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when and how, see Bob Myers' article beginning 
on page 14. 
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Putting an LCD and CRT Side by Side 

Some time ago, the folks at Compaq sent us an evalu­
ation unit of the company's TFT8020 LCD monitor. 
Introduced in February 2000, this 18-in. SXGA 
(1280 x 1024) monitor is still part of the company's 
LCD-monitor line-up, and currently has an MSRP of 
$1995. Compaq targeted the 8020 at the desks of 
financial traders, executives, and receptionists in 
offices where image com1ts. We plugged it into the 
analog-video output jack of one of our editorial-office 

computers and used it as a workhorse for an extended period. The only fault we 
noted during this period was a single stuck pixel, which now seems to have 
repaired itself. 

The 8020 accepts both analog and digital inputs, and one of the things we 
wanted to evaluate was whether there was a significant practical difference 
between the two interfaces. This was not to be, though. When we installed the 
Matrix Millennium G400 Dual Head card and DVI daughter card supplied by 
Compaq, the 8020 did not detect any digital signal. We tried the obvious things, 
gave up, and ran the 8020 from one of the G400's two analog outputs. We 
placed it next to our prime display- a standard of comparison - a Sony GDM­
F500 21-in. FD Trinitron'"' flat-screen CRT monitor. We ran the two monitors 
"cloned" - that is, with each displaying the same full Windows'" desktop. To do 
that, we had to reduce the Sony's screen resolution to 1280 x 1024. 

For our evaluation, we used a pre-release copy of Display Mate® for Windows 
Multimedia with Motion Edition Version 2.0 ( courtesy of Display Mate Tech­
nologies of Amherst, New Hampshire; telephone 800/932-6323, e-mail: www. 
displaymate.com) and the 2000 edition of the SID Display Technology Show­
case CD-ROM (Society for Information Display, San Jose, California; telephone 
408/977-1013, e-mail: www.sid.org). All conclusions are comparative. We did 
not take any photometric or colorimetric measurements (with one exception). 

First, some details. The 21-in. CRT has an active display area that measured 
19¾ in. on the diagonal. The 18-in. I.CD's active area measured 18½ in. on the 
diagonal. (Both numbers are consistent with the manufacturers' claims.) The 
LCD has a specified pixel pitch of 0.28 mm; the CRT has a specified aperture­
grille pitch of 0.22 mm. When the Sony monitor was introduced in June 1998 
as a professional monitor, it carried an MSRP of $1899.99. The GDM-F500 
does not appear in Sony's current line-up, but Sony does sell the consumer­
grade 21-in. flat-screen CPD-G500 with a 0.24-mm aperture-grille pitch at an 
MSRP of $799.99. 

Sony did not list luminance or contrast in the GDM-F500's specifications. 
Compaq claims an average luminance of 200 cd/m2 and a typical contrast ratio 
of 300:1 for the TFT8020. And tl1e TFT is much brighter than the CRT. To 
make the two monitors look similarly bright (and produce the same reading on 
an old photographic light meter), we adjusted tl1e CRT to 100% luminance and 
the LCD to 21 % of its luminance as indicated by the on-screen-display (OSD) 
brightness control. And to roughly match the appearance of gray Windows" 
slider bars, we set the CR T's contrast setting to 100% and the LCD's to 83%. 

In looldng at various dot and dither patterns, including Display Mate pixel-
clock patterns, it became necessary to adjust the LCD's pixel clock and clock 

(continued on page 36) 
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The Four-Minute Mile ... 

by Aris Silzars 

Some years ago, after completing graduate school and 
settling into my professional career, I decided that I 
should add some physical activity to my otherwise 
sedentary lifestyle. The specific m:otivation was a 
week-long camping hip to the Yosemite Valley and 
the realization that my hiking and climbing abilities 

were not nearly what I wanted them to be. Thus, I selected an exercise program 
that was intended to build my aerobic capabilities by gradually increasing the 
distance walked/jogged while reducing the time required to cover that distance -
more commonly known as "getting in shape," The stated goal was to be able to 
ru'n a distance of one-and-a-half miles in under twelve minutes after three 
months of training. 

During the first week, 1 walked a mile each day in about twenty minutes. The 
second week, the thrtes dropped to about sixteen minutes. The third week, I 
tried adding some jogging and the times dropped to about twelve minutes. The 
following week, I increased the distance to one-and-a-half miles and kept the 
pace about the same. Without too much pushing, I was able to achieve my 
interim eighteen-minute target. This was beginning to look like a really easy 
project. In no time at all, I should be meeting the twelve-minute objective. 

Getting from eighteen to fifteen minutes took a few more weeks and a little 
more effort, but I still felt that I was pretty much on track. But, after that, it got 
a lot harder. Over the next several months, my enthusiasm wavered, and, with a 
few business trips to break the intended routine, my diligence evaporated. Sud­
denly, there were all ldnds of good excuses for why I couldn't find time to do 
the daily runs. 

It was not until more than a year later that I once again decided to try this 
activity on a sustained basis. However, this time I knew that whatever goals I 
set, the results would not come easily. Fortunately, for this second effort, I also 
had the additional motivation of participating in a youth soccer league as a 
coach and referee. Over the next few years, not only did I gain the ability to nm 
the mile-and-a-half in twelve minutes, but I was able to increase my condition­
ing to consistently run five miles at a pace of less than seven minutes per mile. 

Is there a four-minute mile in my future? I think you and I both know the 
answer to that. However, what has been an unexpected result is that even now, 
after many years, I continue to be able to run eight to ten miles at a decent pace 
on a near-regular basis. 

If we were to graph my rate of improvement, from the first efforts of walking 
a mile in twenty minutes to my eventual capabilities, there would be a clear 
asymptote to this graph. In addition, there would be gaps of no progress and 
even steps backward. 

It seems to me that new technology developments and getting new products to 
market follow quite the same behavior. The early stages of concept demonstra­
tion are much easier than the subsequent challenges of creating cost-effective 
and profitable products that meet the unforgiving competitive demands of an 
international marketplace. 

Perhaps, the recently much-maligned dot.com businesses are an illustrative 
example of this. Following their model (and exaggerating only slightly), we 

continued on page 38 
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Specialty Mounting For Flat Panel Monitors 

~ Ergotron ....._ 
~ ARMS"'~ 
~ Compatible 1111' 

Flat panel monitors compliant with the VESA~ FPMPMI™ 
Standard are Ergotron ARMS Compatible; this means your 
monitor will easily attach to an Ergotron ARMS product. 

Contact Dan Hallberg, 651-681-7659, for more information 
or to discuss OEM and Reseller relationships. 
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SS200 SERIES DISPLAY ANALYSIS SYSTEMS 
FAST 
ACCIJRATE 
REUABLE 
AFFORDABLE 

Microvision - innovating since 1983. 

--
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Microvision's SS200 series of display analysis systems allows you to precisely, automatically and quickly measure 
display performance. And with many test laboratories currently using the SS200 series as their standard test system, 
shouldn' t you? 

The SS200 series includes the SS210, SS220 and SS230 systems. Each system allows for modular field upgrades 
for increased functionality - Buy what you need, when you need it! Each system may be used on any display type from 
CRT, all FPD's, Projection, HDTV, and Microdisplays. The familiar Windows-based GUI makes the equipment 
easy to use and personalize. All versions come with the time tested Spotseeker five-axis positioning stage integrated 
into all test sequences. Each system is a complete turnkey system with a computer, 5-axis positioner, monitor, software, 
spectrometer, and camera system. For automatic testing to ISO, VESA, NIDL & TCO specifications, or comprehensive 
analysis for engineering and quality control requirements, the SS200 series has the system for you! 

SS210 System: 
The SS210 package has a CCD camera to provide spatial measure­
ments such as Line Width and MTF. It includes an integrated spec­
trometer for spectral analysis and color measurements and also in­
cludes an optional response time measurement capability. 

SS220 System: 
The SS220 system is the perfect choice for flat panel testing. It fea­
tures spectrometer-based, off-axis measurements, color analysis, 
contrast ratio and luminance testing. 

SS230 System: 
The SS230 (pictured above) is a combination of the SS210 & 
SS220 system, resulting in the most comprehensive test system 
available. All tests are performed at NIST traceable accuracy. 
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Used by Test 
Laboratories 
Worldwide 

MICROVISION 
Dedicated to the Needs of the Display /11dust1y 

550 High Street, Auburn, CA 95603 USA 
Tel :(530) 888-8344 * Toll Free: (800) 931-3 188 
Fax: (530) 888-8349 * Email: info@ microvsn.com 
Web site: www.microvsn.com 

lmernational Representatives: 
Japan - ARGO CORP., 06 339 3366 
Taiwan - SUPERLINK TECH., 886 2 2698 3456 
Korea - B & P INT'L, 02 546 1457 
China - China National Electronics Imp. Exp. Corp. 
(010) 6829-63 I 0 





Test and 
Measure 

FPDs 
Westar's New Flat Panel Display 
Performance Measurement 
System FPM-505 is well suited for 
QA/QC or low-rate production flow lines. 
• Based on Westar's FPM-500, 510, and 
520 in use worldwide. 
• Performs accurate, repeatable electro­
optical measurements on FPDs and 
components. 
• Five-axis motion base architecture. 
• Works with industry standard photometers 
and spectroradiometers, and popular test 
pattern generators, including Westar's own 
Display Tuning System (DTS). 
• Tests for luminance, chrominance, 
contrast and viewing angle performance, 
response time and flicker, VESA FPDM, 
TCO '99, ISO 13406-2, and many others! 
• System controlled through powerful 
ViewPoint™ software. 

ViewPoint™ Software 
Manual Control Interface (MCI) mode 

FPM-505 Key Features: 

• "Top-down" optical instrument arrangement allows for 
horizontal material flow. 

• Inherently light safe design allows use in a well-lit 
working environment. 

• Occupies a smal l floor space. 
• Casters on system chassis make FPM-505 mobile. 

Contact us today for more Information 
USA: Westar: 636-498-6004 ext.286 Taiwan: ATEC: 886-2-2219-8899 
Japan: KBK: 03-3244-3784,-3795 China: ATEC: 769-632-6399 
Korea: Truco: 02-571-1241~3 Europe: Ginsbury: +44 (0) 1634-298900 

www.westar.com/fpm 
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·oisplays 

• Custom Flat Panel Display 
Solutions based on Color 
Amorphous & Poly-Silicon 
TFTs 

• High-Bright & Ruggedized 
Display Systems 

www.ANDdispfoys.com 

A Division of Purdy Electronics Corporation • f or more info: 1.408.523.8216 

s in PC. .. 
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PC I I n t e r f a c e 

Easy And Powerful 
Unigraf WinVTG.exe user interface 
- a superior software for 
straightforward and simple control 
over Unigraf VTG boards . 

■ DLL for application programming 

■ Full ATE support, DDC and VESA DPMS 

■ Resolutions 2048 x 2048 x 8 bit colors out of 16.7 million true color 

■ Bitmap support for multiple file formats: .BMP, .GIF,.JPEG, .PCD, .PCX, .PNG, .TIF 

Distribution 
network: 

GERMANY: Meinhardt Electronic, +49 2129 4461 
GERMANY: TL-Elektronic, +49 89 329 4490 
HUNGARY: □EXON Systems, +361 335 7162 

JAPAN: ARGO, +81 6 339 3366 
JAPAN: Nippon Tectron, +81 45 5741515 
KOREA: WE Corporation, +82 2 585 8253 

TAIWAN: ACCESS Technology, +886 2 2299 6272 
UK: Ginsbury, +441634 298900 
USA: TEAM Systems, +1 408 720 8877 

/ ) / UNIGRAF 
..,o ,011111n11111 ,011,rn.>1 

UN/GRAF Oy, Ruukintie 3, FIN-02330 Espoo, Finland 
Tel. +358 (0)9 859 550, Fax +358 (0)9 802 6699 
http://www.unigraf.fi, Email: sa/es@unigraf.fi 
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Test and 

Inspect 
Microil.isplays 
Westar's Microdisplay Inspection 
System (MDIS) tests microdisplays of 

any resolution without changing the camera 
or optics! 

• Laboratory, QA/QC, or pilot production 

environments (for volume production, ask 

about our new production test system). 

• Complete electro-optical measurement 

system includes spectrometer and CCD 

camera. An illumination source is also 

included for testing reflective or 

transmissive displays. 

• System control through the flexible 

MicroPoint™ software, consisting of a 

Manual Control Interface (MCI) mode for 

direct control of the system, and an 

Automated Test Sequence (ATS) mode for 

automatic testing. 

... . ____ _ 
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Manual Control Interface (MCI) mode 

TS) mode 

Precisely Measure: 

• % Reflectance/Brightness • Flicker 
• Contrast Ratio • Response Time 
• Uniformity • Temperature Performance 
• Blemishes & Pixel Defects • Cross-Talk 
• Spectral Response • Image Retention 
• Chromaticity • Newton Fringe 
• Contrast & Brightness vs. f# • Gray Level Curves 

Contact us today for more information 

USA: Westar: 636-498-6004 ext.286 Taiwan: ATEC: 886-2-2219-8899 
Japan: KBK: 03-3244-3784,-3795 China: ATEC: 769-632-6399 
Korea: Truco: 02-571-1241- 3 Europe: Ginsbury: +44 (0) 1634-298900 

www.westar.com/mdis 
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When Your Electronics Business Matters 
electronicAsia 2001 is your Marketplace 

The Electronics Drive in Asia 
Asia Pacific markets are enjoying a major and sustained 

revival. It is now, the fastest growing region for 

semiconductor! 

Hong Kong, being the center of the exploding Asian 

market, a leader in research and development for 

electronics and related industries. It is also the 

popular and major sourcing center, exporting 

electronics practically to the whole world. 

Electronics Powerhouse 
electronicAsia 2001, with the World Of 

Display Technology, the Fair within the Fair, 

is an international powerhouse event for 

manufacturers and buyers of electronics 

components, assemblies, production technology 

and display technology. Now, in its 5th Milepost 

in Hong Kong, electronicAsia 2001, is right in 

the center of global growth trends in the 

electronics industries. electronicAsia enjoys the full 

support and endorsement of all the leading trade 

and professional associations and public sector 

organizations in the region. 

Concurrent events: all under one 'electronics' roof 

• Hong Kong Electronics Fair 2001 - Asia's largest 

consumer electronics show, now in its 21st presentation 

• Hong Kong International Lighting Fair 2001 - covers 

all kinds of lighting fixtures and fittings 

In 2000, 459 exhibitors from 15 countries filled the 

complete hall of electronicAsia. 

