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The world 
plans, navigates, 

measures, monitors, 
plays, fishes, 

communicates, 
computes 

and 
displays with 
Optrex LCDs 

And that's just the beginning. 
The applications for LCDs keep growing and so does Optrex. 

Why? Innovative engineering and design support, exceptional quality, 

and a nationwide distribution network Our creative design approad1 allows you to 

develop new appl ications and enhance the performance of your existing products. 

Most importantly, it allows you to create the custom or semi-custom LCDs that 

turn your bright ideas into reality. 

Our customers like thaL You will, too. 

For more information, call (734) 416-8500, or fax (734) 416-8520 today. 

44160 PI.VMOUIII O AKS BLVD. • Pi.n tOUTI I, Ml 48170 

( 734} 416-8500 • FAX: (734 } 416-8520 

Iedin fo @o ptrexu sa.com 
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COVER: R41ective color LCDs using several dijj'ere/11 

technologies are noiV good enough to begin filling a /!fO\\·

ing demand in a ''ariely of applications that require low 
pOH'er consumption, ranging from cellular phones to note
book complllers. This is Toshiba's 8.4-in AM LCD, IVhich 
uses polysilicon TFTs and imegrated drivers. 

Credit: Toshiba America 

For more on what 's coming in Information Display, and for 
other news on infonnation-display technology, check the 
SID Web site on the World Wide Web: http://www.sid.org. 
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Information Displayless 

The front-page story of The New York Times business 
section on August 19th was "Entettaimnent in the 
Skies; Glitches Still Hurting Video With Wings." 
"Aha! " said I. "Display issues are finally making it 
into the general business press." 

Well, not exactly. The article covered the enter
tainment-on-demand systems that are being installed 
in the first-class and business-class cabins on many 

airlines, and focused on the not-yet-reliable systems, which are essentially 
video-rate LANs. But other than a passing mention of "personal annrest video 
screens" in Virgin Atlantic's first and business class and a goggle display made 
by Olympus Optical for Japan Airlines' first-class cabin that "is like watching a 
62-in. screen," displays are barely mentioned. In fact, Virgin Atlantic's in-flight 
masseuse received more coverage than its in-flight displays. (As this was an 
article on in-flight entertaimnent systems, I'm not sure what message the Times 
was trying to deliver, but perhaps we should move on.) 

So, what the Times gave us was an atticle on infonnation delivery systems 
with barely a mention of the devices that must be used to deliver the informa
tion. Unfortunately, this seems to reflect the attitude of the people who design 
in-flight entertainment systems, as any frequent flyer can attest. 

I have recently been subjected to flop-down LCD panels that were obviously 
purchased before wide-angle LCDs became corrunonplace. None of the several 
panels within my sight were capable of presenting me with an image that was 
simultaneously large enough, bright enough, and contrasty enough to offer mini
mally acceptable viewing. 

Was I simply being a display snob? I don' t think so. A look around the cabin 
indicated that an unusually large percentage of people were ignoring the in
fl ight entettai.runent. 

This isn't rocket science. It is simply designing a system that includes the 
viewer. It is thinking about viewable display characteristics as a function of 
viewing angle, and subtended angle as a ftmction of viewing angle and distance. 

But there are some human-factors questions that may be more subtle. It seems 
clear that in-flight entettainment is moving toward individual seat-back and arm
rest displays. (Perhaps first-class passengers can be trusted with $500 HMDs, 
but I suspect the cost will have to come way down before the airlines wi ll hand 
them out to the folks in sardine class.) So, have the people who are proposing 
5.6-in. FEDs for seat-back displays made very sure that users think they are 
large enough? If they aren't, is an 8.4-in. AMLCD large enough? Will a pas
senger who has just finished using the 13.3-in. display in her notebook PC feel 
she is being well served with even a 10.4- or 11 .3-in. seat-back LCD? Will an 
FED feel more "cinematic" than an LCD, even if it is smaller? How long will 
people remain satisfied with VGA/NTSC screen resolution on airplanes after 
they become used to high-resolution digital TV at home (or at least at the local 
sports bar)? 

The interaction of such human-factors questions with display-design issues 
and the stringent packaging demands of aircraft installations should keep display 
people entertai ned for years to come. Will airl ine passengers be as lucky? 

- Ken Wemer 
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Powerful New Video Generators. 
The Smart Choices. 

-.
T .... --------~. - -.,._ .. 

STANDALONE 

Standalone Units franz 82950 
400 MHz for true 2K x 2K resolutions; 
Storage of more than 1000 Timing/ 
Pattern Programs in Flash Mem01y and 
EEPROM; Fully PC-compatible with 
"Bitmap" capabiJjty; direct access to any 
parameter from front panel or tlu·ough 
PC-programs. And any of the 
(E)EPROM you used in earlier uillts 
can still be used. 

That's what we call High Performance, 
Fleribility and Ease of Operation! 

PC-BASED 

PC-Based Units from 82500 
300 NlHz gives you ample margin if 
you work with Display Systems up to 
a 1600xl280 resolution. Its full 
"DDC" capabi lity is an i11creasingly 
important asset in service and manu
facturing applications. 

Both PC-based uruts allow VESA
D.P.M.S. testing and the ability to 
import preset . pcx data files from 
other sources as "test patterns". 

The user interface is DOS- and 
Wm 95 & Wm NT 4.0 respectively. 

DIGITAL 

Digital Units from 85950 
Service, repair, evaluate or engineer 
FPDs? The Astra VG-826A is the 
Digital Generator for you. 

It's small and light, yet has the 
petformance to drive any single or 
multiplexed Flat Panel Device with a 
resolution of 24 bits per pixel up to a 
multiplexed frequency of 150MHz. 

It can be programmed/operated 
from a PC, the RB-646A "Remote". 
Frontpanel or the RB-6l4C 
Controller. 

Make the S1naTt Choice ... Contact Team Systems 
Call Vistt 
us: 1-800-338-1981 us: www. team-systems.com 

-----------------------------~-lE-~!1 
TEAM Systems, Tnc. 2934 Corvin Drive, Santa Clara, California 95051 
Tel.: 408-720-8877 Fax: -+08-720-9643 Cil·cle no. 2 
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I Really Need to Go to a Meeting ... 

by Aris Silzars 

It was a few minutes after 3:00p.m. and I was trying 
my best to finish up a phone call. I didn ' t want to be 
late for the three o'clock staff meeting. While com
pleting my telephone conversation, I did some multi
tasking and prepared my folder with the spreadsheets 
I thought I might need to have along in case some 

financial issues came up. At 3:04, I dashed out of my office and did a walk-jog 
down the hallway to the designated conference room at the far end. I knew that 
with luck and if no one tried to grab me for a "quick question" I could make it in 
just over a minute. 

And once again, I accomplished my objective. It was 3:06 as I entered the 
room and I was on time. Actually, I was maybe even a bit too early. Of the 
approximately dozen expected attendees, there were only two in the room - and 
one of them was the finance person, who was permanently on the schedule as 
the first speaker. Boss-person had not arrived yet and the only other signs of 
civi lization were a few notepads and "daytimers" left by attendees who presum
ably were planning to return shortly - right after taking care of just one more 
vitally important piece of business. 

Over the next several minutes, there were more seemingly random entrances 
and exits, and more notepads were placed at various spots arOtmd the table. The 
finance person had by now adjusted the overhead projector at least six times and 
positioned and repositioned the first overhead to absolute perfection. Observing 
this behavior made me wonder if fmance people in general have a difficult tin1e 
with disorder and are slow learners, or if this only applied to the one standing at 
the front of this room. 

Two colleagues and I were the only ones seated at the conference table when 
boss-person entered at roughly ten minutes after the hour. By now, most of the 
spots around the table had been "marked" by their future occupants, who were 
now making their reappearances with increasing frequency and apparent 
urgency. However, for most of them, after a cursory apology, the first stop was 
not the spot they had chosen at the conference table but the comer table where 
the coffee and cookies had been laid out. Finally, after some by-now familiar 
conu11ents from boss-person regarding how we all need to try harder to get these 
meetings started on time, the finance person turned on the projector, the lights 
were dimmed, and the meeting was launched. The time was 3:18. I resolved 
that next week I would try to do better- no point in being this much too early. 

By 30 seconds after 3: 18, my carefully trained and conditioned psyche had 
entered that part of the mind-world known to everyone as meeting-land. Meet
ing-land is unquestionably the greatest blessing bestowed upon us all by the 
modem corporation. Where else can one go where the mind is so free to wander 
as during a staff meeting - or any other kind of meeting that involves more than 
four or five people? It can be mathematically proven that meetings of six or 
more participants asymptotically approach meeting-land nirvana, and any num
ber above ten participants is a sufficient condition to allow one to be within 
epsilon of nirvana (the existence of the meeting being the necessary condition). 

Even as my physical body assumed that well-trained attentive look and I occa
sionally nodded with a knowing and approving look toward the screen being 

collfinued on page 44 
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We made it 60x better. 
The PR®-705 spectroradiometer. It's the latest in the long line of SpectraScan® 
instruments. The standard for accurate light and color measurement. The portable 
PR-705 is 60X more sensitive than its predecessor, to allow testing of instrument 
panels, LCDs and other FPDs at light levels as low as 0.003 cd/m ~ 

Use it stand-alone to measure displays inside automobiles and cockpits. Measure 
CRTs, LEOs, flash lamps and light sources in the lab with easy-to-use SpectraWine 

software. Or control the PR-705 remotely by sending ASCII 
commands over a RS-232 interface. 

No matter what your application, 
the PR-705 is the best choice. 
• The highest sensitivity and accuracy are guaranteed by 

a cooled detector, low-noise electronics and NIST-traceable 
calibration. 

• Six apertures and patented Pritchard® optics make it possible to measure 
targets down to 0.02 mm with bandwidths as small as 2.5 nm. 

• Optics are designed for precise display measurements with low acceptance 
angles and minimal errors due to lens flare and polarization. 

• Built-in floppy drive and parallel printer port eliminate the need for an 
external computer. 

The PR-705 is the solution for all your brightness and color quality problems. 
Call us today for a demonstration. 

PHOTO RESEARCH, INC. 

9731 Topanga Canyon Place, Chatsworth, CA 91311-4135, USA 
Phone: 818-341-5151 • FAX: 818-341-7070 
http://www.photoresearch.com 
e-mail: sales@photoresearch.com 



A resolution for all your problems. 
Mission is nothing without vision. Whatever your 
operational need we have a display to fit. Our fu ll line 
of combat proven, in-service displays including 
electroluminescent gray shade and Active Matrix Liquid 
Crystal flat panels have earned us a dominant position as 
a military displays supplier. Come to the world leader in 
display solutions for land, sea and air applications. 

IMAiNl 
~ 

For more information please contact us at: 

3785 Richmond Road, 
Nepean, Ontario, Canada K2 H 5B7 
Tel: 1 (613) 596-7009 Fax: 1 (613) 596-7697 
floyd. bosko@cdott. com 
website: www.computingdevices.comj fpd 

Computing Devices Canada Ltd 
A GENERAL DYNAMICS COMPANY 
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Westar's LCDcubetm Drive Electronics 
solves the integration challenges in developing AMLCD-based displays 

.1 Accepts standard video inputs and drives avionics AMLCDs 

.1 Reduce development time and cost with standard off-the-shelf solution 

.1 Shrink overall display outline dimensions with the smallest possible form factor: PC/1 04 

.1 Apply to any CRT retrofit application without redesign 

Westar is a leading supplier of modular drive e lectroni cs and flat panel display test 
systems to the aerospace, computer, and FPD product industries. Contact us in the US 
at (314)298-8748 , ext.286, or visit our website at www.westar.com/id 

Copyright 0 1998. Westar Corporation Trademarks are property of their respeclive owners. 
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KENr ChLCIJ' No PoWER DISPlAYS 

Ready to get unplugged from the energy-robbing LCD 
displays you're now using? KENT Displays' ChLCD 
(Cholesteric Liquid Cry-stal Display) technology offers a 
solution for yom electronic products. 

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

EAsiEST TO READ REFLECTIVE TECHNOLOGY 
Compared to conventional LCD technologies, ChLCD 
displays offer better reflectivity, 360 degree viewing 
cone and exceptional daylight contrast, even in direct 
sunlight, all without backlighting. 

AsK l;OR THE FACTS 
To learn more about this technology that enables you 
to do more, ask for this package today. 
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""' -
Unlike Sl'N displays wbicb use 
power/a continuously refresb 
images, G1JLCD does no/ 
require refresbing /o keep 
energy usage to a minimum. 

._.KENTmsPLAYs .. ... INCORPORATED 

A MANNING VENTURES BUSINESS UNIT 

Kent Displays, Inc. • 343 Portage Boulevard • Kent, OH 44240 • Phone: 330.673.8784 • Fax: 330.673.4408 
Internet: hupJ/w"w.kcntdispla)~.com • E-mail: sales@kenrdisplays.com 
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New Redesigned lnfosignTM 

PRODUCTS MAGAZINE 

Battery Powered 

Stackable 

ChLCD Modules 

Kenl Displays' next generation of lnfosign products, 
rh is Thrce-Pnnel lnfosign is available with or without a 
comroller. A single .. Three Panel lnfosign·· with controller 
can conrrol up 10 9 addirional displays for a 101al of 12. 
This means rh ar you can combine individual lnfo-Suips 
with Three-Panel Modules in any combinarion ro fir your 
panicular signage needs. Like rhe original Single-Panel 
lnfosign, this Three-Panel can be updated quickly from a 
remote compuler wirh rhe Windows 95 compatible sonware 
1ha1 is included. Opiions include wall moum and floor 
srand enclosures in silver, black and gold, with or without 
banery pack, in 3. 6 or 12 display configurarions. 

lnfosigns are ideal for point-of-sale displays. door 
signage. banery-powered signage, kiosks. airport- and bus
remlinal signnge and more. 

lnfosign displays feature ChLCD rechnology for high 
contrasr and wide viewing angle. They arc available wirh a 
slandard resolution of 20 dpi and an acrive viewing area of 
rhree, 12 in. x 1.5 in. panels. Display color combinarions of 
yellow/black, yellow-green/black, green/black and blue/ 
white are available. 

KENT Displays, Inc., 330-673-8784 
E-mail: sales@ kentdisplays.com 
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1/4 VGA "No Power" Displays 

Kenl Displays' 114 VGA ChLCD "No Power" design 
not only provides exceprional readabi lity bur also requires 
no power 10 maintain displayed images. only to change 
them. Because power isn't constamly being drawn upon 10 
relain the image, expect exceprionnlly long bal!ery life. As 
such rhis display is ideally suired for portable banery
operared applications as wellrhose informalion display 
projec1s where the display must be easily readable at any 
angle even in dirccl sunlight 

The 114 VGA formal is ideal for portable communica
rion devices. dala collecrion producls, global posirioning 
sysrems and more. Available wirh or withoul an on-board 
controller, in 4 color combinarions yellow/black, yellow
green/black, green/black or blue/white and fearuri ng an 
imaging area of 4.48 in. x 3.36 in. wirh a pixel resolurion of 
72 d01s per inch. 

KENT Displays, Inc., 330-673-8784 
E-mail: sales@kentdisplays.com 
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Flat Panel Testing ... 
The SS220 is the easiest and quickest way to test your flat panels! 
The system is portable and compact, fitting easily into your test 
area. No integration or mechanical fixturing is required. A simple 
click of the mouse and your test suite is on its way to completion, 
providing accurate display measurements AUTOMATICALLY! 

The SS220 Flat Panel Test System: 

• Fully Automatic Off Axis Measurements 
• Spectrometer Based - Luminance & Chromaticity Measurements 
• Automatic Measurements to VESA, ISO 13406 & 

TCO 95 Standards 
• Complete Turnkey System 
• Panel Drive Electronics 

Measurements: 

• Chromaticity vs. Viewing Angle 
• Contrast vs. Viewing Angle 
• Luminance & Color Uniformity 
• Spectral Plots 
• Contrast Ratio Plots 
• Back Light Characterization 
• Reflectance (BRDF) 

I MICROVISION 

I 550 High St., Auburn, CA 95603 
Tel: (530) 888-8344 Fax: (530) 888-8349 
Email : sales@microvsn.com 
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Visit our Website at: 
www.microvsn.com 

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

Custom Mount Solutions 

Laptop 
Mounting 
Solutions 

• E~GO ll=iOn® 
1.800.888.8458 http://www.ergotron.com 
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INC 
A Quantum Data exclusive. The VGM ™ (Video 
Generator Manager) is a Windows-based (9X, NT) 

an on-line users manual. VGM software makes your 
~ii!:Bi~fiiiiiiiiiil! work easier, saves you time and 

user-friendly interface that becomes a improves the quality of testing. 
C:~~~~~~~ virtual control panel for operation Find it in a 

wide array of and programming. All functions are 
included. Format and image selection. 
Sync and video gating control. The 
help file is context sensitive and also 

...:::====-=~~...J Quantum Data 
BUILT·IN FORMATS & IMAGES 

...::.==------'-=•-::..;.;· ·.::-::..J provides error code explanation, 

products. Ask 
about our multiple language versions, 
too. Just contact Quantum Data 

ON·liNE USERS MANUAL character codes, technical detail and for more information. 

