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Display consortia have developed as a means of addressing the disadvantages of an industry comprised

mainly of small firms, and as a vehicle for presenting a unified position to government agencies in dealing with

trade cases, R&D funding, and design of government programs. The United States Display Consortium (USDC),

formed by industry and the Defense Department’s Advanced Research Projects Agency (ARPA) in 1993, has

been the most active in trying to bring together the disparate industry players into a critical mass, A conclusion

reached by many in the flat panel display (FPD) industry during the dumping case of 1990-93 was that ties were

needed within and between the various levels of the industry, and that the weak infrastructure for FPD manufactur-

ing was both a result of the low level of FPD production and a barrier to increasing that level. Using experience

from Sematech as a model (and hiring a former Sematech executive as its first CEO), the USDC has focused its

efforts on improving the infrastructure for display manufacturing in the United States, It has gone about this task by

creating links between the three main segments of the industry: equipment and materials suppliers, FPD manufac-

turers, and display users (see figure below),

USDC: A Vertically Integrated Approach

Develop specification
required for next-

generation equipment
and materials

FPD USERS
MILITARY & AVIONIC

COMMERCIAL

End-user systems
with FPDs

that differentiate
products

L materials

KEY: FPD = flat panel display; SEMI/NAFPD = Semiconductor Equipment and Materials International, North American Flat
Panel Display Division; USDC = U S Display Consortium

SOURCE: U.S. Display Consortium, 1995

By coordinating the flow of information—requirements and standards—and funding from users and manufac-

turers to equipment and materials suppliers, USDC aims to foster the development of a more robust manufacturing

infrastructure, This will improve and standardize FPD manufacturing, and lead to high-quality production of FPDs

to meet users’ needs, As neither the infrastructure nor the manufacturing base is well developed, the USDC sees

its challenge as “the unprecedented task of developing two industries concurrently. ” 1 This is in contrast to Sema-

tech’s challenge, which was to improve the infrastructure for a mature manufacturing industry, USDC members

participate at three levels 1) users, 2) manufacturers and developers, and 3) equipment and materials suppliers,

Membership at the end of the consortium’s first year of operation represented a large segment of display manufac-

turers and suppliers, and several large users of displays (see table below).

(continued)

1Annual Report, U S Display Consortium, San Jose, CA 1994, p. 5.
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USDC Membership
Manufacturers and developers AT&T

Coloray
Electro-Plasma
Kent Display Systems
Kopin
Motif
Norden Systems-Westinghouse
Optical Imaging Systems

Commercial users Apple Computer
AT&T
Chrysler
Compaq Computer

Military users Allied Signal
Honeywell Defense Avionics Systems
Hughes Electronics
Kaiser Aerospace and Electronics

Photonics imaging
Planar Systems
Plasmaco
Silicon Video
Standish Industries
SI Diamond Technologies
Three-Five Systems
Xerox Palo Alto Research Center

Delco Electronics
I B M
in Focus Systems
Sun Microsystems

L i ys ems a ad td.
Rockwell International
Science Applications International Corp.
Smiths Industries Aerospace

Equipment and Over 100 members of the North American Flat Panel Display Division of Semicon-
materials suppliers ductor Equipment and Materials International (SEMI-NAFPD)

NOTE Texas Instruments announced its intention to join USDC in 1995
SOURCE U S Display Consortium Annual Report, 1994

USDC’s activities have been coordinated closely with ARPA’s display programs, and ARPA has been

Instrumental in initiating and sustaining the consortium. ARPA awarded a $20-million grant for that purpose

in 1993, and an additional $25 million in 1995. All grant money is matched with member funds that, in the

first year of operation, reached 51 percent of the USDC’s budget. Most of the USDC’s expenditures fund

development contracts for FPD materials and equipment suppliers; 12 such contracts were Initiated in the

first year, funding development in areas such as color filters, testing, coating, etching, glass inspection and

handling, lithography, and optical films.

The earliest display group was the Advanced Display Manufacturers of America (ADMA), formed to

petition the government on the dumping charge, and its affiliated research arm, the American Display Con-

sortium (ADC, formerly the ADMA Research Consortium). Currently comprised of 17 U.S. FPD developers

and manufacturers, the ADC works to advance the industry by supporting research and development on

several generic, precompetittve FPD manufacturing technologies. The ADC has won two National Institute

for Standards and Technology Advanced Technology Program (NIST ATP) awards. A 1991 grant of $7.3

million, combined with cost sharing by ADC participants, created a five-year, $14.9-million program for the

development of automated inspection and repair technologies, and advanced electronic interconnection

and packaging technologies. A $6.4-million grant awarded in 1993 has funded a three-year, $13-million

program for the development of color FPD manufacturing technologies, including etching and exposure

tools and alignment and masking methods. ADC members perform the program research at their own faci-

lities. Results, sometimes patented and licensed, are shared through quarterly technical reports.

The ADC is also a charter member of the Phosphor Technology Center of Excellence (PTCOE) at the

Georgia Institute of Technology. This ARPA-funded, three-year, $10-million program involves the PTCOE,

several universities, research centers, and the ADC in improving phosphors for use in plasma, electrolumi-

nescent, and field emission displays (initially, phosphors for liquid crystal display backlighting were on the

research agenda, but have been dropped). The ADC does not financially contribute to the center, although

its members receive funding for participating in phosphor research. The ADC is also closely affiliated with

the USDC; two member companies represent the ADC on the USDC Governing Board, and ADC members

who choose to participate in the USDC sit on its Technical Council, enabling communication and coordina-

tion of the two consortia’s efforts and activities.

SOURCE: Office of Technology Assessment, 1995
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❚ Catch-Up Approaches
The catch-up strategy advocates moving down the
path of the dominant technology for producing
flat panel displays—AMLCD—because it repre-
sents the best combination of manufacturing ex-
perience, materials and equipment infrastructure,
suitability for important commercial applications,
and capability for integration with existing semi-
conductor manufacturing. With this strategy, U.S.
firms—perhaps with government assistance—
would make the required investments to enter into
volume manufacturing of AMLCDs, for which
there is a large and growing demand. Firms could
use a combination of existing domestic technolo-
gy and technology transferred from foreign
manufacturers.

Catch-up entails risks that have so far proved
overwhelming. First, the investment required for
a state-of-the-art AMLCD manufacturing facility
is on the order of $400 million. Substantial further
investment would be required to cover initial
losses because it is very difficult to bring
manufacturing lines to an acceptable yield of
workable displays. Because the leading Japanese
firms have had several years and two to three gen-
erations of manufacturing experience in AMLCD
technology, new entrants would immediately be
subjected to pricing at or below their initial
manufacturing costs.

U.S. firms could accelerate the learning process
by tapping into the AMLCD manufacturing ex-
pertise of the leading Japanese FPD manufactur-
ers. This could be accomplished by licensing
agreements, joint ventures, or involvement of Jap-
anese companies in U.S. FPD public-private con-
sortia. The only current example is the
IBM-Toshiba joint venture, Display Technology,
Inc. (DTI), but all of its operations are in Japan.
Sharp Corp. has initiated some FPD development
at its plant in Camas, Washington, but most activi-
ty is limited to assembly of foreign-made compo-
nents.

The only continuous production of AMLCDs
in the United States has been at Optical Imaging
Systems (OIS), which has been a low-volume
supplier of displays for military and commercial

avionics markets. It received a $48-million
matching ARPA grant in 1993 to build a new facil-
ity, designed as a pilot plant for developing higher
volume manufacturing techniques. OIS has devel-
oped plans for migrating its current manufactur-
ing process to high-volume production in a
proposed adjoining facility.

Kopin Corp., with some assistance from DOD,
has begun production of small format (approxi-
mately one inch in diameter) high resolution
AMLCDs for head-mounted and projection sys-
tems. Xerox Palo Alto Research Center, long a
pioneer in AMLCD technology, is working with
Standish and AT&T on a $50 million ARPA con-
tract, matched dollar for dollar by the firms, to
evaluate manufacturing techniques. Xerox fabri-
cates the active matrix, Standish assembles the
LCD, and AT&T packages the displays in sys-
tems. To date, these firms have not announced any
plans to develop a central, high-volume facility.

Two other firms also have or are developing ca-
pabilities for domestic production. ImageQuest, a
California-based firm that is majority owned by
the Korean conglomerate Hyundai, is building an
AMLCD production facility with the goal of com-
peting in military and civilian avionics markets.
Litton Systems Canada, which bought the U.S.
firm Panelvision, has a limited AMLCD produc-
tion capacity and is building a low-volume pro-
duction line. Although located in Canada, it is
considered a domestic firm (North American) for
the purposes of DOD’s Defense Production Act
Title III program to foster local production of
AMLCDs (see “Government Activity” below).

The large capital investments required by high-
volume AMLCD manufacturing demand the par-
ticipation of entities larger than any U.S. firm
currently manufacturing FPDs. Several large
firms could potentially play such a role. One ob-
vious candidate is IBM, which is half-owner of
DTI, one of the largest producers of AMLCDs.
Others include AT&T and Motorola. All of these
firms have large internal demand for FPDs and
manufacturing experience in electronics. Other
U.S. computer companies have been involved in
FPD development (Compaq, Hewlett-Packard,
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and Apple are all sources of capital, and Texas
Instruments is carrying out internal develop-
ment); these firms could also provide large inter-
nal demand for FPDs. To date, none of these firms
has announced plans to enter into domestic FPD
manufacturing.

Materials suppliers such as Corning could also
play a role. Corning is a leading supplier of LCD
glass substrates, has established joint ventures to
produce display glass in Japan and Korea, and is
pursuing (with support from ARPA) a new meth-
od for fabricating color filters. Corning states that
it would build a plant to finish glass (and poten-
tially add color filters to the substrates) in the
United States if sufficient demand existed.8

A successful catch-up would require persever-
ance to lower the manufacturing cost of a stan-
dardized product over several generations. An
example is the videocassette recorder (VCR):
while a U.S. firm pioneered video-recording
technology, Japanese firms developed the
technology into a low-cost consumer product (see
box 3-4). Multiple generations of design, produc-
tion, and market testing, together with strong
attention to the development of manufacturing
skills, were essential to progress from a break-
through technology to a low-cost product. This
points out some of the difficulties involved in a
catch-up strategy.

❚ Niche Market Approaches in
Established Technologies

As discussed earlier, U.S. firms are strongest in
niche markets that use established technologies,
such as EL and plasma. Several U.S. firms have
also made a good business in PMLCDs. The niche
market approach would use the existing strengths
of the domestic industry to increase market share
in niche technologies, by both increasing shares of
existing applications and creating new applica-
tions. Some of the established technologies are
well suited to military, industrial, medical, and
transportation market segments. Some may also

be critical to development of new products, such
as high definition televisions. By enhancing cur-
rent efforts in known areas, the niche strategy
seeks to build the domestic industry by avoiding
the large investments and increasing price com-
petition in the mainstream computer and consum-
er display markets.

U.S. firms are competitive in plasma and EL
display production. Some firms, including Bab-
cock, Cherry, and Dale, manufacture low-in-
formation-content displays in volume, but use
plasma technology similar to that used in high-in-
formation-content FPDs. Others, such as Photon-
ics, Plasmaco, and Electro Plasma, are producing
large-format, high-information-content displays
for military and specialized commercial markets,
and have plans to manufacture for larger commer-
cial markets, such as HDTV. Planar, the largest
manufacturer of EL displays worldwide, is also
the largest U.S. FPD firm, and has entered into al-
liances with AMLCD developers. Photonics and
Planar have received numerous DOD R&D con-
tracts to extend the capabilities of plasma and EL
technology.

The leading PMLCD producer in the United
States is Standish Industries, which manufactures
low-information-content displays for commercial
markets, and more complex displays—often us-
ing active matrix components produced by other
companies such as Xerox—for military programs.
Several firms, including In Focus Systems,
Nview, Positive Technologies, and Proxima, re-
package (usually imported) displays for commer-
cial applications. Another leading PMLCD firm,
Three-Five Systems, is moving from integrating
imported LCDs to manufacturing its own domes-
tically.

The difficulty inherent in the niche strategy is
that, by definition, it does not attempt to compete
in the largest segments of the market; without
large markets in future applications, it is limited in
growth potential. However, firms such as Planar
have exploited segments that, while small relative

8 Bob Yard, Corning Worldwide Marketing, Corning, NY, personal communication, June 21, 1995.
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The commercialization of videocassette recorder (VCR) technology for the consumer market is often

viewed as a classic case of U.S. firms inventing a technology, only to have Japanese firms copy it and reap

the benefits of market dominance. Upon further inspection, this case points to other issues related to the gap

between initial technological breakthroughs and large-scale production of a product for a mature market, Suc-

cessful firms did not merely replicate an Invented artifact in large quantities, Multiple generations of Iterated

design, production, and market testing, as well as strong attention to the development of manufacturing skills,

were essential to win.

Ampex made the first video tape recorder (VTR) breakthrough in 1956 and cross-licensed it with RCA.

Ampex then grew fearful that RCA would be first to introduce a solid-state VTR, and collaborated with Sony

(also Intending to gain access to the Japanese market), Ampex marketed a solid-state VTR in 1962 and had a

dominant share of the market, but then decided to pursue markets far from its core capability in magnetic

recording technology, Japan’s national broadcasting corporation, NHK, imported an Ampex VTR, invited engi-

neers from electronics firms to examine it, and provided data to a VTR research group funded by the Ministry

of International Trade and Industry (MITI). Rather than doing market research, Japanese firms emphasized

the development of Innovative electronics products that they believed would create future markets. Forced by

Ampex’s refusal to grant further patent rights to develop its own technology, the Victor Company of Japan

(JVC, half owned by Matsushita) was the first to release a two-head (rather than four) VTR, in 1960,

When Sony demonstrated the first solid-state VTR in 1961, using a two-head helical scan technique, Am-

pex did not believe it would be commercially successful. Instead, Ampex tried to leapfrog Japanese efforts

with its portable Instavideo. It was well received, but never reached production because of the firm’s doubts

about mass production capabilities. Instead, Ampex turned to Toamco, its joint venture with Toshiba, to pro-

duce the product, but they never solved the production problems. RCA, having similar production doubts

(about the scanner heads), turned to Bell& Howell, which also failed in production. Matsushita faced produc-

tion problems also, but, despite cutbacks, kept its main cadre of manufacturing engineers Intact, preserving a

capability for the future by temporarily assigning them to research. Sony’s approach was one of systematic

manufacturing efforts iterated with market tests of product generations. The company had its VCR design

team build several prototypes, put them in competition with each other, selected the best, worked for 18

months on pilot models, and followed it into production. JVC also kept the design and production staffs in

close contact, and selected staff with expertise in design, manufacturing, and marketing. Sony selected the

losing approach (Betamax), but had built up production capabilities through production of U-Matic and Beta-

max lines.

