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Preface 
 
 

The Forum on the Science and Technology of Silicon Materials was founded by Professor 
Emeritus Koji Sumino (Tohoku University) in 1997, and the first two forums were held in 
1997 and 1999 at Kazusa Academia Park in Chiba Prefecture. Following them, the third and 
fourth forums were held in 2001 and 2003 at the Shonan Village Center of Hayama-cho in 
Kanagawa Prefecture. The last one was held in 2007 at Toki Messe in Niigata Prefecture. The 
fundamental policy of the forum has been: (1) the promotion of the mutual cooperation 
between the people in the industry and the academia, (2) the education and stimulation of 
young scientists and engineers, and (3) the realization of face-to-face discussion on various 
issues concerning silicon materials at the international level. The forum has played an 
important role in the field of the science and technology of silicon materials, as one of a few 
international conferences that Japanese scientists and engineers voluntarily organize. The 
numbers of participants has been 50-100 persons, depending on the business environment of 
semiconductor industries. The scope of the forum has been extended from the original topics 
(growth technologies of bulk silicon and epi wafers, characterization and control of defects 
and impurities, gettering and wafer technologies etc.) to SIMOX, SOI, SGOI and strained 
wafer technologies, SiC for high-power devices, solar cells and photovoltaic materials. 

The present forum, the 6th one, was organized by the Organizing Committee comprised of 
25 members last year. The committee decided to move the location of the forum to Okayama, 
which is the first place located in the western area of Japan. The present forum has been for 
the first time co-organized by The 145th Committee on Processing and Characterization of 
Crystals of Japan Society for the Promotion of Science (JSPS) together by the Organizing 
Committee of the Silicon Materials Science and Technology Forum. The scope of the present 
forum is further extended from those of the past forums to various new application fields 
including Si photonics and Si MEMS. Thanks to the outstanding teamwork of the Organizing 
Committee, we have gathered more than 60 papers and more than 100 participants for the 
present forum. We expect a wide variety of interesting presentations and heated, fruitful 
discussion throughout the forum. We believe that the present forum will mark an important 
milestone in the progress of the science and technology of silicon materials. 

We have five invited speakers from abroad: Dr. G. Kissinger (IHP, Germany), Prof. J. 
Vanhellemont (Ghent Univ., Belgium), Dr. J. Michel (MIT, USA), Dr. M. Schubert 
(Fraunhofer ISE, Germany) and Dr. B. Sopori (NREL, USA). On behalf of the Organizing  
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Committee, we are grateful to them for their outstanding contribution to the forum with their 
interesting talks, stimulating discussion and comprehensive papers contributing to this volume 
of the proceedings. We are also very thankful all of domestic invited speakers for their 
contribution to the forum with their talks, discussion and papers, all of which play important 
roles to enhance the forum activities. Finally, we thank all the attendees for their contribution 
by presenting posters and papers and participating in discussion. 

We would like to express our sincere thanks to the Industry Club of Japan for their 
financial contribution for partial support of the cost associated with preparing this volume of 
proceedings by “Special Fund for the Promotion of Science” which was made available by 
Japan Society for the Promotion of Science (JSPS). 
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Koichi Kakimoto 



 iv

P R O G R A M 

 

November 14 (Sunday) 

16:00-19:00 Registration 

18:00-20:00 Welcome Party 
 

November 15 (Monday) 

8:25-8:35 Opening address 
Y. Kamiura 
 Okayama Univ. Japan 

 
8:35-9:00 In Remembrance of Prof. Goesele 

Chair: Y. Kamiura (Okayama Univ.)

 Farewell Ulrich Goesele 
K. Wada 
 The Univ. of Tokyo, Japan 

 
 

9:00-10:40 Crystal Growth 
  Chair: K. Kashima (Covalent Materials Corp.)

Co-chair: K. Sueoka (Okayama Prefectural Univ.)

9:00-9:40 Point Defects in Silicon Melt Growth from the Experimental Results 
Takao Abe, Toru Takahashi 
 SEH Isobe R&D Center, ShinEtsu Handotai, Japan 

9:40-10:10 450 MM WAFER GENERATION－ CHALLENGES FOR THE SILICON  
PRODUCER 
A. Ikari 
Siltronic Japan 

10:10-10:40 Czochralski growth of Ge crystal from the melt partially covered by B2O3 
 liquid for reduction of dislocation density 
Toshinori Taishi 1, Yoshio Hashimoto 2, Hideaki Ise 3, Yu Murao 3,  
Takayuki Ohsawa 3, Yuki Tokumoto 3, Yutaka Ohno 3, Ichiro Yonenaga 3  
1 Institute of Carbon Science and Technology, Shinshu Univ., Japan 
2 Faculty of Engineering, Shinshu Univ., Japan 
3 Institute for Materials Research, Tohoku Univ., Japan 

10:40-11:00 Coffee Break 
 
 
 
 
 



 v

11:00-12:40 Defect Control and Characterization 
  Chair: H. Yamada Kaneta (Niigata Univ.)