~I 
The Art of Technology 

QUANTUM DATA 
2111 Big Timber Road, Elgin, IL. 60123 
Phone: (847) 888-0450 Fax: (847) 888-2802 
Website: http://ww\v.quantumdata.com 
E-mail: sales@quantumdata.com 
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The "Iron Law" 25 Years Later 

Are high-performance addressed STN displays breaking 
the "iron law " of LCD design formulated by Paul Alt 
and Peter Pleshko nearly a quarter century ago? 

by Terry J. Scheffer 

I QUALITY of the passive-matrix displays 
found in the current crop of notebook comput
ers has improved remarkably. These 12.1-in. 
SVGA screens follow the cursor with little or 
no smearing and are virtually free of crosstalk, 
mimicking a TFf display of 3 years ago. Most 
of these recent improvements are a conse
quence of high-performance addressing (HP A). 
HPA does not apply to any single addressing 
teclmique, but was adopted by the major 
Japanese display manufacturers to represent 
new addressing implementations that enable 
contrast ratios of over 50:1 and combined rise 
and fall times of less than 150 ms. How do 
these new schemes work? Have they found a 
way to break the "iron law of multiplexing"? 

A Brief History of Multiplexing 
The emergence of the CMOS LSI process in 
the early ' 70s made it practical to consider 
replacing LED, vacuum fluorescent, and EL 
displays with LCDs in various applications. 
Watch manufacturers were the f1rst to seize 
this opportunity, using 3 1h-digit static-drive 
LCDs. In these displays, each of the 23-odd
segment elecu·odes and the single common 
backplane electrode were connected to their 
own dedicated drivers. 

Teny J. Scheffer is Chief Scientist at In 
Focus Systems, Inc., 189 Paukaa Dr., Hila, HI 
96720-2234; telephone 808/961-3732,fax 
808/961-3732, e-mail: terrys@hilo.net. 
Please direct MLA licensing inquiries to Tim 
Carlson, In Focus Systems, Inc., 2770GB SW 
Parf...-way Ave., Wilsonville, OR 97970; tele
phone 503/685-8742. 
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While feasible for simple watch displays, 
static drive was impractical for 8-digit calcu
lator displays because of the sheer number of 
drivers required, not to mention electrode 
routing complexity and fine interconnect 
pitch. In order to reduce the number of 
drivers required, manufacturers developed 
multiplexing techniques for LCDs based on 
the 3: I selection scheme used for driving EL 
displays, which was modified with altemate
frame voltage inversion to eliminate damag
ing net de voltages. 

In the multiplexed EL display, the matrix 
rows are sequentially selected or pulsed from 
zero voltage to an amplitude S= 2D, while the 
columns are driven with control voltages of - D 
or +D, depending upon the data. On- and off
pixels receive pulses of 3D and ±D, respec
tively, hence the name 3: 1 selection. If the volt
ageD is adjusted to be at, or just slightly below, 
tl1e EL threshold voltage, then only the on-pix
els light up during tl1eir selection interval. 

This multiplex drive scheme worked rea
sonably well for multiplexing a few lines of 
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Fig. 1: Aft and Pleshko addressing provided a higher selection ratio compared with the 3:1 
selection scheme. 
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dynamic-scattering-mode (DSM) LCDs, but 
there was a s ignificant loss in contrast ratio 
when attempts were made to multiplex the 
greater number o f lines that were usual for 
the LED and EL displays of the time. In 
order to understand tltis performance fa lloff, 
Kawakami and co-workers at Hitachi under
took some experiments to investigate the fun
damental differences between tl1e response 
of ELand D SM displays to multiplex drive 
signals. 

Applying a series o f pulses to a DSM cell , 
these researchers expected to see rapid 
response to each individual pulse, but instead 

were surprised to see what they referred to as 
"accumulated pulse response." To learn how 
the DSM effect responded to actual multiplex

ing waveforms, they built simple matrices 
with differing numbers of rows Nand then 
drove them with the 3:1 selection technique. 
By slowly increasing the supply voltage U 

and noting the threshold values, Uth.," and 
Uth0 rr, where the on- and off-pixels first 
turned on, they were able to establish the 
empirical expression 

These experiments were repeated using the 
newly reported twisted-nematic (TN) effect 
with the same results. Attempting to under
s tand tltis relationship led them to discover 
that the same expression could be obtained 
by assuming that the liquid crystal (LC) 
responded to the root-mean-square (rms) volt
age of the pixel waveform. It was only many 
months later that they realized that they could 
optimize the selection ratio of on- to off-pixel 
rms voltages, < V01,>/< V0 rr>, and derive what is 
now known as the "iron law" expression 

where S/ D is now equal to N112
, a function of 

the number of multiplexed rows N, instead of 
the fixed val ue of S/D = 2 for 3:1 selection . 
Closer examination of the optintized drive 

reveals that the instantaneous pixel voltage 
during the selection time of an off-pixel is 

higher than the LC threshold voltage, but ilie 
pixel does not turn on as it would in an EL 
display because of the LC's s low response. 

Several semiconductor manufacturers 
developed chips first for N = 2 and then for 
N = 3 after lower-threshold LCs and higher
voltage CMOS processes had evolved. The 
increase in contrast ratio and brightness for 
N = 2 and N = 3 displays using the optintized 
scheme was actually quite small. The real 
significance of optintized addressing came 
later when matrices with much larger values 
of N were used in high-inforn1ation-content 
(HIC) displays. A first step in tltis direction 
came in 1978 when Hitachi developed an 
optimized driver LSI (HD44100) which was 

used in TN modules with 16 characters and 
N = 16. 

Also in ilie early '70s, Paul A lt at IBM's 
T. J . Watson Research Center in Yorktown 

Heights, New York, was independently inves
tigating what factors controlled the electro
optic (EO) behavior of single-pixel and small

matrix DSM displays. Although IBM had no 
LCD products planned at the time, there was 

the sense iliat LCDs could become important. 
At iliat time, there were confusing and con

flicting ideas about multiplexing LCDs, one 
of the more popular beliefs being iliat the lim
its of multiplexing were deterntined by the 

ratio of ilie LC fa ll time to tl1e rise time. Alt 
did not agree with tltis assessment and was 
eager to make a fresh start in the laboratory. 

Alt began his investigations wiili DSM cells 
of different materials, geometries, and tempera
tures, and measured their EO behavior with a 
wide variety of voltage excitations, including 
single wtipolar pulses, single bipolar pulses, 
multiple pulses, de witl1 pulses, and so on. In 
looking over the data taken wiili ilie different 
excitations iliat produced ilie same EO result, it 
became evident iliat ilie cells were responding 
to the nns value of ilie excitation voltage. Alt 
ilien addressed the pixels with actual multiplex

ing wavefonns and used ilie rms response to 
correctly predict the EO behavior, realizing iliat 
ilie pixel voltage over t11e whole frame period -
not just tl1e instantaneous voltage when ilie 
pixel is selected - had to be considered. 

lnformarion Display 10/98 13 
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Fig. 3: Orthogonal row functions for driving a simple 16-row matrix include (a) Alt and 
Pleshko, (b) two-line selection, (c) Enhanced Hi-Addressing, (d) HC-Addressing, (e) four-line 
MLA, and(/) the Wal::;ltfunuiun. 111 these examples, the horizontal axi::; represenrs row number 
and the vertical axis, time. The symbols • and a indicate positive and negative selection volt
ages. Blank regions indicate where the row voltage is zero. 

How to write the general equations for the 
on and off nns voltages across a pixel then 
became obvious, and the parameters for maxi
mizing the contrast ratio emerged (Fig. 1). 
All's group soon built a 40 x 40-matrix dis
play, and it worked wonderfully . 

Strangely enough, Alt found the final result 
rather disappointing. Anticipating writing a 
lengthy scientific paper with many complex 
equations, it was difficult for Alt to resign 
himself to the fact that the EO response of 
such a complex electro-hydrodynamic system 
-with charge flow, light scattering, and elec
trical and optical anisotropy - could be 
reduced to the same m1s response as the heat 
from a resistor. The idea of writing a paper 
was shelved for some time. 

Fortunately, Peter Pleshko- Alt's manager 
at the time - had a better perspective of just 
how tm-obvious thls result was. He con
vinced Alt to write the paper, and contributed 
to it himself. The result was the classic 1974 
paper "Scanning Limitations of Liquid Crystal 
Displays." After the paper was published, 
conventional passive-matrix addressing for
ever became known as Alt and Pleshko 
addressing. 
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Breaking the Iron Law? 
In investigating a simple two-line matrix and 
relaxing the condition that the column signal 
be determined only by the desired pixel value 
of the selected row, Nehring and Kmetz were 
able to obtain a selection ratio of 3.0, which 
was significantly hlgher than the value of 
2.414 obtained by Alt and Pleshko addressing. 
Thls discovery raised a whole set of new 
questions. For a given matrix size N, what 
was the real optimum selection ratio? Could 
the selection ratio be made large enough to 
significantly improve the performance of a 
hlgh-resolution TN matrix display, and what 
would these addressing waveforms look like? 

These and other questions were answered in 
Nehring and Kmetz 's pioneering paper "Ulti
mate Limits for Matrix Addressing of nns
Responding Liquid-Crystal Displays." 
Nehring and Kmetz proved that the Alt and 
Pleshko selection ratio could be exceeded 
whenever the number of multiplexed matrix 
rows was not a perfect square - 4, 9, 16, and 
so forth - but that the increase was negligible 
for matrices with more than three rows. At 
thls point, the Alt and Pleshko selection-ratio 
equation became known as "the iron law of 

multiplexing." Thls result of Nehring and 
Kmetz meant that researchers would have to 
look elsewhere to improve the performance 
of HIC LCDs. The iron law could not be 
broken . 

In their generalized matrix analysis, 
Nehring and Kmetz also proved that iron-law 
performance could be achieved with any set 
of orthogonal functions driving the matrix 
rows, not just the sequential Alt and Pleshko 
block functions. In thls general case, the col
unm voltages are detennined from an inner
product computation of the row voltages and 
the pixel input data. This proof opened up a 
new research area known as multiple-line 
addressing (MLA). 

Multiple-Line Addressing 
A requirement for nns response is that the 
characteristic response time be much longer 
than the frame period of the display. For typi
cal 60-Hz frame rates, tllis rms behavior 
breaks down in a display with a characteristic 
response time short enough to display video 
images. Thls breakdown is manifested by a 
phenomenon known as frame response, in 
which the liquid crystal reacts strongly to 
voltage changes occurring withln the frame 
period (Fig. 2) . Frame response can signifi 
cantly reduce the brightness and contrast ratio 
because of the rapid decay of the optical trans
mission that occurs after each hlgh-voltage 
select pulse in the pixel waveform. 

Frame response is clearly related to the Alt 
and Pleshko row-selection pulse. New 
addressing teclmiques have been developed 
tl1at replace tl1is single high-voltage selection 
pulse witl1 a number of lower-voltage selec
tion pulses distributed over the frame period 
to minimize frame response. The lower volt
age reduces the intensity of the frame 
response, and the distribution prevents the 
optical state of the pixel from significantly 
decaying before it receives another selection 
pulse. 

According to the generalized matrix analy
sis, any set of orthogonal row functions may 
be used to address the matrix rows and still 
preserve the iron-law selection ratio. A subset 
of these will have the qualities that effectively 
reduce frame response. An important consid
eration in choosing functions from tills subset 
is the hardware complexity associated with 
their implementation. Not only must the row 
functions be generated, but they also must 
enter into the deternlination of the column 



voltages through the inner product computa
tions. Examples of sets of orthogonal row
selection waveforms for MLA of a 16-row 
matrix are compared in Fig. 3. 

The first Active Addressing"' prototype 
developed by Motif used hi-level Walsh-func
tion waveforms [Fig. 3(f)] that selected all the 
matrix rows all of the time. These functions 
were very effective in eliminating frame 
response, but their use required a high degree 
of computational complexity. Furthermore, 
this type of function required double-buffering 
the input image data because a complete 
frame of input data had to be stored 
unchanged for an entire frame period in order 
to correctly compute the inner product. 

During this time, another memory buffer 
had to be simultaneously present to store the 
incoming image data stream for the next 
frame. This implementation became too 
costly in a market of drastically reduced TFT 
prices, and Motif ceased to be an active 
player. Motif has, however, retained the intel
lectual property rights to this technology and 
is now managing a successful MLA licensing 
program. 

Asahi Glass independently invented the 
four-line MLA scheme [Fig. 3(e)], whose 
computational complexity is considerably 
reduced over that of the Walsh-function 

approach, yet frame response is still strongly 
suppressed because the selection pulses are 
uniformly distributed over the frame. 

At IDRC '97, Sharp presented the four-line 
MLA scheme called High-Contrast Address
ing (Fig. 3(d)]. According to Sharp's presen
tation, the single matrix is divided into two 
equal sections, with the four selection pulses 
distributed in the first half of the frame for the 
upper display section and in the second half of 
the frame for the lower display section. A big 
hardware advantage of this scheme is that it 
only requires a single frame-buffer memory 
because the information in the memory por
tions corresponding to the upper and lower 
display sections can be alternately discarded 
after only half a frame, and these memory 
portions can then be reused to load the next 
frame's data for the other panel section. 

In the two-line MLA schemes developed by 
Hitachi, referred to as Hi-Addressing [Fig. 
3(b)] and Enhanced Hi-Addressing (Fig. 
3(c)], the additional hardware complexity of 
MLA is kept to an absolute minimum, requir
ing only line buffers for additional memory, 
since the two selection pulses are separated by 
only one (b) or two (c) selection intervals. 
Because the selections are not uniformly dis
tributed, this method is less effective at reduc
ing frame response, so the frame frequency 

Fig. 4: Horizomal shadowing can be eliminated by compensating for variable distortion of 
row-selection pulses, as described by Hitachi at IDRC '97. 

must be increased. For comparison, Fig. 3(a) 
shows the Alt and Pleshko row-function 
matrix, which is identical to the unit matrix. 
Displays using the MLA schemes shown in 
Fig. 3 have contrast ratios and response times 
that are significantly improved over conven
tionally addressed displays. 

Combating Crosstalk 
The trends toward higher resolution, larger 
size, and faster response in notebook-com
puter displays all exacerbate crosstalk effects. 
Crosstalk occurs when the optical states of 
individual pixels in a display are collaterally 
affected by the optical states of other pixels, 
and generally appears as vertical and horizon
tal streaks emanating from displayed patterns. 
Crosstalk can be traced to non-ideal condi
tions, such as the finite sheet resistance of the 
transparent ITO electrodes and output 
impedance of the row and column drivers. 
These impedances act in combination with the 
pixel capacitance to distort the addressing
voltage waveforms and cause pixel voltages 
other than the desired ones. 

The frrst multiplexed LCD matrices used 
frame inversion to prevent damaging net de 
voltages on the pixels. These panels exhibited 
particularly intense vertical streaking above 
and below horizontally striped patterns. This 
crosstalk was traced to the panel's low-pass 
filtering action, which rounded off the sharp 
voltage transitions in the column-drive wave
forms. The round-off would not cause visible 
artifacts if it occurred to the same degree at 
every pixel, but the degree of rounding off is 
pattern dependent. Thus, the pixel voltages in 
a nearly all "on" column will be very close to 
their expected values because there are few 
transitions in the column waveform to be 
rounded off. However, in a column display
ing a dotted pattern, there are many on and off 
transitions, and the round-off distortion will 
noticeably decrease the rms pixel voltages, 
causing the streaking under these patterns. 
The streaking has been reduced in conven
tional displays by inverting the polarity of the 
row and column waveforms more frequently 
than once per frame. This has the effect of 
making the munber of transitions in the col
umn waveforms less dependent upon the 
image pattern. 

In order to reduce the voltage required of 
the row drivers, the Alt and Pleshko method 
was initially modified by applying an offset 
voltage to both row and column electrodes 
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LCD technology and history 

during one phase of their polarity sequence. 
Tllis became known as the Improved Alt and 
Pleshko Addressing Technique (IAPT). An 
undesirable consequence of this method was 
the introduction of transient voltages on the 
pixels, which degraded the contrast ratio. 
Sanyo was first to remove this "improvement" 
with their "Smart Addressing," which used 
tri-level row drivers capable of a 2S voltage 
swing instead of the traditional bi-level row 
drivers with the lowerS+ D voltage require
ment. The added cost of the !ugh-voltage 
drivers in the Sanyo approach can be partially 
offset with cheaper, lower-voltage colunm 
drivers. It seems that the IAPT method can
not meet the pe1formance targets of HP A. 

To achieve acceptable image quality in 
notebook screens, it has been necessary to 
develop more-sophisticated crosstalk-elimina
tion schemes. Recently, Hitachi, Sharp, and 
others have published elegant methods that 
actively eliminate crosstalk, as opposed to the 
conventional passive methods described 
above. At least three different origins of 
crosstalk have been identified: vertical stripe 
shadowing, vertical block shadowing, and 
horizontal shadowing. 