What really mattered in the race to commercialize VCR technology was not the precise sequence of entry

into the R&D competition, but which firms possessed the right technological capacity when the window of

opportunity opened. Since product performance was bound up in manufacturing technique, the path to com-

petitive advantage lay in incremental design improvements and the integration of design and manufacturing.

Learning by trying was the central task of being a pioneer in VCRS,

But the Japanese firms also possessed a strategic clarity that was Iacking in the U.S. firms. Ampex and

RCA were more opportunistic, Iooking for breakthroughs that were elusive. The bold technical stroke was

lacking because the firms had not developed the manufacturing skills that the Japanese had acquired

through Incremental progress. U.S. firms also viewed shortcomings as failures rather than as Iearning experi-

ences. Japanese firms had a high degree of organizational consistency and management with technical un-

derstanding during the development of VCR technology. The Japanese did not simply copy U.S. technology,

They entered the field early and persisted, similar to their efforts in compact cars, digital computers, numeri-

cally controlled machine tools, semiconductor memories, and computer printers.

SOURCE :Richard S Rosenbloom and Michael  A Cusumano, “Technological Pioneering and Competitive Advantage The Birth of the
VCR Industry, ” California Management Review, vol. 29, No 4, summer 1987, pp. 51-76
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to the overall FPD market, are large absolutely;
other firms, such as plasma produceers, hope to ex-
ploit demand for screens that are too large for cur-
rent AMLCD manufacturing capacity. Growth
areas for niche technologies could be in large-
screen displays, such as HDTV applications.9

■ Leapfrog Efforts in New Technologies
Like the niche approach, the leapfrog strategy
argues that the Japanese lead in AMLCD produc-
tion is insurmountable, and that other technolo-
gies could provide a lower ratio of price to
performance than the AMLCD. This approach re-
lies on U.S. strengths in breakthrough innovations
to develop a new technology with characteristics
superior to the AMLCD. Leapfrog technology
would shift FPD technology to a new learning
curve, rather than have U.S. firms follow Japanese
firms down the existing AMLCD curve. By pro-
ducing a product comparable or superior to the
AMLCD at a comparable or lower manufacturing
cost, the leapfrog approach would position do-
mestic firms to capture a large share of a growing
market.

A growing number of firms are pursuing R&D
in technologies that have the potential to leapfrog
the dominant AMLCD by providing equivalent
performance at a lower production cost. The lead-
ing candidate is the field emission display (FED),
developed at SRI decades ago but commercialized
only recently by the French company, PixTech.
Texas Instruments (TI) and Raytheon (which are
assisted by an ARPA contract) and, more recently,
Motorola, have licensed PixTech’s technology, as
has the Japanese firm, Futaba. The agreements
provide for cross-licensing between PixTech and
FED technology developed by each of the other
firms.

Other FED approaches are being pursued by
U.S. firms, including Coloray Display, Crystal-

173

Field emission displays use technology similar to cathode ray
tubes  (CRTs)  in  a  th in ,  l i gh twe igh t  pa&a9e and  cou ld  o f fe r
per formance super ior  to  AMLCDs at  lower  cost .

lume, FED Corp., Micron Display Technology, S1
Diamond Technology, and Silicon Video Corp.
Many of these firms have also received govern-
ment support in the form of ARPA, Advanced
Technology Program, and Small Business Inno-
vative Research grants. While some of these firms
envision competing with AMLCDs in the laptop
display market, a more suitable application may
be in large (greater than 20-inch diagonal) dis-
plays for television and computer monitors, a size
to which producers have been unable to extend
AMLCD technology. FED has the potential to
outperform AMLCDs in terms of most viewing
characteristics and to offer a lower manufacturing
cost. It should be noted, however, that very few
working FEDs have actually been made and pro-
duction experience with these displays is very
limited.

Another leapfrog candidate is the digital micro-
mirror device (DMD), pioneered during the early
1990s by TI with support from ARPA. TI has not
yet produced the display in commercial quanti-
ties, although it has entered into product develop-
ment agreements with In Focus, Nview, Proxima,

9 Fujitsu plans to produce 42-inch Plasmascreens in time for the 1998 Winter Olympics in Nagano, Japan; see “Fujitsu Betting On Plasma
Displays,” op. cit., footnote 7.
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Texas  Ins t ruments  has  adapted  s tandard  semiconduc to r
manufacturing techniques to build its digital micromirror de-
vice, a miniature array of over 400,000 mirrors, for use in pro-
jection display systems.

Rank Brimar, and Sony.10 Aura Systems is also
pursuing a similar technology. The limitation of
this technology is that it can only be used in pro-
jection systems, a much smaller part of the market
than direct-view displays.

The leapfrog strategy has often been viewed as
entailing little risk and perfectly suited to the inno-
vative culture exemplified by Silicon Valley. But
this view obscures the risks and costs this strategy
entails. First, mass manufacturing of displays us-
ing a leapfrog technology could involve many un-
foreseen problems not encountered by the
small-scale efforts to date. All of the proposed
technologies require substantial investments in
order to scale up from current capabilities to com-
mercial volumes, and they require significant ex-
perience in the specifics of mass manufacturing. If
history is any guide, the weaknesses of the U.S.
FPD industry lie not in any lack of innovative
technologies, but in the lack of access to long-
term, patient capital and the willingness to tackle

manufacturing challenges, which require continu-
ous and incremental process innovations. Their
dedication to solving manufacturing problems,
rather than their breakthrough technology devel-
opments, has brought Japanese firms to the fore-
front of FPD technology.

A second concern is that the AMLCD is be-
coming entrenched and difficult to dislodge, bar-
ring any large differences in cost or performance.
Once the supply structure has developed around a
dominant technology, suppliers, producers, and
users resist adopting a new one.

A final risk is that the trend toward integration
of functions such as computing onto the display
(see chapter 2) is accelerating, and it could favor
AMLCDs. The transistors used in AMLCDs are
similar to semiconductor devices, which operate
on modest voltages. However, many of the emis-
sive technologies require high voltages to operate.
These voltages are not compatible with standard
integrated circuit levels (although FED voltages
are moving toward chip voltage levels, and the
DMD is similar to a semiconductor chip). This
could present difficulties for integrating circuitry
onto the display.

The leapfrog approach requires a technical
breakthrough, as well as honing the manufactur-
ing process for an alternative technology. Both in-
volve risks, including technical hurdles in
large-scale production for a technology that has
not been identified. Leapfrog approaches have a
mixed record of success. While Japanese compa-
nies devoted their efforts to an analog HDTV stan-
dard, U.S. firms, first in competition and then in a
collaborative effort, developed a more capable
digital HDTV standard. This has given U.S. firms
new opportunities to compete. However, in VCRs
(see box 3-4), RCA attempted to leapfrog analog
magnetic tape recorders with video disks read by
lasers. Now common in stereo and computer sys-
tems, such technology was not well developed at
the time (too expensive to produce), and lost out to
the established video tape.

10 Ronnie Dunn, Program Manager, Digital Imaging Venture Projects, Texas Instruments, Dallas, TX, personal communication, May 24,
1995; “Sony, TI Team Up in New Display Technology, ’’Nikkei Weekly, Mar. 6, 1995, p. 1.
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Agency FY1991 FY1992 FY1993 FY1994 FY1995 FY 91-95
Defense 77.0 79,5 167.1 173,0 1 0 0 . 7 597.3
Commerce 1 . 8 5 . 3 6.0 5 . 2 4.3 22.6
Energy 0.3 1 . 0 3 . 5 6.0 7 . 0 1 7 , 8
NASA 1 , 3 1 . 3 1 . 3 1 . 3 1 . 3 6 . 5
NSF 0.0 0 . 3 0 . 4 0 . 4 0 . 4 1 . 5

Tota l 80.4 87.4 1 7 8 , 3 1 8 5 . 9 1 1 3 . 7 645.7

KEY NASA = National Aeronautics and Space Administration, NSF = National Science Foundation

SOURCES For Department of Defense spending, see table3-2 below; for other agencies, see U.S. Congress, Congressional Research Service, Flat
Panel Display Technology: What is the Federal Role? (Washington, DC Mar 24, 1995), table 1

GOVERNMENT ACTIVITY
U.S. government funding for FPDs, including
R&D and insertion programs, has been dominated
by DOD (see table 3-l). Prior to 1989, a small
amount of display R&D was funded by the indi-
vidual services’ laboratories for their individual
mission needs. Since 1989, ARPA has been the
driving force in display R&D, prompted first by
congressional interest and, since 1994, by Admin-
istration programs. in the Department of Com-
merce, the National Institute of Standards and
Technology’s Advanced Technology Program
(ATP) has made several awards to FPD consortia
for precompetitive research. The Department of
Energy funds some display research in its multi-
program laboratories, and coordinates the Nation-
al Center for Advanced Information Components
Manufacturing (NCAICM). The National Science
Foundation (NSF) also supports some FPD R&D,
and the National Aeronautics and Space Adminis-
tration (NASA) is retrofitting systems such as the
Space Shuttle with FPDs.

❚ ARPA-Funded Programs
in 1989, in the wake of concerns over domestic
display capabilities for competition in HDTV,
ARPA initiated the High Definition Systems
(HDS) program, originally called High Definition

Display Technology. Program funding in the first
two years was $5 million and $30 million, respec-
tively. in fiscal years 1991 and 1992, Congress ap-
propriated $75 million for HDS. in 1993,
Congress increased the HDS funding to $161 mil-
lion, including $25 million designated specifical-
ly for “AMLCD Technology,” ll and $60 million
to fund NCAICM at Sandia National Laborato-
ries. It also appropriated just under $10 million for
the Tactical Display Systems program (TDS),
which includes the Head Mounted Display pro-
gram (HMD). Outlays were slightly less, due to a
reduction in appropriations (see table 3-2).

in 1994, the Clinton Administration requested
$57 million, which Congress increased to $85
million. in addition, ARPA funded $9.3 million
for display R&D through the TDS program, and
$25 million through the Technology Reinvest-
ment Project. Another $40 million in DOD funds
was used by authority of Title III of the Defense
Production Act (see below for description), which
included $30 million to partially fund the Xerox/
AT&T/Standish manufacturing testbed, and $10
million for purchase incentives to the military ser-
vices. 12 in 1995, the Administration requested

$68 million for the ARPA HDS program, which
Congress increased to $82 million. in addition,
another $15 million was requested for the TDS
program.

11 As OIS was the only domestic manufacturer of AMLCDs at the time, it was widely regarded that this appropriation was earmarked for the

Troy, Michigan firm. See Douglas Harbrecht, “Did Commerce Pull the Plug on Flat-Screen Makers?” Business Week, July 5, 1993, p. 32; and

John B. Judis, “Flat Panel Flop,” The New Republic, Aug. 9, 1993, pp. 16-21. OIS notes that they were awarded the contract based on a competi-

tion with numerous respondents; Curtis Casey, Vice President, OIS Northville, Michigan, personal communication, Apr. 17, 1995.
12 An additional $10 million in fiscal year 1994 appropriations is being spent in fiscal year 1995.
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Program FY1991 FY1992 FY1993 FY1994 FY1995

ARPA High Definition Systems 7 4 . 4 75.0 1 5 2 . 2 84.5 81.6
ARPA Tactical Display Systemsa 10,1 9.3 1 4 , 7

ARPA Technology Reinvestment Project 25.0
DOD Services 2.6 4,5 4,8 4.2 4,4
Defense Production Act Title Illb 50.0

Tota l 77.0 79.5 167,1 173.0 1 0 0 . 7

KEY ARPA = Advanced Research Projects Agency; DOD = Department of Defense
NOTES

aARPA’s Tactical Display Systems Program I S  made up of the Head Mounted Displays (HMD) and Tactical Information Assistants (TIA) Programs,
only the HMD Program is directly related to flat panel displays

bAt the time of this writing, the Title Ill Program was expecting an additional $10 million in funding

SOURCES: U.S. Department of Defense, Advanced Research Projects Agency, Research, Development, Test and Evaluatlon, Project Level Sum-
mary Reports, various years; U.S. Department of Defense, Budding U.S. Capabilities in Flat Panel Displays: Report of the Flat Panel Display Task
Force, October 1994, table 71, Mark Hartney, Program Manager, Advanced Research Projects Agency, Electronic Systems Technology Office,
personal communications, July 1995,

High Definition Systems
ARPA’s HDS program was initiated in 1989 to de-
velop the domestic capability to manufacture
FPDs by bringing together firms from the three
levels of the FPD industry: 1) materials and equip-
ment, 2) display manufacturers, and 3) end-users.
The first phase, from 1990-92, focused on build-
ing up the capability of the materials and equip-
ment sector of the industry, and also supported
research in advanced display technologies. The
first phase resulted in a series of technical break-
throughs in display R&D (see table 3-3).

