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The world
plans, navigates,
measures, monitors, '
plays, fishes,
communicates,
_ computes
R
displays with
Optrex LCDs

And that’s just the beginning,

The applications for LCDs keep growing and so does Optrex.

Why? Innovative engineering and design support, exceptional quality,

and a nationwide distribution network. Our creative design approach 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
turn 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.
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(734) 416-8500 = FAX: (734) 416-8520
ledinfo@optrexusa.com
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Cover: Repair and rewerk of existing displays is a grow-
ing incustry, but the equipment needed to make a rework
business profitable must be optimized very differently from
that which Sharp and NEC use to crank out new displays.

The Repair of Existing
Displays is Growing

Credit: MicroJoin, Ine.

For more on what's coming in liformation Display, and for
other news on information-display technology, check the
SID Web site on the World Wide Web: http:ffwww.sid.org.

Next Month in
Information Display

Display of the Year Awards Issue

+ The Best of '98

+ Microdisplays

+ The Military Display Dilemma

+ FPD Image Scaling

+ Projection-Display Measurements
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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.
This 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 Larry 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 exhibit hall.”

John 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 Committee, 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-
fornia. The floor space allocated to DTS will be more than doubled for *99
(from 3500 to 8000 ft.?), the organizers are anticipating that the number of par-
licipating displays will grow to more than 60 (from about 30 last year), and
management is substantially increasing the promotion and advertising budget.

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

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

DTS is an exciting and very valuable event both for participants 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 commented that he obtained more requests for
information about his 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 technical management.

This is the time for display manutfacturers and marketers to begin planning
their participation in SID 1999’s “center of attention.” It is an ideal way to com-
municate with the display community and the rapidly 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-mail: kwerner @home.com), or
you can fill out an electronic entry form at www.sid.org.

- KIW
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Powertul New Video (enerators.
The Smart Choces.

ﬁ

STANDALONE

ASTRO VG-831/854

Dot Clock to 400 MHz

Horizontal Scan to
300KHz

Exiremely easy operation
_ from front panel or PC

Highest Available
Performance

256 Levels at all
Frequencies

Fully compatible with

Standalone Units from 32950

400 MHz for true 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 units
can still be used.

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

PC-BASED

Team VG-530pc

UNI VG-D300pc
PC-based Performance
Dot Clock to 300MHz

Horizontal Scan to
250KHz

Fully Programmable
Patterns

Fully DDC Compatible

Accepts Bitmap-Files

UNI VG-D300pe Units
with Win 95 &
Win NT 4.0

PC-Based Units from 8250“

300 MHz gives you ample margin if
you work with Display Systems up to
a 1600x1280 resolution. Its full
“DDC” capability is an increasingly
important asset in service and manu-
facturing applications.

Both PC-based units allow VESA-
D.BM.S. testing and the ability to
import preset .pex data files from
other sources as “test patterns”.

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

DIGITAL

ASTRO VG-326A

True “Digital” Video
Generator

Dot Clock to 75MHz /
150 MHz

Operated directly from
a PG or with “Remote”
Frontpanels

Very Compact &

Lightweight

8 Bits resolution/
pixel/ color

Digital Units from $9950

Service, repair, evaluate or engineer
FPDs? The Astro V(G-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 150MHez.

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

¢l 1.800-338-1981 ' www.team-systems.com

TEAM

TEAM Systems, Inc. 2934 Corvin Drive, Santa Clara, California 95051

Tel.: 408-720-8877 Fax: 408-720-9643
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the display continuum

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 truck
towing an even more impressive multi-wheeled trailer, both heaped high with
dirt. This truck must have known that it was the biggest darn 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-
ground 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 technologist was fascinated. I
have always had a love of nature and the outdoors, but at the same time, as far
back as I can remember, I have been intrigued by construction projects - the
larger the better. When I was much younger 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-
struction 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
running out of room on planet earth, while 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 running out of room? Looking down,
from the ever-more-crowded airplanes on which 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 fungus, 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 this can our planet support?

The perception of this spread is accelerated if you happen to reside near one of
the transition boundaries 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 that formerly could be counted on for a quiet

continued on page 42
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BM-SERIES [LLUMINANCE COLORIMETERS

Stk COLOR AND LUMINANCE
IN A WHOLE NEW LIGHT...

Work smarter, not harder.

* Complete evaluation of color displays

The Topcon BM-5A/BM-7 are fully integrated pho- * Reflected light measurements
tometer/colorimeters that automatically read + Automotive/ Avionics panels
Luminance and Chromaticity coordinates, Color « FPD and LCD testing
Temperature, or CIELAB and CIELUV values, in a sin- « SAE chromaticity m
gle measurement. Manual operation of filter wheels, software and hard
recording data and computing Chromaticity values « Production
are things of the past. The fully automatic BM-5A recording
and BM-7 make laboratory work more accurate and on with battery pack
efficient. All information is instantly available on a ‘ i
backlit rear panel LCD. . has  world-wide leader in electro-

t  standards for over 65 years.
GP-IB or RS-232C interface options allow data t d to providing you with superior
be easily exported to a personal r.omputer. _ ; ilt to the highest standard of quality.
easy selection of field aperture sizes, adwv =

design, and available accessory o

nd make Topcon your partner in quality
photometric instrument requirements.

..... # Topcon America Corporation
TOPCOI'\ 37 W. Century Rd., Paramus, N] 07652

Tel. 201-261-9450 = Fax 201-262-1504

Visit us at: http://www.topcon.com
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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
ownership and incredible flexibility, it just doesn’t get much
better than this...

To start with, there’s BOC’s world-class e-beam technol-
ogy — which gives you the best uniformity, highest rates,
longest life and largest source inventory, to cite just a few

of its merits.

Then,
this is a
cluster tool.

So you can
deposit a single

filmora

whole stack, in
just about any way youd like.

Plus, your panel size choices are virtually unlimited.
The tool now handles up to 600mm x 720mm, which
happens to be the largest in the world. But BOC can also

configure it for even larger sizes upon request.

Highest throughput.
Lowest cost of ownership.

The FCE-7000 is a proven production tool that generates
throughput speeds of from 10 to 60 panels per
hour — and even up to 70 and 75 on certain
processes. And when you combine that kind
of throughput with high production
quality levels, you get a very attractive

return on your investment.

Designed for produciion, BOC's
Jlexible cluster configuration lels you
deposit a single film or an entire stack.
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BOCs FCE-7000), the
world's largest FED

production tool, can
process panels up fo
6O00mm x 720mm.

And this system
also reduces downtime
and requires less main-
tenance.

Plus, it provides
more advanced automation
and higher materials utilization.
So you can see how it achieves the
lowest cost of ownership of any flat panel

deposition system in the industry.

A full spectrum of solutions.
BOC has been

producing coating
systems for more
than 35 years now.
So they can
provide not only
high-throughput
production sys-
tems, but also
prototype R&D
and intermediate
systems, as well.
They can also
provide you with
an unmatched
repertoire of
process and sys-
tem knowledge
and managed
engineering
expertise.