The cause of vertical stripe shadowing was 
discussed earlier in connection with the fre
quent polarity inversions. Sharp has devel
oped an active method that corrects for this 
particular distortion, rather than having it 
apply to all images . The method deternlines 
whether or not there is a voltage transition on 
the column by comparing the image data of 
the selected row with that of the previous row. 
If a transition has occurred, a small correction 
pulse is applied to the column voltage in a 
specially developed column-driver chip to 
compensate for the loss in rms pixel voltage 
associated with the rounding off of that transi
tion. If there is no transition, then no COJTec
tion is applied. Thus, virtually all stripe shad
owing is eliminated, while at the same time 
the contrast ratio appropriate to the iron-law 
selection ratio is restored. 

Vertical block shadowing is caused by volt
age switching transitions on the column elec
trodes inducing waveform-distorting voltage 
spikes on the row electrodes via the differenti
ation effect of a series RC circui t. This is a 
global coupLing phenomenon, where the same 
distortions are simultaneously induced on all 
the row electrodes. These voltage transients 
can become particularly large if many column 
electrodes simultaneously switch in the same 

direction, as can easi ly happen if the display 
shows a sinlilar pattern across many columns. 
Several schemes are now in use which detect 
these global transients upstream at the row
driver voltage source and apply an appropri
ately sized counter-pulse to compensate for 
the transients (Fig. 4). 

Crosstalk associated with both vertical 
stripe shadowing and vertical block shadow
ing concerns wavefonn distortions that occur 
the majority of the time, when the pixel is not 
selected. Horizontal shadowing, on the other 
hand, is introduced by distortion of the row
selection pulse, which occurs during the rela
tively short period of time when the pixel is 
selected. The pixel capacitance in a super
twisted-nematic (STN) display depends upon 
the orientation of the liquid crystal because its 
dielectric constant is atlisotropic. An on-pixel 
could have three times the capacitance of an 
off-pixel, so a matrix row with many on
pixels will round off the selection pulse more 
strongly than a matrix row with only a few 
on-pixels. Counting the number of on-pixels 
in the selected row and applying an appropri
ate compensation voltage to the selection 
pulse eliminates this type of crosstalk. 

Outlook 
HPA schemes have kept STN displays viable 
in the notebook-computer market. Because of 
their simpler construction, STN displays will 
always be cheaper to manufacture than their 
thin-fi lm-transistor (TFT) counterparts . STN 
displays are therefore likely to dominate in 
price-sensitive areas for the foreseeable 
future. The emergence of LCD desktop moni
tors presents a new opportunity for STN dis
plays because of the ease at which they can be 
adapted to larger sizes compared witl1 TFTs. 
The availabi lity of larger STN panels at sig
nificantly lower costs tlum TFTs will be a 
strong driving force for this new market. 

HPA will also be widely applied to mobile 
applications using reflective STN-LCDs 
because of its significantly lower power 
dissipation compared with conventional 

addressing. • 

Please send new product releases or 
news items to Information Display, 
cjo Palisades Institute for Research 
Services, Inc., 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 





Reflective Color LCDs 

The market for reflective color LCDs is very 
active, but which technology will prevail? 

by Alan Mosley 

BA~'UT color active-matrix LCDs 
(AMLCDs) and supertwisted-nematic liquid
crystal displays (STN-LCDs) are widely used 
in notebook computers and are now being 
introduced as displays for desktop monitors. 
The present value of the worldwide markets 
for these two backlit technologies is around 
$10 biiUon and is predicted to grow to around 
$25 billion by 2003. 

Almost since the introduction of STN
LCDs and AMLCDs in the late 1980s, manu
facturers have continually sought to reduce 
the power consumption and bulk of their dis
play modules. Although they have achieved 
remarkable reductions in both areas - typical 
values of power consumption and depth are 
now 3 W and 7 mm, respectively - there is 
still a demand for further improvements. It is 
now recognized that in order to meet the 
demands of the marketplace for reduced 
power consumption and bulk, it will be neces
sary to remove the backlight from the display 
module. 

These market demands are centered around 
the large range of handheld computing and 
telecommunications products, including palm
top computers, mobile phones, pocket orga-

Alan Mosley is the Technical Director of 
Micro Pix Technologies, a new company spun 
om of CRL to exploit miniature liquid-crys
tal-on- silicon displays; MicroPix/CRL. Daw
ley Road, Hayes, Middlesex UB3 1 HH, U.K.; 
+44-1-81-848-6400, fax +44-1-81-848-6653, 
e-mail: amosley@crl.co.uk. He is also a 
Regional Associate Editor oflnformation 
Display and Directorof the U.K. & Ireland 
Chapter of SID. 
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nizers, and personal digital assistants. Until 
recently, the LCDs used in these products 
were reflective monochrome supertwisted dis
plays. These display modules are thin (about 
5 mm) and have a very low power consump
tion (about 0.3 W), but their functionality -
and market value - is limited by the absence 
of color. To overcome this deficie;:u~,;y, LCD 
manufacturers have begun to develop reflec
tive color LCDs. 

The first examples of this class of displays, 
which operate in the electrically controlled 
bire.fringence (ECB) mode, are already in the 
marketplace. Presently, the optical perfor
mance of these displays is limited because 
they are only able to provide four to eight col
ors, including black and white. In view of the 

present situation, many LCD manufacturers, 
particularly in Japan, are developing new 
types of reflective color LCDs. Some of the 
various approaches that have been reported 
will be described below. 

Technologies 
The ideal reflective color LCD would have 
multi color single pixels, since this would 
avoid the light losses associated with dividing 
each pixel into red, green, and blue sub-pixels, 
each of which transmits (and subsequently 
reflects) only one-third of the entering light. 
But this ideal approach is very difficult to 
implement because each pixel must provide a 
range of colors and gray levels. A technique 
that avoids this difficulty is to use a stack of 

Sharp 

Fig. 1: Sharp 's reflective HR TFT-LCDs deliver enhanced performance despite using polariz
ers and color filters. 
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three displays, with each display providing a 
single primary color. The main disadvantage 
of this method is the cost of three displays. 

Consequently, some manufacturers are con
tinuing to use color ftlters , but are fmding 
ways in which to increase the brightness of 
the LCD. An obvious approach is to use a 
liquid-crystal effect that does not use polari z
ers, such as the dye phase-change, also known 
as the guest-host effect. In spite of this analy
sis, some manufacturers - most notably Sharp 
- have developed reflective color LCDs that 
employ both polarizers and color filters 
(Fig. 1) . 

Reflective Color ECB STN-LCDs 
Simple reflective color ECB-type STN-LCDs 
- such as the 80 x 64-pixel plus icons, four-

Phone 
<<<< 

color displays produced by Varitronix- are 
already in the marketplace (Fig. 2). The tech
nology results in multicolor single pixels that 
not only enhance the brightness of the display 
but also remove the need for expensive color 
filters. However, typical optical perfonnances 
are relatively poor: 

Contrast ratio, 2.5:1 
Viewing angle in the vertical direction, - 30" 
Reflectivity relative to white paper, - 20% 
Number of colors, 4 

The operation of these displays is based on the 
electrica l control of the effective birefringence 
of the liquid-crystal material. 

l11e wavelength of the light transmitted by 
an ECB STN-LCD having essentially crossed 
polarizers depends on the birefringence (ili1), 

thickness (d), and twist angle of the liquid-

Varitronix 

Fig. 2: The first examples of this class of displays, which operate in the electrically controlled 
birefringence (ECB) mode, are already in the marketplace. 

Table 1: Performance Specifica
tions of the Sharp Polarizer-Based 
Reflective Color LCD 

Dimensions 
rN X H X D) 

Pixels 
Reflectivity 
Contrast Ratio 
Viewing Angle 

for CR > 2:1 
Number of Colors 
Response Time 
Power Consumption 
Weight 

210.7 X 152.8 X 2.4 
mm 

[640 X RGB] X 480 
30% 
10:1 
100° (V), 120° (H) 

260,000 
50 ms 
0.3 W 
190 g 

crystal layer. In a reflective color ECB STN
LCD, the effective value of 6.n is changed by 
varying the data voltage applied to a particular 
display colunm, leading to a change in the 
peak wavelength of the transmitted light. The 
value of the product 6.nd is chosen so that the 
peak wavelength transmi tted in the non-select 
vnltilge state is in the red part of the visible 
spectrum. 

As the data voltage is increased, the effec
tive value of n decreases, which decreases the 
peak transmitted wavelength, moving it 
toward the blue end of the spectrum. Apply
ing the maximum permissible data voltage 
produces a black pixel. 

At present, it is hard to see how reflective 
color ECB STN-LCDs will be able to produce 
more than eight colors and acceptable values 
of contrast ratio and viewing angle. On the 
other hand, they are relatively low in cost and 
are already in the marketplace, generating rev
enue for their manufacturers. Nevertheless, it 
must be concluded that these reflective color 
STN-LCDs are unlikely to survive and will be 
replaced by one or more of the other reflective 
color LCD technologies that are now under 
development. 

Reflective Color AMLCDs 
The great power of acti ve-matrix addressing is 
its ability to address a wide variety of liquid
crystal materials. l11e only limitation is that 
these materials should have very high resistiv
ities, typically 1014 Q-cm. 

A key parameter of every AMLCD technol
ogy is its aperture ratio, the percentage of the 
nominal pixel area through which light can 
pass. The larger the value of this ratio, the 
brighter the display. In reflective AMLCDs, 
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LCD technology 

Polarizer 

Retardation 
Film 

Scattering 
Film 

Color Filter 

a liquid-crystal effect that does not use polar
izers. 

