables ... and then .... All this on a peaceful lake that has for
many years silently accommodated less ostentatious modifications to its tree-
lined shore. But did anyone, including Bill Gates, anticipate that this would
become a major tourist attraction, as well as a favorite destination for locals?
“Hey, you wanta go out on the boat today?” “Yeah, let’s cruise over and see
how Billy Gates’s house is coming along.”

I’ve always had a strong independent streak. I like the freedom to go where I
want and do what I want without unwanted attention from others. I only like
attention when it’s by my choice, such as when I am giving a talk, teaching a
seminar, or when some of you give me feedback on this column. But being a

continued on page 38
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IMPORTANT NEWS FOR
FLAT PANEL PRODUCERS.
FROM THE WORLD LEADER

3

IN ION IMPLANTATION.

Since 1978, Eaton

has been the number

one producer of ion
implanters for semi-
conductor production.
Now, we have applied
this expertise in implan-
tation to the specific
needs of the flat panel
industry. We are proud to
introduce the revolutionary
Eaton ORion NV6072, a simple
and cost-effective implant
solution designed to improve
process yields while reducing
the cost of ownership. You owe
it to yourself, your customers,

and your bottom line to find

out more.
Eaton Corporation Japan
Semiconductor Equipment Operations SEN
E ‘T N Flat Panel Equipment Sumitomo Eaton Nova Corporation
& 108 Cherry Hil Drive Mita 43 Mori Bidg.. 13-16. Mita 3-Chome
= Beverly. MA 01915 Minato-Ku. Tokyo, 108, Japan
Semiconductor Equipment Operations Tel: 508-524-9233 Tel: (03) 3452-9021

Flat Panel Equipment Fax: 508-524-9224 Fax: (03) 3452-9025
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NEC Technologies. Inc. All

ect more. Experience more." and the NEC Technologies icon are tradem

2000, LCD400, XtraView, “Exp

ark and LGCD

G is a registered tr

ﬂulliSync LCD Series

Lcb2000™

Lco400™

Viewable Size

20.1°

141"

Max. Resolution

1280 x 1024

1024 x 768

Weight

22.0 Ibs

11.5 Ibs

Dimensions (W, H, D}

19.7x19x 8.7"

141 x 143 x6.7"

Brightness

150 gd/m’

180 cd/m*

Viewing Angle

160° conical XtraView technology |

N lehType

Active Matrix P

There is, however, plenty inside. For
starters, both of our space-saving MultiSync®
Lcﬁ 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.
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and presents a brighter, flicker-free imaéf-

While they consume less space than regulay
monitors, our LCDs also weigh in about §

10% lighter. Which makes wall muunting%

i
the LCD2000 a breeze. Plus, they both hna?t

B

*

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

is, as always, a continued commitment to creating

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 MultiSyne LCD2000, the first ever
20.1" viewable LCD monitor to be
made for commercial use.

NEC

NEC Technologies




GET UNPLUGGE

Kent ChLCD No Power Disprays

Ready to get unplugged from the energy-robbing LCD displays you're

25000
5

now using? KENT Displays’ ChLCD (Cholesteric Liquid Crystal Dis- Egsl:.ggrisons 21600
play) technology offers a solution for your electronic products. S
871 | 1/8VGA 100 dpi
BREAK THE BATTERY-DRAIN BARRIER MRS
Since ChLCD reflective and transparent textures are both stable § 21 T caLco

milijoules

states, an image can be displayed indefinitely without consuming :

B sTn 10800
battery energy — for seconds, hours, weeks, months or even years. ’

10000

Easigst 10 Reap Rerecrive TecHNOLOGY

Compared to conventional LCD technologies, ChLCD displays offer
better reflectiveness, 360 degree viewing cone and exceptional day-
light contrast, even in direct sunlight, all without backlighting.

5000

mJ mJd md
. Singl 60 2mi
StANDARD OR CusTOM DISPLAYS AVAILABLE it T -l iy
Standard ChLCD displays and modules are available m‘ 1/8 anFi Unike STN displays whbich use power
1/2 VGA sizes in colors to meet your needs. Have a special applica- o continuously refresh images,
tion? Kent Displays offers ChLCD displays and modules custom de- ChLCDs do nat require refreshing to

signed to your requirements. keep energy usage to a minimum.

s

Ask FOR THE FActsS —
- opecm
To learn more about this technology that enables you to do -ﬂ

more, ask for this information package today, — — — — — — —

MK EN'T reoreorsmm

A MANNING VENTURES BUSINESS UNIT

Kent Displays, Inc.= 343 Portage Boulevard = Kent, OH 44240  Phone: 330.673.8784 « Fax: 330.673.4408  E-mail: 73360.2157 @compuserve.com
Products and technologies of Kent Displays, Inc. are protected by the following patents: Unites States; 5,463.863; 5,437,811; 5,384,067, 5,251,048. People's Republic of China; 92103952.2. Israel; 101,766,

Taiwan; 801405631, PCT (EP. Canada, Korea, Japan and Norway); 92/03504; 9209367. Other Patents Pending.
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DynaColor

stants with
DynaColor Test Instruments.

| Monitor Auto Alignment System |

DB8000 is the best-selling single- D5100 is a portable MPEG-Il Trans-
camera monitor auto alignment port Stream generator specifically

il Broadeasting

Cable

Satellite Terrestrial

2 Display product qualification

Alignment and Measurement Functions:

2 Purity ‘\'

» Geometry '

2 Colorimetry = -
2 CRT/ Yoke Integration ’ “
 Convergence &

» Voltage ITS VERY WELL
> Focus MADE IN TAIWAN

DynaColor, Inc.

4F, No. 10, Lane 609, Sec. 5, Chung Hsin Road,
San-Chung City, Taipei Hsien, Taiwan, R.0O.C

Key Features:

3 Transport streams compliant with ATSC,
DVB and DAVIC specifications

3 Build in standard test sequences

» Jitter generation capability

> Programmable test sequence

J Generate EMM and other system information

» Memory card Interface

Circle no. 14

E-mail:dynacolr@ms2.hinet.net
Tel:886-2-2781938 Fax:886-2-2781817

system. It is now available for CRT designed for digital audio visual 4,!%:/' ‘
. and TV applications. applications. s
| ~
ENE E
HEARE .
BRE k}
T
Set - Top Box
Product Applications: Product Applications: e AN
> Monitor/TV production automation 2 Set-Top Box and ATV development Transport Stream | Tuner ‘
2 ITClyoke production automation > MPEG-II / ATV IC development Generation |
» QA/QC inspection > Set-Top Box and ATV demonstration — e ik
5 Field repair 3 Set-Top Box production testing T
4 Engineering test instrumentation 2 Set-Top Box qualification Emg“ Decoder .
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the best of 97

Third Annual
Display of the Year
Awards

This year, the display industry’s leading
international awards honor four different
technologies from Japan and the United States.

by Ken Werner

E the third time in 3 years, most members of the SID/Information Display Display of the Year Awards Com-
mittee (DYAC) met in a secluded location on the Wednesday evening of Display Week - the Society for Infor-
mation Display’s International Symposium, Seminar & Exhibition - held this year in Boston during the week of
May 11. At this beginning of a 4-month-long process, the members discussed the displays they had just seen
and the papers they had just heard at the symposium, as well as those seen and heard elsewhere. Subsequent
discussions, nominations, and voting proceeded via conversation, telephone, overnight express, fax, and e-mail.

The members selected an award winner and a recipient of an honorable mention in two categories: (1) Dis-
play of the Year and (2) Display Product of the Year. In each category, the committee members were instructed
to consider many factors, including innovation, commercial significance, and likely social impact.

All of the displays and products considered for the awards were nominated either by the members of the com-
mittee or by interested parties who submitted their nominations to the DYAC secretariat. The secretariat dis-
tributed the names of all the nominees to the committee members, who then voted for the winners. The com-
mittee members pursued their responsibilities with the knowledge that upon their inception in 1995, the Display
of the Year Awards were immediately accepted as major international industry awards.

This year’s winners are from companies in Japan and the United States,
and they embrace four distinct display technologies. For the first time, the
expressed in this article are not necessar- (:ommltteel e,leCtEd ) r_nake ol award_‘
ily those of the Publisher of Information To be eligible for this year’s awards, displays and products must have
Display or of the Society for Information ~ become commercially available - either to OEMs or end users - between
Display. July 1, 1996, and June 30, 1997.

Ken Werner is the editor of Information
Display Magazine. The opinions
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DISPLAY OF THE YEAR AWARD |

Joint Award: Fujitsu’s and NEC’s 42-in. Color Plasma Display Panels |

The Japanese display industry has made a remarkable commitment to bringing large color plasma-display panels to market. These
displays are already available in monitors for video and multimedia, and in television receivers, and they promise to offer a wide range of
innovative display solutions for “hang-on-the-wall” television, video conferencing, multimedia, point-of-presence displays, conference
centers, home theater, and a host of other applications.

Fujitsu, Ltd. (Kawasaki, Japan) was first with the 42-in. PDPs and dominates the still-small market. NEC Corp. (Kawasaki, Japan) has made
. rapid strides, and showed an impressive panel at SID 97 in Boston. Fujitsu and NEC were the only two companies to have panels commercially '
Fujitsu’s 42-in. PDP available before our cutoff date for the 1997 awards. The committee wished to honor both
companies for their achievements and the industry as a whole for its farsighted commitment to
this exciting large-screen lightweight flat-panel direct-view display technology.

As this is written, it looks as if the prices of television receivers based on these panels will
begin in the $10,000 range, and some PDP receivers will be in the North American show-
rooms of video dealers this fall and winter.

NEC's 42-in. PDP ‘

DISPLAY OF THE YEAR AWARD

Honorable Mention:
Sony’s Super Flat FD Trinitron® CRT

When Sony Corp. (Tokyo, Japan) exhibited a television receiver incorporating
the company’s new FD Trinitron® CRT at SID "97, it drew a crowd. Here was
a 28-in. CRT (also available in 32-in.) with 16:9 aspect ratio, a beautiful CRT
image, and a completely flat screen.

Flat-screen CRTs have been produced in the past in small quantities by
Tektronix for military and government customers, and by Zenith in somewhat
larger quantities for premium computer monitors - and one is available now
from Panasonic in a computer monitor. But Sony is the first company to pro-
duce a large wide-aspect-ratio flat screen for television and the first to use
Trinitron® taut-wire technology in a flat-screen CRT. The result is a striking
difference in what viewers see when they watch a CRT-based television
receiver.

Sony is using the designation WEGA for Japanese-market receivers based
on the FD Trinitron®. The price of a 28-in. WEGA Hi-Vision model is
¥330,000. For NTSC, it’s ¥220,000.

Information Display 12/97 11




DISPLAY PRODUCT OF
THE YEAR AWARD

Clarity’s LCD Rear-Projection
Point-of-Purchase Displays

Clarity Visual Systems, Inc. (Wilsonville, Oregon) has applied rear-projec-
tion LCD technology to a specialized (but quite large) market and optimized
it for videowall, kiosk, and dynamic-signage applications. Units have viewing
areas ranging from 40 to 58 in. on the diagonal, depths starting at 18 in.,
weights beginning at 90 lbs., and an average white luminance greater than
200 fL.

Clarity’s modules are designed to be used singly, arrayed horizontally in
“banners,” vertically in posts, and both horizontally and vertically in video-
walls. Design goals included even luminosity across each screen, excellent
consistency of luminance and color from unit to unit to enhance videowall-type
applications, and easy accessibility and set-up.

Clarity’s display modules produce a handsome image, but what the company
has done especially well is to focus on a class of customers and their needs and
to tailor display system integration and development efforts to specifically
answer those needs. Seeing Clarity’s implementation of “dynamic digital
signage” makes it easy to believe that many retail environments are going to
look very different in the near future.

DISPLAY PRODUCT OF THE YEAR AWARD

Honorable Mention: Hewlett-Packard’s PhotoSmart Printer

Hewlett-Packard (Palo Alto, California) has advanced the cause of
digital photography with its PhotoSmart Photo Printer, which is
designed for Windows 95 systems. HP is clearly serious about its
commitment to digital photography, and is marketing a “PhotoSmart
PC Photography System™ that includes a digital camera, print/trans-
parency scanner, digital imaging software, drivers, and a full range of
papers and supplies. But it is the printer that stands out.

To the naked eye, a PhotoSmart print made on HP’s glossy paper in
the best of the printer’s three print modes is virtually indistinguishable
from a photographic print. The 300-dpi ink-jet printer accomplishes
this by using six different dye-based inks in two cartridges. Bach color
can be applied at eight different “saturation levels.” HP says the inks
are laid down in such a way that no dot structure is visible.

Although the printer is priced at a reasonable $499 (U.S.), its truly
photorealistic results do not come cheaply in terms of time or materials
costs. The average time to print a 4 X 6-in. photo is 24 min, and an

8 % 10 takes 5 min; print drying time ranges from 3 to 20 min. Twenty
sheets of 4 x 6 glossy PhotoSmart paper cost about $6.99 in the United States, and each of the two ink cartridges costs about $39.95.

So, if one thinks in terms of the chemical-photography model, in which an amateur photographer prints each photo he or she takes,
PhotoSmart prints will be more expensive than traditional prints. But that would miss the point. A roll of film rarely contains more than a
few shots worth printing, hanging on the wall, or mailing to relatives, although we might want to glance at the others occasionally. The
high-quality output of the PhotoSmart printer will let many people do their photography digitally, enjoy the flexibility of electronic image
viewing, storage, and editing, and know that when they have an image they want to print they will be able to do so without sacrificing
customary photographic quality. HP has created a significant display product.
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ORIGIN OF THE DISPLAY OF THE YEAR AWARDS

The idea of awards for the best displays of the year was first suggested by Professor Shunsuke
Kobayashi to Information Display Magazine editor Ken Werner in Monterey, California, in October
1994. Following discussions with Aris Silzars, Kathy Middo, and members of the Board of Directors of
the Society for Information Display, the Display of the Year Awards Committee was formally consti-
tuted in January 1995 in Santa Clara, California, with Professor Kobayashi as Chair. To ensure a broad
perspective as well as in-depth technical understanding, it was agreed that the committee should include
technical journalists as well as distinguished display professionals - a strategy that has proved very suc-

cessful.