Phase Two of HDS, begun in 1993, added sup-
port of FPD manufacturing testbeds to the ongo-
ing R&D programs. The first manufacturing
testbed award, for $48 million, was made to OIS
which matched the grant. The plant, located in
Northville Township, Michigan, is scheduled to
begin production in 1995. The planned production
capacity is 160,000 AMLCD displays annually.13

OIS estimates that one-quarter of this capacity
will be devoted to military needs. 14 in 1994, a
$50-million award was made to a partnership con-
sisting of AT&T, Xerox, and Standish Industries,
also matched by the companies. This testbed is
distributed at four sites among the firms, and will

develop high resolution displays and advanced
packaging for intelligence applications. in addi-
tion to meeting defense needs, the testbed will al-
low AT&T and Xerox to develop the capacity to
supply internal display needs for market testing.
Another aspect of HDS Phase Two has involved
support for the domestic display manufacturing
infrastructure. For that purpose, ARPA awarded
$20 million to the U.S. Display Consortium
(USDC; see box 3-3) in 1993, and an additional
$25 million in 1995. Both awards were matched
by the consortium’s member companies.

ARPA HDS also funded NCAICM, a coopera-
tive research program in FPD and microelectron-
ics technologies operated by Sandia National
Laboratories in conjunction with Los Alamos and
Lawrence Livermore National Laboratories, with
facility and personnel contributions from the De-
partment of Energy (DOE). A one-time appropri-
ation of $60 million was made for NCAICM in the
1993 Defense Appropriations Bill. Approximate-
ly $48 million is used for joint industry-lab proj-
ects, one-half involving FPDs and one-half for
manufacturing other information technology
components (e.g., electronics and photonics).
Sandia is spending $12 million to administer the

13 This assumes four displays are produced from every set of substrates; the line will be able to handle substrates up to 17 inches in diameter.

Vincent Cannella, “Made in the USA: High Volume AMLCDs,” Semiconductor International, February 1995.
14 Casey, op. cit., footnote 11.
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Company Achievement

Xerox Corp. 13-inch diagonal AM LCD with 6.3 million pixels (most to date)
Texas Instruments Full color HDTV format digital micromirror display (first of its kind)

Planar Systems Full color, 10-inch diagonal EL display with VGA resolution (first color)

Photonics Imaging Full color, 30-inch diagonal high resolution plasma monitor
Micron Display Technology Full color, 0,7-inch FED head mounted display
Kent State University 8.5- x 1 I-Inch, 120 dots per inch reflective display with image memory

Standish Industries Manufacturing facility for STN LCD and color filters

KEY: AMLCD = active matrix liquid crystal display, ARPA = Advanced Research Projects Agency, EL = electroluminescent, FED = field emission
display, HDS = High Definition Systems, HDIV = high definition television, LCD = Iiquid crystal display, STN = super twisted nematic, VGA = video
graphics adapter

SOURCE Department of Defense, Advanced Research Projects Agency, Electronic Systems Technology Office, “High Definition Systems Program
Fact Sheet, ” Mar 8, 1995

center, move facilities outside of the laboratory se-
cure area, and carry out several precompetitive re-
search projects approved by an oversight board
(composed of national laboratory, ARPA, and in-
dustry representatives).

The goal of the display portion of the NCAICM
program is to develop flexible manufacturing
technologies that can be applied to low-cost, high-
volume production of large area emissive FPDs,
mainly plasma, FED, and EL. 15 The emphasis on
non-AMLCD technologies reflects an assessment
that LCDs will be limited to medium area (less
than 20-inch diagonal) displays. These technolo-
gies also match the technical capabilities of the
participating national laboratories.

The projects are organized into two phases.
Phase I projects involve research on precompeti-
tive materials, processes, and equipment, utilizing
NCAICM staff and facilities; the results are in the
public domain. Phase II projects are joint indus-
try/lab efforts performed at the industry sites,
NCAICM facility, or other DOE labs as appropri-
ate; the resulting intellectual property rights may
be claimed by the firms. Phase I projects include
development of an economic model of a flat panel
display factory, construction of metrology equip-

ment for FEDs, and construction of a phosphor
characterization facility. There are 13 Phase II
FPD projects, including support of color plasma
development at Photonics Imaging; EL develop-
ment at Planar and UNIAX Corp.; FED develop-
ment led by FED Corp., Micron Display
Technology, SI Diamond Technology, and Silicon
Video Corp.; and development projects in areas
common to all FPD technologies.

Finally, the Phosphor Technology Center of
Excellence, led by the Georgia Institute of
Technology, has been funded under HDS to train
scientists and engineers for research and develop-
ment of phosphor technologies. Five universities,
the American Display Consortium, and the David
Sarnoff Research Center are also founding mem-
bers. The research emphasis is on emissive FPDs,
since phosphors are a key component in all types
of emissive displays. Originally the center
planned to investigate improved phosphors for
LCD backlighting, but this goal has been set aside
by the member companies. 16

Head Mounted Displays
in 1992, ARPA established the HMD program to
create small, high resolution FPDs that can be
mounted in military helmets. Table 3-4 lists some

15 "Program Status Report,” National Center for Advanced Information Components Manufacturing, February 1995.
16 Paul H. Holloway et al., “Blue and Yellow Light Emitting Phosphors for Thin Film Electroluminescent Displays,” in Flat Panel Display

Materials, J. Batey, A. Chiang, and P. H. Holloway (eds.), Symposium Proceedings, vol. 345 (Pittsburgh, PA: Materials Research Society, 1994),

pp. 289-298.
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Company/Team Achievement

Kopin Corp., Planar Systems, David AM LCD and AMEL displays using single crystal silicon, with 1.3 million
Sarnoff Research Center, and pixels on a square-inch display
Standish Industries

Displaytech Low voltage reflective FLCD color display

KEY: AMLCD = active matrix Iiquid crystal display, AMEL = active matrix electroluminescent, ARPA = Advanced Research Projects Agency, FLCD =
ferroelectric liquid crystal display

SOURCE: Department of Defense, Advanced Research Projects Agency, Electronic Systems Technology Office, “Head Mounted Displays Program
Fact Sheet, ” Mar 9, 1995.

of the HMD results in small displays. The pro-
gram has also developed several approaches to in-
tegrating FPD technology into soldier systems.

❚ The National Flat Panel Display
Initiative

in 1993, the Clinton Administration’s National
Economic Council (NEC) and Council of Eco-
nomic Advisors identified the U.S. FPD industry
as an example of the need to coordinate the com-
mercial and defense development and production
of technology-intensive systems. The NEC asked
DOD to conduct a study to determine whether
FPDs were important to military security, and if
so, what should be done about the weakness of the
domestic industry. in April 1994, after a year-long
multiagency study, the National Flat Panel Dis-
play Initiative (NFPDI) was announced. 17 NFPDI
seeks to apply three policy tools to help develop a
domestic industry that can provide DOD with ear-
ly, assured, and affordable access to FPD technol-
ogies: 1) continuation of ARPA R&D and
manufacturing testbed programs, 2) awarding
R&D grants to firms planning to manufacture
FPDs, and 3) applying DOD funds to procurement
programs if they use domestic FPDs.

NFPDI was developed to meet defense needs
by fostering a high-volume commercial FPD in-
dustry. 18 The primary justification for NFPDI re-
lates to national security: if the government
cannot be assured of an unimpeded flow of a criti-

cal component, U.S. national security capabilities
may be damaged. The rationale is that without a
capability for volume production in the United
States, the technology base for displays (i.e., what
DOD has traditionally supported) is in jeopardy,
regardless of the amount of R&D. The initiative
comes under the Administration’s dual-use
policy, which calls for DOD to use commercial ca-
pabilities wherever possible and to focus on capa-
bilities that will support both defense and
commercial technology bases. The Administra-
tion has stated that national security requirements
will not be met by current foreign or domestic sup-
pliers; the leading display manufacturer (Sharp
Corp.) will not make custom displays for U.S. de-
fense needs; and U.S. firms are behind in FPD
manufacturing technology.

Another rationale is related to linkages between
the defense and commercial technology bases.
DOD’s argument is that the concentration of the
display industry in Japan is a threat to the mili-
tary’s ability to procure advanced technology, and
Japanese control over materials and equipment
supplies could impede the access of U.S. display
firms to those critical inputs. If a high-volume do-
mestic FPD industry were created, larger amounts
of R&D could be conducted by corporations, sup-
ported by revenue streams; ultimately, display
R&D could be funded by industry at a higher level
than the current government funding. To the ex-
tent that other industries draw from the same base
of technology as FPDs, the lack of a U.S. research

17Department of Defense, “National Flat Panel Display Initiative,” Apr. 28, 1994.
18Department of Defense, “Building U.S. Capabilities in Flat Panel Displays: Report of the Flat Panel Display Task Force.” October 1994.



Chapter 3 Strategies and Policies for the Domestic Flat Panel Display Industry 179

Program Element FY1994 FY1995 FY1996 FY1997 FY1998 Total
Core R&D 5 0 82 4 8 6 8 6 8 316
Manufacturing testbeds 7 5 0 0 0 0 7 5
R&D Incentives 2 5 0 50 50 7 4 1 9 9
Purchase incentives 2 0 2 0

Tota l 1 7 0 8 2 98 1 1 8 1 4 2 610

NOTE
aAt the time of this writing, the Active Matrix Liquid Crystal Cockpit Display Project of the Title I I I Program was expecting an additional $10 million  in

funding for purchase incentives

SOURCES: Electronic Engineering Times, May 2, 1994, p 1, Mark Hartney, Program Manager, Advanced Research Projects Agency, Electron/c
Systems Technology Office, personal communiations, July 1995

and manufacturing base for FPDs could impede
the competitiveness of those industries, and their
ability to meet military needs.

The goal of the initiative is to use ongoing DOD
investments in FPD research to encourage the de-
velopment of a domestic capability for manufac-
turing FPDs in commercial volumes, which DOD
expects will better serve defense needs than the
current U.S. industry can. The initiative is com-
prised of four main elements (see table 3-5).

NFPDI can be viewed as an umbrella program
consisting of: 1) existing ARPA R&D programs
(including HDS and HMD); 2) ongoing ARPA
manufacturing testbeds; 3) R&D incentives
funded via ARPA’s Technology Reinvestment
Project (TRP) and the Defense Production Act,
Title 111 (DPA); and 4) purchase incentives funded
via DPA. Approximately two-thirds of NFPDI
funding is devoted to ongoing ARPA HDS pro-
grams in R&D projects and manufacturing testbed
awards, discussed previously. The two new as-
pects of NFPDI are the R&D and purchase incen-
tives programs.

R&D Incentives
NFPDI awards R&D grants to firms that: 1) have
demonstrated prototype or pilot production of

leading-edge FPD technologies, and 2) make
commitments to invest in high-volume FPD
manufacturing. The awards are based on a firm’s
commitment to high-volume production (for
commercial and defense markets), the quality of
the proposed research, and a commitment to
match the government R&D support. The exact
type of technology is not a determining factor in
the awards. The goal is to induce companies to be-
gin manufacturing based on current technology by
awarding support for follow-on or next-genera-
tion R&D.

The NFPDI awards will provide R&D grants,
matched dollar for dollar by the firms; the awards
are predicated on commitments by the firms to
make capital investments of at least three times
the government contribution. DOD estimates that
private investments could total as much as 10
times the R&D grants. 19 in October 1994, DOD
announced three winners in the first competition,
funded by ARPA’s Technology Reinvestment
Project (see table 3-6). The method of indirectly
funding production through the promise of R&D
subsidies is designed to comply with restrictions
on government production subsidies, ratified in
the final version of the Uruguay Round treaty of
the General Agreement on Tariffs and Trade.**

19 Mark Hartney, Program Manager, ARPA/ESTO, Arlington, VA, personal communication, June 7, 1995.

20DOD notes that the policy was cleared with the Office of the U.S. Trade Representative; however, some observers have made the case that

NFPDI may violate the subsidies rules. See George Kleinfeld and David Kaye, “Red Light, Green Light? The 1994 Agreement on Subsidies and

Countervailing Measures, Research and Development Assistance, and U.S. Policy,” Journal of World Trade, December 1994, p. 43.
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Team leaders/members Fundinga Description

Planar Systems 29.2 Thin film and active matrix EL display
Advanced Technology Materials, Allled-Signal, Boeing, research for head mounted applica-
Computing Devices Canada, Georgia Institute of Technol- tions
ogy, Hewlett-Packard, Honeywell, Lawrence Livermore
National Laboratory, Los Alamos National Laboratory,
Oregon Graduate Institute, Positive Technologies, Univer-
sity of Florida

Silicon Video 67.2 Development of manufacturing
Accufab Systems, Advanced Technology Materials, Law- technology for FEDs
rence Livermore National Laboratory, Planar Systems

Texas Instruments, Raytheon 25.5 Manufacturing research for FED pro-
EG&G Power Systems, Georgia Institute of Technology, duction, based on technology from
Lockheed Sanders, MRS Technology PixTech

KEY” ARPA = Advanced Research Projects Agency, EL = electroluminescent, FED = field emission display
NOTE:
aTotal project cost; ARPA and team contributions subject to negotiations, ARPA plans to spend a total of $48 million on these projects

SOURCE: Advanced Research Projects Agency, 1995

Purchase Incentives
Title III of the Defense Production Act of 1950, as
amended in 1992, authorizes the President to enter
into procurement of “industrial resources or criti-
cal technology items essential to the national de-
fense” outside of the normal government
procurement rules. Such procurement is autho-
rized in the absence of a declared national emer-
gency if the President determines that “the
combination of the United States national defense
demand and foreseeable nondefense demand is
not less than the output of domestic industrial ca-
pacity” for the industrial resources or critical
technology items, including the output that would
be created by the procurement.21

The current Title 111 certification covers
AMLCD technology exclusively, and is called the
Active Matrix Liquid Crystal Cockpit Display
(AMLCCD) project.

22 Through qualifications

and accelerated procurement, the AMLCCD proj-
ect is designed to: 1) accelerate the insertion of
AMLCD technology into military avionics; 2)
create cost savings through volume purchases;
and 3) boost domestic manufacturing capabilities.