So, register early and be a part of it ! 
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Control and 
Stimulate 

Digital FPDs 
Westar's Display Tuning System 
{DTS) is your complete drive system. 
For R&D, QA/QC, receiving inspection, 
repair and OEM integration, Westar's 
DTS: 
• Drives FPD modules, including 
modules with parallel digital, LVDS, or 
TMDS electrical interfaces. 
• Is a PC-based system, which makes 
it extremely flexible and easy-to-use. 
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FPtune™ Softwar 

Has All The Capabilities of a Digital Video 
Generator PLUS: 

• Allows for power sequencing per manufacturer's ICD. 
• Performs power consumption measurements. 
• Has extensive pattern draw capability. 
• Plays movies in AVI or MOV formats. 
• Interconnects to high-res FPDs. 
• Interfaces to on-board EEDID, as well as digital and 

analog inverters. 
• Interfaces to popular light measuring devices for 

quick measurements. 
• Network ready. 

Contact us today for more information 
USA: Westar: 636-498-6004 ext.286 Taiwan: ATEC: 886-2-2219-8899 
Japan: KBK: 03-3244-3784,-3795 China: ATEC: 769-632-6399 
Korea: Truce: 02-571 -1241 -3 Europe: Ginsbury: +44 (0) 1634-298900 

www.westar.com/dts 
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Do Digital Interfaces Make 
Sense for CRT Monitors? 

There are reasons for using digital interfaces for 
some displays, but the cost/benefits do not make 
sense for most CRT monitors - at least not yet. 

by Bob Myers 

TIE adoption of digital display-interface 
standards by the computer industry has stimu­
lated a great deal of discussion regarding the 
use of digital interfaces in CRT monitors. 
The idea of a "digital CRT" is being aggres­
sively promoted by several manufacturers, 
and a number of examples have appeared on 
the market, although generally in the form of 
a monitor that accepts digital input in addition 
to analog signals. But it is still appropriate to 
ask if this change provides significant advan­
tages and how likely it is that the use of digital 
interfaces in CRTs will increase in the fu ture. 
(Interestingly, the answer to the second of 
these questions is almost independent of the 
answer to the first.) We can be even more 
blunt: Why should we expect "digital CRTs" 
to become the norm? 

Many supposed advantages have been cited 
for digital interfaces, but these must be 
weighed against the expected costs of the 
transition from analog to digital. These costs 
come not only from providing the interfaces 
in new hardware, but from modifying or 

Bob Myers is Manager, Display Technology 
Center, Hewle/1-Packard Co., 3404 East 
Harmony Rd., MS 84, Fort Collins, CO 
80528-9599; telephone 970/898-2636, 

scrapping the huge installed base of analog­
input displays (Fig. 1). This presents a 

much larger problem than we would have if 
discuss ing merely a change in the PC itself; 

Hewlett-Packard Co. 

fax 970/898-45 I 5, e-mail: bmyers@hp.co111. 
This article was adapted from the author's 
invited paper, "Digital /n.te1faces and the 
CRT Display," presented on November 29, 
2000, at IDW 2000 in Kobe, Japan. 

Fig. 1: Most PC systems with CRT displays s1ill use analog video connec1io11s. Are the benefils 
of digi1al i111e1faces worth 1he cost in the case of CRT monitors? 
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display devices tend lo have signi ficantly 
longer useful lives than computing hardware. 

So the questions come down to just two: 
( 1) what are the advantages of using a digital 
interface for a CRT display and (2) do these 
advantages warrant the cost? From the stand­
point of the systems manufacturer, the second 
question is especially imponanl. In these days 
of ever-increasing cost pressures, we cannot 
add any cost - or replace an establ ished stan­
dard with a new one - without a very clear 
benefit to the majority of customers. Added­
cost features that do not benefit the majority 
always wind up relegated to the status of 
extra-cost options. 

Digital M ust Be Good, Right? 
There's no denying the marketing advantages 
of using the word "digital" in a product 
description. T he buying public has been told 
for many years to equate ·'digital" with " mod­
ern" and "high performance." But if we look 
at digital display interfaces, we find that the 
supposed advantages of "going digital" either 
do not exist, relative lo what can be achieved 
in the analog domain, or have lillle to do 
with the fact that the imerface in question is 
"digital." 

There is also little argument that the currelll 
VGA connector is a poor choice for high­
frequency video, but this does not inevitably 
lead one to the conclusion that its replacemelll 
11111sI be digital. And there is l ittle argument 
that digi tal interfaces provide certain advan­
tages for many non-CRT displays, not 
because these displays are inherently digital, 
but because they are fixed-format devices 
requiring very precise pixel-level timing 
(Fig. 2). (FPDs are 1101 somehow ·'digital" 
simply by virtue of being fixed-format dis­
plays. The LCD, for example, is fundamen­
tally an a11a/og device at the pixel level!) But 
what, speci fically, are the advantages being 
claimed for digital imerfaces in the case of 
CRT -based displays? 

The Cost of Digital 
Proponents - and there are many of them -
claim that adopting a digital CRT interface, as 
a replacement for an analog connection, w ill 
result in a net cost savings. This claim 
requires consideration on two levels: (l ) sim­
ple replacement of the existing analog inter­
face with a digital version and (2) replacement 
coupled with modi fications in the display sys­
tem's behavior. 

The first case, a digital interface funct ion­
ally identical to the current analog standard, 
offers no signi ficant cost advantage. A CRT 
requires analog drive, so at some point con­
version from digital data to analog will always 
be necessary. Jn the second case, when con­
sidering the cost impact on other components, 
such as the video cabling, we again do not see 
much of a clear cost advantage for digital. 
(T he opposite is more often the case, as in try­
ing to connect "digitally" over more than a 
few meters.) 

It has also been claimed that digital inter­
faces become more cost effecti ve as video 
frequencies increase, owing to the increased 

costs of items such as analog cabl ing and con­
nectors. Although this is true, i t ignores the 
fact that high-end displays represent only a 
small part of the industry's total volume and 
that lower-frequency displays must sti l l be 
accommodated in a cost-effective manner. It 
may be interesting to speak of a digital-inter­
face system in relation to a 2 1-in. 135-kHz 
CRT monitor, bul the host system must sti ll 
be designed to support that monitor in addi­
Iio11 to the much-higher-volume 15- and 17-in. 
monitors, for which the analog interface is 
more than adequate - as well as less costly . 
Unless this hypothetical high-end monitor 
supports boll, imerface types, the host system 

Hewlett-Packard Co. 

Fig. 2: LCD 111011iIors be11eflI from digiIal co1111ecIio11s because Ihey provide !he pixel-clock 
i11for111atio11 required for afixed-fo r111ar display. This J8-i11. LCD 111011iIorfro111 Hewle11-
Packard provides bo1h a11alog and digi1al i11puls. 
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digital interfaces 

must do so. In either event, the total cost of 
the system is increased. 

A different scenario, however, is most often 
used to argue for cost benefits: to run the CRT 
at fixed rates results in reduced complexity 
thereby reducing the cost of part of the moni­
tor design. But this would also requi re the 
addition of digital image scaling, and proba­
bly of frame-rate conversion, as is now the 
case with LCD-based monitors. This is 
unlikely to produce a net cost reduction for 
the system, and it is not supportable at all in 
terms of the cost impact on lower-end display 
products. 

An alternative, in which the entire system 
always operates in one mode - the "preferred" 
or native format of the display - is really not 
relevant to the interface question at all. 
Fixed-frequency operation might provide cer­
tain benefits with either interface, and has 
already been used in many "pure-analog" 
applications. But this is not a model that can 
be quickly adopted by the industry. 

PC applications have developed under the 
assumption that the display device would be 
capable of quickly adapting to a wide range of 
display formats and timings. Abandoning this 
model would require a major change in sys­
tem behavior, so it will not come easily. In 
fact , it will not come at all unless significant 
benefits accrue from such a change and those 
benefits are made clear. 

But What about Performance? 
If there is no clear cost advantage to digital­
interface CRTs, can we at least justify such a 
move on the basis of improving overall per­
formance and quality? Proponents of the digi­
tal CRT claim that such benefits do justify this 
change, pointing to successes in non-CRT dis­
plays as an example. 

We should note again, however, that the 
benefit of the digital-interface model for 
LCDs and PDPs has little to do with the infor­
mation being in digital form. The fact that 
these displays are fixed-format devices makes 
it difficult for them to use analog video with­
out a precise sampling clock. Because this 
was not needed by the CRT, it was never pro­
vided in analog-interface standards. The 
image stability seen in LCD monitors when 
using a digital interface comes from the provi­
sion of a stable pixel clock, not from the infor­
mation's being in digital form! 

Again, the current de facto analog standard 
- the VGA connector - has clear limitations in 
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terms of signal quality. But this does not 
mean that the only alternative is a digital solu­
tion. In fact, the current digital-interface stan­
dard connectors - the DVI interface, as well 
as its predecessor, the VESA Plug & Display 
connector standard - have their roots in a con­
nector design originally intended to provide 
greatly improved analog performance! Both 
the DVI and P&D standards wisely retain the 
analog signal support of the earlier VESA 
Enhanced Video Connector (EVC), and the 
cost of adding improved analog support to the 
new digi tal interface is trivial. 

In any discussion of the relative perfor­
mance of these interfaces, we should be com­
paring the digital interface to what is possible 
with improved analog connections, not to the 
poor performance of the past. If this is done, 
any remaining performance advantages of the 
digital interface - as far as CRT displays are 
concerned - essentially disappear. (And a 
dual-output interface, using either the DVI-I 
or P&D-A/D connectors, is far more likely to 
be adopted in the near future by systems man­
ufacturers than is a digital-only scheme.) 

One last argument that is made to support 
the "performance/quality" position is that the 
use of a digital interface for CRTs would 
place the responsibility for CRT image quality 
solely in the hands of the CRT-monitor manu­
facturers. That might be a desirable goal, but 
the majority of CRT image-quality factors -
such as image geometry, CRT focus, conver­
gence, and beam landing - are already under 
the sole control of the monitor maker. None 
of these will be affected by changing the 
video signal to digital form; and those factors 
to which the interface does contribute, such as 
image "ghosting" and similar problems, will 
be addressed more than adequately simply by 
taking advantage of the new analog standards. 

What about New Features? 
One final argument for using digital interfaces 
is that they are essential for incorporating new 
or enhanced features in the display. In con­
trast to the cost and performance factors con­
sidered so far, this line of argument will, I 
think, ultimately provide the impetus to move 
CRT displays to a digital interface - but for 
different reasons from those considered so far. 

One "new feature" that the digital interface 
enables is "copy protection," the prevention of 
copyrighted material from being duplicated by 
devices "downstream" of the host. An exam­
ple of this is the High-Bandwidth Digital Con-

tent Protection (HDCP) scheme developed by 
Intel Corp. , which is allowed under the DVI 
standard. Although the protection of copy­
righted material is certainly a serious concern, 
it is a significantly greater concern when sig­
nal transmission is digital than when tradi­
tional analog interfaces of computer displays 
are being used. It was, in fact, the introduc­
tion of digital interfaces that raised such con­
cerns to their cmTent level in the first place. 

Images in the digital domain are subject to 
"perfect" dupl ication, which is basically 
impossible in a completely analog system. 
But, more importantly, there is no widely 
available means of recording high-resolution 
analog RGB signals, at least not without 
down-conversion into some other format, such 
as TV video, at which point cun·ent copy-pro­
tection methods could be applied anyway' 
Content protection, although a valid concern 
in general, is simply not a significant reason 
for moving away from the PC's analog inter­
face. 

However, there is now a possible future 
development that could result in the adoption 
of digital interfaces for all display types. This 
has been best embodied in a proposal made 
at the 2000 SID International Symposium 
(J. Mamiya et al ., "Digital PY-Link for a 
Next-Generation Video Interface and Its Sys­
tem Architecture," SID Intl. Symp. Digest 
Tech. Papers, 38-42, 2000). "Digital PV­
Link" - as presented by IBM Japan, Sharp, 
Hitachi, and Toshiba - is based on the notion 
that images should not be transmitted as has 
been done in the past, i.e., they should not be 
transmitted as repeated updates of the entire 
screen, directed only to one display. Instead, 
a system such as PY-Link treats displays more 
as networked devices, permitting the condi­
tional update of particular areas within the 
display space and permitting multiple physical 
displays to be driven by a single output. 

The advantages to such a system are readily 
apparent. Eliminating the need for regular, 
full-screen-refresh drive will permit much 
more efficient use of the interface data capac­
ity, while making multiple display systems 
(independent displays sharing a single driver, 
or tiled displays) very easy to set up. But a 
very large standardization effort will be 
required prior to widespread adoption of this 
model. 

Adopting the PY-Link system, or some­
thing like it, requires some very fundamental 
changes to the overall display-system archi-



tecture and raises a number of additional 
issues - such as ensuring consistent color 
appearance - that can only be addressed 
through new industry standards. Fortunately, 
the Video Electronics Standards Association 
(VESA) has recently begun such an effort, 
working closely with the original DPVL 
developers. 

Will Digital Interfaces Make Sense for 
CRTs? 
Although digital interfaces certainly have a 
place in today's PC systems, we should not 
yet expect them to displace traditional analog 
video - or an upgraded version of that inter­
face - in CRT-based displays. As long as the 
digital interface remains little more than a 
duplication of the earlier analog systems, 
there is simply insufficient reason to go 
through the costly and painful transition to an 
all-digital model for all displays. But new 
developments, which provide significant 
advantages through a much more complete 
overhaul of the display system architecture, 
will finally result in the transition to an all­
digital world - a transition for which we need 
to start planning today. 

