EVE F./70.0Y— - - BRADH
Chapter 4 Nanotechnology and Materials

A=Y F/Fa—T, BIETIVIHUNE. BMEMFSAR, @8I L o OO

SECARSNDER Y TUNIVDOBRRESEEERIETDIEH., T/ IUO ROZ
DA FINAZTD )OI =12 EDEBOMFREAS EDDEFICHIT DRAMIAZEL,

Technology transfer in such fields as R&D in areas of nano-electronics and nano-biotechnology, for the
purpose of continuously creating world-leading performance, including carbon nanotubes, titanium oxide

photocatalysts, oxide semiconductors, strong correlation electronics, etc.
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Semiconductor manufacturing system based on microwave excited high density plasma

Keyword: Microwave Excited High Density Plasma, Very Low Electron Temperature, Radial Line Slot Antenna(RLSA)

Organizations
O Tokyo Electron Ltd.

O Tadahiro Ohmi, Professor, New Industry Creation Hatchery Center, Tohoku University

Involved |
[Abstract]

New radical reaction based semiconductor manufacturing system was developed using the
large diameter microwave excited high density plasma equipments.

It becomes possible to realize the high performance 3D devices because a high quality
gate insulator can be formed on all the oriented silicon surfaces with very low formation
temperature using this system, while conventional thermal oxidation can form high quality
oxides only on Si(100) surface.

[Summary of the technology transfer]

@Technological Impact
» The problems of conventional plasma equipments such as metal contamination and

charge-up damage are overcome very well in the microwave excited high density plasma

equipments with very low electron temperature.
» New radical reaction based semiconductor manufacturing technology
-Very high quality gate insulator ( suppression of 1/f noise level more than 2 orders of
magnitude and a reduction of gate leakage current of more than 3 decades)
-High quality gate films can be formed on all the oriented silicon surfaces

—The way to realize high performance three dimensional device structures

-Introduced in LOGIC device, DRAM, FLASH memory formation processes

2507

@Market Impact Forecasting Sales
The achievement of sales was 200
over ¥10 billion and the forecasting

of sales will be over ¥10billion/year

1504 Sales
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Project Background

The research of plasma using RLSA was
started from 1995. In order to develop the
market of semiconductor manufacture,
Trias SPA was started at Tokyo Electron
Ltd. from 2000.

Fundlng History

2.

NEDO "Technical development of energy-
saving semiconductor manufacturing
system based on microwave excited high
density plasma technology” 2003-2006.
MEXT Grant-in-Aid for Specially Promoted
Research (project No. 18002004) 2006-.

Intellectual property protection

Patent: Japan 7, overseas 44, No. 3384795
Published patent applications :

Japan 83, overseas 133
W02002/80252(PCT)

Design application in Japan 3

This equipment has been
introduced in famous
semiconductor manufacturer over
the world from Dec. 2001.

Trias® SPA

The CVD and RIE equipments using
the microwave excited high density
plasma technology will be mass-
produced.

Turning point in the Project

The necessary basic research, applied research and development have been
carried out at the same time by Tohoku University and Tokyo Electron Ltd.
together. Therefore, it is possible to realize the practical and commercial use in a
very short time without the influence of “death valley” .

For more information, contact :

Akinobu Teramoto, Associate Professor, New Industry Creation Hatchery Center, Tohoku University, +81-22-795-3977, teramoto@fff.niche.tohoku.ac.jp
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and Organic LED Lighting - Organic Electronics Valley Project -

Materials

Keyword: Seeds from University, Collaboration with Local Companies, Birth of New Industry

L O  Junji Kido, Professor, Yamagata University }
I?‘:,goa:c;zdatlons O Juniji Kido, Director General, Research Institute for Organic Electronics, ke‘
O Matsushita Electric Works, NEC Lighting, Koizumi Lighting, Mitsubishi Heavy Industry and etc. - J Kido
W=
[Abstract] White Organic LEDs

In Kido laboratory, organic semiconductor materials and devices have been developed.
The first white-light-emitting organic light-emitting devices (LEDs) was developed in 1993,
and the efficiency and lifetime of the white Organic LEDs have been improved.
Cooperation with Research Institute for Organic Electronics, founded by the Yamagata
Prefectural government, organic lighting fixtures have been developed and
commercialization of such new light sources is to be realized.

[Summary of the technology transfer]

@Technological Impact

-Developed new organic semiconductors with high mobility and new luminescent organic
materials with high quantum efficiency.

-Developed white OLEDs having long lifetime.

-Developed new production process.

@Market Impact
-The potential market size of organic lighting is nearly 10 billion US dollars world wide.

-Materials makers, equipment makers, semiconductor makers in Japan can participate in the
market.

@Social Impact
-Contribution to energy saving and the reduction of the emission of carbon dioxide.

-No mercury is used.
-Environmentally friendly lighting devices.

@Special Features of the Collaboration

-The first example of the cooperation between the local government and the national
university to develop new technology for the local industry.

-Formation of industrial valley is expected.