To date, the AMLCCD project has received
$20 million.23 The funding is used as an incentive
for military programs that are designing new air-
craft, designing retrofits, or procuring aircraft to
consider and purchase AMLCDs for the cockpit
avionics. Military programs receive project fund

21 Defense production Act Amendments of 1992, Public Law l02-558.
22 This specification appears to have emerged from work on a draft standard guideline for cockpit AMLCDs at Wright-Patterson AFB, the

initiation of the NFPDI as a whole, and specific congressional reference to AMLCD technology in several DOD appropriations reports. See

Darrel G. Hopper and Daniel D. Desjardins, “Requirements for AMLCDs in U.S. Military Applications,” Cockpit Displays 11, Proceedings of
the SPIE, vol. 2462, April 1995; Department of Defense Appropriations Bill, 1993, 102d Congress, Report 102-627, Report of the Committee

on Appropriations (to accompany H.R. 5504), June 29, 1992, p. 203; Department of Defense Appropriations Act 1995, 103d Congress, H.R.
4605, Section 8119.

23 
A total of $50 million was budgeted for Title III; $30 million was used to help fund ARPA’s second cost-sharing grant for an AMLCD

manufacturing testbed. An additional $10 million for the AMLCCD project has been approved by DOD.



Chapter 3 Strategies and Policies for the Domestic Flat Panel Display Industry 181

Number of Funding
Military program AMLCDs ($ millions) Funding for Program status

AH-64 Longbow over 4,000a 7.60 qualification
D V E over 2,500a 0.75 qualification
P-3C (two programs) 500 b 1 . 5 9 purchases

280 b 0.70 qualification
CH-46 665 b 4.23 purchases

C - 1 4 1 376 b 3.39 purchases

Common Display Program 2,500 a 1 , 2 5 qualification
(AV-8B, F-18)

qualifications testing
qualifications testing
production in 1996
qualifications testing
low rate initial production
production in 1996
qualifications testing

KEY: AMLCD = active matrix Iiquid crystal display, DVE = driver vision enhancement
NOTES
aPotential number of displays required for retrofit or upgrade of existing platforms
bActual number of displays under contract for platform retrofit.

SOURCES “Active Matrix Liquid Crystal Cockpit Display Project, ” DOD briefing slides received June 7, 1995, John Blevins, Active Matrix Liquid
Crystal Cockpit Display project office, Wright-Patterson AFB, personal communication, July 21, 1995; Darrel G Hopper and Daniel D Desjardins,
“Requirements for AMLCDs in U S Military Applications,” Cockpit Displays II, Proceedings of the SPIE, voI 2463, April 1995, table 1

ing to defray the cost of qualifying (that is, testing
in the operating environment) and for accelerated
and volume purchases of AMLCDs.24 in return,
the program must require, and the contract must
use, a domestic AMLCD manufacturer.25 Pro-
grams are selected for funding based on their re-
quirements, planned procurement, and potential
impact on the industry. Seven programs currently
participate in the project (see table 3-7).

DOD believes the Title III project could stimu-
late demand by more than 4,000 AMLCDs and
boost domestic sales by as much as 400 percent in
fiscal year 1996.26 This could help low-volume
manufacturers to develop production experience
and help military programs extend limited re-
sources. Title 111 has the additional benefit of
fostering display commonality across programs.

For instance, the Common Displays Program of
the Naval Air Warfare Center is helping the AV-8B
and F-1 8 programs qualify the same display, ac-
celerating insertion by almost a year.27

Participating program offices receive several
benefits from taking part in Title III. It enables
them to procure high performance AMLCDs for
new and retrofitted systems that operate in strenu-
ous environments; these include bubble-canopy
and high-altitude aircraft such as F-22s and F- 18s.
By supporting qualification activity, Title III
funding introduces FPD technology to programs
that otherwise might not consider it; for example,
the AH-64 Longbow program will upgrade its
cockpit design from CRTs to AMLCDs.28 Al-
though Title III purchase incentives reduce the
cost of domestic, custom-made AMLCDs, there

24 The AMLCCD project only provides funding for purchases of unfinished AMLCDs; the basic unit includes the glass substrates, active

matrix array and color filters, and row-and-column drivers. For a description of AMLCDs, see appendix A.
25 For the purposes of the Title III program, domestic refers to any business that performs research, development, and manufacturing in the

United States or Canada. The program’s contract with the prime contractor will typically have a separate line item that stipulates the amount that

the prime contractor is to use for a domestic display manufacturer, and another that requires that products delivered under the contract make use
of that display.

26U.S. Department of Defense, “Active Matrix Liquid Crystal Cockpit Display Project,” briefing material received June 7, 1995.

Program develops common avionics requirements across platforms by promoting communication between users and suppliers to define perfor-

mance specifications and leveraging these specifications for use in other platforms. Harlan Smith, Air Combat Electronics Office, Naval Air

Warfare Center, Indianapolis, IN, personal communication, July 17, 1995.
28 Frank Bick, Army Aviation Troop Command, personal communication, June 26, 1995.
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continues to be a large cost differential between
commercial and custom displays (see chapter 2).
For some programs, even Title III funding cannot
bridge the gap between the cost of custom
AMLCDs and the programs’ limited budgets.
Instead, these programs relax some performance
requirements, and use less expensive, commercial
AMLCDs.29 Price reductions in domestic
AMLCDs for commercial avionics are closing
this gap.30

The Title III requirement for domestic
manufacturers excludes some defense integrators
that purchase commercial AMLCDs from foreign
sources and ruggedize them (see box 2-3). These
firms argue that such requirements prevent pro-
grams from considering their lower cost products.
Others argue that the domestic requirement puts
all integrators on an equal footing; even using a
domestic source, the integrators could draw on
their ability to ruggedize inexpensively to produce
a high performance, lower cost product.31

Partly as a result of congressional interest, Title
III funding is limited to AMLCDs (unlike the rest
of NFPDI). However, AMLCDs are not a good
match for all of the wide range of DOD’s FPD
needs; for instance, large area displays in Airborne
Warning and Command Systems planes could use
plasma or projection FPDs to replace existing
CRTs. Broadening Title III projects to other FPD
technologies could bring these incentives to other
applications, further equip DOD with state-of-
the-art technology, and bolster the domestic FPD
industry.

❚ Trade Policy
Trade policy can also affect the incentives for in-
vestment in FPD manufacturing. One area is tar-
iffs. Tariffs on imported FPDs are low—zero on
FPDs for computer applications with a diagonal
screen size up to 12 inches, 3.7 percent on FPDs
for computer applications with larger screens, and
5 percent on FPDs for televisions. In comparison,
FPD tariffs are zero in Japan, 4.4 to 4.9 percent in
the European Union (EU), 5 to 7.5 percent in Tai-
wan, and 9 percent in Korea. FPD parts and com-
ponents imported into the United States often face
higher tariffs, discouraging domestic FPD
manufacturing.

Antidumping Duties
Another possible trade policy tool is the imposi-
tion of antidumping duties when imports are sold
at less than fair value. Such duties are permitted
under the rules of international trade, though re-
cent changes in these rules narrow their permitted
application somewhat. Formally, and as a matter
of expressed Administration policy, antidumping
cases are legal proceedings, to be decided on legal
rather than policy grounds; in practice, policy con-
cerns sometimes enter into dumping determina-
tions.

The FPD industry has already tried to use anti-
dumping duties as a weapon against imports.
While substantial duties were placed on AMLCDs
from Japan from 1991 to 1993, the result of those
duties was to drive some computer manufacturing
offshore rather than to encourage U.S. AMLCD

29 Colonel Dan Hamilton (Ret.), Combined Air National Guard and Air Force Reserve F-16 Program, Ogden Air Logistics Center, Hill AFB,
UT, personal communication, June 27, 1995; Frank McKinney, Assistant Program Manager for Systems Engineering, Naval Air Systems Com-
mand, Arlington, VA, personal communication, June 28, 1995; and Bob Lehman, Team Leader, Navy UH-1N Program, Naval Air Warfare
Center, Warminster, PA, personal communication, July 5, 1995.

30 One Program Officer found that Title III funding helped bridge the remaining price gap; Commander Ted Klapka, Deputy Assistant Pro-
gram Manager for Systems Engineering, P-3C, Maritime Surveillance Aircraft Program Office, Arlington, VA, personal communication, July
13, 1995. For discussion of commercial avionics, see box 2-4.

31 Defense integrator, personal communications, June 5 and July 24, 1995.
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production; no new producer emerged, and no ex-
isting producer substantially increased produc-
tion. The case also engendered friction by pitting
U.S. FPD producers against U.S. computer
manufacturers, and some FPD producers against
others. This conflict had to be overcome before
U.S. industry could work cooperatively (see box
3-3).

The FPD Antidumping Case
In the early 1990s, the FPD market grew sharply
and Japanese FPD producers reaped the rewards.
As miniaturized disk drives, keyboards, and other
components became available at reasonable
prices, computer manufacturers developed the
first truly portable computer, the laptop. Laptops
required FPDs; the CRTs used in desktop comput-
ers were too heavy and bulky and used too much
power. Early laptops used EL and plasma dis-
plays, but the desire for high-resolution color
graphics led manufacturers to the LCD. U.S. lap-
top manufacturers (primarily IBM, Apple, Com-
paq, and Tandy) required thousands of displays
per month. U.S. FPD producers had never pro-
duced such volumes, and lacked the capital to
ramp up for such production.

Many Japanese FPD producers, in contrast, had
experience in volume manufacturing, ready ac-
cess to capital, and internal demand for displays.
While orders from U.S. laptop manufacturers to
U.S. display producers might have enabled the lat-
ter to get financing to ramp up production, U.S.
laptop manufacturers did not want to rely on un-
proved suppliers. Instead, the orders went to Japa-
nese display producers, helping them to increase
their already superior manufacturing capacity.

As one weapon against imports, in July 1990,
several American FPD producers filed a joint anti-

dumping petition with the U.S. Department of
Commerce’s International Trade Administration
(ITA) and with the U.S. International Trade Com-
mission (ITC), an independent government
agency whose commissioners are appointed to
long terms by the President, but who are not other-
wise responsible to the President. The petition al-
leged that high-information-content FPDs from
Japan were being sold in the U.S. market at less
than fair value (i.e., dumped), and that the sales at
below fair value had caused material injury to the
U.S. industry that produced such displays.32 Un-
der U.S. law, if these allegations were found to be
true, the government would levy antidumping du-
ties on those imports in an amount sufficient to
bring the price up to the imports’ fair value.

Antidumping investigations proceed as fol-
lows. The ITA divides the imports in question into
one or more classes or kinds of merchandise. For
each class of merchandise, ITA determines wheth-
er any petitioners produce a like product in the
United States; if not, that class of merchandise is
removed from the investigation. For each remain-
ing class, the ITA determines whether U.S. sales at
less than fair value have occurred and, if so, what
the dumping margins are (i.e., the percentages by
which the sale prices need to be increased by anti-
dumping duties to bring them up to fair value). For
each class in which sales at less than fair value
have occurred, the ITC defines which domestic in-
dustry produces like products, and determines
whether the dumped imports in that class have
been a cause of material injury to the correspond-
ing U.S. industry. (The ITC’s definition of like
products need not agree with the ITA’s defini-
tion.)33 The purpose behind the notions of class of
merchandise and like product is that antidumping
duties are justified only if U.S. producers and for-

32 U.S. Department of Commerce, International Trade Administration, Import Administration, “High Information Content Flat Panel Dis-
plays and Display Glass Therefor From Japan,” Federal Register 55(142):30042-30043, July 24, 1990. High-information-content flat panel
displays were defined as having at least 120,000 pixels, with or without color, and using liquid crystal, plasma, or electroluminescent technolo-
gies.

33 19 U.S.C. 1673, 1677(4)(A); see Hosiden Corp. v. United States, United States Court of International Trade, Case No. 91-10-00720, Slip

Op. 92-229 (Goldberg, J.), Dec. 29, 1992.
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eign producers of dumped imports actually com-
pete.

Formally, the FPD antidumping case was de-
cided by applying the legal concepts of class of
merchandise, fair value, like products, material
injury, and causation to the facts at hand. How-
ever, both the legal concepts and the facts were
sufficiently ambiguous that, in practice, both the
ITA and the ITC, if they wished, had plenty of
flexibility to let their decisions be influenced by
political views that legally had no weight. Such
views include whether the country needed a com-
mercial FPD industry, what responsibility laptop
manufacturers had to support a domestic FPD in-
dustry, and to what extent antidumping duties
would harm U.S. laptop manufacturers and/or
force their operations offshore (see box 3-5). It is
difficult to say to what extent such political con-
siderations influenced the decisions of the ITA
and ITC.

Initially, the ITA defined all high-information-
content FPDs as being in one class of merchan-
dise, and the ITC defined the corresponding U.S.
industry as all producers of high-information-
content FPDs. Late in the process, however, ITA
reversed its decision and found four classes of
merchandise—PMLCDs, AMLCDs, EL dis-
plays, and plasma displays—on the grounds that
the classes had different functional capabilities
(e.g., power consumption, viewing angle, bright-
ness, and weight) that “establish the boundaries of
the FPD’s ultimate use and customer expecta-
tions.”34

This change profoundly affected the investiga-
tion’s results. No petitioner produced PMLCDs;
therefore, ITA removed PMLCDs from the inves-
tigation.35 The ITA found dumping margins of un-
der half a percent for plasma displays, which,
under U.S. law, are regarded de minimus, and the
products are considered not to be dumped. Thus,
PMLCDs and plasma displays—which accounted
for over 75 percent of the value of high-informa-
tion-content FPDs imported from Japan in
1990—could continue to be imported as before.36

The ITA found dumping margins of 62 percent for
AMLCDs and 7 percent for EL displays.37 In
1990, AMLCDs accounted for only about 15 per-
cent by value of Japanese high-information-con-
tent FPDs, and EL displays accounted for under 5
percent.38 (In contrast, U.S. production of high-
information-content FPDs was predominantly
ELs.39) In order for antidumping duties to be le-
vied against these imports, the ITC had to find
that, though relatively modest in amount, these
imports had caused material injury to U.S.
manufacturers of like products.