Notes 
1 Specifications for Video Electronics Stan­
dards Association (VESA) standards are 
available at www.vesa.org. The Digital 
Visual Interface (DVI) specification is avail­
able from the Digital Display Working Group 
(DDWG) at www.ddwg.org. 
2For an extended overview of digital inter­
faces, see the author' s "Digital Interfaces for 
Displays," SID 2000 Seminar Lecture Notes, 
Vol. II (Society for Information Display, 
2000). ■ 
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Making Larger, Lighter, Safer TV Tubes 

Mastering the secrets of strong glass is the key to making TV tubes 
that are both lighter and safe - but implementation requires a 
CRT company with a high degree of vertical integration. 

by Mohammed Khalil 

I NVENTED over 100 years ago, the CRT 
has been remarkably successful in keeping 
pace with consumer demand for larger, flatter 
TV displays. Even for high-end mass-pro­
duced TV sets, the CRT still remains the most 
cost-effective display solution. However, dur­
ing its metamorphosis from a relatively deep 
structure made up of spherical and conical 
surfaces to the much flatter and slimmer sm1c­
tures of today, much of the tube's inherent 
strength has been lost. 

during manufacture. Second, tubes must be 
made safe enough for handling when they are 
assembled into TV sets and for normal use, 
and, most importantly, they must be designed 
to break safely if the tube ever shatters. This 
can be tested by means of the "missile test," 
which is a standard requ irement in the U.S.A. 

TV tubes can pass the missile test if they 
have been modified by the application of a 
polyethylene terephthalate (PET) plastic foil 

to the surface of the screen. This holds the 
glass fragments together when the screen frac­
tures in much the same way that a modern 
automobi le windscreen remains in place when 
it shatters. At the same time, this plastic fi lm 
can provide the screen with anti-static and 
anti-reflective properties, enhance picture con­
trast, or give the screen a tinted appearance. 

These foi ls, however, which are normally 
applied only to the face of the screen, do not 

Making High-Surface-Compression Glass 
The surface layers of high-surface-compression glass are held in compression by a central 
core of glass that is under tension. The tensile stress in the glass core maintains the surface 
of the glass under compression when the glass bends in the same way that the tensioned steel 
rods within a prestressed concrete beam maintain the surface of the concrete beam under 
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To pass the requisite static and dynamic 
safety tests, today's tubes typically rely on 
thicker glass structures that significantly 
increase the tube's weight and cost. One 
company - Philips Display Components - is 
leveraging its vertically integrated structure to 
master a well-known but difficult-to-imple­
ment technology referred to as high-surface­
compression glass. The company's goal is to 
pioneer the production of high-safety com­
pletely flat TV tubes that do not suffer the 
penalty of excess ive glass weight. 

compression despite the imposition of a bending moment. I 

Static and Dynamic Safety 
There are several different aspects of CRT 
design that relate to safety. First, the tube 
must be inherently strong enough to withstand 
the static vacuum pressure that is applied to it 

Mohammed Khalil is Project Manager, Prod­
uct and Process Development, Philips Display 
Components, Bldg. RO-p, Room 35, P.O. Box 
218, 5600 MD, Eindhoven, The Netherlands; 
telephone +31-040-278-7458,fax +31-040-
278-4888, e-mail: Mohammed.Khalil@ 
phi lips. com. 
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Thermally inducing the necessary compressive and tensile stresses in the glass depends on 
creating the right temperature gradients between the bulk and the surface of the glass during 
the cooling phase of the panel-manufacturing process. One of the fac tors that produces these 
stresses is the different coefficient of expansion of glass in the liquid and solid states, the 
coefficient of liquid glass being three times that of solid glass. 

If a sheet of glass is heated to the point at which it becomes viscous - as happens at the 
beginning of the glass-pressing process - all stresses within the glass are relieved. As the 
surface layer of the glass subsequently cools, it solidifies, at which point it begins to contract 
at a much slower rate than the still-molten core. Because the core is now contracting three 
times faster than the solidified surface layer, it induces compressive stress in the surface lay­
ers and itself goes into tension. The gradual decrease in the temperature difference between 
the bulk and the surface of the glass builds up the stress gradient between the bulk and the 
surface. As the entire section slowly solidifies, these compressive and tensi le stresses 
become frozen into the glass. 

The distribution and extent of the high surface compression therefore depends on the ther­
mal gradients within the glass and the cooling rate, both of which can be controlled by cor­
rect design of the pressing tools that form the screen and the cone of the TV tube. 
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(a) (b) 

Fig. 1: As tubes get flatter and slimmer, the mechanical stresses at various points in the glass structure increase. The stresses induced by the 
internal vacuum on a.flat slim tube (b) can be more than three times higher at the seal edge and 1.5 higher on the face than those on a conven­
tional tube ( a). 

provide the static (vacuum pressure) or 
dynamic (ball-drop test) protection required to 
prevent the tube from imploding in the first 
place. As tubes get flatter and slimmer, the 
mechanical stresses at various points in the 
glass structure increase [Figs. l (a) and l(b)]. 
The temptation is to compensate for these 
higher stresses by simply making the glass 
thicker, but adopting such an approach has a 
number of severe disadvantages. 

In addition to increasing the final weight of 
the tube, it significantly increases the cost of 
production, both in terms of the raw materials 
used and the electrical, mechanical, and ther­
mal energy consumed in the manufacturing 
process. Thicker glass not only means heavier 
tubes, it also means more expensive tubes. 

Stronger Glass 
The right, convenient answer is not to increase 
the glass thickness, but to increase the strength 
of the glass itself. This is normally achieved 
by tempering the glass panels during the man-

ufacturing process. Of the two commonly 
used methods for strengthening glass - chemi­
cal and thermal tempering - only thermal tem­
pering is practical for TY-tube manufacturing. 
Chemical tempering, which involves immer­
sion of the glass components in an acid bath 
for several hours, is difficult to integrate into 
the panel-manufacturing process, and also tem­
pers the glass to a depth of only a few microns. 
As a result, the tempered layer may easily be 
removed by subsequent tube polishing. 

On the other hand, thermal tempering, 
which involves carefully controlled heating 
and cooling of the glass, fits neatly into the 
panel-manufacturing process. Such heating 
and cooling operations are already an integral 
part of the existing manufacturing process for 
panels, and no additional process steps or 
components are required. Thermally tem­
pered glass, usually referred to as high-sur­
face-compression glass, also has the advan­
tage that the tempering can be made to pene­
trate as much as 20% of the glass thickness 

from both sides of the panel, thus making the 
strengthened layers highly durable. 

But mastering the thermal-tempering 
process is by no means easy. For a given tube 
design, one must first determine where the 
stresses in the glass will occur and then where 
and to what extent the glass must be tempered 
to provide the necessary amount of strength­
ening. Too little tempering will not be 
enough to pass the necessary static and 
dynamic safety tests. Too much tempering 
will result in a tube that has so much energy 
stored in internal stresses that it exceeds the 
allowable energy release when it cracks 
during dynamic safety tests. 

Introducing the correct level of high surface 
compression in the right places depends on 
creating the proper temperature profiles in the 
glass at the right times during the panel press­
ing and forming process. In physical terms, 
this primarily affects the way the pressing tool 
allows the glass to cool. Equally important, it 
must be possible for the measurement data 
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(a) 

(b) 

Fig. 2: Computer modeling of the visco-elastic behavior of glass is necesscuy to effectively 
design envelopes of high-su1face-compressio11 glass. Visco-elastic calculations can, for exam­
ple, reveal the stre11gth distributio11 011 the (a) outside and (b) inside su,faces ofa screen pan.el. 

acqui red during later stages of the tube-manu­
facturing process - such as stress measure­
ments, safety-test results, and failure rates - to 
be fed back into the glass-pressing process. 

Process Control 
In the conventional TV-tube manufacturing 
model, it is very difficult to provide the feed-
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back loops necessary for the required tight 
control of the tempering process because the 
glass components are made by one company, 
assembled by another, and built into TV sets 
by yet another. As a result, successful imple­
mentation of high surface compression to 
optimize TV-tube strength-to-weight ratios 
has been rare. 

However, the unique level of vertical inte­
gration within Philips Display Components -
which gives the company access to in-house 
glass-processing factories at one end of the 
manufacturing chain and a TV-set manufac­
turer at the other - has enabled the company 
to put in place the feedback mechanisms 
needed to accurately control the tempering 
process. 

Fusing the screen and the cone together 
during the frit-sealing process, for example, 
involves reheating the rim of the screen and 
cone to a high temperature. This reheating 
re lieves some of the surface compression 
induced into these components during the ini­
tial glass pressing, which means that the level 
of surface compression induced during the 
panel-manufacturing process must be modi­
fied to compensate for these losses incurred 
during fri t-sealing. 

By mastering the whole process in-house, 
Philips Display Components can provide the 
right feedback to its external glass suppliers as 
well. 

Modeling and Measurement 
Also necessary for mastering the high-sur­
face-compression technique is expertise in 
computer modeling of the visco-elastic behav­
ior of glass as it is heated and cooled. With­
out this advanced computer-modeling capabil­
ity, which matches the glass thickness with 
the correct distribution and degree of surface 
compression, it would be impossible to pro­
duce a tube with the optimum strength-to­
weight ratio and safety margin. Visco-elastic 
calculations can, for example, reveal the 
strength distribution on the outside and ins ide 
surfaces of a screen panel at the corner, the 
weakest part of the panel [Figs. 2(a) and 2(b)). 

The ability to accurately measure surface­
compression levels is also important in pro­
viding the correct feedback to the production 
process. Although this testing is currently 
done by sectioning production samples and 
measuring the stress levels in the glass using a 
polarimeter (Fig. 3), we are currently working 
on a non-destructive method of measuring 
stress. 

High surface compression is used in all of 
Philips Display Components' "real-flat" 
Cybertube models as well as in several other 
TV tubes the company produces. The tech­
nology makes Cybertubes lighter than equiva­
lent competing tubes. 
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Fig. 3: (a) Su1face-compression levels are currently measured by sectioning production sam-
ples and measuring the stress in the glass using a polarimeter. (b) The resulrs have been plotred I 
lo provide a high-surface-compression profile rhrough a rypical glass section. 

Even with high surface compression, 
Cybertubes still require the glass wedge (the 
difference between the thickness of the glass 
at the center of the screen and the thickness at 
the edge) in the screen to allow standard 
shadow-mask technology to be employed 
while maintaining required tube performance. 
The wedge naturally produces brightness vari­
ations across the screen, so large-format 
Cybertubes currently use screens made out of 
high-transmission glass coupled with a trans­
mission foil to improve contrast ratios and 
daylight viewing. 

We are now refining the design rules and 
high-surface-compression techniques to make 
a large-format screen that is thin enough to 
increase our flexibility in choosing glass 
transmission. These modifications will enable 
the production of tubes that are even lower in 
weight than the current models while being 
highly manufacturable at low cost. ■ 
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Is There a Future for Flat-Panel 
Cathode-Ray Tubes? 

The history of.flat thin CRTs reveals common reasons for their commercial 
failures - failures that FED technologies promise to transcend. 

by Peter Seats and Bruce Gnade 

EVER SINCE the rise of television after 
World War II, display engineers have been 
trying to reduce the length of cathode-ray 
tubes (CRTs). After reducing neck lengths 
and increasing deflection angles to a practical 
maxi mum of about I 10°, research focused on 
a wide variety of flat-sandwich configura­
tions. The flat-sandwich approaches generally 
fall into three categories: ( I) a single beam 
requiring full deflection in both x and y axes, 
(2) hybrid designs incorporati ng multiple 
bea111s in one axis combined with a method 
for deflection in the second axis, and (3) a 
fixed x-y matri x not requiring beam deflec­
tion. 

Early approaches in the 1950s by D. Gabor1 

and W. R. Aiken2 employed a single e-gun 
sealed in the side or corner of a flat glass 
sandwich that incorporated electrostat ic 
deflection plates and/or charge patterns on the 
glass walls to deflect the beam into the screen 
after two or more 90° bends. This approach 
involved high electrostatic switch ing voltages 
and caused serious beam-distortion and dis­
play-linearity problems. Nevertheless, devel­
opment continued for 111ore than 15 years, 
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with demonstration models - particularly the 
A iken tube - being publicly exhibited. 

A simple version of the A iken- Gabor 
approach, in which the beam was deflected at 
a low glancing angle onto a tilted screen, 
proved to be an effective design for small 
CRTs. Sanyo, Sinclair, and Sony all produced 
such tubes, including beam-index color ver­
sions, in the 5-in. range. Sony's monochrome 
version remains in production, w i th more than 
l O million produced to elate (Fig. l ). 

Designers have investigated many hybrid 
designs for flat CRTs, wi th the goals of reduc­
ing deflection requi rements and providing 
scalabi lity to large sizes. These designs have 
incorporated a fixed array of line cathodes or 
beams parallel to the screen, coupled with 
deflection electrodes that direct the beams into 
the phosphor screen over short path lengths. 
Most of these hybrid designs use a secondary 
deflection technique to spread each beam over 
a number of screen elements and generate a 
sub-raster, thus reducing the number of pri­
mary beams or l ine cathodes required. 

A number of substantial development pro­
grams were conducted over many years by 
corporations such as RCA ("Guided Beam"),3 

Matsushita ("Fial Vision"),4 and Phi lips to 
bring hybrid designs into commercial use. 
The Philips programs incorporated ingenious 
gain techniques using secondary emission to 
increase beam current, which is important 
in designs operating at low anode voltages 
(J. R. Mansell et al.5 and G. G. P. van Gorkom 
el al.6) . Other examples of hybrid designs 
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include the back-modulation design of 
A. Takahashi et al.7 and the flat CRT of 
E. M iyazaki el al.8 

Of the many hybrid flat-panel-CRT pro­
grams conducted, only one reached the com­
mercial stage. Matsushita announced in 1993 
that their 14-in. "Flat V ision" display device 
would go on sale in Japan, selling for about 
$2800 (Fig. 2). But Matsushita subsequently 
w ithdrew the panel, stating that high cost was 
a major factor. 

In 1973, W. F. Goede described a classic 
approach to flat-panel-CRT design, the 
" Digisplay."9 This was a true xy-matrix 
design not requiring beam deflection (Fig. 3). 
1 t used an area cathode and a series of aper­
ture grids to modulate and direct current flow 
to the screen. A lthough simple in concept, the 
design was pursued for 30 years without com­
mercial success, orig inally by Northrop Elec­
tronics, and then by Texas Instruments, Sylva­
nia, and others. A major di fficulty was 
achieving sufficient current transmission 
through the small apertures in the first grid 
structure, and then providing accurate and sta­
ble registration in the stack of grid compo­
nents. 

No summary of flat-panel CRTs would be 
complete without mentioning a small matrix­
type CRT known as the vacuum fluorescent 
display (VFD), which was an early outcome 
of CRT flat-panel research. Operating mainly 
al 12 V , w ith zinc oxide monochrome screens, 
VFD technology is ubiquitous in domestic and 
automotive instrumentat ion applications. 
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Sony 

Fig. I : Sony has made JO million units of its Model 041M 4-in. monochrome fla t display tube (left), which has been used in a variety of portable 
TV sets, such as Sony's FD-40£ (right). The tube remains in production to this day. 