So, even if

your process is not yet fully developed, you can depend on
BOC to help you answer the questions, negotiate the risks
and get where you want to go.

Bottom line, it means smarter solutions — from the big

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

Temescal, a part of BOC Coating Technology, 2700 Maxwell Way,
Fairfield, CA 94585. (707) 423-2100. Fax: (707) 425-6071.

&7 BOC

COATING
TECHNOLOGY




~ SOLOMON M

Division
SOLOMON Group

HIGH QUALITY
LCD Modules

Standard and custom designs

SOLOMON Technology Corp. US Branch Office:

LCM Division SOLOMON Technology (USA) Corp.
42-1 Chang Tai Str.llsiao Kang District 21038 Commerce Pointe Dr.

TW-812 Kaohsiung Walnut , CA 91789

Taiwan,R.0.C. USA

Phone : +886—7—-872-1787 Phone: (909)-468-3733 Ext.3038 & 3039
Fax: +885-7-872-1786 Fax: (909)-869-6258

E-mail: jl@solomon.com.tw E-mail:jbdlcm@ix.netcom.com

Circle no. 5




i

Unfortunately, we have no choice. Because even though the competition claims sunlight readability for their LCDs, all we've
seen is a lot of power, a lot of heat and not a lot of brightness. Especially in high ambient light, where you need it the most.

Our new MITRA display changes all that. In fact, our 6.4" VGA delivers over 1500cd/m2 on only 11w of power. This should brighten
your day. So call 1-888-675-1117 or visit our website at www.emco-display.com, and see how MITRA beats the competition, hands down.

@ITRA"

From EMCO. The world’s largest supplier of ATM monitors
Circle no. 6




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

Microfilter™ CRTs for their award-winning
MultiSync® Egoo+™ monitors. Compared
to conventional tubes, Microfilter tech-
nology significantly enhances contrast,
brightness and color fidelity. The difference

can be seen in clearer, more focused

nec bk pictures. Noticeably superior monitors.

coSooc0o ‘@) : : And a better image for everyone involved.

To find out more, please visit our web

site, or call 1-Bo0-879-4963.

-
“|'can see Microfilter’s ' bl by

30% increase in brightness and contrast

difference in the specs. Our .
10% improvement in brightness uniformity
customers can see it on the o o
25% decrease in power consumption .
screen. From any perspective, Less wear on componients
th eC h 0 i ce i S ed Sy. n Rectangular Cone (RAC) System :
Richard Atanus P o e
Director of Product Development . R
NEC Technologies Personal Display Division microfilté:

sssssesse

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

1S0900] ©1928 Toshiba America Electronic Compenents, Inc. Microfilter is a
|CERTIFIED 'radermark of Toshiba Corporation. MultiSync is a regisiered trademark
L and ESD0+ is a irademark of NEC Technolagies, Inc.  ETD-98-113
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Multiple ESD Warning!
Quadrants 1,2,.3.4,.5.,6

T : B
Rystom Mistuss DOWN STATIC CHARGE DETECTION! Static charge is

equipment lock-up

MIOT |

;
:
|

Terminate ESD

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

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

Terminate static once and for all. Call 1-800-367-2452, SYST EM y

510-548-3640 or visit us on the web at www.ion.com.
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Tén reasons to

oo with MicroJoin:

trolled . -
All-Ceramic Hot Bar -?:;:';::;LE: Erlgreessure Micro Join’s Flat

MICRD JOIN PATENTED TECHNOLOGY * Precise repeatabilicy Panel Display

* Superior thermal uniformity * Reduce process variation Workstations

* Superior planarity (flatness) = Software configurable for ACF ot vou cxclush

* No voltage or current transferred heat seal or solder applications : ! §
design features that

TBRIRRRERE Process Graphical provide the most

Development User fectiv :
Automated Vision System” « Aviliary . effective and prof-
y Auxiliary thermocoples | Interface i ble fiat panel

* Speeds alignment task for quick thermal » Simplifies ;
. ]mproves accuracy & repca[ablllty characterization of hig]’l mix repair, rework

hnc itch <90 micron capability bond area * process operations, high-
Upper or lower cameras * Data acquisition for » Easy to learn = mix production

available reports and quality * Easy to use and prototyping
assurance * Graphical 2 : 3 2

* View & plot real-time diagnostic Our hot bar is
process values tools for all-ceramic which

easy trouble ensures consistent
shooting 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
c - and more applica-
Universal ; ==y, : i tion experience
Y Glass Transport B - L e - than any other
s Acco = vendor makes
wide variety of i A MicroJoin the

glass pancls : : ;
* Recordable, repeatable | n}atlillfz}ctufrer h
sertings for qLIle of choice for the

product change over N e * flat panel industry.
* Migration path for . L~ : ~  Contact MicroJoin
panel sizes up to 60 - % today, and find
liches = out how we con-
Ergonomic tribute to the success
Operator Features of our cutomers
* Dual start sensors for world-wide.
safety and ergonomics

= * Track ball
I z . » Sliding keyboard tray

0 Selection & Service for seated operation (619) 877'2100

* More price performance
. . options . .
Gustl_Jm_lzed F!xtures . N}[ore automation options 53““"“ micro e
* Optimize efficiency & . Factory installation = Key lock & Soﬁ“_farc
quality of volume production  5ciceance available password protection
. [‘aners;tl TA_B vacuum « Technical and application * Two levels ofsof[wnn; A Pelamar Tchembois Compary
fixtures to minimize name/password security 13535 Danielson St.
tooling for low volume * Eliminate unauthorized  poocro A 92064
production access or changes Fax: (619) 877-2110
* Precision alignment of * Control profile and

<90 micron TAB pitch process sequence
revisions Web: http://www.microjoin.com

micro .

engineering support

E-mail: sales@microjoin.com

*On selected models
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FPD repair

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

IE 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 the 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 MicroJoin Inc.
(formerly Toddco General), the leading manui-
facturer of bonding equipment for the FPD
repair industry, 13535 Danielson St., Poway,
CA 92064, telephone 619/877-2100, fax
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

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.

30000+~
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15000

Revenue (SM)

10000

5000 +

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 decisions. (Source: Electronic Trend Publications)
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The Real World of FPD Repair

Pixel Interconnect, Inc. (Portland, Oregon) is a process-engineering services firm 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 Electronics, 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 Hansborough, 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 Cerplex 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 return rate -
25% of which is attributable to the LCD - we come up with somewhere over 500,000
LCD-oriented returns 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 significant 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 manufacturers to provide repair
facilities 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 turnaround 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 fine-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 patterns. 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 failures.
(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 critical for 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 of TAB drivers
enables designers to incorporate the fine
pitches required by high-resalution laptop
screens, which can be as small as 62 um on a
1280 x 768 display with a 12-14-in.-diagonal
screen size. As a result, effective process con-
trol for consistent alignment 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 effective 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 Toddco 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

14 Information Display 11/98

| 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 fine
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 connections. 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 first-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

cause of failure.