Co-chair: H. Ono (Kanagawa Ind. Tech. Center)

11:00-11:40 Initial Stages of Oxygen and Vacancy Agglomeration:Kinetics and Getter  
Effects 
G. Kissinger 1, 2, D. Kot 1, 2, J. Dabrowski 1, W. Häckl 3, V. Akhmetov 1, 2, A. Sattler 3  
1 IHP, Germany 
2 BTU/IHP Joint Lab, Germany  
3 Siltronic AG, Germany 

11:40-12:10 Technology Trends and Business Challenges in Silicon Wafer Industry 
S. Kohyama 
 Covalent Materials Corporation, Japan 

12:10-12:40 Process-induced Metal Contamination in Silicon Substrate and its Gettering  
Behavior 
K. Saga 
 Sony Corporation, Japan 

12:40-13:40 Lunch 
 
 

13:40-15:10 Defect Characterization 
Chair: H. Ono (Kanagawa Ind. Tech. Center)

Co-chair: Y. Kamiura (Okayama Univ.)

13:40-14:10 Characterization of crystalline defects in CMOS LSI 
Katsuto Tanahashi 
 Device Analysis Center, FUJITSU SEMICONDUCTOR LIMITED, Japan 

14:10-14:40 EBIC and Cathodoluminescence Study on the Grain Boundaries and Fe  
Impurities in Multicrytstalline Si for Solar Cell Application 
Takashi Sekiguchi 1,2, Jun Chen 1, Bin Chen 1,3, Woong Lee 1,2, Hisashi Onodera 1,2, 
1 Advanced Electronic Materials Center, National Institute for Materials Science 

(NIMS), Japan 
2 Graduate School of Pure and Applied Sciences, Univ. of Tsukuba, Japan 
3 National Institute of Advance Industrial Science and Technology (AIST), Japan 

14:40-15:10 Photo-assisted Kelvin Probe Force Microscopy on Multicrystalline Si Solar Cell  
Materials 
Takuji Takahashi 1,2, Masaki Takihara 1 
1 Institute of Industrial Science, The Univ. of Tokyo, Japan 
2 Institute for Nano Quantum Information Electronics, The Univ. of Tokyo, Japan 

15:10-15:30 Coffee Break 
 
 
 
 



 vi

15:30-17:10 SiGe, Ge 
Chair: H. Nakashima (Kyushu Univ.)

Co-chair: K. Sueoka (Okayama Prefectural Univ.)

15:30-16:10 Intrinsic point defect clustering during Czochralski growth of silicon and  
germanium 
J. Vanhellemont 1, Piotr Śpiewak 2 
1 Department of Solid State Science, Ghent Univ., Germany 
2 Material Design Division Faculity of Materials Science and Engineering Warsaw 

Univ. of Technology, Poland 

16:10-16:40 Prospective and critical issues of Ge-based CMOS Devices 
Shinichi Takagi, Mitsuru Takenaka 
 Department of Electrical Engineering and Information Systems, The Univ. of 

Tokyo, Japan 

16:40-17:10 Non-planar SiGe-on-Insulator (SGOI) MOSFETs 
Tsutomu Tezuka 
 Advanced LSI Laboratory, Corporate R&D Center, Toshiba Corporation, Japan 

17:10-17:30 Coffee Break 
 
 

17:30-19:00 Short presentation for Poster session 
Chair: Y. Yoshida (Shizuoka Institute of Science and Technology)

19:00-20:00 Supper 
  

20:00-21:30 Poster session 
Chair: Y. Yoshida (Shizuoka Institute of Science and Technology)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 vii

November 16 (Tuesday) 

 

8:30-10:10 Si Photonics 
Chair: Y. Ishikawa (The Univ. of Tokyo)
Co-chair: K. Wada (The Univ. of Tokyo)

8:30-9:10 Monolithic Germanium Photonic Devices on Silicon 
Jurgen Michel  
 Microphotonics Center, Massachusetts Institute of Technology, USA 

9:10-9:40 Integrated Silicon Photonics for Telecommunications Applications. 
K. Yamada 1, T. Tsuchizawa 1, T. Watanabe 1, H. Shinojima 1, H. Nishi 1, S. Park 1,  
H. Fukuda 1, H. Takesue 2, Y. Tokura 2, Y. Ishikawa 3, K. Wada 3 and S. Itabashi 1 
1 NTT Microsystem Integration Laboratories, Japan 
2 NTT Basic Rearch Laboratories, NTT Corporation, Japan  
3 Department of Materials Engineering, The Univ. of Tokyo, Japan 

9:40-10:10 Silicon Photonics 
Toshihiko Baba 1, 2, 3 
1 Yokohama National Univ., Department of Electrical and Computer Engineering, 

Japan 
2 CREST Project of Japan Science and Technology Agency, Japan 
3 PECST of FIRST Program of Japan Society for the Promotion of Science, Japan 

10:10-10:30 Coffee Break 
 
 

10:30-12:00 Si MEMS 
Chair: T. Sato (Top Wave Co., Ltd.)

