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Dot Matrix 
Character Module 

We Can Put Any 
Bright Idea On Display. 

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 techno logically-advanced character, monochrome, color and custom LCD 

configurations. Founded as a joint venture between Asahi Glass Co. LfD. and Mitsubishi Electric Corp., Optrex provides technical des ;;n 

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 electronks distributor today. 

441 GO Plymouth Oaks Blvd . • Plymouth , Ml 48170 • (313) 41 G-8500 • FAX: {313) 41 G-8520 
0 1997, Optrex America Inc. All Rights ReseJVed. 
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COVER: Fujitsu 's lmageSite is thejirst42-ill.-diagollal 
plasma display to e/1/er volume productioll, alld others are 
Oil the tray. PDPs have seellmajor tee/mica/ improve
me/liS ill 1997, and more are due ill '98 - illcludillg some 

Sll,.prises. 

Photo Credit: 

Image:~ Vladpans '97/Panoramic Images , Chicago 1997 
42-in. Plasma Display: Fujitsu Microelectronics, Inc. 

For more on what's coming in llljormation Display, and for 
other news on information-display teclmology, check the 
SLD Web site on the World Wide Web: http://www.sid.org. 
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The Other Displacement 

Displacement refers to using an FPD where a CRT 
would traditionally be designed in. The CRT is thus 
"displaced" by the FPD. 

For most of their history, FPDs have grown by cre
ating new applications, such as notebook computers 
and personal information tools, that CRTs could not 
fill. Although this pattern continues today, the era of 
displacement has clearly begun. A variety of oscil lo

scopes, logic analyzers, medical instruments, industrial control systems, and 
camcorder viewfinders that once used CRTs now use flat panels. 

But the big displacement play is in desktop monitors. Sales are still small, but 
many companies, large and small, are showing wlits and jockeying for position. 
As Bryan Norris reports in this issue, over a hundred FPD monitors and variants 
were shown at Computex Taipei in early June. Some vendors have been selling 
wlits for two years or more. 

Joel Pollack of Sharp Microelectronics feels that the new breed of multi-line
addressed (MLA) STN-LCDs will make displacement take off. MLA displays 
are fast enough to show decent windowed video, and they are inexpensive 
enough to pemlit LCD monitors to be sold at only twice the price of CRT moni
tors. At that price, says Pollack, the market penetration for LCD monitors 
should be about 5%. That's a smallish slice, but it will come from a very large 
pie. 

However, another kind of displacement may already be taking a bigger slice 
out of the pie - and this displacement would be hard to identify from sales statis
tics alone. I am speaking of CRT displacement through the sale of a notebook 
computer that displaces a desktop computer- along with its CRT-based moni
tor. 

In "Portable Desktops," an article in the August issue of PC Magazine, Bill 
Howard writes, " . .. three out of every four notebooks sold today replace rather 
than complement desktop PCs." "Replace rather than complement." That sure 
sounds like "displacement" to me. 

Let's look at this from another angle. When I wondered aloud in NBC's 
booth at SID '97 why people wanted to lug larger, heavier notebook computers 
with 13.3-in. displays around on airplanes, NBC Product Marketing Engineer 
David Schultz said, "They don' t." According to NBC's figures, over 90% of 
such notebooks serve as "moveable desktops": They are used on a desk at work, 
then taken home and used on a desk or table. Such a computer spends the rest of 
its life on an automobile passenger seat or next to its owner on the floor of a 
commuter train. 

There are other trends that nicely confuse the issue. Tei Iki of Sony in San 
Diego has observed that a substantial number of CRT monitors are sold with 
new notebooks that replace desktop systems. And the continuing overall growth 
in computer sales nlight make it harder to obtain w1ambiguous evidence of "dis
placement by notebook" from the sales figures. Still, the fragmentary evidence 
is intriguing. 

Currently, notebook computers that can serve as desktop replacements are 
expensive. In a corporate environment, the high cost of system support and 
maintenance already makes it attractive to replace a $ 1500 desktop maclline and 

continued on page 39 
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Powerful Video Generators. 
The Smart Choices . 
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STANDALONE DIGITAL PC-BASED 

Standalone Units from $2950 
If you want a very flexible Video 
Generator, the Astra 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. vVith the 
RB-614C Remote Box it's perfect for 
the manufacruring area and it can 
easily be programmed and operated 
from a PC via RS-232C-that's true 
multi functionality. 

If you service, repair, evaluate or 
engineer modern Flat Panel Devices, 
the Astra VG-826 is the Digital 
Generator for you. 

It's small and light enough to fi t 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. 

PC-Based Units from $2500 
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 
& manufacruring applications. 

The UNI-VG-D250pc allows 
VESA-D.P.M.S. testing and the ability 
to import preset data files from other 
sources as "test patterns'~ 

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

Call 1-800-338-1981 Visit www. team-systems.com 

-----------------------------------------~-,._.~!! TEAM Systems, lnc. 29H Corvin Drive, Silnta Clara, Cailifonin 95051 "Test And Measurement Technology" 
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There's Gold in Them Thar Hills! 

by Aris Silzars 

Even though it is a wam1, lazy summer evening in 
late July, my thoughts are beginning to drift in the 
direction of creating the next "Display Continuum" 
column. Perhaps my reverie is being influenced by 
the recent news reports and pictures being sent across 
millions of miles of space from the recently arrived 

Mars-lander. Seeing these pictures has put me in an especially philosophical 
mood. That agile little radio-controlled vehicle being driven around the rocky 
surface of Mars by a bunch of " techies" in Pasadena, who probably never quite 
grew up, makes me rethink every science fiction story that I read during my 
high-school years. Never having quite grown up either, I have decided that 
it 's just great that some of us get to play with toys costing hundreds of millions 
of dollars. 

There is, presumably, a serious side to all this, but, as I see it, there is also an 
underlying problem with the present space-exploration program. While the 
objective of increasing mankind 's knowledge of the universe is certainly a good 
and noble one, it falls short of what we humans have been trying to do for the 
last several million years. In past centuries, we could only get away with spend
ing big chunks of the king's or queen's wealth if: (1) we were dedicated to the 
pursuit of a church-approved effort to guarantee that a certain few would get to 
heaven, or (2) we were planning to make said king or queen even richer. Since 
we have not changed all that much in our basic behavior, the questions we must 
then pose are: Where is the promise of unbounded riches? Where are the basic 
human motives of greed and possession? Where is the search for the fountain of 
youth? And, oh yes, does this get us a special deal for getting into heaven? 

I suppose the closest we can come to answering at least one of these questions 
is to hope that somehow by Lmderstanding more about the universe we will gain 
greater insight into why we' re here - maybe even where "here" is - and thereby 
have some additional data with which to try to answer the metaphysical ques
tions most of us occasionally ask - especially during life-threatening crises and 
other traumatic periods. And for the general public, there is always the short
term fascination of seeing photos from the moon or Mars and comparing them to 
what is being promoted in the latest space movie. 

But, all this doesn ' t allow the rich to get even richer. Therefore, it seems to 
me that what is needed is for the Mars Sojourner to find something really impor
tant - something far more significant than the interesting but financially useless 
factoids about what kind of rocks are there and that there may have been some 
water around a few billion years ago. We need to find something that will dra
matically alter the whole complexion of space exploration - increase it by an 
order of magnitude or two. 

For example, right here on earth a hundred years ago a few folks foLmd gold 
up in the Yukon Territory. That soon caused something like a hlmdred thousand 
others to buy a year 's worth of provisions and endure major hardships to travel 
the thousand miles from Seattle to stake their claims along the Klondike River 
and its tributaries. From the stories being recow1ted in the Seattle newspaper, 
there was one particularly difficult cl imb through a mountain pass that took 
weeks of stmggling to get the mandatory one thousand pounds of provisions per 

continued on page 42 
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Ergonomically position your flat panel 
monitors, laptops and keyboards wherever 
you need them-with Ergotron's 
Adjustable Rotating Mounting S olutions 

Circle no. 3 

Laptop 
Mounting 
Solutions 

E~GO I I::::COn® 
1.800.888.8458 http://www.ergotron.com 

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 
AC series: A range of interface 
controllers for LCD, Plasma or EL, to 
connect to analog graphics source. 
VGA (640x480), SVGA (800x600), 
XGA (1024x768), SXGA (!280xl024). 

SV -Series: A combination interface for 
both computer graphics and video (PAL, 
NTSC) for LCD & Plasma. 

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

~ NEC analog panels are also supported. 

Digital Vievv 

Video · PAL/NTSC 
PN series: Advanced multi system 
video interface for TFT LCD and 
Plasma panels. 

Accessories: A wide variety of 
support accessories. 

Enclosure options: 
Open frame kits: panels & interface 
controllers in easy to use frames. 
Industrial display systems 
Desktop monitors 
LCD multimedia systems 

USA: Tel: 408-287 4935, Fax: 408-287 3952 
England: Tel: (0)1438-816 600, Fax: (0)1438-816 909 
Hong Kong : Tel: 2861 3615, Fax: 2520 2987 

Internet: www.digitalview.com 
Email: sales@digitalview.com 
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MultiSync is a re&islered trademarll and LCDZODD. LCD4DD. XtraYiew, •Expect more. Experience more." and the HEC Technolo&ies Icon are trademarks of HEC Technolories. Inc. All other trademarks or re&isterod trademarks are the property of their respective hol1lers. Cll997 HEC Technolo&les, Inc. 



Industries• 
leading 
source for 
custom designed 
and manufactured 
illumination 
Precision made In the U.S.A. 

For over 15 years LCD Lighting has been 
fulfilling our customers' most demanding 
illumination needs with custom designed 
and precision manufactured lamps. From 
copiers, to UV dermatological, to machine 
vision, avionics display backlighting and 
more- LCD lamps are lighting up industries 
throughout the world. 

Complete capabilities 
+ Shape: no matter what, we can bend it 

+ Size: 2.6mm to 20mm O.D. custom lamps, 
plus T-5, T-8 diameters to any length 

+ Color: full spectrum to choose from 
plus tri-band phosphors and high 
color rendering index 

+ Engineering: built to meet environmental 
extremes (MIL Std. 810) · 

+ Lifetime: 20,000 hours average life 
with superior dependabi I ity 

+ Power: high output, yet dimmable 

+ Precision: custom cut laser apertures 

+ Assemblies: harnesses, special bases, 
sockets, connectors and heater w iring 

Trust LCD's advanced technologies and 
experience to quickly solve your illumination 
challenges. Contact us with your needs today: 

LCD 
liGHTING, INC. 

37 Robinson Blvd. • Orange, CT 06477 U.S.A. 
Phone: 203 795-1520 • Fax: 203 795-287 4 
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Monitor Auto Alignment System 

0 8000 is the best-selling single
camera monitor auto alignment 
system. It is now available for CRT 
and 7V applications. 

Product Applications: 
.J MonitorfTV production automation 
J ITC/yoke production automation 
.J QNQC inspection 
J Field repair 
J Engineering test instrumentation 
J Display product qualification 

Alignment and Measurement Functions: 
.J Purity 
J Geometry 
J Colorimetry 

CRT I Yoke Integration 
Convergence 

.J Voltage 
J Focus 

•)f• ,., ._. .,,. 
Irs VERY WELL 

MADE IN TAIWAN 

Set-Top Box Pattem Generator 

05100 is a portable MPEG-11 Trans
port Stream generator specifically 
designed for digital audio visual 
applications. 

Product Applications: 
.J Set-Top Box and ATV development 

MPEG-11/ ATV IC development 
.J Set-Top Box and ATV demonstration 
J Set-Top Box production testing 
J Set-Top Box qualification 

Key Features: 
Transport streams compliant with ATSC, 
DVB and DAVIC specifications 
Build in standard test sequences 

J Jitter generation capability 
J Programmable test sequence 

.(' 
IIIII 
Ill 
IIIII 
IIIII 

Generate EMM and other system information 
:.J Memory card Interface 
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Satellite Terrestrial Cable 

~ 
l., ~ 

Set- Top Box 

Tuner _] 

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

E-mail:dynacolr@ms2.hinet.net 
Te1:886-2-2781938 Fax:886-2-2781817 Where Total Solu!JOn Is a way of Me 



Put your CRT 
on a Diet 

PanoV' w 745 

CTX Opto, Inc. 

1-888-289-6786 

Circle no. 8 

Nutritional Facts 
Serving size 14.5" Diagonal 
Serving per container 1 

CTX PanoView 745 TFT LCD Monitor 

Description Desktop 

Pixels 1024 X 768 XGA 

Colors 16.7 Million 

Brightness (typical) 200 nit 

Power Consumption 30W 

Multiscan Yes 

PC/Mac Compatible Yes 

Weight 12.1 lbs. (w/ stand) 

Dimensions (WxHxD) 15.2''x15"x7.1" (w/ stand) 

Watching what you put on your desktop? 
Choose the future in high performance 

LCD Aat panel display monitors, the CTX 
PanoView 745. Featuring a 1'/ z" ulua thin 

space saving design , th is com pact high 
resolution active matrix monitor can fit 

anywhere. Direct analog RGB input 
makes set up to your PC or Mac easy. 

CTX Opro is a world leader in LCD 

products with a complete line ofTFT LCD 

color monitors. 
Call us today roll 
free-

1-888-289-6786 
or visit our website 
www.ctxopto.com. 

Pttuo View 600MF, LCD monitor module 
ready to iutegrnte into equipment design. 



Almost nothing has a bigger impact on product preference than the v isual performance of a d isplay. 

OCLI's image enhancement technology delivers vivid colors, high contrast and crisp resolution on 

direct view and projection displays. The difference is an immediately visible improvement that w ill w in 
over even the most discriminating customers, the moment they see it. 

Contact us for more information: www.ocli.com 

USA (707) 545-6440 (888)312-0848 EUROPE (49) 6162-93030 JAPAN (81) 3-3225-8974 
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Thirty Years Later: PDPs Come of Age 

In the last 5 years, plasma-disp lay panels have moved from 
niche products to the brink of high-volume production. 

by Albert Lee 

A NALYSTS PREDicr that the 21st century 
will be the Age of Convergence, in which we 
will experience the integration of sound, vision, 
and Internet applications with new technolo
gies not even dreamed of today. Plasma dis
plays and other flat-panel-display (FPD) tech
nologies will play a critical role in defming tllis 
new multimedia era. By being a key element 
in this convergence, FPDs will inevitably be 
incorporated into new applications. 

