




































































large-substrate manufacturing

TFT-LCD Fabs: Is Bigger Always Better?

Manufacturers rush to build larger facilities, but the benefits may not always
outweigh the costs and challenges. Are there practical limits to fab size?

by Sweta Dash

A NEW HUMAN GENERATION

takes decades to mature, but in the hothouse
environment of the large-sized TFT-LCD
business, new generations of fabrication lines
(fabs) are sprouting up at a furious pace.
TFT-LCD panel makers — already investing
billions of dollars in fifth-, sixth-, and sev-
enth-generation fabs — are beginning to dis-
cuss the possibility of building eighth-, ninth-,
and even tenth-generation manufacturing
facilities.

To these companies, investments in pro-
gressively more-sophisticated fabs represent
steppingstones to the future, enabling them to
produce the ever-larger panel sizes required to
serve the booming flat-panel-TV market. But
as these suppliers undertake the vast invest-
ments required to stay on the large-sized TFT-
LCD treadmill, questions are mounting about
the headlong rush to build higher-generation
fabs.

Just how long can the bigger-is-better
approach persist? Is there an inherent limit to
the expansion in the size of the motherglass
beyond which the law of diminishing returns
must assert itself?

Perhaps more profoundly, will the industry
as a whole benefit from these higher-genera-
tion fabs — especially the seventh, eighth, and

Sweta Dash is Director of LCD and Projec-
tion Research at iSuppli Corp., 2901 Tasman
Dr., Suite 201, Santa Clara, CA 95054;
telephone 408/654-1700, fax 408/654-1750,
e-mail: s.dash@stanfordresources.com. More
detail on the LCD market can be found in her
quarterly LCD Tracker and monthly LCD
Pricetrak reports.
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ninth generation and beyond — and does this
rush to have the largest plant translate into
greater market share for the individual manu-
facturers?

Complex questions such as these are impos-
sible to answer with certainty, but one can
find many clues in the past and present that
point to how the future of LCD manufacturing
may continue to evolve.

Historical Background

The progress of the large-sized TFT-LCD
industry has been characterized by periods of
expansion, during which booming sales to a
new application market increased the demand

for larger glass sizes. which in turn led to
soaring investments in new-generation facili-
ties with larger manufacturing capacity

(Fig. 1).

During the initial 5 years of large-sized
TFT-LCD manufacturing, revenue rose from
slightly more than $500 million in 1990 to
$4.7 billion in 1995, driven exclusively by
sales to the notebook-PC market. In the mar-
ket’s second phase, only 4 more years passed
before revenue doubled, rising to $10.6 billion
in 1999.

In another 4 years, large-sized TFT-LCD
market revenue doubled again, reaching $22.3
billion in 2003; this time, growth was fueled
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Fig. 1: The rapid growth of new display applications results in demand for increased TFT-LCD
manufacturing capacity. (Data and graphic courtesy of iSuppli Corp. © 2004.)
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Table 1: The Number and Location of Fabs by Generation
Output

Generation Largest Side Area Example Number and Location of Fabs
2nd <470 nm 0.2sq. m 2@ 14in. 13 inJapan (1 later moved to China), 3 in Korea, 1 in Taiwan; no more planned
3rd 470 mm and up 0.4 sq. m 4 @17 in. 7 in Japan, 5 in Korea, 7 in Taiwan; no more planned
4th 720 mm and up 0.6 sq. m 4 @2]lin. 4inJapan, 3 in Korea, 6 in Taiwan, | in Singapore; possibly one more in China
5th 920 mm and up 12-20sq.m 6 @ 27in. 4 in Korea, 6 in Taiwan (5 opertional), 2 in China (1 operational); more to come
6th 1.8 m and up 2.7sq. m 6 @ 37in.  1inJapan, | coming on line in Korea, 4 being built in Taiwan; more to come
7th 2 m and up >4.0 sq. m 6 @46in. 2 being built in Korea, 3 planned in Taiwan; more to come

Source: iSuppli Corp., Global LCD Supply/Demand 2Q 2004.

by rising sales of flat-panel monitors. Ana-
lysts at iSuppli expect sales to more than dou-
ble again in 3 years to an estimated $49.6
billion by 2006.

The growth of the LCD market has been
driven more by supply/push forces than by
demand/pull factors. Investments in higher-
generation fabs may have been the most
important reason for the growth because it
impacted supply so directly. The evolution of
production on larger substrates is directly tied
to expansion of the large-sized TFT-LCD
market.