In reviewing the many approaches to build­
ing flat-panel CRTs, we found that, clearly, a 
number of recurring problems are common to 
all of these designs. The fi rst and most signi f­
icant problem is scalability. The conventional 
CRT envelope is constructed from compo­
nents that are curved and have thick sections 
in critical areas such as corners and edges. 
But flat-panel designs beyond a few square 
inches can not be self-supporting against 
atmospheric pressure without employing 
excessively thick glass. The 1-ton/ft.2 exter­
nal pressure makes the use of mechanical 
spacers necessary. Such spacers, which must 

not produce visible artifacts in the phosphor 
screen, present difficult problems for medium­
sized and/or high-resolution displays in which 
phosphor subpixel sizes are less than or 
approximately equal to 100 µ m. 

The second problem is producing cathodes 
that meet the beam-current requirements. 
When thermionic cathodes are arrayed as 
multiple sources, problems of uni formi ty and 
mechanical stability arise. When small grid 
apertures are used to form discrete beams - as 
in the Northrop xy design - mean current den­
sity over the area of a typical fi lament matrix 
is generally much too low, which requires the 

use of field-shaping structures or other com­
plexities. Such area aii-ays also dissipate con­
siderable power - more than 50 W for a 
medium-sized display. 

The third problem is to meet the beam­
landing and registration requirements of 
color CRTs. In conventional CRTs, linear­
ity, convergence, and landing errors are cor­
rected externally in conjunction with the 
deflection coil. External corrections are 
generally not feasible in flat-panel-CRT 
designs. Where local beam spreading or sub­
rasters are employed, edge-matching can be 
a serious problem, and we can expect fila-
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Fig. 2: Only one hybrid flat-panel CRT reached the commercial stage (left). Matsushita announced in 1993 that its 14-in. "Flat Vision" TV 
(right) would go on sale in Japan, but the panel and the receiver were subsequently withdrawn (see Ref 4). 

mentary cathodes to produce non-uniform 
emissions. 

Designers can achieve the required registra­
tion - to a fraction of a color subpixel' s 
dimensions - only by building very close tol· 
erances into the component parts of the inter­
nal assemblies, and this is the case whether 
the beams emerge normal from a final elec· 
trode assembly or pass through a sub-deflec­
tion field. Furthermore, the electrode struc­
tures, spacers, and connectors must withstand 
the high temperatures, greater than 400°C, of 
vacuum-tube processing. The consequent 
high cost of these internal structures is a major 
contributor to the failure, thus far, of flat-
panel CRTs to achieve commercial success. 

Recently, field-emission-display (FED) 
technology has emerged as a leading con­
tender for a flat-panel CRT. FEDs are based 
on the cold-cathode emission of electrons. 
The renewed interest in FEDs was stimulated 
by several technological advances in field 
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emitters that have taken place over the past 
several years. These advances include (I) 
large-area 1-µm lithography, (2) large-area 
thin-film processing capabilities, (3) high 
emitter-tip densities, (4) the lateral resistive 
layer, (5) anode switching, (6) new emitter 
structures and materials, and (7) low-voltage 
phosphors. 

FEDs offer potential solutions to two of the 
three chronic problems experienced by flat­
panel-CRT designs. Field-emission arrays 
(FEAs) can provide large-area high-current 
uniform electron sources addressable as an 
x-y matrix. Because FEAs can provide high 
cmTent, the required acceleration voltage can 
be less than 5 kV. The low acceleration volt­
age allows for a minimal distance between the 
cathode and anode, reducing the cathode-to• 
anode registra•ion requirements. The FED 
package (Fig. 4) can be much simpler than the 
traditional flat-panel-CRT package (Figs. 2 
and 3). 

Research Milestones 
Work on vacuum microelectronics as we 
know it today was started by Kenneth R. 
Shoulders 10 of Stanford Research Institute 
(SRI). The most important technical advance 
leading to the current state of vacuum micro­
electronics was produced at SRI in 1968 by 
Charles A. Spindt. 11 The thin-fi lm deposition 
process developed by Spindt led to self. 
aligned tip and gate structures using estab­
lished semiconductor process technology. 

The first work on silicon-based field 
emitters was performed by Henry Gray12 at 
the Naval Research Laboratory, Washington, 
D.C. D. K. Schroeder et al.13 at Westing­
house Research Laboratories were able to cre­
ate large silicon FEAs using preferential etch­
ing and polishing. 

One problem with simple SpindHype cath· 
ode su·uctures is device failure resulting from 
the uncontrolled emission current that occurs 
when a few active emission sites produce 
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Fig. 3: In 1973, W. F. Goede described the "Digisplay" - a true xy-matrix design which did 
not require beam deflection. It used an area cathode and a series of aperture grids to modulate 
and direct current flow to the screen. (Figure sin1ilar to that in Ref JO.) 

most of the current. The extremely high cur­
rent density causes localized heating, which 
leads to catastrophic fa ilures and gate-to-cath­
ode electrical shorting. A major advance was 
made by Robert Meyer and his colleagues 
when they introduced a resistive layer under 
the emitter cones. 14 The layer acts like a load 
resistor or a current limiter. 

The most recent type of field emitter is the 
surface-emitting cathode (SEC) introduced by 
Canon, which employs inelastic scattering of 
electrons at an electrode edge. The device is 
based on the creation of nanometer-wide 
cracks in thin-film materials containing 
nanocrystalline particles. Canon has demon­
strated a 10-in. full-color prototype display 

Black Matrix 

Red Blne 

-

based on this technology. The SEC structure 
can be created with simple printing techniques 
such as ink-jet deposition and with minimal 
use of expensive semiconductor process 
equipment. Engineers are also investigating 
other FED device configurations, including 
edge emitters, diode emitter configurations 
using diamond-like carbon-type materials, 
and metal-insulator-semiconductor (MIS) 
and metal-insulator-metal (MIM) tunneling 
devices . 

Although a significant amount of research 
has been invested in cathode development for 
FEDs, much less time has been spent on 
anode and vacuum-packaging development. 
An important design criterion in FEDs is the 

Phosphor Face Plate 

Green Red 

Field Emitter Cathode Array 

choice of anode voltage, which is based on the 
type of phosphors and the desired display 
characteristics. Besides affecting the choice 
of phosphors, the anode voltage also sets the 
cathode-to-anode spacing - which is typically 
no less than 0.2 µm/V. 

When the distance between the anode and 
cathode glass plates is small (approximately 
200 µm) , adequate beam control is achieved 
without any need for electrostatic focusing. 
At high voltages (greater than 2000 V), a 
spacing of 0.5- 1.0 mm is required between 
the cathode and anode plates. In order to 
achieve fine subpixel pitches of less than 
100 µm, electrostatic focusing may be 
required for cathode-anode spacings greater 
than 500 µm. 

Another important design concern is vac­
uum packaging. Vacuum quality is crucial for 
any electron-emission source, especially for 
fie ld-emission devices. Emission degradation 
was a very serious problem in CRTs until the 
introduction of flashable barium getters, 
which efficiently adsorb residual gases in the 
vacuum envelope. Field-emission sources are 
even more sensitive than thermionic emitters 
to residual gases because the emission proba­
bility is sensitive to small work-function 
changes. FEDs have an added complexity: 
the small dimensions of the panel provide 
poor pumping conductance for both initial 
pump-down and vacuum. For these reasons, 
most current FEDs use non-evaporable getters 
or flashable getters - or a combination of the 
two - to maintain as low a vacuum as possible 
during operation. 

An important difference in the ways CRTs 
and FEDs generate light is related to effective 
electron current density. In a CRT, each pixel 
is addressed sequentially by sweeping the 

Vacuum Seal 

Blue Green 

Fig. 4: The i111ernal structure of a typical FED solves the problems of previous flat-pan.el-CRT designs. Only the ramp-up to high-volume manu­
facturing remains, bltl that has not been a trivial step. 
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electron beam. The excitation dwell time for 
each addressed pixel location is measured in 
nanoseconds. In an FED, the display is 
addressed one row at a time. The dwell time 
is measured in microseconds. This difference 
has an impact on the choice of phosphors: 
short-decay-time phosphors are less sensitive 
to saturation from high current densities. 

Because a lower excitation voltage requires 
an increase in current density, low-voltage 
FEDs can experience greater differential 
aging due to the accelerated phosphor degra­
dation which is normally associated with the 
cumulative electron dose - measured in 
C/cm2. At lower anode voltage, the required 
electron dose increases both because the phos­
phor efficiency is lower and because more of 
the anode power is supplied by the electron 
current rather than the anode voltage, when 
compared to a high-voltage display. The key 
is the development of low-voltage phosphors 
with increased efficiency. 

Many of the problems associated with FED 
manufacturing have been solved, and several 
companies around the world are producing 
prototypes of both monochrome and color 
FEDs. The main challenges remaining are in 
the conversion of laboratory processes into 
full-scale manufacturing. 

There is general industry agreement that 
these hurdles are largest in the vacuum sealing 
and processing area. Maintenance of good 
vacuum is essential for achieving long display 
life, so this is a critical area of research for 
FED developers. Materials improvements, 
particularly in phosphors, are also needed to 
increase brightness and reduce power. This is 
especially true for FEDs with low-voltage 
anodes. High-voltage FEDs will benefit from 
advances in spacer technology as well as in 
phosphors. Although there are still problems 
to be solved, the near-term future for FEDs 
looks very promising. Display lifetimes of 
10,000 hours and greater have been demon­
strated by PixTech and Futaba for mono­
chrome displays that are commercially avail­
able. Candescent has demonstrated a high­
brightness high-resolution full-color FED. 
Increased worldwide activity in FED research 
and development should provide continued 
improvement. 
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How Do FEDs Really Fail? 

There have been several explanations for the rapid current 
degradation in molybdenum field-emitter arrays, but none 
are consistent with observed device behavior. 

by Robert H. Reuss and Babu R. Chalamala 

E LD-ENHANCED electron emission is 
the physical principle that distinguishes field­
emission displays (FEDs) from other display 
types. In field-emitter arrays (FEAs), electron 
emission occurs through the quantum­
mechanical tunneling of e lectrons from a 
microfabricated tip. The tunneling is very 
strongly enhanced by the application of a pos­
itive potential on an adjacent gate electrode 
[see, D. Temple, Mater. Sci. Engrg. Rep. R24, 
185 (1999) and I. Brodie and C. A. Spindt, 
Adv. Electron. Phys. 47, I ( 1992)]. To reduce 
the probability of electron- gas collisions in 
the space between the electrodes, FEDs must 
be operated in a high internal vacuum. 

One major obstacle to the successful com­
mercialization of FEDs has been the rapid 
degradation of emission current during dis­
play operation [see, G. Hopple and C. Curtin, 
Information Display 16, No. 4/5, 34 (Apr/May 
2000)]. This problem is related to how diffi­
cult it is to seal the display and then operate it 
while maintaining high vacuum inside the thin 
vacuum envelope. Gas - either residual gas 
not removed by the bake-and-seal cycles or 
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gas liberated by electron bombardment of dis­
play components - interacts wi th the FEAs, 
producing decay in the emission current. 

Recent research on FEAs has focused on 
understanding the degradation mechanisms 
caused by these residual gases, notably oxy­
gen and other oxygenic gases [see, S. ltoh et 
al., J. Vac. Sci. Technol. Bll, 647 (1993) and 
B. R. Chalamala et al., J. Vac. Sci. Technol. 
B16, 2859 (1 998)]. The degradation mecha­
nism was thought to be oxidation of the 
molybdenum (Mo) tip surface [see, B. R. 
Chalamala and R. H. Reuss, J. Vac. Sci. 
Technol. B18, 1825 (2000)]. But oxidation 
alone can not explain the degradation in the 
emission current. 

Interactions between gases and FEAs are 
known to result in current degradation, but 
there have been few reports of systematic 
work that examines the effects of different 
gases and different pressures for extended 
periods. If we look at the characteristics of 
residual gases inside sealed FEDs and the 
effects of these gases on field emission over 
extended periods, and if we also look at the 
relation between the inte r-e lectrode spacing 
and device life, we will see that the experi­
mental data is inconsistent with a degradation 
model based on oxidation alone. In fact, we 
will see that a model based on shallow ion 
implantation explains the device behavior 
effectively. Let' s begin our experimental 
analysis. 

Experimental Background 
The issue of residual gas and its effects on 
FED pe1formance can be seen from the fo l­
lowing. High vacuum - package pressure less 
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than I o-6 torr - is suggested for long-lived 
FED operation. Figure I shows typical emis­
sion-current behavior of an FED with a pack­
age pressure of approximately I 0-5 torr. A 
variety of packages fabricated in the same 
manner yielded similar results. 

Residual-gas analysis of a number of FEDs 
showed that typical package pressures were 
much higher than I o·6 torr. The total pressure 
data for more than 50 displays is summarized 
in Fig. 2, which shows that pressure in most 
of the packages was in the 10·6-10-2 range. 
This high pressure resulted from the display 
components because dummy glass packages 
without the FEAs inside showed package 
pressures in the 10·6 tolT range. 

Analyzing the residual gases showed that 
the dominant gas inside the FEDs - over 90% 
by volume - was argon (Ar). The source was 
found to be the sputte red Mo films in FEAs. 
Despite the various bake cycles, sufficient Ar 
had remained trapped in the metal films to 
outgas within the display envelope. Seeing 
the deleterious effect of Ar, in conjunction 
with the known problems caused by oxygenic 
gases, motivated us to pe1form a systematic 
study of the effects of gases on the field­
emission properties of Mo arrays. To set a 
performance basel ine, FEAs were operated 
under ultra-high-vacuum conditions. Natu­
rally, we expected to see significant perfor­
mance improvements, but they did not materi­
alize (Fig. 3). 