1997 DISPLAY OF THE YEAR AWARDS COMMITTEE

Mr. Jean-Noel Perbet, Chair
Sextant Avionique - APN
Le Haillan, France

Protessor Shunsuke Kobayashi,

Founding Chair

Professor of Electronic Engineering
Science University of Tokyo in Yamaguchi
Onoda, Yamaguchi, Japan

Ms. Cheryl Ajluni

Western Editor

Electronic Design

San Jose, California, U.S.A.

Dr. Hsing-Yao (Jimmy) Chen
Chunghwa Picture Tubes, Ltd.
Taoyuan, Taiwan

Professor Shou-Qian Ding
Dept. of Electron Science
Nankai University
Tianjin, China

Mr. Mark Hurlow

Senior Technical Analyst
MacWorld

San Francisco, California, U.S.A.,

Professor Jin Jang
Kung Hee University
Seoul, Korea

Mr. David Lieberman

Northeast Editor

Electronic Engineering Times
Townsend, Massachusetts, U.S.A.

Professor Shigeo Mikoshiba

Dept. of Electronic Engineering

The University of Electro-Communications
Tokyo, Japan

Dr. Alan Mosley
CRL
Hayes, Middlesex, U.K.

Mr. Alfred Poor
Contributing Editor, PC Magazine
Perkasie, Pennsylvania, U.S.A.

Dr. Aris Silzars

President

Northlight Displays

Issaquah, Washington, U.S.A.

Professor Chuji Suzuki

Advisor

International Center for Materials Research
Nara, Japan

Mr. Chizuka Tani
NEC Corp.
Kanagawa, Japan

Mr. Kenneth . Werner

Editor

Information Display Magazine
Norwalk, Connecticut, U.S.A.

For further information, please communi-
cate with the Committee Secretariat:
Nutmeg Consultants
Att: Dian Mecca
2 Shady Brook Lane
Norwalk, CT, 06854
203/853-7069, fax 203-855-9769
e-mail: NutmegConsultants @
Compuserve.com
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'LCD process technology

Photo-Alignment and Patterning of
Liquid-Crystal Displays

New alignment techniques promise not only economical multi-domain
LCDs but also novel and exciting uses of polymeric liquid-crystal films.

by Martin Schadt

TVISTED—NEMATIC liquid-crystal displays

(TN-LCDs) - or any other LCD that depends
on the effect of an electric field - require that
the alignment of the liquid-crystal (LC)
molecules be controlled. The traditional way
of achieving this control is by confining the
LC layer between two mechanically rubbed
surfaces. The molecules adjacent to a surface
align in the rubbing direction.

In addition to the secondary drawbacks
associated with rubbing polyimide-coated dis-
play substrates - such as generating dust and
electrostatic charges, which is particularly
detrimental for manufacturing thin-film-tran-
sistor (TFT) TN displays - there is a basic
limitation: the result of mechanical alignment

is primarily macroscopic. Therefore, mechan- |

ical rubbing is suitable for aligning displays
uniaxially over the entire substrate area, as is
now done in most commercial LCDs, but it is
not adequate for generating high-resolution
azimuthal aligning patterns, in which the
alignment angle changes from one small area
to another. This is significant because a very
attractive way of circumventing the restricted

Martin Schadt, one of the inventors of the TN
cell, is Chief Executive Officer and member of
the board of ROLIC Ltd., a recently founded
liguid-crystals research and development
company, located at Grenzacherstrasse 124,
4002 Basel, Switzerland; telephone +41-61-
688-1804, fax +41-61-688-1466, e-mail:
martin.schadt@roche.com.

14 Information Display 12/97

Mask

Polarizer

Lightsource

(b)

| Fig. 1: (a) Optical alignment and patterning of a substrate spin-coated with an LPP layer can

readily be performed through a photomask. The polarizer orientation defines the LC-alignment
direction on the substrate. (b) The openings in the mask determine the alignment pattern; the
substrate areas not exposed to linearly polarized UV light exhibit random orientation.
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(a)

(b)

Fig. 2: (a) LPP molecular photo-alignment and cross-linking is well understood. (b) The pro-
cess allows the production of photo-induced bias tilt angles from 0 to 90° by varying material

parameters and/or the angle of incidence of k.

viewing angles of traditional TFT TN-LCDs
and supertwisted-nematic LCDs (STN-LCDs)
is to vary the molecular alignment in a pre-
cisely controlled manner within individual
picture elements (pixcls).' Fortunately, these
high-resolution aligning patterns can be
implemented with a relatively recent optical

| aligning process called linear photopolymer-
ization (LPP).?

The polymerization process in LPP-coated
substrates is distinct from the single molecular
process in polyimide layers and conventional
photopolymers. The in situ photo-cross-link-
ing resulting from the process makes LPP

photo-alignment optically stable. Because of
this, and because the LPP technology makes
many new optical and electro-optical devices
feasible, the technology has generated strong
interest since its discovery in the early 1990s.?

Applying LPP to Multi-Domain
Displays

Stable electro-optical performance in field-
effect displays requires the implementation of
three boundary conditions:

+ Uniaxial alignment of the LC director n

at the respective display substrate.

+ Precisely defined bias tilt angles 6

between n and the display substrates.

+ Thermally and optically stable boundary

conditions.

LPP photo-alignment meets these require-
ments and leads to high-contrast dislocation-
free TN and STN displays with wide viewing
angle and without contrast inversion. The
technical capabilities of LPP technology are
certainly attractive, but the technology is com-
mercially exciting because LPP coatings can
easily be applied to substrates via spin-coating
or other standard techniques, and optical
alignment and patterning of the coating can
readily be performed through a photomask
[Fig. 1(a)].

As shown in the figure, the polarizer orien-
tation defines the LC-alignment direction on
the substrate, which is induced by the linearly
polarized UV light; the openings in the mask
determine the alignment pattern. The sub-
strate areas not exposed to linearly polarized
UV light exhibit random orientation [Fig.
1(b)].

Because the LPP process simultaneously
aligns and cross-links the LPP substrate, the
alignment in the exposed areas is fixed during
the process and can no longer be erased by
subsequent exposure to light. This LPP char-
acteristic permits a two-directional LPP-align-
ment pattern to be generated from a single
photomask. In Fig. 1, for example, a second
alignment pattern could be generated on the
initially unexposed substrate areas by remov-
ing the photomask after completion of the first
alignment step and exposing the entire LPP
substrate to a different polarization orienta-
tion.

We now have a good understanding of the
molecular aligning and cross-linking symme-
tries of the LPP photo process [Fig. 2(a)]. LC
alignment occurs parallel to the electric-field
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LCD process technology

Single-Domain View

(b)

LPP-Aligned Four-Domain TN-LCD

Four-Domain View

Fig. 3: (a) A single photomask was used to generate the tilted LPP-alignment pattern in this
four-domain LCD pixel. The different bias tilt directions determine the twist sense of each of
the four subpixels, and the different tilt angles are produced by different angles of incidence of
the wave vector k. The angular dependence of the four-domain display’s luminance (c) is much

less than that of a single-domain TN-LCD (b).

vector E of the incident linearly polarized UV
radiation within the plane defined by E and
wave vector k. Because of this symmetry, we
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can produce stable photo-induced bias tilt
angles that are adjustable over the entire range
of 6 from 0 to 90° by varying LPP-material

parameters and/or the angle of incidence of k
[Fig. 2(b)].

The technology has been developed to be
practical in a manufacturing environment.
The latest LPP materials require a processing
time of less than 5 sec at a light intensity of
only 2 mW/em?.

Multi-Domain TN-LCDs

The director configuration of a single, par-
tially switched pixel of an LPP-aligned four-
domain TN-LCD is considerably more com-
plex than a single pixel in a conventional sin-
gle-domain display [Fig. 3(a)]. A single photo-
mask was used to generate the tilted LPP-
alignment pattern, as described in the previous
section. The different bias tilt angles 0 on
each substrate determine the twist sense of
each of the four subpixels. The different tilt
angles are achieved by changing the angle of
incidence of the wave vector k.

On a macroscopic scale, the optical aniso-
tropies - changes of optical characteristics
with viewing angle - of the differently aligned
central directors n of the helices in the four
subpixels in the figure compensate each other.
Therefore, the angular dependence of the
four-domain display is much less than that of
a single-domain TN-LCD. This is illustrated
by the uniform brightness of the four-domain
viewing-angle graph [Fig. 3(c)] compared
with the corresponding single-domain graph
[Fig. 3(b)]. These graphs were generated by
measuring the angularly dependent brightness
of the partially switched-on displays in all
four quadrants with light incident at all angles
between the vertical and 60° off-axis. The
gray levels at vertical light incidence are iden-
tical for the single- and four-domain displays
and correspond to 50% transmission. As can
be seen in Fig. 3(b), the intensity of the sin-
gle-domain display changes by nine out of ten

| gray levels within its first and third quadrants

instead of remaining constant. The brightness
of the LPP-aligned photo-patterned four-
domain display changes by only three gray
levels within any of the four quadrants. At
SID '96 in San Diego, a team from LG Elec-
tronics demonstrated the first LPP-aligned 10-
in. color TFT TN-LCD. The display con-
sisted of one LPP-aligned four-domain TFT
substrate and one conventionally brushed
polyimide counter-substrate.

As demonstrated by ROLIC at SID 97 in
Boston, LPP alignment also makes it feasible




to render dual-domain STN-LCDs with con-
siderably improved fields of view (Fig. 4).

LPP-Aligned Optical Retarders
Photo-aligned LPP substrates can align not
only monomeric LCs sandwiched between
two aligned substrates but also LC-polymer
(LCP) films that are coated in pre-polymer
form on a single LPP-aligned substrate. The
possibility of stacking and photo-structuring
LPP and LCP films opens exciting synergies
between the different film functions: align-
ment (LPP), photo-patterning (LPP), and opti-
cal retardation (LCP).

ROLIC has shown that these synergies pro-
duce a wide range of new optical solid-state
devices, such as non-absorbing polarization
interference color filters, photo-patterned
polarizers for direct-view stereo displays,
complex optically patterned retarders for dis-
plays, and novel optical security elements that
are visible only in polarized light.

One possibility is a solid-state LPP-photo-
patterned polarization interference color filter
whose non-absorbing pixels are blue and yel-
low when placed between crossed polarizers
(Fig. 5). The two colors result from stacking
two differently aligned LCP films (LCP, and
LCP,) on top of each other, each of which is
individually photo-patterned and aligned by
the LPP-alignment layers LPP, and LPP,
along the two directions a, and a,. The inter-
ference colors occur when the LPP-LCP opti-
cal retarder is placed between crossed polariz-
ers with the slow optical axes n., aligned
under 45° with respect to the polarizer direc-
tions, where n, is the extraordinary index of
refraction. The left pixel in Fig. 5 acts as a
subtractive retarder with respect to LCPy; ie.,
Byettow = O(LCP,) - B(LCP,).* The right pixel
retardation is additive: dyy,. = 8(LCP,) +
8(LCP,). Because the hybrid LPP-LCP con-
figuration shown in Fig. 5 is non-absorbing in
the visible spectrum, the LPP-LCP color filter
is fully transparent and optimally bright.

Figure 6 shows a high-resolution LPP-LCP
phase-retarder image on a single glass sub-
strate. The retarder image was made by
photo-aligning a 2-pm-thick LCP film on an
LPP-photo-patterned substrate whose aligning
pattern consists of two pixelated directions
that were generated with a single digital
photomask.

To visualize the phase-retarder image, part
of the substrate was placed between crossed

LPP-Aligned Dual-Domain STN-LCD

Single-Domain View
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| Fig. 4: LPP alignment also makes it feasible to render dual-domain as well as four-domain

STN-LCDs with considerably improved fields of view.

polarizers. The non-structured white area in
Fig. 6, where the phase image is invisible, is
outside the crossed polarizers. The black-and-

| white image in the figure results from the

optical retardation & = 230 nm = A/2 induced
by these LPP-LCP pixels, whose slow optical
axes are aligned at under 45° with respect to
the polarization direction (white pixels). The
pixels whose slow optical axes are parallel to
the polarizers appear black.

Looking Ahead
Linear-photopolymerization technology has
made feasible high-resolution LC-alignment
patterns with defined and broadly adjustable
bias tilt angles. The process renders mechani-
cal alignment - with its detrimental generation
of dust particles and electrostatic charges -
obsolete. LPP alignment of monomeric and
polymeric LCs improves the performance of
existing displays, and also opens up interest
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‘ Fig. 5: Photo-alignment and patterning per-
mits a variety of novel solid-state optical
devices, including this polarization interfer-
ence color filter (a) whose non-absorbing pix-
els are blue and yellow when placed between
crossed polarizers (b).

P2

ing new display configurations and non-dis-
play solid-state optical devices that can oper-
ate transmissively as well as reflectively.

Notes

M. Schadt, H. Seiberle, and A. Schuster,
Nature 381,212 (1996).

*M. Schadt, “Liquid Crystal Materials and
Liquid Crystal Displays,” in Ann. Rev. Mat.
Sciences, Vol. 27, ed. by E. N. Kaufmann,
guest ed. C. J. Summers (1997), pp. 305-375.
*ROLIC Ltd., U.S. Patent No. 5389698.

45 = (n.-n,)d, where n, and n, are the extra-
ordinary and ordinary refractive indices;

d = LCP film thickness. H

Pl

Fig, 6: This single-substrate solid-state dis-
L pp . ma q e play produces a high-resolution image when
the substrate is placed between crossed polar-
izers. The white area, where the phase image
ROLIC L. | is invisible, is outside the crossed polarizers.
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Westar’s FPM Performance Measurement System
is the only integrated stimulus and measurement
system that works with several leading instruments.

® Turnkey 5-axis motion-controlled platform
maintains spot size for extreme accuracy

® ViewPoint™ software automates VESA
FPDM compliance testing, including
flicker and response time

® Stimulus solutions for monitors, modules,
AMLCD cells, FED, Plasma and CRTs

® Tests display sizes up to 42" x 24"

® Options include thermal chambers,
multiple sensors, shock mounts,
and production fixtures

To learn more about the FPM system and other
Westar display test and interface products,
contact us at (314) 298-8748, ext. 286
or visit us at www.westar.com/esg
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Air and ground forces around the globe depend
on Brimar technology for capability and survival.
It's been that way ever since Brimar developed the world's
first head-up and helmet-mounted tubes.
And because all Brimar CRTs are designed and built entirely in-house, they're
backed by total on-site quality control. That means
complete reassurance in fields as diverse as military and
civil aviation, photography, telecine and medicine.

