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Market Trends

May 19, 2005

World's First Blue LED Made with Zinc Oxide

A Japanese team led by Professor Masashi Kawasaki of the Tohoku University Institute for Materials Research announced it had successfully developed the world's first blue light-emitting diode (LED) made with low-cost zinc oxide in December 2004.

The breakthrough develop will result in the cost of LEDs plunging to a mere one-tenth of conventional blue LEDs, which are made with gallium nitride. What's more, the new LEDs also will deliver 10 times the light-emitting efficiency. With the way now opened up for low-cost, mass-produced LEDs, and also laser diodes and other devices using zinc oxide, it is believed that the LED and laser diode market could expand by as much as several trillion yen. 

LEDs are used as light sources in applications requiring high luminance, long service life and high efficiency, such as large outdoor displays, traffic signals, liquid-crystal display backlighting and illuminations. Laser diodes are used in infrared applications, such as optical communications devices, and in the red through blue domain they are used in information read/write light sources.

The blue LED, which was developed for commercialization in 1993 by Professor Shuji Nakamura of the University of California (then a researcher at Nichia Corporation). The devices have been made with gallium nitride, but ongoing research looking into the possibility of replacing the material with cheaper zinc oxide. 

The research was carried out by Tohoku University and its Institute for Materials Research, the University of Tsukuba, the Institute of Physical and Chemical Research, Shizuoka University, the Tokyo Institute of Technology, the National Institute for Material Science and others. Semiconductor manufacturer Rohm, which hopes to launch samples of its own zinc-oxide blue LEDs within three years, is combining its own original technologies with joint research being carried out with the Institute for Materials Research.

It took about five years to bring the new LED to the light-emitting stage. Zinc oxide, though long-touted as a material capable of light emission, produced a string of disappointments, but at long last a revolutionary new method known as "repeated temperature modulation" was devised to create light-emitting semiconductors.

P-Type Semiconductors 

Zinc oxide, or "zinc white," a low-priced, powdery white substance that is harmless to humans, is widely used for paint pigments, paper coatings, UV-absorbing pigments, voltage spike suppressing varistors, touch-screen transparent conductive films, gas sensors and filler for rubber goods. Although zinc oxide is commonplace, it also possesses semiconductor-like properties. It is inherently prone to becoming an "n-type" semiconductor (high in electrons and conducts a negative charge), so it has been difficult to manufacture high-repeatability "p-type" semiconductors (conducts a positive charge). Previous research unsuccessfully attempted to use zinc oxide to form p- and n-type semiconductors and thereby create so-called "pn-junctions" (positive-negative junctions), through which electrical current was supposed to be passed to emit light. It gradually became apparent that creating p-type semiconductors with zinc oxide posed an extremely stiff challenge.

Crystal defects occur easily in zinc oxide, which enables electrons to transform into negative semiconductors. So, beginning with n-type semiconductors, which are easy to produce, the first step in turning them into p-type semiconductors was to remove this defect from the zinc oxide film, and thereby weaken the n-type properties as much as possible. Once a nearly "non-n-type" state was reached, the second step consisted of introducing nitrogen into the crystal to transform the film into a p-type semiconductor.

Nitrogen evaporates easily, so it was difficult to mix it with the crystal, but this eventually was resolved through a method known as "repeated temperature modulation," where the film crystal growth temperature is repeatedly switched between 400 degrees celsius and 1,000 degrees celsius. The result was the world's first p-type zinc oxide. Zinc oxide pn-junctions were then created and, by passing a current through them, clear blue-color light emissions (around 400nm) were produced. 

Further Developments 

Now that the three primary colors of light can be produced with LEDs, these devices have come to be used widely in displays, decorative lighting, backlighting and as white-light sources in illumination and liquid crystal displays. Looking ahead, however, there are demands for cheaper and more efficient LEDs. At the same time, a multitude of possibilities will open up for ultraviolet-emitting diodes, which emit shorter wavelengths than blue LEDs. Applications include the irradiation of ultraviolet rays in high-efficiency fluorescent substances for light emission at discretional wavelengths, high-efficiency white-light sources, sterilization and semiconductor production processes. The key to developing these new applications will be zinc oxide LEDs.

In the laser diode field, where extremely advanced light-emitting diodes have been developed, gallium nitride blue-colored (405nm) lasers are being perfected for applications such as DVD reader/writers. Because shorter wavelengths make it possible to improve storage density in inverse proportion to the square of the length, there is now a pressing need for longer shortwaves. Hopes are running high that zinc oxide diode lasers will provide the answer.
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(a) Two probes brought into contact at the zinc oxide pn-junction with an electrical current passing through.
(b) Light-emitting LED.