An Histol'ical Perspective 
Since the invention of the plasma-display 
panel (PDP) at the University of Illinois in 
1964 by Bitzer and Slottow, the teclmology 
has seemed capable of usurping the domi
nance of the CRT. But only today, after more 
than 30 years, is the full potential of this tech
nology finally being realized. 

In the 1960s, several American high-tech
nology fi rms raced to develop and capitalize 
on plasma technology. IBM, Bell Labs, 
Zenith, RCA, Control Data Corp., Burroughs 
(Unisys), and Owens-Illinois all devoted sig
nificant resources to the research and develop
ment of this new technology. 

world in Japan, companies such as Fujitsu, 
H.itachi, NEC, Sony, Toshiba, and Ok.i began 
their own development of plasma displays, 
built upon the work already done in the U.S. 
and elsewhere. 

In the late 1970s and early 1980s, PDP 
development mirrored the situation in the 
semiconductor industry. American firms were 
reducing their reinvestments and develop
ments in new semiconductor products as a 
result of declining revenues caused by stiff 
foreign competition. But as their sales soared, 
Japanese firms, with guidance from Japan's 
Ministry of International Trade and Industry 
(MITI), increased R&D spending in new 
semiconductor products. (Until recently, they 
proceeded to dominate most of the global 
semiconductor market, especially in memory 
products.) As a result, Japanese firms, more 
than any of their competitors, were technolog
ically and financially prepared to advance into 
plasma displays. 

Plasma-display development followed a 
similar track, and by the early 1980s most 
U.S.-based firms had ceased development of 
PDPs and other FPD teclmologies, witl1 the 

exception of a few small firn1s. Japanese 
companies continued their development of 
PDPs and otl1er FPD teclmologies throughout 
most of the 1970s and 1980s. Then, during the 
mid to late 1980s, many Japanese fi rms began 
developing other FPD teclmologies, primarily 
LCDs. During the late 1980s to early 1990s, 
tremendous breakthroughs in LCD develop
ment made this display technology viable for 
portable applications. As a result, Japanese 
firms made significant investments in LCD 
production capacity to meet the huge demand 
for notebook computers. 

While Japanese LCD investments were heat
ing up, the development of plasma displays as 
a viable alternative to CRTs, and even LCDs, 
was cooling off. Major obstacles in plasma 
technology -such as color quality for video 
applications, generating enough gray levels, 
acceptable power conswnption, and lwn.inous 
efficiency - had driven off all but a handful of 
developers, which included Fujitsu in Japan 
and Plasmaco and Photonics in the U.S. 

The Race for Color 
Without effective color, plasma displays were 

Initial development by these companies 
helped define some of the basic teclmologies 
for realizing the color plasma panels of today. 
TI1ey helped defme pixel structures and effec
tive driving schemes, and introduced new 
phosphor materials. 1 Halfway round the 

Table 1: Comparison of ac- and de-Plasma Technologies 

Albert Lee is Senior Applications Engineer, 
Flat Panel Display Group, Fujitsu Microelec
tronics, Inc., 3545 North First Sr., San Jose, 
CA 95134; telephone 408/922-9JOO;fax 
408/922-9862; e-mail: alee @jmi.fujirsu.coiiJ. 
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Featu re 

Luminance ( cd/m2
) 

Life (hours) 

Contrast 

Manufacturability 

Power: 40-in. full-color-display equivalent 
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Fig. I: ac- and de-plasma displays differ in their waveform and pixel structure. In de panels, electrode polarity is fixed, while in ac panels the 
electrode polarity reverses. 

relegated to niche applications. The explosion 
of graphics-based computing had ensured that 
volume FPD markets would go to fu ll-color 
technologies. Monochrome plasma displays 
were successful, however, in applications 
such as factory automation. Tltis continues to 
be the case today, although there is a defini te 
trend toward color in these ru·eas as well. 

PDP developers took two roads to color. 
Manufactmers such as NHK, Matsusltita, and 
Oki pursued color plasma using de-plasma 
teclmology, while Fujitsu and Thomson 
focused on ac-plasma teclmology. The main 
differences between the two technologies are 
in the drive waveforms and pixel structures 
(Fig. 1). In the de panel, electrode polarity is 
fixed, meaning that a de-level drive signal is 
used to excite the pixels. In ac displays, the 
electrode polarity is reversed, meru1ing that an 
ac-drive waveform is used to excite the pixels. 
There are advantages ru1d disadvru1tages to 
both technologies (Table 1). 

Key Developments 
ac-plasma displays have become the dominant 
type for monocluome and, more recently, for 
full-color plasma. Currently, NHK and Mat
susltita are the only compmties still develop
ing de-plasma displays. 

Several key developments in ac-plasma that 
enabled it to become the dontinant teclmology 
for fu ll -color PDPs include three-electrode 
stuface discharge (TSD), reflective tluee-elec
trode surface discharge (R-TSD) (Fig. 2), and 
address display period duplicated subfield 

(ADS) (Fig. 3). These developments brought 
plasma technology closer to the performance 
of CRTs, especially in the areas of contrast, 
brightness, and luminous efficiency. Other 
developments in barrier-rib structure and phos
phors provided additional benefits (Table 2).2 

Video-Processing Advances 
Despite the breakthrough improvements in 
ac-plasma displays, significant advances in 

image quality are still needed for full -motion 
video applications - especially television. 
When full-color motion video images are 
shown on a plasma display, image artifacts 
such as color contoming, pixelization, lack 
of color depth/saturation, and posterizing 
are visible. 

These rutifacts are related to the fixed spa
tial format of the plasma display and its digital 
nature.3 TV and video source material also 

Fujitsu's Original Three Electrode Structure 
(Pixel Cross Section View) 

Transparent 
Display 

Electrodes 

GREEN LIGHT 

fli:i.~~~ Rear Glass Plate 

Barrier Ribs 
(Lead Oxide Glass) 

/ 
Green Phosphor 

BLUE LIGHT 

Fig. 2: Fujitsu's reflective three-electrode sutj'ace-discharge structure extended the opera
tional life of color ptasma displays. 
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plasma-display development 

I ADS Subfield Method For Gradation I 
Tltis technique is effective for increasing the 
apparent number of gray levels in still images, 
but other artifacts can be introduced with 
moving images. 

Error diffusion is another tedutique that is 
used to reduce color contouring and to 
increase apparent color content. Because the 
input for a given pixel has a certain color 
depth - for example, 8 bits - and the display 
is capable of generating a color depth of only 
6 bits, a quantization error is introduced at the 
pixel. The basic principle behind error-diffu
sion algoritluns is to spread this error to 
neighboring pixels. With the error diffused 
over many pixels, the resulting image has an 
average brightness close to the total desired 
brightness of the source.5 Combinations of 
these video-processing teclmiques and other 
improvements in display-driving methods 
have brought PDP perfonnance closer to par
ity with CRTs. 

16.7ms 

These breakthrough developments in 
plasma technology have sparked a tremendous 
revival of plasma displays. In addition, the 
commercial availability of Fujitsu's 21- and 
42-in. color plasma displays - the first color 
PDPs to be commercially available - has gen
erated great interest among product develop
ers. As a result, Japanese and Korean manu
facturers, including NEC, Matsushita/Plas
maco, Pioneer, Hitachi, Samsung, Hyw1dai, 
Lucky Goldstar, and Daewoo, have all 
announced their intentions to develop and 
manufacture color plasma displays. 

Fig. 3: The ADS subfield method was a key technological development for enabling plasma dis
plays to achieve gray scale and full-color video. 

presents a major obstacle because these sig
nals are analog and interlaced. 

In order to address many of these image 
problems, some manufacturers, such as 
Fujitsu, have embedded video-processing 
capability within the displays. This capability 
has become an even more attractive solution 
because of recent developments and pricing of 
digital signal processing (DSP) ICs and mem
ory devices. DSP devices offer speed and 
performance and memory devices offer enor
mous capacities - both at attractive price 
points. These two elements - frame memory 
and signal-processing capability - are essen
tial for embedded video processing. 

Color contouring and the lack of color depth 
are a result of the limited color capability of 
current plasma displays. True-color video 
sources are at least 8 bits per color primary 
(red, green, and blue). High-quality video
broadcast sources such as HDTV are 10 bits 
per primary. From a teclmological and cost 
standpoint, most full-color plasma displays are 
not currently capable of generating such high 
color content. To correct tltis problem, manu-
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facturers have, in some cases, implemented 
dithering, error diffusion, and other video-pro
cessing algorithms to increase the apparent 
color content of the display image. 

Dithering is a teclutique in wltich, for a 
given input-intensity range, there is a corre
sponding range of n x 11 matrices representing 
a sequence of ON/OFF pixels (Fig. 4). 
Among tl1ese matrices, there will be an appro
priate pattern of ON/OFF pixels for a given 
intensity. Changing the combinations of 
ON/OFF matrix patterns on a per-frame basis 
generates the appearance of more gray Jevels.4 

To date, there has been a combined total 
investment in excess of $3 billion for new fac
tories (through the year 2000) with an aggre
gate capacity of 10,000 40-in.-class plasma 
displays per month. At tltis time, Fuj itsu is 
tl1e only manufacturer that has started produc
tion. Although initial availability is estimated 
to be 1500 per month, tltis number is expected 
to increase very quickly as more manufactur-

Table 2: Key Developments in ac-Plasma Technology 

Technology Feature Benefit 

Three-electrode surface discharge (TSD) Operational life 30,000 hours 

Reflection TSD High luntinance 200-cd/m2 brightness 

Barrier-rib structure Simple structure Ease of manufacture 

Phosphor arrangement (stripe) High resolution HDTV in 40-in. diagonal 

ADS subfield Gray-scale achievable Full-color video 
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NOVEMBER 
Third International Con
ference on the Science and 
Technology of Display 
Phosphors 
HUNTINGTON BEACH, CALIFORNIA 

NOVEMBER 3- 5, 1 9 9 7 

• An international conference on the future 
prospects of phosphors for: 
- ELDs - EEDs 
- CRTs- Plasma Displavs 

PL Devices - LC Backlights 

Fig. 4: Dithering is a technique that, for a given input-intensity range, provides a correspond
ing range of n x n matrices representing a sequence of ON and OFF pixels. The dithered pat
terns increase the apparent color depth of the display image. 

ers reach full production. As more manufac
turers enter volume production and quantities 
increase, market forces will cause a fairly 
rapid price reduction. If manufacturers' pro
jections are accurate, we can expect prices to 
drop as low as $20 per diagonal inch over the 
next 3-5 years. 
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Scan-Conversion Techniques 

There are two basic ways to show interlaced video on a 
progressively scanned display, and both involve compromises. 

by Patrick Salenbien 

O NCE UPON A TIME, video displays and 
data displays were distinctly different devices. 
Video displays - as used in television 
receivers - were cleverly designed to show 
dynamic imagery with adequate screen resolu
tion using an improbably narrow broadcast
signal channel. The data displays of the late 
1950s were required to exhibit only static 
alphanumeric data, but they did need to pre
sent a highly stable (jitter-free) image. 

With the proliferation of computers in the 
early 1970s, the use of CRT displays in com
puter terminals increased dramatically. Ter
minals of this era were monochrome and dis
played only 25 lines of text on a screen with 
up to 40 characters per line. The increasing 
speed of computers soon permitted the imple
mentation of far-reaching work on man
machine interfaces, and users began to use 
graphical user interfaces (Gills), followed 
shortly by color. But screen resolution 
remained quite limited, with an effective stan
dard of 320 pixels x 200 lines. 

In the 80s, users started to demand higher 
resolution to improve the displayed quality of 
color graphics. So the CRT computer-display 
market began to evolve from the slow scan
ning frequencies and low screen resolutions 
inherited from consumer-television technology 
to the higher-resolution CRTs we have today. 

Patrick Salenbien was, until recently, an elec
tronics engineer at BARCO Display Systems, 
Kortnijk, Belgium. For information, contact 
Peggy Grimm at BARCO Inc., Chromatics, 2558 
Mountain Industrial Blvd., Tucker, GA 30048-
3893; telephone 770j492-5105;fax 770/492-
5111; e-mail: peggy.grimm@bcx.barco.com. 
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The current resolution standard for a 19-in. 
color CRT display is 1280 pixels x l024 lines. 
The scanning frequency, which is the speed at 
which lines are displayed on the screen, has 
increased from the old 15 kHz to 64 kHz and 
higher. But the old CRT driver electronics 
has not been able to keep up with the faster 
scanning rates now required of them. 

Interlacing 
The interlacing principle was developed quite 
early in the history of television to increase ver
tical screen resolution and reduce the bandwidth 
required to transmit video-camera images. In 
interlacing, the total video frame is divided into 
two fields: one containing the even-numbered 
scanning lines, the other the odd-numbered 

BARCO 

Fig. 1: If we could keep fast-scan and slow-scan systems separate, life would be relatively sim
ple. But there is an ongoing requirement in color graphics/video systems to mix the two scan
ning technologies, such as when video data is used with GU/s in mission planning and control 
systems. 
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FieldB 

Field A 
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Field B 

Fig. 2: In the scan-conversion technique called field doubling, a complete field from the video 
source is stored into memory and is read out at twice the speed at which it was written in. 

lines. By displaying one field at a time, the 
electronics drivers need transmit only half the 
number of lines, thus reducing the speed of 
transmission and the required bandwidth. 

The human eye is capable of integrating 
these two fields, and perceives the image as a 
single frame. If a fie ld is refreshed (rewritten 
on the CRT screen) 50 times per second, the 

total image is displayed only 25 times per sec
ond in interlacing technology .1 Tllis created 
another problem because the human visual 
system detects such slow changes in the 
image-display intensity as annoying flicker. 
In order to reduce tllis flicker, CRT manufac
turers utiHzed phosphors with a longer decay 
time. 

Today's lligh-resolution computers and 
computer monitors have largely discarded the 
interlacing system because modem grapllics 
generators can refresh the image at quite a bit 
more than 50 times per second, which reduces 
the flicker problem greatly. But now that the 
total image is scanned at a higher speed, the 
phosphors must have a short persistence to 
avoid smearing, and today's display tubes use 
these short-persistence phosphors. So, our 
problems are finally solved - as long as our 
color display tubes (CDTs) are only used to 
display computer-generated data and imagery. 
If, however, we try to use these tubes to dis
play imagery produced by slow-scanning sys
tems, such as 15-kHz video cameras, the 
flicker problem resurfaces because we no 
longer have long-persistence phosphors to 
help us out. 