Repair-oriented ACF TAB-bonding equip-
ment must have built-in process-development
capabilities. MicroJoin systems, for 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 assure
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 pm in diameter, an even
pressure over the bond length is required to
properly 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

|
\
|
l the connection to open - the most common




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 number 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).

The 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 instance, 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 changeover 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 likely become the driving
forces for all future capital-equipment deci-
sions in the FPD repair industry.

The inevitable push to larger screens and
greater resolutions will 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 fine-pitch
connections on steadily growing screen
sizes.ll
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TFT-LCD manufacturing

Air Ionizers in TFT-LCD Manufacturing

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

Haruyuki Togari and Arnold Steinman

STATIC 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-technology 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 ym) 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 (TFT-LCD) panels is particularly

Haruyuki Togari is a senior engineer for
Harada Corp., 10-14 Minami-semba
2-chome, Chuo-ku, Osaka, Japan; telephone
+81-(06)-244-0171, fax +81-(06)-244-0157,
e-mail: togari @ haradacorp. co.jp. Arnold
Steinman is Chief Technology Officer at Ion
Systems, 1005 Parker St., Berkeley, CA
94710; telephone 510/548-3640, fax 510/
548-0417, e-mail: asteinman@ion.com.
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susceptible to electrostatic problems. The
four distinct 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-

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-

Array Process

Glass TFT Substrate

Thin film, CVD,
Sputtering

Coater, Aligner,
Developer

Etching, Stripping ——

} Cell Process

Color Filter Process

Glass Color Filter
Substrate

ITO Film

Alignment Layer

Rubbing

Panel Alignment

Scribe and Break

Module Process

Driver, Controller,
Backlight Mounting

Test and Final
Inspection

4'

Harada Corporation

Fig. 1: The four segments 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

Alr 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 applied voltage. These ionizers are
. classified according to the electrical current
that is applied to the emitter: pulsed dc,
steady-state dc, 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 field, 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 which 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, the 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 environment 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, this requires repeated cycles of deposi-
tion, photolithography, and etching. The 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 icnizers 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. The roadmap for the LCD

Table 1: Features of Various Types of Air Ionizers

Issues Pulsed-dc

Airflow shortens
decay time. May be
used without airflow.

Airflow

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

0.3-3.0m

Effective area

Effective distance

Decay time
(100-10% of
initial charge)

Remaining charge

Particle level

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.

Tonizing Blowers
(Steady-state dc or ac)

Steady-State
dc or ac

Included in the
design.

Required

0.6 x 0.6 m with
the blower centered
over the area

0.6 % 0.6 m directly
underneath the
ionizer

0.1-0.3m 0.3-1.5m

Photon Ionizers Nuclear Ionizers

Airflow shortens Required

decay time. May be

used without airflow.

1.0x1.0x 1.0m Depends on length

volume of nuclear source or
available airflow

0.1-1.5m 0.1 m without airflow

3-10 s depending
on airflow and
distance

Surface charge
uniformity

Suitable for class
1-100. Airflow in
excess of ambient

may stir up particles.

1-5 s depending on
distance

Surface charge
uniformity

Suitable for class
100-1000. Blower
airflow may stir up
particles.

1-20 s depending
on airflow and
distance

Surface charge
uniformity

Suitable for class
1-1000. No
particle production.

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

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.

il
]
i

Progressive Systems Technology

Fig. 2: A bar-type pulsed-dc 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-

- 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 be neutralized 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
unwanted arcing or loss of ions. Asa
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 filter 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 filled with the liquid-crystal material.
Assembly begins with coating an alignment
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, filled
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 the panel-alignment
stage, and class 1000 thereafter. Prior to
panel alignment, air ionizers are installed to
neutralize charges on the substrates in the cas-

settes and on the stages, as described earlier.
During alignment, 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 glass 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 glass
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

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 the 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 mounting of the driver ICs
and final 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 from gloves and
uniforms 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 reliability and production yields.

Information Display 1198 19




TFT-LCD manufacturing

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 benchtop blowers for charge
neutralization.

Tonizing blowers should be installed so that
their airflow is at a right angle to the sub-
strates (typically from above), which ensures
an even distribution of ions over the entire
display surface. Airflow parallel to the sub-
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. Ionizing blowers with adjustable air-
flow are best for such applications, as these
can be set to provide sufficient coverage with-
out stirring up particles unnecessarily.

Verifying Air-Ionizer Effectiveness
Once air ionizers are in place, how can we tell
whether or not they are effective and adjusted
for optimum performance? 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 S3.1-1991. How-
ever, this test instrument relies on a 150 x
150-mm 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. Monitoring with the field
meter in any process will allow the adjustment
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 neutralize 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 static 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 surfaces 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 environment 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
effective static-charge-control systems, which
can include steps toward both prevention and
elimination. Air-ionization units have been
proven to be effective at eliminating 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-
tive 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 performance monitoring and
maintenance procedures - an effective 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. Bl
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TFT materials

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, Toru Mitsuki, Masaaki Hiroki,
Shumpei Yamazaki, and Masaya Hijikigawa

MANY 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
datafgraphics 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 Shumpei 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
Jlow between grains without being trapped at the boundaries.
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Table 1: TFT-LCD Specifications

J Display size 2.6in.
Number of pixels 1280 x 1024
Pixel size 45 % 32 um
| Source-driver frequency 13.6 MHz |
Gate-driver frequency 8.4 kHz |
Aperture ratio 63%
Contrast ratio 300:1

tional 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 mobility is surely too low to
fabricate the monolithic microprocessors and
monolithic high-speed circuits that would ful-
fill the dream of making an entire system-on-
panel (SOP).

But materials scientists at Semiconductor
Energy Laboratory Co., working in coopera-
tion with Sharp Corp., have developed a high-
performance type of polysilicon called contin-
uous-grain silicon, which is formed by solid-
phase crystallization of an amorphous-silicon
film by a novel crystallization technique.
According to observation by transmission
electron microscopy (TEM), most of the adja- |
cent grains in a continuous-grain silicon have
{111} lattices that completely coincide with
Semiconductor Energy Laboratory | each other at the boundary, and the atomic

Fig. 2: This electron-diffraction image of a 1.35-um-diameter area of a continuous-grain-sili- bonds at the boundary are smooth (Fig. 1). As
con film shows a distinct <110> diffraction pattern with few spots at irregular positions, even a result, carriers can flow without being
though there were many crystalline grains in the region. This shows that each grain has high trapped at grain boundaries, producing excel-
crystallinity, that the grains are highly oriented with respect to each other, and that taken lent electrical characteristics. Remarkably,
together the grains can be treated almost as a single crystal. continuous-grain silicon offers essentially the

same performance as single-crystal silicon.
An explanation for this behavior is found in
a representative electron-diffraction pattern of

BM a continuous-grain-silicon sample. The typi-
TO wiring metal ITO cal <110> diffraction pattern looks very much
E \ / like the pattern for single-crystal silicon |
£ despite the fact that there are many grains in :

3rd insulator the 1.35-pum-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

2nd insulator

» a rear-projection HDTV receiver. The mea-
J sured Ip-V; characteristics of the transistors
/ i . are excellent, with the field-effect mobility of
’ 1st insulator A TETe avenndi 2
Active layer GI n-channel TFTs exceeding 300 cm~/V,, and

the mobility for p-channel TFTs being about
140 cm?/V,. S-values are less than 80 mV/dec
Fig. 3: This schematic cross section of a TFT doesn't look too unusual, except that the active for both n- and p-channel TFTs, which pre-
layer is 40 nm of continuous-grain silicon, which is nearly as fasr as single-crysial silicon. dicts very fast switching in actual circuits,
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TFT materials

| tinuous-grain-silicon TFT-LCD panels.