Co-chair: H. Yamada-Kaneta (Niigata Univ.)

10:30-11:00 MEMS SENSOR AND MARKET TREND 
Ryoji Okada 
 Mechanical Engineering Research Laboratory, Hitachi, Ltd., Japan 

11:00-11:30 On-chip Immunoassay Using Magnetic Beads Manipulation 
Tomohiro Ishikawa 
 Hiroshima Univ., Japan 

11:30-12:00 Micro Machining of Silicon, Germanium and Silicon Carbide 
Jiwang Yan 
 Department of Nanomechanics, Tohoku Univ. Japan 

12:00 Group photo 

12:30-18:00 Excursion (Lunch) 

18:00-21:30 Banquet 
 
 
 



 viii

November 17 (Wednesday) 

 

8:30-10:00 SiC, Power Si 
Chair: N. Ohtani (Kwansei Gakuin Univ.)

Co-chair: S. Murakami (Hitachi, Ltd.)

8:30-9:00 Control of Defects and Carrier Lifetimes in SiC for Power Device Applications 
T. Kimoto, J. Suda, and Y. Nishi 
 Department of Electronic Science and Engineering, Kyoto Univ., Japan 

9:00-9:30 Next Generation Wafer Technology for Green Electronics Age 
S. Nishizawa 
 National Institute of Advanced Industrial Science and Technology, Japan 

9:30-10:00 Silicon power devices in automotive applications 
Takahide Sugiyama, Masahiro Yamazaki, Atsushi Tanida*, Fumikazu Niwa*, 
Tetsuya Kanata* 
 Power Device Div., Toyota Central R&D Labs., Inc., Japan 
 * Electronics engineering div. III, TOYOTA MOTOR Corp., Japan 

10:00-10:20 Coffee Break 
 
 

10:20-12:00 Solar Cell (1) 
Chair: K. Kakimoto (Kyushu.Univ.)

Co-chair: M. Shabani (SUMCO Corp.)

10:20-11:00 Defects in Multicrystalline Silicon: Influence on the Solar Cell Performance 
Bhushan Sopori 1, P. Rupnowski 1, S. Shet 1, V. Mehta 1, M. Seacrist 2, G. Shi 2,  
J. Chen 2, A. Deshpande 2 
1 National Renewable Energy Laboratory, USA 
2 MEMC Electronic Materials, USA 

11:00-11:30 New Solar Grade Silicon and Applicability for Multi-crystalline Type Solar Cell 
Satoru Wakamatsu 
 Specialty Products Development Dept. Tokuyama Corporation, Japan 

11:30-12:00 Toward realization of high-quality multicrystalline silicon for solar cells 
Noritaka Usami 
 Institute for Materials Research (IMR), Tohoku Univ., Japan 

12:00-12:40 snack 
 
 
 
 
 
 
 



 ix

12:40-14:20 Solar Cell (2) 
Chair: A. Ogura (Meiji Univ.)

Co-chair: T. Sekiguchi (National Institute for Materials Science)

12:40-13:20 CHARACTERIZATION OF SILICON FOR PHOTOVOLTAICS 
M. C. Schubert, P. Gundel, J. Schön, H. Habenicht, W. Kwapil, B. Michl, M. Rüdiger, 
F. Schindler, F. Heinz, W. Warta 
 Fraunhofer Institute of Solar Energy Systems, Germany 

13:20-13:50 Study on the Fixed Abrasive Diamond Wire Saw Slicing of Silicon Ingot for  
Photovoltaic Applications 
N.Iwamoto, T.Ogata, Y.Tokunaga 
 Japan Fine Steel Co., Ltd, Japan 

13:50-14:20 Donor-Acceptor Pair Luminescence and its Application to Impurity Analysis  
in Solar-Grade Si 
Michio Tajima 1, Takaaki Iwai 1, Hiroyuki Toyota 1, Simona Binetti 2, 
Daniel Macdonald 3 
1 Institute of Space and Astronautical Science/JAXA, Japan 
2 CNISM and Department of Material Science, Univ. of Milano-Bicocca, Italy 
3 School of Engineering, The Australian National Univ., Australia 