During the initial 5 years of the market
(1990-1995), TFT-LCD fabs evolved from
the first to the second generation. During the
period from 1996 to 2000, manufacturing
shifted to third, 3.5-, and fourth-generation
facilities. By 2005, the industry will have
developed fifth-, sixth-, and seventh-genera-
tion fabs. Indeed, fifth- and sixth-generation
fabs are already turning out panels (Table 1).

The TFT-LCD industry has greatly relied
on immense capital investment to drive rev-
enue growth. The move to larger glass sizes
has enabled the manufacturers to simultaneously
reduce manufacturing costs and to slash panel
pricing, propelling growth across various
applications. iSuppli’s growth forecast that the
large-sized TFT-LCD market will reach $60
billion in revenue in 2008 is based on the
assumption of continuing investment in higher-
generation fabs, which is expected to drop the
cost of large-sized TFT-LCDs even further,
fueling the growth of the LCD-TV market.

Not Always Smooth Sailing

The industry’s growth in production capacity
and sales revenues has been anything but
steady. The market has been characterized by
significant imbalances between supply and
demand. These imbalances have resulted in
strong revenue growth and high profitability

during growth phases when supplies were
tight. When the imbalances have swung to a
glut of surplus product, however, the industry
has suffered severe reductions in revenue,
declines in profitability, and even losses.

This cyclical nature has made investing in
the LCD business a high-risk venture at times
and a high-return business at others. Each
downturn — such as those in 1995, 1998, and
2001 — resulted in a slowing or decline in rev-
enue, but it also enabled another new applica-
tion market to develop as panel suppliers scur-
ried after newer, larger markets in which to
sell their wares (Fig. 2).

These periodic imbalances and intense
cycles led to shifts in market share among
manufacturers, spurring consolidation in the
large-sized TFT-LCD market. Because of the
staggering requirements for capital invest-

ment, those companies with access to the
largest amount of capital have proven to be
the survivors.

Suppliers who could not keep up with the
constant increase in capital investment were
forced to move away from center stage in the
large-sized TFT-LCD market and focus
instead on small-sized panels, for which capi-
tal requirements are much less demanding and
the conversion of old fabs can produce higher
volumes of displays for smaller devices such
as mobile telephones.

The Bigger They Are...

The business history of large-sized TFT-
LCDs has demonstrated a continuous shift to
larger panel sizes within each application.
Cost reductions from the higher-generation
fabs have helped drive this movement.
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Fig. 2: As production capacity has increased, producing a surplus of panels, new markets have
been established for large-sized TFT-LCD products. (Source: iSuppli Corp., LCD Market

Tracker Q2 ‘04, © 2004.)
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Fig. 3: The potential TFT-LCD manufacturing cost could drop below that of plasma displays of
the same size by utilizing higher-generation fabs employing larger substrates. (Source: iSuppli
Corp., Flat Panel Display Cost Model 2004, © 2004.)

The first-generation fabs in the early 1990s
made 8.4-in. panels efficiently, while the
third- and fourth-generation fabs principally
made 12- and 14-in. products. During the
same period, the notebook-PC market shifted
from 10.4-in. panels to 15-in. sizes or larger.

The dominant size in the desktop-com-
puter-monitor market is now is migrating
from 15- to 17-in. panels. This is the result of
the move toward fifth-generation fabs, which
can make 17-in. panels efficiently.

The TV market now has an urgent need to
shift to larger TFT-LCD sizes in order to
compete with CRTs larger than 30 in. and
plasma displays and microdisplay-based
rear-projection products in the 40-50-in.
range.

Large-sized TFT-LCD shipments are
expected to increase to 300 million units in
2008, rising at a compound annual growth rate
(CAGR) of 23% from 97 million units in
2003. The viewable-area growth is expected
to be even greater; the total viewable area of
all large-sized panels will rise from 7.2 mil-
lion square meters in 2003 to 31.6 million
square meters in 2008, a CAGR of 31%.

34 Information Display 11/04

In 2003, about 57% of the large-sized
TFT-LCD area was dedicated to monitors,
34% to notebooks, and only 8% to TVs.
However, in 2005, 46% of the area is
expected to be dedicated to monitors, only
17% to notebooks, and 35% to the TV market.
As customer acceptance and screen sizes
increase, the TV market has the potential to
claim an even higher percentage of sales. The
unit penetration of LCD technology in the TV
market amounted to less than 3% in 2003 and
is expected to pass 5% in 2004. More than
90% of the global TV market is now served
by direct-view CRTs.

