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 193 X-ray magnetic circular dichroism study on spin reorientation transitions of Co/Pd(111) 

induced by surface chemisorption
Isao TAKAHASHI, Kouji INOUE, Hiroyuki KIKKAWA, Kyohiko MATSUSHITA, Amane KITAHARA

7A/1999G159

 194 X-ray reflectivity of a polystyrene surface peeled from a Si(100) mold: Morphology and 
surface glass transition
Isao TAKAHASHI, Kouji INOUE, Hiroyuki KIKKAWA, Kyohiko MATSUSHITA, Amane KITAHARA

4C,17A/2000G053

 195 Study of a-Si/1ML-Ge/Si(001) interface structure by X-ray standing wave
Shinichiro NAKATANI, Kazushi SUMITANI, Akinobu NOJIMA, Toshio TAKAHASHI, Keiichi HIRANO, 
Shinji KOH, Toshifumi IRISAWA, Yasuhiro SHIRAKI

14B,15C/2000G056

 196 The kinetic study for fat crystallization process in O/W emulsion
Satoru UENO, Yoshito HAMADA, Yoshiyuki AMEMIYA, Kiyotaka SATO

15A,9C/2000G067

 197 Quasi-amorphous structure in the thermal oxide layer on an Si(113) substrate
Takayoshi SHIMURA, Takayoshi YOSHIDA, Kiyoshi YASUTAKE

4C,17A,18B/2000G101

 198 EXAFS studies on the MCM-41 supported NbC catalysts
Nobuyuki ICHIKUNI, Hirohisa HACHIYA, Shogo SHIMAZU, Takayoshi UEMATSU

10B/2000G111

 199 Magnetic domain imaging of Ni micro-dot array by photoelectron emission 
microscope(PEEM)
Taichi OKUDA, Takanori WAKITA, Ayumi HARASAWA, Hideyuki KIWATA, Takeshi MATSUSHIMA, 
Takayuki KIHARA, Kanta ONO, Masaharu OSHIMA, Atsushi YOKOO, Toyohiko KINOSHITA

11A/2000G171

 200 Magnetic domain structure of Ni micro-ring observed by photoelectron emission microscope 
(PEEM)
Taichi OKUDA, Takanori WAKITA, Ayumi HARASAWA, Hideyuki KIWATA, Takeshi MATSUSHIMA, 
Kanta ONO, Atsushi YOKOO, Masaharu OSHIMA, Toyohiko KINOSHITA

11A/2000G171

 201 Study of Ni/4H-SiC contact by using soft X-ray florescence spectroscopy
Masaaki HIRAI, Akihiko OHI, Joselito P. LABIS, Chihiro KAMEZAWA, Kenichi YOSHIDA, Masahiko 
KUSAKA, Motohiro IWAMI

19B/2000G181

 202 Strain due to Ni diffusion beneath Hydrogen-terminated Si(111) surface
Takashi EMOTO, Koichi AKIMOTO, Ayahiko ICHIMIYA, Kazuyuki HIROSE

15C/2000G200



 203 In-situ XAFS study of Ag clusters in zeolite 13X
Takafumi MIYANAGA, Yushi SUZUKI, Hideoki HOSHINO, Naoyuki MATSUMOTO, Takeshi AINAI

10B/2000G272

 204 Polarization dependent total reflection fluorescence XAFS(PTRF-XAFS) studies on Ni atoms 
dispersed on Al2O3(0001) surface
Kaoru IJIMA, Yuichiro KOIKE, Kiyotaka ASAKURA, Yasuhiro TANIZAWA, Takafumi SHIDO, Yasuhiro 
IWASAWA

9A/2000G276

 205 Formation process of β-FeSi2 on Si (111) substrate studied by means of SR-XPS
Takeru SAITO, Hiroyuki YAMAMOTO, Masaharu HARAGUCHI, Motoyasu IMAMURA, Nobuyuki 
MATSUBAYASHI, Tomoaki TANAKA, Hiromichi SHIMADA, Kiichi HOJOU

13C/2000G280

 206 In-situ XAFS observation of USY supported Pd-Pt catalysts during sulfidation process
Kyoko K. BANDO, Takashi MATSUI, Lionel LE BIHAN, Koichi SATO, Tomoaki TANAKA, Motoyasu 
IMAMURA, Nobuyuki MATSUBAYASHI, Yuji YOSHIMURA