 
14:20-14:30 Closing remarks 

Y. Kamiura (Okayama Univ.) 



 x

C O N T E N T S 
 

Oral Session 

Point Defects in Silicon Melt Growth from the Experimental Results ··········································· 1 
Takao Abe, Toru Takahashi 
 SEH Isobe R&D Center, ShinEtsu Handotai, Japan 

450 MM WAFER GENERATION－ CHALLENGES FOR THE SILICON PRODUCER ······· 27 
A. Ikari 
 Siltronic Japan 

Czochralski growth of Ge crystal from the melt partially covered by B2O3 liquid for  
reduction of dislocation density ······································································································ 28 

Toshinori Taishi 1, Yoshio Hashimoto 2, Hideaki Ise 2, Yu Murao 3,  
Takayuki Ohsawa 3, Yuki Tokumoto 3, Yutaka Ohno 3, Ichiro Yonenaga 3  
1 Institute of Carbon Science and Technology, Shinshu Univ., Japan 
2 Faculty of Engineering, Shinshu Univ., Japan 
3 Institute for Materials Research, Tohoku Univ., Japan 

Initial Stages of Oxygen and Vacancy Agglomeration:Kinetics and Getter Effects····················· 35 
G. Kissinger 1, 2, D. Kot 1, 2, J. Dabrowski 1, W. Häckl 3, V. Akhmetov 1, 2, A. Sattler 3  
1 IHP, Germany 
2 BTU/IHP Joint Lab, Germany  
3 Siltronic AG, Germany 

Technology Trends and Business Challenges in Silicon Wafer Industry ······································ 54 
S. Kohyama 
 Covalent Materials Corporation, Japan 

Process-induced Metal Contamination in Silicon Substrate 
and its Gettering Behavior·············································································································· 55 

K. Saga 
 Sony Corporation, Japan 

Characterization of crystalline defects in CMOS LSI··································································· 69 
Katsuto Tanahashi 
 Device Analysis Center, FUJITSU SEMICONDUCTOR LIMITED, Japan 

EBIC and Cathodoluminescence Study on the Grain Boundaries and Fe Impurities in 
Multicrytstalline Si for Solar Cell Application ·············································································· 83 

Takashi Sekiguchi 1,2, Jun Chen 1, Bin Chen 1,3, Woong Lee 1,2, Hisashi Onodera 1,2, 
1 Advanced Electronic Materials Center, National Institute for Materials Science (NIMS), 

Japan 
2 Graduate School of Pure and Applied Sciences, Univ. of Tsukuba, Japan 
3 National Institute of Advance Industrial Science and Technology (AIST), Japan 

Photo-assisted Kelvin Probe Force Microscopy on Multicrystalline Si Solar Cell Materials ····· 92 
Takuji Takahashi 1,2, Masaki Takihara 1 
1 Institute of Industrial Science, The Univ. of Tokyo, Japan 
2 Institute for Nano Quantum Information Electronics,  

The Univ. of Tokyo,Japan 



 xi

Intrinsic point defect clustering during Czochralski growth of silicon and germanium············· 99 
J. Vanhellemont 1, Piotr Śpiewak 2 
1 Department of Solid State Science, Ghent Univ., Germany 
2 Material Design Division Faculity of Materials Science and  

Engineering Warsaw Univ. of Technology, Poland 

Prospective and critical issues of Ge-based CMOS Devices························································ 119 
Shinichi Takagi, Mitsuru Takenaka 
 Department of Electrical Engineering and Information Systems,  

The Univ. of Tokyo, Japan 

Non-planar SiGe-on-Insulator (SGOI) MOSFETs ······································································ 128 
Tsutomu Tezuka 
 Advanced LSI Laboratory, Corporate R&D Center, Toshiba Corporation, Japan 

Monolithic Germanium Photonic Devices on Silicon ·································································· 137 
Jurgen Michel 
 Microphotonics Center, Massachusetts Institute of Technology, USA 

Integrated Silicon Photonics for Telecommunications Applications.·········································· 140 
K. Yamada 1, T. Tsuchizawa 1, T. Watanabe 1, H. Shinojima 1, H. Nishi 1, S. Park 1,  
H. Fukuda 1, H. Takesue 2, Y. Tokura 2, Y. Ishikawa 3, K. Wada 3 and S. Itabashi 1 
1 NTT Microsystem Integration Laboratories, Japan 
2 NTT Basic Rearch Laboratories, NTT Corporation, Japan  
3 Department of Materials Engineering, The Univ. of Tokyo, Japan 

Silicon Photonics···························································································································· 149 
Toshihiko Baba 1, 2, 3 
1 Yokohama National Univ., Department of Electrical and Computer Engineering, Japan 
2 CREST Project of Japan Science and Technology Agency, Japan 
3 PECST of FIRST Program of Japan Society for the Promotion of Science, Japan 