Experimental Results 
These results moved our investigations in two 
directions. First, we wanted to find the neces­
sary conditions to achieve stable field-emitter 
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Fig. I: This emission characteristic is typical of FEDs in high-vacuum 
packages. In this case, the FED had an internal pressure of J0·5 torr, 
300 Von the anode, and a gate voltage of 80 V. A variety of packages 
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Fig. 2: As indicated by the package pressures for a number of FEDs 
and dummy glass packages as well, high internal pressure is due to the 
presence of display components because dummy glass packages with 
getters but without the FEAs inside showed much lower package pres­
sures than did complete devices. 

operation, and, second, we wanted to deter­
mine the key characteristics of potential con­
taminant gases that interact with FEAs. We 
used a variety of baking and/or cleaning tech­
niques in an attempt to produce a stable emis-

sion current. However, with a I-mm spacing 
between the stainless-steel anode and the FEA, 
only marginal improvements were noted. 

suggested that, despite the excellent vacuum 
conditions, liberated gas was still being 
trapped locally by the FEA before it could be 
pumped away. When the anode-cathode 
spacing was increased, the current degradation 

Current-degradation rates were relatively 
high, similar to those shown in Fig. 1. This 
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Fig. 3: When molybdenum FEAs were operated under ultra-high-vac­
uum conditions, the expected significant performance improvements 
did not materialize. The devices were tested with 80 Von. the gate an.cl 
300 Von the stainless-steel anode. 
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Fig. 4: The degradation of the FEA emission current became much 
less when the an.ode-to-cathode spacing was increased to 40 mm, indi­
cating that local gas conditions are a factor in the degradation. of 
FEDs with more typical anode-to-cathode spacings of about 1 mm 
(compare with Fig. 3). The stainless-steel anode was at 2 kV; the FEA 
gate voltage was 85 V. 
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Fig. 5: The emission current of an experimental FEA decreased more 
rapidly over a total exposure time of approximately 100 hours when 
the partial pressure of argon was higher. The inter-electrode spacing 
was I mm and the anode voltage was 300 V. 

Fig. 6: The emission current of an experimental FEA degraded simi­
larly in the presence of Ar and 0 2 at J0·5 torr, with l-111111. inter-elec­
trode spacing and 300 Von the stainless-steel anode. We therefore 
conclude that oxidation is not the prima,y degradation mechanism. 

rate was diminished (Fig. 4). This demon­
strates that devices have imp roved emission­
current stability when the anode-to-cathode 
spacing is increased, and it highlights the 
importance of eliminating sources of gases 
from the active area of the device. 

To emphasize the importance of keeping a 
low local pressure, we continuously operated 
an FEA with a 40-mm anode-to-cathode spac­
ing for a period of more than 4000 hours, and 
the emission current decayed by less than 
50%. This compares with less than 100 hours 
when the spacing is 1 mm, as shown in Fig. 3. 

In addition to the current degradation 
caused by the inter-electrode spacing, sub­
strate material was also found to affect the 
emission characteristics significantly. Experi­
ments performed on a number of FEAs fabri­
cated on borosilicate-glass substrates showed 
device performance that was superior to that 
of FEAs fabricated on soda-lime-glass sub­
strates. 

Because of the suspected adverse impact of 
Ar on sealed FEDs, and to clarify what effects 
other gases might have, we performed experi­
ments on a number of Mo FEAs. The emis­
sion-current stability of these devices was 
studied under ultra-high vacuum and with 
gases intentionally introduced into the device 
envelope for extended periods of time under 
controlled gas pressures. Gas-exposure exper-
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iments were performed with Ar, He, Xe, H2, 

and 0 2 at partial pressures of t0·5 - t0·8 torr. 
The emission-current degradation was similar 
and very rapid for all the gases tested except 
H2. The data for Ar at various partial pres­
sures are shown in Fig. 5. 

To further highlight the similarities 
between noble gases and oxygen, we operated 
two devices under similar test conditions in 
Ar or 0 2 at I 0-5 torr (Fig. 6). The emission 
drop in both cases was found to be greater 
than 80% within the fi rst 10 hours of opera­
tion. After this initial drop, the degradation 
rate was slightly slower for Ar. ln both cases, 
when gas exposure was ended and the device 
operation continued, the current gradually 
increased. Similar experiments with He and 
Xe produced the same results. In all cases, 
increasing the partial pressure of the gas led to 
faster degradation. 

How Do FEDs Really Fail? 
The experimental results illuminate several 
important points. Fi rst, we can understand the 
relatively short lifetime of packaged FEDs 
with high gas pressure - even when the gas is 
inert - by observi ng the behavior of FEAs 
under simi lar, but controlled, ambient condi­
tions. Second, even when FEAs are operated 
in ultra-high vacuum, we can observe current 
degradation if local gas pressure is high - a 

point that is made clear by our observations of 
the stability of FEAs operated with large 
anode-cathode spacing. Taken together, these 
results indicate that neither oxidation, gas 
adsorption, or sputter-induced damage can 
adequately account for the effect of gases on 
the emission behavior of FEAs. 

This conclusion is supported by the follow­
ing experimental observations. First, degrada­
tion of emission current occurred only when 
the device was operating, indicating that elec­
tron-gas interactions are necessary to create 
emission changes. Second, if the interactions 
were clue to surface coverage alone, emission 
should have recovered essentially instanta­
neously after gas removal. This was not the 
case. Current recovery was slow and fol­
lowed a diffusion-like pattern. Recovery 
appears to be faster for lower-pressure expo­
sure and for gases of higher atomic weight. 
Third, effects associated with sputtering -
such as current increases resulting from 
growth of nanoprotrusions or permanent cur­
rent degradation from lip damage - were not 
detected. Fourth, except for H2, all gases 
including 0 2 degraded the emission. This 
argues against oxidation as a degradation 
mechanism. Initial exposure produced a rapid 
decrease in current, which was followed by 
fairly stable current emission for a prolonged 
period. The rate of cu1Tent degradation was 
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higher at higher gas pressure and for gases of 
lower atomic weight. 

We suggest that ion implantation might be 
the key factor in current degradation of Mo 
FEAs in gas environments. We propose the 
following mechanism to explain our experi­
mental results. Ambient gas is ionized by col­
l ision with the field-emitted electrons, and 
these ions are implanted into emitter cones 
and the surrounding gate areas. From calcula­
tions of the implant depths using TRIM - a 
software program developed by J. F. Z iegler 
for calcu lating the penetration depth of ions 
into sol ids - we estimate that the penetration 
depth of 300-e V A r• ions into Mo is about 
10 A, reaching almost 50 A at 5 keY (see 
note). For He and H2, the penetration depth is 
more than I 00 A at 5 ke V (Fig. 7). 

This kind of ion-implantation mechanism is 
well known. It forms the basis of ion pumps 
and has been exploited in FEDs to reduce 
package pressure [see, C.-C. Peng and C.-H. 
Tsai, U.S. Patent 5578900 (1996)]. 

Gas ions implanted into tips create a region 
that increases the tunneling barrier w idth by 
forming a highly resisti ve surface layer. This 
leads to a rapid current decrease, followed by 
saturation or slow rol l-off. As more ions are 
implanted into the near-surface region, diffu-
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sion and outgassing can compete. This estab­
lishes equilibrium between the implant and 
diffusion rates, leading to current saturation. 

L ighter atoms, higher pressure, or increased 
ion energy produces a deeper implant and/or 
thicker resistive layer. This results in a lower 
emission current, and slower di ffusion out of 
the material prolongs subsequent current 
recovery. Although various cleaning mecha­
nisms have been attributed to H2, we suggest 
that implantation may be the dominant effect 
for H2 as well. But, because hydrogen 
implanted into metals and metallic hydrides 
are conductive, current may increase depend­
ing on the hydrogen's partial pressure. 

So, all of the tested gases have a common 
effect: ionization and subsequent implantation 
into the near surface of the emiller tip modi­
fies the tunnel ing barrier and, therefore, the 
emission characteristics. The time frame 
for these interactions is relati vely short 
(I 0- IO0 hours) as shown in these experi­
ments. However, other longer-term damage 
mechanisms such as oxidation and sputter 
damage are not precluded. 

The results of these experiments reinforce 
the imperati ve of maintaining extreme vac­
uum conditions - and especially the local 
pressure condi tions of all gases - i f FEDs are 

1000 IO000 

Fig. 7: TRIM calculations of the penetrarion deprh of various ions in 111olybde1111111 co11fir111 the 
proposirion tha! io11 i111pla11tation is the pri111wy degradation 111echa11is111 in FEAs. 

to be successfully commercialized. Addi­
tional work is needed to better understand the 
phys ical mechanism(s) for the observed cur­
rent degradation. Although we bel ieve an 
implantation-based process can explain our 
results, what is important is that the detai ls of 
the degradation be understood so that the 
design, fabrication, and operation of the FED 
can be optimized to achieve long-Ii ved perfor­
mance under standard-use conditions. 

Note 
1See J. F. Ziegler, "SRI M-2000, Version 
2000.38, The Stopping and Range of Ions in 
Matter" (SRIM-2000). SRIM-2000 is the 
most recent version of TRIM. Public versions 
of the program can be found at www.research. 
ibm.com/ionbeams. ■ 
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Getting Plasma Displays into the Horne 

To expand consumer sales of still-expensive PDPs 
a new strategy may be required. FHP has one. 

by Shunsuke Matsuyana and Koichi Takahashi 

O VER the next 5 years, makers of 
plasma-display panels (PDPs) will struggle to 
have their displays widely used in the home­
television market. The launch of this epic 
marketi ng and technology battle is scheduled 
for the second ha! f of 200 I . 

PDP sales have been growing largely on the 
strength of commerci al and industrial applica­
tions, but the industry has long coveted the 
mass consumer-television market. The first 
step in the new strategy is to launch 32-42-in. 
PDPs in the Japanese and European markets, 
which have a high concentration of television 
manufacturers and in which high demand can 
be expected. The second step is to use falling 
pr ices and high image quality to stimulate 
strong demand for 50-60-in. large-screen 
models in North A merica. 

The Assumption of Growth 
I n the future, the display industry will main-

Slumsuke Matsuyana is Executive Director 

tain i ts high average annual growth rate of 
20%, and in 2005 it is expected to be a¥ I 0 
trillion industry - US$83 billion al 120¥ to 
the dollar. In 200 I , sales of flat-panel dis­
plays (FPDs) are expected to surpass sales of 
cathode-ray-tube (CRT) displays for the first 
ti me in history. PDP sales will start to take 
off in 200 I , and we believe that in 2002 tele­
vision applications will surpass business 
applications (Fig. I) . The PDP-television 
market will then be established. 

The size of the PDP market was about 
100,000 units in 1999. I n 2000, i t increased to 
about 250,000 units. In 200 I , it will grow 
rapidly to about 900,000 units, and in 2002 it 
is forecasted to be about 1.45 million units. 
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Growth Factors 
Satellite digit.al broadcasting, which began in 
Japan at the encl of 2000, is cri tical in increas­
ing consumer demand for PDP television, and 
it is expected that the 2002 World Cup Soccer 
Tournament will accelerate the use of PDP 
television. The combination of a maturing 
in frastructure in 2002-2003 with a concentra­
tion of maj or televisable events is encouraging 
PDP manufacturers to build more manufactur­
ing plants. 

Manufacturers are positioning the PDP as a 
"multipurpose digital television" for home 
networks in the era of digital broadcasting. In 
this new era, displays will not only receive 
digital broadcasts, but they will also be 
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at Fujitsu Hitachi Plasma (FHP) Display Ltd. , 
Kanagawa, Japan. Koichi Takahashi is also 
with the co111pa11y. This article \Vas adapted, 
with pen nission,ji·o111 the article "Redrafti11g 
of the Scenario for the Spread of PDP TVs: 
32-in. Will Be the First Target " appearing in 
rhe English edition ofNikkei Microdevices ' 
Flat Panel Display 2001, translated and pub­
lished by !,11erlingua.co111, Inc. For more 
i,1.formation, contact Jack Bernstein, Presi­
dent, lnter/i11g11a, 423 South Paci.fie Coast 
Highway, Suite 208. Redondo Beach, CA 
90277; telephone 3101792-3639,fax 310/792-
3642, e-mail: publishing@_fpdo11li11e.com, 

Web site: \V\\111'. interling11aco111.co111. 

Fig. I: In 2002, the TV applications of plasma-display panels ( PDPs) are expected to surpass 
business applications for the first ti111e. 
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1, 

U·W Characteristics 
Step 1 

• Digital satellite broadcasts start in high definition with 7 channels. 
Japan • Under 42-inch will be popular In the home. 

Television market starts up in Japan and Europe. 

• Television manufacturers will proactively expand the market. • Market pioneered in Japan and Europe where high end products 
are easlly accepted. 

• Ground digital broadcasts will begin, but there are no plans for • Commercialization of 32 - 42-inch size for home use. 
Europe high definition broadcasts. 

• Under 42-inch will be popular in the home. 
• Large television manufacturers will proactively expand the market. 

Step2 

North 
America 

• Ground digital broadcasts will start but the development and 
proliferation of other media are delayed. 

Start up the television market in North America 

• The projector market is over 1 million untts per year, and sizes 
larger than 42-inch are necessary even tor the home. 

• Commercialize large 50 - 60-inch size when cost is reasonable 

Fig. 2: The 11ell' strategy.for increasing consumer use of PDP television in the home consists of two steps. The first step is to initiate sales r~f 32-
and 42-in. PDP-1elevision sales in the Japanese and European markets tha1 readily accept high-end products. The second slep will be to develop 
large 50-60-in. TV products when prices drop St(/ficiently to make them approprialefor the North American market. 

required to support high-definition television, 
multiple channels, and data broadcasts. The 
PDP is a large-screen display device that can 
handle all of this. I t can display exciti ng 
images and high-qual ity information. 

Displayed images are exciting when they 
can express beauty and reality, such as an 
actress's face in life size or a charge of 
Mongol horsemen across the broad vista of 
the Gobi Desert on a 16:9 wide screen. A 
high-quali ty information display in the digi tal­
broadcast era, on the other hand. will be able 
to handle both the images and written infor­
mation that are sent. It will be able to display 
vi vid characters without distortion. 

Critical for TV: Size and Price 
I f PDP television is to become widely used, 
the price must come down. Television manu­
facturers are st i ll working toward the long­
held I in. = ¥ 10,000 target. This would be a 
major step forward, but we all know that a 
mass-market 50-in. television can not sell for 
¥500,000 (US$4200), nor can a mass-market 
10-in. set sell for ¥100,000 (US$830). 

Consumers evaluate the acceptabi l ity of 
television prices in the context of size and per­
formance. One milestone is thought to be the 
¥300,000 (US$2500) mark, which was broken 
by PCs not that long ago (although prices 
have continued to hurtle downward). 

