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「兵庫県ビームライン年報・成果集」 

創刊を祝して 
 

 

（独）理化学研究所播磨研究所 

所長  石川 哲也 

 

兵庫県ビームライン年報・成果集のご創刊おめでとうございます． 

兵庫県 ID (BL24XU)および兵庫県 BM (BL08B2)の二本のビームラインを擁する兵

庫県は，SPring-8 供用開始後の比較的早い時期から当時の姫路工業大学理学部（現兵

庫県立大学理学部）を通じての人材育成や，地元を中心とした放射光産業利用の振興

に大きな役割を担ってきました．このような兵庫県のご努力は，国や産業界からの後

押しとともに，SPring-8 の産業利用を順調に発展させ，全利用課題の 20%超を産業界

からの課題が占めるという，世界的にも極めて高水準を達成し，他国の放射光施設の

目標とされるまでになっております． 

このたび，SPring-8 での成果非占有課題における成果公開の促進に対応すべく，「兵

庫県ビームライン年報・成果集」を創刊されますことに，心からお祝い申し上げると

ともに，兵庫県ビームラインの利用から創出された重要かつ先進的な情報が，広く放

射光利用者に公開されることによって，我が国の放射光利用の質的向上に寄与してい

ただけますことは，関係者の一人としてこれに勝る喜びはございません． 

現今の先進技術の多くが，ナノレベルやより小さなレベルで物質の構造，組成，電

子状態の制御を必要とし，また既存技術であってもナノレベルでの理解を進めること

によって大幅な改良・改善の余地を見出しうる場合が少なくないことを考えますと，

ナノを観る光としての放射光の重要性と需要は益々高まっていくものと考えておりま

す．（独）理化学研究所は今後とも量的・質的に高まっていく高輝度放射光への要求に

対応すべく，（公財）高輝度光科学研究センターと協力し，SPring-8 を世界最高水準

の放射光施設として維持・発展させて参りますが，引き続き兵庫県のご支援とご理解

を要請する次第です． 

昨年度から SACLA の供用が開始され，また今年度には神戸の京コンピュータの供

用も開始されました．兵庫県の東と西の二つの最先端科学技術基盤施設利用への地元

の皆様の積極的な参加をお願いし，そこからの皆様の飛躍的な発展を祈念いたしまし

て，お祝いの結びとさせていただきます． 

提供: RIKEN/JASRI 
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祝  辞 
 

 

      （公財）高輝度光科学研究センター 

理事長  白川 哲久 

 

 

「兵庫県ビームライン年報・成果集」創刊号の刊行にあたり，一言ご挨拶申し上げ

ます．

SPring-8 は供用開始後 16 年目に入りました．その間に利用可能なビームラインは

10 本から 57 本まで整備され，学術利用・産業利用等多くの先端的なあるいは波及効

果の大きな成果が報告されました．その中で，兵庫県ビームラインは SPring-8 を誘

致された兵庫県が産業利用振興のために先頭を切って整備されたビームラインでサン

ビーム（産業用専用ビームライン建設協同体）とともに，SPring-8 の産業利用を牽引

する多くの利用成果を挙げて来られました．

SPring-8 は施設の運営に多額の国費が必要であり，その意義や有用性について国民

の理解を得るためには，生み出した成果を広く社会に情報発信していくことが求めら

れます．JASRI では，利用者の皆様からより多くの利用成果を報告頂けるように，利

用実験終了後 3 年以内に査読付論文あるいは SPring-8 利用研究成果集などによる公

開をお願いしています．兵庫県ビームラインでは従来の産業利用報告会や論文発表に

加えて，新たに「兵庫県ビームライン年報・成果集」を創刊されることになり，SPring-8
の利用成果をわかりやすい形で社会にＰＲして頂けるものと大きな期待をしておりま

す．

国内産業の競争力強化のためには，SPring-8 の単独利用だけでなく，PF，

NewSUBARU をはじめとする放射光施設や中性子施設 J ｰ PARC，スーパーコンピュ

ータ京などと相補的に利用することによって，さらに短期間に大きな成果が期待でき

ると考えております．JASRI ではこれらの施設との連携をはかり，産業界をはじめ

SPring-8 利用者の皆様の利便性をさらに向上させるべき，利用者本位の視点に立って，

具体的な施策を進めているところです．さらに，JASRI は SPring-8 に加えてＸ線自

由電子レーザー（SACLA）についても特定放射光施設の登録施設利用促進機関として

位置づけられており，（独）理化学研究所と連携しながら利用者選定や利用支援など具

体的な利用制度を整備し，昨年 3 月から共用を開始しました．強力で位相のそろった

短パルスの新しいレーザー光の活用についてもよろしくお願い致します．

「兵庫県ビームライン年報・成果集」の創刊を機に，兵庫県ビームラインの活動が

さらに発展されますことを心から祈念して，祝辞とさせて頂きます．

提供: RIKEN/JASRI 
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巻 頭 言 

 