If we can keep fast-scan and slow-scan sys
tems separate, life is relatively simple. But 
there is an ongoing requirement in color 
graphics/video systems to nlix the two scan
ning technologies. In the military/aerospace/ 
industrial arena, we must deal, for example, 
with video data from sources such as Iow
Hght-level intensifiers (LLTVs), forward
looking infrared (FLIR), and a variety of 
video cameras that scan at low frequencies. 
There are, on the other hand, Gills used on 
computers for nlission planning and control 
systems (Fig. 1). In the consumer arena, sys
tems developers are expending substantial 
energy on "multimedia systems" that nux 
computer games, World Wide Web screens, 
and video input. The problem now is how to 
mix the two scanning freq uencies. 

The first component needed to solve the mix
ing problem is a multi-scan display, which will 
accept a wide range of scaruling frequencies 
and adapt to various incoming sources. How
ever, the minimum scanning frequency of such 
a display is usually 30 kHz- with tJ1e maxi
mum being close to 90kHz for a 19-in. CRT. 
The second required component is a scan 
converter, which adapts the interlaced video 
data for display on the multi-scan motlitor. 
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display design 

Line Doubling 

1st Field 

Line 1 =Line 1 (1st Field) 
Line 2 = Line 1 (1st Field) 
Line 3 =Line 3 (1st Field) 

" " " 
" " 

2nd Field 

Line 1 = Line 2 (2nd Field) 
Line 2 = Line 2 (2nd Field) 
Line 3 = Line 4 (2nd Field) 

" " " 
" " " 

Raster Presentation 

Source Video 
Horizontal Line 

Resultant Display 
Double Wide Horizontal 

Fig. 3: In the line-repetition method of scan conversion, each line is displayed twice in succes
sion. 

Field Insertion 
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Line 1 = Line 1 (2nd Field) 
Line 2 = Line 2 (1st Field) 
Line 3 = Line 3 (2nd Field) 
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2nd Field 

Line 1 = Line 1 (2nd Field) 
Line 2 = Line 2 (3rd Field) 
Line 3 = Line 3 (2nd Field) 

Raster Presentation 
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II 
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II __ ___ _ ,.. 
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I 

Resultant Display 
Disjointed Vertical Line 

If the two fie lds of interlaced video are put 
into an electronic memory, the infonnation 
can be manipulated in various ways to 
increase the refresh rate and writing speed. 
This manipulation of information can be done 
in several ways. 

Field Doubling 
One scan-conversion technique is field dou
bling, in which a complete field from the 
video source is stored into memory and is 
read out at twice the speed at which it was 
written in (Fig. 2). This results in a doubling 
of the scanning frequency from 15 kHz (in 
the case of a video camera) to 30 kHz, which 
solves the issue of source-display compatibi l
ity. Each field is generated twice as fast, and 
the refresh rate for the field is now 100 Hz vs. 
the standard 50 Hz, which results in a flicker
free image. When using the field-doubling 
method, a user can try various sequences for 
reading out the data from the field memories. 
The most popular sequence used is the 
AABB scheme, in which the fi rst field (A) 
is read out twice, after which the sel:uml 
field (8) is displayed twice. Th.is system is 
used primarily in toclay 's 100-Hz home tele
vis ion receivers. 

The AABB sequence is an acceptable pro
cess for video-camera images that are rapidly 
changing in real time because the sequence of 
the scanning lines and fie lds is not changed 
from the order in which they are registered by 
the camera. But the fie ld-doubling technique 
is not suitable for low-resolution graphical 
interfaces because the graphics generator will 
cause the two fields to be identical, causing 
the same line to be displayed on the screen at 
two different places clue to the interlacing pro
cess. This will be seen as line fl icker, which 
is very noticeable in graphics-based images 
with slowly varying content, such as a radar 
sweep. 

So, although the field-doubling method 
e liminates frame flicker, it does not solve 
the li ne-fl icker problem because of the inter
lacing process. Thus, the normal field
doubling or field-repetition technique is not 
the most favorable solution for mixing scan 
frequencies. 

Fig. 4: Thejield-inserrion technique involves 
the inserrion of the lines of the first field 
between the lines of the second field. 
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Fig. 5: In the adaptive line-doubling technique, the scan converter switches between line 
repetition and field repetition on a pixel-by-pixel basis. As a result, images from electronic 
sources are rendered with a quality that is better than the 15-kHz video displayed on a 
standard-resolution CRT. 

Line Doubling 
In the line-doubling method, each line gener
ated by the video soLU"ce is stored sequentially 
into the memory and is read out at double 
speed. This process can be attained by two 
separate techniques: line repetition and field 
insertion. 

The line-repetition method displays each 
line twice in succession (Fig. 3). The field
insertion teclmique involves the insertion of 
the lines of the first field between the lines of 
the second field (Fig. 4). Then the lines of the 
second field are copied, in tum, into the third 
frame. In this process, each line is utilized 
twice during each frame, once in the current 
field and once in the next field. 

The line-repetition technique is best suited 
for moving images, since all li nes displayed in 
a single field were generated in that sequence. 
But line repetition sti ll does not solve the 
flicker problem because each field still con
tains only odd or even lines. 

In the field-insertion technique, the lines 
are not displayed in the same sequence in 
which they are generated, which produces 
artifacts in images with a lot of motion con-

tent. The artifacts are produced by the delay 
this process introduces. In the field-insertion 
teclmique, line 2 of the first field is written 
between lines 1 and 3 of the second field, 
while lines 1 and 3 of the second field will be 
copied into the third field. Thus, each follow
ing field will contain partly the same "old" 
video information and partly "new" informa
tion. For rapidly moving video images, the 
position of an object registered during its 
motion by the even lines will be entirely dif
feren t from the information registered by the 
odd lines. Consequently, video images of 
moving objects will show artifacts because the 
lines from two different fields are being 
inserted into a new field. 

Again, normal line repetition or field inser
tion will not solve the frequency-mixing prob
lem. Depending on the content and origin of 
the video image, each of the two doubler 
methods has certain benefits and drawbacks. 

Adaptive Line Doubling 
In adaptive line doubling, the scan converter 
uses a specific algoritlun to verify whether 
there are any changes in a pixel from one field 

to the next. The switching between line 
repetition and field insertion is done on a 
pixel-by-pixel basis. When no change is 
detected, the field-doubling technique is 
utilized, and the pixel is copied into the next 
displayed line. When a change is detected, 
the line-doubling method is used by copying 
the pixel in both lines. 

For moving and non-moving images, a 
compromise solution is used that produces 
adequate image rendering - rendering that is 
better than the 15-kHz video displayed on a 
standard-resolution CRT (Fig. 5). This tech
nique is adequate for video pictures obtained 
through electronic input devices, such as cam
eras, because it eliminates line flicker. 

Video and Graphics Scan Doubling 
Camera-based video soLU"ces do not usually 
require high bandwidth and high resolution, 
so products have been developed specifically 
for this application. Among these is 
BARCO's video scan doubler, which offers 
both of the line-doubling systems and adap
tive line doubling. For higher-resolution 
requirements, such as some color graphics 
generators, frequency mixers require 
expanded and faster memory. Versions of 
such a product, called a graphics scan doubler, 
have been developed by BARCO and others. 
Such products uti lize bot11 line-doubling 
methods, with the user deciding which 
method best suits his or her needs. 

Until recently, the design of these high
performing graphics scan doublers was 
limited by the availability of fast memory 
chips with adequate chip control management. 
Now, with the rapid design advances being 
made in adaptive line-doubling techniques, 
BARCO, among other companies, is commit
ted to the research, design, and commercial
ization of new and enhanced scan-converter 
products that will provide improved image
storage and image-processing capabilities in 
the years to come. 

Notes 
1This article assumes the 50-Hz refresh rate 
common in European television systems and 

' early computer monitors, rather than the 60-
Hz refresh common in North America and 

Japan. • 
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The Monitor Interface: Time for a Change? 

New, powerful VESA standards are now available to provide relief for monitor 
makers and their struggles to make do with the now-obsolescent VGA interface. 

by Ian Miller 

I CURRENT VIDEO INTERFACE - usually 
called "the VGA interface" and used by 
almost 100% of the computer industry- is 
nearing the end of its useful life and is in need 
of replacement. Let 's see why, and then offer 
a solution based on open industry standards. 

What' s Wrong with the Current 
Interface? 
Prior to the introduction of the VGA interface 
in 1986, the then-standard CGA and EGA PC 
monitors used digital interfaces and supported 
very limited addressabilities and color range. 
The VGA interface, at 640 x 480 pixels and 
60-Hz refresh, and with an analog interface 
capable of supporting a vastly greater color 
depth, was a major step forward. It was such 
a leap forward that it took a few years for the 
graphics subsystems driving the monitors to 
develop the capability of exploiting the color 
depth at an affordable cost, but today high 
addressability with 24-bit color depth is 
almost standard. 

As the industry has pushed addressability, 
color depth, and refresh rates to levels that 
were not envisaged in 1986, the bandwidth 
requirements on the interface have also grown 

Ian Miller is an IBM UK Ltd. Technical Staff 
Member working in the Advanced Display 
Technology Department, part of the IBM 
Greenock Development Laborat01y, P.O. Box 
30, Greenock, PA16 OAH, U.K.; telephone 
+44-1475-893-530; fax +44-1475-895-205; 
e-mail: ian_miller@uk.ibm.com. He is also 
chair ofrhe VESA P& D committee and a 
director of VESA. 
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rapidly. Table 1 gives some typical values of 
required data rates. 

The analog interface is well suited to CRT
monitor designs, but to meet the requirements 
for electromagnetic compatibility the industry 
has been forced to add filters of various types 
to the interface, which limit the actual band
width transmi tted. So we now have a sinia
tion in which increasingly sophisticated soft
ware and graphics subsystems are generating 
images with detail that even the best monitor 
cannot display because all the information is 
not being transmitted across the interface. 
The bandwidth situation alone is enough to 
warrant consideration of a new video inter-
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face, but another major factor - the advent of 
new display technologies in monitors, most 
noticeably the TFT-LCD - has added a sense 
of urgency. 

Flat-panel monitors have been available il1 
various fo rms for several years, but all market 
forecasts now indicate that these monitors will 
take over a significant percentage of the over
all market within a few years. Most of these 
flat-panel technologies use digital signals 
internally, but the general practice today is to 
add the electronics needed to convert the ana
log wavefonns of the VGA interface to digital 
signals in the monitor. Such a monitor is rela
tively easy to market because it plugs into the 

EVC 

ooo•••oooo 
0000000000 

P&D-D 

Fig. 1: The EVC and P&D connector f amily. The shell configuration allows only appropriate 
monitor plugs to be inserted into each host receptacle. The black pins and sockets indicate the 
pins and sockets used in minimum corifigu.rations. 
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existing video connector, but implementing 
tl1e analog-to-digital teclmology effectively is 
very difficult and expensive. Companies jeal
ously guard the real cost of providing tlle ana
log-to-digital conversion, but there is general 
agreement that the cost ranges upward from 
around $120, depending on the display 
addressabiUty and performance. 

All of tlle TFT-LCD monitors seen by the 
autllor suffer from image-quality problems 
caused by set-up difficulties and/or drift of the 
electronics. The nature and magnitude of the 
problems vary considerably, but even tlle best 
LCD monitors leave something to be desired. 

In summary, tlle VGA interface was never 
des igned to handle today 's bandwidtll require
ments. The new display technologies would 
be better served if we adopted a digital-inter
face teclmology. 

The Next Steps 
How do we reconcile the apparently contra
dictory requirements of a high-bandwidtl1 ana
log video interface for CRT-based displays 
and a digital interface for LCDs? The indus
try has responded by developing two comple
mentary standards for video interfaces 
tllrough the Video Electronics Standards 
Association (VESA). These standards, tlle 
VESA Enhanced Video Connector (EVC) 
standard and the VESA Plug and Display 
(P&D) standard, differ in the s ignal sets pre
sent in the interfaces (Fig. I) and in tlle con
nector shells. The difference between the 
shells prevents a P&D plug from being 
inserted into an EVC receptacle, thus prevent
ing damage to some of the drivers and 
receivers that could be caused by cmmecting 

· them to inappropriate signals. 

Table 1: Typical Bandwidth 
Requirements 

Addressability Refresh Data Rate 
(H X V) (Hz) (Mbyte/s) 

640 X 480 60 75 
800 X 600 72 !50 
1024 X 768 75 236.25 
1024 X 768 85 283.5 
1280 X 1024 75 405 
1280 X 1024 85 472.5 
1600 X 1200 75 607.5 
!600 X 1200 85 688.5 

The VESA EVC Standard 
The EVC standard, first pubUshed in Novem
ber 1995, provides a high-bandwidth 
impedance-matched analog video interface. 
The EVC interface provides for tlle use of the 
VESA Display Data Charmel (DDC) to trans
mit monitor-capability data - the EDID or 
extended display identification data - from the 
monitor to the graphics system. In addition, 
tlle EVC interface has a number of optional 
extensions, including digital serial buses 
(USB and IEEE-1394) and multimedia data 
(audio and video) carried in analog formats 
(Table 2). 

The VESA P&D Standard 
1l1e P&D standard, first published in June 
1997, provides the same high-bandwidth 
impedance-matched analog video interface as 
tl1e EVC standard. On top of tllat, it adds a 
digital interface based on a transition-mini
mized differential-signaling technology.1 (It 
is worth noting that this is the only industry
standard digital monitor interface.) 

P&D requires use of the VIJSA DDC2 pro
tocol to transmit configuration data from tlle 
monitor using tlle new 256-byte VESA EDID 
structure, which has been specially written to 
add technology type and additional configura
tion requirements to the existing structure. 
For example, tlle EDID can specify which dis
play technology tlle monitor is using and 
which interface (analog or digital) tlle r11onitor 
requires to transmit its video data. 

The EDID data is used to configure the 
P&D interface automatically. Like EVC, 
P&D has a number of optional extensions, 
which are summarized in Table 2. 

The technical purists will argue, and they 
are correct by some definitions, that a differ
ential-signaUng scheme is not digital, but in 
the sense that the di fferential signal can only 
represent a "1" or a "0" in this scheme, they 
are also wrong. 