The pixel size for these panels is 45 ym (H)

% 32 um (V). The pixels have the black

matrix on the TFT structure to improve aper-

ture ratio, and the storage capacitor is formed
1 by overlapping the black-matrix and the
wiring-metal layers on the TFT. 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 60-in. diagonal

Number of pixels 1280 x 1024 (1.3 million)
Luminance 960 cd/m?

Contrast ratio 300:1

Size 1479 % 1447 x 660 mm

Light source 370-W metal-halide lamp

Sharp Corp.

Fig. 4: This prototype of a 60-in. HDTV rear-projection receiver uses three 2.6-in. HDTV con-

Performance

The panel delivers excellent video perfor-
mance (Table 1), and has been incorporated in
a prototype 60-in. HDTV rear projector (Fig.
4). The projector contains three of the contin-

| uous-grain-silicon TFT-LCD panels. The

resulting luminance of 960 cd/m” 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. l

SID ’99

San Jose, California
San Jose Convention Center
May 16-21, 1999
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manufacturing and markets

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

’I: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?

The 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
(TFT-LCD) panels for computer applications
have brought these issues to the forefront.

Notebooks Justified LCDs

From the point of view of rational financial
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. Mentley is Vice President 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@
stanfordresources.com.
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| value supplied by an FPD is a significant part

of the value of the notebook computer. There
is no appropriate substitute for an FPD in a
notebook computer.

It has been possible to support display costs
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

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
large 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

$50 +
$40 +
$30 -

$20 -

Billions of Dollars

$10

50

T T T
1995 1996 1997 1998

1999 2000 2001

2002 2003

E1CRT OFlat Panel

Fig. 1: The global CRT TV and monitor markets 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)
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Table 1: Value of LCD Market
(millions of dollars)

1996 1997 1998
Portable $5079  $7262  $5979
Computers
Total, All $9879 $12,817 $12,253
Applications

Source: Stanford Resources, Inc.

heen 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 limited 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. Asa
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 reliant on the
notebook-computer industry for most of its
revenue. Table 1 compares the 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 supplier 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 supplier.
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Fig. 2: The average street price of a 17-in. CRT monitor has dropped from $860 in 1995 to
3442 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
the worldwide desktop-monitor market is
much larger than the notebook-computer mar-
ket in terms of units, 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

Table 2: Factory Prices for Popular Displays

1995 1996 1997 1998
14-in. Notebook-Computer LCD sl i $1050 $560
14-in. Monitor LCD (module) $1870 $1647 $1308 $607
15-in. Monitor LCD (module) $2536 $1856 $1500 §710
17-in. Monitor CRT (CDT) $262 $230 $185 $95
15-in. Monitor CRT (CDT) $145 $130 $85 $44
19-in, TV CRT (CPT) $80 $75 $65 $55
;'Z_Z:in. TV CRT (CPT) $170 $160 $155 $145

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 billion and $12 billion (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?

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

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

Information Display 11/98 27

——d




manufacturing and markets

\
Other Variable Costs \

3.5%
Other Overhead
9.7%
Direct Labor Depreciation
1.5% 12.8%

Total 1998 Cost: $452

Yielded Materials Cost
723%

Color Fliters

Glass
3.4%

Polarizer ——
Backlight £.4%

5.2%
Indirect materials

Row drivers 9.0%

7%

15.0%

Other Direct Materials
24.4%

Yicld Adjustment
28.4%

Total 1998 Cost: 5327

Fig. 3: Yield and throughput are certainly issues, but even for a 15-in. AMLCD 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)

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
punctuated 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 monitor 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 dysfunctional
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
examining current and future manufacturing
costs. The TFT-LCD as it is currently manu-

factured is heavily weighed down by materials
costs. Unlike 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
unwieldy number of direct and indirect mate-
rials. The five major materials - column
drivers, color filters, row drivers, backlight,
and glass - account 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
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). This extrapolation is made
using aggressive year-to-year component
price reductions, but with the same set of
materials and processes that are in production

$1,000 4-------
$800 A -----n--
5600 - -

$400 4 --v----

15-inch TFT-LCD Module Costs

§200. 55 50 5 54 )

$1,400 - - - 17 T

$1,200 -\ oo

5136 $102
T

1998

50 .

1996 1997

§07 596 595 —894
1999 2000 2001 2002 ‘

|_.,.. Fixed Costs —&— Total Variable Costs

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 AMLCD 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

1995 1996 1997 1998
14-in. Notebook-Computer LCD --- e $11.17 $5.96 i
14-in. Monitor LCD Module $19.89 $17.52 $13.91 $6.46
15-in. Monitor LCD Module $23.48 $17.19 $13.89 $6.57
17-in. Monitor CRT (CDT) $2.11 $1.85 $1.49 $0.77
15-in. Monitor CRT (CDT) $1.67 $1.49 $0.98 $0.50
19-in. TV CRT (CPT) 50.46 $0.43 $0.38 $0.32
27-in. TV CRT (CPT) $0.49 $0.46 $0.44 $0.41

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

Analysis

Because of the dynamics of the display indus-
try, we must look at costs on the basis of both
unit display area and application. The note-
book-computer market supported high unit-
area prices for high-value FPDs, and unit
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
consumer 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.

Prices of CRT displays for monitors and
television are still an order of magnitude less
than for the most cost-effective FPD on a unit-
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 $0.41. In the spirit of conver-
gence of the TV and computer, it is interesting
to note that the unit-area price of the 15-in.
color display tube (CDT) is approaching 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 monitor market.

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

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. This will involve new architectures,
materials, processes, and equipment. ll

SID '99

Symposium, Seminar,
and Exhibition

San Jose, California
San Jose Convention Center
May 16-21, 1999

Instruments
Corporation

KLEI

‘ KLEIN VPG 250

Stand-Alone Pattern Generator

I PC program included

* Programmable Timings (500)

* User Programmable Patterns
= 2048 x 2048 pixel resolution

» Programmable Sequences (30)

* 999.9 Hz max Vertical frequency
* 999.99 KHz max Horizontal freq.