 

（公財）ひょうご科学技術協会 

放射光ナノテク研究所 

 所長  松井 純爾 

 

理研・原研の共同チームによる次世代放射光施設の設置プロジェクトに筆者が参画

し，巣鴨の理研分室を頻繁に出入りしたのは，まだフォトンファクトリの企業専用ビ

ームラインを活用している最中でした． 

 平成４年に，当時の県庁兵庫県知事公室で「県ビームライン構想」が，県下のみな

らず関西，全国産業利用を意識して企画立案されました．筆者がこちらに異動した平

成 8 年末に輸送部，分光器，ハッチ，安全設備などの仕様作成を開始し，平成 10 年

３月に工事が完了，光学調整を経て同年５月に放射光を初めて確認しました．早速，

初期成果が求められ，思案のあげく，Si 単結晶の非対称反射を活用してＸ線の平行度

を上げ，屈折イメージング実験を昆虫やカエル等で行ないました．結果，通常よりは

るかに解像度の良いＸ線像が得られて，SPring-8 の威力をあらためて感じた訳です． 

 その後兵庫県は，この世界最高性能の高輝度放射光と，地域の産業が有する高性能

ナノ粒子コンポジット材料技術を直結して，県内企業の国際競争力を高めた産業の振

興および集積を図るために，JST（科学技術振興機構）ファンドによる地域結集型共

同研究事業「ナノ粒子コンポジット材料の基盤開発」を平成 16 年 1 月に開始しまし

た．このプロジェクトには県内 24 企業を含む総勢 36 機関が参画しました．ナノ粒子

の分散と凝集構造の評価のためには放射光による小角Ｘ線散乱技術が必須であること

から，偏向電磁石光源による二本目のビームラインが必要となり，平成 17 年 4 月に

設置工事に着工して，翌年 3 月にここでも放射光を確認しました．そして，この JST
プロジェクトによる地域 COE 構築の証しとして，SPring-8 敷地内に「兵庫県放射光

ナノテク研究所」を建設することを理研より認めていただきました． 

上記のプロジェクト参加企業も含めて，今日まで実に多くの企業各社に利用いただ

きましたが，本成果集は，プロジェクト後の最近の利用課題について結果を纏めた最

初の冊子です．兵庫県ビームラインの産業利用がここに至りましたのも，理研ならび

に JASRI の温かいご支援の賜物と厚く感謝申し上げます．
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2011A3302, 2011B3302 BL08B2

XAFS

Current Status of XAFS Station at BL08B2

Lei Li

Synchrotron Radiation Nanotechnology Laboratory, Hyogo Science and Technology Association
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Fig. 1. XAFS experimental set-up.
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Fig. 2. (a) Experimental K-edge XAFS spectrum

and (b) k3χ(k) EXAFS spectra of CeO2.
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XAFS

CEY CEY

XAFS in situ

XAFS

XAFS

BL08B2

XAFS

BL08B2 EXAFS

XAFS SAXS,

CT XRD

[1] :
42, 5-11 (2000).

[2] T. Uruga, H. Tanida, Y. Yoneda, K. Takeshita, S.
Emura, M. Takahashi, M. Harada, Y.Nishihata,
Y. Kubozono, T. Tanaka, T.Yamamoto, H.
Maeda, O. Kamishima, Y.Takabayashi, Y.
Nakata, H. Kimura, S. Goto, and T. Ishikawa:
J. Synchrotron Rad. 6, 143-145 (1999).
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2009B3300, 2010A3300 BL08B2

BL08B2

XAFS/SAXS

Combined XAFS/SAXS measurement at BL08B2

Shigeo Kuwamoto

Synchrotron Radiation Nanotechnology Laboratory, Hyogo Science and Technology Association
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Fig. 1. Beamline layout and SAXS optics.
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Table 1. Characteristics of SAXS optics and apparatus.

Energy range 8 ∼ 15 keV (5.3 ∼ 25 keV)∗

Mirror angle 4 mrad ∼ 7 mrad

Photon flux 1.0 × 1010 photons/sec (12.4 keV)

Beam size 0.15(H) × 0.25(W) mm at detector position

SAXS camera length 500 ∼ 6,200 mm, 15,600 mm

SAXS detectors Imaging plate (R-AXIS4++), PILATUS, XRII-CCD, Flat panel sensor

Measurement methods SAXS/WAXS, GI-SAXS, A-SAXS, Rheo-SAXS, XAFS/SAXS
∗Preparation of mirror angle is required.

XAFS/SAXS

in-situ Quick-XANES/SAXS

SAXS 1,800 mm 0.139 nm
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Fig. 2
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Fig. 2. Time frame diagram for combined quick-

XANES/SAXS measurements.