Used appropriately, these interfaces will 
produce a single host-end video connector that 
will provide high-perfonnance video support 
in either analog or digital format and tllat can 
be accessed by a very wide range of display 
technologies. 11tis should help minintize con
fusion and potential errors of the "Where do I 
plug in tltis monitor cable?" sort. In addition, 
the various options are available as required. 
Note that the P&D standard also has a digital
interface-only subset, which perntits a cost 

reduction for systems witllout an analog-inter
face requirement. 

Using EVC and P&D Inter·face 
Standards 
Systems and monitor designers must consider 
a number of factors before deciding whetl1er 
they should implement the EVC or P&D stan
dard. 

Systems Design. If the implementation is 
intended for attaching only analog monitors 
(primarily CRTs), tllen the obvious choice is 
tlle EVC connector because tltis allows use of 
the analog multimedia options, if required. 
However, for many new designs tltis choice 
will be inappropriate because it is likely tllat 
support for a ntix of display technologies will 
be required over the Ufe of tlle product. In 
tllat case, the better choice is the P&D con
nector, which provides a choice of eitller ana
log or digital video interface. 

A secondary but important issue is use of 
the optional features. If tl1ese features are 
needed, tlle designer can obtain cost and space 
savings by taking advantage of tltc:: single:: con
nector and simultaneously ease tlle cable
management problem. 

Mollitor Design. The choice of connector 
for tlle monitor cable should be defined by the 
preferred interface. A CRT monitor using tlle 
analog interface gains notlting by using tlle 
P&D plug, and a digital-interface LCD moni
tor cannot work using the EVC plug because 
it provides no digital-interface support. Stated 
more simply: Monitors requiring the analog 
interface should use tlle EVC plug, and mmti
tors requiring the digital interface should use 
tlle P&D plug. 

Either monitor can then be plugged into tlle 
P&D receptacle on the host and access tl1e 

Table 2: EVC and P&D Feature 
Summary 

Feature EVC P&D 

Analog video Yes Yes 
Digital video No Yes 
DDC Yes Yes 
Pixel clock (option) Yes Yes 
USB (option) Yes Yes 
IEEE-1394 (option) Yes Yes 
Charge power (option) Yes Yes 
Audio in/out (option) Yes No 
Video in (option) Yes No 
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FPD interfaces 

appropriate video interface, but only the ana
log-interface monitor equipped with the EVC 
plug can plug into the EVC receptacle, which 
offers the analog video interface only 
(Fig. 1)_2 

A Bit More Detail 
Video lntelface Capability. The analog

interface signal connector pins are specified at 
2.4-GHz bandwidth to provide expansion 
capability well into the future. The standard 
currently specifies a maximum clock rate over 
the digital interface of 112 MHz, which can 
support 1280 x 1024 pixels at 60 Hz and 24 
bits of color. The targeted clock rate of 160 
MHz is capable of supporting 1600 x 1200 
pixels at 60 Hz and 24 bits of color. 

Hot Plugging. The P&D standard supports 
hot plugging of monitors with automatic 
reconfiguration of the display subsystem 
when the new monitor is connected. This pro
tects the interface drivers and receivers, and 
also protects the monitor from being driven by 
inappropriate frequencies - which is particu
larly important in some flat panel inlplemen
tations, and provides benefits to the end user. 

The EVC standard supports a subset of the 
P&D hot-plugging scheme since it only has to 
concern itself with the requirements of ana
log-interface monitors. 

Cable Length. A visit to any computer 
store will provide evidence that there is a mar
ket for longer interface cables. Using the 
VGA interface, cable length is usually 
restricted by the need to meet EMC standards 
to a maximum of about 1.8 m, but the P&D 
interface is specified at up to 10m. This pro
vides much greater flexibility in laying out the 
monjtor relative to the system unit. 

USB and /EEE-1394. Pins are reserved 
for these serial buses - the same pins on P&D 
and EVC - to allow fu ll implementations to 
be carried, including power. Implementing 
either or both of these buses will restrict the 
cable length, if compliance with their respec
tive standards is maintained. But a 5-m cable 
is still possible, which significantly increases 
flexibility over today 's norm. 

Charge Power. This capability, common to 
EVC and P&D, recognizes that a monitor, 
regardless of technology, is Likely to be pow
ered from an ac source. Consequently, the 
monitor can provide charging power to a 
portable computer, avoiding the need for a 
docking station or external power brick. 

Pixel Clock. This optional line, originally 
introduced as part of the EVC standard but 
now supported by both EVC and P&D, recog
nizes that driving a fixed-pixel display over 
the analog interface would be much simpler if 
a pixel clock was available. 

Summary 
There are good technical reasons why it is 
necessary to begin the difficult transition from 
the current, widely used VGA interface to a 
new interface based on the EVC and P&D 
standards (as appropriate) . The end result will 
be high-performance display support with the 
fleldbiHty to choose the most appropriate 
interface. These benefits will come with only 
a small cost increment over the VGA interface 
for analog implementations and with a major 
cost savings for digital implementations_ 

Notes 
1TMDS is a trademark of VESA and uses 
PanelLink"' from Silicon Image. 
2The IEEE-1394 interface option in both EVC 
and P&D could be used for video data, partic
ularly to monitors with a frame buffer. • 
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Our Len's have grown. 

0 S AM SU N C S EMICONDU C TOR, INC. , 1996. Circle no. 15 

In the two short years since we 

entered the market, Samsung has 

become one of the world's leading 

TFT LCD manufacturers. 

A s you may know, we already 

offer a line of TFTS zo% brighter 

and with JO% more color saturation 

than the closest competitors. 

We'll be following up soon with 

more products that are-well

larger than life. Including a IJ .J"XGA 

notebook panel, and XGA and SXGA 

panels actually designed for desktop 

monitors-in a whopping 14" and rs-r ". 

And h ey, wit h the d es ktop 

impending, can the coliseum really 

be fa r behind? 

Onward and upward, guys. 
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Birth of the Active Matrix 

Twenty-five years ago, thin-film-transistor technology 
was a struggling alternative to MOS for the fabrication 
of PETs - until it found its ideal application. 

by T. Peter Brody 

T.E BIRTHPLACE of solid-state electronics 
is customarily taken to be Bell Laboratories, 
where in 1949 Shockley and his co-workers 
first demonstrated the point-contact transistor, 
followed shortly by the junction and the junc
tion field-effect transistors. Whik tl11:: !St:IILi
conductor industry was certainly latmched on 
licenses granted by Bell Labs, a patent had 
been awarded in 1934 to a German inventor, 
Oscar Heil, for a thin-film transistor using a 
tellurium film! 1 There is no evidence that 
Heil 's device ever found a practical applica
tion, but it surely would have worked: the 
patent clearly describes all the essentials of a 
thin-film PET and its operation. 

Shockley's group tried to fabricate a TFT 
using germanium (Ge). The device did not 
work because the large density of surface 
traps in the evaporated Ge film prevented any 
useful conductivity modulation. This failure 
led Bell Labs to abandon work on TFfs, and 
transistor development followed the p-n junc
tion path exclusively until TFT investigations 
were taken up by others in the early 60s. 

T. Peter Brody pioneered active-matrix display 
technology between1968 and 1979 at Westing
house Research Laboratories, where his group 
fabricared the world'sfirst AM LCD in1972. He 
is now tlte president of Active Matrix Associates, 
a consulting finn located at 5823 Kentucky Ave., 
Pittsburgh, PA 15232; telephone 412/362-4471; 
Jax412/441-2932; e-mail: pbrody@mail.1m. 
com. This article was adapted from the author's 
keynote address at the 1997 SiD Symposium, 
delivered in Boston on May 13, 1997. 

28 lnformarion Display 10/97 

The Rise of the Integrated Circuit 
In the 50s, discrete bipolar transistors were 
manufactured in a great variety of shapes, 
sizes, and performance levels, at steadily 
diminishing cost, displacing most vacuum 
tubt:!S alll.l initialing the age of cligita.J systems. 
Modem computers began to emerge and semi
conductor logic circuits soon became large and 
complex. The problem of mounting and inter
cmmecting large numbers of discrete devices 
presented itself, and gave rise to the idea of 
forming many of these devices on a single sub
strate, interconnecting the devices in situ. 

At this time, bipolar jtmction devices were 
exclusively used in computer circuits, but 
many semiconductor workers realized that for 
the logic circuits of the future, device perfor
mance was less important than fabrication 
simplicity, yield, and real estate occupied on 
the wafer. This realization produced a search 
for a simpler, more compact switching device, 
and led to the idea of the MOSFET and its 
thin-film version, the TFT. 

In the late 50s and early 60s, many labora
tories were doing research on both MOSFETs 
and TFTs, with most of the effort going into 
MOS. Major laboratories working on both 
types of devices included RCA, GE, Hughes, 
IDM, Raytheon, Zenith, Philips, and Westing
house, as well as several universities. Ironi
cally, Japanese semiconductor labs were con
centrating exclusively on the MOSFET. By 
the mid-1960s, the MOS emerged as the clear 
winner and most laboratories dropped work 
on TFfs, with only RCA and Westinghouse 
continuing with any significant effort. RCA 
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dropped out in the early 70s, leaving Westing
house in sole possession of a deserted field. 

Early TFT Wor k at Westinghouse 
Our group at Westinghouse worked on TFfs 
in the early 60s, encouraged by reports on 
thin-film tmmeling devices and the RCA 
papers on CdS TFfs. In 1962 Westinghouse 
established an Integrated Circuit Division, 
which turned out to be quite hostile to our 
work. (Their slogan at the time was "Bipolars 
forever.") The TFT effort survived because 
we strongly and consistently maintained that 
thin-film electronics would become important 
if the right uses could be found for it, and 
because we managed to obtain some govem
ment contracts - and even some support from 
other Westinghouse divisions despite the 
opposition of the IC division. 

In 1967 we hit some "pay dirt." Derrick 
Page and I designed a vacuum-deposition sys
tem in which TFTs could be fabricated in a sin
gle pump-down cycle, eliminating atmospheric 
interface contamination, which was a major 
cause of non-reproducibility. We decided to 
investigate tellurium films in the system, fol
lowing the RCA group, which had reported 
good results with this material. We found Te 
TFfs very easy to make, and because of the 
high carrier mobility- armmd 800 cm2/V-sec
they were capable of quite high frequency per
formance: 60-MHz cut-off frequencies were 
obtained in comparatively crude devices pat
temed by simple stencil masks. 

One day, Derrick Page had the idea of trying 
to make aTe TFT on a strip of paper instead of 
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T. Peter Brody 

Fig. 1: (a) This 12-station deposition system was used to fabricate TFT arrays on a variety of 
flexible substrates, including paper and aluminum foil. The flexible-substrate dispenser is 
slightly above the center of the photo. The "paper TFT" transistor characteristics (b) after 
deposition and (c) after 1000 hours of operation were unchanged. 

tile usual glass substrate. Amazingly, lhe TFf 
worked on the very fust try, and shortly tllere
after we made TFfs on a wide range of flexible 
substrates, including Mylar"', polyetllylene, 
and anodized supennarket aluminum foil. 

Aluminum foil worked particularly well 
because tl1e substrate acted as an excellent 

heat sink. For example, we used a single 
0.030-in.-wide by 0.0005-in. -Iong TFf as an 
audio amplifier and obtained almost 0.5 W of 
audio output from it. The flexible TFfs were 
undamaged and remained operational when 
bent into a 1/ 16-in. radius. They could also 
be cut in half, witl1 both halves operational. 

Despite these results, which received wide 
international publicity, our TFf programs were 
still tlueatened by the IC division, which kept 
telling laboratory management that we were 
wasting company money. Once again, we had 
to come up with an idea to keep the work ali ve, 
and once again we survived. (Death threats are 
a valuable spur to invention.) 

Based on our flexible-transistor capability, 
we devised a continuous-fabrication process 
that used reels of anodized AI foi l as sub
strates. Devices and circuits could be fabri
cated in a single vacuum cycle on successive 
positions of t11e reel, which at the end of lhe 
fabrication cycle looked like exposed frames 
of 35-mm photographs (Fig. 1). 

With tll.is idea and some demonstration cir
cuits, we made lhe rounds of a number of 
Westinghouse manufacturing divisions with 
the proposal that our technology would allow 
tllem to make custom circuits for themselves. 
The tactic worked and we quickly picked up 
enough support to continue, and even expand, 
our TFf work. Our section's life expectancy 
was undoubtedly enhanced by the dcn~ise of 
tile IC division. They were forced out of busi
ness in 1968 and were thus no longer able to 
agitate against our TFf work. 

Source and 
Data Bus 

TFT 

Liquid Crystal 
w+w • ..-- .- Element 

Source 

Liquid 
Crystal 

TFT 

Storage 
Capacitor 

Fig. 2: The simple design for the elemental 
matrix circuits used in the first AM LCD is still 
being used today. 
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Fig. 3: For emissive displays, the energy stored in the memory cell in the circuit of Fig. 2 is 
insufficient to turn on the associated pixel, so more-complex designs were required. 

Having learned the correct survival strat
egy, we continued to pursue and obtain addi
tional divisional support, and we built up a 
highly capable group oriented entirely toward 
the exploitation of our TFf capability. The 
section grew into a department called Thin 
Fi lm Devices. Thus, in the late 60s, when 
every other semiconductor laboratory and 
company gave up on TFfs as being of no use, 
we fow1d a number of very useful applications 
- applications sufficiently promising to be 
supported by short-tenn-oriented divisions 
with quarterly profit responsibilities. 

All this took place before we started on any 
TFf display applications, but the seeds of 
active matrix were already present in a crea
tive and well-motivated group of workers who 
had to prove to a skeptical world that, indeed, 
TFTs were of some use and were perhaps quite 
important, even though it was not yet clear 
where the breakthrough would occur. By this 
time, we also had a fully reproducible fabrica
tion process and design rules that allowed us to 
predict device perfonnance accurately. 

We were convinced that one day TFfs 
would come into their own. The only question 
was, could we keep going long enough to find 
where that would be? The only other group 
that could have made the breakthrough to 
active matrix was Paul Weimer's group at 
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RCA Laboratories. In the early and trud-60s, 
they were in a leadership position and formu
lated ideas similar to ours at Westinghouse. 
But towards the end of the decade, RCA Labs' 
management, tired of seeing TFf as a peren
nial also-ran against MOSFET, put the group 
out of exjstence -just when we began to think 
seriously about the display application. 

Lat·ge-Scale Display Integration 
In early 1968, we had demonstrated flexjble 
transistors and built some higher-voltage 
devices that switched more than 100 V. The 
thin-film group was originally part of the 
department that had worked on electrolumi
nescence in the 60s and had actually built a 
rudimentary EL display of discrete devices, 
with each EL element controlled by a dedi
cated ferroelectric switch. 