Active-Matrix-Addressed Dye Phase
Change Displays 

~~~~~~~~~~~~~~~~~~~Reflective 

Dye phase-change LCDs, which were fi rst 
reported around 1970, can provide bright 
images in a reflective display because they do 
not require polarizers. By blending appropri 
ate red, green, and blue dichroic dyes, we can 
produce a black-on-white display that can be 
combined wi th RGB color filters, an internal 
reflector, and active-matrix addressing to pro
vide a reflective color LCD. 

The main problem with this approach is 
that it is difticult to obtain dyes with high 
resistivities, and low-resistivity dyes lead to 
low holding ratios and increased power con
sumption. 

Electrode 

Fig. 3: In reflective AMLCDs, it is possible to increase the value oftlze aperture ratio dramati
cally by using a planarized electrode that also acts as an internal reflector. [Courtesy of 
Of?awa et al., SID Inti. Symp. Digest Tech. Papers, 217 (1998).} 

Active-Matrix-Addressed Polymer
Dispersed LCDs 
Polymer-dispersed liquid-crystal (PDLC) dis
plays are well known and provide a polarizer
free optical effect that switches between clear 
and scattering states. Because of these char
acteristics, PDLC materials have been used in 
projection systems, where they can provide a 
bright high-contrast image. 

it is possible to increase the value of the aper
ture ratio dramatically- from 60 to 85 %, for 
example - by using a planarized electrode that 
also acts as an internal reflector (Fig. 3). 

Current work on reflective color AMLCDs 
can be divided into three areas: AMLCDs 
with polarizers, active-matrix-addressed dye 
phase-change displays, and active-matrix
addressed polymer-dispersed LCDs. 

AMLCDs with Polarizers 
One of the first approaches to reflective color 
LCDs was simply to use twisted-nematic (TN) 
displays with less efficient, and hence more 
transmissive, polarizers and less absorbent 
color filters - which is possible because in a 
reflective LCD the light passes through the 
color filter twice. But these displays were far 
too dark and led to the development of dis
plays wi th internal reflectors, high aperture 
ratios, and a single polarizer. 

Then, Sugiura and Uchida ofTohoku Uni
versity improved the performance of the inter
nal reflector by building a microstructure into 
its surface. This led to the fabrication of 
acceptable reflective color LCDs, such as 
Sharp's 8.4-in. VGA display (Table 1). 

The advantage of this technology - a s ingle 
polarizer with color filters and an internal 
reflector with a microstructured surface - is 
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that it uses materials and processes very simi
lar to those used for more conventional trans
missive AMLCDs. But, ultimately, we should 
be able to produce a superior display based on 

Ambient Light 
Angular Distribution 

Reflection Light 
Angular Distribution 

Luminous Intensity 

Fig. 4: lntlte PDLC display's non-select state, the PDLC material scatters light into the eye of 
the viewer. In tlte selected (high-voltage) state, the material is transparelll, so incidem light is 
specularly reflected from a mirror-like internal reflector and passes beyond the viewer's line of 
sight. [Courtesy of Sonehara et al. , SID Inti. Symp. Digest Tech. Papers, 1023 (1978).} 
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Fig. 5: In a triple-layer dye phase-change display, the dyes are subtractive rather than additive 
and parallax is reduced by selecting the order of the dye layers. (Courtesy of Toshiba.) 

In 1997, Seiko reported using an active
matrix PDLC structure in a reflective color 
LCD, with MIMs being used as the switching 
elements. In this display's non-select state, 
the PDLC material scatters Ught into the eye 
of the viewer. In the selected (high-voltage) 
state, the material is transparent, so incident 
light is specularly reflected from a mirror-like 

Table 2: PeJ-formance Specifica
tions of the Seiko PDLC-Based 
Reflective Color LCD 

Size 
Pixels 
Reflectivity 
Contrast Ratio 

5.6-in. diagonal 
[320 X RGB] X 240 

8% 
I 0: I with co!Umated light 
5: I with diffused light 

Number of Colors 4096 
Response Time 
Power 

Consumption 

50 ms (rise + decay) 

0.12W 

internal reflector and passes beyond the 
viewer's line of s ight (Fig. 4 , Table 2). 

At present, we do not appear to have a uru
versalmethod for measuring the reflectivity of 
LCDs. Therefore, purchasers must be careful 
when using published figures to judge the per
formance of reflecti ve color LCDs. Subjec
tively, the Seiko and Sharp displays appear 
equally bright. 

In its present form, the Seiko display has 
the d isadvantage that it requires high voltages 
(of the order o f 20 V) to switch the PDLC 
layer, but switching voltages in the range of 
7- 10 V have been reported elsewhere. 
Although the Seiko display has the advantage 
of being polarizer-free, it has the disadvantage 
that it uses color fi lters, which immediately 
reduce the level of the reflected light to 33%. 

Multi-Layer Displays 
By using a stack of three displays it is possi
ble to produce a display with multicolor s ing le 
pixels, thereby avoiding the light losses asso-

Table 3: Performance Specifica
tions of a Three-Layer Dye Phase
Change LCD 

Size 
Pixels 
Reflectivity 
Contrast Ratio 
Viewing Angle 
Number of Colors 

3.4-in. diagonal 
24Q X 16Q 

35% 
4:1 

140° 
512 

Response Time ? 

Power Consumption ? 

ciated with using RGB sub-pixels. As stated 
above, the main disadvantage of thls method 
is cost. Two techniques have been reported: 
one based on active-matrix-addressed dye 
phase-change LCDs and one based on the sta
bilized cholesteric-texture displays developed 
by Kent State University. 

Two significant po ints concerning a triple
layer dye phase-change display are that (1) the 
dyes are subtractive rather than additive and 
(2) parallax is likely to be a problem (Fig. 5). 
To overcome parallax, Toshiba has used 0.4-
mm glass substrates and carefully selected the 
order of the dyes in the stack. Toshiba found 
that the lowest level of parallax was obtained 
by placing magenta at the top and yellow at 
the bottom. While it appears that the parallax 
problem is virtually solved, the fundamental 
problem of the relatively high cost of three 
displays remains. The performance of a pro
totype display reported by Toshiba is summa
rized in Table 3. 

The response time of dye phase-change dis
plays can be long, over 100 ms, because of the 
increased viscosity of the liquid-crystal mate
rial caused by the addition of 3-5% of dye. 
Toshiba did not provide a value for the power 
consumption of this display in a paper deliv
ered at the 1997 SID Symposium, but they did 
report that the dyes had been purified to 
increase their resistivities. 

Multi-Layer Stabilized Cholesteric
Texture LCDs 
The polymer- and surface-stabilized 
cholesteric-texture LCDs developed by Kent 
State University are able to switch between 
reflecting a narrow band of circularly polar
ized light and transmitting all light. The peak 
wavelength of the reflected light is the prod
uct of the pitch of the cholesteric texture and 
its average refractive index. 
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A NEW AGE IN FLAT PANEL CLEANING 
PULSE JET MEGASONIC CLEANERS 

HONDA ELECTRONICS CO.LTD. 

W·357-P25 

• Designed specifically lor Flat Panel Display cleaning. 
• Application of megasonic energy to the flowing 

medium provides effective sub-micron cleaning results. 
• Minimize dirt particle restriction due to flowing 

medium. 
• Substrate sizes: from miniature FPDs to very Iorge 

widths. 

• The W357 -P25 con be effective method to dean 
substrate edges. 

• TEFlON® or PP nozzles eliminate metal ion 
contamination. 

• Post-lopping, Pre-Coating, and Pre-Bonding cleaning. 
• Easy implementation into production line. 

W·357-LS580 

Nona-Master carries several other tools relevant to the flat panel industry. Please contact us or see web 
for more information: Ultrasonic Sound Pressure Meters, Dip Tank Ultrasonic Cleaners, Ultrasonic Mini Cutters, 
Ultrasonic Flow Meters, etc. 

..... ~ .. ~. .. ~.~~. 
•:•.• NANO-MASTER, Inc. 

3019 Alvin Devone Blvd. • Suite 220 • Austin, TX 78741 • Tel.: (512) 385-4552 • Fox: (512) 385-4900 
email: moin@nonomoster.com • www.nonomoster.com 

~KLEIN 

Circle no. 15 

Instruments 
Corporation 

KLEIN CM7AG 
Convergence Error Gauge 

Superior clarity, right in the 
palm of your hand. 
Only Klein Instruments has this finely 
calibrated, handheld instrument which 

measures convergence error between 
colors on CRT displays. It's easi ly 

manipulated to identify the 
degree of error, p lacing supe

rior c larity righ t in the palm 
of your hand. 

More information on 
Kle in's advanced 

qua lity assurance 

products is just a 
phone call away. 
We'd love to hear 

from you. 

Test Equipment for Computer Monitor Displays 
ph: 503·245-1012 • fax: 503-245-8166 • www.kleininc.com Portla nd, OR USA 
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LCD technology 

By changing the pitch, we can produce 
structures that reflect red, green, or blue light. 
A 3-in.-diagonal 240 x 160-pixel two-layer 
device consisting of blue and yellow reflect
ing layers and a black light absorber was 
described by Kent Displays at the 1997 IDRC 
in Toronto. Although stabilized cholesteric
textw-e LCDs are able to show gray scale, the 
reported display did not have tllis capability 
and was therefore limited to four colors: blue, 
yellow, white, and black. 

A Reflective Future - but with What 
Technology? 
There are many different approaches to reflec
tive color LCDs. At the present time, reflec
tive color LCDs derived from ECB STN
LCDs are already in the marketplace, while 
those based on conventional AMLCDs are 
about to begin production. This is not too sur
prising, given the infrastructure supporting 
STN-LCDs and AMLCDs. It is clear that 
there is a very strong demand for reflective 
color LCDs, but it is difficult to predict which 
of today's technical approaches will ulti
mately be the most successful. • 

Internet Consulting 
and 

Database Research 

Get on the "Net." Train ing, lec
tures, Web sites, and consulting 
by the former Executive Director 
of the Internet Society. Visit the 
SID homepage at 

http:ffwww.sid.org 

Database research . Patent 
Searches, Technical Literature, 
Competitive Analysis, Market 
Research, Demographics 

H.L. Funk Consulting 
7 Diane Court 

Katonah, NY 10536 
Telephone/Fax: 914-232-3530 

E-mail: 
consult@ hlfunk.com 
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Almost nothing has a bigger impact on product preference than the visual performance of a d isplay. 

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

direct view and projection displays. The difference is an immediately visible improvement that w ill w in 

over even the most discriminating customers, the moment they see it. 

Contact us for more information: www.ocli.com 

USA (707) 545-6440 (888) 312-0848 EUROPE (49) 6162-93030 JAPAN (81 ) 3-3225-8974 
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The Three Components of Reflection 

The ambient light that reflects off a display screen can affect image quality more 
than the light intentionally produced by the display - but which type of reflection 
is the nwst important? This is the second in a series of articles from NIST. 

by Edward F. Kelley, George R. Jones, and Thomas A. Germer 

B AUTIFUL DARKS IN BRIGHT LIGHT." 

That's ano ther way of saying that reflections 
from the display surface are w1der control. 
Perhaps we will see advertisements making 
this statement in the future (Fig. 1). But the 
actual meaning of such claims is vague unless 
the reflection properties are clearly indicated. 

If we were to state onJy the familiar diffuse 
and specular re flection properties, would the 
specifications be adequate? No t really: we 
might s till not know how the display will look 
to the eye. There are actually three compo
nents of reflection with which we must con
tend in order to properly describe display 
reflection as it is perceived by the eye. 

This is not a criticism of existing reflection
measurement methods and recommended 
practices. Defining how an electronic display 
actually appears to the eye may require a more 
complete description than is needed for fabric 
or paint. 

When considering reflection properties, 
specular (mirror-like) reflection and diffuse 
reflection (as seen with surfaces like common 
copy paper and walls painted with flat, or 
matte, paint) are often thought of. With spec
ular reflection, the observed luminance in the 
virtual image is proportional to the luminance 

Edward F. Kelley, George R. Jo11es, and 
Thomas A. Germer are physicis ts at the U.S. 
National Institute of Standards and Technol
ogy (NIST), Bldg. 225, Room A53, Gaithers
burg, MD 20899; telephone 301/975-3842, 
fax 301/926-3534, e-mail: kelley@eeel.nist. 
gov. 
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of the source. The luminance of reflected 
images in a mirror doesn ' t depend upon their 
distance from the mirror, jus t as the luminance 
of objects does not vary with dis tance when 
we observe the objects directly. 

With the so-called diffuse reflection, many 
people think in terms of Lambertian reflection 
- the luminance of the s urface is independent 
of the direction from which the surface is 

observed and depends only upon the illumi
nance of that surface. (A nearly perfect Lam
bertian surface is not common and is difficult 
to produce in practice.) 

The problem here is that the display indus
try sometimes think that the terms "diffuse" 
and " Lambertian" mean the same thing, and 
that is generally 11ot the case for d isplays. 
According to the American Society for Test-

Edward Kelley 

Fig. 1: This .fictional advertiseme11t, which specifies three kinds of reflectance, could not hon
estly be used to describe any display that exists today. 

0362-0972/98/14 10-024$ 1.00 + .00 ©SID 1998 



ing and Materials (ASTM), a diffuser is a sur
face that takes light energy away from the 
specular direct ion and distributes it in many 
other directions. ' The term is not constrained 
to refer only to a Lambertian surface. So, it 
makes sense to use the tenn "Lambe1tian" for 
reflectance properties associated with a per
fectly di ffuse reflection.2 

Four different screens showing the same
sized text with a black-and-white metal target 
on the front surface, to assure they are ren-

dered equivalently in the reproduction, are 
shown in Fig. 2. The screens are illuminated 
by a 60-W light bul b in a small aluminum 
shade, and the bulb has a small opaque black 
square on its swface. 

Figures 2(a) and 2(b) show cathode-ray 
tubes (CRTs), and Figs. 2(c) and 2(d) show 
flat-panel displays (FPDs). Figure 2(a) is an 
older CRT monitor that appears to have a 
medium-gray screen when tumed off; the 
CRT in Fig. 2(b) appears dark gray when 

Which screen would you Whi 
lik ? 

Can you e these 
reflection properties? 

Which sc 
lik 

Can yot 
reflecti 

(a) CRT 

(c) FPD 

uld you 
? . 

~ these 
_rties? 

Ca 
ref 

turned off. When the FPD screens are turned 
off, the swface of the FPD in Fig. 2(d) will 
appear darker than that in Fig. 2(c). Unfortu
nately, the limi tations of the camera used and 
the printing of the images on paper severely 
restrict the range of contrast that is rendered 
here for all the displays, especially for the 
CRT in Fig. 2(b) and the FPD in Fig. 2(d). 

How should these reflection properties be 
described so that we can understand how 
usable a display would be in a particular envi-

J you 

ese 
1 .. tes? 

(b) CRT 

(d) FPD 

Fig. 2: Tltesefour displays exhibit very d(ffere/11 reflection characteristics, each one representing a d(fferenr combination of specular, Lamber
tian, and /raze reflectance. 
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display metrology 

(a) 

(b) 
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ronment and how it would appear to the eye? 
Would specifying the specular and Lamber
tian (or diffuse) components convey enough 
infonnation to describe t11e reflected image? 
Probably not; something more is needed. 

The best way to observe the reflection 
properties of a display sLUface is to look at the 
reflection of a point source of light. (With 
some flashlights, the head can be removed to 
expose the small high-intensity bare bulb. 
This will serve well as a point somce of light.) 
In general , and with most CRT screens, tllree 
manifestations of the reflection of the point 
somce can be observed (Figs. 3 and 4). 

If there is a specular component, as is the 
case with most CRT computer monitors, a dis
tinct virtual image of the point source will be 
observed. 111e brightness of t11e virtual-image 
point source wi ll remain constant as the point 
is moved away from the screen. A general 
background gray that persists far away from 
the virtual image of the point source may also 
be observed. Again, this is especially true 
with CRTs, in which that gray background is 
the surface containing the phosphors. It is 
very much like a Lambertian surface in that its 
lLUninance remains relatively independent of 
the observation direction and is proportional 
to the illuminance upon its surface - it will get 
darker as t11e point source is moved away 
from the screen. If the screen has a front-sur
face semi-diffusing treatment, a fuzzy ball of 
light that surrounds the specular image can be 
observed. This is referred to as the haze com
ponent of reflection for want of a better term 3 

For CRTs, where there is a tl1ick faceplate, a 
small fuzzy ball of haze without a specular 
image centered within it can be seen. This 
haze ball comes from the phosphor surface 
behind the front smface and would be located 
to the side of the specular image. 

As the flashlight bulb is moved, it can be 
positioned so t11at the haze peaks are aligned. 
If a flat screen is used, decreasing the specular 
viewing angle will better aUgn the haze peaks. 

The luminance of the haze reflection 
depends upon the distance of the point source 
from the screen, but the haze reflection itself 
follows the specular image. Because the haze 
peak is aligned with the specular image and 
the luminances add, and since the haze peak 

Fig. 3: The reflection of a point source 
changes depending upon its distance from the 
display. 
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and specular 
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and haze 

(f) Haze and 
specular 

(c) Haze only 

(g) All three: Haze, 
Lambertian, and specular 

Fig. 4: Displays can have various mixtures of the three different reflection compone/lts. Often, one or two of the componellts can be made trivial. 

decreases as the smrrce is moved away while 
the specular luminance remains constant, a 
viewer can get the impression that the specu
lar image is decreasing in luminance as the 
source image moves away, which is not the 
case. 

So three types of reflection associated with 
displays can be seen: the general background
gray Lambertian component, the specular 
component having a distinct image of the 
source, and the haze component - the fuzzy 
ball of light that follows the specular image. 
The haze component is like the Lambertian 
component in that it is proportional to the illu
minance, but the haze component is also like 
the specular component in that it is peaked in 
the specular direction. The haze is the reflec
tion property that exists between the two 
extremes represented by specular (with a dis
tinct image) and Lambertian. 

Another way to see the three distinct reflec
tion components is to direct a laser beam at 
the surface and allow the reflected light to 
illuminate a large white card- all in a very 