Despite ITA’s switch, the ITC found that all
types of high-information-content FPDs were like
both the imported AMLCDs and the imported EL
displays, based on “overlaps in physical charac-
teristics and uses.”40 Thus, the ITC considered in-
jury to the U.S. high-information-content FPD
producers as a whole. In August 1991, the ITC
deemed it appropriate to consider the injury from

34 U.S. Department of Commerce, International Trade Administration, Import Administration, “High Information Content Flat Panel Dis-
plays and Display Glass Therefor From Japan: Final Determination; Rescission of Investigation and Partial Dismissal of Petition,” Federal
Register 56(136):32376-32402, July 16, 1991, p. 32379.

35 Ibid., pp. 32380-32382.
36 U.S. International Trade Commission, Certain High-Information Content Flat Panel Displays and Display Glass Therefor From Japan:

Determination of the Commission, Investigation No. 731-TA-469, USITC Publication 2413, August 1991, p. 9.

37 U.S. Department of Commerce, op. cit., footnote 34, p. 32401.
38 U. S. International Trade Commission, op. cit., footnote 36, p. 9, fn. 1.

39 U.S. International Trade Commission, Certain High-Information Content Flat Panel Displays and Display Glass Therefor From Japan:

Views on Remand in Investigation No. 731-TA-469 (Final), USITC Publication 2610, March 1993, p. I-22.

40 Ibid., p. I-12; see also U. S. International Trade Commission, op. cit., footnote 36, pp. 7-12.
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An issue of great importance hovered over the public debate concerning the flat panel display (FPD)

dumping case: to what extent would the imposition of tariffs on FPDs negatively impact the domestic

production of laptop computers? Specifically, what was the impact of the tariffs on domestic computer

manufacturing employment? The computer industry asked the Commerce Department to carry out a

balancing test, in which jobs in the small FPD industry would be weighed against jobs in the computer

industry, By statute this consideration was irrelevant; however, some believe that the Commerce Depart-

ment did informally consider such downstream effects,

Since displays represented a large fraction of the cost of producing laptops, in some cases making

up half of the production cost, U.S. manufacturers of laptop computers (Apple, Compaq, IBM, and

Tandy) argued that imposition of any substantial duties on active matrix liquid crystal displays

(AMLCDs) would force them to move domestic production offshore. It should be noted, however, that

there were no tariffs imposed on passive matrix Iiquid crystal displays (PMLCDs) or plasma displays,

which together accounted for over 98 percent of laptop displays in 1991. The AMLCD market was

growing rapidly at the time, however.

Japanese computer manufacturers (many of which manufactured displays, and were thus named in

the dumping case) had recently begun moving final assembly operations to the United States This was

partly in response to the 100-percent duty levied on laptops imported from Japan in 1987, in retaliation

for Japan’s slowness in opening its semiconductor market, After a semiconductor agreement was

reached in 1991, the duty was revoked, removing the penalty for assembling laptops offshore and im-

porting them to the United States. With the imposition of stiff tariffs on the single most expensive com-

ponent of laptops, assembly in the United States became much more costly (anhdumping duties were

not assessed on finished products containing AMLCDs, such as laptops).

After the antidumping duties were imposed, the Japanese company, NEC, canceled plans to as-

semble laptops in Massachusetts. 1 in September 1991, Toshiba announced that its American subsid-

iary would cease assembling laptops with AM LCD screens, moving operations back to Japan Hosiden

Corp., supplier for the Apple PowerBook series, stopped shipping screens soon after duties were im-

posed, diverting shipments instead to Apple’s plant in lreland.2 in addition, Dolch Computer Systems

moved its laptop production from California to Germany, and Compaq shifted production abroad from

Texas 3

in October 1991, IBM and Apple unsuccessfully petitioned the Commerce Department for permis-

sion to set up foreign trade subzones, which would allow them to import AMLCDs duty-free for assem-

bly at their U S laptop manufacturing sites. The completed laptops would then be subject only to the

four-percent U S computer tariff, or duty-free export 4 in November 1991, IBM’s chairman, John Akers,

stated that the computer-maker might be forced to move assembly of laptops containing AMLCDs off-

shore because the displays, imported from the IBM-Toshiba joint venture Display Technology Inc. , were

subject to the AM LCD tariff 5 IBM closed its North Carolina assembly plant in 1992

(continued)

1 Douglas Harbrecht, “Did Commerce Pull the Plug on Flat-Screen Makers?” Business Week, July 5, 1993, p 32
2 David E. Sanger, “U.S. Tariff Appears To Backfire, ” New York Times, Sept 26, 1991, p. D. 1 The Commerce Department has

estimated that Apple Imported 70,000 laptops from its Ireland facility in the first year of the anhdumping order
3 Lisa Picarille, “Government Color LCD Tariffs Hurt Companies, ” Infoworld, Nov 18, 1991, p S83, John M Gleason and Muthu

Karuppan, “Folly in Trade and Technology Policy, ” IEEE Technology and Society Magazine, summer 1993, pp. 6-7
4 Jack Robertson, “IBM, Apple Computer Seek Trade Zone for Display s,” Electronic News, Oct. 28, 1991, p 1
5 David E Sanger, “1 B M Chief Issues Threat on U S Tariff,” New York Times, Nov. 8, 1991, p D4.

4
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Ultimately, the effects of the tariff may have been limited by the fact that, in many cases, only final

assembly of laptop computers was taking place in the United States; many components, in addition to

displays, are manufactured offshore, As a result, the jobs lost due to moving assembly offshore may be

few and of a nature that added little value, Finally, lost assembly jobs probably were relatively few

compared with the across-the-board layoffs by computer-makers in the 1990s. 6

in principle, the antidumping duties could have induced Japanese AMLCD manufacturers to transfer

production to U.S. sites, However, officials from Toshiba and NEC attested to the difficulties of increas-

ing production yields in their Japanese plants, The immense difficulties manufacturers were having

ruled out transfer of technology to the United States,7 Sharp opened an AMLCD facility in Camas,

Washington, in 1992; however, only final assembly work is done at this facility

The effect of dumping duties on downstream (or upstream) industries is not currently a factor in the

deliberations of the International Trade Administration or the International Trade Commission because

the trade laws do not provide for such consideration, But it may be crucial to gauge the effects of trade

decisions on related industries. Many proposed remedies for enhancing the international competitive-

ness of domestic manufacturers include a revamping of trade laws or an increased coordination of

technology and trade policies,8

SOURCE: Office of Technology Assessment, 1995

6 Neal Boudetta, “Battle Heats Up Over Flat-Panel Tariff, ” PC Week, February 1993
7 Shin Kusunoki, “Japan to the Rescue?” Electronics, October 1991, pp. 27-28

8 For an example, see council On Competitiveness, “The Flat Panel Display Antidumping Decision, ” in Road map for Results Trade

Policy, Technology and American Competitiveness, (Washington, DC: July 1993), pp. 23-38.

both AMLCD and EL imports together, and found On remand, the ITC found, in March 1993, that
that the combined imports were a cause of materi-
al injury to the U.S. FPD producers.41 As a result,
antidumping duties were initially levied on both
AMLCDs and EL displays from Japan.42 How-
ever, on appeal, the Court of International Trade
found that the ITA’s determination that AMLCDs
and EL displays constituted separate classes of
merchandise compelled the ITC to consider sepa-
rately the injury from each class of imports, and
remanded the case to the ITC with instructions to
do S0. 4 3

the AMLCD imports, while modest, were a cause
of material injury to the U.S. industry, especially
by making it harder for U.S. firms to get invest-
ment capital needed to gain production experience
and realize economies of scale. However, the ITC
found that the smaller EL imports were not a cause
of material injury. Thus, antidumping duties were
levied only on AMLCD imports.44 However,
these duties were removed shortly thereafter. in
November 1992, OIS the only petitioner to pro-
duce AMLCDs, and under new ownership, had re-

41U.S. International Trade Commission, op. cit., footnote 36, pp. 23-27.
42 

U.S. Department of Commerce, International Trade Administration, Import Administration, “High Information Content Flat Panel Dis-

plays and Display Glass Therefor From Japan: Antidumping Duty Orders, Federal Register 56(171):43741-43742, Sept. 4, 1991.
43 Hosiden v. United States, Op. cit., footnote 33, p. 18.

44U.S. International Trade Commission, op. cit., footnote 39, pp. I-1; I-1, fn. 3, I-15 through I-22; II-1; and VI-1  through VI-9.
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quested that the duties be removed. In March
1993, the ITA removed the duties on the grounds
that no domestic producer of like products sup-
ported retaining the duties.45

This history does not mean that antidumping
duties could never be a part of a U.S. policy to fos-
ter an FPD industry. In the antidumping case, the
Commerce Department seemed hostile to the do-
mestic FPD industry and seemed to work at cross-
purposes with the ITC. If the Commerce
Department had handled the case differently,
which it had discretion to do, different FPD
manufacturers would not have been pitted against

each other, and duties would likely have been im-
posed on more types of FPDs and been in force
longer. However, several cautions would apply to
any use of antidumping proceedings as a policy
tool. First, there are ramifications in terms of in-
ternational trade rules and international goodwill.
Second, antidumping duties would hurt down-
stream industries, such as computers, that might
then need some offsetting government help.
Third, antidumping duties by themselves, as was
shown, are no guarantee that domestic production
will start; if at all, such duties can be effective only
as a supplement to domestic programs.

45 U.S. Department of Commerce, International Trade Administration, Import Administration, “High Information Content Flat Panel Dis-
plays and Display Glass Therefor From Japan: Final Results of Changed Circumstances Administrative Review, Revocation of the Order and
Termination of Administrative Review,” Federal Register 58(121):34409-34414, June 25, 1993.



      

Appendix A:
Flat Panel Display

Technologies
and Domestic Firms A

M any technologies are used to create flat panel displays
(FPDs). Some were developed years ago and fill small
market niches; others have been brought to the stage of
mass manufacturing and are now mature products; still

others have yet to be commercialized, but promise superior per-
formance and lower costs, compared with current technology. Nu-

. merous domestic firms are pursuing FPD technologies; most are
small firms that focus on one or a few display approaches, but
larger firms have also expressed interest. The distinguishing char-
acteristic of the domestic FPD industry is the absence of high-vol-
ume manufacturing (see table A-1 for an overview of FPD
technologies and domestic firms).

Chapter 3 outlined three potential strategies available to do-
mestic FPD firms seeking a larger role in the global industry: 1)
expand niche markets using established technologies; 2) catch up
to leading-edge  active matrix liquid crystal  display (AMLCD)
production; and 3) develop new leapfrog technologies. The fol-
lowing sections describe the technology choices associated with
each approach, and place the activities of domestic firms into this
framework.

ESTABLISHED TECHNOLOGIES: LCD, EL, PLASMA
Two of the oldest FPD technologies are liquid crystal displays
(LCDs) and emissive displays. LCDs are the primary example of
transmissive FPDs, which modulate an external light source.
Emissive flat panel displays use materials that emit light when an
electric field is applied, through phenomena that include gas dis-
charge, phosphorescence, fluorescence, and semiconductor pho-
toemission. 189



Production
capacity

2,3 million
2 to 3 million

Technology

‘Passive matrix LCD:
TN and STN

Leading U.S. firms

Stand ish
Three-Five

Strengths Weaknesses Foreign competition

response time, slow (TN)
medium (STN); viewing angle
limited; not scalable (TN); poor
color

no full color yet

many firms in Japan, Taiwan,
Korea,  China,  and Southeast
Asia

low cost, simple
manufacturing

Electroluminescent Planar
Norden Systems

120,000
5,000

bright; low
power; simple
manufacturing

S h a r p

Gas plasma Electro Plasma
Plasmaco
Photon ics

bright, multicolor;
scalable

high voltage; limited gray scale Fujitsu, Matsushita/ NHK,
Plasma Display Technical
Forum, Thomson

many firms in Japan; several
in  Korea and Ta iwan

6,000
15,000
5,000

Active matrix LCD:
amorphous silicon
T F T

Active matrix LCD:
other  TFT and  th in
film diodes

OIS
ImageQuest
Xerox PARC

40,000
4,000

low quantities

exce l len t  co lo r ,
reso lu t ion

expensive; some yield
problems; power hungry
back-light, limited size

new technology; expensive
substrate; difficult to scale up

Xerox PARC, David
Sarnoff Research
Center ,  Kopin

low quantities;
(Kopin:  200,000
displays less than
one inch)

h igh  reso lu t ion Sony, Flat Panel Display Co.,
Litton Systems Canada

Field emission display SI Diamond, FED,
Coloray, Silicon
Video,  Raytheon,
Micron Display, Tl,
Motorola

experimental
quantities only

may be scalable new technology P ixTech
Japanese, Korean firms

Digital micromirror
device

Tl, Aura Systems experimental
quantities only

uses semiconductor
processing

large-screen projection
applications only

Active addressed LCD Motif, Positive
Techno log ies

low quantities,
external
producers

high resolution;
video rate; wide

new technology; needs special
drivers; not scalable

Optrex

viewing angle

KEY LCD = liquid crystal display, OIS = Optical Imaging Systems, PARC = Palo Alto Research Center, STN = supertwisted nematic, TFT = thin film transistor, TI = Texas instru-
ments ,  TN =  tw is ted  nemat ic .

SOURCES:  U.S.  Depar tment  o f  Defense,  Building U.S. Capabilities in Flat Panel Displays. Report of the Flat Panel Display Task Force, October  1994,  tab le  2-1 (us ing Depar t -
ment  o f  Commerce  da ta ) ,  company  repor ts ,  O f f i ce  o f  Techno logy  Assessment  in te rv iews  w i th  compan ies ,
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❚ Passive Matrix Liquid Crystal Displays
Liquid crystal (LC) materials are organic sub-
stances that flow like liquids, but possess the or-
dered physical properties of crystalline solids.
The type of liquid crystal materials used most
often in displays is the nematic LC, which consists
of rod-like molecules. Weak intermolecular forces
in the nematic LC tend to make the molecules
align themselves parallel to each other along the
long axis, similar to the schooling of fish. How-
ever, the molecules are not ordered in well-de-
fined layers, and electromagnetic forces can rotate
and translate the molecules relative to each other.
The method by which LC materials modulate
light is by altering the polarization of light as it
passes through the LC layers.