Going through some old departmental files, 
I saw the EL-FE reports and decided to see 
whether we could tum an EL rughtlight on and 
off with one of our high-voltage TFfs. Our 
attempt worked the first time, and I would say 
that this was the senu nal event in the genesis 
of our active-matrix concepts. It had nothing 
to do with liquid crystals at the time. 

In reflecting on the flat-panel-display 
(FPD) problem, I started to read the literature 
- and was amazed to find the huge number of 

attempts made over the previous 20 years to 
develop a viable teclmology, none of them 
reaching maturity. It seemed to me that most 
of the attention had been given to electro-opti
cal materials and their physics, but remark
ably little to the problem of addressing the 
materials and distributing the picture informa
tion to the pixels. 

TheEL-FE display scheme was the stimu
lus. It embodied the idea of having a control 
element associated with each picture element, 
whlch was one of the key ideas of the active
matrix scheme. 

The goal was clear. In ordinary addressing, 
the problem of crosstalk always arose, grow
ing with the number of rows and colwnns to 
be addressed. It had to be elilrunated for a 
viable FPD technology. The provision of a 
control element at each pixel allows us to con
trol that element independently of all others 
and eliminate crosstalk. 

Another important motivator was the real
ization that all existing FPDs and FPD con
cepts were electronic hybrids. The (usually) 
matrix-addressed displHy panel used certain 
electro-optic phenomena, such as gas dis
charge, electroluminescence, light-emitting 
diodes, incandescent filaments, electro
chromics, or electrophoretic suspensions. But 
the addressing of the display rows and columns 
was performed by a totally different electr01uc 
system, usually discrete line and column 
drivers, or, later, multi-output integrated cir
cuits that had to be separately mounted and 
then interc01mected with the display. 

None of these schemes was aesthetically 
pleasing, and we decided that the messy exter
nal intercotlnection of thousands of termina
tions had to be eliminated before a sensible 
and economically viable FPD system could be 
built. Of course, we visualized a fully inte
grated display circuit with TFf row and col
unm drivers! Thirty years later, the world is 
still waiting for such a display. Therefore, our 
display philosophy became: "Solve the 
addressing problem and the materials will fall 
into place." Two factors thus came together 
in a fortunate combination: a strategy for 
attacking the addressing problem and a well
developed TFf capability that was searching 
for a significant application. 

We fe lt that a larger-scale version of silicon 
chip-integration principles was needed and 
could be developed through the use of TFTs. 
At this point, we coined the name "Large 



Scale Display Integration" (which was used 
until we introduced the modern term "active 
matrix" in 1975). Indeed, our model of what 
was needed began to look much like a coarse
scale version of a DRAM. 

Between 1968 and 1971, we were mainly 
thinking in terms of an AMEL display, and 
we tried to get funding for such a display pro
gram from a large number of government and 
military agencies. We focused on EL because 
liquid-crystal technology was then in its 
infancy: dynamic scattering was the onJy opti
cal effect known, and field effects had not yet 
been discovered. 

Wlule money-hLmting, we refmed our tlunk
ing about the display problem. We now said 
that the function of an addressing matrix should 
really be that of separating the task of address
ing (or scarming) the picture elements from that 
of supplying power to the display material. 
Dennis Gabor provided moral support for the 
approach, saying one should provide "an array 
of elements capable of switching a conunon 
supply of energy in prop011ion to a signal 
wluch they receive once in a scarming period." 

This formulation leads at once to the con
cept of a large-area dynamic memory as the 
appropriate circuit representation of the dis
play matrix. One could write into tlus mem
ory at high speed, irrespective of tl1e response 
characteristics of the display medium, and the 
setting of the memory element would deter
mine the supply of energy to the display pixel. 

As it happens, for liquid crystals the small 
amount of energy stored in the memory ele
ments is in itself enough to power the pixel. 
This leads to the particularly simple elemen
tary circuit that was published in 1973 -and 
is still being used today (Fig. 2). For emissive 
displays, or other types of materials for which 
the energy stored in the memory cell is insuf
ficient to turn on the associated pixel, we need 
more-complex but s till easily realizable 
designs, such as the one we used in our 
AMEL work, which is also still used today 
(Fig. 3). Both types of circuits, however, 
embody the same basic principle. 

Work Starts at Last 
By 1971 liquid-crystal technology had 
emerged as an alternati ve target for active
matrix addressing, and we finally obtained a 
small contract from the Air Force for the con
struction of a 6 x 6-in. AMLCD, and another 
small contract from the Army for an AMEL 
display of the same size. 

In those days, there was no specialized 

equipment available for active-matrix fabrica

tion, so we had to design our own. We 

retained the concept of trying to complete 

all deposition steps in a single pump-down 

cycle because we fow1d that tlus was key to 

device stability and reproducibility. But tl1e 

process also involved evaporating all materi

als - metal, semiconductor, and ins ulator

through a single variable aperture mask. The 

"experts" told us this would lead to unaccept

able cross-contamination, but the process 

worked, and by early 1972 we produced 

operating active-matrix circuits with this 

primitive set-up. 

We now had to learn the art of liquid-crys

tal alignment, filling, and sealing. After some 

failed approaches, we used Janning's recently 

published oblique SiO evaporation method. 

This worked, and witl"rin a short time we had 

our fust operating AMLCDs. One of the first 

tl"rings we did with our TFT-LC panels was to 

put them in a projector and project a much 

enlarged image on the screen. This seemed 

T. Peter Brody . 

Fig. 4: A 120 x 120-pixel AMEL display was operational by !973. 
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We were soon being supported by all three 
of the U.S. military services, but our problems 
were not over. Military contracts were nor
mally reviewed by goverrunent conmtittees 
staffed by industry experts in the various 
fields. In our case, the conunittee was staffed 
exclusively by semiconductor-industry execu
tives who had killed off their own TFr pro
grams several years before. 1l1ey wasted no 
time in attacking our contracts as a "waste of 
government funds," and managed to kill our 
Air Force contract after just 1 year. 

The Army AMEL program was allowed to 
continue for the time being because Elliott 
Schlam, our contract officer, supported the 
program vigorously. Of course, we had to 
del.iver under this contract, which we did. 

The loss of our Air Force contract, success
ful though the work had been, intensified 
company pressure on us . But we survived 
because all our technical programs were pro
gressing well, and by 1973 we also had a 
working AMEL display (Fig. 4). 

By 1974 we had demonstrated an AMEL 
panel capable of showing off-the-air video -
the first active-matrix TV screen ever built -
which earned us considerable recognition and 
some company support (Fig. 5). The West
inghouse Electron Tube Division started to 
supplement our govenunent funding with 
divisional funds, which allowed us to go from 
the early 20-lpi display to 30 and eventually 
70 I pi. We were also able to begin work on 
the row and coluJlUl scanners, and we built a 
64 x 64-element AMEL memory display with 
our Navy funding. We encountered no signif
icant problems in any of this work. 

But this happy and creative period did not 
last long. In 1976 Westinghouse closed down 
a large portion of its Electron Tube Division, 
which brought about a large cut in company 
funding. Despite technical success, a sizable 
manufacturing-methods contract from the 
Army, a renewal of our Navy AMLCD fwld
ing, and the international recognition our work 
had received, we were in trouble once again. 

The End of the Westinghouse Road 
I was confident that we would extricate our
selves from this hole, also, but it was not to 
be. In one of many high-level management 
changes, our fo rmer chief supporter, the Busi
ness Unit Manager, was promoted and 

. replaced by a manager with an accmmting 
background and an aversion to high-risk pro-
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Fig. 5: The world'sfirst active-matrix TV screen was built in 1974 using AMEL technology. 

jects. Because of om large Army contract, he 
was unable to shut us down for 2 years, but he 
managed to cancel the project at the end of the 
contract period - to the dismay of the Army, 
which was counting on Westinghouse to start 
manufacturing the displays. 

Underlying Westinghouse's decision was 
the fact that even in 1978 nobody else seemed 
to be pursuing TFr teclmology, which left the 
corporation very uncomfortable about being 
out of step with the industry. Westinghouse 
laboratory management invited me to stay on 
and choose a "more useful" l.ine of research, 
but after 15 years I was not prepared to aban
don thin-film electronics. I therefore resigned 
and set about trying to raise money for an 
AMLCD company of my own. 

This search succeeded after 2 years of 
intense effort and resulted in the formation of 

Panelvision, the world's fi rst AMLCD com
pany. However, by that time the big Japanese 
companies were in hot pursuit - and you 

know the rest of the story. 
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GET UNPLUGGED FROM Om DISPLAY IDEAS 

KENT ChLCDM No PoWER DISPlAYS 
Ready to get unplugged from the energy-robbing LCD displays you're 
now using? KENT Displays' ChLCD (Cholesteric Liquid Crystal Dis
play) technology offers a solution for your electronic products. 

BRFAK THE BATIERY-DRAIN BARRIER 

Since ChLCD reflective and transparent textures are both stable :: 
states, an image can be displayed indefinitely without consuming i 
battery energy- for seconds, hours, weeks, months or even years. 

EAsiEST TO READ REFLECTIVE 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. 

STANDARD OR CusTOM DISPLAYS AvAilABLE 

~ 
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Energy 
Comparisons 
1/8 VGA 100 dpi 
ChLCD vs STN 

mJ mJ 
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mJ 
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view 

Standard ChLCD displays and modules are available in 1/8 and 
1/2 VGA sizes in colors to meet your needs. Have a special applica
tion? Kent Displays offers ChLCD displays and modules custom de
signed to your requirements. 

Unlike STN dis{liays tobicb use pou•er 
to conliuuously IYljresb images. 
CbLCDs do 1101 require refreshing to 
keep energy usage to a minimum. 

AsK FOR THE FACTS 
To learn more about this technology that enables you to do 
more, ask for this information package today. - - - - - - ~·-

._.KENTmsPLAYs 
.. ... INCORPORATED 

A MANN I NG VENTURES BUS I NESS UN IT 

Kent Displays, Inc. • 343 Portage Boulevard • Kent, OH 44240 • Phone: 330.673.8784 • Fax: 330.673.4408 • E-mail: 73360.2157@compuserve.com 
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The Tiger Roars in Taipei 

Computex Taipei provides a first-hand look at the 
world's leading monitor-making region, the ascendancy 
of large screens, and the growth of LCD monitors. 

by Bryan Norris 

O NCE AGAIN, Computex provided an 
excellent opportunity to see an astmmding 
array of new and forthcoming display prod
ucts and to learn a multitude of amazing facts 
about Taiwanese manufacturers. 

All records were again broken as Computex 
Taipei '97, Asia's largest information-tech
nology (IT) exhibition, opened its doors from 
the 3rd to the 7th of June. Most of this year's 
772 Taiwanese and 93 overseas exhibitors -
up over 20% from 714 last year - entertained 
around 37,000 local visitors and 15,761 over
seas buyers at booths in the enormous and lav
ish main hall of the huge Taipei World Trade 
Centre (TWTC) (Fig. 1). The "invasion" of 
foreign visitors was led by the Japanese dele
gation of 3223, closely followed by 3128 from 
the U.S.A., and 21 18 from Europe. Taiwan's 
star companies occupied more luxurious 
accommodations on two floors of the Stellar 
Hall in the adjacent Taipei International Con
vention Centre (TICC). Here, manufacturers 
such as Ace1; Action, Compal, Chzmtex 
(CTX), First Intemational Computer (Leo), 

81yan Norris is the Senior Partner and 
founder of Bryan Norris Associates, Consul
tants in Electronics, 7 Bidden ham Turn , Bid
denham, Bee/ford MK40 4AT, U.K.; telephone 
+44-(0)-1234-26-7988; fax +44-(0)-1234-26-
2345; e-mail: bnorris @kbnet.co.uk. Before 
establislling Bryan Norris Associates, lie cre
ated and managed the Monitor Information 
Program at 8/S Strategic Decisions. He is a 
contributing editor to Information Display 
Magazine. 
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TWTC 

Fig. 1: Computex Taipei '97was held in the enormous and lavish main hall of the huge Taipei 
World Trade Centre (TWTC). 
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Sampo 

Fig. 2: A host of suppliers purported to offer a 19-in. monitor, but they can't deliver unti/19-in. 
CDTs are delivered to them by Hitachi, currently the only manufacturer of 19-in tubes. This 
nice-looking unit from Sampo is typical of what will soon be available. 

Mitac, Proview Elecb·onics (EMC), and 
Tatzmg could accommodate potential buyers 
in a less frenzied environment. Meanwhile, 
on the third floor of the TICC, it was back to 
nlini-bootl1s and limited aisle space for a host 
of new, perhaps start-up, companies. 

Taiwan's IT hardware production continues 
to increase. From 1995 to 1996, it grew 
20.8 % to reach US$16.4 bi llion. Once again, 
tllis put Taiwan third in the world behlnd the 
U.S.A.'s $71.5 billion and Japan's $70.7 bil
lion, and ahead of Singapore ($15.9 billion), 
U.K. ($11.5 billion), Germany ($7.3 billion), 
France ($7.2 billion), and Italy ($7.0 billion). 
But in terms of quantities produced, Taiwan 
Inc. is the number one producer in nine prod-

uct categories: monitors, motherboards, scan
ners, mice, keyboards, graphics cards, switch
ing-mode power supplies, notebook comput
ers, and terminals! And more than 90% of the 
is land 's production is exported. 

Taiwanese monitor manufacturers increased 
their output 11.2% over the 1995 figure to 
make some 34.8 nli llion monitors in 1996, 
nearly half of them produced in their offshore 
plants in southeast Asia and mainland China. 
(In percentage terms this represented 54.3% of 
worldwide production, one or two percentage 
points down on 1995.) Just over half of all 
these monitors were made by the big six: 
Philips, Lite-On, Ace1; Tatzmg, AD/, and 
CTX - brands not un known in the U.S.A. and 

Europe! The production increase in 1996 was 
more modest, up 8.3% to 7.8 billion U.S. dol
lars, reflecting the very competitive market 
situation and sharply decreasing prices. 

Although there was a general concern over 
the "collapse" of monitor markets in Europe 
during the second quarter of this year, the 50 
or so display-product manufacturers/vendors 
at Computex Taipei had lots of new products 
to show and demonstrate enthusiastically to 
any audience. As always in Taipei, it was 
quite often a case of "If we were to make tllis 
model , Sir, how many of them would you like 
to buy?" This was especially true for the lat
est "hot" CRT mmlitor: the 19-in. -diagonal 
tube-size model, whlch is certainly not to be 
confused with tl1e old 19-in.-visual U.S. size. 