dark room (Fig. 5). The general, usually very 
soft , illumination of the whole card is the 
Lambertian component. The sharp point of 
light is the specular component, and the fuzzy 
ball of light around the specular point is the 
haze component. 

Measuring What We See 
Observing the three reflection components is 
one thing; measuring them accurately is 
another matter. If all we had to deal with 
were the specular and Lamberti an compo
nents , reflection characterization would be 
simple. However, the existence of haze 
requires us to employ more sophisticated 
methods, such as the bidirectional reflectance 
distribution function (BRDF). 

The BRDF is the directional dependence of 
the ratio of the reflected luminance to the inci
dent illuminance. Since the observation direc
tion and the illumination direction can be dif
ferent, the BRDF is a four-dimensional func
tion of the incident and reflection angle. If we 
were to add wavelength dependence and 
polarization dependence, the BRDF would 
become a six-dimensional function. 

When we look at the reflected luminance 
distribution of a point source or observe the 
reflected distribution of a laser beam on a 
white card, we are viewing a geometrical dis
tortion of the BRDF. It is obviously possible 
to look through a small-aperture viewing tube 
fixed in space (to make sure we only look at 
the same point on the screen) and move a 
point light source around (Fig. 6). Suppose 
we constrain our apparatus so that the tube 
and source are in the hori zontal plane. 

If the eye could measure the luminance and 
all three components of reflection that were 
present, we could measure the in-plane BRDF 
and get results similar to those shown in the 
plot of Fig. 6. As the point source approaches 
the specular direction, the luminance dramati
cally increases as we move up the haze peak
note the log scale - until the bright specular 
image of the bulb comes into view. To turn 
this conceptual apparatus into an instrument, 
we would need to replace the eye with a 
detector, calibrate the apparatus, and apply a 
cosine correction to the point-source illumi
nance as it is moved away from the specular 
direction. 

But using a point source is not the best way 
to measure the BRDF. If we can account for 
(or avoid) the effects of veiling glare in a 
camera system, a photograph of the reflection 
of a point source might be a useful way to 
supply a measurement of the shape of the 
BRDF. The best methods, however, use 
lenses and practical light sources.4 If these 
goniophotometric methods are not followed 
carefully, however, the result of the haze mea
surement may be ambiguous because the 
result can depend upon the distances of the 
source and detector from the screen, apertures 
of the source and detector, and the foci ·of the 
detector and source. 
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Fig. 5: The different reflection properties can also be manifested by the reflection of a laser 
beam onto a white card in a very dark roon1. 

Those who measure BRDFs often fix the 
light source and move the detector. There is 
little difference in the BRDFs obtained by 
moving the source or moving the detector as 
applied to displays, provided that the specular 
angle - the angle from the nonnal - of the 
fixed part of the apparatus is small. When 
measuring the BRDF in a plane, the light 
source will obscure the detector (or the detec
tor will obscure the light source) for some 
range of angles, and no data wi ll be obtained. 
An idealized apparatus would be obtained if 
the detector and source were so infinitesimally 
small that they would not interfere with one 
another, and a BRDF could thus be obtained 
based on the normal direction and not some 
off-nonnal specular configuration. 

For displays, the BRDF is almost always 
symmetric in any single plane aligned with 
the normal of the screen, but the haze need not 
be rotationally symmetric about the specular 
direction. If there is a pixel matrix beneath the 
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front surface, the haze may have spikes in 
several planes (most often either the horizon
tal or vertical planes, or both, and sometimes 
in planes at 45% from the horizontal plane). 

One advantage of displays is that the haze 
profile doesn't change dramatically as it is 
viewed from different angles. This can be 
seen by moving the flashlight point source 
around (keeping the head fixed at the nonnal 
of the display) so that the haze reflection is 
viewed in all parts of the screen. Thus, a cen
ter-screen measurement of the BRDF is a suf
ficient specification of reflection in most cases. 

The beauty of the BRDF is that, once 
obtained, it permits the calculation of how a 
display will appear in its environment, based 
upon the distribution of light sources in the 
room. In fact, that is the goal of this research: 
to provide a method of characterizing the 
BRDF parametrically in order to pennit an 
adequate characterization of the three compo
nents of reflection so that the performance of 

a screen can be calculated for any given envi
ronment. Research is currently under way to 
provide simple methods to parameterize the 
BRDF using simple instrumentation that does 
not require complicated goniophotometric 
data collection.5 

Ultimately, we might expect to see four or 
five parameters required to specify reflection: 
the Lambertian component, the specular com
ponent, the peak of the haze component, some 
width measure of the haze component, and 
perhaps a shape parameter associated with the 
haze component. Probably the first three 
parameters will tell the main story, as in the 
fictitious advertisement at the beginning of 
this article, but three parameters are insuffi
cient to pennit a calculation of the reflected 
luminance in a given ambience. 

If we were to go back to Fig. 2 m1d try to 
describe the reflection properties, this is what 
we would say. In Fig. 2(a), the CRT has a 
moderate Lambertian component, with a 
strong specular component and a front-surface 
treatment that produces some haze. In Fig. 
2(b), the CRT has a much lower- but still not 
trivial - Lambertian componem, very little 

haze, and a reduced but significant specular 
component. The reduction in the specular 
component from Fig. 2(a) to Fig. 2(b) is 
accomplished by a multi-layer anti-reflection 
coating applied to the front surface. The FPD 
in Fig. 2(c) does not display well in the photo, 
but it has only a haze component. The specu
lar and Lambertian components are at least 
four orders of magnitude lower than the haze 
peak. The only non-trivial component in the 
FPD in Fig. 2(d) is also the haze component, 
but the peak of this haze component is 
reduced by the application of a multi-layer 
anti -reflection coating. 

All of the preceding tells us that the metrol
ogy of display reflection is not a simple mat
ter. We have discovered something disturbing 
but extremely useful : it is no longer adequate 
to limit our thinking to two types of reflection, 
diffuse and specular. Rather, there are three 
distinct components of reflection perceived by 
the eye when using electronic displays. Fur
ther research should clarify and s implify the 
complications associated with display reflec
tion metrology. 
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Fig. 6: This simple apparatus can be used to observe tire reflection characteristics from a point source of light. Just as tire three different compo
nents are distinctly visible to the eye, they are readily apparent in a bidirectional reflectance distribution function (BRDF). 

and Materials, "Standard Terminology of 
Appearance," E284 95a, pp. 235-252. 
2Michael Becker has recommended the use of 
the term "Lambertian" in this three-compo
nent model to avoid any confusion that may 
arise with using the term "di ffuse." See 
Michael Becker, "Evaluation and Characteri
zation of Display Reflectance," Displays 19/1 , 
35-54 (June 30, 1998). 
·
1ASTM, op. cit., "Standard Test Method for 
Visual Evaluation of Gloss Differences 
Between Surfaces of Simi lar Appearance," 
D4449-90 (reapproved 1995), pp. 178-182. 
tASTM, op. cit., "Standard Practice for 
Goniophotometry of Objects and Materials," 

E167-91, pp. 206-209. 
5E. F. Kelley, G. R. Jones, and T. A. Germer, 
"Display Refl ectance Model Based on the 
BRDF Displays," Displays 19/ 1, 27-34 (June 
30, 1998). Also see the VESA (Video Elec
tronics Standards Association) Flat Panel 
Display Measurements Standard (FPDM), 
sections 308 and A217 for more details on the 
complications of display reflection metrology 
(www.vesa.org). • 
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With the SS200 family, 

you can precisely, 
automatically, and 

completely measure 

display performance

and that includes 

Oat panels. 

Complete turnkey 
system with computer, 
6-axis positioner, 
monitor, software, and 
SS200 camer·a system. 
Automatically per·rorms 
spatial and luminance 
measurement . 

You can easily field upgrade 
to the more powerrul SS210 
package, which provides all 
SS200 runctions, pi us an 
integrated spectrometer ror 
spectral analysis and color 
measurements. Includes 
response time measure
ment capability. 

For nat panel testing, a field upgrade to 
the SS220 is easy. The SS220 provides 
spectrometer-based ori-axis measmement, 
color· analysis, color shJI\ and luminance 
testing. Coupled with the SS210, this is the 
mo t comprehensive test system ever 
orrercd-at a rraction or the cost or 
individual test instruments. All tests are 
perronned at 'II '!'-traceable accur·acy. 

Circle no. 19 

If you checked all of the 
above and would like more information, 
call Microvision at (800) 951-5188. 

IMICROVISION 
I Dedicatee/ to the Needs oft he Display Industry 

550 High St. , Suite 108/ Auburn, CA 95603 
Tel: (530) 888-8344/ Fax: (530) 888-8349 
Toll Free: I (800) 931-3188 
Email: microvsn.com 
Web site: http://www.microvsn.com 

lnternalional Reps: 
Japan - Al\00 COlli'., 06339 3366 
Tai11an- UPEI\1.11\K TECH., 02 705 7000 
Koren - II&. P INT'L, 02 5<16 1457 



Thin Film Devices 
"ANNOUNCES NEW PRODUCTS" 

INDEX MATCHED ITO (IMITO) TO LC 
MATCHES LIGHT TO GLASS 

400 500 nm 600 700 

MAKES HIGH PERFORMANCE LCD's BETTER! 

APPLICATIONS: Reflective Mode, Projection LCD, 
STN and TFT LCD. 

BLACK CHROME 
GIVES DISPLAYS BETTER CONTRAST RATIOS 

APPLICATIONS: CR Mask, Light Absorber 
for FED, LCD and Sensors 

o/oT 

HIGH PERFORMANCE HOT MIRROR (HPHMJ 
25% BETTER HEAT REJECTION THAN 

HOT MIRRORS COMMONLY AVAILABLE 

TO 
25K 

1200 4000 
(TFD HPHM) 

LCD'S OPERATE TO BOOC AMBIENTS! 

APPLICATIONS: Outdoor, Sunlit Environs, Gas 
Station Pumps, Drive-In Menus 

INDEX MATCHED ITO (IMITO) TO AIR or EPOXY 

APPLICATIONS: EMI Shielding, Heaters and 
Display Ruggedization. 
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Temperature-Compensating Shadow-Mask 
Mounting 

As high-performance CRTs are produced in increasing numbers and 
in geographically diverse locations, advanced mounting technology 
is helping CRT makers achieve better images at lower cost. 

by Keith Wheeler 

T.E CONTINUING GROWTH OF CRTS is being 
fueled by advanced digital television (ADTV) 
and high-resolution computer-monitor appli
cations. Cost considerations dictate that a 
growing percentage of these tmits will be built 
in Asia and along the Pacific Rim. For exam
ple, current CRT market share for countries 
such as China, India, and Mexico is about 
19%. Tllis share is expected to grow to 29% 
by 2006. 

The manufacturing technology for produc
ing cathode-ray guns and tubes is widely 
known. But a problem arises when CRTs 
with lower color-purity perfonnance are used 
in more demanding applications, such as color 
computer monitors. 

Solving Color-Pm·ity Problems 
Color-purity problems arise as a result of the 
mismatch in the temperature coefficients of 
expansion of the metal used in the CRT aper
ture mask and frame, and the glass of the CRT 
itself, all of which expand as the CRT heats 
up in service. This is a major issue in color 
pmity because the metal mask controls the 
landing positions of the electron beams from 
the electron guns. 

Keith Wheeler is CRT Components Manager 
at Texas Instruments ' Engineered Materials 
business unit, MS 4-9, 34 Forest Street, Attle
boro, MA 02703; telephone 50&/236-3969, 
fax 508/236-3825, e-mail: kw!teeler@ti.com. 
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The mask contai ns fine apertmes through 
which the electrons must pass to illurninate 
the screen. The phosphor clots or stripe.<; on 
the screen glow when excited by the electron 
beam, thus fomling the screen image. CRTs 
heat up in use, and most metals expand faster 
than glass. If the metal mask and frame 
assembly expands in a way that causes geo
metric distortion, color purity is affected. 

An early solution to the thennal-expansion 
problem was to use a special high-nickel -con-

tent low-expansion alloy ca lledlnvar for the 
mask. lnvar was the common choice of mask 
material when thermal compensation was first 
used as a solution for the mask/panel distor
tion problem, and its good thermal-expansion 
match with glass often meant that no addi
tional compensation was needed. 

But with customers demanding sharper pic
tures, color-TV screen sizes growing larger, 
and CRTs finding broader use in computers, 
even the close match of lnvar's temperature 

Tl CRT Componenls 

Fig. 1: In clad IJimetal-s trip thermostats, eac!t of the two metals t!termally expands at a differ
em rate, causing rite composite device to bend ar a predetermined rate and force for any tem
perature. In CRT applications, tl1e separate metal elemellfs are electron-beam welded side by 
side. 
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coefficient of expansion to glass became inad
equate to meet the demands for greater color 
purity. Initially, stainless-steel clips were 
used at the sides or comers of the masks to 

solve the problem. To achieve even higher 
image quality, manufacturers began to use 
thermostatic metal components, which pro
vide more precise dimensional control. 

Tl CAT Componenls 

Fig. 2: This bimetallic temperature-compensating clip has been fastened to the mask frame and 
will be attached to t!te mowlfing lug on the CRT prior to final assembly and sealing of the CRT 
bulb. 

CRT manufacturers, particularly new or 
inexperienced ones, sometimes copy a suc
cessful compensation design from another 
manufacturer who has already solved the ther
mal-expansion problem. Unfortunately, these 
designs may be out of date and may continue 
to use Invar for the mask materia l. 

Experienced CRT manufacturers have 
sought less-expensive alternatives, such as 
substituting aluminum-killed (AK) steel as the 
mask material. But AK steel has a much 
higher thermal-expansion coefficient than 
glass, so using it usually calls for sophisti
cated design measures to compensate for the 
increased thermal-expansion mismatch. 

Makers of high-quality CRTs have devel
oped a wide knowledge of compensation tech
nologies over the years, but newer manufac
turers are often not aware of these techniques. 
In fact, only a few companies are familiar 
with sophisticated engineering approaches to 
the thermal-mismatch problem. 111ey are usu
ally large, high-quaUty manufacturers of tele
vision sets and computer monitors who have 
had the time and resources to devote to these 
engineering solutions . This engineering 
knowledge invariably includes an understand
ing of bimetallic thermostats. 

"As CRTs have faced constant pressure to 
increase color purity and lower costs, knowl
edge of thermostat compensation technology 
has had to keep pace," says Paul Galipeau, 
product engineer at Texas Instruments' CRT 
Components business unit. "Many new tools, 
such as mathematical criteria to predict the 
performance of various thermostat-metal com
binations, are now available to take advantage 
of years of development experience." 

Different Solutions for Different 
Problems 
Thermal-compensation designs generally vary 
from manufacturer to manufacturer. Some 
use Invar masks with or without thermostatic 
devices in the mask/frame assembly. Other 
manufacturers use AK-steel masks, which 
require thermostatic compensators with vary
ing levels of sophistication. 

Older designs usually fall into one of two 
general categories: 

Invar is used as the mask material, with 
or without compensation clips. 
An AK-steel mask is used, but the com
pensation device is either too costly or 
does not meet the customer's current 
image-definition quality requirements. 
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The Smart Choice 
in High Speed 

Video Generators 

NEW CONCEPTS in Highest 
Performance, Flexibility & 
Ease of Operation: 
400 MHz for tme 2K x 2K resolutions; 
Storage of more than 1000 Timing/Pattern 
Programs in Flash Memmy :md EEPROM; 
Fully PC-compatible witl1 "Bitmap" 
capability; direct access to any parameter 
from n·ont panel or through PC-progrruns. 
And any of the (E) EPROM you used in 
earlier units can still be used. 

That's what we call High Petformru1ce, 
Flexibility and Ease of Operation! 

Make the Smart Choice ... 

Contact TEAM Systems 
1-800-338-1981 

www.team-systems.com 

--~-E-~!YJ 
"Test And Measurement Technology" 
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CRT technology 

A CRT manufacturer satisfied with its Invar 
screen can often achieve some material cost 

savings and/or superior performance by 
updating its stainless-steel-spring design. 
This will sometimes require relocation of the 
spring in the mask/frame assembly. It is pos
sible to further increase savings by a complete 
redesign, including replacement of the Invar 
mask by an AK -steel mask. 

A manufacturer that already uses AK-steel 
masks may encmmter problems because the 
design of the thermostatic compensation 
device does not provide adequate color purity 
for its customers' applications. 

There are several levels of engineered solu
tions, from the simplest to the most compli
cated. It depends on the goal of the CRT 
manufacturer and the extent of the "purity 

drift" and/or reject rate he is able to tolerate. 
Purity drift refers to how far away the electron 
beam's landing point has wandered from its 
initial target. Tltis is measured over time as 
the CRT heats up. Acceptable purity drift is 
measured in nticrons and varies according to 
application: less than 6 1-1m is a cmrunon goal 
for a computer monitor; 20 11m may be tolera
ble for a color TV. 

CRT manufacturers whose purity-drift per
formance is outside of acceptable limits some
times seek outside design help. TI's CRT 
Components business unh is one source of 
such services. (TI invented the first them1al
compensation device in cooperation with 
RCA.) TI's Galipeau says, "After we have 
completed the appropriate engineered solu
tion, the CRT manufacturer typically gains a 
net cost savings of 20- 30% over his previous 
compensation device." Savings as high as 
40-45% have been achieved when the CRT 
manufactmer is able to move from an Invar to 
an AK-steel mask as well, he added. 

An effective compensator design involves 
the selection of a thermostat-material combi
nation, general design, and appropriate clip 
locations based on analytic techniques and 
design experience. 

The Design Cycle 
Most engineers are familiar with thennostats 
as clad bimetal-strip devices. Each of the two 
metals in the composite thermally expands at 
a different rate, causing the composite device 

. to bend at a predetermined rate and force for 
any predetermined temperature. These 
devices have been widely used for many years 
in household thermostats, temperature con-

trollers for appliances, over-voltage protectors 