To use an old example, sales of color tele­
visions increased rapidly during the 1964 
Tokyo Olympics. At the time, a college grad­
uate's starting salary was ¥20,000 per month, 
yet even ¥200,000 color televisions were sell-

ing well because the pleasure of owning and 
watch ing television represented a genuine 
experience. Similarly, the value-added fea­
tures of PDP television - such as the aesthet­
ics of a large screen, high resolution, and ver­
satile installation - that conventional televi­
sion does not offer may make a high price 
acceptable by enhancing the overall viewing 
and ownership experience. 

A key question is "What size of large­
screen high-resolution television wil l be in 
demand?" CRT rear-proj ecti on 50- 60-in. 

television sets are currently sold in North 
Amer ica. The price is close to $2000, and the 
market is about a mi llion units per year. This 
television is used as a secondary set for 
groups of people to enjoy movies and sporting 
events, and sales will not be high. On the 
other hand, high-end products in the 30-in. 
class are sel l ing in the Japanese and European 
markets as a primary unit for the living room. 

Promoting Consumer Demand 
As the aforementioned market trends have 

Ken Werner 

Fig. 3: This pre-production version of FHP 's 32-i11. PDP ll'C/S photographed al ID W 2000 in 
Kobe, Japan, in late November. 

/11for111mio11 Display 7/01 33 



PDP television 

The number of electrodes is lhe same. but the number t ol lights (number of display lines) Is different.t 

Wilh the conventional method, 
space (shown in the above 
drawing as -X- region) is 

necessary to p<8'19nt 
discharge. This Is because the 

discharge will intorfore with 
neighboring electrodes. In 

other words. the areas mari<ed 
·x· must not be inumlnated. 

Even lines are displayed. There is no noed 10 take up 
space using the "ALIS" 

method. II uses a method 
whore the discharge from 

neighboring electrodes 
does not interfere. 

i 
Next. odd lines are displayed. 

II uses lime allocaled display. 

i 
Even numbered Imes and 
odd numbered fines are 
displayed alternately. 

Fig. 4: The ALiS alternate-line addressi11g 111ethod 111akes it possible to 111ake a relatively s111all 
PDP thm displays high-resolution images with high brightness. 

become apparent, we have developed a sce­
nario to increase consumer use of PDP telev i­
sion in the home. The first step is to ini tiate 
PDP-television sales in the Japanese and 
European markets that readily accept high-end 
products. The ini tial target products for these 
markets will be 32-42-in. models. The sec­
ond step wi ll be to develop large 50- 60-in. 
TV products when prices drop sufficiently to 
bring them in line for the North American 
market (Fig. 2). This global strategy plans for 
the wide acceptance of PDP television by 
carefully considering the market characteris­
tics of each region. 

The price of PDP television will be a prob­
lem. As PDP-module manufacturers, we at 
Fujitsu Hitachi Plasma Display, L td. (FHP) 
understand that television prices will be deter­
mined by our television-manufacturing cus­
tomers. But if we can use technology and 
manufacturing savvy to provide our customers 
with modules that hit a size and value "sweet 
spot," we can help them sell PDP TVs at 
prices that consumers will be wi ll ing - even 
anxious - to pay. 
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Recently, we have developed 32- and 37-in. 
models that we believe define th is "sweet 
spot" (Fig. 3). We were able to achieve high 
defini tion in a 32-in. PDP by using our unique 
drive technology known as the ALiS method 
(Alternate Lighting of Surfaces). Conven­
tional drives require a space between neigh­
boring discharge electrodes, whereas the ALiS 
method alternates the display times between 
odd lines and even lines so that no space is 
necessary, and it is thus possible to double the 
pixel density (Fig. 4). I t was the ALiS 
method that allowed us to develop a 32-in. 
high-definition panel so quickly. The 32-in. 
A LiS model is able to produce a high lumi­
nance of 650 cd/1112 without a fan. 

A New Production Line 
Because we firmly believe that we have accu­
rately defined the "sweet spot" - the proper 
size, the appropriate price range, and the com­
pletion of the technology needed for the pro­
liferation of PDP telev ision in the home -
we have aggressively supported our belief 
by establishing a new production line in a 

new building, M iyazaki Building 2. With 
56,000 m2 of floor space, the new building is 
much larger than the existi ng M iyazaki Build­
ing 1, with 18,000 m2. The production capac­
ity at Miyazaki Building I is 10,000 units per 
month (calcu lated on the basis of 42- in. units); 
production capacity at Miyazaki Building 2 
was initially 30,000 sheets per month at the 
beginning of 2001. We plan to boost this to 
60,000 sheets per month in 2002. At that 
point, the production capacity of both 
Miyazaki buildings combined will be 70,000 
42-in. sheets per month. 

Del ivery of the production equipment for 
Miyazaki Building 2 began in October 2000, 
with the first mass production scheduled to 
start in January 2001. The investment was 
approximately ¥45 bi llion. 

Because of the introduction of new process 
technology and multiple-yield cutting, the 
new l ine will provide cost reductions and a 
stable supply. The new l ine supports a glass­
substrate size that allows 3-up production of 
32-in. panels and 2-up production of 42- and 
37-in. panels. It follows that if the production 
capacity of Miyazaki Building 2 is calculated 
in 32-in. units, it will be 1.5 times higher than 
when calculated in 42-in. units, and the stated 
initial capaci ty of 30,000 sheets per month 
increases to 45,000 sheets per month. 

Assuming that PDP television wil l enter the 
home-television market as predicted, 200 I 
will be a turning point for the second-phase 
line at Miyazaki Building 2. ■ 

Please send 11e111 product releases or 
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device design and fabrication. 

Cost: $1,250 
To register, call Kent State University's 

College of Continuing Studies at (330) 672-3100. 
For information on course content, contact: 

Dr, Jon Ruth, Liquid C1ystal Institute 
phone (330) 672-1555 fax (330) 672-2796 

ipp@lci.kent.edu 

Liquid Crystal Institute KENT•C"rATC 
Kent State University J u-\l_ .C 

Kent, Ohio u N I v E R s I T Y 

Sponsored by ALCOM, the National Science Foundation 
Science and Technology Center for Advanced Liquid Crystalline Optical Materials 

SID '02 
Symposium, Seminar, 

and Exhibition 

Boston, Massachusetts 

Hynes Convention Center 

May 19-24, 2002 

Mark Your Calendar Now! 

Large 
Area 
Hard 
Masks. -Substrate sizes up to 32"x 24" 
(800 mm x 600 mm). -Precision and resolution in the 
micron range. -Highest Accuracy -Excellent pattern and contour 
definition. -Manufacture with Direct Write Laser 
from customer CAD data. -Speedy times of delivery. 

-Highly skilled CAD staff. -Materials: Iron oxide and Chrome. 

IMT Masken und Teilungen AG 
Im Langacher, Greifensee 
P. 0, Box, CH-8606 Niinikon 
Switzerland 
Phone +4119431900 
Fax +411 94319 01 
E-Mail imtadmin@imtag.ch 
wWvV.imtag.ch 

IMF 
PRECISION ON GLASS 

Circle no. 15 



editorial 

co111i11uedfro111 page 2 

phase to remove compl icated color and smear­
ing artifacts. This was easily done with Com­
paq's three-button control panel used in con­
junction with the OSD. Presumably, it is j ust 
this kind of adjustment that becomes unneces­
sary with the digital interface we were unable 
to use. But i f the LCD required an adjustment 
to its pixel clock, Sony's high-resolut ion CRT 
required that moire interference be tuned out. 
This, too, was easily accomplished. 

So, now that we've set the pixel format of 
each display to SXGA and approximately 
equalized luminance and contrast, we would 
expect the Oat-screen LCD to look much the 
same as the flat-screen CRT, right? Well, sort 
of. 

To the User, What's the Difference? 
First of all, the color balance is different. 
We set the CRT monitor to a white point of 
9300 K , as indicated by the OSD. Without a 
point of comparison, this produces what 
seems l ike a reasonable white background for 
the word-processor "pages" on which I'm 
writing. When the LCD monitor is set to what 
its OSD says is 9300 K , it looks ve,y blue. 
Setting it to 6500 K produces a reasonably 
neutral white that does not appear hugely dif­
ferent from the CRT's claimed 9300 K. 

Although the highest white levels don' t 
look very different on the two monitors. the 
situation changes dramatically when various 
gray-level patterns are examined in D isplay­
Mate. From roughly level 192 (out of 255) on 

Ken Werner 

Fig. 1: We used DisplayMate 's "static color 
registration pa Item" lo de111onstra/e the dij'. 
ferences in ho\V a 011e-subpixel-1Vide line is 
re11dered by 1he Compaq LCD and Sony CRT 

monitors \Ve evaluated. 
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down, the CRT's gray levels look very 
"warm" - that is, brownish - while the LCD's 
gray levels are quite neutral. "Blacks" look 
very black on the LCD; they look like a very 
dark brown on the CRT. 

But all points do not go to the LCD. V irtu­
ally all high gray levels (at least through 253) 
are clearly visible on the CRT when shown 
against a white background (which is level 
255) in an office with subdued natural l ight­
ing. The LCD monitor can not distinguish 
any level clown to 225 from the white back­
ground - although, as you will see, this is 
something of an artifact produced by our set­
ting the luminance so low and compensating 
to some extent with the contrast level. On the 
dark side, it is just possible to distinguish the 
LCD's level 20 against a black background 
(level 0), while the CRT's level 4 is clearl y 
visible. 

The LCD is sharper than the CRT. 
Although the Sony CRT's aperture-gri l le 
pi tch of 0.22 111111 - which may be the best 
ever for an off-the-shelf PC monitor - sounds 
better than the LCD's pixel pitch of 0.28 111111, 

th is comparison is between apples and 
oranges. In a CRT, it is the diameter of the 
spot where the beam hits the screen that deter­
mines the smallest feature the tube can dis­
play. Even though Sony went to substantial 
pains to keep the spot small, developing a 
HiDensity"' electron gun and Enhanced Ellip­
tical Correction System'" for this tube, the 
spot sti l l covers more than one RGB phosphor 
triad. 

Using DisplayMate's "static color registra­
tion pattern" (Fig. I) and a !OX magnifier 
makes clear the differences in how a one­
subpixel-wicle line is rendered by the LCD 
(Fig. 2) and the CRT (Fig. 3). (The magnifi­
cation in these photos is uncalibrated but is 
substantially more than ! OX.) 

For normal business PC applications, none 
of this matters much. One person in our 
office found the CRT's softer contours more 
pleasing on some medium-sized type fonts, 
while the LCD's sharper images made it pos­
sible to view some fonts a point or two 
smaller than was possib le on the CRT. 

The overal l geometry on both of these mon­
itors is superb. That's to be expected on the 
LCD, of course, but the CRT is just as good, 
maintaining its excellent rectangu lar geometry 
all the way into the corners. Together with 
the flat screens, this mauers for graphical 
design (including ad and brochure layouts), 

CAD, and spreadsheets. Good geometry and 
a flat screen - whether on an LCD or a CRT -
is a combination we would not want to give 
up. 

Given their MSRPs, it is clear that both of 
these monitors were intended for demanding 
professional audiences, and both manufactur­
ers made sure the basics were clone to a high 
standard. Sony has its awe-inspiring rectan­
gular geometry and spot size and uniformi ty. 
Compaq has very good viewing angles. no 
color inversion at large viewing angles (as 
indicated on the Brill- Kelley Color Inversion 
Target on the SID DTS 2000 CD-ROM), 
excel lent backlight uniformity, and no visible 
mura or blotchiness on an evenly illuminated 
gray screen . 

Many of the 24-bit color photos from the 
DTS CD-ROM look different on the two 
monitors as a direct consequence of the basic 
characteristics already noted. The LCD's 
small "spot" renders textures with greater 
clarity than the CRT. Combined with its tonal 
neutrality and subjectively much higher con­
trast ratio, many photos have much more 
impact and "presence .• , 

On the other hand, the LCD's inability to 
distinguish between gray levels close to white 
(as set up in the test so far) and close to black 
leads to a loss of highlight and shadow detail , 
and can make some highl ights look harsh and 
unnatural. 

Removing the Tethers 
For the sake of a workable comparison, we 
did not al low either of these displays to oper­
ate at its best. The LCD was operated at far 
below its maximum luminance to match the 
CRT, and the CRT was operated at 1280 x 
I 024 to match the LCD instead of at 1600 x 
1200 or 1800 X 1440 (its maximum). 

Setting the LCD to i ts maximum luminance 
- a claimed 200 ccl/ni2 - made the white back­
ground of a word-processing page very bright 
and gave the LCD a few more visible gray 
levels on the low side ( 12 became barely visi­
ble against a black background instead of 20). 
At maximum brightness, we could now set the 
contrast to 50%. as shown on the OSD, which 
made high gray levels up to 253 become visi ­
ble. Color photos benefited substantially, but 
narrow text fonts, such as Courier, became 
less pleasant to view against a white back­
ground. 

D espite adding viewable gray levels on the 
extremes with our new TFT brightness and 



Ken Werner 

Fig. 2: The LCD prese111ed 111011ochro111C11ic vertical and horizontal 
lines that \\'ere 011e subpixel wide. Ill 111ost LCDs. subpixels are 
approximately three ti111es as high as they are 111ide so that a complete 
RCB pixel is square. That mea/lS 011 this display , which has a 
0.28-111111 pixel pitch, this vertical red line is approximately 0.009 111111 

wide. 

Ken Werner 

Fig. 3: Although the spot size of the Sony CRT is relatively small, 

contrast adjustments, subjectively, the CRT 
seemed to retain an advantage in subtlety of 
gray scale. This may not be significant in 
many applications, but the di fference in view­
ing x-rays, for instance, is meaningful. 

What happens when the CRT monitor is 
reset to 1600 x 1200 is subjectively less clear. 
The addressability improves but the spot size 
presumably does not. With the two monitors 
now driven by two different computers so 
they could be driven at different pixel formats 
simultaneously, the TFT presents images with 
noticeably more sharpness at 1280 x I 024 
than the CRT does at 1600 x 1200. 

A Tidy Conclusion? 
l s there a tidy conclusion here? These are two 
excellent but visually different monitors. (I ' m 
intentionally not worrying about the large differ­
ences in weight, size, and power consumption.) 