Fig. 3. XAFS spectrum of standard sample obtained

by XAFS/SAXS measurement.

mm EXAFS
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2010A3344, 2010B3344, 2011A3344 BL08B2

BL08B2

Tuning of BL08B2 X-ray Imaging Station

Yoshimasa Urushihara

Synchrotron Radiation Nanotechnology Laboratory, Hyogo Science and Technology Association
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Table 1. Properties of X-ray imaging detector at BL08B2.

Scintillator P43 fine powder : diameter = 25 mm, thickness = 10 µm

YAG;Ce single crystal : diameter = 10 mm, thickness = 15 µm

Relay lens Nikon F mount lens : f = 35 mm (F1.4), f = 50 mm (F1.2),

f = 105 mm (F2), f = 180 mm (F2.8)

Kenko teleconverter : ×1.4, ×2

Digital Camera BU-53LN (Bitran Co.) : CCD image sensor

4008×2672 pixel, 9 µm/pixel

16 bit A/D, 1.0 frame/sec

Orca-Flash2.8 (Hamamatsu photonics) : CMOS image sensor

1920×1440 pixel, 3.63 µm/pixel

12 bit A/D, 45 frame/sec

180 1 µm

CT

in situ

–

( )

Table 1

P43 Gd2O2S;Tb

YAG;Ce

1–10

BL08B2 10

CCD

45 / CMOS

–

30–1000 mm

20 mm × 10 mm 10 mm

2

CT

6 mm 10 mm 2

CT Fig. 2 CT

Fig. 2. Volume rendering images of drug tablets.
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Table 1. Emulsion specimens having the surfactants with various molecular length

code polymer surfactant extended molecular length

/ nm

2EHA-ANR 2EHA anionic non-reactive 6.3

2EHA-AR ↑ anionic reactive 7.5

2EHA-NR ↑ nonionic reactive 17.7

2EHA-PVOH ↑ anionic polyvinyl alcohol 31.5

2EHA: 2-ethylhexyl acrylate

Table 2. A specimen for monitoring drying process

code surfactant Tg dSAXS dDLS

/ oC / nm / nm

2EHA/AA-AR anionic reactive -70 153.7 174.0

AA: acrylic acid

Table 3. Specimens for structure analysis of the films

code surfactant dSAXS dDLS

/ nm / nm

2EHA/AA-AR anionic reactive 153.7 174.0

BA/AA-AR anionic reactive 135.9 143.8

2EHA/MAA-ANR anionic non-reactive 89.4 111.1

BA: butyl acrylate, MAA: methacrylic acid

SPring-8 BL08B2 6 m

5 mass%

DLS(NICOMPTM

380 ZLS, Particle Sizing Systems) dDLS

Table 2

7

Table 3

SAXS

dSAXS

Fig. 1 dSAXS dDLS Cs

dSAXS dDLS

Fig. 2 Cs

2EHA-ANR 2EHA-AR

Fig. 1. Schematic models of the emulsion parti-

cles having the surfactants with various molecular

length. Deep and light blue areas indicate the sizes

of the core and the corona of the emulsion particles,

respectively.
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Cs

Cs

2EHA-ANR 2EHA-AR

Fig. 2. Relationship between corona size and ex-

tended molecular length of surfactants.

Fig. 3 (

) 99.7

mass% 6.25 mass%

q = 0.03 nm−1

q ( )

q = 0.048 nm−1

q = 0.078 nm−1

(

)

7

( ) q = 0.048 nm−1

(Tg)

SAXS

Fig. 3. SAXS profiles at various sample concentra-

tions during dry process. Numerical values in the

figure represent nonvolatile content of the polymer

emulsions. Dark gray broken line and light gray

chain line represent the shift of the peaks upon close

packing and the position of the peaks by scattering

due to the particles themselves, respectively. Curves

are vertically shifted. “After 7 months” in the fig-

ure represents the sample stored for 7 months after

casting a film at room temperature.

Fig. 4 Table 3 Iq2 − q

1:
√
3: 2:

√
7: 3 · · ·

[6]

SAXS
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Fig. 4. Iq2 − q plot for emulsion films. Ratios of the

position of higher order peaks or shoulders to that

of the first peak are also indicated.

SAXS
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TSD 1

6 TED

Fig. 1. Synchrotron X-ray topography images of

(a)-(f) TEDs and (g) TSD in 4H-SiC epilayer.
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by X-ray Scattering
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Fig. 1. GI-SAXS profiles of P3HT:PCBM films.
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Fig. 2. Model fitting results of GI-SAXS profiles of P3HT:PCBM films.

– 40 –



2009B3329, 2010A3329, 2010B3329, 2011B3329 BL08B2

CT

Cell Structure Observation of Polymer Foam
by X-ray Computed-Tomography
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Fig. 1. X-ray CT system for cell structure obser-

vation.
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Fig. 2. CT image of polymer foam, (a) tomogram and (b) volume-rendering view.
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Fig. 3. Stress-strain curve of specimen and CT images of inner layer in parall to compressive direction.