Changing Business Environment

May 6, 2005

Growth in Internet Retailing

Commercial transactions over the Internet have grown rapidly in the Japanese market and now constitute a new sales channel. According to the Ministry of Economy, Trade and Industry, business-to-business online transactions grew from \8.6 trillion in 1998 to \77.4 trillion in 2003, a nine-fold increase, while business-to-consumer online transactions skyrocketed from \64.5 billion to \4.42 trillion, a 69-fold increase. The business-to-consumer online market comprises industries such as real estate, restaurant reservations and other services, travel, entertainment, hobbies, magazines and furniture.

B2C EC Market Size
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Japan has also experienced rapid growth in Internet usage. The Ministry of Internal Affairs and Communications says that Internet service subscribers numbered 29.36 million in September 2004, which included 17.63 million subscribers to broadband services such as optical fiber, xDSL and cable. With the spread of the Internet serving as a tailwind, continued growth in Internet retailing is expected.

Internet shopping malls gathering virtual stores into one site have also enjoyed solid growth. Yahoo Japan Corporation launched Yahoo! Shopping in 1999, initially offering boutique shops with high brand recognition, but later switching to a broader base to capitalize on the Internet's ability to precisely match individuals and products. Yahoo! Shopping has increased its number of stores from 241 in July 2003 to more than 3,000 at present.

The variety of products available has swelled with the mall's increased number of stores. The product lineup, originally centered on items such as personal computers and music CDs, now includes products covering all aspects of day-to-day living. Taku Hasegawa of Yahoo Japan Corp.'s Shopping Business Division relates, "Our female shoppers have risen sharply in number, which has led to greater sales of clothing, jewelry and accessories." The company has also bolstered ties with companies that own the stores. In September 2004, for example, it teamed with Dell K.K. to sell a computer model available exclusively through Yahoo! Shopping.

More information generates more demand 

The service industry is also expanding its use of the Internet for sales. The New Otani, a major Japanese hotel chain, has been maintaining a website since 1996. For accommodations, the hotel's Japanese site provides photos, schematic layouts and complete lists of standard and optional amenities, which enable users to pick the room that best matches personal preferences and needs. For banquets, the site also provides photos and schematic layouts, as well as extensive lists of sound/lighting facilities and banquet support services, allowing customers to confidently choose the most suitable hall without even visiting the hotel.

The site also supports the New Otani's food and beverage business. During the 2004 winter holiday season, for example, the hotel sold elegant Christmas cakes for the relatively high price of \10,500 (about US$100), yet more than 200 were sold, of which some 60 were reserved through the website. Hirotaka Honma, director of the Management Services Department, explains: "The reputation of our cakes spread over the Internet, particularly among young women, and this led to sales beyond our expectations. The website enabled us to develop a new customer base."

In January of this year, New Otani invited up-and-coming Italian chef Massimiliano Alajmo to prepare special courses over a five-day period. The program was a big success, in part due to the effectiveness of using the hotel's website to provide information and accept reservations.

From these experiences, Mr. Honma concludes, "We have found that the Internet is well suited to promotions for refined and somewhat expensive products. We believe this is because the Internet is a sales medium that provides the customer with detailed information and ample time to think about purchase decisions."

The hotel's English site, previously less thorough than the Japanese site, was extensively updated in April and now provides a wide range of information about accommodations, banquets and restaurants. Yuji Ito, director of New Media Marketing, says: "We plan to actively utilize the Internet for overseas sales, for example, by providing appealing dining menus matched to each season."

Catering to "window surfers" 

Internet retailing has expanded into the sports world as well. Rakuten, Japan's largest Internet shopping mall, formed a new professional baseball team, the Rakuten Eagles, last November, and the SoftBank Group, which owns Yahoo! Japan, acquired the SoftBank Hawks in January. Yahoo! Shopping held a special "Hawks sale" in February and March, and plans to hold similar sales during the season.

Yahoo updated the Yahoo! Shopping top page in March of this year. As Mr. Hasegawa relates, "We deemphasized the featuring of specific products on the top page to make it easier for the increasing number of users who want to browse this page. We also expanded the product categories list and placed it prominently in the middle of the screen." With the increase in "window surfers," or web users who visit shopping sites for casual browsing rather than the intention to buy a specific product, it appears that Internet retailing has reached critical mass in Japan. 

—The New Otani hotel's English website, which was updated in April, now provides a much wider array of information about rooms, facilities, services and more. http://www1.newotani.co.jp/en/
—Yahoo! Shopping renewed its top page in March to better facilitate both casual browsing and serious shopping. http://shopping.yahoo.co.jp/index.html
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Source: JETRO E-mail magazine May 2005.