MEMS SENSOR AND MARKET TREND ················································································· 159 
Ryoji Okada 
 Mechanical Engineering Research Laboratory, Hitachi, Ltd., Japan 

On-chip Immunoassay Using Magnetic Beads Manipulation····················································· 163 
Tomohiro Ishikawa 
 Hiroshima Univ., Japan 

Micro Machining of Silicon, Germanium and Silicon Carbide ·················································· 165 
Jiwang Yan 
 Department of Nanomechanics, Tohoku Univ. Japan 

Control of Defects and Carrier Lifetimes in SiC for Power Device Applications ······················ 189 
T. Kimoto, J. Suda, and Y. Nishi 
 Department of Electronic Science and Engineering, Kyoto Univ., Japan 

Next Generation Wafer Technology for Green Electronics Age·················································· 202 
S. Nishizawa 
 National Institute of Advanced Industrial Science and Technology, Japan 



 xii

Silicon power devices in automotive applications········································································ 206 
Takahide Sugiyama, Masahiro Yamazaki, Atsushi Tanida*, Fumikazu Niwa*, 
Tetsuya Kanata* 
 Power Device Div., Toyota Central R&D Labs., Inc., Japan 
 * Electronics engineering div. III, TOYOTA MOTOR Corp., Japan 

Defects in Multicrystalline Silicon: Influence on the Solar Cell Performance ··························· 213 
Bhushan Sopori 1, P. Rupnowski 1, S. Shet 1, V. Mehta 1, M. Seacrist 2, G. Shi 2,  
J. Chen 2, A. Deshpande 2 
1 National Renewable Energy Laboratory, USA 
2 MEMC Electronic Materials, USA 

New Solar Grade Silicon and Applicability for Multi-crystalline Type Solar Cell ···················· 225 
Satoru Wakamatsu 
 Specialty Products Development Dept. Tokuyama Corporation, Japan 

Toward realization of high-quality multicrystalline silicon for solar cells ································· 226 
Noritaka Usami 
 Institute for Materials Research (IMR), Tohoku Univ., Japan 

CHARACTERIZATION OF SILICON FOR PHOTOVOLTAICS ··········································· 235 
M. C. Schubert, P. Gundel, J. Schön, H. Habenicht, W. Kwapil, B. Michl,  
M. Rüdiger, F. Schindler, F. Heinz, W. Warta 
 Fraunhofer Institute of Solar Energy Systems, Germany 

Study on the Fixed Abrasive Diamond Wire Saw Slicing of Silicon Ingot  
for Photovoltaic Applications········································································································ 238 

N.Iwamoto, T.Ogata, Y.Tokunaga 
 Japan Fine Steel Co., Ltd, Japan 

Donor-Acceptor Pair Luminescence and its Application to Impurity Analysis in  
Solar-Grade Si ······························································································································· 241 

Michio Tajima 1, Takaaki Iwai 1, Hiroyuki Toyota 1, Simona Binetti 2, 
Daniel Macdonald 3 
1 Institute of Space and Astronautical Science/JAXA, Japan 
2 CNISM and Department of Material Science, Univ. of Milano-Bicocca, Italy 
3 School of Engineering, The Australian National Univ., Australia 



 xiii

Poster Session 

Hydrogen Desorption Effects on Electrical Properties of Ge Epitaxial Layers on Si················ 247 
Yoichi Takada, Ryota Suzuki, Sungbong Park, Jiro Osaka, Yasuhiko Ishikawa, 
Kazumi Wada 
 Department of Materials Engineering, The Univ. of Tokyo, Japan 

Porous Si Light Scattering Effect for highly efficient thin film Si Solar Cells ··························· 258 
Akihiro Yanai, Yasuhiko Ishikawa, Kazumi Wada 
 Department of Materials Engineering, The Univ. of Tokyo, Japan 

Influence of the diffusion temperature of copper on the formation  
of copper centers in silicon crystals ······························································································ 265 

Minoru Nakamura, Susumu Murakami 
 Hitachi Research Laboratory, Hitachi, Ltd., Japan 

Material characterization of Ge1-xSnx alloys for strained Ge CMOS Devices ··························· 276 
S. Takeuchi 1,2, Y. Shimura 2, T. Nishimura 2, B. Vincent 3, G. Eneman 3,  
T. Clarysse 3,  J. Demeulemeester 4, K. Temst 4, A. Vantomme 4, J. Dekoster 3,  
M. Caymax 3, R. Loo 3,  O. Nakatsuka 2, and S. Zaima 2 
1 Covalent Silicon Co., Japan 
2 Graduate School of Engineering, Japan  
3 imec, Germany 
4 Instituut voor Kern- en Stralingsfysica, Katholieke Universiteit Leuven, Germany 