Is there anything I 'd like to " fix" on them? 
I'd like to see more brightness and contrast on 
the Sony CRT with no growth in beam spot 
size - an unreasonable request. There is noth­
ing wrong with a bias to warm colors, but on 
this monitor i t' s excessive. Whether this was 
always the case, or whether it is something 
that has developed over time, I can ' t say. 
(The monitor has qui te a few hours on i t.) 
The colors could, of course, be adjusted indi­
vidually to attain more neutrality . 

it still illuminates three columns of red subpixels in displaying a 
vertical red line. Since the pixel pitch is 0. 22 111111, the red vertical 
line is roughly 0.44 111111 111ide. 

A high-encl 18-in. (viewable) monitor 
should really have more than 1280 x I 024 
pixels. That was not a real istic proposition 
when the TFT8020 first entered Compaq's 
product mix. I t is now, or will be soon. 

At least one of these monitors has a white­
point temperature that is wildly different from 
what is claimed on the OSD. That is not 
acceptable on monitors l ike these. Sony 
included a USB hub in the monitor base. 
Compaq includes a covered hole for a USB 
hub that is an extra-cost option. That seems 
like nickel-and-climing for this kind of moni­
tor. 

The Compaq monitor looked for a digital 
signal but didn' t find it. We are guessing that 
the failure was in the little M atrox DVI 
daughter card, which looked as if it might 
have had a long history. 

The most general short conclusion I can 
come up with is that moni tors aren' t com­
modities. For most applications, most buyers 
are not going to spend the time comparing two 
monitors that I spent - or that you spent if you 
have read this far. But using a few test pat­
terns and images - such as a small selection of 
those found on the DTS CD-ROM - would 
sensitize buyers to the visual differences 
between monitors and help them select the 
monitors that best meet their individual needs. 

-KIW 

We welcome your comments and suggestions. 
You can reach me by e-mail at kwerner@ 
nutmegconsultants.corn, by fax at 203/855-
9769, or by phone at 203/853-7069. The con­
tents of upcoming issues of ID are available 
on the ID page at the SID Web site (http:// 
www.sicl. org). 

SID '02 
Symposium, Seminar, 

and Exhibition 
Boston, Massachusetts 

Hynes Convention Center 

May 19-24, 2002 

Please send new product releases or 
news items to !11for111atio11 Display , 
clo Palisades Convention Ma11age111e111, 
411 Lq/ay ette Street. 2nd Floor, Ne 111 
York, NY 10003. 
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n 
a view from the hilltop 

co111i11uedfrom page 4 

would start an Internet-based business and sell 
27-in. name-brand television sets for $50 each 
to "establish a customer base and capture mar­
ket share." Once we had th is large customer 

base, we would then gradually raise prices to 
get to profitability. Of course, raising prices 
to $ I 00, then to $1 50, and then to $200 would 
continue to prove that customers sti ll flocked 
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10 our site. But to get to profi tabil i ty, we 
would need to charge $300 or more. How­
ever, that is now the same price for which 
our customers can buy the set at any other 
dot.com site or traditional discount store. At 
that point, li fe for our dot.com company gets 
very challenging. While it was relatively easy 
to raise prices and thereby to reduce our quar­
terly losses from several hundred million dol­
lars to maybe just 50 million or so, from there 
to profitabi l ity is like becoming a four­
minute-mile runner. Only a few can hope to 
accomplish it. And the process is similarl y 
asymptotic. 

T he trad itional stores - especially the dis­
count warehouses - may even have some 
inherent advantages. T he customer does the 
work of picking the items from the shelves, 
the shopping cart and the car trunk are the no­
cost shipping containers, the drive home pro­
vides transportation of the goods for free, and 
returning or exchanging a misbehaving prod­
uct is easy. I f companies providing home 
milk del ivery services several decades ago 
couldn ' t stay in business, why should a 
clot.com grocery store have any more success 
today? 

The story with -new technology is similar. 
How many press releases have we seen of 
new display technologies that are going to 
" leapfrog" existing products? How many 
news reports have we read of great new and 
"revolutionary" displays based on a new type 
of light-emission or light-modulation capabil ­
ity - illustrated by a companion photo of a 
one-inch-square single-pixel display in a 
barely visible green or orange color? And 
how many announcements have we read of 
the great progress being made that, when lin­

early extrapolated, will soon lead 10 commer­
cial success? To get from these early demon­
strations 10 profitable products is again not too 
di fferent from achieving that ability to run the 
four-minute mile. Many would like to do it, 
but few actually succeed. 

I suppose that sometimes such high opti­
mism is simply clue to the exuberance (or lack 
of experience) of the participants, but just as 
often I suspect the drive behind such overly 
optimistic announcements is the need to meet 
investors' expectations or to try to live up to 
the early promises made to those investors. 

l s there any hope for those of us who most 
likely wil l not be able to achieve the techno­
logical equivalent of the four-minute mile, 
and would prefer 1101 lo make such promises 



to keep our careers on track? I believe there 
is . Instead of aspiring to run at a pace that is 
not realistic, why not accept a realistic goal of 
running five (or maybe even ten) miles at a 
seven-minute-per-mile pace? That is still darn 
good and way above what most people are 
able to do. And if it can be sustained for 
many years, then that can be a path to long­
term success and survival - a sustainable and 
profitable business. 

Therefore, suppose we retain our enthusi­
asm, and seek to develop innovative new dis­
play technologies, but insist on being more 
realistic about how much immediate market 
impact those technologies will have. Any 
new technology needs time (typically more 
than ten years) for all the details to be worked 
out for full performance capability to be 
developed and for reliability to be proven -
especially if new materials are involved. 
Thus, an entry point needs to be found where 
modest production volumes are acceptable 
and where it is not necessary to immediately 
compete with well-established technologies 
such as CRTs and LCDs. One market seg­
ment where such an opportunity currently 
exists, for example, is in electronic advertis­
ing. 

Perhaps it will continue to be necessary to 
dangle the promises of leapfrog technologies 
and revolutionary breakthroughs in order to 
attract investors' attention. However, within 
the display community, we can temper these 
claims with the balanced perspective of know­
ing how technologies really develop and how 
they eventually lead to successful products -
and to profitable businesses. 

Should you wish to support or challenge 
my comments with your own experiences in 
introducing new display technologies, I would 
very much like to hear from you. You can 
reach me by e-mail at silzars@attglobal.net or 
president@sid.org, by telephone at 425/557-
8850, by fax at 425/557-8983, or by mail at 
225 13 S.E. 47th Place, Sammamish, WA 
98075 . ■ 

Please send new product releases or 
news itenis 10 Information. Display, 
clo Palisades Convention Managemen/, 
41 1 Lafayetle Slreet, 2nd Floor, New 
York, NY 10003. 
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Simplicity 
with 
Power. 
That's the Klein VPG250. 

yes 
• Programmable custom patterns? IBJ 
• Displays and runs DDC 1/2B from test unit? IBJ 
• Programmable timings? 
• Pre-loaded VESA timings? 
• Displays xyY from colorimeter accessory? 
• Helps test work flow smoother? 

IBJ 
IBJ 
IBJ 
IBJ 

Call today for a FREE five-day trial! 
CKLEIN~;!~~':'a~~~~ 

2236 SE Belmont St, Portland, OR 97214 USA 
tel 503.245.1012 fax 503.245.8166 

sales@kleininc.com www.kleininc.com 
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The nternational Display 
Research Conference (Asia Displa 
and 
The 8th International Display 
Workshops (IDW) 
JOIN US IN NAGOYA, JAPAN TO LEARN WHAT'S NEW 
IN DISPLAY TECHNOLOGY 

, • Workshops on all important display technologies and 
new topical sessions on: 
- Organic EL Displays •7' .•~• . 
- Display Electronics 
- Vision and the Display-User Interface 

• Sessions on display research and development 
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9th Color Imaging 
Conference: Color Science, 
Engineering, Systems & 
Applications 

NOV EMBER :·: 19 
SCOTTSDALE, ARIZONA 
NOVEMBER 5-9, 2001 

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

interchange 
- Co-sponsored with IS& T 

For additional information: 
Dee Dumont 
Society for Information Display 
610 S. 2nd Street 
San Jose, CA 95112 
408/977-1013, fax - 1531 
www.sid.org 

First International 
Conference on the Science 
and Technology of Emissive 
Displays & Lighting 

SAN DIEGO, CALIFORNIA 
NOVEMBER 12- 14, 2001 

• Successor to Display Phosphors 
Conference with coverage expanded to 
photonic materials devices and related 
technology. 

r:tl•J Since 1962, a professional worldwide interdisciplinary society 
committed to the advancement of information display. 

SOCIETY FOR INFORMATION DISPLAY 

MAY I 
SID 2002 

BOSTON, MASSACHUSETTS 
MA Y 19-24, 2002 

• SID's MAJOR ANNUAL EVENT 
• An International Symposium Seminar 

and Exhibition - Featuring 
- Technical Sessions - Poster Session 
- Author Interviews Short Courses 
- Applications Tutorials 
- Technical Seminars - Applications Sessions 
- Product Exhibits - Vendor Theatre 



SID 2002 honors and awards 
nominations 
Once again, on behalf of the SID Honors and 
Awards Committee (H&AC), I am appealing 
for your active participation in the nomination 
of deserving individuals for the various SID 
honors and awards. The SID Board of Direc­
tors, based on recommendations made by the 
H&AC, grants all the awards. To begin with, 
these awards include four major prizes that 
are awarded to individuals, who are not neces­
sarily members of the SID, based upon their 
outstanding achievements. The Karl Ferdi­
nand Braun Prize is awarded for "Outstand­
ing Technical Achievement in Display Tech­
nology." Scientific and technical achieve­
ments that either cover a wide range of dis­
play technologies or the fundamental princi­
ples of a specific technology are the prime 
reasons for granting this prize to a nominee. 
The Jan Rajchman prize is granted for 
"Outstanding Scientific and Technical 
Achievement or Research in the Field of 
Flat-Panel Displays." This prize is spec ifi­
cally dedicated to those individuals who have 
made major contributions to one of the flat­
panel-display technologies or, through their 
research activities, have advanced the state of 
understand ing of one of those technologies. 
The Johann Gutenberg prize is awarded for 
"Outstanding Technical Achievement in 
Printing Technology." This prize is specifi­
cally devoted to those who have excelled in 
the field of hardcopy printing. Each of these 
above-mentioned prizes carry a $2000 stipend 
sponsored by Thompson Consumer Electron­
ics Inc., the Sharp Corporation, and the 
Hewlett-Packard Company, respectively. The 
fourth major society prize, the Lewis and 
Beatrice Winner A ward, is awarded for 
"Exceptional and Sustai11ed Service to the 
Society." This award is granted exclusively to 
those who have worked hard over many years 
to further the goals of the Society. 

The SID Fellow Award is given each year 
to a number (up to 0.1 % of the membership in 
that year) of SID members in good standing 
for at least five years at the time of the nomi­
nation, who have demonstrated "Outstanding 
Scientific or Technical Engineeri11g Achieve­
ments in the Field of Displays over a Sus­
tained Period of Time," and who are recog­
nized as significant technical contributors to 
knowledge in their area(s) of expertise by SID 
members practicing in the field. For this rea-

SID honors and awards 
nominations 
Nominations are now being solicited from 
S ID members for candidates who qualify 
for SID Honors and A wards. 

• FELLOW. Conferred annually upon a 
SID member of outstanding qualifications 
and experience as a scientist or engineer 
in the fie ld of information display, and 
who has made a widely recognized and 
significant contribution to the advance­
ment of the display field. 

• JAN RAJCHMAN PRIZE. Awarded for 
an outstanding scientific or technical 
achievement in, or contribution to, 
research on flat-panel displays. 

• KARL FERDINAND BRAUN PRIZE. 
Awarded for an outstanding technical 
achievement in, or contribution to, dis­
play technology. 

• JOHANN GUTENBERG PRIZE. 
Awarded for an outstanding technical 
achievement in, or contribution to, printer 
technology. 

• LEWIS & BEATRICE WINNER 
AWARD. Awarded to a SID member for 
exceptional and sustained service to SID. 

• SPECIAL RECOGNITION AWARDS. 
Granted to members of the technical, sci­
entific, and bus iness community (not nec­
essarily SID members) for distinguished 
and valued contributions to the informa­
tion-display field. These awards may be 
made for contributions in one or more of 
the following categories: (a) outstanding 
technical accomplishments; (b) outstand­
ing contributions to the literature; (c) out­
standing service to the Society; (d) out­
standing entrepreneurial accomplish­
ments; and (e) outstanding achievements 
in education. 

Nominations for SID Honors and A wards 
must include the following information, 
preferably in the order given be low. 

I. Name, Present Occupation, Business and 
Home Address, Phone and Fax Numbers, 
and SID Gracie (Member or Fellow) of 
Nominee. 

2. A ward being recommended: 
Fellow* 
Jan Rajchman Prize 
Karl Ferdinand Braun Prize 
Johann Gutenberg Prize 
Beatrice Winner Award 
Special Recognition Award 

*Fellow nominations must be supported and 
signed by at least five SID members. 

3. Proposed Citation. This should not 
exceed 30 words. 

4. Name, Address, Telephone Number, and 
SID Membership Grade of Nominator. 

5. Education and Professional History of 
Candidate. Include college and/or university 
degrees, positions and responsibilities of 
each professional employment. 

6. Professional A wards and Other Pro­
fessional Society Affil iations and Grades of 
Membership. 

7 . Specific statement by the nominator con­
cerning the most significant achievement or 
achievements or outstanding technical lead­
ership which qualifies the candidate for the 
award. This is the most important considera­
tion for the awards committee, and it should 
be specific (citing references when neces­
sary) and concise. 

8. Supportive material. Cite evidence of 
technical achievements and creativity, such 
as patents and publications, or other evi­
dence of success and peer recognition. Cite 
material that specifically supports the cita­
tion and statement in (7) above. (Note: the 
nominee may be asked by the nominator to 
supply information for his candidacy where 
this may be useful to establish or complete 
the list of qualifications). 

9. Endorsements. Fellow nominations must 
be supported by the endorsements indicated 
in (2) above. Supportive letters of endorser 
will strengthen the nominations for any 
award. 