9A,10B/2000G283

 207 In-situ XAFS characterization of Mo/SiO2 catalyst during propene photometathesis reaction
Haruno MURAYAMA, Nobuyuki ICHIKUNI, Kyoko K. BANDO, Shogo SHIMAZU, Takayoshi UEMATSU

10B/2000G286

 208 Crystal orientation of silver films on silicon surfaces
Atsushi HATA, Koichi AKIMOTO, Shinji HORII, Takashi EMOTO, Ayahiko ICHIMIYA, Hiroo TAJIRI, 
Toshio TAKAHASHI, Hiroshi SUGIYAMA, Xiaowei ZHANG, Hiroshi KAWATA

15B2/2000S2-003

 209 Temperature dependence of the Si(111)-√3×√3-Ag structure
Hiroo TAJIRI, Kazushi SUMITANI, Toshio TAKAHASHI, Koichi AKIMOTO, Hiroshi SUGIYAMA, Xiaowei 
ZHANG, Hiroshi KAWATA

15B2/2000S2-003

 210 Chemical structure of the SiO2/Si(001) interface formed at high temperatures
Hiroo OMI, Satoru SUZUKI, Yoshio WATANABE, Toshio OGINO

1C/2001C009

 211 P and S K-edge XANES measurements of tribofilms formed on steel disks in conversion 
electron yield and fluorescence yield modes
Yoshimu IWANAMI, Toru MAKISHIMA, Takaki OKUBO, Masaharu NOMURA

9A/2001C014

 212 Depth-resolved XMCD study on Fe/Cu(001)
Soichiro KITAGAWA, Kenta AMEMIYA, Daiju MATSUMURA, Toshihiko YOKOYAMA, Toshiaki OHTA

7A/2001G013

 213 Si L23 emission spectra from the interfaces in antiferromagnetically coupled Fe/Si multilayers 
II
Takashi IMAZONO, Yushi HIRAYAMA, Noboru MIYATA, Osamu KITAKAMI, Mihiro YANAGIHARA

3B,16B/2001G021

 214 Grading effects in X-ray specular reflectivity analysis
Mari MIZUSAWA, Kenji SAKURAI

14A/2001G045

 215 Grazing-incidence diffuse scattering for Ni/C multilayers
Shuichiro KUWAJIMA, Hisataka TAKENAKA, Kenji SAKURAI

14A/2001G045

 216 Grazing-incidence X-ray specular reflectivity study on a rutile (110) surface
Mari MIZUSAWA, Kenji SAKURAI

14A/2001G045

 217 Study of α-Al2O3/Ru(0001) structure by X-ray diffraction
Shinichiro NAKATANI, Toshio TAKAHASHI, Kazuo NAGATA, Wataru YASHIRO, Yoshitada MURATA

9C,14B,15C/2001G055



 218 Characterization of a-Si/Fe/Si(111) interface by X-ray standing wave
Shinichiro NAKATANI, Keisuke SHIMIZU, Toshio TAKAHASHI, Keiichi HIRANO

9C,14B,15C/2001G065

 219 Carbon K-edge x-ray absorption spectroscopic analysis of photo-degraded polyimide film
Tomoaki TANAKA, Kyoko K. BANDO, Nobuyuki MATSUBAYASHI, Motoyasu IMAMURA, Hiromichi 
SHIMADA

13C/2001G108

 220 Anomalous redox properties of copper-ion-exchanged ZSM-5 prepared by microwave-assisted 
method
Takae OKAMOTO, Atsushi ITADANI, Ryotaro KUMASHIRO, Masatoshi MARUKI, Hideo ONISHI, 
Yasushige KURODA, Yuzo YOSHIKAWA, Mahiko NAGAO

10B/2001G128

 221 Surface chemical imaging of energy filtered photoemission electron microscopy(EXPEEM)
Hideyuki YASUFUKU, Yusuke OHMINAMI, Tetsuya TSUTSUMI, Kiyotaka ASAKURA, Yoshiyuki 
KITAJIMA, Makoto KATO, Yuji SAKAI, Yasuhiro IWASAWA

11B/2001G312

 222 Core level spectroscopy study for cluster-like Si deposited on graphite and insulating sapphire
Krishna G. NATH, Iwao SHIMOYAMA, Tetsuhiro SEKIGUCHI, Yuji BABA