And promises absolute confidence%,/,

indoors and out.

Brimar Limited

Viewed as the finest in the world

Brimar Ltd., Greenside Way, Middleton, Manchester M24 ISN, England. International Telephone: +44 161 681 7072 Fax: +44 161 682 3818.
Brimar Inc., 25358 Avenue Stanford, Valencia, California 91355 - 1214 USA. Telephone: (805) 295 5770 Fax: {805) 295 5087
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new display technologies

L.C-Modulated Photoluminescent Displays

Putting the visible light source on the viewer’s side of an LCD
instead of behind it looks more complicated — but it pays off.

by William A. Crossland, Ian D. Springle, and Anthony B. Davey

EM[SS]VE DISPLAYS such as plasma-dis-

play panels (PDPs) and cathode-ray tubes
(CRTs) (which produce their own light) and
liquid-crystal displays (LCDs) (which do not)
each have their weaknesses. Combining the
strategies of the two display types can pro-
duce dramatic performance benefits.

Traditional backlit LCDs modulate the
white light, usually from a fluorescent lamp,
that impinges on the LC panel from the rear -
the side away from the viewer. PDPs, CRTs,
and field-emission displays (FEDs) all pro-
duce light by exciting phosphors that emit
light toward the viewer. In CRTs and FEDs,
the phosphors are all cathodoluminescent:
they are excited by the energy of electrons
impinging upon them. In color PDPs, a
vacuum ultraviolet (VUV) plasma is gener-
ated electrically and used to excite visible
light from a phosphor using photolumines-
cence. Only recently have researchers begun
to investigate displays in which an LC panel
modulates near-UV light, which is then used
to excite photoluminescent phosphors - phos-
phors that are excited by light rather than elec-
trons.

Such displays - which we call photolumi-
nescent liquid-crystal displays (PL-LCDs) -

William A. Crossland, Ian D. Springle, and
Anthony B. Davey are with the Cambridge
University Engineering Department, Cam-

bridge, UK.; telephone/fax +44-1223-330264, |

e-mail: cfl@eng.cam.ac.uk and Screen Tech-
nology Limited, Unit 5d, Button End, Harston,
Cambridge, UK; telephone +44-1223-
875500, fax +44-1223-870955, e-mail:
ispringle @screentech.co.uk.
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Fig. 1: Contrast ratio varies with viewing angle, as indicated here for a simulated second-mini-
mum TN display. The PL-LCD architecture allows a designer to direct low-divergence illumi-

| nation through the high-contrast regions of the TN response.
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allow the internal modulated light to be de-
coupled from the emitted light seen by the
viewer. This de-coupling, and the additional
degrees of design freedom it provides, can be
used to substantially improve display perfor-
mance. Specifically, the de-coupling allows
the internal illumination, LC modulators, and
drive scheme to be optimized for maximum
performance without affecting the viewing
angle or color of the display. Let’s take a
closer look at how this works.

Phosphor Decoupling

Phosphor decoupling manifests itself in three
forms: spatial, spectral, and temporal. Spa-
tially, the luminous flux emitted from a flat
phosphor pixel is proportional to the total
amount of activating light falling upon it from
any internal direction (even a very narrow
range of angles), and the emitted light has a
Lambertian spatial distribution.

The spectral distribution of the emitted flux
is independent of the spectral distribution of
the activating illumination, so the observed
color of the display is not affected by the
internal illumination spectrum or by chro-
matic effects in either the LC modulation or
the optical elements of the display. Tempo-
rally, if the activating illumination fluctuates
on a time scale which is comparable to or
shorter than the phosphor decay time, the tem-
poral characteristics of the emitted flux
become a time average of the illuminating
signal.

Whereas the electro-optic characteristics of
a conventional LCD vary with viewing direc-

Table 1: Efficiency of PL-LCD vs.
Traditional LCD Structure

Change to the Efficiency
Display Structure Gain
Backlight (x 0.92)
« Wasting visible Hg lines % 0.92
Architecture (X 1.66)
» Removal of color filters x 4.3
- Additional phosphor
conversion
+ Quantum efficiency % 0.90
« Utilization factor x (.86
- Loss of backward-emitted
light % 0.50
Total x 1.53

100+

Contrast Ratio

-
o

5 10 15

lllumination divergence half angle (degrees)

20 25 30 35

Fig. 2: The contrast ratio of this simulated PL-LCD can range from over 600:1 to 4.8:1,

depending on the level of illumination divergence.

The dashed line represents Kahn and

Birecki’s minimum visibility criterion of 1.8:1 contrast ratio.

tion and subpixel color, the electro-optic
characteristics of a PL-LCD is the same in all
directions and for each subpixel color. This
single characteristic is a combination of the
characteristics of the LCD panel in all inter-
nally illuminated directions and at all wave-
lengths within the UV backlight distribution.
Similarly, the switching response of a
PL-LCD is the combination of the dynamic
response of the LC with the dynamic response
of the phosphor.

A Fundamental Advantage

The fundamental advantage of PL-LCDs is
that the picture brightness, color, and contrast
seen from any forward direction will be the
same. This immediately solves the viewing-
angle and color-shift problems that have been
virtually synonymous with LCDs. Because
the color of a pixel in a PL-LCD is entirely a
characteristic of the front-face phosphor mate-
rial, the color filters used in conventional

LCD architectures become redundant.

In addition to these intrinsic advantages,
PL-LCD architectures provide three degrees
of freedom not usually available to LCD
designers:

+ The freedom to collimate the internal
illumination to an arbitrarily high degree
and choose the direction of this illumina-
tion without compromising the display’s
angular viewing characteristics.

+ The freedom to use narrow-bandwidth
activating illumination without affecting
the emitted color.

+ The freedom to use phosphor persistence
to remove flicker and other unwanted
temporal artifacts.

The use of perfectly collimated, single-
wavelength illumination greatly increases the
optical performance and multiplexability
attained with LC electro-optic effects. This
technique could substantially improve the per-
formance of both passive-matrix (e.g., STN)
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Screen Technology Limited

Fig. 3: Screen Technology Limited has fabricated the first PL-LCD proof-of-principle display.

and direct-drive (active matrix or simple
numerics/alphanumerics) displays. It also
permits designers to use narrow-band electro-
optic effects and effects sensitive to the direc-
tion of incidence, which have, until now, been
unsuitable for direct-view color displays (e.g.,
structures using waveplates or Bragg reflec-
tors). With single-wavelength illumination,
polarizing components based on selective
reflection from single-pitch cholesteric films
become possible, and the retardations of
waveplates become precisely defined. In real-
ity, perfect collimation in a flat-panel format
is not practicable and neither is “single-wave-
length” excitation - at least for the moment -
but narrow-bandwidth low-divergence illumi-
nation can be readily achieved.

Efficiency

We can compare the power efficiency of PL-
LCDs to conventional architectures if we
assume the PL-LCD is illuminated by a low-
pressure Hg discharge lamp (CCFL) identical
to that used in the conventional display except
for the phosphor coating, which would emit
UVA in the case of the PL-LCD instead of
visible radiation (Table 1). A fundamental
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efficiency gain of 1.53 is estimated. Only
those factors which differ from conventional
color-filter LCDs are included. The differ-
ence in efficiency is due primarily to the
replacement of the traditional display’s color
filters by the PL-LCD’s phosphor conversion.

There are three architectural modifications
that could further increase the efficiency dif-
ferential between conventional displays and
PL-LCDs:

» Techniques to recover the backward-

emitted light.

- Polarization recovery using cholesteric

polarizers.

» The development of new lamp technolo-

gies,

Initial investigations suggest it will be pos-
sible to improve efficiency by a factor in the
range of 1.3-2.0 using a dielectric reflector
designed to transmit activating illumination
but reflect visible wavelengths, and placing it
directly behind the phosphor screen.

At the 1996 SID Symposium Applications
Seminars, D. Coates and his colleagues
reported on the performance of a wideband
cholesteric reflector and quarter-wave foil
combination used to implement polarization

recovery in conventional white-light LCDs.

Although the brightness gain of the system

was high at low viewing angles, the gain

diminished at angles over +20°. Using a simi- )
lar technology in a PL-LCD structure, with
illumination collimated to within +20°, should

allow a total efficiency gain approaching the

on-axis gain of the white-light system.

Tt has been estimated that an efficiency gain
of 1.6 relative to the conventional display with
polarization recovery could be achieved in
this way. But by combining narrow-band -
rather than wideband - cholesteric reflectors
with narrow-band illumination, we believe
higher efficiency gains are possible. The fun-
damental efficiency gain (1.53) combined
with the recovery of backward emitted light
(1.3-2.0) and improvements in polarization
recovery (1.6) would produce a threefold effi-
ciency increase.

In the longer term, the ability to use nar-
row-band light would make it attractive to
develop a light source that emits light directly
at the wavelengths needed to excite the dis-
play phosphors, rather than relying on a phos-
phor to convert UV radiation to these wave-
lengths, as is done in today’s fluorescent
tubes. If all the flux generated by an Hg dis-
charge were emitted at 365 nm and the inter-
nal phosphor coating were removed, the effi-
ciency of the PL-LCD illuminated by the dis-
charge would roughly double.

How a TN PL-LCD Works

When used in a PL-LCD, the spectral band-
width of the light modulated by the LC can be
made arbitrarily small. This is a great advan-
tage because reducing the bandwidth of a
spectrally flat light source improves the mod-
ulation of normally incident light through an

Table 2: Effect of Light-Source
Bandwidth on the Modulation
of Light through an Unpowered

TN Device )
Transmission (%) Contrast
AA NwW NB NB J
(nm) mode mode Mode
1 91.4 0.018 5072:1
10 91.3 0.108 845:1
199 88.3 3.16 29:1

Note. The light source is assumed to be spectrally flat, and its

| light is assumed to be normally incident on the LC panel.




unpowered TN device (Table 2). In normally
white (NW) mode, the reduction in bandwidth
from 330 to 1 nm produced a 5% increase in
transmission efficiency.

The corresponding effect in normally black
(NB) mode is a dramatic increase in contrast.
At a bandwidth of 330 nm, 4.6% of the illumi-
nation was transmitted, producing a contrast
ratio of 20:1 (based on a 90% bright-state
transmission). At a bandwidth of 1 nm,
almost none of the illumination is transmitted.
Thus, use of narrow-band illumination can be
used to maximize the transmission efficiency
of a TN PL-LCD when operated in NW mode,
or to maximize contrast when operated in NB
mode.

Figure 1 shows the angular variation of
contrast ratio for a simulated second-transmis-
sion-minimum conventional TN display, illu-
minated with a tri-band backlight and oper-
ated at the limiting Kahn and Birecki maxi-
mum of five multiplexed lines (+40° field of
view).!

The PL-LCD architecture allows a designer
to direct low-divergence illumination through
the high-contrast regions of this TN response.
The resulting PL-LCD performance is depen-
dent upon the chosen illumination direction,
divergence, and bandwidth. The benefits of
PL-LCD operation can be demonstrated using
simulations of a second-minimum TN device
operated conventionally and within a PL-LCD
architecture. One way to express these bene-
fits is in terms of increased contrast at a fixed
number of multiplexed lines.

The rings on the diagram indicate the angu-
lar extent of seven different levels of diver-
gence (from +3° to £35°) when illumination is
directed through the point of highest contrast
on the conventional display. Figure 2 shows
the variation of PL-LCD contrast ratio with
illumination divergence when multiplexed at
the limiting five-line multiplex of the conven-
tional display (dashed line). Contrast varied
from over 600:1 to 4.8:1 (bright-state trans-
mission varied between 90 and 81%, while
that of the conventional display was 75%). In
fact, the optimum illumination direction for
maximum PL-LCD contrast using the five-
line multiplex did not coincide with the direc-
tion of highest contrast through the conven-
tional display. Contrast in excess of 1500:1
was generated with optimally directed illumi-
nation.

When used in conventional architectures,
the TN panel must modulate the entire visible
spectrum. Ina TN PL-LCD, the bandwidth of
the illumination can be made arbitrarily small
in order to reduce this demand, and thereby
increase performance. Because the TN elec-
tro-optic effect is relatively achromatic these
benefits are modest, but they illustrate an
important point for more chromatic effects
such as STN. Table 2 shows the advantage
gained from reducing the illumination band-
width in the simulated PL-LCD when nor-
mally illuminated with collimated light. In
normally white (NW) mode, the reduction in
bandwidth from 199 to 1 nm produced a 3.1%
increase in transmission efficiency. The

- corresponding effect in normally black (NB)
' mode was a dramatic increase in contrast. At

a bandwidth of 199 nm, 3.2% of the illumina-
tion was transmitted, producing a contrast of
29:1. At abandwidth of 1 nm, dark-state
transmission was 0.02% and contrast was
5072:1. Thus, use of narrow-band illumina-
tion can be used to maximize the transmission
efficiency of a TN PL-LCD when operated in
NW mode, or to increase the contrast when
operated in NB mode.

PL-LCD designs incorporating both nar-
row-bandwidth and low-divergence illumina-
tion are expected to enable a dramatic
increase in the multiplexability of twist cells.
Such twist-cell designs will need to be specifi-
cally optimized for PL-LCD operation.

Practical Considerations
There are some practical problems which
must be confronted before PL-LCDs can be
commercialized. First, because the phosphor
image and the modulated area are spatially
separated for out-of-cell phosphors, pixel size
is limited by illumination divergence if
crosstalk is to be avoided. In addition, a high
level of collimation is required to fully utilize
the potential of some electro-optic effects.
Polarizers and other optical components
designed for visible displays are not generally
suitable for use at shorter wavelengths. Also,
requirements for LC stability limit the range
of existing LC mixtures that can be used.
Screen Technology Limited, a company
established to solve these practical problems
and to commercialize PL-LCD technology,
has fabricated the first PL-LCD proof-of-prin-
ciple demonstrator® (Fig. 3). It uses 365-nm

| illumination with limited collimation, modu-

lated by a TN electro-optic effect to excite
red, green, and blue external phosphors.
Using an excitation wavelength as close as
possible to the visible will minimize the
increased absorption and decreased lifetimes
experienced when illuminating at 365 nm.

