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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 d istribution network. Our creative design approad1 allows you to 

develop new applications and enhance the performance of your existing products. 

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

tum your bright ideas into reality. 

Our customers like that. You will, too. 

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

44160 PiYMOlllll OAK~ BLVD. • PI YMOUTII, Ml 48 170 

( 734) 4 1 6-8500 • FAX: ( 734) 416-8520 

led in fo@o ptrexusa.com 
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C01-er: Repair and re11'01"k of existing displays is a grmr
ing industry, bm tlte equipmelll needed to make a re1rnrk 
bU.\'iHess profitable must be optimized very differemlyf,.om 
that which Sharp and NEC use to crank out new displays. 

Credit: l\1licroJo in. Inc. 

For more 011 wlmt 's comi11g i11 Information Display, a11d for 
other 11ews on information-display technology, check the 
SID Web site 011 the World Wide Web: http://www.sid.org. 
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Planning Begins for a Bigger, Better 
Display Technology Showcase 

The First Annual Display Technology Showcase 
(DTS) was a hugely successful innovation at SID '98 . 
Tllis side-by-side comparison of different display 
technologies and approaches attracted 4000 of SID 's 
6200 attendees, and proved to be " the center of atten
tion at SID '98," according to George Kotelly, writ
ing in the July issue of Vision Systems Design. 

"Most [people] have not seen plasma displays, liquid crystals, projection dis
plays, and CRTs next to each other," said Plasmaco CEO Lany Weber. "When 
[DTS] puts them all in a line, and all have the same image, you take out all of 
the trickery that everybody plays in the exllibit hal l. " 

Jolm O 'Donnell, Display Consultant, Honeywell Business and Commuter 
Aviation Systems (Phoenix, Arizona): "I love the display comparison. It shows 
the performance of the displays under numerous conditions, most of which we 
don't see in the booths." 

SID's DTS Steering Comnlittee, General Manager Nutmeg Consultants, and 
new Technical Manager Altinex, Inc., are now beginning the planning for the 
second DTS, to be held May 18- 20, 1999, as part of SID '99 in San Jose, Cali
fomia. The floor space allocated to DTS will be more than doubled for '99 
(from 3500 to 8000 ft. 2

), the organizers are anticipating that the number of par
li l:ipa tiug displays will grow to more than 60 (from about 30 last year), and 
management is substantia lly increasing the promotion and adve1tising budget. 

This coming year, DTS will be in an enclosed pavil ion adjacent to the show 
floor for high exposure and extensive interaction with the overall exllibition, 
and, for the first time, digital as well as analog signals will be available to the 
participating displays. Altinex also has irmovative ideas for greater viewer inter
action with the test suite. 

A meeting of the DTS Technical Corrunittee, which will include representa
tives of actual and potential participants, is tentatively scheduled for November, 
so now is the time for interested compa1lies to check in with the organizers. 

DTS is an exciting and very valuable event both for pa1t icipants and the many 
attendees. Last year, the organizers called DTS "a side-by-side comparison of 
leading-edge display technologies to help you match technologies and applica
tions." One of the participants corrunented that he obtained more requests for 
information about !lis display in DTS than for the identical display on the show 
floor. Another appreciated the knowledge gained from the set-up process and 
the interaction with DTS 's techilical management. 

This is the time for display manufacturers and marketers to begin plamling 
their participation in SID 1999's "center of attention." It is an ideal way to com
municate with the display community and the rapid ly increasing population of 
display integrators, display application engineers, and product designers who 
attend the SID Symposium. 

Entry packages can be obtained from Dian Mecca at Nutmeg Consultants 
(telephone 203/853-7069, fax 203/855-9769, e-mai l: k:wemer@home.com), or 
you can fill out an electronic entry form at www.sid.org. 

- KIW 
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Powerful New Video Generators. 
The Smart Choices. 

~-~----------~~ ..,_. - · -··· 
STANDALONE 

Standalone Units f rom 82950 
400 MHz for u·ue 2K x 2K resolutions; 
Storage of more than 1000 Timing/ 
Pattern Programs in Flash Memory and 
EEPROM; Fully PC-compatible with 
"Bitmap" capability; direct access to any 
parameter from front panel or through 
PC-programs. And any of the 
(E)EPROM you used in earlier tmits 
can still be used. 

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

PC-BASED 

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

Both PC-based units allow VESA
D.P.M.S. testing and the ability to 
import preset .pcx data fi les 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 
performance 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-614C 
Controller. 

Make the Smart Choice ... Contact Team Systems 
CaU Visit 
us: 1-800-338-1981 us: www. team-systems.com ____________________________________ , __ JE~~!! 

TEAM Systems, Inc. 2934 Corvin Drive, Santa Clara, California 9505 1 
Tel.: 408-720-8877 Fax: 408-720-9643 C ircle no_ 2 
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The Waves of Change ... 

by Aris Silzars 

The traffic light at the top of the hill had turned green 
and I was anxious to get home. However, the flag
person, wearing her bright orange vest and holding a 
most official-looking red stop sign, clearly had other 
ideas: she was standing squarely in front of me with 
the stop sign planted between her feet. And good 

thing too, because just then from my left came an incredibly large dump tmck 
towing an even more impressive multi-wheeled trailer, both heaped high with 
dirt. This truck must have known that it was the biggest dam truck on the road 
and thereby had the right to go and do pretty much whatever it wanted. And at 
the moment what it wanted - at about 20 miles per hour - was the piece of road 
immediately in front of my car. Apparently, "immediately" meant I could have 
the last six inches between his wall-like bumper and my much-more-delicate 
hood emblem. Fortunately, the flag-person was also allocated a similar approxi
mately six-inch clearance. 

Ten or fifteen seconds later, just as my adrenaline level was peaking, came 
another truck and trailer just like it, also loaded with two mountains of dirt, 
seemingly in hot pursuit of the first one. Whew, another close encounter of the 
scary kind. 

The gently sloping valley and the rolling hillside behind it, which until a few 
days ago had been a grass- and tree-covered pasture, had now become the play
growld of trucks, tractors, and various other dirt-moving machinery. Soon 
200+ apartments could be expected to sprout on this spot. 

The environmentalist in me was sad, but the teclmologist was fascinated. I 
have always had a love of nature and the outdoors, but at the same tin1e, as far 
back as I can remember, I have been intrigued by construction projects - the 
larger the better. When I was much ymmger and had more control over how I 
spend my time, I could watch large dirt-moving machines for hours on end. The 
passing years have not dimmed my interest in observing and analyzing the con
stmction progress on a new building or other major project - I've apparently just 
lost the time to pause and watch. 

The environmentalist in me is becoming increasingly concerned that we are 
numing out of room on planet emth, wllile the technologist in me wants to see 
the building of even more advanced machines and structures. Are my environ
mental concerns well-founded? Are we rwming out of room? Looking down, 
from the ever-more-crowded airplanes on wllich I spend a good bit of my life, I 
sometimes get the feeling that we humans are like a virus or a mold gradually 
spreading our colonies to cover the planet's surface. Now, that's not a very 
complimentary way to think about you and me, and most days I certainly don't 
envision myself as a fw1gus, but seeing the population centers spreading and 
modifying nature's surface can't help but make a person a bit concerned. How 
much more of tllis can our planet support? 

The perception of this spread is accelerated if you happen to reside near one of 
the transition bow1daries between the already developed and the rural. Seem
ingly overnight the land is cleared, new streets and utilities are installed, and 
houses, apartments, businesses, and new malls appear like batches of cookies 
from an oven. The back roads tl1at formerly could be counted on for a quiet 

continued on page 42 
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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 th is system 

also reduces downtime 

and requires less main

tenance. 

Plus, it provides 

BOC's FCH·7000, the 
li'Odd:~ largest FED 
produclion lool, can 
process panels up to 
600111111 .r 720111 111. 

ownership and incredible flexibili ty, ir just doesn't get much more advanced automation 

better than this.. . and higher materials utilization. 

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

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

longest life and largest source inventory, ro cite just a few deposition system in the industry. 

Then, 

this is a 

cluster tool. 

So you can 

deposit a single 

film or a 

whole stack, in 

just about any way you'd like. 

of its merits. 

Plus, your panel size choices are virtually unlimited. 

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

happens ro be the largest in the world. Bur BOC can also 

configure it for even larger sizes upon request. 

Highest throughput. 
Lowest cost of ownership. 

The FCE-7000 is a proven production cool chat 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 char kind 

of th roughput wirh high production 

quality levels, you get a very attractive 

return on your investment. 

Designed.forproduclion, BOC:,· 
flexible duster configura/ion leis you 

deposit a singlejU111 or an entire slmk 

Circle no. 4 

A full spectrum of solutions. 

BOC has been 

producing coating 

systems for more 

than 35 years now. 

So they can 

provide not only 

high-throughput 

production sys

tems, bu r also 

prototype R&D 

and in termediate 

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 no t yet fully developed, you can depend on 

BOC ro help you answer the questions, negotiate the risks 

and get where you want ro go. 

Borrom line, ir means smarter solutions - from the big 

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

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

Fairfield, CA 94585. (707) 423-2100. Fax: (707) 425-607 1. 

II#' BOC 
COATING 
TECHNOLOGY 



LCM SOLOMON Division 
SOLOMON Group 

HIGH QUALITY 
LCD Modules 

Standard and custom dEsigns 
SOLOMON TEchnology Corp. 
lCM Division 
42-1 Chang Tai Str.llsiao Kang District 
TW-812 Kaohsiung 
Taiwan,R.O.C . 
Phone:+886-7-872-1787 
Fax: +885-7-872-1786 
E-mail: jl®solomon. com.t'w 

Cit-cle no. 5 

US Branch Office: 
SOLOMON TEchnology (USA) Corp. 
21038 Commerce Pointe Dr. 
Walnut , CA 91789 
USA 
Phone : (909)-468- 3733 Ext.3038 & 3039 
Fax: (909) -869-6258 
E-mail: ,jb41cm®ix. net com. com 
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"I can see Microfilter's 

difference in the specs. Our 

customers can see it on the 

screen. From any perspective, 

the choice is easy." 

Richard Atanus 
Director of Product Development 
NEC Technologies Personal Display Division 

When you're making some of the 

world's best monitors, you want to 

start with some of the world's best 

display tubes. So it's no wonder that 

NEC Technologies chooses Toshiba 

MicrofilterrM CRTs for their award-winning 

MultiSync® E900+TM monitors. Compared 

to conventional tubes, Microfilter tech

nology significantly enhances contrast, 

brightness and color fidelity. The difference 

can be seen in clearer, more focused 

pictures. Noticeably superior monitors. 

And a better image for everyone involved. 

To find out more, please visit our web 

site, or call 1-8oo-879-4963. 

Toshiba CRT Advantages 

30% increase in brightness and contrast 

10% improvement in brightness uniformity 

25% decrease in power consumption 

Less wear on components 

Rectangular Cone (RAC) System 

~see for yourself. visit our web site ond register r for 0 live side-by-side comparison. 

microfitter 

s 

In Touch with Tomorrow 

TOSHIBA 
TDBHIBA AM.RICA •UC TRCNIC CDM PON&NTS, INC. 

[
1109001 Cl998 Tosh•ba Ame~<ca Elecuot>K: Coo-,x>nems. Inc Mo<;oolite• ~ a 
(E' TIFIED bademalk ol Toshiba Cofpclfatltln MulliSync •s a reo•sleted uademark 

n and E900+ IS a uademark ol NEC Technotog•es, Inc ET0-98-113 
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Steppers. Reticles. Track systems. Wafers. Metrology tools. Mini-environments. 

Panel substrates. Atomic force microscopes. Static charge is everywhere, in every 

process step and within every process tool, but you can't see it until it's too late! 

What you do see is the downtime, lost throughput, and yield hits caused by 

equipment lock-up, wafer contamination, and ESD damage. 

That's why ionizing just a few process tools is not enough - the rest of your fab 

is still vulnerable to the hazards of static charge. What's more, the potential for 

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

ioniza tion program. The more areas you ionize, the better-protected you'll be. 

Term inate static once and for a ll. Ca ll 1-800-367-2452, 

510-548-3640 or v is it u s on the w eb at www. io n.com. 
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1en reasons to 
go with Micro Join: 

Computer Controlled 
Temperature & Pressure All-Ceramic Hot Ba,. 

MICRO JOIN PATENT£0 TECHNOLOGY 

• Superior thermal uni formity 
• Superior planarity (flatness) 
• No voltage or currem transferred 

co parts or traces 

Automated Vision System* 
• Speeds alignment cask 
• Improves accuracy & repeatability 
• i.iir/irch <90 micron capability 
• Upper or lower cameras 

available 

0 
Universal 
Glass Transport 
• Acco 

wide variety of 
glass panels 

• Reoordable, repeatable 
serrings for quick 
product change over 

• Migration path for 
panel sizes up to 60 
inches -

• Precise repeatability 
• Reduce process variation 
• Software configurable for ACF 

heat seal or solder applications 

Process Graphical 
Development User 
• Auxilia.ry thermocoples Interface· 

for quick. thermal • Simplifies 
characrenzanon of high mix 
bond area · process 

• Data acquisition for • Easy to learn 
reports and quality • Easy to use 
as~u rance . • Graphical 

• VIew & plot real-nme diagnostic 
process values tools for 

easy trouble 

micro • 

JOI~ 

shoocing 

Ergonomic 
Operator Features 
• Dual start sensors for 

safety and ergonomics 
• Track ball 

Cl) Selection & Service 
• More price performance 

• Sl iding keyboard tray 
for seated operation 

• . options 
Cust~m.•zed F~xtures • More automation options 
• Opt.Imize efficiency & . • Factory installation 

quality of volume production assistance available 
• Universal T~ .va~uum • Technical and application 

fixtures to minimize engineering support 
cooling for low volume 
production 

• Precision alignment of 
<90 micron TAB pitch 

Security 
• Key lock & software 

password protection 
• Two levels of software 

name/password security 
• Eliminate unauthorized 

access or changes 
• Control profile and 

process sequence 
revisions 

Micro Join's Flat 
Panel Display 
Workstations 
offer you exclusive 
design features that 
provide the most 
effective and prof
itable flat panel 
repair, rework 
operations, high
mix production 
and prototyping. 