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

Call for Prices!
Portland, OR USA

Circle no. 14

Information Display 11/98 29




The Industry Leader

AD-VANCE 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:
e Design and consultation
e AD-MU shielding alloys
e In-house toolroom for manufacturing
magnetic shields
e Custom fabricated CRT shields
e Heat treating for optimum magnetic shielding
characteristics
Give Ad-Vance Magnetics a call today!

——————— AD-VANCE MAGNETICS, INC.
P.O. Box 69 ¢ 625 Monroe Street ¢ Rochester, Indiana 46975

AD-MY \MAGNETICS) SHiELDING (219) 223-3158 » FAX (210) 223-2524

v E-Mail: advancemag@aol.com

Web Home Page: http://www.advancemag.com
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The SS5220 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 85220 Flat Panel Test System:

» Fully Automatic Off Axis Measurements
= Spectrometer Based - Luminance & Chromaticity Measurements
e Automatic Measurements to VESA, 1SO 13406 &
TCO 95 Standards
o Complete Turnkey System
e Panel Drive Electronics

Measurements:

e Chromaticity vs. Viewing Angle
e Contrast vs. Viewing Angle

e Luminance & Color Uniformity I
Spectral Plots MICROV'S'ON

[ ]
e Contrast Ratio Plots 550 High St., Auburn, CA 95603
[ ]
[ ]

Visit our Website at:

Back Light Characterization Tel: (530) 888-8344 Fax: (530) 888-8349 www.microvsn.com

Reflectance (BRDF) Email: sales@microvsn.com : :
'E AND PERFECTION...

SOMEV
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Cryogenics for ngh Vacuum Systems

Asr'cchEWATERVAPoR | CRYOCOOLERS B  COLD TRAP CHILLERS |
(v CRYOPUMPS pump at ¢ Water Vapor Pumping and = Water Vapor Pumping and
2 200,000 Vs in the Chamber ® Prevent Backstreaming = Prevent Backstreaming of

Call to find out how to easily retrofit your i g;rllw I?Ieral;aglrwgahforma U.S.A. 94903
system for improved performance and for Phone: (415) 479-0577
our FREE Product Selection Guide ) "\\\ ASubsidiary of Intermagnetics General Corporation  EAY (41 5) 499-0027

E-mail sales @polycold.com ¢ www.polycold.com
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toms teﬂ .peratlon for ACF dlspanse,
compment 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 m
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

IN 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 and Mitsubishi. 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, technological 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 comments
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 Werner is the editor of Information
Display Magazine.
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| manufacturing lines?

The process for 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 hig huilding for the production
line (Fig. 3). We must therefore consider how
to design a factory that makes effective use of
floor space. This is a consideration for manu-
facturing-facility design that is unique to
PDPs.

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

Product Development; Yodichi Kadota, Senior
Manager; Terutoshi Sato, Editor-in-Chief,
FPD Intelligence, Ken Werner, Editor,
Information Display.

Ota: The 42-in. PDP is the main product
produced in Kawasaki. We intend to produce
10,000 sets this year. (Note: Given the
slower-than-anticipated ramp-up among all
manufacturers, it is unlikely that 10,000 sets
were produced by the end of 1997 — KIW.)
NEC is building a factory (NEC Kagoshima)
on Kyushu Island to begin producing 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: The 50-in. PDP \
was introduced that evening at an elegant |
reception in the penthouse suite of NEC's
“Super Tower " headquarters in Tokyo's
Shinagawa district. — KIW)

NEC is planning 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

NEC
Fig. 1: Michihiro 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.

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

0362-0972/98/1411-032$1.00 + .00 © SID 1998




| 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. This 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
technology but does not have the picture 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. Reduce the cost of ICs, in part through
‘ cooperating with NEC’s semiconductor

group.
NEG 2. Ride the experience curve. Cost will go
Fig. 2: NEC's 50-in. HiVision Plasma TV with capsulated color filters (CCFs) was infroduced ‘ down as quantity goes up.
in Japan in November 1997. 3. Bring down driver voltage.
Ota: There are no plans to manufacture in development as we move into the future, Question: To bring down voltage, must

U.S. But I would like to return to the previous | which will help us get the price of a TV one increase the mechanical precision with
question. Although we are satisfied with our receiver to ¥10,000 per inch by the year 2000. ‘ which the panel is made?
Japanese resources for manufacturing equip-
ment in general, there could be an opportunity
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 third is increasing the
low duty factor when the cell is on. NEC
Kansai is working very hard on this issue, and
I think other companies have not worked so
hard on that.

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

—
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| Effect 1:0ptimization of luminance spectrum |

CCF

Pure red Ilght

Pure green light

Pure blue light

Al_

Tkﬂkﬁ_J

| Effect 2: Cut off neon gas luminance |

| Effect 3: Reducticm of reflected light |

External light

AD%EJM%_U

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 gas in each cell, and reduces reflected light. This results in more vibrant colors and a

wider color gamut.

Ota: It comes down to innovating the cell
structure and making the cells brighter. This
includes innovating with materials, including
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: 1believe rear projection will 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.
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.
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Question: What U.S. market size would
justify a U.S. assembly plant?

Ota: Thirty to fifty thousand units per
month would get us thinking 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 improving.

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 will your 50-in. TV be
available commercially?

| Fig. 5:

Mitsubishi

Mitsubishi is making its 40-in. color PDPs at this facility in Nagaokakyo City, Kyoto.




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. Isaw 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 Imura, 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-in.
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 in 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
beginning 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 of Mitsubishi’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. Itis
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 Im/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 Fujitsu does?

Murata: We are focusing on our own-
brand business first. 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 down yet.

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

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

Yoshikawa: 1hope so.

A Brief Conversation 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
authority. 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 found myself in a cof-
fee-break conversation with Tutae Shinoda,
the designer of Fujitsu’s original color PDP,
and Roger Stewart of Sarnoff Corp.

November 19, 1997

IDW in Nagoya

Conversation with Tutae Shinoda,
Research Fellow, Peripheral Systems
Laboratories, Fujitsu Laboratories, Ltd.,
Akashi, Japan.

(Note: In the late summer of 1998, Fujitsu
was widely reported to be manufacturing
about 7000 color PDPs per month, far more
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Jor integration into monitors bearing the

than any other manufacturer. Many of these
panels were being shipped to OEMs such as
QFTV, Clarity Visual Systems, and CTX Opto

OEMSs’ logos.)