for motors, and many similar applications. 

In CRT devices, the separate metal ele

ments are electron-beam welded together side 
by side to become the critical thermal element 
in the three-part system of mask, frame, and 
thermostat compensator (Fig . 1). 

The problem of finding an appropriate solu

tion in a specific case is fonnidable because 
there are so many thermostat materials to 
select from, and actual pe1formance also 
depends on factors such as the length and 
width of the part, the location in the assembly, 
and the geometry of the compensator. 

The first engineering step is to analyze the 
present compensator in terms of spring force, 
material type, hardness, thickness, spring 
length, width, and location in the overall 
mask/frame assembly. Acceptable results are 
often possible by selecting a more suitable 
compensation material or by redesig1ting the 
device to achieve more accurate compensation 

- and perhaps relocating it in the mask/frame 
assembly. This may be all that is necessary to 
solve a customer's problem. 

If the first-stage effort does not achieve the 
desired goals, thermostat-metal designs are 
required. The customer can then use proto
type parts to evaluate the results in terms of 
compensation and spring force. From these 
results, fine tmting of the compensator design, 
material adjustments (perhaps alloy ratios), 
and automated-manufactming features can be 
completed. The compensator attachment 
location is particularly important because it 
deterntines the active length of the thermostat 
device, which permits fine tuning of compen
sation performance (Fig. 2) . • 
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Introducing the world's most advanced 
FED technology in a high-volume cluster tool. 

The new Temescal® FCE-7000 from BOC Coating 

Technology is very big news: In fact, if you're looking for 

high-volume FED flat panel deposition with lowest cost of 

And this system 

also reduces downtime 

and requires less main

tenance. 

Plus, it provides 

BOC's FCE-7000, lite 
//'Odd's lnrges/ FED 
pmduclion loot, can 
process panels up lo 
600111111 .\' 720111111. 

ownership and incredible flexibility, it just doesn't get much more advanced automation 

better than this.. . and higher materials utilization. 

To start with, there's BOC's world-class e-beam techno!- So you can see how it achieves the 

ogy - which gives you the best uniformity, highest rates, lowest cost of ownersh ip of any flat panel 

longest life and largest source inventory, to cite just a few 

of its merits. 

Then, 

this is a 

cluster tool. 

So you can 

whole stack, in 

just about any way you'd like. 

Plus, your panel size choices are virtually unlimited. 

The tool now handles up ro 600mm x 720mm, which 

happens to be the largest in the world. But BOC can also 

configure it for even larger sizes upon request. 

Highest throughput. 
Lowest cost of ownership. 

The FCE-7000 is a proven production tool that generates 

throughput speeds of from 10 to 60 panels per 

hour - and even up to 70 and 75 on certain 

processes. And when you combine that kind 

of throughput with high production 

qual ity levels, you get a very attractive 

return on your investment. 

Designed jorproduclion, BOC~· 

.flexible cluster COI!Jlgumtion leis you 
deposit a single.JIIm or an en/ire stack. 

deposition system in the industry. 

A full spectrum of solutions. 

BOC has been 

producing coating 

systems for more 

than 35 years now. 

So they can 

provide not only 

high-th roughput 

production sys

tems, but also 

prototype R&D 

and intermediate 

systems, as well. 

They can also 

provide you with 

an unmatched 

repertoire of 

process and sys

tem knowledge 

and managed 

engmeenng 

expertise. 

So, even if 

your process is not yet fully developed, you can depend on 

BOC to help you answer the questions, negotiate the risks 

and get where you want to go. 

Bottom line, it means smarter solutions - from the big 

performance guys, BOC. Call them and see for yourself_.. 

Temescal, a part of BOC Coating Technology, 2700 Maxwell Way, 

Fairfield, CA 94585. (707) 423-2100. Fax: (707) 425-6071. 

~BOC 
COATING 
TECHNOLOGY 
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It Takes a Worried Man to Sing a 
Worried Song 

Worried songs were sung as the Taiwanese dollar and stock market 
f ell in value daily during Computex Taipei 1998 - but local monitor 
manufacturers put on a brave face and showed off their new products. 

by Bryan Norris 

T E GLOOMY ECONOMIC CLIMATE of Taiwan 
was reflected il1 the statistics for Computex 
Taipei '98, held this year June 2-6. When 
applications for a stand at the show closed 
back in October 1997, 996 companies had 
applied. In the end, there were only 892 
exhibitors. 

This number actually constituted an 
increase of 3.1% over the previous year, when 
865 companies were present. But since the 
rise was markedly smaller than the double
digit increase expected - the number of 
exhibitors in 1997 was up 20% from the pre
vious year - the organizers were still disap
pointed. And the disappointment nearly 
turned into despondency when visitor num
bers for the first day were down by about 
2000 from 1997. 

But it wasn't only the organizers who went 
home feeling depressed after the first day. 
The demise of the magazine Byte meant the 

BIJ'UII Norris is the Senior Parmer and 
founder of Bryan Norris Associates, Consul
tants in Electronics, 7 Bidden ham Tum, Bid
denham, Bedford MK40 4AT, U.K.; telephone 
+44-(0)-1 234-26-7988, fax +44-(0)-1234-26-
2345, e-mail: bnorris@kbnet.co.uk., which 
specializes in all aspects of VDU markets in 
Europe and provides the highly respected 
VDU Vision market-analysis service. Mr. 
Norris is a contributing editor to Information 
Display Magazine. 
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absence of the prestigious "Best Products at 
Show" awards, normally a1mounced at a pre
sentation on the first day. This absence meant 
that certain members of the press were equally 
down, since they had become accustomed to 
having the "noteworthy" exhibits fow1d for 
them and rea lized this year they would have 

to do some real work to come up with their 
articles. 

But for the organizers at least, spirits rose 
later in the week when visitor numbers for the 
first 3 days (13,281) exceeded those of the 
preceding year (12,373), and 16,225 "over
seas" visitors (viewed as potential buyers) 

CETRA Press Office 

Fig. 1: A number of the monitor suppliers at Computex Taipei grouped together in Section D of 
the main exhibition hall. 
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CETRA Press Office 

Fig. 2: Proview's stylish MT-500, a forthcoming entry in the 15-in. category, was exhibited in a 
special grouping of Taiwan's "most prestigious IT companies" in Stella Hall. 

attended the show overall compared with 
15,761 in 1997. The number of overseas 
exhibitors was down only slightly (by 6) to 
87, representing 15 countries: the largest con
tingents from the U.S.A. (45 companies), Sin
gapore (12), Hong Kong (11), and Japan (5). 

The Gloomy Economic Background 
The Taiwanese dollar (NT$) fell continually 
during the show week on its way down to an 
11-year low against the U.S. dollar in mid
June- a 20% plunge since tl1e Asian crisis 
began last summer. Taiwan's TWSE Index 

also fell to a 5-month low on expectations of 
poor earnings from Taiwan Semiconductor 
Manufacturing Co. and other computer
related companies. And the all-important 
electronics sub-index - the IT sector is the 
largest industry in Taiwan -had its biggest 
fall in eight months! 

Compared to the other cotmtries affected by 
the "Asian crisis," the circumstances in Tai
wan are still relatively favorable because the 
country is debt-free and has a strong manufac
turing base. Nevertheless, the economic situa
tion remains precarious, especially since Tai
wan's manufacturers are heavily dependent on 
demand from U.S. PC houses, and cutbacks 
there are of major concern. The U.S. is Tai
wan's largest IT export market, accounting for 
41% of the total (followed by Europe with 
29% and the Asia-Pacific region with 19%), 
and forecasts of cutbacks by major U.S. play
ers, such as Intel, Compaq, Dell, and IBM, 
directly affect the Taiwanese electronics 
industry. 

Monitors make up the largest share of Tai
wan's total IT hardware production: In 1997 
they accounted for 28.1% of production by 
value (with notebooks next at 22.5%). 
According to figures gathered by the Tai
wanese CRT producers, 1997 monitor produc
tion in Taiwan reached 43.1 million units, an 
increase of over 19.6% compared to 1996. 
Around 55% of these units were made in 
overseas plants, compared with around 48% 
in 1996. 

The monitor manufacturers in particular are 
looking nervously at the U.S. situation - and 
not simply because of U.S. cutbacks. They 
are also wonied that OEM orders from U.S. 
and major European PC houses will be trans
ferred to Korean suppliers as a result of the 
huge drop in the won against the U.S. dollar. 

In 1997, Taiwan 's monitor companies 
enjoyed a 33.6% share of the world computer
monitor market compared to the 20.9% taken 
by the Korean suppliers. But in 1998, the 
Korean share is expected to increase by at 
least another 5%! This expected transfer to 
Korea's manufacturers will make the task of 
increasing own-brand model sales in the 
U.S.A. and Europe even harder for Taiwanese 
suppliers. And tllis is already a challenge, 
even for the established Taiwanese monitor 
suppl iers. 

So how are the Taiwanese manufacturers 
faring so far tllis year? In terms of U.S. dol
lars, for Q1 '98, Taiwanese monitor sales 
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Fi~. 3: SlimAf?e showed its 14-in. Model610A and 15-in. Model710A TFT-LCDs in contrast
ing modern and traditional cabinet designs. 

were down in value by 13% (to US$ 1.9 bil
lion) compared to the same period in 1997, 
according to the government and industry
backed research group Market Intelligence 
Center. This is despite a 12.6% increase in 
sales volume, which is explained by the fact 
that prices have continued to plummet. 
According to an article in the Asian Wall 
Street Journal that appeared on May 4, 1998, 
prices in Q1 '98 fe ll by 22% on average. 
This, together with oversupply and the popu
larity of cheap products, has led to the fall in 
profits. Actually, in Taiwanese dollar terms, 
Q1 '98 sales were slightly up on the same 
period last year, albeit by just a few percent. 
But even this was disappointing compared to 
the usual double-digit year-on-year growth. 

Down - But Not Out 
Because of the economic worries, monitor 
exhibitors at the show were more reserved 
than in previous years and were devoting most 
of their headline promotions to other products 
- such as notebooks, scanners, digital cam
eras, and LCD projectors - which will hope
fully command greater profit margins . Hav
ing said that, the manufacturers were not 
going to miss the opportunity of showing off 
their newest monitor offerings. Therefore, 
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Computex Taipei still proved the best venue 
to learn in detail what the Taiwanese VDU 
makers are offering. 

Most of the monitor suppliers were located 
together in the first part of the D section of the 
main exhibition hall in the Taipei World 
Trade Centre (TWTC), where a newly reorga
nized stand area had been created (Fig. 1). 
But Taiwan's "most prestigious IT compa
nies" were allocated large rooms in the Stella 
Hall - Home of the Stars - of the Taipei Inter
national Convention Centre (TICC), located 
across the road from the TWTC. These 
included the display manufacturers Action 
(Axion), AOC, Clmntex (CTX), Compal, 
GVC, Mitac, Proview, Tatzmg, and Teco 
(Fig. 2). 

On the Computex Taipei Web site, 64 
exhibitors were listed as supplying color CRT 
monitors. The catalogs and product brochures 
collected from the booths of 43 of the Tai
wanese CRT-monitor makers list some 435 
different models. Of these, just 15 % (67) 
were 14-in., 29% (125) were 15-in., and 30% 
( 129) were 17-in. This was the first year in 
which 17-in. models constituted the largest 
sector of monitors on offer. A further 5% (21) 
were 21-in. models, and 8% (33) were current 
(or expected) 19-in.! 

Will19-in. Models End the Worries? 
The future definitely holds out the promise 
that CRT units with larger screen sizes will 
increase in importance. In a pattern seen at 
CeBIT '98 in Hannover, Germany, in March, 
the trend was definitely toward models with 
larger CRT screens- notably the 19-in. In 
fact, last year's show had seen the advent of 
the 19-in. CRT monitor in prototype form, so 
by this year 's show companies were able to 
promote second-generation 19-in. versions. 

The more established 19-in. suppliers -
such as Acer, AD/, CTX, Forefront, MAG, 
Royal, and Sampo - were displaying their 
models, all using the ubiquitous tube from 
Hitachi. Indeed, most of the forthcoming 
19-in. models from Taiwanese suppliers will 
employ the Hitachi tube, though some new 
models, particularly those destined for the 
OEM market, can also be fitted with alterna
tive 19-in. tubes. For example, Compal's 
M990, which had previously been sold with 
an Hitachi tube, was fitted with a microfilter 
tube from Toshiba on the company's stand. 
(Compal is promising three new 19-in. models 
by Q1 '99.) 

Leading-edge OEM-only supplier AmTRAN 
offers a variety of tubes in its models . In its 
Grand Hyatt Hotel suite, AmTRAN showed 
off two 19-in. models: the AT1097F with an 
Hitachi tube and the AT1097D with Mit
subishi's "Natural Flat" Diarnondtron .,, aper
ture-grille tube (available in Q4 '98). And in 
one of the product lists obtained in the suite, a 
future NEC 19-in. CromaClear" ' tube was 
introduced. MAG conflrmed that it will have 
a 19-in. with the Mitsubishi tube available by 
the end of 1998. 

As at CeBIT, non-Taiwanese exhibitors 
Samsung and Panasonic/Matsushita showed 
their own models that use their own-make 19-
in. tubes. Some Taiwanese makers are 
expected to take advantage of these tubes. 
For example, ViewSonic is to have the 100% 
"short-neck" - more accurately, "reduced
length"- Panasonic/Matsushita 19-.in. tube in 
its PS790 model. The short length allows this 
monitor (and others) to offer an extremely 
small footprint. And Teco is planning to 
produce a second 19-in. model as a basic low
end unit that will probably use the Samstmg 
tube. At the time of the show, this would 
reduce the selling price from the current 
US$460 to US$410. Proview's current 19-in. 
uses the Hitachi tube but may also house the 
Samsung in the future. 



Abandoning CRTs? 
Apart from parading the 19-in. CRT models, 
the manufacturers were also getting down to 
the show's other main monitor business: the 
promotion of LCD monitors, especially 14-
and 15-in. models . As witnessed at CeBIT, 
Taiwanese monitor makers are looking to 
LCDs to provide them with a worthwhile 
retum on their investment. 

A few of the exhibitors at the show talked 
about the possibility of withdrawing from the 
manufacture of CRT monitors altogether in 
order to concentrate on making LCD models. 
One company which has already done this is 
Mitac, which confirmed that its production of 
CRT monitors had now ceased and its dis
plays department will now concentrate on 
building and selling a range of LCD models. 

Although some suppliers still offer STN 
units, most are backing TFf-AMLCDs. On 
the Computex Taipei Web site, 60 exhibitors 
were listed as supplying some kind of LCD, 
and approximately 30 of these were promot
ing current or promised TFf-AMLCD moni
tors. A look at those listed reveals l11at !Jn:: 15-

and 14-in. units are by far the most popular 
LCD screen sizes. Over a third of the LCDs 
(47, or 35%) fell into the 15/ 15.1-in. category 
and 19, or 14%, fell into the 14/ 14.1-in. cate
gory (Fig. 3). 

In addition, Computex Taipei held out the 
promise of 18-in. LCD models before the year 
is finished, though the facts concerning the 
forthcoming 18-in. models were somewhat 
tentative. Prototype units could be seen on 
the stands of AmTRAN, CTX, Singaporean 
DMC/GES, Lite-On, MAG, Mitac, Teco, 
Topvision, and ViewSonic. On the Samszmg 
stand, an 18-in. was on show as well as a 
17-in. LCD monitor, both fitted with Samsung 
panels. Stand personnel were unable to clar
ify whether both sizes would become com
mercial items, but the 17-in. may well be 
quietly dropped. 

The growing popularity of LCD monitors is 
clearly tempting new players into the busi
ness. Top vision is a newcomer to the displays 
industry, having been founded in April 1997. 
In a presentation introducing the company, 
Topvision declares itself to be "the company 
that is dedicated to the LCD monitor and flat
panel display technologies." Another new 
player on the scene was Twinhead, the well
known notebook maker, which was also 
showing a forthcoming 15-in. TFf-LCD 

model. As a senior figure on the Twinhead 
stand commented, "We have been used to 
assembling LCD panels into notebooks, so 
putting them into moni tors is a logical and 
easy thing to do to extend our product range." 

But if PC manufacturers are looking at 
moni tors, the monitor suppliers are also look
ing at PCs, and there were a number of LCD
PCs being displayed at the show. Mitac has 
been making all -in-one LCD-PCs for a con
siderable time. In Taipei, Mitac positioned its 
latest LCD-PC, the ECO, in a prominent posi
tion on the center stand of the room. The new 
model has the option of a rotating 15- or 13.8-
in. TFf-LCD screen and a variety of Pen
tium® processors. (The Fujitsu LCD-PC sold 
in Europe is recognizable as a Mitac-made 
product.) And a VGO LCD-PC model was 
widely advertised in various magazines as 
"the most powerful ali-in-one LCD PC in the 
world." (VGO is the brand name of notebook 
manufacturer Y. C.L. Intemational Teclmol
ogy and the model itself was on display in a 
Grand Hyatt Hotel suite. 

What's Coming? 
The VDU suppliers of Taiwan are not blind to 
the signs that indicate they will face extremely 
difficult trading conditions in the year ahead: 
intense competition in the OEM sector, where 
low-priced won-based products are now avail
able from Korean suppliers; greatly reduced 
markets in the troubled Asia-Pacific region; 
restrained "branded" markets in Europe and 
the U.S.A.; and the resulting sharp fall in 
prices! 

But Computex Taipei demonstrated that 
despite difficult times the Taiwanese monitor 
manufacturers are still keenly researching, 
designing, producing, and presenting a multi
tude of monitors - both CRT- and LCD-based 
- in a sustained effort to maintain their posi
tion as suppliers of over half the world's mon
itors. We will no doubt find out how well 
they have managed to maintain this position at 
next year's show, to be held June 1- 6, 1999. 
Still , at the very least, the organizers, CETRA, 
are optimistic that the local IT industry will 
weather any current storms. They talked of 
adding another exhibitor hall for next year! • 
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Display Technology 

The Sixth Color Imaging Conference. Sponsored 
by IS&T and SID. Contact: IS&T, 7003 Kif worth 
Lane, Springti eld, VA 22 15 1; 703/642-9090, fax 
703/642-9094, e-mail: info @imaging.org. 
Nov. 17-20, 1998 Scottsdale, AZ 

Flat Panel Display Devices Symposium at LEOS 
'98. Contact Paul E. Burrows, Princeton Univer
sity, 609/258-4454, fax -1954, e-mail: burrows@ee. 
princeton.edu. 
Dec. 1-4, 1998 O..tando, FL 

7th International Symposium on Advanced Dis
play Technologies. Organized by the Belorussian 
and Ukrainian Chapters of the Society for Informa