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

More models 
to choose from, 
more industry

specific features 
and more applica
tion experience 
than any other 
vendor makes 
Micro]oin the 
manufacturer 
of choice for the 
flat panel industry. 
Contact Micro]oin 
today, and find 

out how we con-

. mzcro 

JQ!O 
13535 Danielson St. 
Poway, CA 92064 
Fax:(619) 877-2 110 

E-mail: sa1es@microjoin.corn 
Web: http://www.rnicrojoin.com 



Repair and Rework of Flat-Panel Displays 

Automation, consistent TAB processes, and efficient cannibalization are 
the core competencies needed to become a successful rework house. 

by Thomas Todd 

~CONTINUOUS ADVANCEMENTS in flat
panel-display (FPD) technologies over the past 
decade have fueled unprecedented growth in 
the markets for portable and mobile computing 
devices. Riding on the coattails of these pri
mary FPD shipments is a rapidly expanding 
market segment focused entirely upon FPD 
repair, with a new breed of service providers 
and equipment suppliers able to meet the seg
ment's special requirements. The unique chal
lenges of FPD rework and repair require an in
depth understanding of both the technologies 
and the market dynamics involved. 

According to a recent report by Electronic 
Trend Publications, the worldwide market for 
FPDs is expected to expand at a compound rev
enue growth rate of more than 14% per year
from $ 14.0 billion in 1997 to approximately 
$27.2 billion in 2002 (Fig. 1). "As this market 
grows," says the report, "it is becoming increas
ingly complex. New technologies are moving 
to market, and new applications are opening 
up." This clearly creates growing opportunities 
for d1e repair and rework industry. 

Key Repair Opportunities 
High-end laptop FPDs represent key repair 
opportunities. While there is relatively little 
demand for repair of the small lower-cost 
screens used in personal digital assistants 
(PDAs), digital cameras, and hand-held TVs, 

Thomas Todd is President of Microloin Inc. 
(formerly Taddeo General), tlte leading manu
facturer of bonding equipment for the FPD 
repair industty, 13535 Danielson St., Poway, 
CA 92064; telephone 619/877-2100./ax 
619/877-2110, e-mail: ttodd@microjoin.com. 
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the larger double-supertwisted-nematic 
(DSTN) and thin-film-transistor (TFT) dis
plays used in notebook and laptop computers 
carry enough intrinsic value to make them 
good candidates for repair instead of replace
ment. And the mobility of notebook comput
ers produces high damage rates that feed the 
repair industry. 

The global nature of the mobile-computer 
industry poses logistical challenges for FPD 
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rework and repair houses. The largest FPD 
manufacturers are located in the Pacific Rim, 
but end users of their products are dispersed 
around the world, with heavy concentrations 
in North America and Europe. Because of 
rapidly increasing volumes, market demand 
for quick turnaround, and logistical con
straints, primary FPD manufacturers typically 
contract with regional and localized outside 
service providers for repair work. 

1997 1998 1999 2000 2001 2002 

Fig. 1: The strong continuing growth of FPD production, and the increasing variety of FPD 
technologies and applications, is presenting repair and rework houses with increasing opportu
nities, as well as difficult investment decisio11S. (Source: Electronic Trend Publications) 
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The Real World of FPD Repair 
Pixel Interconnect, Inc. (Portland, Oregon) is a process-engineering services fmn that 

focuses specifically on FPD design and manufacturing methods. President Scott Cockey: 
"If we assume the notebook industry's track record of a 4% repair FPD rate along with 
their high dollar value, FPDs easily comprise the most critical cost component of laptop
computer repair. With more laptops shipped every year, the portion of the installed base 
requiring repair is constantly increasing in value, while simultaneously outstripping the 
overall capacity of the rework and repair channels. Exacerbating this situation is the fact 
that display technologies keep changing to track with market demands. The half-life of 
the typical notebook FPD design has fallen to only 6 months. The combination of all 
these factors is forcing repair houses to make capital-equipment investments that not 
only maximize automation and throughput, but also provide enough flexibility and exten
sibility to handle tomorrow's design changes." 

Pix Elech·onics, Inc. (Lanham, Maryland) is a successful repair organization that is 
dedicated solely to serving the FPD repair marketplace, including warranty, post-war
ranty, and end-user repair channels . Gail Hans borough, V.P. of Operations: "One of the 
main changes we've seen in the industry over the years is the increased challenge of 
alignment for fine pitch. In older displays, the pitch on the screen was so coarse that a 
technician could effectively align the TAB with the aid of a microscope, tack it into 
place, and then pick up the whole assembly and move it to the bonding system. Now 
with today's large fine-pitch displays, such as SVGAs and XGAs, TAB-driver replace
ment has become a task that requires both superb optics and the ability to perform the 
repair right in place. In making our equipment decisions, we firmly believe that, even 
though much of FPD repair is oriented to trailing-edge products, the real volume oppor
tunities to provide warranty repair require an investment strategy that constantly looks 
ahead to meeting tomorrow's requirements." 

The Ce1plex Group, Inc. (Tustin, California) is one of the world's leading computer
repair organizations and has recently committed significant resources to establishing in
house FPD repair capabilities in the U.S. and Europe. Brian Campbell, Director of Busi
ness Solutions and Development: "When we look at the FPD repair market we see 
approximately 16 million notebooks sold last year and an installed base of somewhere 
around 25 million that are actively being used. By figuring a 5% overall retum rate -
25% of which is attributable to the LCD - we come up with somewhere over 500,000 
LCD-oriented retums per year. At a projected average of $100 per repair, even a rela
tively small 10% of the available market results in a $5 million stand-alone business 
opportunity. Even more importantly for a full-service comprehensive service outsourc
ing repair organization like Cerplex, there are significam additional synergies by inte
grating LCD repair with our mainstream repair business." 

Sequel, Inc. (Santa Clara, California) is a leading notebook-repair company that has 
successfully expanded into the FPD repair market. Sequel also offers FPD repair as a 
stand-alone business. Steve Ball, Senior LCD Process Engineer: "As part of our commit
ment to the LCD repair market, and our role as a worldwide repair partner for Mitsubishi, 
we have already set up full LCD repair facilities in the United States, Taiwan, and the 
U.K. over the past few years. Because our repair activities have to simultaneously deal 
with both end-of-life issues and warranty repair of new products, it is critical that TAB
recovery equipment be able to produce high yields of usable product, regardless of the 
pitch dimensions. We are also just getting into repair of smaller screens, such as PDAs 
and other handhelds, where fine pitch is paramount. From what we've seen, all of the PC 
makers are significantly stepping up pressure on FPD manufactw·ers to provide repair 
faci lities throughout the world and thereby reduce repair-pipeline delays. This clearly 
represents the major opportunity for top-tier repair organizations that are able to invest in 
leading-edge capabilities and processes required to optimize tumaround times and prod
uct yields." 

The profile of an FPD repair house can 
range from a targeted regional operation to a 
multinational full-service third-party repair 
operation (see sidebar, The Real World of 
FPD Repair). Whatever the profile, a com
mon factor that sets successful repair houses 
apart from limited garage-shop operations is 
their investment in automated capabilities for 
efficiently handling the larger screen sizes and 
sophisticated fmc-pitch interconnects used in 
today's state-of-the-art FPDs. 

Technical Challenges of FPD Repair 
A review of typical industry-wide failure 
modes for LCD-based FPDs shows some very 
consistent Pareto dispersion pattems. By far, 
the highest LCD failure mode is blank hori
zontal rows or blank vertical columns result
ing from either bad drivers or broken driver
to-LCD interconnects. These failures, which 
require driver recovery and rebonding, run 
between 40 and 50% of all LCD fai lures. 
(The next most significant failure modes -
damaged polarizers, failed backlights, and bad 
PCB electronics- typically have frequencies 
of 12% or less.) 

The high incidence of driver failure makes 
the efficient replacement of LCD drivers a 
capability that is ctitical fo r success, with a 
high likelihood of quick payback on invest
ment. In addition, the ability to effectively 
recover and rebond LCD drivers is now often 
a fundamental prerequisite for disassembling 
the FPD to accomplish other repairs. 

For the majority of today's FPD designs, 
the primary method of interconnecting drivers 
to the LCD is by means of tape-automated 
bonding (TAB). The use ofT AB drivers 
enables designers to incorporate the fine 
pitches required by high-resolution laptop 
screens, which can be as small as 62 J.ll11 on a 
1280 x 768 display with a 12- 14-in.-diagonal 
screen size. As a result, effective process con
trol for consistent aligrunent and attachment 
of fine-pitch TAB drivers has now emerged as 
the core challenge for success in the FPD 
repair industry. 

Repair Yield: The Key to Success 
A repair house's competitive position and bot
tom-line profitability hinge on how high a 
"yield" of good displays it can obtain from a 
given number of failed FPDs. This emphasis 
on yield is a result of the shortage of new 
replacement parts available from FPD manu
facturers, which makes effect ive cannibaliza-
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FPD repair 

MicroJoin Inc. 

Fig. 2: A TAB-driver repair and rework machine as used at Pixel Interconnect to fix damaged 
flat-panel displays. This machine is by MicroJoin (formerly Taddeo General). 

tion a fundamental component of any FPD 
repair strategy. 

Because most repair houses are in competi
tion with each other to act as subcontractors to 
computer OEMs and FPD manufacturers, the 
ability to commit to a specified yield level is a 
critical differentiating factor. If a repair house 
promises to return 60 good panels out of every 
100 failed panels it receives, this implies that 
the other 40 panels will be scrapped in order 
to provide good replacement parts such as 
TAB drivers, backlights, connectors, and 
PCBs. 

Clearly, a repair house that can commit to a 
60% yield has a significant competitive 
advantage over a house that can only commit 
to a 50% yield. Of course, the bottom line 
will depend upon the repair operation's being 
able to meet the specified yield commitment 
in a cost-effective manner, without consuming 
too much time, labor, or materials. Because 
TAB-driver recovery and rebonding is a criti
cal factor in overall yield, those repair compa
nies that can implement these operations effi
ciently - and without damaging good compo
nents - will be able to deliver higher yield 
commitments. 

Since the Holy Grail for most repair houses 
is to become a warranty-repair subcontractor 
to a major FPD manufacturer, they know that 
the ability to maximize yield often becomes 
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the primary selection factor. Paradoxically, 
after being chosen as a warranty provider, the 
repair house often gains some degree of cush
ion on the yield front by gaining priority 
access to the limited supply of new replace
ment parts. But yield remains a key compo
nent of an FPD repair house's overall business 
success, whether the house is a warranty 
provider or not. 

Equipment Requirements 
Entering the FPD repair market requires a sig
nificant initial investment that can range from 
tens of thousands to over a million dollars, 
depending upon the types of repairs offered, 
the levels of automation required, and the 
overall volumes anticipated. For instance, 
automated polarizer-repair equipment can 
require a $50,000 initial investment plus over 
$ 1000 in tooling for each type of display 
panel. Although automated polarizer align
ment can greatly increase yields, it requires at 
least a moderate volume - more than 100 per 
day - of a particular display type for the 
increased yield to amortize the additional 
costs. 

When it comes to TAB-driver repair, any 
serious rework operation should include a spe
cialized capability for pulse-heated aniso
tropic-conductive-film (ACF) bonding/recov
ery, with tight process control over the heat 

and pressure profiles, plus precision position
ing, alignment, and coplanarity management. 
While some low-end FPD repair "kits" sup
posedly give garage shops the ability to con
duct TAB-driver repairs with a soldering iron, 
such methods simply can't provide the fme 
pitch alignments and consistent yield a com
pany needs if it is to compete as a full-fledged 
FPD repair provider. 

There are several reasons for using special
ized ACF recovery/rebonding equipment to 
make TAB cormections. Repair-oriented sys
tems must control the critical process parame
ters of time, temperature, pressure, and align
ment even more closely than the original 
panel manufacturers. The original manufac
turer is concerned about maintaining a high 
production rate at a reasonable ftrst-pass qual
ity level. By electing not to control these 
parameters optimally for each TAB, the man
ufacturer increases throughput, but at the price 
of having a higher rate of subsequent failures 
in the field. Repair-oriented equipment, on 
the other hand, must be optimized to control 
all four process parameters for every single 
TAB. 

The original manufacturer must also trade 
off production-rate requirements against opti
mal cure time of the adhesive. Improperly 
cured adhesive can relax over time, causing 
the cmmection to open - the most common 
cause of fa ilure. 

Repair-oriented ACF TAB-bonding equip
ment must have built-in process-development 
capabilities. MicroJoin systems, fo r instance, 
incorporate external thermocouple inputs to 
show the actual ACF-material temperature 
plotted over time. The hot-bar commanded 
temperature and the measured ACF tempera
ture can be compared in real time to assme 
optimum process setting for that type of bond. 