Building 19-in. Monitot·s without 
Tubes 
As at the March CeBIT Show in Gennany, a 
host of suppliers purported to offer a 19-in. 
monitor (Fig. 2). In the local press there was 
even a claim by one manufacturer that 20,000 
of its 19-in. units had actually been built. But 
persistent questioning on the stand finally 
resulted in the comment that these were just 
the chassis! Thus, this manufacturer, like all 
the other makers, was eagerly awaiting deliv
ery of 19-in. CDTs from Hitachi, which is 
cunently - and will be for some time yet - the 
only supplier of tllis new tube size. 

Nevertheless, with 19-in. models pronlinent 
on the stands of AD!, Compal, Lite-On, 
MAG, Optiquest (ViewSonic), Pacific Tech
nology, Royal, Sampo, and Shamrock, there 
was no doubt that the Taiwanese makers, as 
well as the Europeans, consider this to be an 
important screen size of the future. All partic
ipants were hoping to have stock in their over
seas warehouses by tl1e last quarter of 1997. 
The betting at Taipei was that MAG and the 
exclusively OEM supplier Capetronic would 
be the frrst of the Taiwanese makers to the 
post. 11lis screen size therefore appears des
tined to replace 20-in. shadow-mask-tube 
models completely, and to take market share 
from both 21-in. models and high-end 17-in. 
product. 

Tllis year saw an even greater promotion of 
the now readily available 17-in. models. The 
whole Taiwanese industry is convinced that it 
must move away from the smaller-screen mar
kets if it is to stay profitable - at least as far as 
its U.S. and European customers are con
cerned. Thus there was also extra emphasis 
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Fig. 3: Among the hundred-odd LCD monitors shown at Computex were several that rotated 
to convert from a landscape to a portrait display. Among them was AD/'s 13.3-in. TFT-LCD 
monitor. 

on 20- and 2 1-in. displays as even more sup
pl iers added tl1ese sizes to their portfolios. 
Interestingly, many of the models with these 
screen sizes have upper horizontal scan fre-
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quencies (HSFs) limited to the more economi
cal 82 kHz. Nevertl1eless, nearly all the new 
models were seen to be fully featured units. 
Many have the latest environmental speci fica-

tions, and quite a few brag the universal serial 
bus (USB) as a feature or an option. For 
example, five models in AD/'s new 
MicroScan family have TCO '95, and the 4P, 
SP, and 6P have USB. Multimedia monitors 
were everywhere, and, increasingly, the trend 
is to offer 3-year warranties. New 17's from 
Com pal and Forefront follow the example of 
Microvitec of tl1e U.K. in using Toshiba's 
new high-brightness Microfilter'"' tube . 

Small Monito1·s: Small Margins/High 
Volumes 
Large screens may be the wave of tl1e future, 
but 15-in., and even 14-in., models have not 
been forgotten. Because tl1ere is still a huge 
market for these - not only in the emerging 
Asia-Pacific regions but also in Europe (par
ticularly the Mediterranean countries, France, 
and the U.K.) -the Taiwanese exhibitors nat
w·ally presented a large selection. Two cate
gories of 15-in. monitors are sti ll available: 
the SVGA (48- 56kHz) economy version 
from makers such as Ace1; Chee1; Delta, 
GVC, Lite-On, KFC, Mitac, Royal, Sampo, 
Shamrock, Tatrmg, and TVM, and tl1e presti
gious 15-in. (64 kHz and above) product from 
these and virtually all tl1e other suppliers 
there. (In order to keep manufacturing costs 
to a minimum, virtually all14/15's are now 
made "offshore.") 

Most of tl1e 14-in. CRT monitors on display 
seemed to have HSFs of 30 to 48 or 50 kHz. 
(Surprisingly, the top limit was sometimes 
higher, probably to allow the producers to use 
the same chassis as in their 15-in. models.) 
Diligent searching of all tl1e data sheets pro
duced a single 31.0-35.5-k.Hz model in the 
very extensive ranges of the Acer clan, which 
includes AcerView, Acer Peripherals, and 
Anigo/Addonics. Even the AM-1450K from 
A Plus Info Corp., probably the last remain
ing model witl1 a 0.39-nun-dot-pitch tube, 
boasted a 30-50-k.Hz HSF. 

For the niche market, very-large-screen 
models (24, 27, and 29 in.) were being exhib
ited by some new suppliers. For example, tl1e 
traditional Clum Yun line-up of 20-37-in. 
models, which this year included a 29-in. 
monitor-TV, and ViewSonic/Optiquest's 
29-in. model were joined by a 27-in. model 
from Tatrmg. 

At the other extreme of tl1e CRT-tube scale, 
Taiwanese makers continue to provide most 
of the 9/ 10-in. color monitors. Their offerings 



were again to be seen on the Axion/(Action), 
Bridge, Can y -1, CEM (Channel Elecb·onic 
Corp.), ETC, Jean (Wen), KFC (Smile), 
Trans 2000, and TVS stands. Many of these 
suppliers, along with Au.bonn, Acula, Jen01~ 
Sunshine, and Three SOMA are still "pitch
ing" with 9- and/or 14-in. monochrome mod
els! 

Some of these are new names to you? Add 
to them Acaua from Peripheral C01p./TVM, 
also promoting Belinea models in its cata
logue, Begonia ViviScau, and pixo (Pacific 
Technology's new brand name for its new 
non-Trinitron models, which include the 19 
in.). And how about GVC's "Golden Age of 
Impressionism" range: the "Cezanne 14," the 
"Monet 15," and the "Van Gogh 17"? 

STN-LCDs Live alongside TFTs 
Computex Taipei '97 reillforced the fact that 
1997 is indeed the year of the LCD monjtor. 
Cmmting the variants, over 100 models were 
being hotly promoted by over 20 excited 
exhibitors. Long-established Rightec/1 Corp. 
(RTC) and Slimage (Soaring Technology) 
each had over 20 models in various sizes and 
formats from which to choose. Overall, the 
sizes of the panels used ranged from the old 
9.4-in. monochrome to the latest 15.5-in. 
product, with 13.8 and 12.1 in. appearing to 
be the most popular sizes. 

Most suppliers appeared to be backing both 
horses by having both DSTN and TFf ills
plays, thus confounilillg those pundits who 
said that STN was dead and that it was all 
AM-TFf from now on. The dual-horse sup
pliers included many of the big names, such 
as AD/, Compal (which claimed to be the 
world 's largest supplier of LCD monitors), 
CTX, KFC, Leo/FIC, MAG, Mitac, Proview, 
and Shamrock. Indeed, the BYTE Magazine 
"Best Display" at Computex Taipei '97 award 
went to "MAG Technology 's 15-in. DSTN
LCD monitor [which] sells for less than 
US$1500 retaH [and whose] XGA output is 
super clear and the display can rotate 90° for 
hori zontal or vertical viewing." Also rotat
able are AD/'s 13.3-in. TFf (Fig. 3) and 
15.5-in. DSTN XGA models, and the 15-in. 
DSTN models from Art Media (Pacific Tech
nology's normal brand name). CTX's new 
Pano View models don't rotate but they come 
with a very flexible rise-and-tilt mechanism 
that "gives the user dozens of viewing posi
tions." 

One thing is for certain, if this end user had 
been given the choice of any one CRT or LC 
display from the multitude on show at Com
putex, it would be obsolete by the time my 
miJ1d was made up! • 

Please send new product releases or 
news items to Information Display, 
cjo Palisades Institute for Research 
Services, Inc., 201 Varick Street, New 
York, NY 10014. 

We build instruments. Bur we're in the business of providing solutions. 
MKS builds the mosr exaaing and reliable gas management insrnunenrarion in the world 

instruments that measure, control, isolate, calibrate and analyze gases in many d ifferent 

vacuum processes. Burro our customers, our real products are the solutions our instruments 

bring to these manufacturing processes. So we build productS that are more repeatable, more 

accurate and offer the highest levels of performance. \'ile foc us on excellence around the 

process, from our research and development people who listen to your needs, ro innovative 

engineering and design systems, to a solid worldwide engineering, sales and service network that 

helps you bring our products together ro creare a solution. Because when you're in the business 

of providing solutions, nothing less than the most complete solution will do. 

To fi nd our more about MKS solutions, call us at 1-800-227-8766. 

Six Shmuck Road, Andover, MA, USA 0 18 10 Tel: (508) 975·2350 Fax: (508) 975-0093 

e·mail: mks@mksinst.com hrtp://www.mk.sinst.corn (0 1997 MKS lnsrrumenls, Inc. All rights reserved. 
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re s ar1e 

By providing the world with the best 

sputter coated film technology for 

over a decade. Courtaulds Performance 

~ilms has helped a wide variety of 

industries launch innovative products. 

Brighter longer -lasting ~L lamps, transparent 

touch panels. membrane switches. specialty 

two-side-coated satellite blankets. and miniaturized 

fine-line flex circuits have all benefited from the 

consistency and cost effectiveness of Courtaulds' sputter 

coated films. Backed by our superior coating technology, 

engineering, and technical support. Courtoulds will help you convert 

ideas into realities. So. no matter what the application. bring 

your ideas to Courtoulds. We have your film needs covered. 

COURT AULDS 
PERFORMANCE FILMS 

21034 Osborne Street • Cdnogd Pdrk. Cdlifornid 91304 • ~~~ -~~2-5744 • ~AX: ~~~.M2-6519 _ 
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editorial 

continued from page 2 

a $2500 notebook with a single $5000 desk
top-replacement notebook. But this year's 
$5000 computer is next year's $2500 com
puter, and that could spread the desktop
replacement trend to corporate employees far
ther down in the computer pecking order and 
to a broader sLice of the small-office/home
office (SOHO) market. 

Such a trend could cut into the CRT-moni
tor business earlier than has been anticipated, 
but it could also cut into the anticipated LCD
monitor business. After all, if a major point in 
favor of an LCD monitor is to save desktop 
real estate, you can save even more by replac
ing the entire desktop system with a notebook 
that contains a really good display. 

For panel makers, tltis could change their 
mix between 13.3- and 15.5-in. panels. For 
would-be LCD-monitor makers, it could s low 
the growth of a business that is now only in its 
infancy. And makers of high-end notebook 
PCs, who are already pressed to keep up with 
demand, may experience even greater pres
sures and profits. 

Whether they go into monitors, notebooks, 
or both, it is all but certain that a growing 
number of high-information-content LCDs 
will be sold. 

- Ken Wemer 

Information Display Magazine invites com
ments on this editorial or other subjects from 
members of the international display corrunu
nity. The opinions expressed in this editorial 
do not necessarily reflect the opinions of the 
publisher of Information Display Magazine, 
nor do they necessarily reflect the position of 
the Society for Information Display. Your 
conunents and suggestions are welcome. You 
can reach me by e-mail at kwerner@netaxis. 
com, by fax at 203/855-9769, or by phone at 
203/853-7069. The contents of upconting 
issues of ID are available on the ID page at 
the SID Web site (http://www.sid.org). 

SID '98 
Anaheim, California 

Anaheim Convention Center 

May 17-22, 1998 

~ ....... 
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 spot measurement, call Gamma Scientific today, ask for our 
brochure and pricing at 1-80G-637·2758. 

1':1\ Gamma Scientific, 8581 Aero Drive, San Diego, CA 92123 
\.LJ.. 819/279-8034 • (FAX) 819/578-9288 
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It Takes A Tencor 

To Profile 
Flat-Panel 

Displa 
When surface quality is critical... 

For high-precision measurement 

and QA of flat panel displays, 

Tencor• has the profiling instru

ment of choice. 

Whether you're monitoring surface 

roughness, smoo[hness or waviness. 

Etch depths, coating thickness or 

micro features ... 
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Whether you manufacrure color 

fil ters, chin film transistors -you name 

it! Tcncor profilers give you repeatable, 

non·desrrucrive measuremenrs down 

to the sub-mictoinch range. To one 

thousandth of a mil! 

Instantly, you get dozens of automat

ically-computed surface parameters. 

And intuitive 3-D surface imaging 

sofrwarc lets you analyze ropograghic 

fearures in detail. 

Tencor profilers accept sample 

sizes from very small up to 25" by 25" 

and up to 2.5" thick. So the 

One Technology Drive 

Milpitas, California 95035 

(408) 571-3000. Fax: (408) 571-2700 

hrrp:l/www.tencor.com 
TlfiiC.,n8r.,.ltlflillltr~rtaiTanctlf .. ~ 



PixTech flat panel displays. 
The edge you need ... 

... the edge in viewing. 
• >160° viewing angle, horizontally and vertically, for 

rack-mounted instruments. 
• High image brightness (70 to 200Fl) for outdoor readability. 
• Smooth, continuous, full-range dimming from maximum 

brightness to extinction . 

... the edge in performance. 
• Full-motion video speed for fast TV, waveforms, and ultrasound imagery. 
• Portable power mode ... 70FL at one watt. 
• 5.2 inch, 320x240 monochrome green FE532M·1 ... available now. 

PixTech's state-of-the-art cold cathode Field Emis
sion Display (FED) is the graphical flat panel that breaks 
LCD performance barriers. FEDs are the next generation 
imaging technology. Cold-cathode emitters (1000/pixel) 
assure high redundancy images with no lost pixels, black 
dots, or lines out. 

Temperature extremes are no problem, with instant
on available for -45°C to +85°C operation. Emissive FEDs 
provide higher brightness than backlit and reflective LCDs, 
yet dim way down for nighttime use. 

PixTech FEDs have the velvet texture, lush colors, 
and crisp focus of computer CRT monitors because the 
FEDs are CRTs. But, at a "thinness" of just 2.5mm, the 
PixTech FED shows computer-quality images without the 
bulk, weight, or heat of a monitor. And, unlike LCDs, FEDs 
are the perfect displays for fast-moving imagery such as 

ultrasound, sonography, heart-rate and waveform moni
tors, oscil loscopes, TV, and FUR images. A 20-microsec
ond response time eliminates image-persistence or "lag". 

Try the many advantages of monochromatic FEDs 
from PixTech now. Full color 5.2-inch Evaluation models 
available, Winter, 1998. 