In 2003, the Governor, Kazuo Takahashi, Whlte OLED was invented by Kido.
of Yamagata prefecture decided to invest
about 40 million US dollars to the project
“Yamagata Organic Electronics valley” and
founded the research institute for organic
electronics.

Fundlng History Organic Lighting Fixture

“Efficient Organic Device Project” by The first lighting fixture in 2005.
NEDO(2002-2006)

2. “Organic Lighting Project” by NEDO
(2004-2006)

Intellectual property protection Equipment for Manufacturing

The low cost equipment in 2005.
Patent application: 15patents(domestic), g
1patent(overseas) i
organic light-emitting devices and organic
LED lighting fixtures. 2006-177305

Turning point in the Project

OLeadership and decision by the governor.

OTechnologies demanded by the local industry.

OThe existence of university professor who can do research and development
and coordinate projects.

For more information, contact : Juniji Kido, Professor, Graduate School of Science and Engineering, Yamagata University, kid@yz.yamagata-u.ac.jp
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“PLAGENOM”: Detection of Product Records for Plastics & Materials

Keyword: Code Detection Substance, Optical Detection System, Plastics and Materials

‘ O Dr.Yoshihito Miyako, Emeritus Professor, Osaka University
Organizations O Dr.Shozo Yanagida, Emeritus Professor, Osaka University ; .
Involved O Dr.Yasuo Kanematsu, Professor, Osaka University o -
| O Mr.Shinya Fukui, President & CEO,Hexa Chemical Co.,Ltd. Dr.Y.Miyako Dr.S.Yanagida DrY.Kanematsu Mr.S.Fukui
[Abstract]) e Development to Product

Mr.Fukui proposed a system ,“PLAGENOM”, in which a trace amount of a substance
added to materials will act a cipher to retrieve necessary information.

In 2001,Dr.Miyako advised collaborative research with Dr.Yanagida for Substance and
Dr.Kanematsu for Optical Detection Mechanism to test that “PLAGENOM?” is practical.
In 2006,handy-type system product was adopted by a global company to distinguish
imitations from their genuine products, and this system will be applied in their business
soon .

[Summary of the technology transfer]
@Technological Impact
This project has established competitive technology in which a trace amount of substance
added to materials will give the cipher function to retrieve necessary information at any part
of materials. Because, a substance is distributed at all part of materials
After collaborative research with Osaka university to prove the feasibility of the concept,
Hexa Chemical has completed the application to search substances and develop the
system product within 5 years.

@Market Impact
In 2006, handy-type system product was adopted by a global company to distinguish

imitations from their genuine products, and this system will be applied in their business soon.

Contribution to their global competitiveness is fully expected.
@Social Impact
Imitation products are a great problem for global industrial activity. This system has great
potential as an excellent countermeasure for this problems.
This system will have a great impact , not only on Japanese industry in global activity in
competitiveness, but also on global fair trade or on our daily life to keep safety from danger.
@Special Features of the Collaboration
-Co-creation through joint collaboration fusing one distinguished system concept from
industry and two excellent academic activities from separate faculties.
-Coordinator’s support in getting public research funds for the stage of research &
development

Hexa Chemical, SME founded in 1970 has
been searching for innovative business.

“PLAGENOM” is one of the new business. PLAGENOM
The joint project was launched getting the Detection
proposal-based research funds in2002 System
through joint work with the coordinator.
Funding History
2002:Full support public funds to test the PLAGENOM
system and develop the proto-type system. Proto-type
2003:Partial support public funds to search Device for
for substances and develop system. Handy-type
2004:Public funds for SME to develop the Product
proto-type device for handy-type product B
Intellectual property protection PLAGENOM
+ Japan (Approved): Handy-type
Application for thermoplastics Product

+ International ( Application Stage)
Application for thermoplastics
Detection system

Joint application with other systems

Turning point in the Project

ODistinguished product concept and business model from industry
OCo-creation through joint collaboration of academia and Industry

OPublic research funds appropriate to the stage of research & development
OJoint work with the coordinator in funding and marketing

For more information, contact : Kiyoshi Nakazawa, Head, Industry Cooperation Division, Osaka University, +81-6-6879-4872, sangaku@casi.osaka-u.ac.jp)




F 55 YBET/NA R, BFT/NA R, ERIMEBI
/03— HBICRZBVWMBE/N-DI—RETBITSH JAIYRTAOERIE

MRDE . _
+-0-F : BBIME - HFREEE - IS5 1 v
o O AIRAFEFHRR B (BEWD . BN RBED *
s O ARAFIFHRN HIB #= (BB i ) A R
O WAFUTINN RENBEAR 1B EH o o ; P iis