By 2008, the global TV market is expected
to surpass 200 million units, with more than
90% in sizes less than 40 in. on the diagonal.
In 2008, approximately 14 million televisions,
or 7% of the market, are expected to be in the
range of 4049 in. Only 4 million units — just
2% of the market — are expected to be in the
50-59-in. range, while a mere 1.6 million
units are expected to be 60 in. and larger.

Thus, most industry experts believe that
sixth-generation fabs — those using 1500 x
1800- or 1850-mm substrates that can be cut

into eight 32-in. units or six 37-in. units —
should be sufficient to serve 90% of the TV
market. Using this reasoning, there would be
no rationale to use substrates larger than those
of the sixth-generation fabs.

However, there are competing plasma dis-
play and microdisplay-based rear-projection
products that also focus on the high-priced
and high-quality large-sized-TV market,
including products in the 40-50-in. range. If
TFT-LCD prices can be reduced sufficiently,
they should be able to compete effectively
with plasma displays because LCDs offer
advantages including a slimmer form factor,
lower weight, and lower power consumption.

The entire market for such large panels
may appear to be small now, but it can be
expanded substantially in the near future; all it
takes is an end-product price low enough to be
attractive to consumers.

Seventh-generation fabs — using 1870 x
2200-mm substrates — are calculated to be
efficient at making 40- or 46-in. panels, but
not as efficient at the 50- or 52-in. sizes
because only three panels per substrate can be
achieved. In order to produce 50-in. panels
most efficiently, some suppliers believe that it
is essential to go to eighth-generation fabs,
despite the fact that the market may now
appear to be minuscule. And forecasts for the
60-in.-and-above sizes indicate that for such a
small market, a sound financial case cannot be
made for fabs larger than eighth generation.
Still, some discussions have occurred within
the industry concerning ninth- and tenth-gen-
eration fabs. Eighty-inch plasma and rear-
projection TVs are already available, yet these
sets make up only a tiny segment of the over-
all market.

Some observers question whether it will
really be possible for LCD-TV panels — with
their higher capital and materials costs — to
ever compete with plasma displays, even if
the efficiencies promised by seventh- and
eighth-generation fabs are achieved. Certainly,
when comparing the current prices of plasma
and LCD TVs in the 40- and 50-in. range,
consumers can see that plasma TVs retain a
decisive cost advantage in the near term.

At least in theory, the efficiency of seventh-
and eighth-generation TFT-LCD fabs could
reduce costs sufficiently to be competitive
with those of plasma displays in the future.
Yield rates greatly affect the cost structure of
both TFT-LCDs and plasma-display produc-
tion, and TFT-LCDs have a better potential




for significantly lower costs by improving
yield rates (Fig. 3).

Microdisplay-based front-projector screen
sizes generally range from 60 to 100 in. Front
projectors are now available at retail prices
less than $1000. By 2008, these prices will
fall close to $500, giving consumers viable
options to gain large-screen viewing experi-
ences at much lower prices.

Generation Cost Gap

Fifth-generation fabs using 1100 x 1250-mm
substrates provide a 15% reduction in the
manufacturing cost of 30-in. TFT-LCDs com-
pared to that of fourth-generation fabs using
880 x 680-mm substrates. Seventh-generation
fabs using 1870 x 2200-mm substrates pro-
vide a further cost reduction of 32% compared
to that of fifth-generation fabs. A seventh-
generation fab can produce 12 units of 30- or
32-in. panels per motherglass, whereas a fifth-
generation fab can produce only three units of
30-in. panels from a single substrate (Fig. 4).

The cost of a 42-in. plasma panel is pro-
jected to be $758 in 2005 and $553 in 2010.
The cost of a 50-in. plasma panel is forecast to
be $956 in 2005 and $681 in 2010.

TFT-LCD suppliers must reduce their panel
costs to some point closer to plasma-display
prices in order to effectively gain market
share. This can only be done with the help of
higher-generation fabs, such as seventh-,
eighth-, or even higher-generation facilities.

Growth in Emerging and New
Applications

Are there any other market applications that
require 60-in.-and-larger TFT-LCDs? Public-
information applications in airports, railway
stations, or indoor shopping malls have been
served mainly by plasma displays. But where
signage must display static information con-
tinuously, plasma panels have suffered from
“burn-in,” especially first-generation plasma
products. This has created an opportunity for
30-40-in. TFT-LCDs.