Dislocation motion in B-doped SiGe epifilm on Si substrate ······················································ 285 
Toru Funaki, Yoshifumi Yamashita, Takeshi Ishiyama, Yoichi Kamiura 
 The Graduate School of Natural Science and Technology, Okayama Univ., Japan 

Local Photothermal Analysis by Atomic Force Microscopy around Grain  
Boundary in Multicrystalline Si Solar Cell ·················································································· 292 

Kenji Hara 1, Takuji Takahashi 1,2 
1 Institute of Industrial Science, The Univ. of Tokyo,Japan 
2 Institute for Nano Quantum Information Electronics,The Univ. of Tokyo, Japan 

Diffusion mechanism of 3d transition metals at Si(100) surface studied by first  
principles calculation ···················································································································· 296 

Takatoshi Shimizu, Yoshinori Shigematsu, Koji Sueoka 
 Graduate School of System Engineering, Okayama Prefectural Univ., Japan 

Effect of Oxygen Precipitation in Nitrogen-Doped Annealed Silicon Wafers on  
Thermal Strain Induced by Rapid Thermal Processing······························································ 304 

Koji Araki, Haruo Sudo, Tatsuhiko Aoki, Takeshi Senda, Hiroyuki Tsubota 1, 
Moriya Miyashita 1, Hisashi Matsumura, Hiroyuki Saito, Susumu Maeda 2, 
Kazuhiko Kashima 2, and Koji Izunome 
 Technology Development, Covalent Silicon Corporation, Japan 
1 Principle Technology, Covalent Silicon Corporation, Japan 
2 Technology Development Center, Covalent Materials Corporation, Japan 

Observation of vacancy in B-doped crystalline silicon using low-temperature  
ultrasonic measurements ·············································································································· 312 

Satoru Komatsu 1, Shotaro Baba 1, Mitsuhiro Akatsu 1, Keisuke Mitsumoto 1, 
Takafumi Ogawa 1, Yuichi Nemoto 1,2, Hiroshi Yamada-Kaneta 2, Terutaka Goto1,2 
1 Graduate School of Science and Technology, Niigata Univ., Japan 
2 Center for Quantum Materials Science, Niigata Univ., Japan 



 xiv

First principle analysis on diffusion mechanism of contamination atoms  
in SiO2 crystal ································································································································ 313 

Takamasa Nanba, Koji Sueoka 
 Department of System Engineering, Okayama Prefectural Univ., Japan 

Investigation of band bap structure in β-FeSi2 epitaxial films on Si substrate ·························· 321 
Y. Terai, K. Noda, K. Yoneda, N. Miura, Y. Fujiwara 
 Division of Materials and Manufacturing Science,  

Graduate School of Engineering, Osaka Univ., Japan 

Quantitative Analysis of Low-Concentration Carbon in Silicon Wafers by  
Luminescence Activation Using Electron Irradiation ································································· 326 

Satoko NAKAGAWA 1, Kazuhiko KASHIMA 1, Michio TAJIMA 2 
1 Covalent Silicon Corp., Japan 
2 ISAS/JAXA, Japan 

Generation Mechanism of Pinhole Defects in Czochralski Silicon Single Crystal····················· 332 
MINAMI Toshiro 1, 2, MAEDA Susumu 1, 2, HIGASA Mitsuo 1, 2,  
KASHIMA Kazuhiko 1, 2 
1 Covalent Materials Corp., Japan 
2 Covalent Silicon Corp., Japan 

Electric quadrupole effects of vacancy orbital in boron-doped silicon ······································ 341 
Shotaro Baba 1, Yuta Nagai 1, Mitsuhiro Akatsu 1, Satoru Komatsu 1, Keisuke 
Mitsumoto 1 , Takafumi Ogawa 1, Yuichi Nemoto 1, 2, Hiroshi Yamada-Kaneta 2, 
Terutaka Goto 1,2 
1 Graduate School of Science and Technology, Niigata Univ., Japan 
2 Center for Quantum Materials Science, Niigata Univ., Japan 

Ab-initio evaluation of quadrupole moment associated with silicon mono-vacancy ················· 342 
Takafumi Ogawa 1, Kenji Tsuruta 2, Hiroshi Iyetomi 1, Yuichi Nemoto,  
Hiroshi Ymada-Kaneta1, Terutaka Goto 1 
1 Graduate School of Science and Technology, Niigata Univ., Japan  
2 Graduate School of Natural Science and Technology, Okayama Univ., Japan 
3 Center for Quantum Materials Science, Niigata Univ., Japan 

Effects of dynamical Jahn-Teller phonons on the charge states in a silicon vacancy ················ 348 
Youichi Yamakawa 1, T. Yamada 1, Yoshiaki O