Another factor that contributes to the loss 
of connection over time is a larger than nor
mal gap between the glass and TAB. This gap 
is determined by the hot-bar coplanarity and 
flatness over the length of the bond. For ACF 
balls from 5 to 10 J.lm in diameter, an even 
pressure over the bond length is required to 
properl y crush each ball. Using silicon rubber 
or Kapton can compensate for minor varia
tions in hot-bar flatness, but consistency can 
be difficult to achieve and maintain in the face 
of larger variations over a long metal hot bar 
under varying manufacturing conditions. In 
its equipment, MicroJoin keeps these varia
tions extremely small by using a ceramic 



material. Unlike metal, the ceramic material 
does not warp or change shape when heated 
and cooled. 

In the high-volume production lines of 
panel manufacturers, as many as 10- 14 TABs 
may be bonded in one operation. The produc
tion rate is high, but achieving the optimum 
ball crush over a long length is a compromise. 
Flatness across the bond directly determines 
the nwnber of balls being crushed to the 
proper height, so repair-oriented equipment 
should be optimized for ball crush over a sin
gle TAB. 

As with any manufacturing process, vari
ability between separate steps in the process 
can occur, thereby causing defects in align
ment. The original manufacturer optimizes 
for production rate by aligning two or more 
TABs in one operation and then moving them 
to a separate bonding operation. Since the 
TABs are not bonded at the alignment station, 
they can move out of alignment during trans
port. Repair-oriented bonding equipment 
should allow for both alignment and final 
bonding of each TAB without transporting 
between operations (Fig. 2). 

111e price range for pulse-heated systems 
capable of repairing ACF-bonded TAB 
drivers is from $15,000 to $150,000, so it is 
important for a repair house to consider how it 
will be using its equipment investment. Since 
the name of the game is to maximize yields 
for lots of different display types with fast 
turnaround and minimum labor investment, 
repair-oriented equipment is necessarily dif
ferent from production-oriented equipment. 
For instru1ce, a repair-oriented system for 
TAB-driver recovery and replacement must 
be able to step the operator quickly through 
any specific process, and it must have the 
flexibility for quick chru1geover to effectively 
repair a wide variety of display types. 

In the real world, a repair operation may be 
faced with replacing any of 10 or more TABs 
on each of more than a dozen different LCD 
panel types. The work flow in such a high
mix environment may be beyond the control -
or even the forecasting ability - of the repair 
house. Depending upon the volumes and mix 
of displays being repaired, automation fea
tures such as integrated machine-vision and 
pattern recognition may greatly improve 
throughput by automatically pre-positioning 
the machine over the TAB driver specified by 
the operator. 

Planning for Larger Panels 
The FPD repair and rework market typically 
lags slightly behind the technology curve, but 
the rapid pace of technological change 
demands that repair houses must always bal
ance the cost of today's capital investment 
against the potential risk of obsolescence by 
tomorrow's market changes. One area of 
ongoing risk is the ability of existing TAB
repair bonding systems to handle bigger dis
plays. For instance, as 15-in.-and-larger dis
plays move into volume production for lap
tops, repair houses must already have systems 
in place with the X-Y positioning capabilities 
to handle large panels. As large-format-FPD 
costs become more competitive with conven
tional CRTs in the desktop-monitor market, 
the enormous volume potential of monitor 
FPDs and the increase in repair value-added 
opportunities will li kely become the driving 
forces for all future capital-equipment deci
sions in the FPD repair industry. 

The inevitable push to larger screens ru1d 
greater resolutions wi ll enhance the value of 
FPD repairs, and this will expand today's 
already lucrative business opportunities. But 
this implies that FPD repair houses will 
increasingly have to depend on highly auto
mated techniques for handling the minute 
alignment and bonding demands of fme-pitch 
connections on steadily growing screen 
sizes.• 
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Air Ionizers in TFT-LCD Manufacturing 

Electrostatic discharge plays havoc with yields - can it be prevented? 

Haruyuki Togari and Arnold Steinman 

S TATIC CHARGES are more than a nuisance 
that can cause hair to become unruly and 
clothes to cling; they create a variety of prob
lems in high-teclmology manufacturing that 
result in damage and yield losses totaling 
more than $1 billion each year. These prob
lems are only going to get worse as we move 
toward smaller device sizes, faster operating 
speeds, and larger manufacturing substrates. 
Unless static charges can be controlled effec
tively in manufacturing facilities, the losses 
can only grow larger. 

Three different types of static effects create 
production problems. Electrostatic attraction 
(ESA) increases the rate of particle deposition 
on charged surfaces, resulting in product 
defects even when products are manufactured 
in cleanrooms. ESA also causes unwanted 
movement and sticking of materials, leading 
to equipment jamming and product breakage. 
Electrostatic discharge (ESD) damages prod
ucts directly, frequently melting small-geome
try features (under 1.0 j.!m) or damaging thin
film coatings. ESD also generates electro
magnetic interference (EMI) that interrupts 
the operation of production equipment. 

Problems for LCD Production 
Production of thin-film-transistor liquid-crys
tal-display (TFf-LCD) panels is particularly 

Haruyuki Togari is a senior engineer for 
Harada Corp., 10-14 Minami-semba 
2-chome, Clwo-ku, Osaka, Japan; telephone 
+81-(06)-244-0171./ax +81-(06)-244-0157, 
e-mail: togari@haradacorp. co.jp. Arnold 
Steinman is ChiefTec/mology Officer at Ion 
Systems, 1005 Parker St., Berkeley, CA 
94710; telephone 510/548-3640./ax 510/ 
548-0417, e-mail: asteinman@ion.com. 

16 Information Display 11/98 

susceptible to electrostatic problems. The 
four clistinct areas of the manufacturing pro
cess- array, color filter, cell assembly, and 
module assembly - each pose unique electro
static problems. As the industry works to 
increase yields, the need for effective controls 
becomes increasingly important. The pres-

Array Process 

Glass TFT Substrate .. 

I 
Thin film, CVD, 

Sputtering 

I 
Coater, Aligner, 

Developer 

I 
Etching, Stripping -

I 
Color Filter Process 

Glass Color Filter 
Substrate 

ITO Film 

I 

ence of insulators throughout the LCD fabri
cation process makes it difficult to impossible 
to rely on physical controls. As a result, air 
ionization remains the most effective and 
widely implemented approach. 

The market for electrostatic-control prod
ucts exceeds $300 million annually, and air-
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Scribe and Break 
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Fig. 1: The four segmenrs of the LCD manufacturing process each have their own. particular 
air-ionization requirements. 
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ionization systems account for more than one
quarter of that total. The move to finer panel 
resolutions and larger glass substrates makes 
static control even more essential, and so the 
market for control systems can be expected to 
grow. 

Types of Air Ionizers 
Air ionizers work by creating charged air 
molecules; by either adding or removing an 
electron, air molecules can be given a nega
tive or positive charge. There are three differ
ent types of ionization systems currently used 
by LCD manufacturers: corona discharge, 
photon ionization, and nuclear ionization. 
Each approach has advantages and disadvan
tages (Table 1). 

The corona-discharge ionizer uses a high 
voltage applied to a sharp emitter point, which 
produces a strong electric field. This field 
interacts with the electrons of the adjacent gas 
molecules, producing ions of the same polar
ity as the appl ied voltage. These ionizers are 
classified according to the electrical current 
that is applied to the emitter: pulsed de, 
steady-state de, or ac. One limitation of 
corona-discharge designs is that deposits tend 
to accumulate on the emitter points as a result 
of gas-to-particle conversion, chemical reac-

tions caused by the electric fie ld, and high 
emitter-point temperature. These deposits can 
reduce the emitter efficiency, and periodic 
maintenance to remove them may be required. 
The same process that creates the deposits can 
also create small particles, which can pose 
significant problems in cleanroom settings. 
Cleaning the emitters may be difficult in some 
operating environments, in whlch deposit for
mation can be reduced by sheathing the emit
ter points with clean, dry, silica-free air or 
nitrogen gas. 

Photon ionization uses a soft x-ray energy 
source to displace electrons from the gas 
molecules. Nuclear ionizers use polonium-
210 radiation sources to create alpha particles 
that collide with the gas molecules, displacing 
electrons. The molecules that lose electrons 
become positive ions. Neutral gas molecules 
rapidly capture the electrons and become neg
ative ions . These types of ion generators do 
not have emitter points, so deposits are not a 
concern. However, x-ray and nuclear sources 
must be carefully installed and controlled to 
avoid creating safety hazards. 

TFT-LCD Manufacturing 
As mentioned earlier, t11e TFT-LCD manufac
turing process is generally divided into four 

separate process segments: array, color filter, 
cell, and module (Fig. 1). The procedures in 
each segment are carried out in a different 
class of air cleanliness, and each requires dif
ferent static-control methods. Careful study 
of the application enviromnent for each seg
ment is required in order to select the correct 
air ionizer and to design its installation for 
optimum operation. 

Array Process 
During the array process, the TFT elements 
for the LCD are deposited on a glass sub
strate. Similar to semiconductor manufactur
ing, tllis requires repeated cycles of deposi
tion, photolithography, and etching. 1l1e most 
common static-charge-related problems seen 
in this process are pattern defects due to parti
cle attraction and bonding, breakdown and 
performance degradation of the TFTs, and 
problems during materials handling. The array 
process requires air cleanliness of class 10 to 
100. The same types of ionizers used in semi
conductor manufacturing are used in the array 
process areas, including many that are 
installed inside the process equipment. 

Glass-substrate size has more than doubled 
recently from 360 x 460 mm to the current 
600 x 720 mm. 1l1e roadmap for the LCD 

Table 1: Features of Various Types of Air Ionizers 

Issues 

Airflow 

Effective area 

Effective distance 

Decay time 
( 100- 10% of 
initial charge) 

Remaining charge 

Particle level 

Pulsed-de 

Airflow shortens 
decay time. May be 
used without airflow. 

1.2 x 1.2 m for each 
pair of positive and 
negative emitter points 

0.3- 3.0 m 

3-10 s depending 
on airflow and 
operating distance 

Varies at low level 
depending on pulse 
rate and distance to 
the ionizer. 

Suitable for class 
1- 100. Works with 
ambient airflow. 

Steady-State 
de or ac 

Required 

0.6 x 0.6 m directly 
underneath the 
ionizer 

0.1-0.3 m 

3-10 s depending 
on airflow and 
distance 

Surface charge 
uniformity 

Suitable for class 
1-100. Airflow in 

Ionizing Blowers 
(Steady -state de or ac) 

Included in the 
design. 

0.6 x 0.6 m with 
the blower centered 
over the area 

0.3- 1.5 Ill 

1-5 s depending on 
distance 

Surface charge 
uni formity 

Suitable for class 
100- 1000. Blower 

excess of ambient airflow may stir up 
may stir up particles. particles. 

Photon Ionizers 

Airflow shortens 
decay time. May be 
used without airflow. 

1.0 X 1.0 X 1.0 m 
volume 

0.1- 1.5m 

1-20 s depending 
on airflow and 
distance 

Surface charge 
UJliformi ty 

Suitable for class 
1- 1000. No 
particle production. 

Nuclear lorlizers 

Required 

Depends on length 
of nuclear source or 
available airflow 

0.1 m without airflow 

1-20 s depending 
on airflow and 
distance 

Surface charge 
uniformity 

Suitable for class 
1-1000. No 
particle production. 
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TFT-LCD manufacturing 

Progressive Systems Technology 

Fig. 2: A bar-type pulsed-de air ionizer in this substrate handler greatly reduces electrostatic 
charges in the cassette. 

industry - described by both the U.S. Display 
Consortium (USDC) and the Japan Production 
Cost Savings Flat Panel Display Task Force 
(PCS-FPD) - indicates that the size of glass 
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substrates is likely to more than double again 
within the next 5 years, at 950 x 1100 mm. 
As the size of the substrates increases, the 
amount of static charge also increases propor-

tionally, so the effective area that the air ion
izer needs to cover must also increase. 

Currently, ionizers are used at a number of 
points in the array process. 

Substrates in cassettes - Glass substrates 
in a cassette have varying levels of 
charge, depending on how they have 
been processed and handled. Glass is a 
particularly easy material to charge 
because it is an excellent insulator and it 
retains its charge for long periods of 
time. Before placing the substrate in a 
cassette, it may beneutralized by an ion
izer. Unfortunately, it gets recharged by 
separation from the robot arm that puts it 
into the cassette. The charge on the sub
strate needs to be eliminated before the 
next substrate comes into the cassette, 
otherwise the charge will be retained and 
subsequently increase with each succes
sive substrate that is added to the cas
sette. Without ionization, the bottom 
substrates in a cassette can build up 
charges in excess of 20 kV. In order to 
be effective for cassette applications, an 
air ionizer must have wide area coverage 
at large distances. It must distribute air 
ions from the top to the bottom of the· · 
cassette. Typically, a bar-type pulsed-de 
air ionizer is installed over the robot and 
the upper part of the entrance to the cas
sette (Fig. 2). 
Stage operations - For many of the steps 
in the array process, the substrate must 
be positioned and held very accurately on 
a stage. During separation from the stage 
after processing, the substrate gets 
charged when it is pushed up by the ele
vating pins. ESD occurring from the 
substrate to the pins and stage can cause 
damage to the transistors in the driver 
array, which results in defective product. 
ESA from the charge makes it harder to 
separate a substrate from the stage, par
ticularly at the center. The glass can 
deflect and then bounce on the elevating 
pins, which in turn obstructs the pick-up 
robot movement and can cause glass 
breakage. This problem can only get 
worse as the industry moves towards 
larger and thinner glass substrates. In 
order to solve the charging problem, air 
ionizers are installed very close to the 
stage to give very fast discharge time. 
Ionized air must reach the bottom surface 
of the substrates, where the charge is 



being generated. An air ionizer can 
reduce the electrostatic charge on the 

substrate to less than one-sixth the charge 
without the ionizer present (Fig. 3). 
Other array-process problem areas -
ESD problems that occur in load/unload 
stations and process chambers are similar 

to those that occur on stages. These 
areas are often metal enclosures of mini
mal size, causing discharges to occur 
between charged substrates and the 
chamber walls. There is little space to 

install corona air ionizers, since ionizer 
emitter points must be located away from 
the metal chamber walls to avoid 

lmwanted arcing or loss of ions. As a 
result, an ionizer must be used that can 
charge the air or nitrogen gas that is 
pumped through the chamber. Other cur
rent applications of ionizers in the array 
process are in spin coaters, photolithog
raphy steppers, and in chemical-vapor
deposition (CVD) equipment, specifi
cally for substrate separation from the 
soaking plate . Similar static problems 
are encountered during the production of 
the color fi lter on a second glass sub
strate, although the emphasis is on parti

cle attraction due to ESA rather than 
ESD. 