Because public-information applications
are less price-sensitive than the consumer-TV
market, they are the early adopters of 40- and
42-in. TFT-LCDs. These markets are also
served by rear-projection video-wall technolo-
gies and by plasma displays in sizes ranging
from 50 to 70 in. Although they can provide
an excellent opportunity for large-sized TFT-
LCDs, these markets are quite small com-
pared to the consumer-TV market.

Why Invest in a Next-Generation Fab?
The most important reasons for building a
next-generation fab are to reduce manufactur-
ing costs and increase the production of
larger-sized panels by accelerating throughput.

Factory size definitely affects unit costs.
Higher-generation fabs also spur technologi-
cal innovation, which is driven by the neces-
sity to increase the efficiency of large-sized-
panel production.

Older fabs used seven- or five-mask tech-
nologies, but the newer fifth-and-higher-gen-
eration fabs use four-mask technology. This
reduces the time required and the overall costs,
thereby boosting efficiency. Other examples
of improved processing are one-drop filling
(ODF) and color-filter slit-coating technologies.

The ODF method reduces the time required
to fill the panel with liquid-crystal material.
As substrates become larger, slit coating has
also become essential for color filters. Due to
the growth in substrate size, costs have spi-
raled upwards for the conventional spin-coat-
ing method because of greater resist wastage
and higher levels of power consumption. The
slit-coating method can apply an even coating
of resist without spinning, and is being
adopted by most fifth-generation fabs, thereby
reducing wastage and cutting costs.

Vertical Integration of Infrastructure
As substrate sizes have increased, transporta-
tion has emerged as a serious issue; not only

are transportation costs higher, but the risk of
damage to materials while in transit is also
greater. This is true of both glass and color
filters and drives the trend toward vertical
integration.

Glass, color-filter, and module factories
must be located nearby — or even integrated
into the TFT-LCD fabs — to reduce costs and
increase efficiency. Furthermore, because
color filters are one of the essential compo-
nents and account for a significant percentage
of the cost of the TFT-LCD production pro-
cess, many panel suppliers have developed in-
house color-filter capabilities. Moreover, as
substrate sizes become larger and more capital
investment is required on the component side,
it is increasingly difficult for component pro-
duction to keep pace with investments in
panel production because component suppli-
ers tend to be smaller companies. This has
already created significant problems; compo-
nent shortages impacted TFT-LCD manufac-
turing in the first half of 2004. TFT-LCD
suppliers are now investing in essential com-
ponents such as glass, either as a joint venture
or as a partner, in order to ensure sufficient

supply.

Expansion Plans

By the end of 2004, a total of 11 fifth-genera-
tion fabs will be in operation, and at least
seven of them will be running at full capacity.
Sharp Corp. will be operating its sixth-genera-
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Fig. 4: Newer fabs using larger substrates are able to produce large-sized panels more effi-
ciently, and thus reduce costs. (Source: iSuppli Corp., Flat Panel Display Cost Model 2004,

© 2004.)
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tion fab at full production, while Chunghwa
Picture Tubes (CPT) and AU Optronics Corp. of
Taiwan plan to start mass production in their
sixth-generation fabs by mid-2005. S-LCD Corp.
(a joint venture of Samsung and Sony) intends
to begin operating its seventh-generation fabs in
the first half of 2005. However, the general slow-
ing of the market combined with substantial re-
ductions in prices in the third quarter of 2004 may
result in some delays to these expansion plans.
Even when suppliers convince themselves
to move ahead with seventh-, eighth-, or
higher-generation fabs, various financial and
technological challenges can arise that will
make the plans very difficult to implement.

Higher Fixed Costs
Capital spending was high among TFT-LCD
suppliers throughout 2003, which they
planned to continue in 2004 and 2005. A typ-
ical sixth-generation fab will cost approxi-
mately $1.9-2 billion to establish, while a
seventh-generation fab may cost from $2.5 to
$3 billion. Each generation is likely to require
at least a 20-30% increase in equipment costs.
The cyclical nature of the large-sized TFT-
LCD market makes it a high-risk investment
arena in which return on investment may be
uncertain. This is especially true in the short
term due to supply-and-demand fluctuations,
low prices, and various production problems
that need to be solved. Also, survival and
leadership in this market require a continuous
infusion of significant capital investment.