_

no 1, 2 
1 Department of Physics, Niigata Univ., Japan 
2 Center for Transdisciplinary Research, Niigata Univ., Japan 

In-situ observation of iron impurities in n-type silicon under light illumination  
by Mössbauer spectroscopy ·········································································································· 357 

M. Ichino and Y. Yoshida 
 Shizuoka Institute of Science and Technology, Japan 

Green’s function approach for the electronic state in a silicon vacancy····································· 362 
Takemi Yamada, Youichi Yamakawa, Yoshiaki O

_

no 
 Department of Physics, Niigata Univ., Japan 



 xv

Numerical simulation of slip generation during the annealing of large-diameter  
silicon wafers ································································································································· 367 

Tatsuhiko Aoki 1, 2, Koji Araki 1, Takeshi Senda 1, Hiromi Nagahama 1,  
Koji Izunome 1 and Koji Sueoka 2  
1 Covalent Materials Co., Ltd., Japan  
2 Department of System Engineering, Okayama Prefectural Univ., Japan 

Effects of Ni contamination on Electrical Properties of (110) / (100) Si Bonded Interface ······· 370 
Takuto Kojima, Yoshio Ohshita, Masafumi Yamaguchi 
 Toyota Technological Institute, Japan 

Growth Polycrystalline Si Film at Low Temperature on Polycarbonate Substrate ·················· 373 
Naoya Kawamoto, Tetsuya Imamura 1, Yuka Tomizawa 1, Kazuyuki Tadatomo 
 Yamaguchi Univ., Japan 
1 TEIJIN LTD., Japan 

Diffusion mechanism of metal impurities in strained Si crystals analyzed by first  
principles calculation ···················································································································· 376 

Yoshinori Shigematsu and Koji Sueoka 
 Department of System Engineering, Okayama Prefectural Univ., Japan 

Influence of high temperature annealing on electrical activity at small angle grain  
boundaries in multi-crystalline silicon for solar cells ·································································· 383 

Tomihisa Tachibana 1, Takashi Sameshima 1, Yoshio Ohshita 2, Koji Arafune 3, 
Atsushi Ogura 1 
1 School of Science and Technology, Meiji Univ., Japan  
2 Toyota Technological Institute, Japan 
3 Univ. of Hyogo, Japan 

Deep-Level Photoluminescence Analysis at Room Temperature in Small-Angle  
Grain Boundaries in Multicrystalline Silicon ·············································································· 388 

Futoshi Okayama1, 2, Yasuaki Iwata 1, Michio Tajima 1,Yoshio Ohshita 3,  
Atushi Ogura 2 
1 Institute of Space and Astronautical Science/JAXA, Japan 
2 Meiji Univ., Japan 
3 Toyota Technological Institute, Japan 

Photoluminescence analysis of high concentrations of donor and acceptor  
impurities in Si ······························································································································ 394 

Takaaki Iwai 1, 2, Michio Tajima 1, Atsushi Ogura 2  
1 Institute of Space and Astronautical Science / Japan Aerospace Exploration Agency, Japan  
2 Meiji Univ., Japan 

Direct observation of stress-induced diffusion of iron impurities in silicon by  
Mössbauer spectroscopy ··············································································································· 401 

K. Suzuki 1, Y. Yoshida 2, M. Ichino 2, K. Asahi 1 
1 Tokyo Institute of Technology, Japan 
2 Shizuoka Institute of Science and Technology, Japan 



 xvi

Practical evaluation of vacancy concentration in silicon crystals and wafers by  
ultrasonic measurements with organic P(VDF/TrFE) transducers ············································ 406 

Kazuki Okabe 1, Keisuke Mitsumoto 1, Takashi Yanase 1, 2, Mitsuhiro Akatsu 1, 
Syotaro Baba 1, Satoru Komatsu 1, Yasushi Ono 3, Yuichi Nemoto 1,  
Hiroshi Yamada-Kaneta 4,Terutaka Goto 1 
1 Graduate School of Science and Technology, Niigata Univ., Japan  
2 MTC Co., Ltd, Japan  
3 Center For Instrumental Analysis, Univ. of Toyama, Japan 
4 Center for Quantum Materials Science, Niigata Univ., Japan 

Microphotoluminescence evaluation of local strain for freestanding Si membranes  
with SiN deposition························································································································ 411 

Dong WANG, Haigui YANG, Hiroshi NAKASHIMA  
 Art, Science and Technology Center for Cooperative Research, Kyushu Univ., Japan 