Question: Do you think 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. Thear thatit’s
difficult and slow 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 1.CD
projectors are putting out about 1000 Im so
they can widen viewing angle and decrease
screen gain relative to CRT projectors. CRT
projectors will go away in 2-4 years. M

98

DECEMBER
Fifth Annual International
Display Workshops
(IDW "98)

KOBE, JAPAN

+ Information Display Workshops
+ Invited experts will present talks at work-
shops on:
— Emissive Displays
— Non-Emissive Displays
—Plasma and EL Displays

* Sponsored by SID/Asia Region. Japan
Chapter. IEKE. ITE

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 Analysis, Market
Research, Demographics

H.L. Funk Consulting
7 Diane Court
Katonah, NY 10536
Telephone/Fax: 914-232-3530
E-mail:
consult@hlfunk.com
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and Exhibition
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news items to Information Display,
¢/o Palisades Institute for Research
Services, Inc., 411 Lafayette Street,
2nd Floor, New York, NY 10003.




ce more.” and the NEC Technologies icon ai

With praise like this; you'd be glowing too.
Introducing the PlasmaSync 4200W.

Boardroom visitors, airport travelers, industry experts—there’s no telling who the new PlasmaSync™ 4200W will impress

next. Thanks to our unique Capsulated Color Filter™ technology, the 42-inch, 16:9 screen produces vibrant, realistic
colors, fine detail and excellent contrast. The PlasmaSync 4200W gives you the flexibility you need, too—it's equally at home with computer,
conventional video and HD video sources. Finally, we've fit all this performance in a cabinet that's just 3.5-inches deep—40% thinner than its
main competitor. Call today to demo the PlasmaSync 4200W, or its equally impressive sibling, the 33-inch PlasmaSync 3300. Because while the
PlasmaSync 4200W may look good in print, you haven't seen anything until you've experienced it in living color.

NEC NG

Take the Demo Showdown. For a free product demonstration, call (800) 443-0967. NECTechnologies

To learn more, visit www.nectech.com. Or call (800) NEC-INFO. Expect more. Experience more.
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(@] Ts105(5 Micronic Quality for Your Displays!

The outstanding display quality of Contact Micronic in the US at:
tel (603) 635-9636, fax (603) 635-7211

Micronic photomask laser writers

i has made us market leaders. We

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

know how to combine high preci-

sion and large area.

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

Applications:

s TEl

e Colors Filters

® Shadow masks
* PDP

¢ Passive Displays

In Japan contact

Hakuto Co., Ltd.
Tel +81 3 3225 8910
Fax +81 3 3225 9012

| Stage sizes:
¢ 1700x1100 mm
MEC

e 1100x1100 mm MICRONIC Tel: +82 2 552 1838

® 800x800 mm LASER SYSTEMS Fax: +82 2 552 1840
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INNOVATION IN EQUIPMENT DESIGN

KURDEX/THIN FILM EdUIPMENT DIVISION lncrease EM IIRFI
- -
TOTAL THINFILM SOLUTION : PVD, EVAP, PECVD, RIE, STRIP Protectlon WIth
FOR PRECISION FLAT PANEL DISPLAY PRODUCTION D u R A L A N I ITM

High Performance Windows,

Lenses and Filters
Laminated Within the Filter

i | Various Conductors Available |

Abrasion Resistant Surface |

Anti-Glare Finishes

Various Transparent Colors

Contrast Enhancement

i Contacl
¢ Kurdex Corporation
343 Gibraltar Dr.
Sunnyvale, CA 94089, USA

Tel (408) 734-8181, Fax (408) 734-5151

Substrate size: Up to 600 x 750 mm or Batch Of Small Substrates.

Sputter: Metals, Semiconductors, Insulators, Reactive, Non-reac-
tive, (In-line, Box Coater)

Evaporation: Metals, Semiconductors, Insulators, CdSe (for EL,

FED & TFT)

Plasma Enhanced CVD: SiN,, SiO,, a-Si, n+a-Si, H-a-Si

Reactive lon Etcher: Ta, SiO;,, ITO, a-Si, SiNx, n+a-Si, Polyimide etc.

Strip: Photo Resist

*Excellent uniformity * high temperature precise heating * EABT IO AN D B PN s

cassette to cassette automatic substrate loading or CSTS (cassette- e i .

less substrate transfer system) option * fully automatic process For additional information call 609/825-8900,
controller * ease of maintenance * high uptime* low particle* high FAX: 609/825-8969, or visit our Web site at:
yield * modularity * excellent reliability * small foot print * bulk head www.silver-cloud.com

clean room mounting
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Plan Now to Attend!
Display Works™ 99

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

Manufacturing

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

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

Dispiay Works 99 is a one-of-a-kind
opportunity developed to expand your
technical and business expertise. Display
Works 99 features:

® World-class exposition

m 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 V.P, Silicon Graphics

* John Medica, V.P, Dell Computer

* Julie Chen, V.P, Primeview International

m FPD Standards Meetings

m Educational Seminars
m SID Evening Panel Discussion
m Rugged Display Roundtable

m VESA MicroDisplay Special Interest
Group

m Material Handling Workshop

m FPD Technology & Market for Investors
Seminar

m Environmental, Health & Safety
Interest Group Meeting

m CIM Software & Automation Course

m 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.

S E M |

Semiconductor ol
Equipment and i D
Materials .

International U5, Display Consortlum SQCIETY FOR INFORMATIGN DISFL




For Information on

IDW '98
December 7-9, 1998
Kobe, Japan

® |nformation Disploy Workshops
o [nvited experts \'nlfpresenl falks
af workshops on:
- Emissive Displays
- Non-Emissive Displays
- Plosma and EL Displays
» Sponsored by SID/Asia
Region, Japan Chapter, IEICEJ, ITEJ

SID e

: 408977-1013
EMAIL: office@sid.org

Display Works '99

{ February 24,1999

San Jose, California

o An infernational conference addressin 1?0" |

aspects of Display Manufocturing indlu

- Fat Panel and CRT Manufacturing

. D\spluly Module and Subsystem
Manutacturing

- Display Ruggedization

- D;splug Materials

- Manufacturing Equipment

- Cost Reduction and Yield Improvement

- Industry Forecasts

- Investor Presentations

- International Standards

FAX: 408-977-1531
WorldWideWeb: http://www.sid.org
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SID 99

International Symposium,
Seminar and Exhibifion
May 16-21, 1999

San Jose, California

San Jose Convention Center

e 5D ? ANNUAL EVENT, featuring:
- Technical Sessions, Poster Session
- Author Interviews, Evening Panels
- Short Courses, Application Seminars
- Technicol Seminars, Application Sessions
- Product and Technology Exhibits
- Display Technology Showcase

[t

JLE=

Euro Display
September 6-9, 1999
Berlin, Germany

® An internafional conference on display
reseqrch and development aspects of:
- Display Fundamentals, Display Devices
- Hord Copy & Storage, Input Systems
- Integrated Devices and Device
Ap ?itullnns
: Mu?hmedm Systems
- Image and Signal Processing
- Color Perception, Human Factrs
- Product and Technology Exibit

San Diego, California

« 5th annual infernational conference on
display phosphors

Color Imaging Conference
November 16-19, 1999
Scottsdale, Arizona

© An international mulfi-disciplinary
forum for dialogue on:
- (reation and capture of color images
- (olor image reproduction and
inferchange
- Color image displa
» (o-sponsored wﬁEu !&r

SID OIS&T

Since 1962, a professional worldwide interdisciplinary SID

society commitied fo the advancement of information display.




display continuum

continued from page 4

Sunday drive or for a shortcut to the hardware For those living a few more miles away, all | ping opportunities as a nice and as yet unob-
store are now high-traffic routes that the new is still serene and the change is hardly appar- trusive benefit.