An LC cell is fabricated by enclosing LC mate-
rial between two glass plates, each with transpar-
ent metallic electrodes deposited on its inside
surface. To control the orientation of the mole-
cules, the electrode layers are coated with a poly-
mer deposited in a hard varnish form, which is
then brushed in a straight line. The rod-like mole-
cules tend to align themselves parallel to the direc-
tion of brushing on the glass. Polarizer sheets
(which pass only light that is polarized parallel to
the lines on the sheet) are attached to the outside of
each glass plate, with the polarization direction
oriented parallel to the alignment direction.

In the typical application of nematic LC materi-
als, the twisted nematic (TN) liquid crystal dis-
play, each polarizer is oriented parallel to the
direction of brushing on the adjacent glass plate,
and the polarizer/glass plate pair is placed ortho-
gonal (at a right angle) to the other pair. Since the
alignment axes at the two LC-glass boundaries are
now rotated 90 degrees relative to each other, the
LC molecules align themselves in a spiral config-
uration within the cell, forming a helix (about an
axis orthogonal to the cell faces) from one glass
plate to the other. The LC molecules form layers
parallel to the glass plates; each successive layer
has a preferred direction rotated slightly from ad-
jacent layers.

In the most common TN LCD configuration,
called the normally white mode, the polarization

of light entering the LC layer is twisted 90 degrees
as it passes through the LC material, and is trans-
mitted by the second polarizer (see figure A-1).
Thus, with no applied field—the off state—the
cell is light. When an electric field is applied
across the cell, the LC molecules rotate parallel to
the field, perpendicular to the faces of the LC cell.
In this configuration—the on state—the polariza-
tion of the light is unaltered as it passes through
the LC material. Because the polarization direc-
tion of the light as it exits the liquid crystal layer is
oriented orthogonal to the second polarizer, the
light is blocked, and the cell appears dark.

A TN LCD is made by creating a matrix of row
and column electrodes; each intersection of a row
and a column defines a pixel. Each pixel is se-
lected to be on or off (light or dark) through ap-
plication of an electrical signal to a given row, and
an additive or subtractive signal to each of the col-
umns along that row. This produces relatively
large voltages across the on pixels and smaller
voltages across the off pixels. The entire matrix is
scanned on a row-by-row, or multiplex, fashion,
which means that each pixel is refreshed once per
scanning period, typically one sixtieth of a second
(16.7 milliseconds). Since LC materials typically
remain in the untwisted state for hundreds of mil-
liseconds after being refreshed, there is not a no-
ticeable decay in pixel brightness between scans.
Multiplex addressing allows a matrix of x rows
and y columns to be addressed with a total of x
plus y electrodes, rather than the x times y that
would be required with direct addressing, in
which each pixel has an electrode dedicated to it
alone. Thus addressing a color VGA (video graph-
ics array) display through multiplexing requires
just over 2,000 electrodes, compared with nearly
1,000,000 electrodes that would be required to di-
rectly address each pixel. Gray levels—inter-
mediate pixel brightness between light and
dark—can be created by turning the pixel on and
off either within a pulse or from frame to frame.

The performance of the TN LCD is limited by
an inherent tradeoff between contrast and the
number of pixels, or resolution. Since both the
electrode voltage and the rate at which the display
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SOURCE: Terry Scheffer and Jurgen Nehring, "Supertwisted Nematic (STN) LCDs ” in 1994 SID Intemational Symposium Seminar Lecture Notes
(Santa Ana, CA. Society for Information Display, 1994), vol. 1, seminar M-1, figure 1

pixels are updated (the refresh rate) are fixed, in-
creasing the number of pixels decreases the differ-
ence between on and off signals and the amount of
time that a voltage is applied to each pixel. Passive
matrix schemes thus work well only for small
numbers of rows in a TN LCD matrix, after which
off pixels accumulate enough voltage to turn on
partially. This effect, called crosstalk, increases
with increasing numbers of rows in an array; for
array sizes large enough to display television and
computer images at an acceptable speed, the con-
trast between pixels becomes unacceptably low.
This tradeoff between contrast and number of
lines in the matrix has limited the use of TN LCDs
to simple text and numeric displays in which the
LC cells are arranged in fixed segments and are

addressed directly, instead of through a matrix (for
instance, watch and calculator displays).

The most effective method for enhancing the
performance of a multiplexed LCD is to increase
the amount of twist in the LC cell above the 90 de-
grees used in the TN LCD. When the twist angle
within the LC layer is increased to 270 degrees,
the transmission of the LC becomes more sensi-
tive to differences in voltage. Higher contrast ra-
tios can be obtained through this technique, and
larger numbers of pixels can be addressed
compared with the TN LCD. The introduction of
such supertwisted nematic (STN) LC displays en-
abled the use of LCDs in computer displays.

Although they perform better than TN LCDs in
large displays, STN LCDs still suffer from cross-
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talk and, thus, from the tradeoff between contrast
and array size, or resolution. The scan time for a
frame is too slow for full motion video display.
Another limitation is that the large amount of twist
results in separation of the color spectrum, called
birefringence, producing nonuniform colors
across the display. By using a second STN display
with the opposite twist (double STN) or a layer of
birefringent retardation film (film-compensated
STN), true black and white displays can be fabri-
cated. The latter approach is preferred because of
its thin profile and light weight, and can be modi-
fied to display color through the placement of red,
green, and blue color filters on one of the glass
plates.

Despite these limitations, and the narrow view-
ing angle that limits most STN displays to single-
person viewing, STN LCDs have found wide use
as displays in portable computer screens and
handheld electronic devices, and are the most
common choice for passive matrix LCDs
(PMLCDs). A recent innovation, called dual-
scan, improves PMLCD performance by splitting
the display horizontally and addressing each half
independently. This reduces the effective number
of rows in the display and, thus, the amount of
crosstalk.

Standish Industries (Lake Mills, Wisconsin) is
one of the most experienced American producers
of PMLCDs. With $25 million in annual sales,
Standish produces more than two million displays
per year. These are mostly low-information-con-
tent displays for commercial and industrial ap-
plications, such as tractors, gas pumps, and office
equipment. Standish also makes some customized
military applications and collaborates with other
firms on AMLCD development (see next section).

Three-Five Systems (Phoenix, Arizona), a
manufacturer of passive matrix LCDs, had sales
growth of 125 percent in 1994, to $85.5 million.
Three-Five sells nearly five million LCDs per
year (mostly manufactured in Asia) for use in
handheld telecommunications, medical devices,
and some military devices. Most of Three-Five’s
LCDs are low-information-content, alphanumer-
ic displays, although a small portion are 1/4 VGA
in resolution. In 1995, a new manufacturing facil-

ity opened in Phoenix. The facility, which has a
capacity of over 280,000 square feet of LCDs per
year, will produce more than 50 percent of Three-
Five’s LCDs; the remainder will continue to be
purchased from Asian suppliers.

❚ Electroluminescent Displays
Electroluminescence is the nonthermal emission
of light generated by the application of an electric
field to a material. Common arrangements use
copper sulfide particles in a zinc sulfide lattice to
serve as conductive or semiconductive inhomoge-
neities, ejecting electrons into a phosphor where
they recombine to activate the emission process.

Electroluminescent displays (ELs) can be fab-
ricated using a powder suspended in an insulator
or, in the thin film EL (TFEL), using a thin (typi-
cally 0.5 microns) continuous film prepared by
sputtering or vacuum evaporation (see figure
A-2). The phosphor film is enclosed between two
thin, transparent, insulating films, which are, in
turn, sandwiched by transparent conductors. This
conductor-insulator-phosphor-insulator-conduc-
tor stack acts as a capacitor; no light is emitted un-
til the voltage reaches a threshold determined by
the properties of the insulator and phosphor films.
At the threshold voltage, electrons trapped at the
insulator-phosphor interface are released into the
phosphor film, activating luminescence. After
passing through the phosphor, the electrons are re-
trapped at the second insulator-phosphor bound-
ary; on reversal of polarity, the action is repeated
and the electrons return to the original interface.
Above the threshold voltage, the brightness in-
creases steeply with applied voltage, until a satu-
ration voltage is reached.

The phosphor film often used is manganese-
doped zinc sulfide, which emits yellow light. Oth-
er phosphors that have been developed emit blue,
green, red, and white light, with varying bright-
ness. The development of phosphors with ade-
quate brightness in these colors has enabled the
fabrication of full-color TFEL displays. ELs can
be constructed to operate at video rates, have good
brightness characteristics, and are thin and reli-
able. Like plasma, EL displays are limited by high
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SOURCE Joseph A Castellano, Handbook of Display Technology (San Diego, CA: Academic Press, 1992), figures 61 and62

power requirements and difficulties controlling
gray levels.

Planar (Beaverton, Oregon) is the world leader
in EL manufacturing. Roughly half of Planar’s
annual production of 120,000 displays are
manufactured in the United States, and half at its
plant in Finland. Most of its $60 million in 1994
sales were in medical and industrial high-informa-
tion-content displays. About 12 percent of sales
were derived from military markets. Planar Ad-
vance, an avionics division recently acquired from
Tektronix, is conducting cooperative R&D with
Xerox on AMLCDs. Planar is leading a project
funded by the Department of Defense’s Advanced
Research Projects Agency (ARPA) on thin film
and active matrix EL technology for head-
mounted displays.

Norden Systems (Norwalk, Connecticut), a
subsidiary of Westinghouse, has produced EL dis-
plays since the early 1980s. Its plasma display
plant in Connecticut was refitted in 1983 to
manufacture EL displays. Norden earns most of
its sales from customized, rugged, high perfor-
mance military applications. The company plans

to pursue more commercial and industrial mar-
kets, including transportation applications.

❚ Plasma Displays
Plasma devices operate on the principal of gas dis-
charge. When subjected to an electric field, certain
gases ionize, or break down into electrons and
ions, causing the gas to glow. Plasma display fab-
rication is similar to LCD and EL manufacturing:
glass plates with electrical conductors arranged
orthogonal to each other encase the active material
(typically a neon mixture) in a vacuum. The inter-
sections of the row- and column- electrodes define
the display pixels, effectively creating an array of
miniature neon lamps. The characteristic color of
plasma discharge is orange; in order to create color
plasma displays, an ultraviolet-emitting gas is
used to cause phosphorescent cell coatings—
arrayed in sets of red, green, and blue—to glow.

The ability to fashion plasma display panels
with high resolution (greater than 50 pixels per
inch) in sizes greater than one meter in diameter
has led some to consider using plasma technology
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for high definition television displays. However,
plasma systems have some drawbacks, including
high power requirements; high cost and electron-
ics complexity; and generally thick display pan-
els.

Plasma displays use either direct current (DC)
or alternating current (AC) drive schemes. By
supplying a voltage level equal to half of the
threshold ionization voltage for the gas to both a
row electrode and a column electrode, the gas in
the pixel at the crossover point will discharge,
emitting light. Since each pixel is emitting for
only a fraction of the time, the display is some-
what dim. DC plasma displays can use batteries as
power sources, which allows for portability, but
the low efficiency of plasma systems requires large
amounts of power, limiting such applications.

To enhance the brightness of plasma displays, a
method of keeping the pixels glowing for a longer
period of time is necessary. This can be accom-
plished by using AC as the energizing source. The
fluctuations of the AC signal cause charge to be
added to existing charge on the electrodes, trigger-
ing another discharge. The pixels fire every time
the voltage reverses, which is a greater proportion
of the time, and the effect is a brighter display.

Photonics Imaging, a subsidiary of Photonics
Systems (Northwood, Ohio), manufactures both
monochrome and color AC plasma displays. Its
facility has a capacity of 5,000 displays per year,
which are mostly used in military applications.
Photonics recently demonstrated a prototype of a
21-inch, 1280- by 1024-pixel, full-color, video
rate display.

Plasmaco (Highland, New York) manufactures
high-information-content AC plasma displays. Its
plant has a capacity of 15,000 monochrome dis-
plays per year. Plasmaco recently developed a
21-inch, 640- by 480-pixel color prototype. Al-
though all of the work on monochrome units is
completed internally, Plasmaco purchases some
of its color display subassemblies, including glass
substrates, from foreign producers. Plasmaco
sells mostly to business and commercial markets,
and some to the military.

Electro Plasma (Milbury, Ohio) has been pro-
ducing AC plasma displays since the mid-1970s.
Its facility produces between 5,000 and 7,000 dis-
plays per year, mostly for military and medical ap-
plications. Electro Plasma is working on a color
plasma display.

Other manufacturers, such as Babcock, Cherry,
and Dale Electronics, produce low-information-
content plasma displays for industrial controls,
medical devices, and arcade games. Annual dis-
play revenues for these firms is in the range of $10
million to $15 million.

❚ Other Emissive Displays
Two other types of FPDs are commonly used in
low-information-content applications, such as ap-
pliance indicators and simple text or numeric dis-
plays. Vacuum fluorescent displays (VFDs)
operate on a principle similar to cathode ray tubes.
A wire filament (cathode) is heated, creating ther-
mal emission of electrons. The electrons acceler-
ate past a grid structure and land on an anode,
which is covered with a phosphor that emits light
in response to the incident electrons. The VFD is
in essence a flat cathode ray tube (CRT), but, un-
like the CRT, is used only in small, simple dis-
plays. It is a mature and inexpensive technology,
however, and is used widely in products such as
videocassette recorders. The dominant producers
are Japanese companies, including Futaba, NEC,
and Ise.