Arrows positions denote strain values corresponding to CT images.
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Fig. 1. SAXS profile of composite film that contains

0.1 volume percent (η = 0.001) nanosilica particles

and its fitting curve assuming a Gaussian sphere.
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Fig. 2. SAXS profiles of composite film containing

volume fractions (η) of nanosilica particles.
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Fig. 1. Combined SAXS profiles for SBR/Silica.
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Fig. 4. (a) Correlation between oriented rubber and mold flow. (b) Scattering image of oriented rubber.
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Fig. 1. (a) Ni K-edge XANES spectra of NCA electrode (charge process). (b) Charging curve of NCA

electrode (red square; left axis) and XANES peak position (blue square; right axis).

× 1 µm XAFS

in-situ XAFS

Fig. 1 K XAFS

XANES

Fig. 2 EXAFS

Fig. 2. Fourier-transform of in-situ Ni K-edge EX-

AFS spectra of NCA electrode.
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Fig. 3. (a) Fluorescence X-ray mapping and (b) microbeam XANES spectra of NCA electrode (SOC 50 %).

Fig. 4. Microbeam XANES spectra of NCA elec-

trode.

LIB

2

1© 2 XAFS

2

in-situ

2© XAFS

XAFS

[1] XAFS .

– 53 –



Status Report of Hyogo-Beamlines with Research Results, Vol. 1 (2012)

2009B3200, 2010A3200, 2010B3200 BL24XU

Circular Multilayer Zone Plate for High-energy X-ray
Nano-imaging

1, 1∗, 1, 1†, 1∗, 2‡, 2, 2

Yasushi Kagoshima1,Takahisa Koyama1∗, Hidekazu Takano1, Shigeki Konishi1†, Takuya
Tsuji1∗, Hisataka Takenaka2‡, Satoshi Ichimaru2, Tadayuki Ohchi,2

1 , 2NTT
1Center for Novel Material Science under Multi-Extreme Conditions, Graduate School of Material Science,

University of Hyogo,
2NTT Advanced Technology Corporation

MZP 20 keV

MoSi2 Si DC

MZP

35 nm 50 nm

line-&-space T. Koyama et al., Rev. Sci. Instrum. 83,

013705 (2012).

FZP

FZP

Rudolph

∗ : JASRI/SPring-8
† :
‡ :

[1]

MZP

MZP

MoSi2 Si

[2] Fig. 1 MZP

DC

50.192 µm N

rn f

rn =
√
nfλ =

√
nr1, f =

r21
λ
.

r1 1 λ

rim (im=251)

– 54 –



r1 =1.584 µm

∆rim ∆rom(om=385)

rom − rim N

50.0 nm 40.4 nm 5.985 µm 134 (=385-251)

40 nm

20 keV

32 µm coupled wave

theory [3, 4] 35.6% 20

keV 40.5 mm Fig. 2

MZP

Wire

core

Multilayer

deposition

Sectioning,

polishing &

thinning

(MoSi2/Si)

Zone

thickness

Zone

width

Fig. 1. Fabrication process of MZP.

C
o

re

~6 μm10μm

Core

Multilayer Overcoat layer(a) (b)
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Table 1. Characteristics of microbeams.

Beam 1 Beam 2 Beam 3

Concave curveture 4 mm 8 mm -

Beam size (Hor.) 0.9 µm 1.7 µm 35 µm

Beam size (Ver.) 0.4 µm 0.7 µm 35 µm

Beam divergence (Hor.) 45 µrad 25 µrad 3.5 µrad

Emittance (Hor. 0.41 Å 0.43 Å 1.23 Å

Fig. 1. Highly parallel X-ray microbeam optics.

0.24◦

7 mm ×
0.1 mm

0.9 µm( ) × 0.4 µm( )

45 µrad

106 cps 1

8 mm

1.7 µm( ) × 0.7 µm( )

25 µrad 2

35 µm( ) × 35 µm( )

3.5 µrad 3

3 Table

1

1 2

0.4 Å

0.827 Å

Si

LSI

0.95 eV 0.83 eV 1.3 µm

1.55 µm

Ge

Fig. 2 Ge

[2] Fig. 2 1.55 µm

Ge 0.1 %

Ge

2

Ge

Fig. 2. Responsivity of strained Ge.

Fig. 3

SiO2 Ge

600 ◦C

Fig. 3. Area selective Ge layer on Si.
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Fig. 4. Lattice parameter changes along (a) the long side and (b) short side of a rectangle.

Ge

Fig. 3 Ge

Ge

Fig. 4 Fig. 4 (a) (b)

Fig. 4 Ge

Ge 0.171 %

Si Ge

Si Ge

Ge

<001>

Fig. 4

[3]

Si

1.11 eV

Si

Si

1

SOI SiO2

SOI Fig. 5

Si

Fig. 5. Beam structure of Si.
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Si

Si

µm SOI

SOI

Si SiO2
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<004> Table 2

8 µm 0.03 %
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Table 2. Results of lattice parameter measurements.