RIAIF<=T =i+
[E ) EXTREDE >0 BAT =T CEBELIAE

T5257 1 v DOBEBRIHESRE LTNBWAFYT S BHAED 18IC | m—— .
B2 BREHAMEEH R LCNERHRSH (757 / L) | gl e e
(I UC LS ARRORAMECE T SFARRCBIFRNDARDTOBEE | Loy S e
B3 BHAERE S AR EEL CRBORAMEERII L, CORNSE | | Sal 0t o
BOMBHRDER, SAFLLOSMATEENE UESBICRASNE, S | opma—o2 DO gUAIESE
BHA CHAROES 5REILNE5N, R, EHiE CRRNESNEFE, - =
— 0771 YIRS
e 1 FELI4EFE T 51 THBeR SR
T UNLOBEHEDSRNEE TS 2T « v OICSEEE, NEBEEOHE e T e WOTO
3 T A S EE = gT S (— 21ﬁ15fﬂ°§ %ﬂ?’f&%ﬁ%ﬁc‘:ﬁk%ﬂ%;%ﬁ%ﬁ
HEBRLT, BENEONEERET SREEN LS STREORSICED, e e
RENTHSERTT SUBNE<, BROEDHS CEHRICESEMNTREN | 4 o op e Al I
(TS5 /1) OREIIC, REHREF5E TR SR g Ll
NP A PSS X : HEATRE R AR MBR RIS
CORfiIE, F1 8F 1081 B, ERFEXETIO-/NILEBRODEEHTEZ NG0B EEIRE DIREE 250
B80E UEABICIRASNT, BN CHRRTOEESBEATEON, MR, | e el g

=i CERAILIRSN. AFEEOEEHBNCAS<ESTICOEMEIN | oot TS 25 1 v 7 B L ZDE

Tb\io _ B 58537426425
QOUSN\DEHER 15ETERE C BN 44, BA2 TH

EERCHITIEMBIED FLU—FEUF 13 S, TJO—/NUBREETHOD. MEMRIETMBESEME. BLOZDHR
COREMOERICKD., BATE - EXROEERHRSHBRICIC DN DDHES T, T35, &RV AT ANMOICEHBIRE ] ftt

EIRBVSAIERSIICN U TCESI DUREMZMDH TN D, R - ERODDINE

Q@ EEAFIDIHR - BNNE
BNFTTINIL BHARD TS5/ A) BRICXTLU T, SBEERREORBICK OEL£ROPIESIEMABIKEE. HEEIABXEEENMEREINECE,
B, LEHRBDFRIMERR CIBZARBONENDFOEEQ EZBE U OZNEZITIEH TZADHREZDOWRBRE - FHEORS,

HREND ZDOHBRDOHEICKDHERMRZE., EFEBEEI—FT 1+ R—5—71" OWFFRiRE - 27 —YICENUES2HNREEDES,

D 1 —XTB o IEHPNMREZEESDREZTVRINCESS LS,

AE(CRIT 2&EHBS T 1 AIRARZF. HHEHE - ERE. ESEIERR. PE R, 06-6879-4872. sangaku@casi.osaka-u.ac.jp



Semiconductor devices, Electron devices, Information processing technology

Nanotechnology
and
Materials

e promotion

Development of Room Temperature Nanoimprint and Commercialization of Nanoimprint Apparatus

d: Quick patent and commercialization, Mutual trust and harmonious coexistence with local businesses, Regional industry

O Shinji Matsui, Professor, University of Hyogo, LASTI
O Kozo Akada, President, Meisho Kiko Co.

Organizations
Involved

S.Matsui K. Akada

[Abstract)

University of Hyogo IASTI have developed “ Room Temperature Nnaoimprint Technology”
and a 2 inch Nanoimprint appratus was commercialized from Meisho Kiko Co. in February
2004, which was developed by collaborative project through JST “original modeling
business project in June 2002”. That is the first commercial Nanoimprint apparatus in
Japan.

[Summary of the technology transfer]

@Technological Impact

Nanoimprint technology developed by Prof. Chou | in 1995, in which resist patterns are
fabricated by deforming the physical shape of the resist by hot embossing with a mold. We
have developed Room Temperature Nanoimprint without resist heating over a glass
transition temperature. Furthermore, Nanoimprint apparatus with a high precision was
developed and commercialized.

@®Market Impact
A 2 inch Nanoimprint apparatus was for the first ime commercialized in Japan in 2004. The

apparatus was designed for nanotechnology researchers for Academia. The cost was 6
million Yen. The numbers of sales for 2004 was 5 and The most customers were Industrial
Institutes against the odds. A 4, 6, 12 inch and roller apparatuses were successively
developed. The performance of sales were 24 in March 2007.

Nanoimprint Appratus

(Meishyo Kiko Co. NM-041)

Project Background

We asked Meishyo Kiko Co. to
commercialize Nanoimprint apparatus
developed in our labs.. Because Meysho
Kiko Co. is in contact on a routine basis
with us.

Funding History

1. JST :“ Original modeling business”
in the year 2002

2. Hyogo Prefecture: “ COE program
promotion business” in the year 2005

Intellectual property protection

Applications of Patents oo
“Room temperature nanoimprint” e
Patent no. 2001-293718 .
“High precision press machine” i
Patent no. 2003-205423

MEIsv(, Kikg

Imprint resolution: 50 nm

Turning point in the Project

OProduct development and business modeling with market shift.
ORelationship of mutual trust between industry and academia.

For more information, contact : Kouichi Mizota, Center for Corporate Relations, University of Hyogo, +81-78-367-8641, u_hyogo@pref.hyogo.jp
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