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　In recent years, liquid crystal displays have replaced 
the Braun tube in mainstream television and personal 
computer displays. Although these displays are thin, 
bright and energy-efficient, in the early years of their 
release into the market issues such as changes in 
color tone, reduced contrast and poor image visibility 
would occur when the display was viewed from 
angles other than directly in front. These problems can 
be attributed to the optical deviation (phase differ-
ence) in backlighting when the screen is viewed from 
the side. In mobile applications used outdoors, LCD 
displays also can be difficult to view because of light 
reflected off the screen.
　LCD optical films enhance screen visibility by adjust-
ing the light that filters through the screen as well as 
the light reflected off the screen. With support from 
the Ministry of Economy, Trade and Industry (METI) 
and NEDO, ZEON Corporation developed ZEONOR® 
Film, which features low double refraction and 
high-polarizing performance to deliver uniform polar-
ization on wide film. This was achieved through the 
production of polarizing plates using roll-to-roll pasting 
technology that incorporates sequential biaxial 
stretching technology developed through this research 
and development, the first technology of its kind in the 
world.
　For mobile applications such as smart phones, 
ZEON also developed the world’ s first diagonal 
stretching technology, which uses roll-to-roll pasting 
with the polarizing plates to minimize the reflection of 
exterior light. This has reduced the number of compo-
nents required and enabled the development of thin 
low-cost polarizing plates. In addition to mobile devic-
es, ZEON’ s diagonal stretching technology is also cur-
rently being used in 3D TVs and is expected to be 
widely adopted for organic electroluminescence (EL) 
TVs to reduce glare.
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　There are two types of wide-viewing-angle film used 
in display screens manufactured through ZEON's 
sequential biaxial stretching process: cellulose and 
cyclo olefin. Today, ZEON accounts for 100% of the 
world's cyclo olefin film technology. The company also 
holds a 70% global market share for diagonally 
stretched film designed for mobile phone screens.
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Development of Film Improves Visibility of LCD Displays 
from any Angle
Development of Film Improves Visibility of LCD Displays 
from any Angle

・Grant for Practical Application Development of Industrial 
Technologies Through Industry-Academia Collaboration 
(Development of High-performance LCD TV Technology) 
(FY2002)

By overlapping optical films with the same optical characteristics 
perpendicularly, coloration produced by birefringence effects is 
eliminated. This principle is applied to LCD displays to maintain color 
tone and contrast.

Optical films precursor (COP resin)
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Showa Denko Ceramics Co., Ltd.
TOTO LTD.
Panasonic Corporation

Photocatalyst is a material that dissolves organic 
stains or inactivates bacteria using solar light energy. 
The material (oxide titanium, TiO2) was discovered in 
1967 by Professor Akira Fujishima (President of Tokyo 
University of Science, Special University Professor of 
University of Tokyo), who was a graduate student at 
that time, based on Honda-Fujishima effect of making 
hydrogen from water. Since then, the material has 
been developed and applied as photocatalyst born in 
Japan. In 1995, a photo-induced hydrophilicity 
phenomenon was discovered, which further expanded 
the application. A familiar example is a white tent 
sheet used on roofs of a dome stadium or an indoor 
tennis court (sport facility). The white tent sheet does 
not look dirty or become dark colored even after 
being exposed wind or rain for a long period of time, 
because it is coated with the photocatalyst.

 So far the photocatalyst has been used outdoors. It 
is because the photocatalyst functions by receiving 
high-energy ultraviolet radiation contained in the 
sunlight. In NEDO’s project “Project to Create 
Photocatalyst Industry for Recycling-oriented Society” 
in FY2007 to FY2012, a new visible light responsive 
photocatalyst that could function with indoor light 
such as fluorescent light was developed to expand the 
use methods and application of the photocatalysts.

 As a result ,  a new photocatalyst that could 
inactivate 99.99% of bacteria and viruses in only one 
hour with visible light having a lower energy than 
ultraviolet light was created. In the future, the new 
photocatalyst will be used successively to various 
products  fo r  the  rea l i za t ion  o f  san i ta ry  and 
comfortable living spaces.
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Development of Visible Light Responsive Photocatalyst for Indoor use
Provision of Sanitary and Comfortable Living Space
Development of Visible Light Responsive Photocatalyst for Indoor use
Provision of Sanitary and Comfortable Living Space

Copper compound modifier tungsten oxide called LUMI-RESH 
CW of which Showa Denko Ceramics Co., Ltd. succeeded in 
mass production

Interior paint developed by TOTO with Showa Denko 
Ceramics’ copper compound modifier titanium oxide 
photocatalyst

Panasonic-developed transparent film coated with visible light 
responsive photocatalyst

・Project to Create Photocatalyst Industry for Recycling-oriented Society 
(FY2007-2012)
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Q. Why did this project start? 
In the development of photocatalyst in the 1970s in Japan, it was first found that hydrogen could 

be produced from water and sunlight as a result of the Honda-Fujishima effect and then that the 
optical catalyst can also be used for bacteria prevention and self-cleaning. The project was launched 
with an aim to further develop the oxide titanium photocatalyst technology born in Japan and improve 
tenfold the visible light responsive performance. The final goal of the project was practical indoor 
application of the photocatalysts and expansion of the related industries. 
Another important project aim was to create a new market and foster it to an internationally 

competitive industry by immediate practical application of the visible light responsive photocatalyst to 
final products. 
 
 

Q. Why did this project start? 
Japan's photocatalyst industry has grown mostly for outdoor use and now the annual sales is about 

80 billion yen. However there was no wide application to indoor use and a photocatalyst material 
usable with indoor visible light has been needed. This project aimed to develop a photocatalyst 
material with ten times higher visible light sensitivity (compared to the ordinary nitrogen-doped type) 
and products made with the photocatalyst, necessary for building interior materials that could 
function enough under indoor light. There was a risk that the photocatalyst industry, which had started 
in Japan, would decline without effective visible light responsive photocatalyst. As a result of the 
project, three kinds of high-efficiency visible light responsive photocatalysts were developed and 
bacteria- and virus-prevention effects of products made with the photocatalysts were verified through 
demonstrative experiments conducted at hospitals and airports. With these results, the photocatalyst 
business could be developed in not only the building material market and the medical market but also 
various other product markets that need eco-friendly materials. One could expect that a safe and 
sustainable society will be developed by using the visible light responsive photocatalysts through the 
photocatalyst business expansion. 
 

Q. What is the role of NEDO? 
NEDO supports development of a new-mechanism-based catalyst material at a university to which 

it delegates project researches and immediate development of various products at companies which 
it subsidizes in order to maximize the academia-industry collaboration effect. For this purpose NEDO 
set up a laboratory at the University of Tokyo by collecting research specialists and established an 
all-Japan system where the companies participated in the collaborative researches with the laboratory. 
Under the supervision of Professor Hashimoto, the University of Tokyo, the project has been strongly 
conducted. NEDO not only supported the research or product development but also helped subjective 
effect evaluation of photocatalyst products through international efforts to establish ISO 
(International Standard Organization) and other standards and product certifications. It also supported 
fostering of researches and establishment of a basis for wide development of the photocatalyst 
industry. 
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