Distance from the base Lattice parameter

of Si beam

+37 µm 1.35785 [Å]

+8 µm 1.35725 [Å]

+1 µm 1.35773 [Å]

0 1.35774 [Å]

-2 µm 1.35791 [Å]

-3 µm 1.35789 [Å]

-8 µm 1.35786 [Å]

-13 µm 1.35790 [Å]

−1.7×10−4 eV

SPring-8 BL24XU B1 3

Ge

Ge

Si
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chrotron Rad. 13, 373 (2006).
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Phys. 98, 013501 (2005).
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Diamond Light Source Proceedings 1/SRMS-7,
e117 (2010).
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Development of X-ray Microfocusing and Microimaging Station
at BL24XU

Hidekazu Takano

Graduate School of Material Science, University of Hyogo

BL24XU B2

X-ray focusing, X-ray microscopy, X-ray tomography, Phase contrast imaging
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B2

B2

B2

2011B

7 nm [1]

(Total

reflection zone plate: TRZP) [2]

TRZP Fig. 1(a)

Fig. 1. Schematic drawing of the TRZPs. (a) linear

focusing type, (b) point focusing type.
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Fig. 1(b)
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angle x-ray diffraction: WAXD) (X-

ray fluorescence analysis: XRF)
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13 nm

[4]

300 µm

1.7 nm

FZP

3 8 FZP

100 nm

0.05 2.5 mrad

1011

3 µm × 10 µm FZP

mm
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Fig. 2

Fig. 2. Schematic diagram of a measurement system

using an X-ray focusing beam.
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Fig. 3(a) TRZP
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Fig. 3. (a) An experimental focusing result of a linear focusing type TRZP. (b) A focusing calculation result

of a point focusing type TRZP.

50 µm

35 µm

90

4.5 nm

12.2 nm 2

Fig. 4

WAXD Fig.

Fig. 4. Local WAXD images of a human hair using

an X-ray focusing beam. Each image shown in (a),

(b), (c) was obtained at different positions of sample

shown in the lower figure, respectively.

4(a)

Fig. 4(c)

Fig. 5 XRF

Fig. 6 DPC CT

Fig. 5. Multi-elemental images of a cross-sectional

slice of a human hair obtained by a scanning XRF

measurement.
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2

Fig. 6. A reconstructed cross-sectional image of a

human hair obtained by phase contrast X-ray scan-

ning tomography.

CT 4 CT

CT

Fig. 7

Fig. 8 4 CT

1 mm

3.4 µm

3000 / 10

150 CT

20 Fig. 8

TRZP 1

Fig. 7. A reconstructed slice image of a wooden tis-

sue obtained by a high-resolution CT system.

Fig. 8. A experimental result of four-dimensional

CT measurement. The sample is water solution of

baking powder in a glass capillary with outer diam-

eter of 1 mm. Reconstructed cross sectional images

in time series were shown in the figure.

70 nm 5 nm
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Microstructures of Poly-α-olefin/Adhesives Interface
Using Grazing Incidence X-ray Diffraction
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(0.1 wt%) it.PP

(800 rpm, 12 sec + 1500 rpm,

60 sec)
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He

:10 keV 0.15 mm(Horizontal)

× 0.15 mm(Vertical) it.PP αc =

0.12 deg.) α = 0.16 deg.
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.

Fig. 1 3
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it.PP α

it.PP a

111

it.PP

Fig. 1. Grazing incidence X-ray diffraction profiles of it.PP+Primer thin films.

– 68 –



Fig. 2. it.PP molecular models in surface before and after applying primer.
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Fig. 3. (a) Grazing incidence X-ray diffraction pro-

files of it.PP+Primer at several open time. (b) Re-

lationships between open time and area ratio/peel

stregth.

-α-

it.PP

it.PP

it.PP

PILATUS

it.PP

40 nm

it.PP
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[2] G. Natta and P. Corradini: Nuovo Cimento
Suppl. 15, 40 (1960).
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Fig. 1. Schematic of the micro-WAXS system.
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Fig. 2
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•

300 mm 950 mm

Fig. 2. Profiles of the focused X-ray beam. (a) Hor-

izontal direction and (b) vertical direction.
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Fig. 3. Optical microscope image of the adhesive.

Z = 240 µm

Fig. 4

Fig. 4. Diffraction patterns of the adhesive during peeling process.
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Fig. 1. Schematic image for X-ray microbeam appli-

cation.
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Fig. 2. Schematic view of X-ray optics for micro-

XAFS measurements. Using a double mirror system,

the content of higher order harmonic can be reduced

sufficiently low. A monochromatic X-ray beam is

focused on a sample using a bent-cylindrical mirror.