~Pix Tech 
The Field Emission Display Company 

3350 Scott Boulevard, Bldg. 37 • Santa Clara, CA 95054 
(408) 986 8868 • Fax: (408) 986 9896 

Cards 

PixTech FED ... the new generation of flat panel displays. Call us! 1-888-PIXTECH 
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Finish the job! You 've protected your reticles from ESD and particles in the 

photolithography area. How about reducing wafer contamination in diffusion 

areas and wet benches? Ionizing only a few areas of the fab leaves the rest of 

your process exposed to sta tic charge-related problems. An ESD event can happen 

anywhere, causing equipment lock-up and product damage. 

The more areas you ionize, the better-protected yo u'll be. 

With the threat of equipment downtime and device fai lures, your potential for 

static charge-related loss is far greater than the cost of a complete, fab-wide ion

ization plan. Ionizing your entire facility wi ll provide incremental productivity 

gains with greater throughpu t, yield and profits. 

Don't leave your process exposed! Call 1-800-367-2452, 

510 548 3640 or visit us on the web at www.1on.com. 
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display continuum 

colllinuedfrom page 4 

person to the other side. Some even under
took this journey while enduring the harsh 
winter stonns, when temperatures plunged to 
over 50 degrees below zero. 

This gold rush created a whole infrastruc
ture of suppliers, helpers, and - I'm sure -
other experts. Most of the suppliers made 
money, while most of those hoping to find 
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gold came back disappointed or didn't come 
back at all. Of the 100,000 who made the 
attempt, only 30,000-40,000 actually got 
there. Of those, about 4000 found at least 
some gold and perhaps a few hundred found 
enough to get rich. Of these few who found 
the hoped-for riches, most subsequently lost 
them in the gambling halls or on other risky 
ventures. Apparently, greed causes us 
humans to take some pretty wild chances both 
before and after we find our pots of gold. 

But then, hasn't it always been like that? 
Columbus didn't sai l t11e ocean blue just so he 
could find interesting rocks, plants, and dirt to 
take back to Queen Isabella. For him to be 
able to show his face back at the castle, those 
rocks had better be of gemstone quality, the 
plants had better be important foods or spices, 
and the dirt had better have a nice shiny 
yellow color. And if that wasn't possible, at 
least he 'd better be able to talk a good story 
about how he had discovered a new short-cut 
to more easily get to these items. 

Those early explorers had to know how to 
get their expeditions funded. I'm sure that 
what they had to go through then isn't all that 
different from what we do today to get a new 
venture funded. Most likely, once you got 
your audience with the queen's venture-fund 
manager your business plan had better have in 
it how you were going to make a pretty great 
return on the queen 's investment. Those three 
little ships that the queen was willing to buy 
for you and the bunch of scrummy sailors her 
soldiers - carrying sharp pointy things -
would round up for you were offered with 
some significant strings attached. If your per
suasive powers were up to it, you got your 
chance to go and make your search for gold or 
a short-cut to some already known sources of 
other valuable stuff. Worst case, you would at 
least come home having claimed some new 
territory which would provide the hope of 
future wealtl1. 

Maybe you would like to think t11at we've 
outgrown all that. If you are such an idealistic 
thinker, ponder for a moment the excitement 
that a moon or Mars landing would create if 
that little radio-controlled vehicle found fifty
carat gem-quality diamonds or emeralds 
strewn about among all those other interesting 
but useless rocks. Gold wouldn 't be quite as 
interesting since the cost of bringing it back 
wouldn't make the discovery economically 
feasible. But, nevertheless, wouldn' t it be 
something to see pictures come back from the 



moon or Mars showing goose-egg-sized 
nuggets of gold sitti ng there just for the tak
ing? I guess a cute little alien sitting on a rock 
wouldn 't be too shabby either. 

Well , we can dream, can't we? 
The event that is credited with starting the 

rush for riches into the Yukon Territory was 
the arrival in Seattle of the steamship Portland 
with about two-thirds of a ton of the stuff in 
its hold. That happened just one hundred 
years ago. In fact, it was only two hundred 
years ago that Lewis and Clark made their 
journey to explore this part of the world. That 
this event took place only about four-times
my-age ago is among the scariest pieces of 
information that my mind has recently pro
cessed. How can it be, that only 4x (where x 
is me) years ago we "civilized" folks didn' t 
even know that this place existed? Lewis and 
Clark didn't fi nd gold, nor were they trying to, 
but they sure found some great real estate and 
a bounty of nature's riches in the rivers, 
mountains, lakes, and forests. 

Thus, in x-time, the history of Seattle goes 
something like thi s: 4x years ago Lewis and 
Clark found the Northwest, 2x years ago the 
business of provisioning people to go search 
for riches in the Yukon Territory created a 
healthy economy and lots of growth for Seat
tle, and today at Ox the discovery of software 
riches is creating even greater wealth for a 
few and a healthy business environment for 
many others. How's that fo r cutting through a 
lot of unnecessary historical details? 

And just as during the gold-rush days, when 
there were people who helped bankroll and 
provision the more aggressive ones wishing to 
suffer the hardships of searching for more of 
the shiny nuggets that had made the first-com
ers so wealthy, today there are those who will 
provision the start-up of new software compa
nies. And most of the new software miners 
wi ll also end up disappointed and empty 
handed just li ke their gold-seeking predeces
sors. Not all. There will be a few notable 
successes. But no one wi ll be able to dupli
cate those incredible fi rst fi nds uncovered by 
Bill Gates and his early cohorts . 

That, however, is hardly bei ng viewed as a 
deterrent. Today, Seattle has software gold 
fever every bit as much as in the heady days 
of the Yukon gold rush. Each day's newspa
per brings the latest information about which 
new start-up is doing what, which new ven
ture has just been funded, and how much 
richer the Microsoft bunch has become. By 

recent count, there are now well over 500 new 
software companies who have staked thei r 
claim in this part of the world. And that's not 
counting all the freelance and contract folks 

out there doing a bit of small-time mining of 
their own. The venture funds (provisioners) 
are increasing their presence almost daily. 
Many are setting up branch offices or starting 

HOW WOULD YOU MEASURE 
YOUR DISPLAY REFLECTIONS? 

EZContrast well known display 
measurement solution now provides: 
> DiHuse illumination measurements 
> Specular illumination measurements 
> BRDF analysis 
> Automatic angular dynamic adiustment 

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

ELECTRONICS FOR DISPLAYS AND IMAGING DEVICE S 

4 rue Alfred Kastler 14000 CAEN · France 
Phone:+ 33 2 31 94 76 00- Fax:+ 33 2 31 47 37 77 

EMail : eldim@eldim.fr - Internet address : http:/ jwww.eldim.fr 
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up new funds just to work these seemingly 
lucrative finds. That, of course, means that 
even more folks will be enticed to try their 
hand at finding riches in these fast-flowing 
electronic s treams. 

Fortunately, we in the d isplay community 
have always been a more stable and unflap
pable lot. One hundred years ago, when 
everyone else was heading for the Yukon Ter
ritory, we could see the foo li shness of their 
ways. So, instead of joining in the rush, we 
decided to create something much more sig
nificant that would live many years longer 
than the gold rush. Instead of findi ng material 
riches, we decided to create an entirely new 
way for humanity to function. 

We invented the CRT! As a result of tllis 
creation, soon came television (at about 1. 1 x), 
then the desktop computer (at 0.2x), and 
fina lly the whole Information Society. The 
CRT allowed us to convert electromagnetic 
radiation and computer-generated data into 
information-bearing images that approach the 
processing bandwidth of the human brain. 

A t Gerome Manufacturing, 
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 

Then, whi le the Information Society was 
still strugg li ng through its birth with the 
advent of the desktop PC, we decided that it 
would be important for people to be able to 
carry information with them and to create it at 
their convenience in any location. So we 
invented the liquid-crystal flat-panel display. 
As a result of our work, the laptop-computer 
business came to pass and the Informat ion 
Society came into full swing. 

Our work never received the attention or 
publicity that was given the Yukon gold min
ers or that is being lavished on software devel
opers today. We did such a good job that 
much of our work was and is taken for 
granted. Neverthe less, we remain the critical 
path for information flow from computing 
machine to the human brain. The need for 
further developments in display technologies 
exists: We need flat-panel displays with 
higher resolutions at lower cost for desktop 
and laptop computer applications, we need 
miniature d isplays for portable communica
tions devices, we need large displays (direct 

receive orders by 
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 

metal 
ture 

struc
of you r 

instruments. mG save time erome money when 
Manufacturing Company call Gerome! 
Uniontown, PA 15401 (412)438-8544 

and 
you 
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view or projection) for the television systems 
of the twenty-first century, we need new elec
tronic d isplays for outdoor signs and advertis
ing, and we need new displays for quasi-hard
copy applications. And that is just a sampling 
of where the Information Society may take us. 

Unfortunately, because we have not 
attracted as much attention as - or found the 
incredible wealth of - the software develop
ers, we have a tougher time getting new busi
nesses started and are consequently beginning 
to fall behind the needs of the Information 
Age. At least in the U.S. - but I think in other 
parts of the world as well -it is harder to find 
the " provisioners" to fund us to develop the 
next-generation displays. A software com
pany can begin with a great concept and a few 
engineers to write the computer code. Manu
facturing costs are minimal and time to mar
ket can be short. A venture fund has the 
potential of reali zing a quick and substantia l 
return if the new software is a "hit" in the 
marketplace . On the other hand, a d isplay 
technology typically takes several years to 
develop, and the manufacturing start-up costs 
are higher. 

One must therefore be clever in finding the 
right combination of technology and investors 
to permit realistic development of a new 
display technology. One approach may be to 
find a specialty market that allows the tech
nology to establish itself on $20-50 mill ion 
in sales. At that level, an investment of 
$ 10-20 million may be all that is needed to 
create a successful business. That is still a 
higher start-up investment than for a one
product software company, but it will most 
likely result in a business with greater 
staying power. 

Without interesting new displays, the com
pan ies working to develop new software will 
encounter increasing limitations on the prod
ucts they can introduce. This would be just as 
true if Intel and other semiconductor compa
nies were to stop bringing out new and more 
capable processors, or if memory costs and 
capabil ity stopped improving. Without the 
ability to improve and specialize hardware to 
meet particular market needs, new software 
would be of limited usefulness. 

Up to now, we in the display community 
have been the quietly competent ones. For the 
Information Society to continue to grow at its 
accustomed pace, that may have to change. 
Soon the rest of the world will reali ze what we 
have known all along: without superb displays 
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to translate "compute" power into information 
that can be analyzed by the human brain, the 
Information Society is not even a "twinkle." 
It will be up to us to make sure thls twinkle 
glows ever brighter in the years to come. 

Whether you have a condo on Mars or have 
established an outpost in the Yukon Tenitory, 
I would enjoy hearing from you. You may 
reach me by fax at 425/557-8983, by phone at 
425/557-8850, or by e-mail at silzars@ibm.net. 
And for the few of you who still take the time 
to send a genuine handwritten letter, you may 
reach me at 22513 S.E. 47th Place, Issaquah, 
WA 98029 . • 

calendar 

Display Technology 

The Third International Conference on the 
Science and Technology of Display Phos
phors. Co-sponsored by the Phosphor Tech
nology Center of Excellence, Defense Research 
Projects Agency, and Society for Information 
Display. Contact: Bill Klein, Palisades Institute 
for-Research Services, Inc., 201 Varick Street, 
Suite 1006, New York, NY 10014; 212/620-
3377, fax -3379, e-mail : bklein@newyork.pal
isades.org. 
Nov. 3-5, 1997 Huntington Beach, CA 

Fifth Color Imaging Conference: Color Sci
ence, Systems & Applications. Co-sponsored 
by IS&T and SID. Contact: IS&T, 7003 Kil 
worth Lane, Springfield, VA 22151 ; 703/642-
9090, fax -9094. 
Nov. 17-20, 1997 Scottsdale, AZ 

Electronic Information Displays (EID '97). 
In association with the Society for Information 
Display. Contact: Association Exhibitors; 
+44-1822-614671, fax -6148 18. 
Nov. 18-20, 1997 Surrey, U.K. 

The Fourth International Displays Wo•·k
shop (IDW '97). Co-sponsored by the Insti 
tute of Television Engineers of Japan and the 
Japan Chapter of SID. Contact: IDW '97 
Secretariat, cjo The Convention; +8 1-3-3423-
4 180, fax +81-3-3423-4108. 
Nov. 19-21, 1997 Nagoya, Japa n 

Informat ion Products Incorpo rated, a wholly owned subsidiary of Donnelly 
Corporation, is focused on providing glass products to the information display indust ry. 
Core technologies include glass bending, thin-film coating, screening, cutting, laminating, 
and anti-glare fin ishes. 

Donnelly Corporation and its affiliates employ nearly 5,000 people in North America, 
Europe and Asia. We currently have the following positions available at o ur Holland, 
Michigan facility. Holland is located 18 minutes west of Grand Rapids, Michigan along the 
Lake Michigan shoreline. 

Principal Level Coating Engineer 
Responsibilities include: 

• Provide leadership in coating technologies 
• Develop and implement new technologies in both conductive and non-conductive 

applications 
• Assist in the development of thin-film coating strategies 

Requirements include: 

• BS required, post graduate degree highly preferred 
• Minimum five years' industrial technology experience 
• Knowledge in theory and practice of various coating applications 
• Demonstrated experience to develop and implement new advances in coating 

applications 
• Knowledge of vacuum and evaporation technology 

Responsibilities include: 

• Develop new techno logies, product, and business opportunities 
• Direct planning, organization, and communication of technical work 
• Principal resource for technical customer issues 

Requirements include: 

• BS required, MS preferred 
• Minimum five years' experience in a similar role 
• Demonstrated leadership and project management skills 
• Knowledge in thin-film coatings or display technology preferred 

Advanced Design/Equipment Engineer 
Responsibilities include: 

• Assume project management responsibilities for design and implementation of all 
equipment related projects 

• Translate product and process requirements into specific plans 
• Establish estimated costs and timetables fo r projects 

Requirements include: 

• BS in Engineering 
• Minimum ten years' experience in related field 
• Demonstrated project management skills and equipment design expertise 

Manufacturing Engineer 
Responsibilities include: 

• O rganize, execute, and direct technical activities in the areas of process development 
and manufacturing support 

• Evaluate, seleet, and apply engineering techniques, procedures, and criteria to improve 
manufacturing techniques 

• Assist production with diagnostic support and direction for solving process issues 

Requirements include: 

• BS in Chemical Engineering or Mechanical Engineering preferred 
• Minimum five years' experience in manufacturing environment preferred 
• Basic software experience 
• Strong analytical problem-solving skills 

We offer competitive wages, benefits, retirement, 40 I (k) and education assistance. Send 
your resume and salary requirements in confidence. For more information about our 
company, visit our website at http://www.donnelly.com Equal Opportunity Employer 
M/F/DN. 