Yield and Process Problems

In the eighth- and ninth-generation fabs,
motherglass measuring 2-3 m per side will be
extremely difficult to handle. Equipment
manufacturers apparently believe they can
produce process equipment for 3-m sizes, but
beyond that dimension it is simply not clear
whether they can serve the industry’s needs.
In any case, the handling of larger glass sizes
will be increasingly difficult, and yield prob-
lems can arise due to chipping and breaking.
Furthermore, as glass sizes increase so does
the potential for defects. Additional yield
problems can arise due to the introduction of
new equipment and processes.

New methods are being developed to han-
dle the larger glass sizes, such as transport via
a non-contact means, floating the glass on a
cushion of air, or by using a conveyor. Some
suppliers are discussing single-end or in-line
load/unload processes.
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Transport of the extremely large manufac-
turing equipment and materials is also very
difficult. A single seventh- or 7.5-generation
fab-line machine could weigh 100-200 tons.
Shipping those machines, delivering them,
and lining them up in a conventional clean
room could be monumental tasks.

Equipment manufacturers are devising cre-
ative modular designs to increase productivity
and overcome transportation limitations.
Also, as the fab size gets larger, the law of
diminishing returns may come into play, as
materials costs become a higher percentage of
the unit cost.

How Far Can It Go?

Suppliers have been considering many glass
sizes beyond the current seventh generation’s
1870 x 2200-mm substrates, including raising
the size to 2120 x 2450 mm or 2160 x 2400
mm for 7.5-generation fabs. The eighth-gen-
eration glass sizes that are being discussed are
2300 x 2700, 2300 x 2600, and 2200 x 2600
mm.

The ninth-generation TFT-LCD fabs could
even use glass sized up to 2600 x 3100 mm,
which is more than 8 square meters or 80
square feet of glass per sheet. From a finan-
cial and process point of view, there are no
good reasons to move to larger glass sizes
because 90% of the TV market and 100% of
the notebook and monitor markets can be han-
dled efficiently by fab-line sizes up to the
sixth generation. But in order to compete
with plasma displays and microdisplay-based
rear-projection products, there is a need for
seventh- and eight-generation glass sizes.

Both plasma and microdisplay-based rear-
projection displays compete in the 40-50-in.
market even though currently it is a small per-
centage of the world TV market. The 40- and
42-in. sizes can be handled efficiently in
seventh-generation fabs, and advancing to
7.5- or eighth-generation fabs will be required
to make 50-in. products. Beyond that,
although there are some very high-end market
niches for 70-80-in. sizes, the financial, pro-
cess, and transportation problems may dis-
courage further expansion of higher-genera-
tion TFT-LCD fabs.

In the end, success in the large-sized TFT-
LCD market depends on a complicated set of
variables. As suppliers contemplate newer-
generation fabs, their strategies must account
for all these factors, and see beyond just the
“bigger is better” approach. B
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continued from page 48

LETI and Motorola, Inc., in turn, discussed
their work with CNT FEDs made by chemi-
cal-vapor deposition (CVD). (It was the
microtip-FED work done at LETI that
spawned an international FED alliance in the
1990s, led by the now-defunct PixTech, Inc.)
Researchers from Kyung Hee University in
Korea described their CNT FED work using
plasma-enhanced CVD (PECVD). And a
team from Brown University and Sandia
National Laboratories discussed their work on
carbon nanofibers and nanotubes based on
lyotropic liquid-crystal material.

According to Motorola and LETI, their
CNT FEDs are very close to meeting all the
requirements for large low-cost TVs. They
have built a 32 x 96-pixel prototype deliver-
ing over 3000 nits of luminance and degrad-
ing by only about 40 nits after 7500 hours of

editorial

continued from page 2

and Paukshto discuss replacing expensive
polarizing films in LCDs with a self-assem-
bling in-cell polarizing material. And in his
Guest Column, Michael Kane somewhat sur-
prisingly identifies cost savings as one of the
most important reasons to pursue organic-TFT
backplanes.

One or more of the articles in this issue of
Information Display, as well as others, may
find themselves translated into simplified
Chinese and published in the Chinese publica-
tion Advanced Display under a newly formal-
ized agreement between that publication and
SID. Advanced Display, edited by Jingwu
Wen, has the support of the Beijing Chapter
of SID. We look forward to implementing
this cooperative relationship and to broaden-
ing even further the reach of the articles that

| are published in Information Display.