BL24XU

XANES

K XANES

XAFS

XAFS

BL24XU 1 13

XAFS

B2 Fig. 2

Insync Inc.

100 mm

4 mm

B2

( )

Fig. 3

250 mm

33 mm

S-1329A

Fig. 3. Overview diagram of the experimental apparatus for micro-XAFS measurement.
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XAFS

Fig. 4

Fig. 4. Photograph showing the sample stage. Sam-

ples were mounted on the Teflon R© plate to avoid

background signals for fluorescence-XAFS experi-

ments.

XAFS XAFS

XAFS

RONTEC XFlash

19

Ge 19

XIA

XAFS

Lytle

X

XAFS JASRI XAFS

GUI

K

7100 eV

100

µm

Fig. 5. Profiles of X-ray microbeam evaluated. To

evaluate the beam profiles, knife-edge scans are per-

formed using a 100-µm-diameter platinum wire in

(a) vertical and (b) horizontal directions.
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0.4

Fig. 5

1.0 µm 1.8 µm

280 mm 2.9×109

photons/sec

XAFS

K Fig. 6

Fig. 6. Microbeam stability measurement showing

position drift features of optical axes in (a) vertical

and (b) horizontal directions against photon energy

before precise optical alignment. Knife-edge scans

are performed at several points in the 8150-8500 eV

energy range.

XANES

Fig. 7

Fig. 7. Microbeam stability measurement showing

position drift features of optical axes in (a) verti-

cal and (b) horizontal directions against photon en-

ergy after precise optical alignment. The stability is

found to be improved.
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Fig. 8. Sample for the first feasibility study of X-ray microbeam. Cathode materials of LiNiO2-based lithium-

ion battery is used.

Fig. 9. Nickel X-ray fluorescence intensity distribution map of the sample when the X-ray microbeam is

scanned over the sample cross-section.

0.3

µm

BL24XU XAFS

LiNiO2
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Fig. 9
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K 7709 eV

Fig. 10

XAFS

Fig. 10. Cobalt X-ray fluorescence intensity distribu-

tion map of the sample when the X-ray microbeam is

scanned over the sample cross-section. Cathode ma-

terials of LiCoO2-based lithium-ion battery is used

in this case.

XANES Fig. 11 K

XAFS

XAFS

XAFS

Fig. 11. (a) Cobalt K-edge XANES spectra after

charge and discharge reactions and (b) their detail

around the absorption edge.

BL24XU XAFS

XAFS

pre-edge

BL24XU

Fig. 12 XAFS

(Du-Mond

diagram)
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Fig. 12. (a) Schematic view of X-ray optics in a

standard XAFS measurement case and (b) a Du-

Mond diagram of the reflected X-rays.

Fig. 13

Si 111 Si 400

Si 220 ,

[2, 3] Fig. 13(b) (c)

pre-edge

XANES

XAFS

[4]

Fig. 13. (a) Schematic view of X-ray optics in a

high-energy-resolution XAFS measurement case and

Du-Mond diagrams of the reflected X-rays for (b)

Si 111+Si 400 reflections and (c) Si 111+Si 220

reflections.
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Fig. 14. Schematic image of 2-dimensional XAFS.
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Fig. 2. Back reflection X-ray topographs obtained

before and after 4H-SiC epitaxial growth for the

same position.

V-slit 20◦

Q

3D

3D [5]

Fig. 2

2 BPD(B1 B2) B1 /

TED(E1) B2

3D Fig. 3

30 µm Fig.

3(a) 2 E1 B2

Fig. 3(b) 3(c) B1 20 µm /

Fig. 3. Stereographic views of BPDs (B1, B2) and a TED (E1). (a) The two pits visible in the top view

correspond to E1 and B2, (b) B2 propagates from the deep substrate to the epilayer, and B1 converts to E1

near the epilayer/substrate interface (20 µm deep). The high-intensity region (arrow in (b)) will be caused

by surface strain. (c) B1 and B2 lie on the basal plane at an angle of 8◦ with the surface, and E1 is almost

parallel to the surface normal. (d)-(f) Based on the complicated morphologies between E1 and B2 (circles),

we anticipate the interaction of dislocations with other defects, or with the epilayer/substrate interface.
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Table 1. Surface treatment conditions of Zircaloy-2 and thickness of their oxide filmes

Treatment Temperature (◦C) Time Thickness (µm)

weight gain µ-XRD TEM

FG 500 2 h 0.92 0.8 0.8 ∼ 1.0

FG 500 10 h 1.89 1.7 1.7 ∼ 2.0

FG 630 20 min 2.05 2.8 -

FG 815 2 h 19.27 15.3 -

OD 500 2 h 0.89 1.3 1.0 ∼ 1.2

OD 630 20 min 2.27 3.3 -

AC 360 14 days - 1.9 2.2 ∼ 2.4

X-ray: 10 keV

Sample

Flat panel
detector

Image

Fig. 1. Layout of µ-XRD measurement and 2D image of the Debye-Scherre ring.
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(a) FG 500◦C, 10h