EZConirat by ELDIM

created shopping malls. constructed and now more convenient shop- the changes are also less immediately notice-
additional value, with the accompanying
¢ “MITED BUDGET ? | the eager attention of millionaires. And now
7. - land demands it.
mails and returning phone calls seldom has ’
on me or my car, it did end up giving me \
of my frequent travels, asked where I was
technology change has gradually taken place
Th i n k Abo ut EZ L | T E fro m : times, it took several tries to communicate at
all. Now, I can only tell (most of the time)

f residents use to get to work and to their newly | ent. In fact, these folks may see the newly For those on the older and more urban side,
{ able. Their little space on this planet was
' already nicely defined, although now their !
parcels seem to have acquired considerable
o ELECTRO-OPTICAL MEASUREMENTS OF DISPLAY additional
increases in property taxes. What was once
TO (ARRY OUT ? perhaps an area of modest lakefront summer
cottages has now become property worthy of
with each change of ownership, there is exten-
sive upgrading or at least incremental
improvement. The increasing value of the
After my adrenaline-producing encounter
with the dump trucks, the rest of my day
seemed peaceful by comparison. Sending e- [
the “instant thrill” of staring into the head-
lights of an oncoming truck. And although
that truck didn’t leave a physical impression
something to think about. ‘
During one of my phone calls to the East [
Coast, the person on the other end, knowing i
|
calling from. He said that he couldn’t tell
from the quality of the sound if it was long
distance or local. How about that? A major
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-
= when calling to some of the countries in East- 1
EZC 0 ntra St F a m I Iy ern Europe or occasionally some parts of the
Far East. }
> Realizes a +/- 60° Incident angle, 0-360° azimuth angle luminance measurement in

Out of curiosity, I looked up the data. Fiber

optics now carries over 90% of transcontinen- ‘
IBSS ﬂ!ﬂ,r", 5 ! o . tal calls in the U.S., as compared to only 10%
> Compuilbllm_; with main d.lspluy characteristics measurement standards (IS0, VESA. ...). £ decia g0, et it was tot thachiovera
> Ask for detailed specifications, hardware and software options for completely automated decade ago that everyone was talking and
systems | writing about the improvements that fiber
& optics was “someday soon” going to bring to
.’0’. b= telephone communications. However, there
. P o P\ " .0 2 were also plenty of discussions about fiber
ELECTRONICS FOR DISPLAYS AND IMAGING DEVICES 7 =z connectors not being compatible with the
| TS e 4w TGO SR L B g harsh and dirty field environment of under-
f rue d'Epron - France = ry ; ; 2
: . = ground utilities and installation by unskilled
' Phon : + 33 2 31 94 76 00 - Fax-: 433 7 31.94.09-50 ELD ’M - workers not being possible. How could we
EMail : eldim@eldim.fr — Internet address : http://www.eldim.fr © expect these workers to use clean-room tech-

Circle no. 24 niques while working in muddy trenches?
The cost and difficulty of handling the aptical |
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fibers 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 came down
some more. The fiber manufacturers figured
out how to make cable compatible with the
underground installation rigors and rough
handling. Reliability and installation ease
improved. The incremental improvements
and cumulative 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 and the
development of manufacturing 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 learn 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 technol-
ogy demonstrations.

Let’s look at a few other examples.

+ Good-quality VCRs are currently selling
for just under $100. These are machines
with full capability, including a remote
control. It wasn’t all that many years ago
that the concept of a consumer VCR was
thought to be virtually impossible. The
precision required to fabricate the read
and write heads and 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, and 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
monochrome. And the best color print-
ers or copiers, using even the most

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

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

www.instrumentsystems.com

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

For Accuracy

The most sensitive and fastest spectro-
radiometer in its class has a cooled &
back-thinned CCD 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.

SYSTEMS

“WE BRING QUALITY TO LIGHT”

)\k INSTRUMENT

North America
Instrument Systems
576 Golden Avenue, Ottawa, Ontario, Canada K2A 2E9
e 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

Information 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

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

Unigraf VTG-1300

High-performance Video Test Generator on a board

300MHz

Video Test Generator

As the other Unigraf video test generators, VTG-1300 comes loaded
with features and backed by extensive software support

® Pixel frequency up to 300 MHz

® Fully programmable
® Fast bitmap patterns

@® 255 colours, 16.7 million shades

® 2k x 2k x 8 VRAM

® DDC1 and DDC2 support
® Very fast software response

@ Full ATE support

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

/fﬁ UNIGRAF

150 o} CERT A'TED FIRM

UNIGRAF Oy, Ruukintie 18
FIN-02320 Espoo

Finland

Tel. +358 9 802 7641

Fax + 358 9 BO2 6699
http://www.unigraf.fi
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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 corner of the world, the display
business is also driven by these same funda-
mental economic forces. Everyone would like
that full-color sunlight-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 change, followed by the
decades-long process of driving down manu-
facturing costs and achieving market recogni-
tion. The original technology innovation is
only the entry ticket. The business growth and
profitability 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 technologies must pre-
sent unique performance 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 viability only
because of the introduction and subsequent
popularity of laptop computers. The laptop
computer allowed LCD technology 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 only 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 will consumers be
willing to pay for plasma’s thinness and better
image quality 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-invented display technolo-
gies? What about the oft-heard concept of




“leapfrog” technologies? 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 chunks of remote country prop-
erty and promise to build vibrant new cities
miles from anywhere. It may sound 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 manufacturing
improvements and cost reductions to meet
customers’ never-exceeded expectations for
lower-cost and higher-performance displays?

New display technologies are what many of
us spend our careers developing. I'm sure that
I have about as much fun doing this as any of
the rest of you. However, every new display
technology can’t and shouldn’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 our competitor,
which 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 turned 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. B
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KLEI Instruments KLEIN CM7AG
| Corporation 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
quality 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 LCDcubet™ Drive Electronics

solves the integration challenges in developing AMLCD-based displays

T e

S

Video Digitization

/ Accepts standard video inputs and drives avionics AMLCDs
/ Reduce development time and cost with standard off-the-shelf solution
./ Shrmk ovemli d;splay ouﬂme dimensmns wﬁh the smallest possnbie form factor: PC/1 04

R O F

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

ight ©1998, Westar Corporation  Trademarks are property of their respective owners.
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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:

M LCD/AMLCD flat panel displays
M Touch screen panels
M Optical filters and polarizers

Spire laminators, widely

used in the production of

photovoltaic modules, apply

uniform temperature and

pressure over areas up to 4 m’. 5pi|-e Corporation

™ One Patriots Park
SPI-LAMINATOR Bedford, MA 01730-2396/USA

Models 240, 350, 460, & 660: [agratis

B 1 m’to4 m’ process area FAX 781-275-7470

M 2.5 cm max. stack thickness EMAIL pvsales@spirecorp.com
M Built-in vacuum system

M Conveyor load/unload option

B Clean room compatible

M Custom engineering available

Programmable Processing:
B Temperature, 180°C (max.)