The Promise of PL-LCDs

PL-LCDs promise to transform the viewing
characteristics, multiplexability, and power
efficiency of existing types of LCDs, as well
as make possible a number of new display
concepts. Current work focuses on develop-
ing an optimized nematic structure using sub-
blue excitation for a wide range of applica-
tions, including video.
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Notes

'Tn 1979, Kahn and Birecki reported their
studies of the angular variation of the TN
electro-optic transfer characteristic and pro-
posed an empirical rule for determining the
smallest discrimination ratio at which an NW
TN display can be operated while still produc-
ing a discernible picture. Their criterion was
based upon 90% transmission in the unse-
lected state (relative to zero-voltage transmis-
sion) and 50% transmission in the selected
state. This guarantees a good level of bright-
ness and a contrast not falling below 1.8:1
over the specified (but limited) viewing cone.
?Details of the demonstrator were reported at
EID 97 in Esher, Surrey, U.K. (I.D. Springle
etal). @
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Anyway you look at them, Mitsubishi’s
ANGLEVIEW" TFT-LCDs give you a great view. And
with a 4.3pm cell gap design, they give you a high
contrast ratio without off-axis image reversal, plus
rich, saturated color for breathtaking front-of-
screen viewing.

As a leader in display technology for over

20 years, Mitsubishi continues to develop
advanced color TFT-LCD technologies:
* Wide Viewing Angle (120°+)
* High Luminance (200+ Nits)
* EMI Compliant (CISPR B)
* Low Power Consumption (<2.0 Watts)
The Mitsubishi TFT-LCD product line includes
displays designed specifically for key markets,
including: portable computing, flat panel monitor,
» 'workstation, instrumentation
and industrial control. Interface
support includes CMOS/TTL,
FPD Link™ and Flat Link™
(LVDS), and PanelLink"
Worldwide Service and Support
For a great competitive advantage, Mitsubishi
provides service and support on three continents:
Europe, North America and Asia. Enjoy the view.
Call 408-774-3189, or get a great view from our
web site at www.angleview.com.

ANGLEVIEW s a trademark of Mitsubishi Electronics America, Inc.
Al other trademarks are the property of their respective owners.




company history

The Perils of Plasmaco

As in the old-time movie serial “The Perils of
Pauline,” Plasmaco has had many brushes
with disaster on its way 10 SUCCcess.

by Jane D. Birk

BSMACO is familiar to many readers of
this magazine, as is its President and co-
founder, Larry Weber (Fig. 1). Those who
have attended SID shows have seen the com-
pany exhibit new developments almost every
year (Table 1). But what is the rest of the
story? Most people don’t know how Plas-
maco came into being, how it faced and over-
came many obstacles, and how, more than
once, it nearly perished on the rocks of disas-
ter. Plasmaco’s story is one of survival based
not only on technical innovation but also on
the loyalty, trust, and painful self-sacrifice of
its dedicated people.

Plasmaco began at the end of an era. By
the late 1980s, IBM was the last of the major
U.S. plasma-display manufacturers, persever-
ing after companies such as Owens-Illinois,
AT&T, Texas Instruments, Sperry, Bur-
roughs, and NCR had dropped their plasma
programs. In 1987 Larry Weber, then a pro-
fessor at the University of Illinois, attempted
to revive IBM’s development program with
new technologies invented at the university.
With the help of Jim Greeson, a longtime SID
member, a meeting was scheduled at IBM in
Raleigh, North Carolina, to discuss Weber’s
proposal. The February 1987 meeting had to

Jane D. Birk is an Applications Engineer at
Plasmaco, Inc., 180 South St., Highland, New
York 12528; telephone 914/883-6800, fax
914/883-6867, e-mail: birkj@plasmaco.com.
Plasmaco is a wholly owned subsidiary of
Matsushita Electric Industrial Co., Ltd.,
Osaka, Japan.
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| be canceled when a freak ice storm struck

Raleigh, essentially shutting down the city for
a week. Before the meeting could be resched-
uled, IBM’s management had made its final
decision to close its plasma-display manufac-
turing operation in Kingston, New York.

With the closing of IBM’s plasma program,
there seemed to be no markets left for
Weber’s innovations. After “being depressed
for about a month,” Weber again contacted
Jim Greeson for help in locating someone
from IBM who might be interested in starting
a new plasma company. Greeson put Weber
in touch with Jim Kehoe, the manager of
IBM’s Kingston, New York, plasma-display
operation. Weber’s interest excited Kehoe
because he and Everton Henriques, Kehoe’s
second-in-command at IBM, had been think-
ing along the same lines.

The partnership seemed perfect since Kehoe
and Henriques had extensive plasma-panel
manufacturing know-how and Weber was an

expert in electronics. Mike Marentic, a former |

graduate student of Weber’s who had plasma-
display experience from NCR, AT&T, and
Interstate Electronics, was recruited to the ven-
ture. Together the four formed Plasmaco, an
independent company that would utilize
IBM’s plasma manufacturing line and Webet’s
new developments from the university.

Apple Juice

Initial financing, enough to last just 6 months,
was secured, and Plasmaco acquired the
exclusive rights to IBM’s manufacturing
equipment, patents, and technology. The first
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task was to find a location to store the equip-
ment. Weber searched the area from his small
airplane, looking for large buildings with
empty parking lots. Many promising sites
turned out to be IBM storage facilities, but his
search finally yielded a vacant apple-juice
processing plant 20 miles from IBM’s
Kingston facility. In the fall of 1987, more
than 80 tractor-trailer loads of equipment were
moved into the building. While initially
intended only for temporary storage, later
construction began to convert the 64,000-ft.”
building into a manufacturing facility. (The
huge below-grade concrete structure into
which trucks originally dumped apples, and

| which guided the apples to the juice-process-
| ing equipment along a water-filled moat, is

too massive to remove and has no obvious
application to display manufacturing. Con-
version schemes are a topic for lunchtime

| conversation at Plasmaco.)

Table 1: Chronology of Plasmaco’s
Plasma-Panel Development

1988  First display
1989 640 x 400 monochrome prototype
1990 640 % 400 production model
1991 1280 x 1024 monochrome prototype
1992 1280 x 1024 production model

| 1994  First color display

| 1995  21-in. high-brightness color display
1996  21-in. color display with 100% digital

video

1997  42-in. color display




Fig. 1: Plasmaco’s Larry Weber has a lot to smile about.

Development work began in earnest in order
to make a big splash at the SID Symposium
and Exhibition in May 1988 in California. The
schedule was extremely aggressive. Because
of a lack of funds, the first cleanroom - a tiny
1000 ft.2 - was not constructed until April
1988. On the Friday before SID, work began
on the first Plasmaco panel, and processing
continued around the clock over the weekend.
On Monday morning, the final panel-process-
ing steps were completed as a courier waited,

and the panel was sent by air express to Cali-
fornia. Final assembly of the panel with elec-
tronics began on Monday evening in Mike
Marentic’s living room. Of course, all did not
go smoothly, and Weber and Marentic worked
throughout the night and the next day to com-
plete the display. (This would be the first of
many “all-nighters” recalled by the company’s
employees.) The hard work paid off, and Plas-
maco’s first display prototype made its public
debut at SID ’88 (Fig. 2).

Money Comes in - and Runs Out

The stock-market crash of October 1987
severely hurt the company’s fund-raising
efforts. Despite financial hardship, the com-
pany began developing displays utilizing
Weber’s energy-recovery sustain circuitry,
chip-on-glass, and independent sustain and
address (ISA) technologies. A 10-in. proto-
type display incorporating these features was
shown at SID in 1989.

After having stretched its initial 6-month
financing to last 2 years, Plasmaco finally
secured major financing in August 1989,
enabling the company to begin manufacturing.
An additional 10,000 ft.? of cleanroom was
constructed, and manufacture of 10-in.-diago-
nal displays began in December 1990. Just as
production was getting fully under way, hard-
ship struck once again. Most of Plasmaco’s
10-in. displays were sold in Europe, and a
mid-1991 European recession constrained the
market. A 21-in. high-resolution display was
introduced in 1991 but it, along with the 10-
in, model, met with limited acceptance in the
U.S. because of the increasing availability of
color LCDs.

By 1993 the company was in serious finan-
cial trouble, and in late June drastic action
was taken by Plasmaco’s board. At the end of
the day, three of the company’s four founders
were dismissed, and only Weber, as chief
technology officer, remained from the original
management team. A renowned turn-around
expert was brought in to bring the company to
solvency. Unfortunately, according to Weber,
6 weeks later the turn-around expert “turned
around and left,” deeming Plasmaco’s situa-
tion hopeless.

The board called upon Weber to take the
lead, and he reluctantly took on the role of
Plasmaco’s Acting CEO. The board’s first
directive to Weber was that he lay off half of
the company’s dedicated work force. An
audit revealed that it cost $1750 to make one
of Plasmaco’s 10-in. panels, which sold for
$500, so production was terminated. The
audit also indicated that the company only had
funds sufficient for 3-4 months of operation,
but again the money was stretched - and
lasted for a year.

Inspired by an idea drawn from the first
SID Manufacturing Technology Conference
in January 1994, Weber devised a way to
manufacture 21-in. color plasma displays
using the company’s existing monochrome
equipment. Incredibly, Weber maintained
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company history

that not only was this proposal feasible but a
display based on it could be shown at the next
SID show only 5 months away! Even the
optimistic Weber acknowledged that there
was a serious obstacle: the company didn’t
have the $80,000 needed to purchase compo-
nents for the development effort.

Although this was the smallest amount the
company would ever need to raise, it was the
hardest to acquire. One of the company’s
original investors agreed to invest half the
money, but no one else wanted to invest in
what appeared to be a failing venture. Since
Plasmaco’s bank was threatening foreclosure
on existing loans, Weber approached it with a
proposition. He told the bankers that if they
foreclosed they would get next to nothing for
the company’s aging equipment, but if they
allowed the continuation of his color-display
development, their rewards would be much
greater. Weber’s argument was convincing,
and 15 minutes before the foreclosure dead-
line the remaining investment money was
found. As a condition of forestalling foreclo-
sure, Weber agreed that a color panel would
indeed be shown at SID. If no panel was
shown, foreclosure proceedings would be
reinstated immediately.

The pressure was on, and Plasmaco’s
employees rose to the occasion, working liter-
ally around the clock. By the start of SID
week, the panel and electronics were fabri-
cated but the display was not yet working.
Knowing that exhibition of the display at SID
was vital, Weber shipped it with a dozen
boxes of spare parts and laboratory equipment
to San Jose. In a friend’s garage, Weber and
Jim Noecker, one of the company’s design
engineers, worked day and night to debug the
display. Atnoon on the final day of SID, only
2 hours before the close of the exhibition, they
achieved their goal, and the display made its
debut at SID (Fig. 3). Information Display
editor Ken Werner recalls Weber’s saying,
only half jokingly, as he turned on the power
supply, “The solder joints are still warm.”

The 21-in. display showed only a simple
color-bar pattern, but it caused considerable
excitement not only in the exhibit hall but also
back at Plasmaco.

The following months were the darkest for
Plasmaco. Although the successful showing
at SID prevented foreclosure, the company
was practically out of money. Weber couldn’t
even answer the telephone because bill collec-
tors called constantly. The sheriff was liter-
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Fig. 2: Plasmaco’s first display was exhibited at SID "88 with a bouncing-ball demo. Because
the monochrome display was transparent, Weber boasted of its “360° viewing angle, " and
asked for suggestions concerning what to do with the extra 180°.
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ally at the door. Plasmaco owed everyone;
even the company’s lawyers, says Weber,
“headed for the hills.” The electric and tele-
phone companies threatened to cut off service,
and most of the company’s employees were
put on a 2-day work week to reduce expenses.
Even through these hard times, Plasmaco’s
design team continued their development
efforts. The 21-in. display was first exhibited
publicly showing a 24-bit-color full-motion-
video image at the Flat Information Displays
Conference in December 1994.

Enticed by the potential of the color tech-
nology, a group of venture capitalists pro-
vided the company with an infusion of capital
in September 1994. This funding came in the
nick of time; foreclosure was again imminent.
But to achieve large-scale success, additional
funding was needed. The venture capitalists
took on a vital role in Plasmaco’s fund-raising
efforts, aggressively pursuing every potential
source of financing.

Happy Resolution — with No End in
Sight
In May 1995, Plasmaco entered into a joint

| development agreement with Matsushita Elec-

tric Industrial Co. of Osaka, Japan. The com-
pany’s staff returned to full-time status, and at
SID °95 a display was shown with double the
brightness and four times the contrast ratio of
competing displays. Negotiations during the
next several months resulted in Matsushita’s
purchase of Plasmaco. The deal was closed in
January 1996, with Weber remaining in place
as President.

With the backing of an electronics giant,
funding was now available to pursue develop-
ment of larger displays. Almost immediately,
a new challenge was raised: construct a 42-in.
display to be shown at the Japan Electronics
Show in October. Suddenly, the existing
equipment that had enabled Plasmaco to pro-
duce 21-in. displays was inadequate. The

| staff rallied to acquire new equipment in

record time and construct additional clean-
room space to house it. After much hard work
- and many hours of overtime - contributed
by all of the company’s employees under
Weber’s leadership, Plasmaco’s first 42-in.
display was unveiled at the 1996 Japan Elec-
tronics Show (Fig. 4). Although under devel-
opment for a very short time, Plasmaco’s dis-
play bested the performance of many of its

| competitors. Incidentally, the display shown




Fig. 3: Plasmaco surprised SID 94 attendees with its first color dis-
play. Completed just a couple of hours before the end of the show, the

Plasmaco

panel displayed a hard-wired pattern of color bars.

at JES was completed less than an hour before
it was shipped to Japan for the show.

Over the past year, advancements have con-
tinually been made to improve image quality,
and Plasmaco’s 42-in. displays have been on a
road show of sorts, making stops at
COMDEX, Display Works, the Consumer
Electronics Show, and various Panasonic
events, leaving onlookers visibly impressed.
At SID *97 the company’s booth boasted two
of its 42-in. 4:3-format displays showing digi-
tal video, as well as a 16:9-format display
made by Matsushita Electronics Corp. using
Plasmaco’s core technology. In June 1997,
Plasmaco hosted a tour of its facility by a bus-
load of members of SID’s Mid-Atlantic chap-
ter. Weber’s well-received talk during this
visit was the inspiration for this article.

The cliff-hanging “perils of Plasmaco”
seem to be over, but what’s ahead? Plasmaco
now has a secure position as an arm of Mat-
sushita that is tasked with developing innova-
tive plasma display and manufacturing tech-
nology and doing prototype and small-volume
manufacturing. That Plasmaco’s people have
sacrificed, succeeded, and prospered in the

face of repeated disasters has led them to
believe that almost anything is possible.