(b) FG 815◦C, 2h

Fig. 2. XRD profiles of FG samples from surface to

matrix. (a) FG 500◦C, 10h and (b) FG 815◦C, 2h.
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(a) FG-500◦C-2h (b) OD-500◦C-2h

(c) FG-630◦C-20min (d) OD-630◦C-20min

(e) FG-500◦C-10h (f) AC-360◦C-14days

Fig. 3. Changes in nomalized intensities of (111)m, (101)t, (022 10) Zr3O and (1012) Zr peak from the surface

to the matrix [3].
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Fig. 4. Tetragonal fraction of the oxide layers, as a

function of distance from interface [3].
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Abstract The erbium silicate formation processes during annealing in Ar gas were monitored by

synchrotron radiation grazing incidence X-ray diffraction (GIXD) in real time. The GIXD measurements

show that erbium silicates and erbium oxide are formed by interface reactions between silicon oxide

and erbium oxides deposited on silicon oxide by reactive sputtering in Ar gas and O2/Ar mixture gas

ambiences. The erbium silicates are formed above 1060 ◦C in Ar gas ambience and above 1010 ◦C in

O2/Ar gas ambience, and erbium silicides are dominantly formed above 1250 ◦C.

Keywords Real-time grazing incidence X-ray diffraction, Erbium silicate, thin film, silicon

Introduction

Erbium silicates and erbium oxide, such as Er2SiO5

and Er2Si2O7, are promising materials as light emit-

ters at the telecommunications wavelength and as

optical amplifiers in the field of silicon photonics

[1–8]. In the erbium compounds, the density of er-

bium ions is 1022 atoms/cm3, which is orders of mag-

nitude greater than that typically obtained by Er ion

implantation in silicon substrate, allowing access to

a huge number of emitting centers.

A variety of growth methods are used to fabricate

erbium silicates and erbium oxides on the surfaces

of SiO2 and Si substrate, including sole gel meth-

ods, reactive sputtering, pulse laser deposition, and

thermal annealing in Ar, N2, and oxygen gas ambi-

ences. Previous work revealed that the processes in

the growth methods significantly affect the photolu-

minescence (PL) intensities of Er+3 ions in the ma-

terials [1–8]. According to Ref. 7, for example, the

PL intensity of Er2O3 grown on Si and SiO2 by mag-

netron sputtering becomes large with an increase of

annealing temperature up to 1200 ◦C, depending on

the duration of the thermal annealing. The rela-

tionship between the structural features and the in-

crease of PL intensity is, however, not clear. Further-

more, it has been reported that the crystal structure

of erbium silicates strongly depends on the growth

method and thermal annealing procedures, but it

has been reported that there exist several phases of

mono-silicates and di-silicates [5].

For more precise control of the silicate formation

and a better understanding of the behavior of the PL

intensities, it is therefore necessary to investigate the

formation processes in order to tune the growth con-

ditions appropriately and obtain intense Er3+ pho-

toluminescence from the resultant crystal of erbium

silicates. We have previously developed a grazing

incidence synchrotron X-ray diffraction (GIXD) ap-

paratus that can monitor the annealing behavior in

real time in O2/Ar mixture gases [9]. The real-time

GIXD is promising for characterizing the structures

and silicate formation processes.

In this work [10], we performed real-time GIXD

experiments to reveal formation processes of erbium

silicates on silicon substrate. We determined the

crystallographic structures and the temperature of
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crystallization, and assessed the possible reactions

for the silicate formation on silicon.

Experimental

The 100-nm-thick erbium oxides were deposited

on 100-nm-thick silicon oxide film grown on Si(001)

substrates by reactive sputtering at room tempera-

ture. The samples are then annealed at up to 1300
◦C in Ar and O2/Ar mixture gases. The deposition

rate of erbium oxide was ∼ 0.1 nm/s.

Grazing incidence X-ray diffraction experiments

were performed during the annealing in real time

at beam line BL24XU in SPring-8 using the X-ray

wavelength of 1.24 Å [9]. The incidence angle of the

X-ray was 0.2∼1.0◦. The gas flow rates of Ar and

oxygen gases were 2 L/min and 50 – 500 cc/min,

respectively. The duration of the X-ray diffraction

was about 30 minutes. The temperature rise time

was about 10 ◦C/min. The annealing experiments

above 1200 ◦C were done in a high-temperature SiC

furnace like the one in the synchrotron radiation

system (SPring-8). Anneal temperatures were cal-

ibrated by measuring the thermal expansion coeffi-

cient of Er2O3 in the real-time GIXD measurements.