27A/2001G334

 223 XPS and NEXAFS observations on SixC produced by ion implantation
Yuji BABA, Iwao SHIMOYAMA, Tetsuhiro SEKIGUCHI, Krishna G. NATH

27A/2001G334

 224 Metal induced gap states at LiCl/Cu(001) interface studied by x-ray absorption fine structure
Manabu KIGUCHI, Genki YOSHIKAWA, Masao KATAYAMA, Koichiro SAIKI, Atsushi KOMA

11B/2001G336

 225 Structures of low-dimensional ionic solutions confined in solid nanospaces
Takahiro OHKUBO, Yoshiyuki HATTORI, Hirofumi KANOH, Katsumi KANEKO

10B/2001P016

 226 In-situ observation of water formation reaction on Pt(111) with dispersive NEXAFS
Masanari NAGASAKA, Hiroshi KONDOH, Kenta AMEMIYA, Akira NAMBU, Toru SHIMADA, Ikuyo 
NAKAI, Toshiaki OHTA

7A/2001S2-003

 227 The mechanism of CO oxidation on Pt(111) surface studied by energy-dispersive NEXAFS
Ikuyo NAKAI, Hiroshi KONDOH, Kenta AMEMIYA, Akira NAMBU, Toru SHIMADA, Masanari 
NAGASAKA, Toshiaki OHTA

7A/2001S2-003
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Chemical structure of the SiO2/Si(001) interface  
formed at high temperatures  

Hiroo OMI, Satoru SUZUKI, Yoshio WATANABE, and Toshio OGINO 

NTT Basic Research Laboratories, Atsugi, Kanagawa, 243-0198 Japan 

An understanding of thermal silicon oxidation is 

essential for further advancements in semiconductor 

science and technology. Of particular importance is that 

we clarify the mechanism of the morphological evolution 

between the growing thermal silicon oxide layers and 

Si(001) substrate during oxidation so that we can obtain 

an abrupt interface on an atomic scale. This is because the 

morphological features, including roughness and atomic 

steps at the SiO2/Si(001) interface seriously degrade the 

dielectronic properties of silicon devices, such as 

metal-oxide-semiconductor filed emission transistors 

(MOSFETs). 

  Thermal silicon oxidation, in general, can be 

categorized according to oxidation temperature as 

low-temperature (400 – 1100°C) or high-temperature 

[1100 – 1414°C (melting point of Si)] oxidation. Thermal 

oxidation at low temperature is widely used to obtained 

insulating silicon oxide layers in conventional Si devices, 

and the chemical structure of the SiO2/Si(001) interface 

has been extensively studied so far. Thermal silicon 

oxidation at high temperature, on the other hand, is 

becoming important for advanced silicon devices based on 

silicon-on-insulator (SOI) structures.[1] However, little 

attention has been paid to the chemical structure of the 

high-temperature thermally grown silicon oxide layers on 

Si(001) and its interface.[2] The chemical information at 

the interface is essential for understanding the origin of 

the interface roughness. 

Here, we report a photoemission study of the thermally 

grown SiO2 on Si(001) at high-temperature.  

We used B-doped Si(001) wafers with miscut angle of 

1°. The wafers were thermally oxidized in conventional 

electronic furnace. The wafers were subjected to various 

annealing conditions in an Ar atmosphere containing a 

small constant fraction of O2 gas (0.2%). Annealing 

temperatures and times were 1200, 1250, and 1325°C, and 

2.5, 4, and 2.5 h. The silicon oxide layers were etched 

back in dilute HF solution (1%) followed by DI water 

rinse. The etchback oxide thickness was less than 5 nm 

and the etchback treatment did not destroy the buried 

SiO2/Si interface.  

  A typical spectrum recorded at 240 eV photon energy 

from a 1250°C sample shows that different suboxide 

peaks are clearly observed in the raw data. The peaks can 

be assigned to the suboxide states (Si+1, Si+2, Si+3, Si+4). The 

intensities of the Si+1, Si+2, Si+3 peaks become strong with 

increasing incident beam energies, indicating that the 

suboxide states are localized at the interface. The observed 

intensity distribution is quite different with that of the 

SiO2/Si(001) interface formed at low temperatures. This 

discrepancy means that the high-temperature thermal 

silicon oxidation produces the original chemical states at 

the interface. 
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