Cell-Assembly Process 
Cell assembly is a multi-step process in which 
the array substrate and color-filter substrate 
are assembled together, cut to the cell size, 
and f illed with the liquid-crystal material. 
Assembly begins with coating an aligrunent 
layer on both the TFT-array substrate and 
color-filter substrate. The coated surface is 
then rubbed with a fast-rotating roller puff 
cloth to orient the liquid-crystal material. 
Spacers are sprayed on the surface of the sub
strate, sealing material is printed on, and the 
two substrates are aligned. After alignment, 
the panel is cut to a desired cell size, fi lled 
with liquid crystal, and sealed. Static prob
lems that occur during the cell assembly 
include: unwanted attraction of particles, ESD 
damage, deterioration of the array substrate, 
and alignment defects from movement of the 
substrates caused by electrostatic repulsion. 

The cell-assembly process environment is 
usually class 100 up to tl1e panel-aligrunent 
stage, and class 1000 thereafter. Prior to 
par1el alignment, air ionizers are installed to 

neutralize charges on the s ubstrates in the cas-

settes and on the stages, as described earlier. 
During aligrunent, or scribe and break, parti
cles become less of an issue, but array damage 
can still result from ESD. 

Perhaps the most significant static-charge 
problems occur during the rubbing process. 
As any science student knows, rubbing glass 
with a soft cloth is an extremely efficient way 
to produce an electrostatic charge, so the rub
bing stage poses some unique challenges for 
static control. 

As already mentioned, the g lass substrate is 
rubbed to align the liquid crystal in the display 
in a fixed direction when voltage is subse
quently applied. The rubbing process gener
ates very high static charges due to friction 
between the roller puff cloth and the g lass 
substrate. The cloth also generates a large 
number of particles. Fan-powered corona ion
izers or blow-off nozzles have been used in 
the past to .neutralize the charge, but they tend 
to stir up particles and increase the contamina
tion of the environment. High humidity is 
also used during the rubbing process to reduce 
static-charge generation. Recently, the soft 
x-ray ionizer was added to the equipment that 
does the rubbing process. This ionizer is able 
to rapidly and uniformly discharge the surface 
of the substrate with direct irradiation without 

> 600 

the need for air flow. It also neutralizes the 
charge on the roller. 

Module-Assembly Process 
During module assembly, the driver integrated 
circuits (ICs) are connected to tl1e display and 
assembled on the control board. Backlights 
and other components are also added to create 

a finished and tested panel. The most serious 
threat from static charge is ESD damage that 
occurs during the molmting of the driver ICs 
and fina l test process. The process environ
ment class varies from 1000 to 10,000, and 
particle generation from the air ionizer is not 
considered a problem, so particle generation is 
not a concern in selecting an appropriate ion
izer. On the other hand, the process of assem
bling backlights and control boards is not 
automated, so attention should be given to the 
static charge on personnel who handle the 
product. Static discharges f rom gloves and 
lmiforms of personnel can destroy the product 

during this assembly step. 
Air ionizers used during module assembly 

are fan-powered ionizing blowers. Installa
tion requirements dictate that ionizer airflow 
must not create voltage differences across the 
module surface or stir up particles deposited 
in the process area . Since airflow from a 
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Fig. 3: Stage operations can result in handling problems and damage caused by static charges, 
but an air ionizer can greatly reduce the surface voltage on the glass substrate, which in turn 
improves handling re-Liability and production yields. 
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TFT-LCD ntanufacturing 

benchtop air ionizer can be easily obstructed 
by tools on the work table, employees respon
sible for handling glass substrates must be 
cautious if using bench top blowers for charge 
neutralization. 

Ionizing blowers should be installed so that 
their airflow is at a right angle to the sub
strates (typica lly from above), which ensures 
an even distribution of ions over the entire 
display surface. Airflow parallel to the s ub
strate causes a variance in the charge decay on 
the glass, depending on the distance from the 
ionizer, which can result in a voltage differen
tial. Mounting the blower over the work table 
ensures limited obstruction to the ionized air
flow. Ioni zing blowers with adj ustable air
flow are best for such applications, as these 
can be set to provide sufficient coverage with
out stirring up particles liiUlecessarily. 

Verifying Ak-Ionizel· Effectiveness 
Once air ionizers are in place, how can we tell 
whether or not they are effective and adj usted 
for optimum perfom1ance? Measurements to 
verify the effectiveness of air ionizers can be 
made with the charged-plate monitor, as 
defined in the ESD Association Ionization 
Standard, ANSI EOS/ESD S3.1-199l. How
ever, this test instrument relies on a 150 x 

150-nun metal plate, which does not accu
rately characterize the charge neutralization of 
a large glass substrate. An alternative mea
surement method uses an electrostatic-field 
meter to measure static decay on the actual 
glass substrate. Monitorin g with the field 
meter in any process will allow the adj ustment 
of the ionizers for optimum neutralization per
formance, resulting in lower charges on the 
substrates. By minimizing the charge, the 
defects and handling problems caused by the 
static charges will be minimized. 

Other Static-Control Measures 
Static-charge control is rarely accomplished 
with a single method; a well-designed static
control program will rely on multiple 
approaches. Air ionizers can only neutrali ze a 
static charge after it has been generated; they 
can not prevent a static charge from being 
generated in the first place. Manufacturers 
can take a number of steps to prevent the cre
ation of static charge. 

One fundamental approach is to ground all 
electrically conductive and stat ic dissipative 
materials in production equipment. Increased 
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humidity levels can lower static-charge levels 
on insulators. Equipment can be designed to 
minimize contact of smooth s urfaces or fric
tion between materials, which reduces static
charge generation. 

Taking Control 
So when we ask, "Can electrostatic-charge 
generation in TFT-LCD manufacturing be 
prevented?", the only honest answer is, "No, it 
can't." At every step in the manufacturing 
process, the natural physical properties of the 
equipment, the substrates, and even the manu
facturing enviromnent itself produce static 
charges that have effects that range from the 
annoying to the catastrophic. 

Careful analysis of the manufacturing pro
cesses, however, can lead to the selection of 
effect ive static-charge-control systems, which 
can include steps toward both prevention and 
elimination. Air-ionization units have been 
proven to be effective at elimi nating charges, 
and different types of ionization units are 
available for different types of applications. 
They vary in a number of important ways, 
including airflow, particle generation, effec
ti ve range, and installation constraints . By 
carefully matching the unit' s operating char
acteristics with the needs of a specific process 
in the manufacturing operation - and institut
ing appropriate perfom1ance monitoring and 
maintenance procedures - an effect ive static
charge-elimination system can be created. 

The pace of technology change in LCD 
manufacturing seems to be increasing daily, 
and as an industry, we must be prepared to 
meet the new challenges that these changes 
will present. As we seek to make larger dis
plays with higher resolution and fewer defects 
at lower cost and in less production time, static
control programs will become increasingly 
important in TFT-LCD manufacturing. Only 
through close cooperation between the manu
facturers, equipment designers, and air-ionizer 
suppliers will we be prepared to respond 
swiftly to the new problems as they arise. • 

Please send new product releases or 
news items to Information Display, 
c/o Palisades Institute for Research 
Services, Inc., 411 Lafayette Street, 
2nd Floor, New York, NY 10003. 
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Continuous-Grain Silicon Makes the HDTV 
Retro-Projector Sizzle 

Continuous-grain silicon puts most of the performance of single-crystal 
silicon into a TFT material - and brings the "glass chassis" much closer. 

by Hisashi Ohtani, Jun Koyama, Tom Mitsuki, Masaaki Hiroki, 
Shumpei Yamazaki, and Masaya Hijikigawa 

M ANY INDUSTRY WATCHERS consider 
polysilicon thin-film-transistor liquid-crystal 
displays (TFT-LCDs) to be the next genera
tion of display devices. They are already 
important as a leading technology for making 
the small LCD light valves used in many 
data/graphics projectors, and at SID '98 in 
Anaheim, Toshiba showed that polysilicon 
displays can be surprisingly large by exhibit
ing a prototype 13.3-in. low-temperature 
polysilicon display in an XGA format. 

Among the attractions of polysilicon is the 
ability to fabricate drivers on the panel along 
with the TFTs, using the same polysilicon 
material. But the electron mobility of conven-

Hisashi Ohtani, Jun Koyama, Toru Mitsuki, 
Masaaki Hiroki, and Slmmpei Yamazaki are 
with the Semiconductor Energy Laboratory 
Co. Ltd. , Atsugi, Japan. Masaya Hijikigawa 
is Corporate Director and Group Deputy 
General Manager of the TFT Liquid Crystal 
Display Group, Sharp Corp., 356-6 Nishi 3-
chome, Nakayama-cho, Nara 631, Japan; 
telephone +81-7-4365-2610; fax +81-7-4365-
3443, e-mail: hijikigw@sharp.co.jp. This 
article was adapted from the authors' late
news poster paper presented at SID '98 in 
Anaheim, California. Additional information 
is available in that paper, which begins on p. 
467 of the SID International Symposium 
Digest of Technical Papers (Society for 
Information Display, 1998). 
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Semiconductor Energy Laboratory 

Fig. 1: The special structural characteristic of continuous-grain silicon, as shown in this high
resolution transmission-electron-microscope image, is that the edges of the crystalline grains 
are straight and the atomic bonds at the grain boundaries are smooth. This allows carriers to 
flow between grains without being trapped at the boundaries. 
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Semiconductor Energy Laboratory 

Fig. 2: This electron-diffraction image of a 1.35-j.Jm-diameter area of a collfinuous-grain-sili
con.film shows a distinct <110> diffraction pallem with few spots at irregular positions, even 
though there were many crystalline grains in the region. This sl10ws that each grain has high 
crystallinity, that /he grains are highly oriented with respect to each other, and that taken 
together the grains can be treated almost as a single crystal. 

BM 
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Fig. 3: This schematic cross section of a TFT doesn't look too unuSt{(l/, except that the active 
layer is 4011111 of collfinuous-grain silicon, which is nearly as .fast as single-crystal silicon. 

Table 1: TFT-LCD Specifications 

Display size 
Number of pixels 
Pixel size 
Source-dri ver frequency 
Gate-driver frequency 

' Aperture ratio 

Contrast ratio 

2.6 in. 
1280 X 1024 
45 X 32 11m 

13.6 MHz 
8.4 kHz 
63% 
300:1 

tiona! polysilicon materials is too low to fabri
cate effective monolithic drivers for displays 
that push into the speed-and-resolution 
domain required for HDTV or video-rate 

, SXGA. And the mobiUty is surely too low to 
fabrica te the monolithic microprocessors and 
monolithic high-speed circuits that would ful
fi ll the dream of making an entire system-on
panel (SOP). 

But materials scientists at Semiconductor 
Energy Laboratory Co., worki ng in coopera
tion with Sharp Corp., have developed a high
petf ormance type of po lysilicon called contin
uous-grain silicon, which is formed by solid
phase crystal li zation of an amorphous-silicon 
film by a novel crystallization technique. 
According to observation by transmission 
electron microscopy (TEM), most of the adj a
cent g rains in a continuous-grain silicon have 
{ 1111 lattices that completely coincide with 
each other at the boundary, and the atomic 
bonds at the boundary are smooth (Fig. 1). As 
a result, carriers can flow without being 
trapped at grain boundaries, producing excel
lent electrical characteristics. Remarkably, 
continuous-grain silicon offers essentially the 
same perfo rmance as s ingle-crystal s ilicon. 

An explanation for this behavior is found in 
a representative electron-diffrac tion pattern of 
a continuous-grain-silicon sample. The typi
cal < 110> di ffraction pattern looks very much 
li ke the pattern fo r single-crystal s ilicon 
despite the fact that there are many grains in 
the 1.35-llm-diameter region that produced 
the pattern (Fig. 2). 

Continuous-grain-silicon film has been 
used as the active layer in a pixel TFT design 
(Fig. 3) for 2.6-in . HDTV panels intended for 
a rear-projection HDTV receiver. The mea
sured 10 - V 0 characteristics of the transistors 
are excellent, with the fie ld-effect mobility of 
n-channel TFTs exceeding 300 cm2/V5 , and 
the mobility for p-channel TFTs being about 
140 cm2/V5• S-values are less than 80 mY/dec 
for both n- and p-channel TFTs, which pre

dicts very fast switching in actual circuits. 
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TFT materials 

Sharp Corp. 

Fig. 4: This prototype of a 60-ilz. HDTV rear-projection receiver uses three 2. 6-in. HDTV con
tinuous-grain-silicon TFT-LCD panels. 

The pixel size for these panels is 45 !Jill (H) 
x 32 !Jill (V). The pixels have the black 
matrix on the TFf structure to improve aper
ture ratio, and the storage capacitor is formed 
by overlapping the black-matrix and the 
wiring-metal layers on the TFf. The result is 
an aperture ratio of 63%. 