Send the complete nomination - including all the above material by October 12, 2001 -
to Andras I. Lakatos, Honors and Awards Chairman, Society fo r Infonnation Display, 

610 South 2nd Street, San Jose, CA 95112 USA; e-mail: sidawarcls@sicl.org. 
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honors and awards 

son, five endorsements from SID members are 
required to accompany each Fellow Award 
nomination. Each Fellow nomination is eval­
uated by the H&AC, based on a weighted set 
of five criteria. These criteria and their 
assigned weights are creativity and patents, 
30%; technical accomplishments and publica­
tions, 30%; technical leadership, 20%; service 
to SID, 15%; and other accomplishments, 5%. 
When submitting a Fellow award nomination, 
please keep these cri teria with their weights in 
mind. 

The Special Recognition Award is given 
annually to a number of individuals (member­
ship in the SID is not required) of the scien­
tific and business community for distin­
guished and valued contribution in the field of 
displays. These awards are given for contri­
butions in one or more of the following cate­
gories: (a) Outstanding Technical Accom­
plishments, (b) Outstanding Contributions to 
the Literature, (c) Outstanding Service to the 

Society, (d) Outstanding Entrepreneurial 
Accomplishments, and (e) Outstanding 
Achievements in Education. When evaluat­
ing the Special Recognition Award nomina­
tion, the H&AC uses a five- level rating scale 
in each of the above-listed five categories, and 
these categories have equal weight. Nomina­
tors should indicate the category in which a 
Special Recognition Award nomination 
should be considered by the H&AC. More 
than one category may be indicated. The 
accompanying nomination should, of course, 
stress accomplishments in the category or cat­
egories selected by the nominator. 

While individuals nominated for an award 
may not submit their own nomination, nomi­
nators may ask a nominee for information 
that will be used in his/her nomination. The 
selection and nomination process is relatively 
simple, but requires that you and perhaps 
some of your colleagues devote some time to 
preparation of the supporting material that the 

The Industry Leader 

H&AC needs in order to evaluate each nomi­
nation for its meri t. It is not necessary to 
submi t a complete publication record with a 
nomination. Just list the titles of the most 
significant half a dozen or less papers and 
patents authored by the nominee, and list the 
total number of papers and patents he/she has 

authored. 
The selection of nominations for SID hon­

ors and awards is a highly selective process. 
Each year only about 30% of the nominations 
are selected to receive one of the awards. 
Some of the major prizes are not awarded 
every year clue to the lack of sufficiently qual­
i fied nominees or, in some cases, because no 
nominations were submitted. On the other 
hand, once a nomination is submitted, i t wi ll 
stay active for three consecutive years, and 
will be considered three times by the H&AC. 
The nominator of such a nomination may 
improve the chances of the nomination by 
submitting additional material for the second 

.-... 
AD· -NCE MAGNETICS, INC. 

Ad-Vance engineers have solved a variety of magnetic 
shielding problems. In addition, substantial cuts in 
shielding costs are possible by using our existing tooling. 
From simple components to complex systems, we offer: 

• Design and consultation 
• AD-MU shielding alloys 
• In-house toolroom for manufacturing 

magnetic shields 
• Custom fabricated CRT shields 
• Heat treating for optimum magnetic shielding 

characteristics 
Give Ad-Vance Magnetics a call today! 

AD-VANCE MAGNETICS, INC. 
P.O. Box 69 • 625 Monroe Street • Rochester, Indiana 46975 
(219) 223-3158 • FAX (219) 223-2524 
E-Mail: sales@advancemag.com 
Web Home Page: h ttp ://www.advancemag.com 
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or third year that it is considered, but such 
changes are not req-uired. If a nomination is 
not awarded an award over this three-year 
period, the nominee will not be considered 
again. 

Since 1997, nominations can be entered 
through the .Internet simply by logging in at 
ww¥.<sid.org. At the SID Web site click on 
Awards. This action opens the Honors and 
Awards section of the SID site. Then click on 
Award Nominations found at the top of the 
page, i.e., the display screen, to open the 
Nomination Form. The SID H&AC encour­
ages the use of this electronic version. Volun­
teer labor is used to process all the nomina­
tions. Electronic filing saves a lot of adminis­
trative work, and helps with reducing the 
workload on our volunteers. In 2000, all 
award nominations were submitted over the 
Internet. But we will still accept hardcopy 
nominations. The associated text box appear­
ing in this column contains a complete 
description of each of the prizes and awards, 
along with a detai1ed description of the infor­
mation that is asked for in support of each 
nomination. Please note that with each Fel­
low A ward nomination, only five written 
endorsements by jive SID members is 
required. These brief endorsements - a mini­
mum of 2-3 sentences to a maximum of one­
half page in length - must state why, in the 
opinion of the endorser, the nominee deserves 
to receive the Fellow Award. Identical 
endorsements by tvvo or more endorsers will 
be automatically rejected (no form letters, 
please). Please send these endorsements to me 
either by e-mail (prefened) or by hardcopy to 
the address stated in the accompanying text 
box. Only the Fellow Award nominations 
need these endorsements. 

All 2002 award nominations are to be sub­
mitted by October 12, 2001. We strongly 
encourage the submission of nominations via 
the Internet as described above. Or you may 
e~mail your nomination directly to sidawards@ 
sid.org. If that is not possible, then please 
send your hardcopy nomination to the address 
appearing in the associated text box. 

The Honors and Awards section of the SID 
Web site contains all this information along 
with the names of previous award winners. 

Last year the H&AC received a good selec­
tion of well-qualified nominees for the Fellow 
and Special Recognition Awards, but there 
were very few nominees for most of the major 
awards. I am especially appealing to you and 

urge you to nominate worthy candidates for 
all the major prizes as wel1 as candidates for 
the Fellow and Special Recognition awards. 

As I state each year: "In our professional 
lives, there are few greater rewards than 
recognition by our peers. For an individual in 
the field of displays, an award or prize from 
the SID, that represents her or his peers 
worldwide, is a most significant happy and 
satisfying experience. In addition, the overall 
reputation of the society depends on who are 
the individuals who are in its 'Hall of Fame.' 

When you nominate someone for an award 
or prize, you are bringing happiness to an 
individual and his or her family and friends, 
and you are also benefiting the society as a 
whole." 

Thank you for your nomination in advance. 

- Andras I. Lakatos, Chairman 
SID Honors & Awards Committee 
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9th Color Imaging 
Conference: Color Science, 
Engineering, Systems & 
Applications 

SCOTTSDALE, ARIZONA 
NOVEMBER 5-9, 2001 

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

Color Image reproduction and 
interchange 

- Co-sponsored with 1S&T 

Please send new product releases or 
news items to Information Display, 
c/o Palisades Convention Management, 
411 Lafayette Street, 2nd Floor, New 
York, NY 10003. 

■KLEIN 
Instruments Corporation 

Contact us now at 
Klein Instruments 
Portland, OR USA 
ph (503) 245-1012 
fax (503) 245-8166 
www.kleininc.com 
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Acer Display TechnDlogy 
Ad-Vance Magnelics, Inc. 
Advance Reproduction Corp, 
Aerospace Di1,pfay Systems 
Agilent Technologies 
AMJ Industries, L.L.C. 
Anteon-Engineering Technologies 

Group 
Applied Concepts, Inc. 
Applied Films Corp. 
A TI Technologies, Inc. 
autronic - Mclchers GmbH 

BOC Coating Technology 
Brimm·Lld. 

Candcscent Technologies 
Canon, Inc. 
CELCO 
The Cherry Corporation 
Chunghwa Picture Tubes, Ltd. 
Clinton Electronics Cmp. 
Corning Incorporated 
Corning Japan KK. 
CYRO Industries 

Digital View, Inc. 
DisplaySearch 
Dontech, Inc. 
DuPont DisplRys 

E-Ink Corp. 
ELDEC Corp. 
Electro-Plasma, Inc. 
eMagin Corp. 
Emco Electronics Ltd. 
Endicott Reseai'C!1 Group, foe. 
ERSO/ITRI 

Firan Technology Group 
F-P Electronics 
Fresnel Optics 
Futaba Corp. R&D Center 

1-Iannstar 
Hitachi, Ltd. 
Honeywell 
Hoya Corporation USA 
Hunet, Inc. 

IBM 
iFire Technology 
Imaging Systems Technology 
WT Masken u11d Teilungen AG 
Incom, Inc. 
Industrial Electronic Engineers, Inc. 
Infinite Graphics, Inc. 
Innova Electronics, Inc. 
Insight Media 
Instrument Systems 
Integrated Technology Express, Inc. 
Interface Display & Controls, Inc. 
Interserv Corp. 
Intevac, Inc. 
Ise Electronics Corp. 

Japan Patent Office 

Kent Displays 
Kepo Display Technology, Ltd. 

LC-Tee, Inc. 
Lexel Imaging Systems, Inc. 
LG. Philips LCD 

Micronic Laser Systems AB 
Microsemi Corp. 
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Microtips Technology 
Microvision Corp. 
Mitsubishi Electric Corp. 
MiLRnbishi Electronics America 
Molex, Inc. 
Motorola Telematics Computer Group 

NEC Corp. 
Nippon Seiki Co., Ltd. 
NXT 

OCLl-A JDS Uniphase Compa11y 
OES/ITRl 
Optorna Corp. 
Optrex America, Inc. 

Philips Components 
Phosphor Technology Ltd. 
Photon Dynamics 
Photo Research 
Pioneer New Media Technologies 
Planar Systems 
Plasmaco, Inc, 
Polar Vision, Inc. 
Polytronix, Inc. 

Quanta Display, lnc. 
Quantum Data Tnc. 

Radiant Technology Corp. 
Rexam Image Products 
ROLIC Research Ltd. 

Sarnoff Corp. 
Schott Corp. 
Sharp Corp. 
Sheldahl, lnc.• 
Sl Diamond Technology 
Silver Cloud Manufacturing Co. 
SmartASIC 
Sony Chemicals Corp. of America 
Sony Corp. Research Center 
Stanford Resources, Inc. 
Supertex, Inc. 
Symbol Technologies, Inc. 
Syntronic Instruments, Inc. 

Tamarack Scientific 
Tamms Electronics 
TCO Development 
TDK Corp. 
TEAM Systems 
Techneglas, Inc. 
Terapixel, Inc. 
Timles Components Corp. 
Thin Film Devices, Inc. 
Thomas Electronics, Inc. 
Three-Five Systems, Inc. 
Toshiba America Electronic 

Components, Inc. 

Unigraf 
Unipac Optoelectronics Corp. 
Universal Display Corp. 
Ushio America, Inc. 

Video Electronics Standards 
Association 

Viratec Thin Films Inc. 
Vishay-Dale Electronics, Inc. 

Westar Corp. 
White Electronic Designs, Inc, 
Wintek Central Emope GmbH 
WINTEK Corp. 
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The ultimate in photometric measurement versatility. 
For brightness, color, and CRT frequency, the PR-880, our next generation, 

fully-automatic filter photometer is the brightest star in the sky. 
Equipped with patented Pritchard optics, for benchmark through-the-lens 

viewing accuracy, its built-in automatic attenuators, colorimetry filters, and 
apertures provide illuminating value, speed, and precision. 

Fully automatic, the PR-880 masters space and time with ... Auto Measure­
ment and Calculation. One-key, programmable calibration. Full on-board 
CPU control. And a brilliantly backlit supertwist LCD display. 

And, its advanced Auto data logging, RS-232 Remote operation, and 
universe of accessories, deliver stellar application performance in: 
• Automatic Testing of LCD's and • Automotive Panels 

Other FPD's • Contrast Measurements 
• Interior/Exterior Lighting • Aerospace Displays 
• Human Factors 

Fittingly, the PR-880 weighs less, costs less, and takes less to operate than 
any photometer in its class. And, its rugged, single-component design does 
more of the work, while you do less. 

Leap ahead ... to ultimate versatility in brightness and color measurement. 

PHOTO RESEARCH.INC 
I 9731 Topanga Canyon Place, Chatsworth, CA 9 l3 I 1-4135 

Phone: 818-34 l-5151 • Fax: 8 [8-34 1-7070 

http://www.photoresearch.com 
e-mail: sales@photoresearch.com 
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CE[CO Yokes for 
High Speed 
Raster Calligraphic 
CRT Projection 
Displays and the 
Highest Resolution 
Miniature CRT 
Displays. 

CELCO YOKES for High Speed Raster 
Calligraphic CRT Projection Displays con­
tribute to the success of the highest perform­
ance Flight Simulators, computer-generated 
3-D Planetarium Presentation Displays and 
other projection display applications. 
CELCO's patented yoke designs and preci­
sion manufacture and test techniques ensure 
best repeatability, low spot growth, ultra fast 
settling-time and near-zero residual magnet­
ism needed for such critical display applica­
tions and the stringent requirements of the 
newest projection tube designs. 

CELCO YOKES for commercial and military 
high resolution Miniature CRT Displays meet 
the demands of designers of miniature 
Medical displays, Color Shutter Technologies, 
Virtual Cockpit Training and Compact Military 
d isplays such as the Challenger Tank. 

= ---==-. = -=--= -= -== = --------------~ .-....--------......_....... __ ......_....... ___ 
70 Constantine Drive 
Mahwah, NJ 07430 

Tel: 201-327-1123 
Fax: 201-327-7047 

www.celco.com 
www.deflectionyoke.com 

• 7", 9", 12" Display • 36mm CRT Neck 
• 60" & 70" Deflection Angle 
• Ultr,a-Fast Settling Time 
• Near Zero Residual Magnetism 

High Resolution • Low Spot Growth 

SP Yo 
Presen 

for Planetarium 
tion Dis la s 

• 5", 7", 9" Display • 36mm CRT Neck 
• 40°- 70° Deflection Angle 
• Very High Resolution and Efficiency 
• Fast Settli g Time • Low Inductance 
• Patented Design for Minimal Abberation 

• For l " Displays 
• 13mm to 18mm CRT Neck 
• 30 to 60° Deflection Angle 
• Highest Resolution 
• High Frequency 
• Consistent Geometry 
• Minimized Spot Defocusing 
• Part-to-Part Repeatability 

• For 2" Displays 
• 16mm CRT Neck 
• 30° Deflection Angle 
• Small Stator Design 
• High Efficiency 
• Small Size, Light Weight 

• For l" Displays 
• 13mm to 18mm CRT Neck 
• 30" to 60" Deflection Angle 
• Highest Resolution for HM Series 
• High Speed to 180 kHz 

• For 1 /2" Displays 
• 8mm CRT Neck 
• 30" to 60" Deflection Angle 
• Miniature and V-R Display 
• Small Size 

Circle no. 22 