tion Display in cooperation with the Belorussian 
Ministry of Education, Belorussian State Committee 
on Science and Technologies, the State University 
of In formatics and Radioelectron.ics, and the Scien
tific Production Corp. "INTEGRAL." Contact: Prof. 
A. Srnirnov, tele/fax +375-17-239-88-58, e-mail: 
smirnov@display.rei.minsk.by. 
Uec. 1-5, 19!1!1 Minsk, Helai"Us 

T he 15th Annual Flat Information Displays Con
ference. Contact: Stanford Resources, Inc., Attn: 
Laura Barretto, P.O. Box 20324, San Jose, CA 
95160; 408/448-4440, fax -4445, e-mail: www. 
stanfordresources.com. 
Dec. 2-3, 1998 Monterey, CA 

T he Fifth International Display Workshops 
(lOW '98). Sponsored by SID/ Asia Region, Japan 
Chapte r, and the Institute of Image Information and 
Television Engineers (ITE). Contact: IDW '98 Sec
retariat, c/o The Convention Annecy; phone/fax 
+81-3-3423-4 180. 
Dec. 7-9, 1998 Kobe, Japan 

Display Works 99: Display Manufacturing Tech
nology Conference. Co-sponsored by SID, SEM1, 
and USDC. Contact: Mark Goldfarb, Palisades 
Institute for Research Services, Inc.; 212/460-8090 
x202, fax -5460, e-mail : mgoldfar@newyork. 
palisades.org. 
Feb. 2-4, 1999 San Jose, CA 

The 1999 SID International Symposium, Semi
nar & Exhibition (SID '99). Sponsored by SID. 
Contact: Mark Goldfarb, Palisades Insti tute for 
Research Services, Inc.; 212/460-8090 x202, fax 
-5460, e-mai l: mgoldfar@newyork.palisades.org. 
May 16-21, 1999 San Jose, CA 

Information Display 10/98 39 



I I 

LASS 
AFG-4000 

............. ~-r.. PROCESSES ON ONE MACHINE 
• Fully automated operation for ACF dispense, 

component pick & place, and final cure 

• Panel sizes up to 400mm x 300mm 

• 7 micron placement accuracy 

BUY CAPACITY As NEEDED 
A single AFG-4000 cell supports moderate production 
volumes at an attractive price. Invest in additional capac
ity by integrating modules as your sales grow! 

BUILT AND SERVICED IN THE USA 1i\ 
ANOTECH 

Aoot«b Inc. • 135 Ricefield Lone • Hauppauge, NY 11788 • Phone: 516-231· 1995 • Fax: 516-232· 1407 • E·mai l: unolcch @unorud.com • Wcbsile:www.anorad.com/nnolcch 
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Miniature & Sub-Miniature Fluorescent 
Lamps for Laptop LCD Displays 

The World Leader in LCD Backlighting ... 

LCD Lighting is your best source to 
design and manufacture miniature & 
sub-miniature fluorescent lamps used 
as replacements or original equipment 
in laptop computers. Cold cathode 
lamps are available in standard lengths 
and diameters of 2.6mm to 10mm; hot 
cathode lamps in 8mm to 20mm. 

Our ability to manufacture 
special multiple-bend complex lamp 

shapes offer unique advantages to 
our customers. 

Most importantly, we will meet your 
requirements and deliver the solution. 
LCD phosphor engineering can fulfill 
your chromatic requirements in stan
dard, tri-band, or custom blend. Lamp 
design can incorporate any environ
mental, electrical, and dimming 
requirements. 

Circle no. 24 

We can also provide the wiring har
nesses, connectors, or heater assem
blies that accompany many of our 
lamps. Contact us today with your 
lamp needs. 

LCD 
liGHTING, INC. 
37 Robinson Blvd. , Orange, CT 06477 
Phone: 203 795-1520 • Fax: 203 795-2874 
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We're shipping the industry's 
LARGEST CLUSTER-TOOL 
FOR SPUTTERING. 
lntevac D-STARTM sputtering 
systems for FPDs are the most 
complete family of PVD 
cluster-tools available. 
Capable of Gen 2, Gen 3, 
Gen 3.5, Gen 4, and beyond. 
Up to 1600 x 1200 mm2

• 

That's big. And there's more. 

D-STAR delivers ITO and metal 
thin film uniformities to 3%. 
That's uniformity. 
And a-Si, SiNx and SiOx films too. 
That's process flexibility. 

Add high throughput and 
lower cost of ownership and 
you have the really big FPD news. 

• 
~ 

'E t;:)~ 
e rof:S 
§ f;:)+ 0 
:;, '\cv 550 mmz • 50 
~ 600 mmZ • 650 x nox 

Intevac, Inc. 
3550 Bassett Street, Santa Clara, CA 95054 USA 
Tel: (408) 986-9888 
Fax: (408) 988-8145 
Email: fpd@intevac.com 

---------------------------------------------------

intevac 
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With throughput to 
60 substrates per hour, 
RTA sets a new benchmark 
for poly-Si LCD production 
cost of ownership. 
That's money in your pocket. 

As a large area thermal processor 
with many degrees of process control, 
new applications for poly-Si, 
EL phosphors, and PDP processes 
are being tested constantly. 
That's versatility. 

In Japan: !MAT Inc. 
Tel: (03) 5472-4421 
Fax: (03) 5472-4422 
Email: fpd@imat.co.jp 

0 19981ntrn~c. Inc. D·SrAR Is a trademark o( lntl'\-ac, Inc. AU rights rtSen-ed 



We're looking for world-class professionals in the 

following areas: 

ENGINEERING 
Process 
Li thography 
Polymer 
Test and Development 
H ardware Design 
Mechanical Process 
Test Software 
Test Electrical 
Software Development 

TECHNICIANS 
(Days, Swing & Graveyard) 

Production and Engineering 
C hemical 

MANAGEMENT 
Manufacturi ng Mgr. -

Production 
MES Applications Mgr. 

INFORMATION 
TECHNOLOGY 
Oracle D BA 
CIM Engineers 

Please visit our web si te for specific posi tion details of our open 
positions at: www.candescent.com 

Candescent offers a competitive salary and be nefi ts package, 
including company 40 I K & stock plan. Please emai l your resume 
to: recruit@candescent.com or fax to (408) 229-0664. O ur mai li ng 
address is: Attn : Staffing, 6320 San Ignacio Avenue, San Jose, CA 
95 11 9 . EOE. 

CANDESCENT 
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display continuum 

continued f rom page 4 

illununated by that wonderful presentation 
device known as the overhead projector, there 
were other ve1y importalll things going on. 
Since the incoming information rate durin g a 

300M Hz 

typical presentation seldom exceeds 10 bytes 
per second, one is left with at least 99.99% of 
one's mind free to wander through all those 
creative and private thought-places in meet-

Video Test Generator 

VTG-1300 is the latest addition to the family of High-performance Video Test 
Generators from Unig rof. The 300 M Hz pixel frequency enables 1800 x 1440 
display resolution at 85 Hz and above. Fast software response makes the VTG·1300 
on ideal choice for ATE systems. It is full of features like DDC1 /DDC2, fast bitmap 
patterns, 255 simultaneous colours and a powerful software support for both DOS 
and Windows including drivers for Windows 95 & NT 4.0. 

Ill u N IG RAF 
ISO UOill CERTIFW.\TEIII'IR.lll 
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UNIGRAF Oy, Ruuk;nt;e 18 
FIN-02320 Espoo 
F;nlond 
Tel. + 358 9 802 7641 
Fox + 358 9 802 6699 
hHp://www.un;grof.H 

iJ1g-land - wanderings that one would occa
sionally not wish to share even with one's 
closest colleagues. 

We've all heard the saying that "A mind is 
a terrible thing to waste." Since intuitively we 
already know that, we have all leamed to use 
this opportunity fo r many good and some
times even noble causes. One of my favorites 
has always been to use this ti me to do the 
detailed problem solving on one of my week
end proj ects . Perhaps, it could be working out 
the next steps in restoring a piece of antique 
furninrre, or how to best position my dark
room equipment for optimum printing eff i
ciency, or which digital camera and color 
printer I should buy, and so on and so forth -
you get the idea. 

Let 's add all this up. As a11 attentive meet
illg atte11dee, I am accomplis/zing all of the 
following: I am absorbi11g all the informa
tioll that is being presented to me, I am plzys
ica/ly comfortable and resting while seated in 
a tra11scendentally meditative posture, I am 
using most of my mind's capabilities to work 
0 11 problems nf my clznosillg, and I am get
ting paid my full sa/U/y by the company for 
doing this. This is g reat stuff! 

Is it any wonder that managers spend most 
of their days in meetings? In fact, have you 
noticed that the percentage of the day spent in 
meetings seems to have a direct correlation 
with the level of the manager. (In this case, 
there is no asymptot ic behavior; it increases 
linearly by roughly 24% per management 
level and then simply goes flat at 96%. 

Apparently, the remaining 4% is the irre
ducible residual time needed to do some other 
important work-related activities.) 

However, I must confess that for me there 
was al ways a down side to all this. Once the 
presentations were finished, there would usu
ally be a discussion period with the intent of 
reaching some kind of a decision. Now, since 
most boss-subordinate interactions occur dur
ing these meetings, tlus time is one's optimum 
opportunity to make the "right" kind of im
pression on the boss . My problem was that I 
was never very good at that. Others beat me 
at this game time and agaiJ1. 

For many years, I kept thin king that if I 
produced world-class technical results my 
contributions would be recognized and the 
"results would speak for themselves." It took 
longer than I would like to admi t to realize 
how naive a concept that really is. 
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Since most technical innovations, new 
product developments, or project management 
accomplislm1ents have few comparisons by 
which to measure their true significance in the 
short term, it's the perceived success that 
matters and not the actual result. Let me 
explain. Let's say you've just invented a new 
flat-panel display that requires no matrix 
addressing. How does your management 
decide if this is a significant result or not? 
They would have to be very knowledgeable 
about display technology and would have to 
know how many others have tried and not 
succeeded. But they most likely aren 't that 
knowledgeable and don't know about the 
many prior attempts. So until your product is 
a marketplace success ten years from now, 
only your peers will know what an incredibly 
significant result you have achieved. But, 
unfortunately, your peers may also be your 
competitors for corporate budgets, the next 
promotion, lab space, and/or the boss's atten
tion. So do they really want you to get all the 
recognition you may deserve? Hmmm .. . . 

Well , as I told you, I was never very good 
at this stuff. But others were, and after a 
while I started observing that there were cer
tain personal ity types which seem to populate 
staff meetings everywhere. So I took the sci
entific approach and started to create cate
gories for some of these characters. The 
behaviors were sufficiently distinct that I 
decided to keep separate dossiers on bosses 
and colleagues. Perhaps, I thought, that way I 
could at least learn from their successes, and 
even if I chose not to emulate them, I could at 
least understand how they were able to pull 
off their feats of persuasive legerdemain. 

Think of the list that follows as the intro
ductory program to a play you are about to 
enjoy. Unfortunately, in this month's colunm, 
I won't be able to entertain you with the play 
itself. (That will have to wait for a future col
umn.) In any case, each of these characters 
would be worthy of an entire play (or colu11U1) 
- in at least three acts. 

Therefore, let me welcome you to the 
Issaquah Village Theater, where tonight's 
play, The Meeting, is presented with the gen
erous support of high-technology corporations 
everywhere. The cast of characters you will 
meet is the following, in alphabetical order: 

The Bosses: 
Consensus Builder - This boss-character you 

wi ll quickly recognize as seeking agree-

ment from all his employees before he 
makes a decision, even when that decision 
involves making a change that will nega
tively impact one of those whose consent 
the boss is seeking. 

Controller Queen - Her dictatorial majesty 
will impress you with her ability to ask the 
most detailed question, especially when it 
comes to keeping track of orders and sales 
and other financial matters. The controller 

HOW WOULD YOU MEASURE 
YOUR DISPLAY REFLECTIONS? 

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

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

~ 

~···· •• ELECTR ONICS FOR DIS PLA YS AND IM AGIN G DEVIC ES 

;;li 
1185 rue d'Epron 14200 HEROUVILLE SAINT CLAIR· Fronce 

Phone: + 33 2 31 94 76 00 - Fax:+ 33 2 31 94 09 SO 

EMoil : eldim@eldim.fr - Internet oddress : http:/ jwww.eldim.fr E.LDIM ! 
Circle no. 29 
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Display power. Ifs 
do. Ifs aU we do. 

Circle no. 30 

CRT picture quality in a 
thin, flat panel display I I I 

Introducing the PixTech Field Emission Display (FED) Enjoy the same ful l view
ing-angles as a CRT, and the same smooth, continuously variable brightness up to 600 
cd/m2 · -- all in a compact, lightweight (250 gm) package. Low power (1 W at 150 nits) 

makes the 5.2 inch PixTech FED the perfect re-
placement for bulky CRTs ... and the perfect ••• when you upgrade 

I 
replacement for LCDs, as well. "Instant-on· to PixTech FED 
at -45°C to t85°C, the FED can take on the 
toughest outdoor environment. With 320x240 resolution, the PixTech 
FED is the display upgrade you've been looking for. 

How does it work? The PixTech FED is a flat, thin (2.5 mm) CRT, but 
~ with millions of micron-size co ld cathode emitters, all packaged in 

a 11 mm deep package. Monochrome (green) FEDs are in production 
now, with full color evaluation kits available for testing to qualified OEMs 
and display integrators. Call today to discover the many advantages of 

PixTech FEDs. 

~Pix Tech 
Flat panel displays for the real world. ™ 

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

http:/ jwww.pixtech.com Call us! 1·888-PIXTECH 
Circle no. 31 
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queen does not wish her subjects to present 
reasonable explanations - only favorable 
results. 

Duke of the Inner Circle - The duke you will 
quickly spot by his entourage of loyal fol
lowers. His inner circle fo llows him from 
company to company and from job to job. 
If you are not one of the inner circle, your 
influence will be immeasurably small. 

E 11trepreneurial I11 veutor - When you see 
him make his entrance, you will quickly 
note that he tries to solve all the world's 
problems with his teclmology and wi ll tol
erate no thought that his germinating ideas 
are not ready for immediate scale-up to 
high-volume manufacturing. 

Maker of the Numbers- This character will 
entertain you with her single-minded objec
tive of beating each week's, each month's, 
and each quarter's financia l plan. Unfortu
nately, you may find her a bit one-dimen
sional. 

Promoter of Thyself - Let 's give credit where 
it's due - to the boss. If you don't, he will 
take it anyway. His presentations are a 
sight to behold. Search we high or low, a 
more self-proclaimed capable individual is 
not to be found anywhere. 

The Whiz - Such a smart one is he that all 
sorts of problems will yield to a purely ana
lytical approach. The intellect side of his 
brain is so dominant that the emotional side 
has had no chance to develop, and all peo
ple problems are either ignored or "solved" 
by writing an algorithm. 

The Colleagues: 
Entertainer - What a charmer you will fmd 

this character to be, one so endearing to his 
colleagues and his boss. Many promotions 
and o ther blessings have come as a result of 
such a wonderful ability to keep everyone 
so up to date on the latest of humorous sto
ries. 

Follower of the Party L ine- Ah, it's all in 
the timing. One must listen to all opinions 
and then wait to see what the boss is think
ing. Then just before the decision is to be 
announced, one must jump up as if inspired 
from the heavens above and quote said 
decision. You will be amazed at how this 
ability will be demonstrated time and again 
during Act II. 

Manipulator- Such a well-behaved individ
ual is he - never a discordant word during 
the meetings. But, there is an ominous air 
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about this character. His turf is the back 
alley and the one-on-one encounter. You 
will note the excessive attention lavished 
upon the boss by this individual. And you 
will also note that the boss always seems to 
have a less than accurate slant on the facts 
after a meeting with the manipulator. 

Problem Solver- Poor problem solver, she 
takes the meeting agenda at face value. She 
assun1es that the problems are really as pre
sented and offers up logical solutions. Why 
won't anyone listen? Why won't the others 
believe her when she describes how other 
companies at which she has worked 
resolved similar situations? 

Rainmaker - Whatever it is, it just won't 
work. Be it a new company policy or a 
new product idea, it just won't work. 
Everything is getting worse. Rainmaker 
will make you oh so sad with her soliloquy 
of problems - problems at work and prob
lems at home. 

Traditionalist - Well, after more than 25 
years at the same company wouldn't you 
also try to resist change? In fact, would 
you even know what change is? This char
acter lives out his final corporate days pur
suing the thankless task of trying to pre
serve what little is left of past grandeurs -
at least as remembered by this old-timer. 

Waffler- This character, you will discover, is 
right out of Fiddler on the Roof Tevye 
could also see both sides of every issue and 
finally made only one decision - and then 
lived to regret it. Waffler has a real prob
lem with decisions because he can see the 
nearly infinite positive and negative possi
bilities in every situation. Such brilliance 
would be great if only it could be harnessed 
for some useful purpose. 

Well, my goodness, we seem to have come 
up with about the same number of boss and 
colleague categories for our play. Certainly 
this does not mean that we have exhausted the 
possibilities. In fact, we most likely have just 
scratched the surface. So let's get on with our 
play and enjoy watching what happens as 
these characters interact. 

Oh, I'm sorry! I forgot that you don't live 
here in Issaquah. That will certainly make it 
harder for you to make it in time for tonight's 
performance. But please don't despair. I 
have a perfectly adequate alternative to offer 
you. Tomorrow, when you go to work, you 
will almost surely have some kind of a meet-

~KLEIN 
• 
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Instruments 
Corporation 

• Programmable Timings (500) 
• Programmable Sequences (30) 
• User Programmable Patterns 
• 2048 x 2048 pixel resolution 
• 999.9 Hz max Vertical frequency 
• 999.99 KHz max Horizontal freq. 

li il 
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KLEIN VPG 250 
Stand-Alone Pattern Generator 

--
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Test Equipment for Computer Monitor Displays 
ph: 503-245-1012 • fax: 503-245-8166 • www.kleininc.com 

Call for Prices! 
Portland, OR USA 
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Light Shaping Diffusers· 
• High transmission efficiency (up to 92%) • Controlled light distribution (0. 2° to 95°) 

• Homogenized light • Mass produced technology 

.R}; Physical Optics Corporation®'¥// 

Ph: (310) 320-3088 Fax: (31 0) 320-8067 Web: www.poc.com 

Manufactured under U.S. patent nos. 5 ,365.354; 5,534,386; 5 ,609,939; 5 ,631,754; 5,629,996 and other patents pending. 
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ing. Now that you know the cast of charac
ters, you can experience theater-in-the-round 
as you've never experienced it before. Wel
come to the play. 

Should you want to provide me with a criti
cal review of your personal theater experi
ences, or perhaps others, please contact me by 
any of the following methods: e-mail at 

Get the DISPLAY TEST SYSTEM with 
the best spectroradiometer I I I 

For Accuracy 
The most sensitive and fastest spectra
radiometer in its class has a cooled & 