Light emitting diodes (LEDs) are solid state de-
vices typically fabricated from single crystal gal-
lium-based semiconductors. Light emission is
created at the junction of two materials having dif-
ferent concentrations of available electrons, caus-
ing flow across the junction. When electrons are
combined with holes, light is emitted as a by-
product. Hewlett Packard (Palo Alto, California)
is a leading manufacturer of LEDs. Although
LEDs are very inexpensive and reliable, the diffi-
culty of constructing large arrays has limited dis-
play applications to simple indicators and gauges.
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Feature Passive matrix Active matrix

Liquid crystal mode supertwisted nematic twisted nematic

Contrast ratio 10-20:1 >100: 1

Viewing angle (degrees)a hor izonta l :  ±30 horizontal ±60
vertical: ±25 vertical +45, -30

Gray scale 16 2 5 6

Response time (milliseconds) 100-200 3 0 - 5 0

Multiplex ratiob 4 8 0 > 1 0 0 0

Size (Inches diagonal) 17 < 1 4

Manufacturing simple complex
cost moderate high—

NOTES
aViewing angle IS defined as the angle from the perpendicular to the display within which the image IS visible at a contrast ratio greater than 5
bMultiplex ratio determines the Iimit of addressable Pixel rows for the display.

SOURCES: Thomas L. Credelle, “Passive Matrix Liquid Crystal Displays, in JTEC Panel Report on Display Technologles in Japan,
Lawrence E Tannas and William E. Glenn (eds.) (Baltimore, MD: Loyola College in Maryland, June 1992), table 4 2: F C Luo, “Active
Matrix LC
table 151

Vol. 1, Birendra Bahadur (ed.) (Singapore: World Scientific, 1990),

Several
organic
LEDs,

Displays, ” in Liquid Crystals: Applications and Uses,

research groups have experimented with
polymers that emit light (as opposed to
which are made from inorganic sub-

stances). Such materials could be used in the fu-
ture to create low-cost, flexible displays.

THE LEADING COMMERCIAL
TECHNOLOGY: ACTIVE MATRIX LIQUID
CRYSTAL DISPLAYS
The tradeoff between contrast and resolution in
PMLCDs is a result of requiring the LC to handle
both transmission modulation and addressing
tasks. Active matrix addressing provides away of
avoiding this tradeoff through the use of nonlinear
switching elements at each pixel. Table A-2
compares passive and active matrix technologies
in terms of several performance and production
characteristics,

By addressing each pixel via a semiconductor
switch and holding it in a steady state until ad-
dressed during the next scan, the active matrix al-
lows for control over the transmission function of
each pixel individually and independent of all oth-
er pixels. Since there is no crosstalk to limit the
number of available pixels, AMLCD technology
allows large, high-resolution displays. Since color
displays require a threefold increase in the number
of pixels, active matrix addressing has enabled

high performance LCDs for computer and televi-
sion screens.

in an AMLCD (figure A-3), there is one switch-
ing element per pixel; this is typically a thin film
transistor (TFT), but diodes have also been used in
some AMLCDs. The TFTs in each row have one
terminal connected to a row-addressing electrode
(figure A-4). When a pulse is applied to a row

SOURCE: Steven W Depp, Director, Subsystem Technologies and Ap-
plications Laboratory, Thomas J. Watson Research Center, IBM, 1995
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Column select (data, source)

SOURCE. Arthur H Firester, “Active Matrix Technology,” in JTEC Pane/ Report on Display Technologies in Japan, Lawrence E Tannas and William

E Glenn (eds.) (Baltimore, MD Loyola College in Maryland, June 1992), figure 51.

electrode, each of the TFTs in the row is turned on,
and the pixels in that row are ready to be ad-
dressed. The column electrodes, connected to a
second terminal on the TFT, provide the appropri-
ate voltage to set the gray level for each pixel. The
third terminal of each TFT is connected to the ac-
tive area of the LC cell. The LC material acts as a
charge-storing capacitor, sandwiched between the
TFT and a common electrode deposited on the
other glass plate (a thin-film capacitor that stores
charge is often added to each pixel). Each pixel
can only be addressed when its TFT is on, thus
eliminating pixel crosstalk; when the TFT is off,
the charge is held in the LC capacitor until the next
scan cycle, eliminating any effects due to relax-
ation of the LC material.

By allowing for many more pixels and using
them in a redundant fashion, the AMLCD can pro-
duce better quality color than the PMLCD. Each
pixel in a color display is made up of three or four

subpixels, filtered in the additive primary colors
(red, green, and blue; often with an additional
white or redundant color pixel), which are com-
bined to create other colors. Multiple gray levels,
combined with additive color, produce a large col-
or palette. The use of absorptive color filters
makes color AMLCDs quite robust to use under
conditions of bright ambient light (such as en-
countered in aircraft cockpits), since most of the
ambient light is absorbed by the color filters and
not reflected back to the observer (as with a cath-
ode ray tube).

Color displays also increase the power required
to produce a given screen brightness, as color fil-
ters typically absorb 75 percent of the incident
light. Together with the polarizers, which absorb
about 60 percent, and the nontransmitting por-
tions of the LC layer, which absorb roughly 50
percent, the overall transmission of a color
AMLCD is about 5 percent. The fluorescent
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lamps used in backlighting are efficient sources;
even considering losses due to the diffusing plate
used to smooth out the light from the narrow
tubes, the backlight systems have efficiencies of
15 to 35 lumens per watt of electrical power. Ac-
counting for the display transmission, the overall
efficiencies for color AMLCDs are typically in the
range of 1 to 2 lumens per watt. This is superior to
the efficiency of cathode ray tubes, which are in
the range of 0.5 to 3 lumens per watt.

Several types of nonlinear devices are used in
AMLCDs to select and isolate individual cells for
active matrix LCDs. The most common are amor-
phous silicon, polycrystalline silicon, and cad-
mium selenide TFTs. Due to several decades of
solar cell research, amorphous silicon (a:Si) has
the advantage of being the best understood materi-
al, and is used by most of the leading producers of
AMLCDs.

❚ Amorphous Silicon Thin Film Transistor
AMLCDs

The predominant AMLCD TFT technology is the
hydrogenated amorphous silicon thin film transis-
tor (a:Si TFT). The a:Si TFT can be deposited at
temperatures below 400 �C, allowing for the use
of inexpensive glass substrates. While a:Si is well
suited for the pixel elements, it has a low electron
carrier mobility, limiting its use in fabricating
row- and column-driver circuits. Column drivers
must rapidly send data to all the pixels in a row
during a row scan, and operate at frequencies
greater than 10 megahertz in large arrays (row
drivers are less demanding, operating in the kilo-
hertz, because each row is held on while all the
column data lines are pulsed). Unless the device
features are 5 microns or less, a:Si cannot be used
to fabricate display driver circuitry, which must be
implemented in integrated circuits.

Optical Imaging Systems (OIS, Troy, Michi-
gan) has built a medium-volume AMLCD
manufacturing facility in Northville, Michigan,
with a capacity of 40,000 displays per year. The
majority of OIS’s revenues comes from military
programs. OIS produces customized FPDs for
military systems and also sells displays to defense

contractors, who then further modify the displays.
OIS also produces some displays for commercial
systems, such as avionics, and is developing stan-
dard displays for such applications. In a coopera-
tive development agreement with Apple, OIS has
agreed to provide limited quantities of 10.4-inch
displays for portable computer replacements. OIS
is considering construction of a high volume (as
large as 1 million displays per year) plant to sup-
ply such a market.

AT&T High Resolution Technologies (Berke-
ley Heights, New Jersey), Standish Industries, and
Xerox Palo Alto Research Center (Palo Alto,
California) are working together in the American
Display Manufacturing Partnership (ADMP),
which received an ARPA grant to develop
manufacturing processes for AMLCDs. In addi-
tion to Standish’s LCD fabrication capability, Xe-
rox’s AMLCD development and AT&T’s
packaging capabilities will be used to develop
product prototypes. Although the ADMP began in
1991, the three firms have made no decision yet to
move forward with any joint manufacturing op-
erations

ImageQuest Technologies (Fremont, Califor-
nia) is majority-owned (60 percent) by Hyundai,
and works closely with Kent State’s Liquid Crys-
tal Institute. Its first product, a 6- by 8-inch
AMLCD, is undergoing evaluation for a military
display program. By 1997, ImageQuest expects
its manufacturing facility to have a capacity of
4,000 displays per year.

Sharp Microelectronics Technologies (Camas,
Washington) is a wholly owned subsidiary of
Sharp Corp. of Japan. Over 300,000 AMLCDs
and PMLCDs are assembled at the facility each
year. Complete LC glass cells, backlights, and
printed wiring boards are imported from Asia
(mostly Japan). Sharp Microelectronics provides
these standard LCDs for original equipment
manufacturers of laptop computers in the United
States.

❚ Other AMLCDs
Polycrystalline silicon (p:Si) is similar to a:Si, but
is deposited and annealed at a higher temperature
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(above 600 �C) to give it a quasi-crystalline struc-
ture and higher electron mobility. The high tem-
perature required for this process has limited
production device sizes to approximately five in-
ches in diagonal on quartz or high-quality glass
substrates. The high electron mobility of p:Si al-
lows the fabrication of drivers with the speeds
necessary for large arrays on the same substrate as
the TFTs. As the driver electronics (which are ex-
ternal to the display in a:Si AMLCDs) comprise
much of the cost in AMLCD production, this
could reduce manufacturing costs. The p:Si TFT
was used in the first commercial LCD display, a
2-inch pocket television offered by Seiko-Epson
in 1984. Expansion of the technique to larger dis-
plays has been slow, however. At present, the p:Si
process has a market niche in projection displays
and videocamera viewfinders that use AMLCDs
of a few inches or smaller. Xerox’s Palo Alto Re-
search Center and SRI’s David Sarnoff Research
Center (Princeton, New Jersey) are developing
p:Si displays.

One of the first materials used in TFTs was cad-
mium selenide (CdSe), which outperforms a:Si in
several ways. Because of difficulties in handling
CdSe and the dominance of silicon materials, it
has only been used in a limited number of custom
displays. Litton Systems Canada (Etobicoke, On-
tario) uses CdSe for AMLCDs in its cockpit
avionics systems.

Single-crystal silicon (X:Si) processing in-
volves fabricating circuitry on a conventional sili-
con substrate, removing the circuit, and bonding it
onto a display substrate (glass or plastic) that is
then used to assemble an AMLCD. Active matrix
circuits using x:Si have higher electron mobility
than p:Si, and higher optical transmission than
other AMLCDs.

Kopin Corp. (Taunton, Massachusetts), with
assistance from DOD, developed the x:Si tech-
nique for producing AMLCDs. To date, the com-
pany has been successful in using the process to
build a high resolution display on small (1/2-inch
or 1-inch) squares. Kopin’s facility has a capacity
of 200,000 displays per year, but has only pro-
duced small quantities to date. These small

AMLCDs are used in helmet or head mounted dis-
plays (HMD) and in projection systems.

WAH III Technology (Novato, California) is
also developing single-crystal silicon AMLCDs.
Rather than peeling the etched circuitry from the
silicon wafer, the WAH III process leaves the ma-
trix and incorporates a reflective surface between
the wafer and the active matrix. This small reflec-
tive AMLCD is currently used only for spatial
light-modulating applications, but could develop
into HMD and projection technology.

Future TFTs may be fabricated from organic
polymers using simple printing techniques. Re-
search groups have fabricated such devices and
are developing production techniques. Unlike
current TFTs, which use metals and semiconduc-
tors in a complex process, transistors made from
organic polymers would be flexible. This would
allow for plastic displays, which would be less
costly to produce and lighter than glass displays.

Since transistors require connections between
the row, column, and LC electrode at each pixel
(figure A-4), TFT arrays must be fabricated by de-
positing the row- and column-electrodes and the
TFTs on the same glass substrate. This has caused
manufacturing problems because any deposition
defects at the multiple crossover points lead to
short circuits, creating bad individual pixels, rows
of pixels, or columns of pixels. These problems
have led to use of switching devices that only re-
quire connection to the column electrodes, thus
separating the electrode sets onto separate sub-
strates; semiconductor diodes have been used in
this role, typically using metal-insulator-metal
(MIM) fabrication techniques. The production
process is simple, uses low-cost glass substrates,
and can be done at temperatures below 300 �C.
Diode arrays can be produced more reliably than
TFT arrays because the row electrodes are fabri-
cated on one glass substrate and the diodes and
column electrodes are fabricated on the other,
avoiding the possibility of crossed electrodes on
either layer. MIM devices do suffer from limited
nonlinearity and strong temperature sensitivity,
resulting in gray scale nonuniformities. In terms
of manufacturing cost and complexity, and device
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performance (contrast ratio and color display),
MIM technology falls between the TFT AMLCD
and passive matrix LCDs The leading firms in
this area are Seiko-Epson of Japan and FPD Co. of
Europe.

Another hybrid approach to AMLCDs involves
using channels of ionized gas instead of rows of
TFTs as the switching mechanism, combining gas
plasma and LCD technologies. in plasma-ad-
dressed LC (PALC) displays, the channels are
etched into the glass substrate, filled with an inert
gas such as helium or neon, and sealed (figure
A-5). The channels make up the rows of the array,
and are fitted with two electrodes. When a voltage
is applied to the electrodes, the gas in the channel
becomes ionized and conducts current. The col-
umns run perpendicular to the gas channel rows,
and supply the analog pixel data. The LC is sand-
wiched between the row electrode array and the
gas channels. Because the ionized gas is needed to
complete the LC charging circuit, the column data
voltages only have an effect on the pixels in a row
for which a plasma channel is switched on. Thus,
by charging the channel rows in sequence and
sending data signals during the time the gas is
switched on, the display is addressed row by row.

Unlike AMLCDs that use TFTs, this technology
is not limited in size by the semiconductor deposi-
tion process, and thus could potentially allow for
low-cost production of large displays. PALC
technology was developed by Tektronix (Beaver-
ton, Oregon), which spun off a firm called Techni-
cal Visions, Inc. to pursue it; the new firm has
developed a 16-inch prototype and signed a devel-
opment agreement with Sony.

LEAPFROG TECHNOLOGIES: FED, DMD,
and OTHER LCDs
Several FPD approaches currently underdevelop-
ment could result in displays that produce higher
quality images, require less power, and cost less
to produce than commercially available FPDs.
The two leading technologies are the field emis-
sion display and the digital micromirror device.
While these technologies could leapfrog the
AMLCD, they are closely related to established
technologies such as the cathode ray tube and the
semiconductor chip.