The 2.6-in. LCD panel contains monolithic 
drivers. Because of the high performance of 
the continuous-grain silicon, the panel doesn't 
need video-signal expansion and only one 
video signal is input to the data driver. Con
sequently, a stable LCD image is obtained 
without periodic unevenness. (Two video 
lines are connected to the data driver only to 
perform column inversion, which requires 
both plus and minus video inputs.) 

Table 2: Rear-Projector 
Specifications 

Display size 
Number of pixels 
Luminance 
Contrast ratio 
Size 
Light source 

60-in. diagonal 
1280 x 1024 (1.3 million) 
960 cdfm2 

300: 1 
1479 x 1447 x 660 mm 
370-W metal-halide lamp 

Performance 
The panel delivers excellent video perfor
mance (Table 1), and bas been incorporated in 
a prototype 60-in. HDTV rear projector (Fig. 
4). The projector contains three of the contin
uous-grain-silicon TFf-LCD panels. The 
resulting luminance of 960 cdfm2 and contrast 
ratio of 300:1 are sufficient for a consumer 
television receiver (Table 2). 

Given the successful development of con
tinuous-grain silicon up to this point, we can 
expect the application of this technology to 
digital TV systems. • 

SID '99 
San Jose, California 

San Jose Convention Center 

May 16-21 , 1999 





;; ·b'iU let;(!t ;tn~ f'U, +; ·b'i 34fi 

Manufacturing Cost Structures Provide 
the Key to the Electronic-Display Market 

What display applications can support the manufacturing investments 
and materials costs for flat-panel displays ? Are there any? 

by David E. Mentley 

T.E GLOBAL FLAT-PANEL-DISPLAY (FPD) 

industry now satisfies a $14 billion electronic
component market, but the economic charac
teristics of this market defy most conventional 
analyses. Building the market has come at an 
investment cost of over $10 billion just for the 
active-matrix liquid-crystal display (AMLCD) 
alone, but that is not bad, nor is it troubling. 
There is no question that there will be a long
term market for electronic displays. But there 
is a question, and it's a serious one: Can end
use demand for display components support 
such investments? 

111e growth potential of FPDs is intimately 
tied to the cost structures of future displays, 
both cathode-ray tubes (CRTs) and flat panels. 
Drastic price drops in thin-film-transistor LCD 
(TFI'-LCD) panels for computer applications 
have brought these issues to the forefront. 

Notebooks Justified LCDs 
From the point of view of rational fmancial 
analysis, the FPD industry could not have 
arrived where it is today without the conver
gence of a unique set of circumstances. There 
is and never has been a larger and more 
important market for FPDs than the notebook
computer market. This 15-20 million unit 
market is critically important because the 

David E. Meutley is Vice Presidellt of Stan
ford Resources, Inc., 20 Great Oaks Blvd., 
Suite 200, San Jose, CA 95119; telephone 
408/360-8400,fax -8410, e-mail: d.mentley@ 
sta Iiford resources. com. 
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value supplied by an FPD is a significant part 
of tl1e va lue of the notebook computer. There 
is no appropriate substitute for an FPD in a 
notebook computer. 

It has been possible to support display <.:usts 
by the price and cost structure that has devel
oped in the component and system markets. 
More important, the computer industry pro
vided the incentive in the early 1990s for 
ambitious display developers to invest billions 

$60 

of dollars in research and production capacity. 
The free-spending mood of many giant Asian 
electronics companies also fueled the devel
opment engine. The goal was to capture a 
la1·ge part of the billions of dollars of revenue 
that would flow in the future. 

The TV market would not and could not 
provide this incentive. TV-receiver prices 
could not support development of an expen
sive and risky technology, and profits have 
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Fig. 1: The global CRT TV and monitor marke1s were roughly 150 million units ($15 billion) 
and 86 million units ($12 billion), respectively, in 1998,for a total of$27 billion. This com
pares with $14 billion for FPDs. (Source: Stanford Resources' Flat Information Displays 1998) 

03'62-0972/98/1411-026$1.00 + .00 © SID 1998 



Table 1: Value of LCD Market 
(millions of dollars) 

1996 1997 

Portable 
Computers 

$5079 $7262 

Total, All 
Applications 

$9879 

Source: Stanford Resources, Inc. 

$12,817 

1998 

$5979 

$12,253 

been elusive in the TV business. The com
puter-monitor market could not help either: 
prices for monitors have dropped steadily and 
have left manufacturers with erratic profits. 
Without the notebook-computer market, high
resolution FPDs would have remained very 
expensive and lirnited to low-volume military 
and industrial applications. 

But computer manufacturers have gleefully 
been taking advantage of price competition 
and are reducing the price premiums that they 
traditionally paid to LCD manufacturers. As a 
result, the portable-computer application as a 
share of the overall demand for LCDs is 
declining. In one sense, this is not surprising 
because the industry is heavily reHant on the 
notebook-computer industry for most of its 
revenue. Table 1 compares tl1e market value 
of LCDs for portable computers to the total 
LCD market for the past few years. In 1996, 
portable computers represented 51% of the 
total value of the LCD market; in 1997, they 
represented 57%. After the "market correc
tion" of 1998, they will fall to 49% of the 
market. 

Intense price pressure has filtered down to 
every component suppHer in the notebook
computer industry. LCD suppliers that 
focused on making notebook-computer 
screens were faced with the choice of meeting 
the demand for irrationally low prices or giv
ing the business to another eager suppHer. 
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Fig. 2: The average street price of a 17-in. CRT monitor has dropped from $860 in 1995 to 
$442 in 1998, and will continue dropping to $273 in 2000, which leads to a set of hard ques
tions for LCD monitors. (Source: Stanford Resources ' Flat Information Displays 1998) 

The key problem facing the FPD industry is 
that no high-value market similar to notebook 
computers has been identified for the near- or 
mid-term. This has forced display vendors to 
search for the next big market, which they 
have identified as the desktop monitor. While 
tl1e worldwide desktop-monitor market is 
much larger than the notebook-computer mar
ket in terms of llllits, the CRT is proving to be 
a formidable competitor in every conceivable 
way. CRT-based computer monitors have 
been increasing in screen size and perfor
mance while decreasing in price. CRT moni
tors are also lasting much longer, reducing the 
size of the replacement market. 

The desktop-monitor market is clearly 
dominated by the descendant of the color
CRT technology developed in the 1940s in the 

U.S., Europe, and Japan for television dis
plays. The largest markets for CRTs are now 
television and monitors, at roughly 150 mil
lion and 86 million units, respectively, in 
1998. These markets are worth approximately 
$15 bilHon and $12 bil lion (for a total of $27 
billion) globally in 1998, which compares 
with $14 billion for FPDs (Fig. 1). 

The average street price of a 17-in. CRT 
monitor has dropped from $860 in 1995 to 
$442 in 1998, and will continue dropping to 
$273 in 2000. The average street-price trends 
for LCD and CRT monitors lead to a set of 
hard questions (Fig. 2). First, economically 
speaking, is the TFT-LCD an appropriate 
technology to address the desktop-monitor 
market? 

Table 2: Factory Prices for Popular Displays 

More specifically, can the current materials, 
overhead, and infrastructure set-up in the 
LCD industry take the business to tl1e next 
level? Or are there otl1er FPD teclUlologies 
that might do the job better and cheaper? 1995 1996 

14-in. Notebook-Computer LCD 
14-in. Monitor LCD (module) $ 1870 $1647 
15-in. Monitor LCD (module) $2536 $1856 
17-in. Monitor CRT (CDT) $262 $230 
15-in. Monitor CRT (CDT) $ 145 $130 
19-in. TV CRT (CPT) $80 $75 
27-in. TV CRT (CPT) $170 $160 

1997 1998 

$1050 $560 
$1308 $607 
$1500 $710 
$185 $95 
$85 $44 
$65 $55 
$155 $145 

Display Cost Structures 
The manufacturing cost of FPDs is the most 
important issue facing the new FPD market, 
and these manufacturing costs can no longer 
be examined in a vacuum. They must be scru
tinized in light of competition from the CRT 
and the price/cost/spending patterns that have 
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manufacturing and markets 
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24.4'7b 

Total 1998 Cost : $327 

factured is heavily weighed down by materials 
costs. UnUke the situation in the early manu
facturing days, yield losses and depreciation 
are not major cost elements in today's high
volume display operations. For new high
information-content large-diagonal AMLCDs, 
yield and throughput are certainly issues, but 
even for a 15-in. AMLCD produced in moder
ate volume, materials account for 72% of the 
fully burdened cost (Fig. 3). 

The major problem with the current 
AMLCD structure is that it contains an 
w1wieldy number of direct and indirect mate
rials. The five major materials - column 
drivers, color fi lters, row drivers, backUght, 
and glass - accow1t for about two-thirds of 
the unyielded materials costs. But the packag
ing, passive and active components, intercon
nects, sealant, liquid crystal, polarizer, passi
vation layer, spacers, gases, targets, solvents, 
photoresist, and others make up another 

Fig. 3: Yield and throughput are certainly issues, but even for a 15-in. AM LCD monitor mod
ule produced in moderate volume, materials account for 72% of the fully burdened cost. 
(Source: Stanford Resources' Flat Panel Manufacturing Cost Analysis 1998) 

third. AMLCDs are very materials-intensive 
products. 

Extrapolating the costs of a 15-in. 1024 x 

768 monitor-grade module to the year 2002 
shows that the total cost of goods will decline 
to $340 (Fig. 4). Tllis extrapolation is made 
using aggressive year-to-year component 
price reductions, but with the same set of 
materials and processes that are in production 

become ingrained in the marketplace. Is there 
a chance for the most widely manufactured 
FPD - the AMLCD - to compete head on 
with the CRT in all markets? By extrapolat
ing the current cost structures and component 
cost trends, it becomes clear that some kind of 
pw1ctuated equilibrium is needed to bring the 
FPD in line with the CRT. 

The AMLCD - as it is currently designed 
and manufactured - is a good match to the 
desktop-monitor market in terms of perfor
mance and technical specifications. (A 15-in. 
AMLCD monitor can be compared to a 17-in. 
CRT mmlitor for the purposes of analysis.) 

CRT costs have been driven down by many 
decades of manufacturing experience, along 
with clever engineering and squeezing com
ponent suppliers so that the cost of each com
ponent approaches the materials cost. The 
extreme case is the standard (flat, square) 17-
in. CRT monitor (Table 2). Current pricing is 
below $100, with major materials costs 
accounting for about 62% of this price. Over
head and other variable costs make up the dif
ference, but leave no margin for profit in 
today's market. This same tube was priced at 
$262 in 1995. While this is an extreme case 
of price erosion in a decidedly dysftmctional 
market, it directly affects the future of the 
FPD market. 
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Stanford Resources has a set of interactive 
cost display models that provide tools for 
exanli1ling current and future manufacturing 
costs . The TFT-LCD as it is currently manu-
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Fig. 4: The total cost of goods of a 15-in. 1024 x 768 monitor-grade module may decline to as 
little as $340 in 2002, which is still not low enough to make the AM LCD a viable competitor to 
the CRT in the desktop-monitor market. (Source: Stanford Resources ' Flat Panel Manufactur
ing Cost Analysis 1998) 



Table 3: Factory Price per Square Inch for Popular Displays 

14-in. Notebook-Computer LCD 
14-in. Monitor LCD Module 
15-in. Monitor LCD Module 
17-in. Monitor CRT (CDT) 
15-in. Monitor CRT (CDT) 
19-in. TV CRT (CPT) 
27-in. TV CRT (CPT) 

1995 

$ 19.89 
$23.48 
$2.11 
$ 1.67 
$0.46 
$0.49 

1996 

$17.52 
$17.19 
$1.85 
$1.49 
$0.43 
$0.46 

1997 

$11.17 
$13.91 
$13.89 
$1.49 
$0.98 
$0.38 
$0.44 

1998 

$5.96 
$6.46 
$6.57 
$0.77 
$0.50 
$0.32 
$0.41 

today. Clearly, tltis approach will not lead to 
a viable competitor to the CRT in the desktop
monitor market. 

We would argue that the TFT-LCD is a 
ltighly successful technical achievement that 
competes on nearly every level of peifor
mance with the CRT monitor. There is no 
real competition for the notebook-computer 
application. For the desktop-monitor market, 
wltich is approaching 100 million mtits per 
year, the economics are not yet working. 

Analysis 

~KLEIN Instruments 
Corporation 

Prices rarely go up once they are down, and 
screen sizes for monitors continue to increase. 
The manufacturing archetype must change if 
FPDs are to compete directly across all appli
cations. Tltis will involve new arcltitectures, 
materials, processes, and equipment. • 

SID '99 
Symposium, Seminar, 

and Exhibition 

San Jose, California 

San Jose Convention Center 
May 16-21, 1999 

KLEIN VPG 250 
Stand-Alone Pattern Generator 

Because of the dynamics of the display indus
try, we must look at costs on the basis of both 
Ultit display area and application. The note
book-computer market supported ltigh unit
area prices for high-value FPDs, and llltit 
prices varied only by small amounts. Now 
that the computer-monitor market is within 
consideration - and eventually the consumer 
market - the area and prices must be factored 
in together. The monitor and television mar
kets will not support the same price per square 
inch as the notebook-computer market. The 
conswner market, in turn, will not support the 
prices that the computer-monitor market pro
vides. Costs must be adjusted accordingly if 
the FPD market is to continue growing. 