back-thinned ceo detector with 4 times 
the resolution of competitive systems. 

For Versatility 
The most accessories and probes including 
automated 5-axis positioners & power 
supplies with full software integration. 

For Productivity 
Windows 95™ and NT™ software. Real
time link to spreadsheets for customized 
analysis. Automated VESA testing of FPDs. 

North America 
Instrument Systems 

576 Golden Avenue, Ottawa, Ontario, Canada K2A 2E9 
• Tel: 613-729-0614 • Fax: 613-729-9067 • E-mail : info@instrumentsystems.com 

International (World Headquarters) 
Instrument Systems GmbH 

Neumarkter Str. 83, 81673 Munich, Germany 
• Tel: 49/89454943-0 • Fax: 49/89454943-11 • E-mail: info@instrumentsystems.de 
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silzars@ibm.net, telephone at 425/557-8850, 
fax at 425/557-8983, or by mail at 22513 SE 
47th Place, Issaquah, WA 98029. • 

2 
Display Works 99: 

SAN JOSE, CALIFORNIA 
FEBRUARY 2-5, 1998 

• An international conference addressing all 
aspects of Display Manufacturing including· 
• Flat Panel and CRT Manufacturing 
• Display Materials 
• Manufacturing Equipment 
• Cost Reduction and Yield Improvement 
• Industry Forecasts 
• Investor Presentations 
• International Standards 

17 
Sixth Color Imaging 
Conference: Color Science, 
Systems & Applications 

SCOTTSDALE, ARIZONA 
NOVEMBER 17-20, 1998 

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

interchange 
-Co-sponsored with IS&T 

Please send new product releases or 
news items to Information Display, 
c/o Palisades Institute for Research 
Services, In c., 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 
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What's New at Polaroid 
Polaroid Optical Films 

The ultimate solutions that eliminate glare and enhance contrast 
to bring out the brilliance of your displays. 

• "Durable KE" Polarizers - The ideal 
product for displays requiring durability and 
reliability. "Durable KE" Polarizer maintains 
superior optical properties especially in harsh 
conditions where extreme temperatures and 
humidities exist. 

• "LIFT" Holographic Reflectors - Light 
Intensifying Film Technology "The brightest 
idea in the world for LCD's". 

• Anti-Reflection Film - Polaroid 
introduces a high-pedorming, low-cost, 
anti-reflection film. 

• Circular & Linear Polarizers 
and Retarders - Complete spectrum 
of polarizers available in a wide variety 
of colors, transmittances and formats. 
Polaroid offers the know ledge, 

expertise, and facilities to provide 
the polarizer that's exactly right 
for your application. 

Polaroid offers the most 
comprehensive line of 
optical film products for 
all types of displays. 

For more information: 
Polaroid Corporation 

Optical Fi lms D ivision 
I Upland Road - N2 
Norwood, MA 02062 

Polaroid 
Tel: 800 225 2770 
Fax: 78 1 386 4600 
www.polaroid.com 
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Displa4~:•® 
I·Wor~s 99 

Plan Now to Attendl 
Display Workr 99 

The Only Display Event 
Focused on the Business 
and Technology of Display 
Manufacturing 

Exposition: 
February 3-4, 1999 

ConfeJences and Events: 
February 1-5, 1999 

Hear these exciting keynote speakers 
at the USDC Business Conference: 

Display Applications for the New 
Millenium: 

• john Vrolek. Senior VP. . Silicon 
Graphics 

• john Medica. VP.. Dell Computer 

• julie Chen. VP.. Primeview 
International 

• Ross Young. President. DisplaySearch 

• Professor Stephen Cohen. Co-director. 
Berkeley Roundtable 

• jim Larimer, Principal Engineer. NASA 

Visit www.displayworks.org 
for full agendas! 

Display, Equipment, Materials and Services 
Suppliers-Exhibit Your Latest Technolo~iesl 

Display Works 99 is a one-of-a
kind opportunity developed to 

give you the most bang for your 
exhibit buck. featuring: 

• A Two-Day Exposition: Buyers 
and Sellers Exhibit Side-by-Side 

• SID Technical Conference 
including an Exhibitor Track 

• USDC Business Conference 

• Industry-wide Standards 
Meetings 

• Market Briefing 

• Cost of Ownership Course 

• Environmental. Health & Safety 
Industry Meeting 

• Plus, Press Conferences, Social 
Events and Special Industry 
Exhibits 

Meet your target customers- the 
key decision-makers- at 

Display Works 99: 

• 27% of Di splay Works visitors 
make the final purchase decision 

• 41% recommend or strongly 
influence the final decision 

• 19% specify needed products and 
services 

T o exhibit or for more information. 
I call Brian Santor. at SEMI. 

650.940.7992, e-mail your request 
to bsantor@semi.org, or visit 
www.displayworks.org. 

Semiconduclor 
Equipmenl and 

Malerials 
lnlernalional u.s. Ollpii~CUIDIIIII II 



1en reasons to 
go with 10ddco: 

All-Ceramic Hot Bar· 
TODDCO PATENTED TECHNOLOGY 
• Superior thermal uniformity 
o Superior planarity (flamess) 
o No voltage or currenr o n parts or traces 

Automated Vision 
System' 
o Speeds alignment task 
o Improves accuracy and 

repeatability 

Computer Controlled 
Temperature & Force 
o Precise repeatability 
o Red uce process variation 

o Software configurable for ACF heat 
seal or solder applications 

Auxiliary 
Termocouples 
• Process 

development tools 

o Fine pitch <90 micron capable 
o Upper and lower cameras 

o Characterize the 
actual bond surfuce 

o Record measured 
data - -... ~ ·-- .. ·=~- . 

I -- -~ ' 

Graphical 
User 
Interface· 
o Simpljfies 

process 
development 

o Easy to learn 
o Easy to use 

Toddco's Flat 
Panel Display 
Workstations 
offer you exclusive 
design features that 
provide the most 
effective and profitable 
flat panel repair, 
rework op erations, 
high-mix production 
and prototyping. 

Our hot bar is all
ceramic w hich ensures 
consistent temperature 
and pressure across 
the bond surface. A 
universal glass stage 
means you get faster 
and more accurate 
product change-over 
from model to model. 

More models to 
choose from, more 
industry-specific features 

and more application 
experience tban 

-=~~======~~:r--;an~y~other vendor 

Universal 
Glass Stage' o O pt imize efficiency 

and quality 
o Precise matching 

o Accommodates 
variety of 
glass stages 

o Recordable, 
repeatable 
seni ngs for 
quick p roduct 
change over 

of parts and bonder 
- o Universal tab feature 

CID Selection & Service 
o More price performance 

options 
• More auromarion oprions 
o Technical and application 

engineering support 

Real-Time Data 
Acquisition 
o View and plot 

real-rime values. 
o Data for reports and 

quality assurance 
o Part/lot histories 

--

makes Toddco General 
the manufacturer of 
cl1oice for the flat panel 
industry. 

Contact Todd co 
General today, and find 
out how we contribute 
to the success of our 
customers worldwide. 

~ rf Toddco General, Inc. 

proreccion 
o Eliminate unauthorized 

access or changes 
o Conrrol profile and 

sequence revisions 

13535 Danielson St. 
Poway, CA 92064 
Fax: (619) 877-2110 

E-mail : 
sales@toddco.com 

Web: 
http://www. toddco.com 





Increase EMI/RFI 
Protection vvith 
DURALAN II™ 
High Performance Windows, 
Lenses and Filters 

Laminated Within the Filter 
Various Conductors Available 
Abrasion Resistant Surface 
Anti-Glare Finishes 
Various Transparent Colors 
Contrast Enhancement 

GRAPHICS AND E~ECTRONICS 

For additional information call 609/825-8900, 
FAX: 609/825-8969, or visit our Web site at: 
www.silver-cloud.com 
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SID '99 
San Jose, California 

San Jose Convention Center 

May 16-21, 1999 

Mark Your Calendar Now! 

As multi·faceted as a diamond ... 
are rhe many solutions we offer as a 

leading producer of thin fi lms and 

optical components. Always providing a 

dedicated effort to benefit our worldwide 

partners- Balzers Thin Films has the 

profe>Sional skill and expertise to meet 

the needs of your most challenging 

applications. 

Combining our proven thin film 
technology with our 
manufacturing knowledge -
integrated solutions for optical 

components and assemblies arc now 

avai lable from one source. Optimized to 

the needs of the projection d isplay 

manufacturer we offer the ColorCubeTM 

and ColorWheeJ1"'1 for color splitting 

and recombination, Silflex TM ultra-high 

reflec tive mirrors. CaHlex Thl hor mirrors 

and much more ... 

Thin Films 

Balzers Th in Films 

FL-9496 Balzers 

Principali ty of Liechtenstein 

Tel. +4 1 (0)75-388 44 44 

Fax +4 1 (0) 75-388 54 05 

E-Mail: sales@btf.balzers.net 

USA, Golden, CO 

Tel. +I (303)273-9700 

Fax +I (303)273-2995 

Germany, Geisenheim 

Tel. +49(0)67 22-99 30 

Fax +49(0)67 22-99 31 61 

http://www.btf.balzers.com 
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The Color Imaging Conference has become the premier 
technical conference for scientists, technologists and engi
neers working in the areas of color science and systems 
and their application to color imaging. 1998 marks the 
sixth year of this topical, annual conference with a signifi
cant growth in overall participation. The conference is 
international in nature. As the Conference has grown and 
matured, the focal areas have expanded dramatically. 
Professional disciplines represented range from psy
chophysics, optics, image processing, color science, 
photography, graphic technology, systems engineering 
and applications as well as hardware and software devel
opment. The focus is color - color as a critical element of 
the research and application efforts of this segment of the 
professional community. 

7 
DECEMBER 

Fifth Annual International 
Display Workshops 
(IDW '98) 

KOBE, JAPAN 
DECEMBER 7- 9, 1998 

• Information Display Workshops 
• Invited experts will oresenttalks at work
shops on: 
- Emissive Displays 
- Non-Emissive Displays 
- Plasma and EL Displays 

• Sponsored by SIP/Asia Region Japan 
Chapter IEKE. li E 

lr 

For additional information: 
Dee Dumont 
Society for Information Display 
31 East Julian Street 
San Jose, CA 95112 
408/977-1013, fax - 1531 
www.sid.org 

2 
FEBRUARY 

Display Works 99 
SAN JOSE, CALIFORNIA 
FEBRUARY 2 - 5, 1999 

• An international conference addressing 
all aspects of Display Manufacturing 
inctu.diD..q,; 

• Flat Panel and CRT Manufacturing 
• Display Materials 
• Manufacturing Equipment 
• Cost Reduction and Yield Improvement 
• lndustrv Forecasts 
• Investor Presentations 
• International Standards 

SAN JOSE, CALIFORNIA 
MAY 16 - 21, 1999 

• SID's MAJOR ANNUAL EVENT 
• An International Symposium Seminar 
and Exhibition - Featuring: 
-Technical Sessions - Poster Session 
- Author Interviews - Evening Panels 
- Short Courses- Applications Seminars 
-Technical Seminars - Applications 
~ 

-Product Exhibtts - Executive Poster Sessions 
- Display Technology Showcase 



Interface Solutions 
for flat panels 

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

Analog - Computer Bus card- PC Video · PAL/NTSC 
AC series: A range of interface 
control lers for LCD, Plasma or EL, to 
connect to ana log graphics source. 
VGA (640x480), SVGA (800x600), 
XGA (1024x768), SXGA (1280x 1024). 

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

PN series: Advanced multi system 
video interface for TFT LCD and 
Plasma panels. 

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

~ NEC analog panels are also supported. 

Digital Vievv 
USA: Tel: 408-782-7773, Fax: 408-782-7883 
England: Tel: (0)1 438-816 600, Fax: (0)1438-816 909 
Hong Kong: Tel: 2861 3615, Fax: 2520 2987 
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SID '99 
San Jose, California 

San Jose Convention Center 

May 16-21 , 1999 

Mark Your Calendar Now! 

Accessories: A w ide variety of 
support accessories. 

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

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

· Programmed as you need from your p.c. using the 
V.I. Image Master library. 

• Stores up to 16 reference images - one pattern at 16 
different rates, or 16 patterns at one rate, or any 
combination in between. 

· Monochrome and RGB color video. 
· External synchronizing pulses. 
· Small, light, portable. 

U.l. 2155 Bellbrook Avenue · Xenia, OH 45385-4043 
Ph.:800-962-8905 · 937-376-4361 ·Fax: 937-376-2802 

E-mail: sales@videoinstruments.com 
Visit our Web Site: www.videoinstruments.com 

VIDEO InSTRUmEnTS Visa · Mastercard • American Express 
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Acer Display Teclmology 
Ad-Vance Magnetics, Inc. 
Advanced Display Technologies 
Arconium 
Artesyn Solutions, Inc. 
A Tl Technologies 
autronic - Melchers GmbH 

Brewer Science, Inc. 
Brimar Ltd. 

Canon, Inc. 
CELCO 
Cherry Electrical Products 
Chunghwa Picture Tubes, Ltd. 
Clinton Electronics Corp. 
Colorado MicroDisplay, Inc. 
Coming Japan K.K. 
Crystaloid LCDs 

Display Laboratories 
Display Search 
Displaytech, Inc. 
DNP Denmark 
Dolch Computer Systems 

Earth Computer Teclmologies 
Electronic Designs, Inc. 
Electro-Plasma, Inc. 
Emco Electronics Ltd. 
Endicott Research Group, Inc. 
ERSO/ITRI 

FED Corp. 
F-P Electronics 
Futaba Corp. R&D Center 

General Vacuum, Inc. 

Hewlett-Packard Co. 
Hitachi , Ltd. 
Hoya Corporation USA 

Imaging & Sensing Technology 
Incom, lnc. 
Industrial Electronic Engineers, Inc. 
Infinite Graphics, Inc. 
Infodex, Inc. 
Instmment Systems 
Interface Products, Inc. 
Interserv Corp. 
Interstate Electronics Corp. 
ISE Electronics Corp. 

Kent Display Systems 

Lexe l Imaging Systems, Inc. 
LinFinity Microelectronics, Inc. 

Micron Display Teclmology, Inc. 
Microvision Corp. 
Mitsubishi Electric Corp. 
Mitsubishi Electronics America 

56 l11.formatio11 Display 10/98 

Motorola FPD Division 

NEC Corp. 
Nippon Seiki Co., Ltd. 

OIS Optical Imaging Systems, Inc. 
OKI Electric Industry Co., Ltd. 
Optical Coati ng Lab., Inc. 
Optrex America, Inc. 

Phosphor Technology Ltd. 
Photon Dynamics 
Photo Research 
Pilkington Micronics Ltd. 
Pix Electronics, Inc. 
Planar America 
Planar Standish, Inc. 
Plasmaco, Inc. 
Polar Vision, Inc. 
Polytronix, Inc. 

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

RF Power Products 
ROLIC Research Ltd. 

Samoff Corp. 
Semiconductor Systems, Inc. 
Sharp Corp. - Japan 
SI Diamond Technology, Inc. 
Sony Corp. Research Center 
Stanford Resources, Inc. 
Supertex, Inc. 
Symbol Technologies, Inc. 
Syntwnic Instruments, Inc. 

Tamarack Scientific 
TDK Corp. 
TEAM Systems 
Techneglas, Inc. 
Teledyne Lighting & Display 
Terapixel, Inc. 
Thomas Electronics, Inc. 
Three-Five Systems, Inc. 
Toshiba America Electronic Corp. 

Ultra Electronics Command & 
Control Systems 

UL V AC Technologies, Inc. 
Unipac Optoelectronics Corp. 
Unive rsal Display Corp. 
Ushio America, Inc. 

Viratec Thin Fi lms Inc. 
Vishay-Dale Electronics, Inc. 

Westar Corp. 
WINTEK Corp. 
WinTron Technologies 

XCITEK, Inc. 
XMR, Inc. 

An01ech ............................................... 40 
Applied Science Labs .... ...................... 56 

Balzars Thin Fihns ............................. . S3 
BOC Coating T echnology ................... 35 
Candescent Technologies .................... 42 

Computing Devices Canada Ltd ...... ..... 6 
CyberTouch ... ....... ................... ............ 16 
DATA MODUL ............................... ..... 9 
Digital View ....................... ..... .. .......... 55 
Display Works 99 ................................ 50 

ELDIM ............................... ............... ..45 
Endicott Research Group ................... A6 
Ergotron .............................................. 10 
H. L. Funk Consult ing ......................... 22 
Instrument Systems ............................ AS 

Intevac ................................................ AI 
Kent Displays ........................................ 8 

Klein Instruments Corp .................. 22,47 
LCD Lighting ...................................... 40 
Lexcl Imaging Systems ....................... 52 
LinFinity Microelectronics ................. 17 

Business and Editorial Offices 
Palisades Institute for Research 

Services, Inc. 
41 1 Lafayette Street, 2nd Floor 
New York, NY 10003 
Jay Morreale, Managing Editor 
212/460-8090 x212 Fax: 212/460-5460 

Microvision .................................... 10,30 
Nano-Master. ....................................... 22 
OCLI ................................................... 23 

Opt rex America ....................... ........... C2 
Photo Research .. .................................... 5 

Physical Optics Corp .. ......................... 47 
PixTcch .... ........................................... 46 
Polaroid...... ................ ....... . ........ 49 

Quantum Data ............ .............. ........... !! 
Silver Cloud Manufacturing ..... ....... .... 53 
Society for lnfonnation Display ......... 54 
TDK ............................................. ...... C3 
TEAM Systems ............................... 3,34 
11tin Film Devices ............................... 31 
11tree-Five Systems ............................ C4 

Taddeo General ................................... 51 
Topcon America Corp ........................... 7 
Unigraf ................................................ 44 
Video Instruments ............................... 55 
Westar Corp ..................................... 6,43 

Sales Orlice 
Palisades Institute for Research 

Services, Inc. 
41 1 Lafayette Street, 2nd Floor 
New York, NY 10003 
Christy Smith, Director of Sales 
212/460-8090 x2 11 Fax: 212/460-5460 

Take Advantage of our Experience 

For over 25 years, ASL 
has led the way in the 
development of eye 
tracking technology 
and systems. 

Eye scan pattern 

Applied Science Laboratories 
175 Middlesex Turnpike 
Bedford, MA 01730 

Model 504 with remote optics 

Contact us. 
Learn how eye tracking 
can fit into your 
application. 

Tel: (781) 275-4000 
Fax: (781) 275-3388 
Email: asl@ a-s-l.com 

Visit our new web site at http://www.a-s-l.com 
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With over 25 standard models, and the 

option to customize, TDK offers a complete 

range of DC/AC inverters, readily available 

from stocking distributors throughout North 

America. To maintain these inventories, five 

TDK factories are dedicated to producing a 

total of more than one million DC/AC invert

ers per month. 

Developed with the same quality and inge

nuity that's come to be associated with om 

line of tapes and rewritable COs, our DC/AC 

inverters, too, are making a powerful name 

for themselves. Fact is, they come highly rec

ommended by top display manufacturers. 

Choose from encapsulated or non-encap-

TDK Offers 
a Complete 
Inventory of 

Every Standard 
DC to AC 
Inverter. 

sulated, PC mounts or cmmectors, dimming 

or non-dimming, models in 2 through 20 

watt ranges with 1 to 4 lamps standard (8 or 

more available). You 'll find TDK DC/AC 

inverters have some of the highest efficiency 

ratings in the industry. And, we' re currently 

developing an inve11er designed to operate 

more efficiently than any other in its class. 

Call for a sample or to consult with an 

engineer about your application. 

Ask about our cross-reference guide. It 

indicates which TDK inverter is specifically 

compatible with your application. Also 

available, our Technical Applications Note to 

~TDK TDK CORPORATION OF AMERICA 
~ 1600 Feehanville Dr., Mt. Prospect, IL 60056 (847) 390-4478 

® Fax (847) 390-4498 website: http://power.tdk.com e-mail: power@tdktca.com 

QS 9000 ISO 9001 
CERTIFIED CERTIFIED 
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Three-Five Systems, Inc. 
Tempe • 602-389-8600 Fax: 602-389-8801 

THREE-FIVE SYSTEMS, INC.™ 

Three-Five Systems Ltd. 
Europe • 44-1793-549100 Fax: 44-1793-549135 
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Three-Five Systems, Inc. 
www.threefive.corn email: Display@threefive.corn 