Doping and radial distribution of boron atoms in silicon nanowires ········································· 421 
R. Takiguchi 1, S. Ishida 1, S. Yokono 1, N. Fukata 2, 3, S. Hishita 2, J. Chen 2,  
T. Sekiguchi 2, K. Murakami 1 
1 Institute of Applied Physics, Univ. of Tsukuba, Japan 
2 International Center for Materials Nanoarchitectonics, National Institute for Materials 

Science, Japan  
3 PRESTO, Japan Science and Technology Agency, Japan 

Evaluation of oxygen impurities in Ge crystals Czochralski-grown from melts partially  
or fully coverd by B2O3 liquid ······································································································· 426 

Toshinori Taishi 1, Yoshio Hashimoto 2, Hideaki Ise 3, Yu Murao 3,  
Takayuki Ohsawa 3, Yuki Tokumoto 3, Yutaka Ohno 3, Ichiro Yonenaga 3 
1 Institute of Carbon Science and Technology, Shinshu Univ., Japan 
2 Faculty of Engineering, Shinshu Univ., Japan 
3 Institute for Materials Research, Tohoku Univ., Japan 

Improvement of spatial resolution in Raman spectroscopy by controlling  
measurement area ························································································································· 433 

Munehisa Takei, Daisuke Kosemura 1, Kohki Nagata, Hiroaki Akamatsu,  
Atsushi Ogura 
 School of Science and Technology, Meiji Univ., Japan 
1 Research Fellow of the Japan Society for the Promotion of Science, Japan 

Defect evaluation and control of SiGe-on-insulator subtratre fabricated by the Ge  
condensation technique ················································································································· 438 

Haigui Yang, Dong Wang, and Hiroshi Nakashima 
 Art, Science and Technology Center for Cooperative Research, Kyushu Univ., Japan 

Numerical investigation of fluid dynamics and carbon transport under magnetic fields  
for SiC crystal growth from silicon melts····················································································· 449 

Frédéric Mercier, Shin-ichi Nishizawa  
 National Institute of Advanced Industrial Science and Technology, Japan 

Interaction of Si vacancies at finite temperature: A tight-binding study ··································· 462 
Kazuaki Takata, Kenji Tsuruta 
 Okayama Univ., Japan 



 xvii

Molecular simulation on interfacial structure of direct silicon bonded (110)/(100)  
substrates ······································································································································· 463 

Hiroaki Kariyazaki 1, Tatsuhiko Aoki 1, 2, Koji Izunome 2, Koji Sueoka 1  
1 Department of System Engineering, Okayama Prefectural Univ., Japan  
2 Covalent Silicon Co.,Ltd., Japan 

Relationship between adsorption states and surface morphology in oxidation  
of Si (111) -7x7 surface at 300 K studied using real-time synchrotron radiation  
photoelectron spectroscopy, LEED and STM ·············································································· 471 

Akitaka Yoshigoe, Yuden Teraoka 
 Japan Atomic Energy Agency, Quantum Beam Science Directorate, Japan 



 xviii

Acknowledgment 
 

We would like to acknowledgment the support received from the following sponsors 
 

KEYENCE CORPORATION···························································································SP  1 

KYOCERA Corporation···································································································SP  2 

SHARP CORPORATION ································································································SP  3 

PHOTON Design Corporation ·························································································SP  4 

Philtech Inc.······················································································································SP  5 

Apprecia Technology Inc.·································································································SP  6 

Covalent Materials Corporation ·······················································································SP  6 

JeccTorisha Co., Ltd. ········································································································SP  7 

NAS giken Ltd corp. ········································································································SP  7 

Universal Systems Co., Ltd. ·····························································································SP  8 

Agilent Technologies, Inc. ································································································SP  9 

IWATSU ELECTRIC CO., LTD······················································································· SP 10 

Wave Front Co., Ltd. ········································································································ SP 11 

Sarton Works Corporation ································································································ SP 12 

Nanoscience Corpration ··································································································· SP 13 

NIPPON STEEL TECHNORESEARCH Corporation ····················································· SP 14 

HORIBA, Ltd··················································································································· SP 15 

Azuma Technos Corporation ···························································································· SP 16 

OKUMA Corporation······································································································· SP 16 

Oxford Instruments Corporation······················································································· SP 17 

KOBELCO RESEARCH INSTITUTE. INC···································································· SP 17 

Japan Fine Steel Co., Ltd·································································································· SP 18 

SHARAN INSTRUMENTS CORPORATION ································································ SP 18 

S. H. I. Examination & Inspection, Ltd ············································································ SP 19 

Takatori Corporation ········································································································ SP 19 

NISSIN GIKEN CO., LTD.······························································································ SP 20 

NORITAKE TCF Co., Ltd································································································ SP 20 

 
Electric Technology Research Foundation of Chugoku 

Chugoku-Shikoku Chapter of the Japan Society of Applied Physics 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