❚ Field Emission Displays
The field emission display (FED) is similar to the
cathode ray tube in that it aims beams of electrons
at phosphors deposited on the inside of a glass
screen that emit light. Rather than one large elec-
tron gun, however, the FED uses arrays of micro-
emitters in a flat display matrix. Each pixel
consists of a large number of microemitters (often
thousands), each about 1 micron in size and made
of metal (such as molybdenum), silicon, or dia-
mond, sealed in a vacuum (see figure A-6). Elec-
trons are ejected from the microemitters under a
high electrical field, and are accelerated onto the
opposing phosphor. The redundancy of emitters
for each pixel allows for failures of individual
emitters without performance degradation, and
the proximity of the microemitters to the phos-
phors provides sharp focusing. Production diffi-
culties can arise from nonuniformities in the
microemitters (resulting in brightness variation)
and loss of vacuum (reducing microemitter per-
formance). By replacing the microemitters with a
thin diamond film, deposited by a silk-screening
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process, some of the fabrication difficulties can be
mitigated.

PixTech of France was formed in 1992 to com-
mercialize developments in FED technology at
the Laboratoire d’Electronique, de Technologies et
d’Instrumentation (LETI), a research laboratory
of the French atomic energy agency that had built
on work done at the American firm, SRI Intern-
ational. PixTech holds the rights to several FED ap-
proaches, and produced the first 6-inch diagonal
FED. PixTech has formed alliances to accelerate
the commercialization of FED; in addition to the
Japanese firm Futaba, PixTech has signed bilater-
al cross-licensing agreements with Texas Instru-
ments (TI; Dallas, Texas), Raytheon (Quincy,
Massachusetts), and Motorola Corp. (Schaum-
berg, Illinois). Under the agreements, PixTech li-
censes FED technology developed at LETI, in
return for the technology developed by each of the
U.S. firms as it existed at the time of the agree-
ment, and as it is subsequently developed over the
period of the agreement, expected to be three
years.

Raytheon, TI, and Motorola have also collabo-
rated with the government to develop FED
technology; Raytheon and TI are leading an
ARPA project, and Motorola has worked with
Sandia National Laboratories.

Coloray Display Corp. (Fremont, California)
is also developing FEDs, and plans to begin
pilot manufacturing in 1997 or 1998. Coloray is
concentrating R&D efforts on low-voltage phos-
phors, glass sealing, electron optics, and litho-
graphy to improve manufacturing processes.
Current R&D work is focusing on a process to
construct larger FEDs.

FED Corp. (Hopewell Junction, New York) is
developing a 7-inch, high-resolution FED for cus-
tomized military applications. The company be-
gan building production facilities in 1994; the
facility has a capacity of 10,000 plates per month.
It has also worked with Zenith on large screen ap-
plications and with two other U.S. firms on a
10.5-inch prototype.

Micron Display Technology (Boise, Idaho) is a
subsidiary of Micron Technologies, a leading U.S.
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SOURCE: Gary Feather, Marketing Manager, Digital Imaging Venture
Projects, Texas Instruments, 1995,

producer of memory chips. Micron has produced
high-resolution, l-inch FEDs for head-mounted
displays, and has plans to produce FEDs of 10 in-
ches and larger for portable computers.

SI Diamond Technology (Houston, Texas) has
pioneered the use of thin diamond films instead of
microemitters, with the assistance of several gov-
ernment grants. The company has developed a
monochrome prototype, and initial production is
planned for 1996. In work with the Phosphor
Technology Center of Excellence, SI Diamond

has devised and is patenting a means to extend the
lifetime of low-voltage color phosphors to 25,000
hours. The company is also working with Russian
partner, DiaGasCrown, on thin film diamond
technology.

Silicon Video Corp. (Cupertino, California) is
building prototypes and plans for full volume pro-
duction in 1997. It is the leader of an ARPA-
funded project to develop FED manufacturing
technology. The company has strong corporate
backing and the cooperation of Compaq and Hew-
lett Packard.

■ Reflective Displays
Reflective devices form images by controlling in-
dividual mirror elements in an array. Since an
image cannot be viewed directly from a mirror
array, reflective systems operate in projection
mode, in conjunction with a high-intensity light
and optical system. The image is projected onto a
translucent screen from behind, or an opaque
screen from the front, and allows large groups to
view computer or television images.

The primary technique under investigation is
called the digital micromirror device (DMD), de-
veloped by TI. The DMD is an electromechanical
structure that is deposited using conventional
semiconductor materials, processes, and fabrica-
tion lines in a standard integrated circuit chip
package. The device contains an array of transis-
tors over which an aluminum layer (etched into an
array of square micromirrors) is deposited. Each
mirror corresponds to a transistor, and is attached
at two diagonally opposing comers to support pil-
lars with torsion bars (figure A-7). Current pass-
ing through a transistor creates an electrostatic
field, causing the mirror to tilt in response. In one
position (the light state), the mirror reflects light
from an illumination source to a projection sys-
tem; in the other position (the dark state), the light
is reflected away from the projection system. By
flipping the mirror between light and dark states,
continuous gray levels may be produced—the
more often the mirror is in the light state, the
brighter the corresponding pixel. By combing the
reflection from three different colored light
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sources, a full-color display can be created. The
response time of the device is very fast, and dis-
plays of 442,000 mirrors have been fabricated
with scan rates of 100 per second. TI has not yet
produced the display in commercial quantities, al-
though it has entered into product development
agreements with In Focus, Nview, Proxima, Rank
Brimar, and Sony. Aura Systems (El Segundo,
California) is developing a similar technology, but
one that uses an analog, as opposed to digital,
scheme.

❚ Other LCD Materials and Addressing
Schemes

LCDs made from ferroelectric liquid crystals
(FLCs) exhibit switching speeds that are much
faster than nematic LCDs, and have inherent
memory: once set, the FLC remains in the same
state, even after the electric field is removed. This
memory property provides a method for getting
around the tradeoff between contrast and resolu-
tion because, even in large arrays, individual cells
remain at a constant state indefinitely. Since FLCs
only have two states, however, they are not capa-
ble of displaying gray scales—and thus full col-
or—which is a barrier to their use in computer and
television displays. FLCs use a thin LC layer, pro-
ducing wide viewing angles, because viewing
angle increases with decreasing LC thickness.
However, the tight assembly tolerances required
by the thin layer make them hard to produce and
sensitive to shock and vibration.

As yet, FLCs have not been produced in any
large amounts, but Canon of Japan has developed
several prototypes. In the United States, Display-
tech and Boulder Nonlinear Systems (both of
Boulder, Colorado) produce custom FLCs for re-
search applications.

Another material in the research stage is the
polymer-dispersed liquid crystal (PDLC)—also
referred to as nematic curvilinear aligned phase
(NCAP)—which scatters light at rest and trans-
mits light under the presence of an electric field.
The PDLC/NCAP display is made by encapsulat-
ing LC material in a transparent polymer, which is
then sandwiched between layers of plastic coated

with a transparent conducting film. The walls of
the capsules do not alter the random alignment of
the LC, causing scattering and an opaque appear-
ance in the off state. The application of an electric
field causes the LC molecules to be aligned with
the field. The LC material then appears transpar-
ent and the pixel is on. Since they do not require
the use of polarizers (which account for a large
share of transmission loss in LCDs), PDLC dis-
plays have high transmittance. In addition, PDLC
materials can be deposited on flexible plastic sub-
strates. This could allow for high volume produc-
tion runs on equipment used for handling polymer
film. Due to difficulties in addressing arrays of
pixels, however, PDLC cannot currently be multi-
plexed into high-information-content displays.

Raychem Corp. (Menlo Park, California) is
currently developing PDLC displays, which are
used with a reflective backing in a projection sys-
tem. Kent Display Systems (Kent, Ohio) has de-
veloped a polymer-stabilized cholesteric-texture
LCD; this LCD transmits as much as 90 percent of
incident light, and is targeting low-information-
content applications such as highway signs.

The response time of STN LCDs is just fast
enough to follow cursor movement on a computer
display, but too slow to display full motion video
images. In an effort to improve video perfor-
mance, several methods—referred to variously as
active addressing, adaptive scanning, or multiline
selection—have been developed to replace the
common multiplex technique. These approaches
use algorithms, hard-coded into electronic circuits
off of the display, to drive the rows and columns in
complex ways. Instead of sending a high voltage
pulse down the rows, a set of predetermined sig-
nals (in the case of active addressing, based on
Walsh functions) are applied to multiple rows si-
multaneously and a voltage, whose value depends
on the state of the pixels in that column, is applied
to the columns. The algorithms determine which
rows need which signals, and calculate the proper
column voltage within the timeframe allotted. In
addition, the LCD has to be capable of switching
at video rates; this means decreasing the cell thick-
ness and using fast LC material. The active ad-
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dressing approach allows for any number of lines
(currently up to 255) to be addressed simulta-
neously.

In Focus Systems (Tualitin, Oregon) developed
the active addressing technique, and is the world
market leader in PMLCD projection systems. Al-
though their products use both AMLCDs and
PMLCDs, these displays are acquired externally,
mostly imported, and incorporated into their sys-
tems. In Focus has invested this know-how in Mo-
tif (Wilsonville, Oregon). Motif is a $21-million
joint venture between In Focus and Motorola to
produce PMLCDs using the active addressing
technique for use in commercial and communica-
tions applications. Initial plans to build a pilot

manufacturing plant were scrapped in 1994, and
the development of the application-specific inte-
grated circuit (ASIC) prototype needed for active
addressing was 18 months behind schedule. In
March 1995, Motorola announced its intention to
drop its share in the venture. Positive Technolo-
gies (San Diego, California) has developed the
adaptive scanning technique for PMLCD perfor-
mance enhancement. Although the technology
has been provided to other producers of LCDs for
business, transportation, and military applica-
tions, volumes have remained small. Multiline
selection has been developed by Optrex of Japan,
and is used in commercially available displays.
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Acronyms

a:Si amorphous silicon
AC alternating current
ADC American Display Consortium
ADMA Advanced Display Manufacturers

of America
ADMP Advanced Display Manufacturing

Partnership
AFB Air Force Base
AMLCCD Active Matrix Liquid Crystal

Cockpit Display project (DOD)
AMLCD active matrix liquid crystal display
ARPA Advanced Research Projects

Agency (DOD; formerly DARPA)
ASIC application-specific integrated

circuit
ATI air transport indicator
ATP Advanced Technology Program

(NIST, DOC)
AWACS Airborne Warning and Command

Systems
CGR Combined Guard and Reserve

(U.S. Air Force, DOD)
COB chip-on-board
COF chip-on-film
COG chip-on-glass
CRT cathode ray tube
DARPA Defense Advanced Research

Projects Agency (DOD; now
ARPA)

DC direct current
DMD digital micromirror device
DOC Department of Commerce
DOD Department of Defense
DPA Defense Production Act
DRAM dynamic random access memory
DTI Display Technology, Inc.
DVE Driver Vision Enhancement

program (U.S. Army, DOD)
ECAM European Consortium Active

Matrix
EDI Electronic Designs, Inc.
EL electroluminescent
ERSO Electronics Research and Service

Organization (Taiwan)
ESPRIT European Strategic Programme for

Research and Development in
Information Technologies

ESTO Electronics Systems Technology
Office (ARPA, DOD)

EU European Union (formerly
European Community)

FASA Federal Acquisition Streamlining
Act of 1994

FBIS Foreign Broadcast Information
Service

FED field emission display
FLC ferroelectric liquid crystal
FPD flat panel display
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GATT General Agreement on Tariffs and
Trade

GTC Giant Technology Corp. (Japan)
HDS High Definition Systems program

(ARPA, DOD)
HDTEC High Definition Television

Engineering Corp. (Japan)
HDTV high definition television
HMD helmet/head mounted display; also

Helmet Mounted Display program
(ARPA, DOD)

HRS High Resolution Systems program
(ARPA, DOD)

IC integrated circuit
ITA International Trade Administration

(DOC)
ITC International Trade Commission
JKTC Japan Key Technologies Center
LC liquid crystal
LCD Liquid crystal display
LCU Lightweight Computer Unit

program (U.S. Army, DOD)
LED light emitting diode
LETI Laboratoire d’Electronique, de

Technologie et d’Instrumentation
(a research laboratory of the
French atomic energy agency)

MIM metal–insulator–metal
MITI Ministry of International Trade

and Industry (Japan)
MPT Ministry of Posts and

Telecommunications (Japan)
NASA National Aeronautics and Space

Administration
NCAICM National Center for Advanced

Information Components
Manufacturing

NCAP nematic curvilinear aligned phase
NFPDI National Flat Panel Display

Initiative
NHK Nippon Hoso Kyokai (Japan’s

national broadcasting company)
NIST National Institute of Standards and

Technology (DOC)

NORAD North American Air Defense
(Strategic Air Command, DOD)

NSF National Science Foundation
NTT Nippon Telephone and Telegraph

(Japan)
OEM original equipment manufacturer
OIS Optical Imaging Systems
PALC plasma–addressed liquid crystal

display
PDA personal digital assistant
PDP plasma display panel
PDLC polymer dispersed liquid crystal
PMLCD passive matrix liquid crystal

display
p:Si polycrystalline silicon
PTCOE Phosphor Technology Center of

Excellence
R&D research and development
SAGEM Societe d’Applications Generales

d’Electricite et de Mechanique
(France)

SAIC Science Applications International
Corp.

SID Society for Information Display
STN supertwisted nematic
SVGA super video graphics adapter
TAB tape automated bonding
TDS Tactical Display Systems program

(ARPA, DOD)
TFEL thin film electroluminescent

display
TFT thin film transistor
TI Texas Instruments
TN twisted nematic
TRP Technology Reinvestment Project

(DOD)
USDC U.S. Display Consortium
VCR video cassette recorder
VTR video tape recorder
VFD vacuum fluorescent display
VGA video graphics adapter
x:Si single crystal silicon
XGA extended graphics array