The “team-building™ of rope courses and
guided, blindfolded walks is already becom-
ing something of a corporate joke. But at |
Plasmaco there is a team of people who have
learned they can trust each other even when
their livelihoods are at stake.

These are people whose experiences have
given them ample reason to like and trust each
other, and to feel certain that under Larry
Weber’s leadership Plasmaco will continue to
be an innovative force in plasma-display tech- |
nology.

Postscript

On September 5th, Plasmaco’s employees
celebrated the company’s tenth anniversary
with a surprise luncheon honoring Larry
Weber. Also attending were co-founders Jim
Kehoe and Everton Henriques, as well as
Steve Globus, one of the original investors.
Weber was presented with a memory book
highlighting major events in the company’s
history (including SID shows) as well as a
giant “telegram” signed by the employees. l

Plasmaco
Fig. 4: The 42-in. color displuy was shown at SID '97. Plasmaco
brought a busload of its employees to Boston to see the show.

DMTC °98

San Jose, California
San Jose Convention Center
January 20-22, 1998

SID ’98

Symposium, Seminar,
and Exhibition
Anaheim, California
Anaheim Convention Center
May 17-22, 1998
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product case study

Making a Projector Lighter

Giving road warriors a smaller, lighter multimedia
projector without sacrificing brightness and image
quality is an engineering challenge.

by Chris Demers

LIKE EVERYONE in high-tech industries,

LCD manufacturers are constantly driven to
perfect and deliver the Next Big Thing. What
is frequently forgotten, however, is that many
existing products do their jobs well and are
greatly appreciated by their users. Ultra-
portable LCD projectors are such a product.

Since their introduction, datagraphic projec-
tors have had solid employment as business
tools. A traveling salesman in those early
years of the electronic-projection era was con-
sidered well equipped if he could supplement
handouts with projected evidence of his prod-
ucts and services. The projector suggested he
was well financed and successful - and there-
fore more credible. That old projector, how-
ever, may have weighed well over 50 Ibs. and
been capable of projecting only a very dim
image. And those images were often less than
exciting.

Today’s ultraportable LCD projectors weigh
less than 10 Ibs. and still convey success and
preparedness to the audience. But the mobile
presenter can now deliver information using
multimedia and interactivity. Even with video,
audio, PC connectivity, and greater brightness,
the ultraportable has only a fifth of its prede-
cessor’s weight and uses less power.

Chris Demers performs marketing and commu-
nications services for CTX Opto, Inc., 1257 Tas-
man Dr., Suite B, Sunnyvale, CA 94089; tele-
phone 1-800-433-5590. Chris can be reached at
Shorwell Public Relations, 2700 Augustine Dr.,
Suite 239, Santa Clara, CA 95054; telephone
408/727-4356, fax 408/727-4699.
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Making multimedia projectors very light
and compact has required great sophistication
not only in display technology but also in
optical and mechanical design, materials,
molding, and packaging. In designing its

| EzPro line of affordable ultraportables, CTX

Opto, Inc., has fully participated in this revo-
lution and has made some of the lightest pro-
jectors available (Fig. 1). The specific devel-

\ opments that have made these lightweight

units possible are advances in single- and

| triple-panel technologies, single and triple

CTX Opto, Inc.

Fig. 1: The CTX EzPro 580 LCD projector is in many ways representative of the leading

| lightweight single-panel projectors.
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Fig. 2: Inside the EzPro 580, a spherical reflector collects light emitted backward by a lamp or
light source. This light is then directed through a condenser lens and folded toward a Fresnel
lens by a cold mirror. The Fresnel lens distributes the light through a hot mirror that filters out
infrared light. The infrared-free light is then passed through the LCD panel to another Fresnel
lens that makes the light parallel to a front-surface mirror, which folds the light and directs it

through the projection lens to the screen.

optical light paths, and halogen and metal-
halide light sources.

LCD projectors naturally separate into two
different product categories: single and triple
panels. The number of panels in an LCD pro-
jector determines the general form of its opti-
cal light path and how information from the
computer source is processed in the projector
and projected onto a screen.

Single-panel projectors use one LCD panel
(typically 6.4 in. on the diagonal in the current
generation of amorphous-TFT projection pan-
els) to process the computerized information.
Such panels provide excellent image quality
and eliminate design issues regarding conver-
gence - the proper superposition of images
that must occur in three-panel units. Single-
panel projectors require only one optical light
path through the LCD panel and on through
the projection lens. These projectors are gen-
erally lighter and more economical than triple-
panel units because they use fewer compo-
nents and less space.

Triple-panel projectors use three LCD pan-
els, each of which contains one of the red,
green, and blue color-information inputs from
a computer. Individually, these panels are
smaller (usvally 1.3 in. on the diagonal) than
those used in single-panel projectors and con-
tain poly-Si TFTs in the higher-resolution
models. However, triple-panel projectors
must be larger in order to accommodate the
longer light path and the additional compo-
nents needed to direct the light through all the
panels, converge the red, green, and blue
images, and project them onto the screen.
Using CTX Opto projectors as examples, we
will examine the optical light paths associated
with both technologies.

The single optical light path of a single-panel
projector makes possible the compact and
lightweight design of the EzPro 580 LCD pro-
jector (Fig. 2). Although this model is in many
ways representative of the leading projectors in
its class, it has some unusual design features
which will be mentioned along the way.

Inside the unit, a spherical reflector collects
light emitted backward by a lamp or light
source. This light is then directed through a
condenser lens and folded toward a Fresnel
lens by a cold mirror. A Fresnel lens is a flat
glass lens made up of concentric rings of glass
which act like prisms to bend and then mag-
nify light into a concentrated beam. A cold
mirror has a special coating which reflects
visible (cold) light and transmits infrared or
“hot” light. The Fresnel lens distributes the
light through a hot mirror which has a special
coating that reflects heat and transmits visible
light. The resulting visible light with infrared
removed is then passed through the LCD
panel, where the computerized information is
input. The light, now carrying the input infor-
mation, is beamed to an output Fresnel lens
that makes the light parallel to a front-surface
mirror. This mirror folds the light, directing it
through the projection lens onto the screen.
Of course, good optical quality is required in
such a projector, but as optical systems go,
this one is not particularly complicated.

The optical light path for a triple-panel pro-
jector is far more complex than the single-
panel path design (Fig. 3). It requires a longer
light path, which usually requires a larger
housing. In triple-panel design, light is
directed from the lamp box to a dichroic mir-
ror. A dichroic mirror is a reflective filter that
yields very strong colors with high efficiency.

The blue beam is passed through the 1.3-in.
LCD panel dedicated to the blue video signal.
The main light beam is divided again into red
and green beams, each of which also passes
through the corresponding LCD panel. Using
several dichroic mirrors and cold mirrors to
filter and direct the light paths, the red, green,
and blue beams are converged and recom-
bined.

The image is sent through the prism (which
breaks the light down into its component RGB
colors), then through the projection lens, and
onto the screen. The placement of the mirrors
in triple-panel units is very delicate because
the optical system must direct the light pre-
cisely through the small LCD panels and
recombine the light information perfectly.

The last element in the design of an LCD
projector is the choice between a halogen or
metal-halide lamp for the light source. Halo-
gen bulbs are the most common choice for
single-panel projectors. Because halogen
bulbs draw less power, designers can use
smaller power supplies to drive them, which
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The Smart Choice

in Multi-Funetion
Video Generators

ASTRO VG-823

Dot Clock to 250 MHz

Horizontal Scan to
255KHz

Operated directly from a
PC or with “Remote”

product case study

Reflector

Condenser

Projection Lamp

Single LCD Vari-Focal
Panel lens

Screen

Frontpanels Fresnel Lens
i |
Compact/High | CTX Opto, Inc.
Performance | Fig. 3: Ina typical triple-panel design, light is directed from the lamp box to dichroic mirrors
256 Levels at all | that Sepm'ar.e the wi.:ite light into red, .greer.z, and blue beqrrrs, each of which passes thra.ugh. the
| corresponding 1.3-in. LCD panel. Dichroic and cold mirrors filter, converge, and recombine

Frequ?ncres the red, green, and blue beams. The image is sent through the prism and the projection lens,

If you want a very flexible Video
Generator, the Astro VG-823 isa
high performance, lightweight and
compact unit that offers the capability
to test any high resolution display
system up to 1600x1280 at high
refresh rates.

With a RB-649 controller it’s 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
mult functionality.

Make the Smart Choice...

Contact TEAM.

Call 1-800-338-1981 or visit us at

http://www.team-systems.com

TEAM

systems
“Test And Measurement Technology”
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and ento the screen.

saves weight. Halogen structures are fairly
compact. This makes it relatively easy to
keep them out of the way of the optical light
path, which saves space. The light output is
consistently good during the bulb’s life span,
and the bulb can be easily replaced by the
user. In addition, halogen lamps are readily
available at audio/visual dealers and most
lamp specialty stores, and, at no more than
$30, replacement is inexpensive.

CTX Opto created an exception to this sin-
gle-panel design tradition with its recently
introduced EzPro 580, which has a metal-
halide light source. Metal-halide lamps are
often used in three-panel projectors, where
their bright white light illuminates all three

a metal-halide mechanism into the same com-
pact package used for the other EzPro ultra-

portables. The trick was the development of a

smaller, high-voltage power supply for metal-
halide lamps that would fit into the same
space occupied by the halogen power supply
and weigh about the same.

The specific advantages of metal-halide
lamps in LCD projectors are found in the
quality of the projected image. Metal-halide
lamps appear “whiter” to the eye, thus
brighter to the audience. Because of this
whiteness, they are the better choice for accu-

last far longer than halogen - up to 5000
hours in some cases - but generally cost far
more as well. During operation, their maxi-

panels. In the EzPro 580, CTX Opto designed

rate color reproduction and comparison. They

| mum temperature is far lower than that found
with halogen bulbs.

Conclusion

Cost, application, image quality, and amount
of travel are all factors which must be consid-
ered when selecting a combination of ultra-
portable LCD-projector features. Each tech-
nology has different uses and each presenter
has different preferences. Ml

Display Works 98:
SAN JOSE, CALIFORNIA
JANUARY 20-22, 1998

¢ An infernational conference addressing all
aspects of Display Manufacturing including:
— Flat Panel and CRT Manufacturing
— Display Materials
— Manufacturing Equipment
I — Cost Reduction and Yield Improvement
| _—Industry Forecasts
: — Investor Presentations
— International Standards




Where Opportunity
and Preparation Meet.

We are Candescent Techmologies, a five-year
old company with over 200 skilled employce-
shareholders developing a revolutionary new
flat panel display called the “Thin CRT”

Thin CRTs c‘m[mdy what display engineers
have envisioned for over 40 years: a 7mm thin,
lightweight, ultra-low power CRT with an
image quality that seis new industry standards
I addition to our breakthrough technology, we
have gatbered an exceptionally experienced
management team, a set of Pou‘wﬁff corporale
allies such as Hewlett-Packard and broad
ﬁlmuu‘njj [iunrf than $230 million in committed
capital so far) from blue chip investors and
corporale partners. We are now preparing to
become a major manufacturer of Thin CRTs
Jor notebook computers, desktop monitors and
handheld products. We offer a chance lo belp
shape the future of our company and make an
indelible mark on our industry. We're looking for

world-class professionals in the following areas
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Material Scientists

Vacuum Sealing Engineers
Equipment Engineers

Physicists

Display Test Engineers
Electro-Chemists

Ceramic Engineers
Manufacturing/Industrial Engineers
Characterization Engineers

Mechanical Assembly Engineers

CANDES GE N

6320 San Ignacio Avenue, San Jose, CA 95119
e-mail: recruit@candescent.com
408.229.6150, Ext. 2424
fax 408.229.9463




f Displays Are Your Technology...

Don’t Miss These Exciting Don’t Miss These Exciting
Technology Conference Business Conference
Keynotes: Keynotes:
m Dr. Hsing C. Tuan m Toru Shima

President President

Unipac Optoelectronics Corp.

m Dr. Kyung Y. Park
Managing Director
PDP Business
Samsung Display Devices

play Technologies Inc.

ng Director

m Harry Marshall m Bob Duboc
Chairman & CEO S €hief Operating Officer
Candescent T r— Candescent

m Mr. Takahisa Hashimoto
Director of Display Techn [
IBM Japan

m Rick Knox
Director. Advanced Technology
Compaq Computer Corp.

Plus...

Over 60 state-of-the-art
technical papers on Display
Manufacturing

and industry forecasts by:
Ross Young
Display Search

Ve
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Display Works 98 brings together all of the leading display To Exhibit
technologies in one location. At Display Works 98 you have
the opportunity to:

There’s still a small amount of exhibit space left. For
information on exhibiting, call SEMI at 650.940.7992

M Learn About the Latest Manufacturing Technologies
& . To Attend

Register by December 31 for FREE admission to the

M Hear the Market Forecasts exposition and discounts on the Business Conference and

M Address the Challenges and Solutions to Manufacturing Manufacturing Technology Conference. For complete
Electronic Displays information and registration form, call SEMI at 650.940.6905

or visit www.displayworks.org.

M See the Latest Products and Manufacturing Equipment

Sponsored by:
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OPTREX

A MsE.R | €. A I NC

Dot Matrix
Character Module

Color Graphics
LCD Module

Monochrome
Graphics LCD
Module

Custom
LCD Module

‘We Can Put Any
1 Bright Idea On Display.

T Whatever your LCD needs - standard or custom - Optrex can offer an effective, cost-efficient solution.

For over 30 years, manufacturers have relied upon Optrex for technologically-advanced character, monochrome, color and custom LCD
configurations. Founded as a joint venture between Asahi Glass Co. ITD. and Mitsubishi Electric Corp., Optrex provides technical design
and support through our own sales organization, and through more than 100 sales and distribution offices worldwide
For more information call Optrex, or see your electronics distributor today.

P9 OPTREX

AMERICA, INC Circle no. 20

44160 Plymouth Oaks Blvd. ® Plymouth, MI 48170  (313) 416-8500 * FAX: (313) 416-8520
©1997, Optrex America Inc. All Rights Reserved.