=
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Prices of CRT displays for monitors and 
television are still an order of magnitude less 
than for the most cost-effective FPD on a llltit
area basis. Table 3 shows that the factory 
price per square inch of a CRT monitor ranges 
from $0.50 to $0.77 and a TV display ranges 
from $0.32 to $0.4 1. In the spirit of conver
gence of the TV and computer, it is interesting 
to note that the wtit-area price of the 15-in. 
color display tube (CDT) is approaclting the 
price of a 27-in. color picture tube (CPT). 

Meanwhile, the factory price of AMLCDs 
has dropped from around $14 per square inch 
in 1997 to $6.50 per square inch. (These are 
market prices for finished components and 
may or may not include profit.) Aggressive 
cost reduction of current materials and pro
cesses for AMLCDs will take the unit-area 
cost to below $4 in 2002. This is still not 
good enough to address more than the high
performance portion - the top 5- 10% - of the 
entire mortitor market. 

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

AD· rANCE MAGNETICS, INC. 

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

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

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

characteristics 
Give Ad-Vance Magnetics a call today! 

AD·VANCE MAGNETICS1 INC. 
P.O. Box 69 • 625 Monroe St reet • Rochester, Indiana 46975 
(219) 223-3158 • FAX (219) 223-2524 
E-Ma il: adva n cem ag@ aol. com 
Web Hom e Page: h ttp ://www.advan cemag.com 

Circle no. 15 

at Panel Testing ••• 
The 55220 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 55220 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 

Visit our Website at: 
www.microvsn.com 

SOMEWHERE ON THE SPEG RU ~ ETWEEN EXCELLENCE AND PERFECTION ... 
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Call to find out how to easily retrofit your 
system for improved performance and for 
our FREE Product Selection Guide 

I I 

67 Mark Drive 
._-~~~ ~,~ Polycold Systems Inc. 

·--~ i:t'lll 
- 'ji ~j~~ A Subsidiary of lnlermagnetics General Corporalion 

San Rafael, California, U.S.A. 94903 
Phone: (415) 479-0577 
FAX: {415) 499-0927 
E-mail sales@polycold.com • www.polycold.com 
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............ , ;a;, 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 in 
ANOTECH 

Aootecb Inc. • 135 Riceneld Lnne • Hauppa uge, NY 11788 • Pho ne: 516-231-1995 • Fax: 516-232- 1407 • E-mail : a notcch @,mornd.com • Website:www.anorad.com/anotech 
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A Plasma World 

Despite a delayed start, leading members of 
Japan 's PDP community believe that plasma 
will replace CRT rear projectors - and soon. 

by Ken Werner 

I N MID-NOVEMBER OF LAST YEAR, I joined 
my friend and colleague Terutoshi Sato, 
Editor-in-Chief of FPD Intelligence maga
zine, on a two-day trip to visit executives in 
the plasma-display-panel (PDP) operations at 
NEC ami MiL!Subishi . Our interviews were 
supplemented by a brief conversation with 
Tutae Shinoda, Fujitsu's senior PDP designer. 

In extensive interviews, the NEC and Mit
subishi executives were straightforward con
cerning technical challenges, optimistic (per
haps a little too optimistic) about product and 
marketing opportunities, and quite open in 
answering the questions Sato and I asked. 
The interviews provide interesting insights 
into where PDP technology and the PDP busi
ness is likely to go. 

Although these comments were made a 
year ago, teclmological improvements since 
then have been evolutionary and product 
introductions have taken longer than antici
pated. As a result, developments during the 
intervening months do not demand that the 
reader make too many mental adjustments, 
and we will provide some helpful conunents 
along the way. 

November 17, 1997 
Kawasaki, Japan 
NEC Color PDP Business 
Promotion Division 
Attending : Michihiro Ota, General Manager 
(Fig. 1); Yasuo Akatsuka, Chief Manager, 

Ken Wem er is tlte editor of Information 
Display Magazine. 
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Product Development; Yoichi Kadota, Senior 
Manager; Terutoshi Sato, Editor-in-Chief, 
FPD Intelligence; Ken Werner, Editor, 
lt]{ormation Display. 

Ota: The 42-in. PDP is the main product 
produced in Kawasaki. We intend to produce 
10,000 sets this year . (Note: Given tlte 
slower-titan-anticipated ramp-up among all 
manufacturers, it is unlikely tltat 10,000 sets 
were produced by tlte end of 1997 - KJW. ) 
NEC is building a factory (NEC Kagoshima) 
on Kyushu Island to begin produci11g for the 
world market in 1998. The factory will pro
duce 10,000 PDPs per month in the future. 

NEC is producing a 33-in. panel with a 4:3 
aspect ratio and a 42-in. with a 16:9 ratio this 
year. A 50-in. HDTV is being developed, and 
will be produced here in Kawasaki starting 
next year (Fig. 2) . (Note: Tlte 50-in. PDP 
was introduced that evening at an elegallf 
reception in rite pemltouse suite of NEC 's 
"Super Tower" headquarters in Tokyo's 
Sllinagawa district. - KIW) 

NEC is plamting 40-60-in. panels for next 
year, and is looking at 100-in. glass for the 
long term. "My dream - a 100-in. panel," 
said Ota directly to me in English, bypassing 
his skillful interpreter, Aston Bridgeman, who 
is Assistant Manager of NEC's Public Rela
tions Division. 

Question: Are there opportunities for 
American and European companies to provide 
manufacturing equipment for NEC's PDP 
manufacturing lines? 

Akatsuka: We make some manufacturing 
equipment in-house, but obtain it mainly from 
outside companies in Japan. 

0362-0972/98/141 1-032$1.00 + .00 © SID 1998 

The process fo r producing a large high
definition display without defects is challeng
ing. What kind of process should we use to 
produce this kind of panel with low cost? We 
need big equipment for PDP manufacturing, 
so we need a big building for the production 
line (Fig. 3). We must therefore consider how 
to design a factory that makes effecti ve use of 
floor space. This is a consideration for manu
facturing-facility design that is Lmique to 
PDPs. 

Question: Do you have plans to manufac
ture in the U.S.? 

NEC 

Fig. 1: Micililliro Ota, General Manager of 
NEC's Color PDP Business Promotion Divi
sion in Kawasaki, Japan, outlined aspects 
of NEC 's plasma strategy for Information 
Display. 
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Fig. 2: NEC 's 50-in. HiVision Plasma TV with capsulated colorfilters (CCFs) was introduced 
in Japan in November 1997. 

Ota: There are no plans to manufacture in 
U.S. But I would like to return to the previous 
question. Although we are satisfied with our 
Japanese resources for manufacturing equip
ment in general, there could be an opportmlity 
in the area of e-beam lithography. We have 
had low-level contacts with a North American 
company that might be able to help us, and 
there is an awareness of possible interest. 

Question: What do you see as the most 
critical technical issues confronting PDP 
development? 

Ota: First is luminous efficiency at 
decreasing cell size. NEC is working on dou
bling and tripling the luminance of cells. Sec
ond is materials. And tllird is increasing the 
low duty factor when the cel l is on. NEC 
Kansai is working very hard on this issue, and 
I think other companies have not worked so 
hard on that. 

development as we move into the future, 
which will help us get the price of a TV 
receiver to ¥10,000 per inch by the year 2000. 

Question: What about all the capacity 
going on line? Will product be pushed or 
capacity not be used? 

Ota: We can 't afford to have prices plum
met, but price does need to decrease. So the 
market needs to be created and production 
must be managed. Tllis is not a race to market 
or an attempt to control the market. After 
2000, we see the market for PDP TV becom
ing a mass market. 

Question: Will PDP's competition be CRT 
rear projection or another technology? 

Ota: CRT rear projection is a competing 
teclmology but does not have the pictw·e qual
ity PDP offers. However, if CRT rear projec
tion has a competitive price it could stay in 
the running. We will have to wait until after 
2000 for the final answer. 

Question: What are your strategies for 
reducing driver cost? 

Ota: Drivers account for a considerable 
part of the cost, so we've been looking for 
approaches. We are pursuing three main 
approaches: 

1. Rt:tlw.:t: Lht: <.:m;l ufiCs, in pan through 
cooperating with NEC's semiconductor 
group. 

2. Ride the experience curve. Cost will go 
down as quantity goes up. 

3. Bring down driver voltage. 

Question: To bring down voltage, must 
one increase the mechmlical precision with 
which the panel is made? 

NEG 

We have two broad objectives: large size 
with high definition, and economy. Photo
lithography should help all of these. There 
will be a great deal of photolithograpllic Fig. 3: NEC color PDPs roll down the line at NEC 's Tomagawa plant. 
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CCF: Capsulated Color Filter 

Fig. 4: NEC 's capsulated-color-filter (CCF) approach puts a red filter in front of each red sub
pixel, a blue .filter in front of each blue sub-pixel, and a green filter in front of each green sub
pixel. The CCF optimizes the spectrum from each sub-pixel, cuts the unwanted luminance from 
the neon KGS in each cell, and reduces reflected light. This results in more vibrant colors and a 
wider color gamlll. 

Ota: It comes down to innovating the cell 
structure and making the cells brighter. This 
includes innovating with materials, mcludmg 
the gas mixture. Of the possible material 
innovations, we can talk about gas. Helium, 
neon, and xenon are now used. The ratios of 
the gases might change, or we might do away 
with the helium or add another gas. 

Question: What else would you like 
Information Display's readers to know? 

Ota: I believe rear projection wi ll be elimi
nated from the market. PDP offers superior 
picture quality. I believe it will be a PDP 
world. But we must show colors that are as 
good as a CRT's. That's why we've devel
oped the capsulated color filter (CCF), which 
is in our current product and will be used in 
all of our PDP products (Fig. 4). 

Sato: Is it any more expensive to use CCF? 
Ota: There is no difference. We need to 

make sure that using new technologies does 
not add to cost. 

Question: What are your current manufac
turing yields? 

Ota: We are looking for a 100% yield. 

Question: What U.S. market size would 
justify a U.S. assembly plant? 

Ota: Thirty to fifty thousand units per 
month would get us t!Unking seriously about 
it. We must look at the logistics [shipping, 
warehousing] vs. the costs of selling from 
Japan. Storing a lot of 50-in. displays is not a 
trivial cost. And it's hard to procure materials 
overseas, although the situation is improvi11g. 

Question: Are you primarily interested in 
module business or a finished-product busi
ness? 

Ota: We are looking at both the OEM and 
finished monitor/receiver markets. The mod
ule business will be greater in terms of units, 
but perhaps not in terms of revenues. 

Question: Do you see the most popular 
configuration for monitors and receivers being 
hang-on-the-wall or stand-on-the-table? 

Ota: We're seriously looking at wall-hang
ing TV. We must make it slim and reduce the 
weight. Weight is the big concern and we're 
making major efforts, primarily by getting 
weight out of the glass. We want to make it 
light enough to carry around. A TV should 
not have to be in a fixed location. We should 
have a TV that we can watch when and how 
we wish. On the ceiling! 

Akatsuka: Make it cable-less. 
Question: When wi ll your 50-in. TV be 

available commercially? 

Yields have come up a lot and are quite high 
now. They have gone from 50% to close to 
80%. We must work on microprocessors to 
get 100% yield. 

Mitsubishl 

Fig. 5: Mitsubishi is making its 40-in. color PDPs at this facility in Nagaokakyo City, Kyoto. 
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Akatsuka: The 50-in. TV receiver will go 
on sale in Japan for the Nagano Olympics, 
and in the spring of 1998 in the U.S. NEC is 
looking at PDPs for 30-in. screens and larger. 
For sizes in the 20s, LCDs look good. 

On to Kyoto 
The next morning, Sato and I left Tokyo sta
tion for Kyoto on the New Tokaido Line. 
Kyoto, the medieval capital of Japan, is one of 
the country's most beautiful cities, with over 
200 Shinto shrines, 1600 temples, three impe
rial palaces, nine museums, and innumerable 
gardens. I saw none of them, as Mitsubishi 
Electric Corporation's PDP Business Center is 
in an industrial suburb of Kyoto called 
Nagaokakyo City. 

November 18, 1997 
Nagaokakyo City, Kyoto 
Mitsubishi Electric Corp. 
PDP Business Center 
Attending: Kanzou Yoshikawa, Project Man
ager, Engineering Project Group; Koji 
Murata, Manager, Sales and Marketing Sec
tion; Yutaka Imma, First Group Manager, 
Development Project Group; Terutoshi Sato, 
Editor-in-Chief, FPD Intelligence; Ken 
Werner, Editor, Information Display. 

Yoshikawa: Here in Kyoto we make 40-i.n. 
CRTs and much audio and video equipment, 
including projection CRT sets. 

The Mitsubishi team showed Sato and me 
part of the PDP plant (Fig. 5). In a demon
stration area, there was a photomicrograph of 
the barrier ribs, which were made with a nine
step screen-printing process. The contours 
were very smooth, with the width constant to 
± 10%. The black matrix was applied to the 
front panel. We were told that photolithogra
phy was to be used on the forthcoming HDTV 
panel. 

Sato: Will you use sandblasting? 
Murata: A sandblasting machine is useful 

for high-quality images on a PDP, but there 
are only a few i11 our factory. We are trying 
many methods for PDP process technology 
now. (Note: The following statements.from 
the Mitsubishi team were made mostly by Koji 
Murata, who seemed to be the team member 
most comfortable with spoken English. The 
comments were sometimes made after a brief 
consultation with his colleagues.) 

Mitsubishi is making a 40-in. 4:3 PDP now 
(November 1997) (Fig. 6), and we will be 
making a 46-in. 16:9 HDTV (summer 1998). 

Mitsubishi 

Fig. 6: Mitsubishi was making this 40-in. 4:3 PDP in November 1997. An updated model, the 
Leonardo, is now commercially available in North America. 