Donnelly Corporation 
Attn: Recruitment 
414 East 40th Street 
Holland, Ml 49411 
Fax: 616{786-S606 
E-mail: recruitment@donnelly.com 





With the 88200 family, 

you can precisely, 

automaticaJly, and 

completely measur·e 

display performance

and that includes 

flat panels. 

Complete ttn'Ilkey 
system with computer, 
6-axis positioner, 
monitor, software, and 
SS200 camera system. 
Automatically performs 
spatial and luminance 
measurements. 

You can easily fie ld upgrade 
to the more powerfu l SS2 10 
package, which provides all 
SS200 functions, plus an 
integrated spectrometer for 
spectral analysis and color 
measurements. Includes 
response li me measure
ment capability. 

For flat panel testing, a field upgrade to 
the SS220 is easy. Tbe SS220 provides 
spectrometer-based off-axis measm·ement, 
color analysis, color shin and luminance 
testing. Coupled 11~th Lhe SS210, this is U1e 
most COlllJli'ehensive test system ever 
offered- at a fraction of the cost of 
individual test instnnncnts. All tests are 
performed at ~IST-tmccablc accuracy. 
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If you checked all of the 
above and TI'ouJd Lil{e mor·e information, 
call Microvision at (800) 951-5188. 

IMICROVISION 
I Dedicatell to the Needs o.f the Display lndust1y 

180 Knowles Drive, Suite 209 I Los Gatos, CA 95030 USA 
Tel: (408) 574-5158 I Fa"x: (408) 574-9594 
ToU ~'ree : I (800) 931-3188 
Emai.l: sales@microvsn.com 
Web site: http:/ /www.mici'Ovsn.com 

lnlcrnational Reps: 
Japan - ARGO CO liP., 06 339 3306 
Tni11an - SUPIIRLI'IK TECII., 02 705 7090 
horca - B & I' li\T'L, 02 'i·16 14i7 
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San Jose Conwntion Ctlt8 • San Jose. califoaia 

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

• Learn About the Latest Manufacturing Technologies 

• See the Latest Products and Manufacturing Equipment 

• Hear the Market Forecasts 

• Address the Challenges and Solutions to Manufacturing 
Electronic Displays 

w_• 

Sponsored by: • "'[";;' ' 

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

To Attend 
Register by December 31 for FREE admission to the 
exposition and discounts on the Business Conference, 
Manufacturing Technology Conference and Educational 
Seminars. For complete information and registration form, 
call SEMI at 650.940.6905 or visit www.displayworks.org. 
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Located in the historic, picturesque Hudson River Valley 
of New York, we are building an aggressive team of 
talented people to develop, support, & market our high 
resolution, bright, power efficient, lightweight display 
products for commercial & military applications ranging 
from avionic cockpits & instruments to miniature 
displays & augmented reality headsets. 

1\FED 
CORPORATION 
Flat Emissive Displays 

IMMEDIATE OPPORTUNITIES INCLUDE: 

1t Business Development/Marketing Manager 
Develop business strategies for emerging high performance 
commercial and/or military display products. BS/MS 

1t Display Development Engineers/Physicists 
Develop designs & processes for miniature high resolution 
displays. MS/PhD 

1t IC Physical Layout Designer 
Design and verification of high performance, miniature 
integrated flat panel displays. MSEE 

1t Organic Chemists; Org. & Inorganic Thin Film Engr. 
MS/PhD in Organic Chemistry or Material Science 

1t Senior Lithography Engineers 
Process chemistry, high energy & interferometric exposures, 
mask design, optics. BS + 5 yr. relevant experience. 

1t Additional opportunities for recent graduates 

FED CORPORATION 1580 Route 52, Hopewell Jet., NY 12533 

fax: 914-892-1901 e-mail: fedcorp@aol.com 
Equal Opportunity Employer /Employee Stock Participation Plan 

SID '98 
Anaheim, California 

Anaheim Convention Center 

May 17-22, 1998 

Mark Your Calendar Now! 

Desk Top Probing Solutions 
• • • Flat Panel Displays • • • 

• • • High Density PCBs • • • 

• Open design allows a variety of fixtures 
and device types to be probed. 

• 11" x 20" usable OUT area, larger sizes 
available. 

• May be used with a variety of manipulators 
and probe holders and probe tips. 

Probing Solutions Inc. u.s.A. 
1555 Forrest Way, Ste. 8 • Carson City, NV 89706 

TEL 702/882-9554 • FAX 702/882-7694 
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New. High Performance. 
Small. Affordable. 

Lightweight and portable, the new Video Instruments 
Model 875 practically fi ts in the palm of your hand. Yet 
the number of patterns and rates that can be down
loaded from your P.C. to the unit is virtually unlimited. 
Talk about versatile! 

Call 1-800-962-8905 

V.I. U1~;; ~;~;~~;;;;;ecs. 
2155 Bellbrook Avenue • Xenia, OH 45385-4043 

Phone: 937-376-4361 • Fax: 937-376-2802 
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The ONE EASY step to 
• ARGE area photo MASKS 
If you're tired of the hassles associated with step and repeat processing, we've got the perfect solution: direct 
write laser systems for large area applications. Including our state-of-the-art MaskWrite 1550 rM , the world's 
largest ultra-high resolution photo imaging system for the production of 1X photo masks up to 61 inches. 

Look at what Gerber's advanced technology gives you. 
• One pass production • Resolutions up to 500,000 dpi 
• Stripe-free masks • Direct write capabilities for 
• Nanometer precision prototyping and small runs 

So, go ahead. Think big. Then think Gerber Systems for the ultimate in 

laser-powered micro lithography equipment. 

GERBER SYSTEMS 
[5j A Gerber Sd@ntl f lc Company 

MaskWrite TM Direct Write Laser Systems 
Call t-800·882·9580 

83 Gerber Road West • South Windsor, CT 06074 • Tel. (860) 648-8187 • Fax (860) 648-8013 •http://www.gerbersystemscorp.com 

I magine what you could do with a 
very special, transparenr float glass thar . .. 
• Conducts elecrricity .. . with a wide 

range of available resistance 
• Has a transparent, color-neutral 

coating (with excellent optical propenies) 
bonded to the surface of the glass 
while it's still in its molten state 

• Has high infrared heat reflectance 
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. :l~~~:~~~~~~~:~!~· ~~~~-i~~;~~:ii~~~snr Imagm· e what 
rim would quickly mar or scratch 
ordimuy glass 

Cond~~;:~;~ ~!~~~f~~:: Ele~~:~~~loped you can do wl'th 
by Libbey-Owens-Ford Co. and 
produced hy our patented, on-line 

• EJ\11/RFI Shielding 

• Anti-Static Coatings 
• Bar-Code Scanners 
• Copier Cover Plates 
• IR Reflecting Windows 
• Hear-Retlecting Self-Cleaning 

Oven Doors 
• Defrosting Refrigerator and 

Freezer Doors 
• Solar Heating 
• Security Systems 

~ow, imagine what you am do 
with LOF TEC-Giass. 

For specifications and additional 
information, just circle the reader 
response number, or write us. 

Because the possibilities are limited 
only by your imagination. 

chemiGilvapor deposition rc::chnology. B TEC Gl 
In facr, innovative engineers have ass 

already found a wide range of -
apphGHions for LOF TEC-Giass, mcluding. 1 1 1 Llbbey-Owens-Ford Co. 

- Specially Glass Producls 
• Titin-Film Photovolraics ~ 811 Madison Avenue. P.O. Box 799 

TOledo. OH 43697-{)799 
.§[_- • Flat Panel Displays 419·247-4926 r.r-
- PILKINGTON FAX419-247-4517 g 
~ • Electrochromic Devices l!l,mU•NifiNu' hllpJMww.IOI.com ·$ 
~ ·~ 
~ WoRtnGI.ASS 'I'H.'IISHtuc:r r-1~1r, 111,.'11.')-CJ\\cn~-F~..,d co ~ 

:r::. ~,'.110/)IIJ.,\\ 'illlf/'J.-Jlf>if H/ • S.l/11/cJ -I.'HO,? .M.fdO:J • !\.l1llfiiii.?S .JpO:J-.111[/ • SfiUJIIJO:J .'J!IIlJS-!IIIfl • ~'IIJfJ/•>!CfS /:/H/1/1':/ • S.D,liliJ(J .1JIIIWCJ:1V.I/JrJ}.":f • s.futd~10 fiJIWJ IOJ:f • :iJ,IJJI/O,I(}JO((d lllf!:J- IIJCU • ~ 
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High Quality Hot Bar Bonding 

Patented Technology 
and Process Expertise 
from Toddco General 

Advanced Technology 
• All Ceramic Hot Bars 
• Pulse or Constant Heat 
• Improved Quality and Yield 

Features Common to All Our Bonders 
• Pulsed, constant, or hybrid heat 

modes 
• ACF, heat seal or solder 
• All-ceramic hot bars-uniform thermal 

distribution, stays very flat 
• Extra thermocouple ports for process 

development 
• Real-time display of process and 

control variables 
• Automatic recording of bond data 
• Custom fixturing available 
• Profiles compatible across full line of 

bonders (17 models) 

RSM 2200 Features 
• Flex or connector to PCB 
• Microprocessor control of pressure, 

temperature and time 
• Multiple, selectable profiles 
• Automation options 

- Inspection system 
-Vision image system 
-Crosshair generator 
-Off-line graphical 
programming software 

ACF 6000 Features 
• TAB to glass 
• TAB to PCB 
• Glass to 425mm on edge 
• Semi-automatic TAB alignment 
• Automatic camera position 
• Camera inspection above or below 
• Fine pitch < 70 micron 
• Graphical user interface 
• Teach mode programming 

Turn Key Systems 
Available 
Call today to get more information. 
Ask for your FREE short form catalogue. 

Two Head Bonder with Rotary Table 
ACF bond or solder two products while loading and unloading two. 

Fine Pitch Anisotropic Film Bonder 
Automated functions reduce process variation, improve quality. 
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TODDCO GENERAL, Inc. 
7888 Silverton Ave., Suite A 1111 San Diego, CA 92126, USA ,. n (619)549-9229 • (619)549-2162 FAX 
Email: toddco@toddco.com 
http://www.toddco.com 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Acer Peripherals 
Ad-Vance Magnetics, Inc. 
Advance Reproductions Corp. 
AlliedSignal, lnc./ 

MicroOptic Devices 
Arconium 

Brewer Science, Inc. 
Brimar Ltd. 

Canon, Inc. 
Capetronic Computer USA (HK), 

Lnc. 
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 lnspection 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 
Grimes Aerospace Co. 

Hewlett-Packard Co. 
Hitachi, Ltd. 
F. Hoffmann-La Roche 
Honeywell, Inc. 
Hoya Corporation USA 
Hughes Lexington 
Hyundai Electronics America 

ffiM Corp. 
Imaging & Sensing Technology 
Incom, Inc. 
Industrial Electronic Engineers, Inc. 
Industrial Technology Research 

Institute 
In Focus Systems, Inc. 
lnfodex, Inc . 
llmotec Group, Inc. 
Interface Products, Inc. 
lnterserv Corp. 
Interstate Electronics Corp. 
ISE Electronics Corp. 

Kent Display Systems 

Libbey-Owens-Ford Co. 
Linfinity Microelectronics 
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Litton Systems Canada Ltd. (2) 
Loral Librascope 

Man & Machine, Inc. 
Micron Display Teclmology, Inc. 
Micronic Laser Systems AB 
Microvision Corp. 
Minolta Corp. 
Mine lla Hong Kong Ltd. 
Mitsubishi Electronics America 
Motif, Inc. 
Motorola FPD Division 
MRS Technology, Inc. 

NEC Corp., Japan 
Nippon Seiki Co., Ltd . 
Norden Systems Westinghouse 

OIS Optical Imaging Systems, Inc. 
OKI Electric Industry Co., Ltd. 
Optical Coating Lab., Inc. 

Phosphor Teclmology Ltd. 
Photonics Systems, Inc . 
Photo Research 
Photronics, Inc. 
Pilkington Micronics Ltd. 
Planar Systems, l11c. 
Plasmaco, Inc. 
Polytronix, Inc. 
Progressive Systems Technology, 

Inc . 

Q.C. Optics, Inc. 
Quantum Data l11c. 

Raytheon Company 
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JUST 
GOT 

Announcing a New Era in Innovation from the Experts at Photo Research 

You needed b e tte •· accm·acy. You wanted fash•r measurements. You asked for mot·e t·obusl 
softwat·e . Now, you've got it. Eve a·ythi.ng to make yom· woduoad lighte t·. Yout· wm·kday 
easie t·. Innovative systems and softwat·e that do mm·e, in less Lime, at highet· t·eliahility than 
evc1· befot·e. Powet· up yo111· R&D and QC testing with these pe a·fot·mance boosts: 

PR-705 

Advanced High Precision 

Spectroradiometer 

./ lOx more sensitive 

./ stand-alone operation 

./ six apertures for maximum 
versatility 

PR-9000 

Complete FPD Inspection 

System 

./ ISO & VESA compatible 
testing 

./ custom solu tions tailored to 
yow· needs 

./ incorporates industry s tandard 
instruments and positioners 

PR-BBOA 

Fully Automated Photometer 

for FPD/CRT Testing 

./ 20x faster 

./ internal somce assures 
highest accuracy 

./ ideal for reliable lumi nance 
and contrast ratio 
measurements 

All our products come with flexible, application-oriented software such as SpectraWin, PaneiWin and VideoWin. 

Simplify your work with total solutions from the leader in precision light and color measurement 
systems. Call today or email us at sales@photoresearch.com 

PHOTO RESEARCH~ 
The Experts in Light and Color 

9330 DeSoto Avenue. Chatsworth, California 91311-4926 • Fax: 818.341.7070 • http:/ /www.photoresearch.com 
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For years we've become known as of the world's premiere passive-
matrix LCD companies.\Vhat the 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 llig est 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. 
I6oo N. Desert Drive 
Tempe,Arizona 85281-1230 
Phone 6<>2-389-8600 Fax: 6<>2-389-8989 
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