FPD MANUFACTURING PROGRAM STATUS
(Autumn 1997)

To date, USDC’s Technical Council has selected 45 priority programs covering various areas of process technology used in manufacturing
FPDs. These include programs for establishing a U.S.-based supply of equipment, materials, or process technology. using existing technical
know-how, as well as both evolutionary and revolutionary technology advancements. Thirty of these programs have been brought under con-
tract and development has begun. The others are in various stages as summarized below.

Topic/Contractor Program Cost USDC Status Current Milestone
T cM) B-site - -
Color filters 1.8 Several Contract completed; Final report issued
Rohm & Haas, Shipley Co.. 12/96
Clarkson University I - -
Color filter fabrication = Canceled -
Pre-assembly test & inspection 24 dpiX Development under way: BB-site testing completed 11/97;
Photon Dynamics C 3/23/94 start e qﬂ}rﬂgrcial_{ﬁrimg =il
Treated substrates 2.3 Several Contract completed Commercial supply in place
Applied Films Corp. St 7/96 = : - e -
Polymer coating 35 FAS Development under way; Implement material rheology
Candescent, FAS Technologies 7/12(94 start follow-on phase 10/97
Coating materials rheology 0.75 FAS Contract negotiation Contract signing 10/97
optimization
FAS Technologies i s e : , s e et
Dry etching 15.1 dpiX Development under way: f3-site testing completed 9/97;
Lam Research, Lawrence 6/20/94 start commercial offering
Livermore National Labs,
University of Wisconsin z - =
Glass supply On hold
LR == o e =
Glass inspection i) OIS Development under way; p-site testing completed:
Display Inspection Systems e giljdstar i commercial ot‘ft_:zi_:_t_g_
Automated interconnect 44 Planar Development under way; Module software tested and debugged
Anorad = i 10/28/95 start 12/97 =
Spacer application & cleaning 1.9 Accudyne, Development under way: p-site testing at PDP facility in progress;
Accudyne Photonics, 6/13/94 start spacer tool testing at Accudyne:
~ Candescent ; commercial offering
Handling (benchmarking) 02 N/A Study completed Final report issued 3/95
Competitive Strategies 10/1/94 =
Handling (cassette design) 0.7 Several Development under way; Gen. 3.5 (600 x 720) cassette completed
Progressive System Technologies, 7/10/95 start 12/97; commercial offering
H-Square . - Sl
Handling (tracking) 3.3 Candescent Development under way: Marathon testing completed 12/97
Sl AtomAdon s Hiasm L o AT
Factory modeling 1.3 Several Contract completed Modeling software package
IDC L 8/97 i commercially available
Handling (storage & retrieval) 1.6 Candescent Development under way; Reset development schedule 9/97
PRI Automation 5/13/96 start e
Handling (manually guided 0.35 Candescent Development under way; Iron man testing of phase I tool
transporer/loader) 6/1/96 start 10/97
PST_ = R K
CIM benchmarking study 0.05 Several Development under way; Final report 1/98
CPS Research = - s s e e
Large-area lithography 22 Photonics Development under way; f-site testing at PDP facility in progress;
Tamarack Scientific s Imaging 3/1/95 start commercial offering
Large-area mask fabrication and 38 Several Development under way; Install plate cleaning system
blanks ol 1?[_'.’/9_6_@2_:5(__ 7/97

Direct laser imaging

Cancelled
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Topic/Contractor Program Cost USDC Status Current Milestone
1 = Gl QWIS 8 bsite i ¥ R N
i Wet processing (etching) 4.1 dpiX Development under way; {-site testing at AMLCD
L _CFE M Technologies 2/12/96 start facility in progress cEhii
Polarizers, UV & retardation films 10.9 Several Development under way; Evaluation of full production
Polaroid e 3/1/95 start samples 10/97
s Optical films finishing facility 045 Several Development under way; Forming and packaging facility
Po!qrqz_'d > " 9/25/97 start operational 1/98 Lo vl
: Literature translation & database 0.6 N/A Development under way; Initiate monthly translation of
management 2/15/96 LCD intelligence 10/97
InterLingua & = s
Backlighting
Litton Data Systems S.D./BHK 4.5 Several Development under way; Final program review 10/97;
10/25/95 start commercial offering
Flar Candle 0.2 Several Development under way; Delivery of prototype lamps
12/15/95 start 12/97
Hughes Power Products 2.0 Several Development under way; Demonstration of first operational
i i 4/1/96 start o backlight 10/97
Glass cutting 4.6 Several Development under way; Prototype tool scribing and
! Accuc_ig,zlf_ b 7/11/94 start breaking head test results
Driver infrastructure =0 - LN
Driver chips 1:25 Kent Displays, Development under way; Design verification engineering
Supertex Planar 9/5/96 start runs 12/97
High-voltage TAB 0.5 CcDC Development under way; Initial 100 TCP prototype
Supertex LN KA 9/5/96 start W produced 11/97 = N
Dielectric isolation wafers 0.9 Planar Development under way; Install test equipment 10/97
~Supertex, Bondtronix . 9/5/96 start
ac/de convertersfinverters i b ik Project canceled .
Plastic substrates 151 Several Project terminated 5/97 Stopped at Phase I checkpoint 5/97
Dow Chemical =
Reactive ion etching 3.8 FED Contract completed Commercial offering
Plasma-Therm e b AT = -
High-resolution pattern lithography ¢ Contract negotiation Contract signing 12/97 %
LC materials, processing, and alignment 3.3 Several Development under way; Develop new pre-tilt materials
Elsicon by 4/10/97 start 1087
Large-area vacuum sealing 3.6 FED Development under way; Detailed equipment drawings
; 7Dir'spla_\; Technology Systems 4/3/97 start ] 9/97 L e
Inorganic planarization layers RFP development RFP scheduled for re-issue 10/97
Patterned glass plate inspection & repair =l Contract negotiation Contract signing 10/97 b
Thin-film vacuum coating db B et REP issued 9/4/97 Proposal due date 11/14/97 13
Cleaning technology 5l 2y Proposal evaluation Contractor selection 11/97
Glass sealing materials - REP development : b
FED getters and activation 8 RFP development =,
Step and repeat lithography 9.5 Development under way: Optical design of lens complete
MRS Te_c_'_firlulng_v ik 6/16/97 start 12/97 ) FaL
- Projection illumination technology 3 P ~ RFP issued 9/4/97 XU ___Pmposal due date 11/14/97 =
|
|
i Source: USDC News, Vol. IV, No. 7, Autumn 1997
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display continuum

continued from page 4

celebrity or a tourist attraction would, for me,
seem like a dumb way to go through life.
Cruising along, letting my gaze wander
along the distant Seattle skyline and the even
more distant Olympic mountains, listening to

the swish of the bow cutting through the
water, making low sparkly arcs of white
spray, watching the wake forming behind,
blue sky overhead, breeze blowing in my

face - if that doesn’t cause one to contemplate

HOW WOULD YOU MEASURE
YOUR DISPLAY

REFLECTIONS?

< 199495 ELDIM sa

EZContrast well known display
measurement solution now provides:

> Diffuse illumination measurements
> Specular illumination measurements

> BRDF analysis

> Automatic angular dynamic adjustment

Over +/- 80° incidence, 0-360° azimuth angle while maintaining a measurement
speed of less than 1 mn for luminance measurements.
Compatibility with main display characteristics measurement standards (IS0, VESA...).

ELECTRONICS FOR DISPLAYS AND [MAGING DEVICES

4 rue Alfred Kostler 14000 CAEN - France

Phone : + 332319476 00 - Fax : + 33231473777
EMail : eldim@eldim.fr — Internet oddress : http://www.eldim.fr

ELDIM
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and appreciate the meaning of life, what

| would?

‘ My contemplation took me down a path
approximately like this. Hmmm ... A $50
million house and $40 billion to his name and
still counting. Why do we make such a fuss
over someone who is way out there on the
fringes of the income-distribution curve? And
where the heck did that $40 billion come
from, anyway? Most of it, of course, still sits
in Microsoft stock and cannot be quickly con-
verted to anything else without causing bad
things to happen. However, on quite a regular
basis, Mr. Gates does convert a $100 million
here and a $100 million there to some other
forms of investment.

Then my contemplation began to take a
direction that was a bit more worrisome.

First, I thought back to earlier times, say to
when a company such as Hewlett-Packard got
started. H-P began by developing a new prod-
uct (a really great signal generator), which
was put on the market and which generated
sales and profits. For a number of years, these
profits were used to fund the growth of the
company. Then, after some years of moderate
- and profitable - growth, came a time when
the company wanted to grow faster than it
could fund from its own resources. It then
reluctantly decided to sell stock and become a
public company, with all the disclosures and
other obligations that that entails. The stock
market valued the company based on its sales
and profits, and the investment world was a
relatively orderly, although not necessarily
completely predictable, place.

Then, sometime later (in the early 80s, as I
recall), along came some aggressive biotech
start-ups that decided to sell stock even before
they had products to sell - just on the promise
of fortunes to be made. It worked. Investors
rushed to jump in as fast as some of these
stocks could be issued. The concept then
spread to high-tech companies in general.

The idea was to try to convince investors that
someday - real soon - they too would own
stock in a great company and would be rich.
“Buy now, and - trust us - we’re about to

. make this great new technology work.” A
company no longer needed sales or profits to
get into the game, just great promises of the
technological wonders hiding just around the
next corner.

Now, please don’t misunderstand me:
Microsoft is no fly-by-night outfit. It has
shown great sales growth and fabulous profits.




S

Its growth continues because it is still on that
upward part of the S-curve we talked about a
few months ago. Nevertheless, it lives in
today’s investment climate that encourages a
gambling mentality and a search for quick and
spectacular returns rather than the more con-
servative and slower-growth approach based
on solid business and financial performance.

But how does all this explain where Bill’s
$40 billion came from? In its entire 33-year
existence (with the last 11 as a public com-
pany), Microsoft has earned a cumulative
profit of roughly $11 billion. That’s not a bad
number, mind you, it’s just not anywhere
close to explaining the current valuation of the
company. The $40 billion that Bill Gates
holds has all come from investors buying
stock in his company. It’s a “donation” from
every investor to Bill. What I mean by this is
that $40 billion in profits from other business
enterprises, public and private, have been
shifted to the personal wealth of Bill Gates.
Some of these profits no doubt came from
businesses having nothing to do with high
tech.

What’s scary is that this process can only
continue as long as there are investors who
believe that the stock is going to keep going
up and up. Long ago, the stock value lost any
realistic connection to the sales and profits of
the company. It’s now riding on a wave of
enthusiasm that could break any day on the
rocky shores of disappointment. Paradoxi-
cally, this won’t affect Bill Gates nearly as
much as some of Microsoft’s smaller
investors. For lifestyle purposes, whether one
has $40 billion or only a few billion doesn’t
really matter. Bill Gates has already con-
verted enough of his stock to other invest-
ments that he will be wealthier than just about
anyone no matter what happens. (Do most of
us really care if he keeps or loses his “wealthi-
est-person” status?)

But what about all those other less-fortu-
nate investors? What happens if Microsoft
has one bad quarter and a significant number
of folks lose confidence and decide to sell?
Because the stock is so far beyond any reason-
able sales or profit-based valuation, the down-
side is really a long ways down there.

All those investors. They bought and sold,
and bought and sold, and bought some more.
And with each transaction they paid a tribute
to Mr. Gates and, in somewhat smaller
amounts, to other chosen ones with names
such as Allen, Ballmer, and Myrvold. A king

SID "98

Anaheim, California

DMTC '98

San Jose, California

Anaheim Convention Center San Jose Convention Center

May 17-22, 1998

January 20-22, 1998

MEASURING

DISPLAYS OR LEDS?
WE GIVE YOU THE ENTIRE SPECTRUM!

For every application there is a perfect solution. Our range of scan-
ning and array based spectrometers offers a new perspective in pro-

duction testing, quality control and research.

With the capability to measure all of the
optical parameters you need within
seconds, our Compact Array Spectrometer,
the CAS1408, is ideally suited for testing
displays and LEDs. A wide selection of
interchangeable measurement adaptors
can be attached by optical fibers for unri-
valed versatility.

As the market leader in LED optical test instrumentation, innovation
has always been our strength. It is re-assuring to know that we offer
you complete solutions for spectroradiometry, photometry, transmis-
sion/reflection and polarization measurements.

FOR THE PERFECT SOLUTION - PHONE, FAX OR E-MAIL US TODAY!

JQNSTRUMENT
\ OPTISCHE MESSTECHNIK

Headquarters: Instrument 5

SYSTEMS

ystems GmbH, Germany, Phone +49-89-4549430

Fax +49-89-45494311 E-mail: info@instrumentsystems.de
Morth America: Instrument Systems, Canada, Phone 613-729-0614

Fax 613-729-906
Internet:

7 E-mail: info@insirumentsysiems.com
www.instrumentsystems.com
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Gamma Scientific’'s new RadOMAcam gives you absolute accuracy in display
measurement. Featuring a unique, patent-pending AVS viewing system and
polarization de-coupling, RadOMAcam combines state-of-the-art electronics with
sophisticated camera technology. It works by superimposing an image of the
exact measurement aperature area onto the display image. You see exactly what
you're measuring. No polarization. No shadowing. No inaccuracy.

RadOMAcam comes with Windows™-based spectral control and analysis
software, and is ideal for CRT, LCD, and flat panel display applications.

For error-free spat measurement, call Gamma Scientific today, ask for our
brochure and pricing at 1-800-637-2758.

@ gamma Scientific, 8581 Aero Drive, San Diego, CA 82123
| §19/279-8034 « (FAX) 619/576-9286

Circle no. 23

EMI CAN BE FOILED

with
AD-MU-80 FOIL IN CUSTOMIZED SHAPES

High Permeability Shielding Alloy Foil
in thicknesses of .002", .004", .006"
and .010" can be fabricated by .
Ad-Vance Magnetics for your spe-
cific requirements.

e CNC Punch Press Capability.

e AD-MU-80 Alloy requires no
painting or plating.

* Tooling charge minimal, if any.

« Time saving and cost effective.

* Design assistance available.

A small AD-MU Foil Shield may solve a
large PROBLEM.

Gives major designing
procuring guidelines. 2/3 of
84-page book contains

71 valuable technical
engineering information
about the entire magnetic
shielding field. 1/3 is calalog
data. Yours for the asking.

AD-VANCE MAGNETICS, INC.