We will focus on the domestic (Japanese) TV 
market first. Our current display is 480 lines, 
corresponding to NTSC. 

Yoshikawa: And we are currently develop
ing a 40-in . XGA monitor. 

Murata: We are planning the assembly of 
40-in. panels into TV sets in the U.S. the 
beginn ing of next year in Georgia and Califor
nia. Everything is moving more slowly in 
plasma than was anticipated a year ago. 
(Note: And it continued to move more slowly 
than anticipated for all manufacturers. How
ever, an updated model ofMitsubishi 's 40-in. 
4:3 PDP, the Leonardo, is now commercially 
available in North America.) 

The current price for a 40-in. set is about 
¥1,000,000, so we are focusing on industrial 
presentation monitors for conference rooms 
and public information displays first. A sub
stantial consumer market is 2- 3 years off. 

Displays with 55-in. glass can be made now 
but not for mass production. Sixty inches is 

probably the maximum in this century. It is 
not possible to do more. 

Question: In what ways do you intend to 
lower the price of PDPs? 

Murata: We need to increase the luminous 
efficiency from the 1.0- 1.5 lm/W it is today. 
We must go to 2- 3 lm/W within a couple of 

-years to lower power consumption. This can 
be done in 2- 3 years. At the same time, we 
must lower the driving voltage for lower 
driver cost. 

Question: What approaches can you take 
to increase the efficiency? 

Murata: Many things can be done, includ
ing increasing the optical opening to the cell 
and improving the phosphor itself. "Phosphor 
and phosphor and phosphor" will be a prob
lem. 

Magnesium oxide is also an area of interest. 
MgO deposition time is not a major problem. 
MgO printing is being investigated but I don't 
think it will save much cost. 
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Question: Is Mitsubishi interested primar
ily in manufacturing for its own end-user 
products or in producing modules for OEMs 
as Fuj itsu does? 

Murata: We are focus ing on our own
brand business ftrst. Mitsubishi 's position in 
TV in the U.S. is very good, and we think our 
own-brand PDP TV will fit in well . Korean 
makers have proposed technical cooperation, 
but we' re not agreeing to do that yet. 

Question: Since Mitsubishi will be 
approaching the large-screen TV market with 
both CRT projection TVs and PDP direct
view TVs, how do you see the market divid
ing between them? Perhaps by size in the 
46-52-in. range? 

Murata: Viewing angle is limited, and 
there are issues with depth, weight, and phos
phors with projection TV. PDP is much better 
in those areas. We don't know how it will 
break clown yet. 

Yoshikawa: These two technologies will 
conflict to a certain extent. 

Question: So you don't see plasma wiping 
out projection TV? 

Yoshikawa: I hope so. 

A Brief Conve1·sation in Nagoya 
Atypically for a Japanese city, Nagoya has 
broad streets that run in straight lines and 
meet at right angles. This is a result of Amer
ican firebombing in World War II that virtu
ally destroyed the old city and required it to 
be rebuilt from scratch . With great delicacy, 
this tragic period of the city's history is men
tioned only fleetingly and indirectly in tourist 
literature prepared by the local tourism 
autl10rity. Nagoya is now a vibrant and mod
ern commercial center. 

Sato and I travelled by train to Nagoya 
from Kyoto to attend the Fourth International 
Display Workshops (IDW). On the afternoon 
of the following day, I fow1cl myself in a cof
fee-break conversation with Tutae Shinoda, 
the designer of Fujitsu's original color PDP, 
and Roger Stewart of Sarnoff Corp. 

Novembe•·l9, 1997 
IDW in Nagoya 
Conversation with T utae Shinoda, 
Reseat·ch Fellow, Periphe.-al Systems 
Laboratories, Fujitsu Labot·atories, Ltd ., 
Akashi, Japa n. 
(Note: In rite late summer of 1998, Fujitsu 
was widely reported to be manufacturing 
about 7000 color PDPs per month, far more 
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than any other manufacturer. Many of these 
panels were being shipped to OEMs such as 
QFTV, Clarity Visual Systems, and CTX Opto 
for integration into monitors bearing the 
OEMs' logos.) 

Question: Do you tllink that PDPs will be 
the dominant large-screen display? Do you 
feel that plasma-addressed liquid crystal 
(PALC) will offer serious competition? 

Shinoda: The hardest part of making a 
PDP is the barrier ribs. PALC must do much 
the same and then add an LCD. I hear that it's 
difficult and s low to fill an LCD that large, so 
I don't see how PALC can compete on price 
and viewing angle. 

The image quality of PDP is much better 
than CRT rear projection and somewhat better 
than LCD rear projection because mirrors, 
lenses, and the cover plate degrade the image. 

Question: What about PDP's motion arti
facts? 

Shinoda: PDP motion artifacts are mostly 
solved. The only real problem vs. rear-projec
tion TV is luminous efficiency. A 7- in . CRT 
puts out 130 ANSI lumens. The new T.CD 
projectors are putting out about 1000 lm so 
they can widen viewing angle and decrease 
screen gain re lative to CRT projectors. CRT 
projectors will go away in 2- 4 years. • 

7 
Fifth Annual International 
Display Workshops 
(IDW '98) 

KOBE, JAPAN 

• Information Djsplav Workshops 
• I nyjted experts will present talks at work

shops on· 
- Emissiye Displays 
- Non-Emjssiye Displays 

Plasma and EL Displays 
• Sponsored by SIP/Asia Region Japan 

Chapter IEKE liE 

Internet Consulting 
and 

Database Research 

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

http://www .sid.org 

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

H.L. Funk Consulting 
7 Diane Court 

Katonah, NY 1 0536 
Telephone/Fax: 914-232-3530 

E-mail: 
consult@hlfunk.com 

Cit-cle no. 19 

SID '99 
Symposium, Seminar, 

and Exhibition 

San Jose, California 
San Jose Convention Center 

May 16-21, 1999 

Please send new product releases or 
news items to Information Display, 
c/o Palisades Institute for Research 
Services, Inc., 411 Lafayette Street, 
2nd Floor, Ne1v York, NY 10003. 



NECTechnologies 

To learn more, visit www.nectech.com. Or call (BOO) NEC-INFO. Expect more. Experience more. 
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ChOOse Micronic Quality for Your Displays! 
The outstanding display quality of 

Microni c photomask laser w riters 

has made us market leaders. We 

know how to combine high preci

sion and large area. 

Applications: 
• TFT 

• Colors Filters 

• Shadow masks 

• PDP 

• Passive Displays 

Stage sizes: 
• 1 700x11 00 mm 

Contact Micronic in the US at: 
tel (603) 635-9636, fax (603) 635-7211 

e-mail : info@micronic.se 
web site: www.micronic.se 

Micronic Laser Systems AB 
P.O. Box 3141 , S-183 03 Taby, Sweden 
Tel: +46 8 638 52 00 
Fax: +46 8 638 52 90 

In Japan contact 
Hakuto Co., Ltd. 
Tel +81 3 3225 8910 
Fax +81 3 3225 901 2 

In Korea contact 

• 11 OOx 11 00 m m 

• 800x800 mm 
MICRONIC 

MEC 
Tel: +82 2 552 1838 
Fax: +82 2 552 1840 LASER SYSTEMS 
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TOTAL THINFILM SOLUTION : PVD, EVAP, PECVD, RIE, STRIP 

FOR PRECISION FLAT PANEL DISPLAY PRODUCTION 

Kurdex Corporation 
343 Gibraltar Dr. 
Sunnyvale, CA 94089, USA 
Tel (408) 734-8181 , Fax (408) 734-5151 

Substrate s ize: Up to 600 x 750 mm or Batch Of Small Substrates. 
Sputter: Metals, Semiconductors, Insulators, Reactive, Non-reac

tivey<ln-line, Box Coater) 
Evaporatioi):7 Metals, Semiconductors, Insulators, CdSe (for EL, 

FED & TFT) 
Plasma Enhanced CVD: SiN., Si0 2, a-Si , n+a-Si , H-a-Si 
Reactive I on Etcher: Ta, Si02, ITO, a-Si, SiNx, n+a-Si, Polyimide etc. 
Strip: Photo Resist 
*Excellent uniformity • high temperature precise heating • 
cassette to cassette automatic substrate loading or CSTS (cassette
less substrate transfer system) option • fully automatic process 
controller • ease of maintenance • high uptime• low particle* high 
yield • modularity • excellent reliability • small foot print • bulk head 
clean room mounting 
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Increase EMI/RFI 
Protection vvith 
DURALAN II™ 
High Performance Windows, 
Lenses and Filters 

Laminated Within the Filter 
Various Conductors Available 

1

. 
Abrasion Resistant Surface 
Anti-Glare Finishes 
Various Transparent Colors I 
Contrast Enhancement 

GRAP HI CS AND ElECTRON I CS 

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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Displaq: :•® 
I·Wor~s 99 

Plan Now to Attendl 
Display Worlcr 99 
The Only Display Event 
Focused on the Business 
and Technology of Display 
Manufacturing 

Exposition: 
FebnwyJ·t 1999 

Confeam and Events: 
Febnwy ~-~ 1999 

Discover State-Of-The-Art Developments in 
Display Manufacturin~ at Display Works 99 

San Jose 
Convention Cents 
San lost (a6fomia 

For full agendas, 
discounts on programs 
and events, and FREE 
admission to the 
exposition, visit 
www.displayworks.org. 
Register by january 12 

and save $$! 

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

technical and business expertise. Display 
Works 99 features: 

• World-class exposition 

• Manufacturing Technology Conference
The Technology of Display Manufacturing 
Technical sessions include: 
• Lithography 
• Thin Films 
• Manufacturing Yield 
• Drivers & Interconnects 
• CRT Manufacturing 
• Substrates 
• FPD Impact 
• Environmentally-Conscious 

Manufacturing 

• Business Conference- Display Applications 
for the New Millennium 
Keynote speakers include: 
• John Vrolek, Senior VP., Silicon Graphics 
• John Medica, VP., Dell Computer 
• Julie Chen, VP., Primeview International 

• FPD Standards Meetings 

• Educational Seminars 

• SID Evening Panel Discussion 

• Rugged Display Roundtable 

• VESA MicroDisplay Special Interest 
Group 

• Material Handling Workshop 

• FPD Technology & Market for Investors 
Seminar 

• Environmental, Heal th & Safety 
Interest Group Meeting 

• CIM Software & Automation Course 

• FPD Industry Dinner 

To exhibit, call Brian Santor at SEMI, 
650.940.7992 or, e-mail your request 

to bsantor@semi.org. To attend Display 
Works 99, visit www.displayworks.org. 

sEMI 

Semiconductor 
Equipment and 

Materials 
International u.s . ot.,l., couortt111 



IDW '98 
December 7-9, 1998 
Kobe, Japan 
• Information Displor Workshops 
• Invited experts wil present talks 

of workshops on: 
-Emissive Displays 
-Non-Emissive Displays 
-Plasma and EL Displo~ 

• Sponsored by SID/Asio 
Region, Japan Chapter, IEICEJ, ITEJ 

Display Works '99 
February 2-4, 1999 
San Jose, California 
• An international conference addressing all 

ospects of D~play Manufacturing induding: 
-Rot Panel and CRT Manufacturing 
-Display Module and Subs~lem 

Manufacturing 
-Display Ruggedizotion 
-Display Materials 
-Manufacturing Equipment 
-Cost Reduction and Yield Improvement 
-Industry Forecasts 
- Investor Presentations 
- International Standards 

SID '99 
International Symposium, 
Seminar and Exhibition 
May16-21 , 1999 
San Jose, California 
San Jose Convention Center 
• SID's MAJOR ANNUAL EVENT, featuring: 

-Technical Sessions, Poster Session 
-Author Interviews, Evening Panels 
-Short Courses, Appli<ation Seminars 
-Te!hni<ol Seminars, Appli<otion Ses~ons 
-Product and Te!hnology Exhibits 
-Display Te!hnology Show!Ose 

Euro Display 
September 6-9, 1999 
Berlin, Germany 
• An international conference on display 

research and development aspects of: 
-Display Fundomentok, D~ploy Devices 
-Hard Copy & Storage, Input Systems 
-Integrated Devi<es and Devi<e 

Appli<otions 
-Multimedia S~tems 
-Image and Signal Processing 
-Color Perception, Human Factors 
-Product and Te!hnology Exhibits 

Display Phosphors Conference 
November 8-10, 1999 
San Diego, California 
• 5th annual international !Onference on 

display phosphors 
Color Imaging Conference 
November 16-19, 1999 
Scottsdale, Arizona 
• An international multi-disdplinary 

forum for dialogue on: 
-Creation and capture of color images 
-Color image reproduction and 

inlerchonge 
-Color image display 

• Co-sponsored with IS&T 



display continuum 

continued from page 4 

Sunday drive or for a shortcut to the hardware 
store are now high-traffic routes that the new 
residents use to get to work and to their newly 
created shopping malls. 

For those living a few more miles away, aU 
is still serene and the change is hardly appar
ent. In fact, these folks may see the newly 
constructed and now more convenient shop-

+ ElECTRO-OPTICAl MEASUREMENTS OF DISPLAY 
TO CARRY OUT ? 

+ liMITED BUDGET? 

Think About EZLITE from 
EZContrast Family 

> Realizes a +/- 60° Incident angle, 0-360° azimuth angle luminance measurement in 
less than 5s 

> Compatibility with main display characteristics measurement standards (ISO, VESA ... ). 
> Ask for detailed specifications, hardware and software options for completely automated 

systems! 