— KIW

guest column

continued from page 4

material, which may be curved or flat, glass or
plastic. In the meantime, expect to see OTFT
displays introduced with little fanfare, as a
hardly noticeable alternative TFT technology
whose differentiating feature is low cost. il

Michael Kane is a Distinguished Member
of the Technical Staff at Sarnoff Corp., 201

| Washington Rd., CN5300, Princeton, NJ

08543-5300; telephone 609/734-3186, fax
609/734-2259, e-mail: mkane @ sarnoff.com.
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Yet another CNT-FED report was provided | and Exhibition

We welcome your comments and suggestions.

by researchers from Southeast University in |

the Peoples Republic of China. They dis-
cussed a novel under-gate CNT-FED structure
which they said achieves “large emission area,
notable emission uniformity, and high lumi-
nance efficacy.”

How fast might some of these second-gen-
eration FEDs make it to market? What might
their first applications be? And how wide
could their market window be before one of
the established FPD technologies responds?

”The FED is the much-touted contender
that so far has lost all its fights,” said Tom
Holzel, Principal at Velocity Associates, “and
yet it keeps showing promise that someday,
maybe, it will win a victory. If some con-
tender does not win a round or two in the next
two to three years,” said Holzel, “FEDs will
go down for the count. ” H

David Lieberman is a veteran display jour-
nalist residing in Massachusetts. He is the
co-author of Flexible Displays and Electron-
ics: A Techno-Economic Assessment and
Forecast published by Intertech Corp. (www.
intertechusa.com). He can be reached at
davidlieberm @earthlink.net.

You can reach me by e-mail at kwerner@
nutmegconsultants.com, fax at 203/855-9769,
or phone at 203/853-7069. The contents of
upcoming issues of 1D are available on the
SID Web site (http:// www.sid.org).

Boston, Massachusetts
Hynes Convention Center
May 22-27, 2005
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Second-Generation FEDs

by David Lieberman

The technical literature is filled with light-manipu-
lating phenomena that have been revisited by
researchers, decade after decade, as they applied the
technologies of their day to historical problems. The
technical sessions held last May at the SID 2004

- g International Symposium, in fact, were rife with FPD
technologies waiting to take their place on stage.

For example, the failure of field-emission displays (FEDs) to find a market in
the 1990s does not mean that they have been abandoned. We are in the era of
so-called second-generation FEDs, most of them based on carbon-nanotube
(CNT) emitters. Taiwan, Japan, Korea, China, the U.S., and France were all
represented by CNT papers presented at SID 2004, many of them describing the
results of cooperative efforts between industry and academia or government.

However, the basic cathode (or emitter) technology of the 1990s — the
microtip or Spindt cathode — has not been discredited. At SID 2004, Futaba
reported on the results of its three-year effort to improve the luminance and life-
time of Spindt tips. Its prototype 11.3-in. full-color VGA-format microtip FED
display had an average luminance of 350 nits and a lifetime of about 6000 hours.
What is new in the Futaba microstructure is a higher anode voltage, a wider gap.
and a new technology that makes spacers invisible. The spacers, according to
Futaba, consisted of 50-um-diameter 0.6-mm-long glass fibers which are placed
“between vertical dots on the black matrix.”

The researchers at Futaba have also reduced the hole diameter of its emitters
from 1.3 to 0.9 um, effectively doubling the possible number of emitters per
pixel. Work will continue, they explained, on a new anode structure for higher
anode voltage. focus properties improvement, and deflection of electron beam
affected by spacers to improve the picture quality.

Elsewhere, CNTs are the cathodes of choice, but not all of the research efforts
are the same. At the Symposium, a team from Mie University, the National
Institute of Advanced Industrial Science and Technology of Japan, and Noritake
Co., Ltd., discussed a prototype 48 x 480-pixel 48 x 480-mm message display
based on CNTs. (Noritake has been reporting on its CNT FED work since
1998.) The architecture of this display includes ceramic walls that serve the
same function as the barrier ribs in PDPs, i.e., to separate red, green, and blue
subpixels to prevent color crosstalk. The CNTs in the display have been irradi-
ated by an excimer laser, the researchers said, “to improve emission uniformity
and lower driving voltage.”

Mitsubishi, reporting on a simple stacking method for making CNT FEDs,
also makes use of laser irradiation to treat its CNTs. The ability to stack layers
to create a triode structure relies on “an extremely smooth CNT layer,” which
the company achieves through a “newly developed dispersing agent.”

Variant ways of making a CNT FED were well represented at the conference.
A team from Taiwan’s TECO Nanotech Co., Ltd., and the Lan-Yan Institute of
Technology, for example, discussed a fast, low-cost spray-coating method which
they said also easily scales up for large sizes. The result of the process, they
said, is CNTs with “good electron-emission properties.”

continued on page 41
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