The Problem Solving Magnetic Shielding Specialists

P.O. Box 69 * 625 Monroe Street * Rochester, Indiana 46975
(219) £223-3158 = FAX (219) 223-2524

E-Mail: advancemag@aol.com

Web Home Page: http://www.advancemag.com
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display continuum

couldn’t be more pleased with such subjects -
so willing to donate a goodly part of their
wealth to him and his most favored ones. Is
this perhaps why Mr. Gates’s residence bears
such a remarkable resemblance to a feudal
lakeside castle?

Finally, T wondered, when one has $40 bil-
lion and a castle, what does one do for Christ-
mas? Toys under a Christmas tree wouldn’t
seem to hold much interest. They’ve all
already been acquired, anyway. Does one
then take a day off and acquire nothing? Sort
of an anti-matter Christmas? Does one per-
haps take a breather from all the material
acquisitions and think about something novel
like the real meaning of Christmas? Wouldn’t

| that be appropriate for one who never again

needs to worry about paying bills or basic sur-
vival?

Nah, probably not. No time for that. Got
to get into the office and come up with the lat-
est strategy for destroying Sun and Netscape.
Or maybe, not ... just maybe, not.

My sincerest of Merry Christmas wishes to
you, Bill G., and to all of your hard-working
colleagues. May the spirit of the season instill
in you the wisdom to make the best use of the
financial gifts that have been so richly
bestowed on you.

To the many of you who have responded to
my ponderings and meanderings in this col-
umn during 1997 and who have encouraged
me to continue to share them with you, you
have already given me a greater Christmas
gift than money can buy. For this I thank you
and encourage you to do the same in 1998.
Actually, you can do it even more and I will
like it even better. You see, I'm really no dif-
ferent from all those spoiled rich kids. The
more presents I get, the more my expectations
rise for the next year, So please send your

| thought-presents to me via e-mail at

silzars @ibm.net, by fax at 425/557-8983, or
by phone at 425/557-8850. The Post Office is
busy helping Santa during this time of year,
but if you still would like to practice the
nearly obsolete art of handwriting - by the
way, does Santa accept e-mails or faxes? -
you may contact me at 22513 S.E. 47th Place,
Issaquah, WA 98029.

Wishing all of you the most joyous of Holi-
day Seasons, and may 1998 be a really great
year for us all. B
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The Micronic
pattern generators
are recognized as
world leaders for
large area mask
writing.

Regardless of
your application:

active displays

¢ shadow masks
¢ passive displays
¢ Jead frames

Micronic provides
outstanding image
quality.

Call us in USA at (603) 635-9636 or e-mail: info@micronic.se Internet: www.micmnic.seMI CR ON C
Micronic Laser Systems AB In Europe contact Micronic In Japan contact Hakuto Co I

PO Box 3141 Tiby Tel: +46 8 638 52 00 Tel: +81 3 3225 8910 LASER SYSTEMS
5183 03 Sweden Fax: +46 8 638 52 90 Fax: +81 3 3225 9012
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Interface Solutions

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 volume projects and monitor production.

Analog - Computer Bus card - PC Video - PAL/NTSC
AC series: A range of interface DC series: Includes PCI bus LCD PN series: Advanced multi system
controllers for LCD, Plasma or EL, to graphics card for providing LCD digital video interface for TFT LCD and
connect to analog graphics source. signal output from a PC. Plasma panels.

VGA (640x480), SVGA (800x600),
XGA (1024x768), SXGA (1280x1024).

Accessories: A wide variety of
SV-Series: A combination interface for support accessories.
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 monitors

LCD multimedia systems

P NEC analog panels are also supported.

Digital View

USA: Tel: 408-287 4935, Fax: 408-287 3952 <
England: Tel: (0)1438-816 600, Fax: (0)1438-816 909 Internet: www.digitalview.com
Hong Kong: Tel: 2861 3615, Fax: 2520 2987 Email: sales@digitalview.com
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To the Editor:

The NEC article “There’s Still Room for a
New High-Volume CRT” (Information Dis-
play, June *97) is not of the quality I expect
from SID’s official publication. It gives the
impression that the combination of a striped
phosphor screen and a slotted shadow mask is
something new, when in fact this technology
has been used in every TV tube except Sony’s
Trinitron for many years. At the same time,
the article shortchanges what appears to be
NEC’s real achievement - stretching this old
technology to achieve a 0.25 mm pitch, which
requires the slots in the aperture mask to be
only 0.0016 in. wide. With a mask which
must be much thicker than this to support its
own weight, etching such fine slots is quite a
feat. This is only briefly mentioned (top of
middle column, p. 20).

There are a number of errors in the article.
For example, the two sentences in the top
paragraph of column 3, p. 19 contradict each
other: The first sentence states that for equal
pitch, the maximum number of horizontal pix-
els for the striped type is 1.22 times that of the
dotted type. One would conclude that the
striped type is better. But the next sentence
states that to achieve the same horizontal reso-
lution as the dotted type, the pitch of the
striped type must be finer than that of the dot-
trio CRT. Which one is right?

The last paragraph of col. 2, p. 20 says that
the phosphor screen is made of continuous
stripes (as in all consumer tubes); but Fig. 3,
same page, shows interrupted stripes.

End of p. 20: In the equation at the end of
p. 20, m and n represent the orders of space
harmonics of the scan line and aperture pat-
terns, respectively; the words used to define m
and n (first column, p. 21) “the dimensions of
each pitch” are pure nonsense.

Figure 4 is quite unrealistic. If the spot size
were so small as to cover only two adjacent
color stripes, no vertical line could ever be
white. The spot must cover at least one trio,
and in practice it is substantially larger. But
even if Fig. 4 were drawn correctly, it would
prove nothing regarding legibility, because
green stripes appear much brighter to the eye
than red or blue stripes. To judge legibility,
one would at least have to use colored dots
and stripes of appropriate brightness; a better
simulation should take the electron density
distribution in the beam into account.

In Fig. 6, S-VGA should be 800 x 600, not

42 Information Display 12/97

800 x 800. The curves, however, are correct
for 800 = 600. The caption of Fig. 6 is mis-
leading: The vertical axis indicates the pitch A
of the moire; it conveys no information on
when the moire becomes visible. To find that
information one has to look in the text (the
last column states that A should be less than
1.5 mm). That information could have been
included in Fig. 6 by adding a horizontal line,
but that was not done.

— Robert Adler
Consultant

The author responds:

I'd like to thank Robert Adler for his com-
ments regarding NEC Technologies’ new
CromaClear CRT, as described in the June
1997 issue of Information Display. 1 appreci-
ate his pointing out that we may have under-
stated the significance of our finely patterned
slot mask.

I would also like to offer an apology if the
article did not clearly identify those elements
of the CromaClear’s design that were devel-
oped from prior art. However, we are proud
that much of the CromaClear CRT’s excellent
performance is the result of innovative new
design.

— Richard Atanus
Director, Product Development
Personal Display Division
NEC Technologies, Inc.

To the Editor:

This letter is in response to the published
article, “Scanning Laser Projectors,” by
William K. Bohannon, which appeared in
your August 1997 Information Display maga-
zine. As a reader and product manager of

| Minolta, I am concerned about the irresponsi-

ble mention of a Minolta product in (pardon
the pun) a “negative light.” Apart from the
non-necessity of mentioning a brand-name
product in the article, the experiment appears
to be a flawed experiment. The author is
attempting to make light measurements of a
scanning source which will not fill the dif-
fuser area of a light meter. Common sense
should prevail and one would immediately
expect to receive incorrect data. However, the
inaccuracies appear to continue when the
author compares the readings of a single pro-

| jected line and reports 800 fC and compares

this to multiple scanning lines (which should
fill the light meter’s receptor area) and reports
values of less than 6 fC. Is this possible?
Furthermore, it should be noted that Minolta
incorporates a condenser-type capacitor which
stores the incident light energy during the
1-ms integration time. This enables the user to
measure light-source output (Br) faster than

1 ms by weighting the measurement over 1 ms.

— Dan Schinasi
Product Manager
Minolta Corporation
Ramsey, New Jersey

The author responds:

First of all, I really like Minolta instruments
and in no way did I attempt to cast them in a
negative light. I trust Minolta instruments for
a wide variety of measurements, use them reg-
ularly, and write up the results of my analysis
on a monthly basis in other publications.

| However, I respectively feel that you do not

understand the basis of the measurement diffi-
culties I described in my article for Informa-
tion Display. The problem is not that the light
from a scanning laser doesn’t fill the diffuser
area on the light master - the problem is that
the light pulses are very, very short in time
duration, on the order of a hundred nanosec-
onds! And then after that 100-ns pulse, the
scan line moves on - rapidly. I felt that to
accurately measure the display (even if the
meter is capable of integrating the pulses), a
meter with a sensor the size of the screen was
needed, a mechanism that could move the
meter to track the scan had to be developed, or
I should just stop the scanning mirror on the
laser projector - which I did.

Regarding your comment on the Minolta
meter’s ability to integrate a flickering light
signal, I called everyone I could at Minolta to
gather the necessary information. As you
stated, the Minolta meter can integrate over a
I-ms integration time - incorporating a capac-
itor. This means that some kind of RC-type
time constant is followed to charge and dis-
charge that capacitor - I desperately needed to
get the detector response data and that RC
curve because I wasn’t sure how accurately
the meter would track or hold individual
pulses of light 100 nm in duration. No one at
Minolta that I spoke to had the data - just the
information that a 1-ms integration time was




available. However, as I stated above, after 1
ms the scan line was moving on - rapidly!
Therefore, I felt that the best approach was to
hold the scanning mirror in check and let the
light meter reach some kind of stable reading.
The results that I described in my article show
that the light meter’s readings eventually
matched that expected from the laser’s power
measurements.

- William K. Bohannon
Manx Research
2060 Ridgecrest PL.
Escondido, CA 92025
760/735-9678

To the Editor:

1 was interested in the short item in the
September issue entitled “The Beginning of

| destroyed (by throwing large stones at them!).
| I wonder if the CRT in the set shown in your
picture is of this type?
Does anybody have any more details of
| these tubes? My memory is rather hazy after
all these years?

- Ray Wilkinson
Microvitec PLC
Bolling Road
Bradford
W. Yorkshire
BD4 7TU, UK

At the request of the Editor, Mr. Peter

Keller, curator of the SID '97 CRT Centennial :
' tubes for size and weight savings. A metal

Exhibition, kindly agreed to respond to Mr.
Wilkinson’s questions.

Dear Mr. Wilkinson:

In reply to your letter of September 29,
there were five important evolutionary
shadow-mask picture tubes in the early days
of all-electronic color television. The first
was an all-glass 9-in. prototype with a 4 x 5-
in, viewing area demonstrated by H. B. Law
of RCA in late 1949 or early 1950. See Fig.
6.10 in my book, The Cathode-Ray Tube, for
this and other photographs. In March of 1950,
an improved prototype (Fig. 6.12) of 16-in.
diameter and using a metal envelope was
shown in public and FCC demonstrations.
This was at the same time that RCA was pro-
moting metal-envelope monochrome picture

flange facilitated sealing the shadow mask and

Color™ about the first RCA commercial colour

TV and the first colour CRTs.

In the early 1960s, during my apprentice-
ship and first employment, I worked for
Thorn-AEI Radio Valves and Tubes in Brims-
down, near Enfield in Middlesex, who
claimed to be the first company in the UK to
manufacture colour CRTs. There was a small
pilot plant at Brimsdown which made 20-in.
round tubes, and production later switched to
their large factory in the Northeast. During
this time I worked in the CRT Development
Laboratory and the Applications Laboratory at
Brimsdown.

I remember seeing some samples of the
early RCA CRTs which, although they had a
flat glass face, as mentioned in your article,
they had a metal cone which formed the bulk
of the tube. I presume that this was because,
with these first tubes, the glass stress prob-
lems inherent in CRT manufacture had not all
been solved. However, this technique must
have raised other problems relating to glass-
to-metal seals.

Another problem was the fact that this large
metal cone was connected directly to the final
anode and, in operation, would be up at 15 kV
or so which, even within the wooden receiver
cabinet, was still pretty dangerous (especially
to service technicians!). This problem was
solved by having a large cone-shaped plastic
“shield” which fitted over the whole thing and
insulated it from the outside world.

Sadly, the remaining samples we had of
these historic tubes and their shields were
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letters

screen to the funnel. Next, the glass 15-in.-
diameter 15GP22 (Fig. 6.13) was RCA’s first
commercial picture tube and was used in the
RCA CT-100 color-television receiver in
1954. These were the tube and receiver that
were shown in the 100th Anniversary of the
Cathode-Ray Tube exhibit at the 1997 SID
International Symposium in Boston in May.
The 15GP22 utilized metal flanges with glass-
to-metal seals on both the faceplate and fun-
nel. After fabrication of the screen, the two
flanges were welded to join the two parts. A
few months later, RCA reverted to a metal-
envelope tube of 21-in. diameter - type 21 in.
in diameter, type 21 AXP22 (Fig. 6.16). Vol-
ume production began with the 21AXP22,
which was probably the CRT that you remem-
ber. Finally, in 1957, RCA went permanently
back to all-glass construction with the 21-in.-
diameter 21CYP22 (similar in appearance to
Fig. 6.17), which employed the now-common
frit seal in place of metal flanges and glass-to-
metal seals.

Many other interesting color CRTs using
the shadow mask and other principles were
developed during the 1950s by RCA, CBS,
Philco, and others but, in my opinion, the five
devices described above mark the major mile-
stones until the long-awaited successful intro-
duction of the 90%deflection, rectangular,
shadow-mask picture tube in 1965. This was
15 years after the widespread adoption of the
rectangular monochrome picture tube and 11
years after the introduction of all-electronic
color television.

— Peter A. Keller
Tektronix, Inc.
P.O. Box 500
Beaverton, OR 97077
e-mail: peter.keller
@tek.com

Please send new product releases or
news items to Information Display,
¢/o Palisades Institute for Research
Services, Inc., 201 Varick Street, New
York, NY 10014.
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SID '98

Symposium, Seminar,
and Exhibition

Anaheim, California
Anaheim Convention Center
May 17-22, 1998

14

Fourth International
Conference on the Science
and Technology of
Display Phosphors
BEND, OREGON
SEPTEMBER 14-17, 1998

+ An international conference on the future
prospects of phosphaors for:

— ELDs — FEDs

— GRTs — Plasma Displays

— PL Devices — LC Backlights

28

Research Conference
(Asia Display "98)
SEOUL, KOREA
SEPT. 26 - 0CT. 1, 1998

« An international conference on display
research and development aspects of:
— Display Fundamentals. Display Devices.
— Hard Copy & Storage. Input Systems
— Integrated Devices and Applications
— Image and Signal Processing.
— Color Perception. Human Factors

18th International Display

Display Technology

The Fourth International Display Workshop
(IDW °97). Co-sponsored by the Institute of Image
Information and Television Engineers of Japan and
the Japan Chapter of SID. Contact: IDW "97 Secre-
tariat, ¢/o The Convention; +81-3-3423-4180, fax
+§1-3-3423-4108.