ELECTRONICS FOR DISPLAYS AN D IMAGING DEVICES 

1185 rue d'Epron 14200 HEROUVILLE SAINT CLAIR - France 
Phone:+ 33 2 31 94 76 00- Fax :+ 33 2 31 94 09 SO 

EMail : eldim@eldim.fr - Internet address : hllp:/ /www.eldim.fr 
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ping opportw1ities as a nice and as yet WlOb
trusive benefit. 

For those on the older and more urban side, 
the changes are also less immediately notice
able. Their little space on this planet was 
already nicely defined, although now their 
parcels seem to have acquired considerable 
additional value, with the accompanying 
increases in property taxes. What was once 
perhaps an area of modest lakefront swruner 
cottages has now become property worthy of 
the eager attention of mi llionaires. And now 
with each change of ownership, there is exten
sive upgrading or at least incremental 
improvement. The increasing value of the 
land demands it. 

After my adrenaline-producing encoWlter 
with the dwnp trucks, the rest of my day 
seemed peaceful by comparison. Sending e
mails and return ing phone calls seldom has 
the "instant thrill" of staring into the head
lights of an oncoming truck. And although 
that truck didn ' t leave a physical impression 
on me or my car, it did end up giving me 
something to think about. 

During one of my phone calls to the East 
Coast, the person on the other end, knowing 
of my frequent travels, asked where I was 
calling from. He said that he couldn't tell 
from the quality of the SOWld if it was long 
distance or local. How about that? A major 
technology change has gradually taken place 
and we've hardly noticed. It wasn't too many 
years ago that we could tell immediately if the 
call sounded local or long distance. Some
times, it took several tries to communicate at 
al l. Now, I can only tell (most of the time) 
when call ing to some of the countries in East
em Europe or occasionally some parts of the 
Far East. 

Out of curiosity, I looked up the data. Fiber 
optics now carries over 90% of transcontinen
tal calls in the U.S., as compared to only 10% 

a decade ago. Yet, it was not much over a 
decade ago that everyone was talking and 
writing about the improvements that fiber 
optics was "someday soon" going to bring to 
telephone communications. However, there 
were also plenty of discussions about fiber 
connectors not being compatible with the 
harsh and dirty field envirorunent of Wlder
ground utilities and installation by tmskilled 
workers not being possible. How could we 
expect these workers to use clean-room tech
niques whi le worki ng in muddy trenches? 
The cost and difficulty of handling the optical 
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fi bers themselves were also major issues. But 
the benefits that were predicted in sound qual
ity and bandwidth were also rather impres
sive. So, quietly and almost imperceptibly, 
the problems were solved and the work went 
on. Costs came down. The manufacturers 
worked with the installers and came up with 
interconnect technologies compatible with 
outdoor environments. Costs crune down 
some more. The fiber manufacturers figured 
out how to make cable compatible with the 
w1derground installation rigors and rough 
handling. Reliability and installation ease 
improved. The incremental improvements 
and cwnulative experience all added up to 
create the new telephone network that we 
have today. There was that initial "wave of 
change," followed by a decade of continu
ously improving implementation ru1d the 
development of mrumfacturing technology. 

If this model of a change wave, followed 
by a period of continuous improvement, rep
resents the fundamental process of technology 
insertion into society, then there is much that 
we can leam about how any new technology 
gets to market and who eventually creates the 
successful businesses exploiting it. This 
model would suggest that the eventual bene
fits accrue to those who are best attuned to 
developing cost-effective manufacturing 
techniques and who understand and imple
ment the processes of continuous improve
ment instead of to those who stake their 
future success on making the early teclmol
ogy demonstrations. 

Let's look at a few other examples. 
Good-quality VCRs are currently selling 
for just w1der $100. These are machines 
with full capability, including a remote 
control. It wasn't all that many years ago 
that the concept of a cons LUner VCR was 
thought to be virtually impossible. The 
precision required to fabricate the read 
and write heads ru1d the tape transport 
mechanism were thought to be only pos
sible in professional-grade machines 
costing in the vicinity of $100,000. The 
first consumer machines were, however, 
in the $1000 range. Gradually, ru1d again 
almost imperceptibly, the costs came 
down while quality improved. 
Ink-jet printers, in the beginning, were of 
just barely adequate print quality for 
writing business letters and could only do 
monoclu·ome. And the best color print
ers or copiers, using even the most 

sophisticated technology of the day, 
could do no better than a few colors with 
a "baked-on" look at a cost of many 
thousands of dollars for the printer and 

several dollars for each copy produced. 
Today's ink jets are approaching photo
graphic quality in fu ll color and are sell 
ing for well under $500. However, this 

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

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 

Circle no. 25 

Inforlllation Display 11/98 43 



display continuum 

didn't happen without years of sustained 
effort. Industry leader Hewlett-Packard, 
for example, has spent over 15 years in 
ink development and currently employs 
about 100 chemists to continue the 

300M Hz 

improvements and drive manufacturing 
costs down even further. 
Where are desktop- and laptop-computer 
prices going? Down. Performance lev
els are maturing and the day of the $200 

Video Test Generator 

VTG-1300 is the latest addition to the family of High-performance Video Test 
Generators from Unigrof. The 300 MHz 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. 
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UNIGRAF Oy, Ruukintie 18 
FIN·02320 Espoo 
Finland 
Tel. +358 9 802 7641 
Fox + 358 9 802 6699 
hnp://www.unigrof.fi 

computer (including display) that runs at 
200 MHz is less than five years away. 
There won' t be a need for too many 
GHz+ CPUs but there sure will be a lot 
of inexpensive 200-400-MHz ones. 

In our own comer of the world, the display 
business is also driven by these same funda
mental economic forces. Everyone would like 
that full-color sunJight-readable display for 
less than $10 per diagonal inch, or less than 
$20 each for full-color mini-displays. In our 
business, too, any new technology introduction 
is like the wave of cha11ge, followed by the 
decades-long process of driving down manu
facturing costs and achleving market recogni
tion. The original technology innovation is 
only the entry ticket. The business growth and 
profitabiHty comes from the ability to meet 
consumers' seemingly unrealistic expectations 
for ever-lower-priced products. In the display 
business, the CRT, with its one hundred years 
of development history, is continuing to set the 
price targets. The other teclmologies must pre
sent unique perfonnance advantages and come 
close - or perhaps even do better - in manu
facturing cost in order to succeed. 

LCD technology has evolved as the 
strongest challenger to the CRT. LCDs 
achieved this competitive viabiHty onJy 
because of the introduction and subsequent 
popularity of laptop computers. The laptop 
computer allowed LCD teclmology to enter a 
volume market, even though in the beginning 
it was a display with marginal performance. 
However, LCDs facilitated the presentation of 
images that were good enough for the com
mercialization of the laptop computer to be 
attempted. For all the inadequacies, there was 
no other way to do it. Not having any alterna
tives gave LC technology a way to get cost
effective volume manufacturing established. 

A similar but not quite as favorable situa
tion exists today for plasma panels. They are 
the onJy large hang-on-the-wall displays. 
Rear projectors are somewhat viable competi
tors, but up to now haven't had the brightness 
or image quality, and they are considerably 
bulkier. How much more wi ll consumers be 
wi lling to pay for plasma's thinness and better 
image quaHty compared to rear or front pro
jectors, which have recently begun to show 
significant improvements? 

With this as our experience base, can we 
look ahead and assess the potential success of 
new or still-to-be-iJwented display technolo
gies? What about the oft-heard concept of 



" leapfrog" teclmologies? Without abusing 
our land-development analogy too terribly, it 

.;, seems to me that the leapfrog concept would 
have a parallel to the land speculators who 
buy up large clnmks of remote country prop
erty and promise to build vibrant new cities 
miles from anywhere. It may sOtmd great in 
the sales brochures, but without the ability to 
rely on an existing support base and to allow 
the continuous improvements to happen in 
support of the new developments, financial 
failure is the typical outcome. 

I would conclude that there are three funda
mentals that must guide any new display busi
ness. First, if the business is based on a new 
technology, then we must be clear about 
what unique problem this new approach is 
going to solve that can't be solved with any 
of the existing display technologies. Second, 
how much more are customers going to be 
asked to pay for this promised improvement, 
and are they likely to be willing to do that? 
Finally, does the technology have the future 
potential for continuing numufacturing 
improvements and cost reductions to meet 
customers' never-exceeded expectations for 
lower-cost and higher-pe1Jorman.ce displays? 

New display teclmologies are what many of 
us spend our careers developing. I'm sure that 
I have about as much fun doing tllis as any of 
the rest of you. However, every new display 
technology can't and sbouldn ' t be converted 
into a sustainable business. Variety is good in 
displays, but a high price is seldom one of the 
desirable parameters. Some years ago, a col
league and I were grousing about a competitor 
who we thought was over-promoting a tech
nology. After considerable wasted energy, my 
colleague finally came up with the "ultimate" 
curse that we could wish on om competitor, 
wllich then of course made us both feel much 
better: "May they get a really big order for the 
product they are promoting." We knew that 
since they hadn't paid much attention to manu
facturing that would surely drive them into 
financial ruin. As it tumed out, we didn 't have 
to wait for that to happen. They managed to 
run out of Other People's Money (OPM) 
before that volume order ever materialized. 

Should you wish to share any of your new
technology product development or manufac
turing experiences with me, you may do so by 
e-mail at silzars@ibm.net, by fax at 425/557-
8983, by telephone at 425/557-8850, or by the 
well-established post office at 22513 S.E. 47th 
Place, Issaquah, WA 98029. • 

(425) • Fax 
email: app@eldec.com • www.eldec.com 
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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 easily 
manipulated to identify the 
degree of error, placing supe
rior clarity right in the palm 
of your hand. 

More information on 
Klein 's advanced 
quali ty 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 Portland, OR USA 
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Westar's LCDcubetm Drive Electronics 
solves the integration challenges in developing AMLCD-based displays 

.I Accepts standard video inputs and drives avionics AMLCDs 

.I 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 

.I Apply to any CRT retrofit application without redesign 

Westar Is a leading supplier o f m odular driv e electro n ics a nd flat pa nel display t est 
systems to the aerospace , computer, a nd FPD p roduct industr ies. Con tact us in the US 
at (314)298-8748, ex t .286 , or visit our web site at www.westar.com/id 

Copyright 0 1998. Westar Corporation Trademarks are property of their respective owners. 

Cir cle no. 29 

LAMINATORS 
For equipment specifications 

and additional information, 

please contact PV Sales 
at 781-275-6000 

Spire Corporation offers large-area vacuum lamination 
equipment for high throughput processing of: 

© 1998 Spire COrporation 

• LCD/AMLCD flat panel displays 
• Touch screen panels 
• Optical fi lters and polarizers 

Spire laminators, widely 
used in the product ion of 
photovoltaic modules, apply 
uniform temperature and 
pressure over areas up to 4 m' . 

SPI-LAMINATOR~ 

Models 240, 350, 460, & 660: 

• 1 m' to 4 m' process area 
• 2.5 em max. stack thickness 
• Built-in vacuum system 
• Conveyor load/unload option 
• Clean room compatible 
• Custom engineering available 

Programmable Processing : 

• Temperature, 180°C (max.) 
• Pressure, 1 atm (max.) 
• Chamber Vacuum, 1 mm Hg 
• Automatic or Manual Cycles 
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Spire Corporation 
One Patnots Park 
Bedford, MA 01730-2396/ USA 
TEL 781-275-6000 
FAX 781-275-7470 
EMAIL pvsales@sp1recorp.com 
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Speed up development and product realisation time with our high quality flat panel interface controllers for 
your LCD, Plasma or EL projects. Suitable for small or high volume projects and monitor production. 

Analog · Computer Bus card· PC Video · PAL/NTSC 
AC series: A range of interface 
controllers for LCD, Plasma or EL, to 
connect to analog graphics source. 
YGA (640x480), SYGA (800x600), 
XGA ( l 024x768), SXGA (l280x l 024). 

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

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

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

~ NEC analog panels are also supported. 

Digital Vie\N 
USA: Tel: 408-782-7773, Fax: 408-782-7883 
England: Tel: (0)1438-816 600, Fax: (0)1 438-816 909 
Hong Kong : Tel: 2861 3615, Fax: 2520 2987 

Accessories: A wide variety of 
support accessories. 

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

Internet: www.digitalview.com 
Email: sales@digitalview.com 
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· 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 I 2155 Bellbrook Avenue. Xenia, OH 45385-4043 
Ph.:S00-962-8905 • 937-376-4361 · Fax: 937-376-2802 

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

Visa · Mastercard • American Express 
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SID '99 
San Jose, California 

San Jose Convention Center 

May 16- 21 , 1999 

Mark Your Calendar Now! 
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Acer Display Technology 
Ad-Vance Magnetics, Inc. 
Advanced Display Technologies 
Arconium 
Artesyn Solutions, Inc. 
A TI Technologies 
autronic - Melchers GmbH 

Brewer Science, Inc. 
Brimar Ltd. 

Canon, lnc. 
CELCO 
Cherry Electrical Products 
Chunghwa Picntre Tubes, Ltd. 
Clinton Electronics Corp. 
Colorado MicroDisplay, lnc. 
Corning Japan K.K. 
Crystaloid LCDs 

Display Inspection Systems 
Display Laboratories 
DisplaySearch 
Displaytech, Inc. 
DNP Denmark 
Dolch Computer Systems 

Earth Computer Technologies 
ELDEC Corp. 
Electronic Designs, Inc. 
Electro-Plasma, Lnc. 
Emco Electronics Ltd. 
Endicott Research Group, Inc. 
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The ultimate in photometric measurement versatility. 
For brightness, color, and CRT frequency, the PR-880, our next generation, 
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Equipped with patented Pritchard optics, for benchmark through-the-lens 
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• Human Factors 
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