M Pressure, 1 atm (max.)
B Chamber Vacuum, 1 mm Hg s I re
W Automatic or Manual Cycles
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Interface Solutions

for flat panels

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

Analog - Computer Bus card - PC Video - PAL/NTSC

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

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

Accessories: A wide variety of

SV-Series: A combination interface for support accessories.

both computer graphics and video (PAL,
NTSC) for LCD & Plasma. a
Enclosure options:

Open frame kits: panels & interface
controllers in easy to use frames.
Industrial display systems

Desktop monitors

LCD multimedia systems

; NEC analog panels are also supported.

Digital View

USA: Tel: 408-782-7773, Fax: 408-782-7883 %
England: Tel: (0)1438-816 600, Fax: (0)1438-816 909 Internet: Www_digitalviewlcom
Hong Kong: Tel: 2861 3615, Fax: 2520 2987 Email: sales@digitalview.com

SID °99

tadel 8754 _____ B San Jose, California
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v gives you
the picture!

San Jose Convention Center

- 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 May 1 6—21 1 999
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.:800-962-8905 - 937-376-4361 - Fax: 937-376-2802
M M E-mail: sales@videoinstruments.com

Visit our Web Site: www.videoinstruments.com
L Vioeo Instrumenrs Visa - Mastercard - American Express

Mark Your Calendar Now!
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Acer Display Technology
Ad-Vance Magnetics, Inc.
Advanced Display Technologies
Arconium

Artesyn Solutions, Inc.

ATI Technologies

autronic - Melchers GmbH
Brewer Science, Inc.

Brimar Ltd.

Canon, Inc.

CELCO

Cherry Electrical Products
Chunghwa Picture Tubes, Ltd.
Clinton Electronics Corp.
Colorado MicroDisplay, Inc.
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, Inc.

Emco Electronics Ltd.
Endicott Research Group, Inc.
ERSO/ITRI

FED Corp.

F-P Electronics

Futaba Corp. R&D Center
General Vacuum, Inc.
Hewlett-Packard Co.

Hitachi, Ltd.

Hoya Corporation USA

IBM

Imaging & Sensing Technology
Incom, Inc.

Industrial Electronic Engineers, Inc.

Infinite Graphics, Inc.

Infodex, Inc.

Instrument Systems

Interface Products, Inc.
Interserv Corp.

Interstate Electronics Corp.

ISE Electronies Corp.

Kent Display Systems

Lexel Imaging Systems, Inc.
LinFinity Microelectronics, Inc.
Lite Array, Inc.

Micron Display Technology, Inc.
Microvision Corp.

Mitsubishi Electric Corp.
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sustaining members

Mitsubishi Electronics America
Motorola FPD Division

NEC Corp.

Nippon Seiki Co., Ltd.

OIS Optical Imaging Systems, Inc.

OKI Electric Industry Co., Ltd.

Optical Coating Lab., Inc.

Optrex America, Inc.

Phosphor Technology Litd.

Photon Dynamics

Photo Research

Pilkington Micronics Ltd.

Pix Electronics, Inc.

Planar America

Planar Standish, Inc.

Plasmaco, Inc.

Polar Vision, Inc.

Polytronix, Inc.

Q.C. Optics, Inc.

Quantum Data Inc.

RF Power Products

ROLIC Research Ltd.

Samoff Corp.

Semiconductor Systems, Inc.

Schott Corp.

Sharp Corp. - Japan

SI Diamond Technology, Inc.

Sony Corp. Research Center

Stanford Resources, Inc.

Supertex, Inc

Symbol Technologies, Inc.

Syntronic Instruments, Inc.

Tamarack Scientific

TDK Corp.

TEAM Systems

Techneglas, Inc.

Teledyne Lighting & Display

Terapixel, Inc.

Thomas Electronics, Inc.

Three-Five Systems, Inc.

Toshiba America Electronic Corp.

Ultra Electronics Command &
Control Systems

ULVAC Technologies, Inc.

Unipac Optoelectronics Corp.

Universal Display Corp.

Ushio America, Inc.

Viratec Thin Films Inc.

Vishay-Dale Electronics, Inc.

Westar Corp.

WINTEK Corp.

WinTron Technologies

XCITEK, Inc.

XMR, Inc.
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Get Active

Three-Five Systems, Inc. is proud to introduce an off-the-shelf
display solution - the LCaD™ 1/4 VGA display. LCaD™, Liquid
Crystal Active Drive, is a passive matrix display which uses
customized drive circuitry to scan multiple lines of the display
simultaneously. The result is a display with a higher contrast
ratio, wider viewing angle, and a lower power requirement than
a display using conventional LCD drive techniques.

LCaD™ 1/4 VGA displays bring enhanced viewing capability
usually reserved for active matrix displays at a fraction of the
cost. The LCaD™ 1/4 VGA generates up to 16 shades of gray
and is also easy to interface. With serial and parallel capability

Tempe = €

for command/data and all LCD rastering self-contained within
the LCaD™ display, developing exciting content of both text and
graphics is just a few short programming steps away.

Is the information content of your design increasing? Is your
instrumentation or appliance design in need of aface!lft" Does
your point of sale terminal need an :
make a more user- frlend
LCaD™ displays
information or to |
solutions can revolutionize
please contact us. ‘

INC®

SYSTEMS,

www.threefiv
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otometric measurement versatility.
For brightness, color, and CRT frequency, the PR-880, our next generation,
fully-automatic filter photometer is the brightest star in the sky.

Equipped with patented Pritchard optics, for benchmark through-the-lens
viewing accuracy, its built-in automatic attenuators, colorimetry filters, and
apertures provide illuminating value, speed, and precision.

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

And, its advanced Auto data logging, RS-232 Remote operation, and
universe of accessories, deliver stellar application performance in:

o Automatic Testing of LCD'sand e Automotive Panels
Other FPD'’s e Uontrast Measurements
e Interior/Exterior Lighting e Aerospace Displays
i o Human Factors
Fittingly, the PR-880 weighs less, costs less, and takes less to operate than
any photometer in its class. And, its rugged, single-component design does
more of the work, while you do less.
Leap ahead... to ultimate versatility in brightness and color measurement.

PHOTO RESEARCH i«
- |

The Industry
Standard
Jor Display
Testing.

9731 Topanga Canyon Place, Chatsworth, CA 91311-4135

Phone: 818-341-5151 « Fax: 818-341-7070
http://www.photoresearch.com
e-mail: sales@photoresearch.com
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