Nov. 19-21, 1997 Nagoya, Japan

Display Works 98: Display Manufacturing Tech-
nology Conference. Co-sponsored by SID, SEMI,
and USDC. 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.

January 20-22, 1998 San Jose, CA

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

March 10-13, 1998 Moscow, Russia

The 1998 SID International Symposium, Seminar
& Exhibition (SID '98). Sponsored by SID. Con-
tact: Jay Morreale, Palisades Institute for Research
Services, Inc., 201 Varick St., Suite 1006, New
York, NY 10014; 212/620-3371, fax 212/620-3379,
e-mail: jmorreal @newyork. 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. Spon-
sored 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: http://tftled.
kyunghee.ac.kr/idrc98.

Sept. 28-Oct. 1, 1988 Seoul, Korea
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License PIVOT SOF}&

continued from page 2

- There is great value in making large,
fragile things close to where they will be
used, especially when the production vol- i
ume is high.

+ Not everybody believes that the system ‘

|

should be integrated on the display.

- The forces of global integration are a
great tide, inexorably wearing away the |
established order of things.

- Ken Werner

We welcome your comments and sugges-
tions. 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 con-
tents of upcoming issues of ID are available
on the ID page at the SID Web site
(http:/fwww.sid.org).
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For more information on licensing PIVOT SOFTWARE®, contact:

" Mikel Estrin, Vice President of Sales at Portrait Displays, Inc.

Tel: +1(610) 227-2724 FAX: +1(510) 227-2705

Email: mestrin @ portrait.com Internet: WWW.PORTRAIT.COM
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PUTTING IT ALL TOGETHER

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://www.sid.org

Database research. Patent
Searches, Technical Literature,

At Gerome Manufacturing, We receive orders by

Competitive Analysis, Market
Research, Demographics

H.L. Funk Consulting
7 Diane Court
Katonah, NY 10536
Telephone/Fax: 914-232-3530
E-mail:
consult@hlfunk.com

you can get a wide range of mag-
netic shields to reduce Electro
Magnetic Interference or Electro
Magnetic Radiation — And, you
can get a complete assembly! We
will fabricate and assemble the
metal  struc-
ture of your
instruments.

Gerome

Manufacturing Company call Gerome!
Uniontown, PA 15401 (412)438-8544

mail, disc, tape and electronic
transmission, and parts are made
on the most accurate and
advanced equipment available.

Order just the part or get the
entire package! Either way you'll
save time and
money when you
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new products

Edited by JoaN GORMAN

FPD performance measurement
system

Westar Corp., St. Louis, Missouri, has
announced it is now shipping the FPM-510, a
flat-panel performance measurement system
that provides fast, accurate, and repeatable
flat-panel-display and display-module testing.
The system performs automatic viewing-
angle, photometric, and colorimetric measure-
ments on flat-panel monitors in accordance
with the Video Electronics Standards Associa-
tion (VESA) flat-panel-display measurement
standard. The FPM-510 completely charac-
terizes the performance of any laptop display,
or flat-panel monitors up to 21 in., saving
hours of manual configuration and calculation
time.

Information: Michael T. Madden, Westar
Corp., 11520 St. Charles Rock Rd., St. Louis,
MO 63044, 314/298-8748 x286, fax 314/298-
8067.

Circle no. 1

Multimedia flat-panel computer

Computer Dynamics, Greenville, South Car-
olina, has introduced the DisplayPac-MMX-
14, a highly integrated multimedia flat-panel
computer featuring a 14.5-in. XGA color

46 Information Display 12/97

| TFT-LCD and a 200-MHz MMX Pentium
i processor. Multimedia computing, the view-
| ing equivalent of a 17-in. CRT, and an
optional resistive touch screen are integrated
into a rugged OEM/industrial package mea-
suring only 18 x 13.5 x 4.5 in. The LCD fea-
tures 1024 x 768 resolution, 256k colors, and
200-nit brightness; the long-life backlight is
rated at 15,000 hours. In addition to its video
capabilities, the system features 16-bit full-
duplex integrated 3-D audio. Also integrated
are an optional resistive touch screen, a 1G
hard-disk drive, and the power supply. The
complete DisplayPac-MMX-14, housed in a
sturdy, easily mounted metal frame, draws
| less than 40 W and is rated at 45°C. The 200-
| MHz unit, with display and touch screen, is
| priced at $5945 in quantities of 10. The dis-
play is also available in an FP-Kit flat-panel
CRT-replacement configuration, which
includes a PCI flat-panel driver card.
Information: Sales Department, Computer
Dynamics, 7640 Pelham Rd., Greenville, SC
29615. 864/627-8800, fax 864/675-0106.

Circle no. 2

Hand-held CCD
spectrophotometer

CVI Spectral Instruments, Putnam, Connecti-
cut, has introduced the SM-210, a hand-held,
compact, low-cost spectrophotometer
designed to obtain color, color-difference, and
spectral data from the reflectance, transmis-
sion, absorbance, and emission of PCs. The
SM-210 consists of an entrance mechanism
with a built-in slit, a fiber-coupling adapter,

| and an order sorting filter; a spectrograph of a
crossed Czerny-Turner arrangement using
high-quality optics; a linear CCD sensor array
and driving circuitry; and a computer-inter-

face card. All the optical components and
driving electronics are enclosed in an alu-
minum housing for stable operation. Applica-
tions include the relative measurement of
color-monitor spectral data and the measure-
ment of light soutces including LEDs. Mea-
suring probes, sample holders, fiber-optic
cables, and light sources are available to cus-
tomize the system. Prices for the SM-210
start at $1749.

Information: John McCasland, CVI Spec-
tral Instruments, 111 Highland Dr., Putnam,
CT 06260. 914/344-4543.

Circle no. 3

Multi-computer windowing
system

RGB Spectrum, Alameda, California, has
announced the SuperView™ VGAplus, an
advanced display-input system that combines
multiple computer screens on a single monitor
or projector. The system was developed for
applications in which multiple computer
sources must be displayed simultaneously,
such as operations centers, control rooms, and
presentation and training facilities. The unit
accepts up to six computer inputs (each up to
1280 x 1024 pixels) to be displayed in win-
dows or in the background. As an option,
composite NTSC/PAL and S-Video inputs
can also be displayed. The SuperView
VGAplus combines the images for display on
a 1280 x 1024-pixel-resolution monitor or
projector. Each image can be independently
positioned and scaled from icon size to full
screen. Display alternatives include side-by-
side, picture-in-picture, and overlapping win-
dows. In addition, each input can be panned



»

and zoomed to emphasize areas of particular
interest.

Information: RGB Spectrum, 950 Marina
Village Pkwy., Alameda, CA 94501.
510/814-7000, fax 510/814-7026.

Circle no. 4

1800 x 1440 @ 80-Hz monitor

Nokia Display Products, Sausalito, California,
has announced the 445Xpro, the first monitor
to offer support for resolution up to 1800 x
1440 @ 80 Hz, providing an 85% increase in
information delivery when upgrading from
standard 1280 % 1024 resolution. Operating at
a scan frequency of 121 kHz with a 0.21-mm
horizontal mask pitch, clear and crisp images
are delivered while maintaining a flicker-free
environment. The 445Xpro offers a full 20 in.
of viewable screen with a 0.21-mm horizontal
mask pitch. The Nokia 445Xpro’s MTBF has
been rated at 100,000 hours with a 90% confi-
dence rating.

Information: John Grundy or Holly Wells,
Nokia Display Products, Inc., Sausalito, CA.
415/331-4244. Nokia displays are available
through authorized resellers and distributors.
Circle no. 5

Clip-on notebook video camera

Panasonic Computer Peripheral Company,
Secaucus, New Jersey, has introduced the
PM-S8122, a color video camera that clips on
to a notebook s display, allowing laptop own-
ers to create and send video e-mail and to
engage in videoconferencing. The clip-on
camera employs full-duplex sound for tele-

phone-like audioconferencing. Both camera
and headset connect to an included conference
card that plugs directly into any PCMCIA
type-II slot through a single plug. Producing
images with a resolution of 542 x 497 and 300
TV lines, the camera can swivel up to 40° and

| tilt up to 120°, making it easy to frame a sub-

ject's face. The PM-S122 clip-on notebook
camera has an estimated street price of $549.
The full package includes clip-on camera,
headset, conference card, and CU-SeeMe and
VideoLink mail software.

Information: Panasonic Computer Periph-

' eral Company, 1-800-742-8086 or 201/348-

7000.

Circle no. 6

Hi-res reflective microdisplay

Varitronix Ltd., Tseung Kwan, Hong Kong,
has announced the availability of a microdis-
play capable of producing high-resolution
images in reflective mode. Silicon-wafer and
liquid-crystal technologies are combined in a
low-cost device that provides bright high-res-
olution images for projector systems and
direct viewers. A full-digital driving circuit is
incorporated in the silicon. The microdisplay
accepts 4-bit digital data up to 100 MHz for
HDTYV applications, analog RGB inputs, digi-
tal data inputs, and decoded video data.

Information: Varitronix, Ltd., 22 Chun
Cheong Street, TKO Industrial Estate (W),
Tscung Kwan O, Hong Kong. +852-2197-
6000, fax +852-2343-9555.

Circle no. 7

dc/ac inverter for 15-in. LCDs

TDK Corporation of America, Mt. Prospect,
Illinois, has introduced the CXA-P1012-NJL,
a low-cost high-power inverter designed to
power 15-in.-LCD backlight systems utilizing
dual cold-cathode fluorescent (CCFL) lamps
and requiring 7 W of power. The inverter fea-
tures dual isolated outputs with a single con-
trol circuit, a design which synchronizes the
outputs and eliminates the flicker problems

. associated with dual-feedback control sys-

tems. A high-efficiency low-EMI circuit
design delivers an open-circuit start-up volt-
age of 1500 V and an output current of 5.5
mA into each CCFL. The standard CXA-
P1012-NJL sells for under $9.00 in quantities
of 1000.

Information: TDK Corp. of America,
Power Conversion Group, 1600 Feehanville
Dr., Mt. Prospect, IL 60056. 847/390-4478.

Circle no. 8
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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, Ltd.
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 Laboratories
DNP Denmark
dpiX, A Xerox Company

Electronic Designs, Inc.
Electro-Plasma, Inc.

Endicott Research Group, Inc.
Epson America

FED Corp.

F-P Electronics

Flat Panel Display Co. (FPD) 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, Inc.

Industrial Electronic Engineers, Inc.

Industrial Technology Research
Institute

In Focus Systems, Inc.

Infodex, Inc.

Innotec Group, Inc.

Interface Products, Inc,

Interserv Corp.

Interstate Electronics Corp.

ISE Electronics 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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Man & Machine, Inc.

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

Minolta Corp.

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

NEC Corp., Japan

Nippon Seiki Co., Ltd.
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a “small-company”

benefit package.

¢ Process/Materials
Processing, Characterization of Dielectrics,
Metals, Photoresists

Plasmaco

Subsidiary of Matsushita Electric Industrial Co., Ltd.
Employment Opportunities

Plasmaco, Inc., is seeking skilled, dedicated and
visionary individuals to join its large-area plasma
display research and development team. Located
in the Hudson Valley region of New York, we have
atmosphere  with
company” growth & support in a rapidly expanding
field. We offer a competitive compensation and
Immediate opportunities exist
for engineers and scientists experienced in:

“big-

e Electronics - Analog design/debug, high volt-
age FETs, power supplies, amplifiers

Thin and Thick Film

Plasmaco, Inc.
180 South Street, Highland, NY 12528
Fax: 914-883-6867
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Check what you need in your display analysis system:

\, flat panel tests

o/ CRT tests

\, easy upgrades (hardware and software)
standard for ISO, NIDL, and VESA testing

\/ optimized for fast, accurate, and automatic testing
with many packaged tesl suites

If you checked all of the above,
you have chosen the Microvision $5200 Family
of Display Analysis Systems

With the §S200 family,

you can precisely,
automatically, and

completely measure

display performance—

and that includes
flat panels.

$5200

Complete turnkey
system with computer,
G-axis positioner,
monitor, software, and
85200 camera system.
Automatically performs
spatial and luminance
measurements.

$5210

You can easily field upgrade
to the more powerful S5210
package, which provides all
88200 functions, plus an
ml( grated spectrometer for
| analysis and color

surements. Includes
response time measure-
ment capability.

§5220

For flat panel testing, a field upgrade to
the 85220 is easy. The 55220 provides

spectromeler-based off-axis measurement,

color analysis, color shift and luminance
testing. Goupled with the 88210, this is the
most comprehensive test system ever
offered—at a fraction of the cost of
individual test instruments. All tests are
performed at NIST-traceable accuracy.
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Microvision. Innovalting since 1983.

If you checked all of the
above and would like more information,
call Microvision at (800) 931-3188.

IMICRDVISIDN

. Dedicated to the Needs of the Display Industry

550 High St., Suite 108 / Auburn, CA 95603
Tel: (916) 888-8344 [ Fax: (916) 888-8349
Toll Free: 1 (800) 931-3188

Email: microvsn.com

Web site: http://www.microvsn.com

International Reps:

Japan - 0 CORP., 06 ]
Taiwan RLINK ' 705 7090
Korea - B & PINT'L, 02 546 1457
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CELCO leads the industry into the a
21st century. Our recent acquisition
of DISCOM Inc.'s CRT deflection-

yoke and related component line, *

- enables us to provide continuing
supply to DISCOM customers
enhanced by CELCO's unparalleled

4 tustomer service and well-known
CELCO YOKES and components
desngnlmanufagturmg capabilities.

http: Ilwww celco.com http://www.deflectionyoke. com
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-Y Traveling
Microscopes, Correction
Coils, Circuitry, and
The CELCO.eXtreme
Digital Motion Picture . &
Film Recorder fo T e
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