Results and Discussion

Fig. 1 shows the powder diffraction pattern ob-

tained by the synchrotron radiation GIXD at room

temperature from a sample annealed at 1060 ◦C in

Ar gas ambience. The peaks can be assigned to

Er2O3, Er2SiO5, and Er2Si2O7 phases, indicating

the formation of mixtures of these phases as a re-

sult of the annealing. The peaks at 26.78◦, 33.1◦,

34.73◦, 38.65◦, 42.84◦, 43.83◦, and 45.65◦ are from

(400), (422), (431)/(134), (440), (611), (026), and

(622) planes of cubic Er2O3 (JCPDS card no. 40-

384), space group Ia3. The peaks at 11.82◦, 16.12◦,

17.31◦, 18.21◦, 19.3◦, 20.13◦, 21.39◦, 22.61◦, 24.44◦,

25.82◦, and 28.06◦ are from (200), (202)/(211), (112)

, (211), (112), (202), (020), (121), (402), (622), and

(411) planes of monoclinic Er2SiO5 (JCPDS card

no. 43-1007), space group I2/a, and the peaks at

Fig. 1. X-ray powder pattern obtained from samples annealed at 1060 ◦C in Ar gas ambience.
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12.94◦, 15.02◦, and 29.16◦ are from (002), (100), and

(113)/(112) planes of Er2Si2O7 (JCPDS card no. 24-

62), space group P21/b, respectively. The main peak

at 23.64◦ is from (222) plane of Er2O3 and (013)

plane of Er2SiO5.

Fig. 2(a) and (b) show real-time diffraction pat-

terns obtained during thermal annealing in Ar gas

and O2/Ar gas ambiences. In the Ar gas ambi-

ence (Fig. 2(a)), the broad peaks at 23.45◦ obtained

at room temperature are from the as-grown amor-

phous erbium oxide. The thermal annealing at 415
◦C sharpened the broad peak, indicating the crystal-

lization of erbium oxide on the 100-nm-thick silicon

oxide layers. The feature of the diffraction pattern

remains up to 815 ◦C. The thermal annealing at 1011
◦C suddenly produces new small peaks at 21.26◦ and

25.74◦, which can be assigned to (020) and (022) re-

flections of the mono-silicate phase of Er2SiO5 (Fig.

1). This clearly shows that the interface reaction

occurs between crystal Er2O3 and amorphous SiO2

as Er2O3(s) + SiO2(a) → Er2SiO5. Further ther-

mal annealing up to 1060 ◦C produces additional

peaks at 12.84◦ and 14.84◦, which can be signed not

to mono-silicate but to di-silicate E2Si2O7 (See Fig.

1).

A comparison between Fig. 1 and 2(a) shows that

the peaks at 18.56◦ from the (012) planes of the

di-silicate appear after the thermal annealing. Pos-

sible reactions at this temperature are as follows:

Er2O3 + 2SiO2 → Er2Si2O7 or Er2SiO5 + SiO2

→ Er2Si2O7. Noted that the mono- and di-silicate

structures are not stable during thermal annealing

above 1250 ◦C in the Ar gas ambience, because we

observed ErSi2 at the 1250 ◦C as a dominant phase.

In the 2.4 % O2/Ar ambience, on the other hand,

pattern evolution is similar to that in the Ar ambi-

ence. It should be noted, however, that the onset

temperature of the formation of mono-silicate and

di-silicate becomes lower than that in the Ar am-

bience. The erbium silicate formation temperatures

are compared in Table 1.

The results support desorption of Si from the sur-

face via SiO gas during the thermal annealing. The

additional oxygen insertion prevents desorption of

Fig. 2. X-ray powder patterns obtained during thermal annealing (a) in pure Ar gas ambience and (b) 2.4

% O2/Ar mixture gas ambience. White and black stars represent the reflection from mono- and di-silicate,

respectively.
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Table 1. Nucleation temperatures of crystalline Er2O3, Er2SiO5, and Er2Si2O7

in pure Ar and Ar/O2 mixture gas ambiences.

Crystalization in Ar ambience Temperature in O2/Ar ambience

Er2O3 : 225 ∼ 620 ◦C ∼ 620 ◦C

Er2SiO5 : 1010 ∼ 1060 ◦C ∼ 1010 ◦C

Er2Si2O7 : 1060 ◦C ∼ 1010 ◦C

SiO, meaning oxygen plays an important role in the

mono- and di-silicate formation.

To see the effect of annealing at higher tempera-

ture on the silicate formation, we obtained the pow-

der diffraction pattern from the sample annealed at

1250 ◦C in the Ar gas ambience for 1 h. The peaks

at 17.23◦, 21.63◦, 27.93◦, and 35.17◦ are assigned to

(001), (100), (101), and (002) planes of hexagonal

ErSi2 phase (JCPDS card no. 12-37), space group

P6/mmm. This indicates that erbium oxides and sil-

icates at 1060 ◦C (Fig. 1) disappear but ErSi2 ap-

pears on the film, which means that oxygen atoms

are preferentially desolated from the erbium oxide

and silicates.

The X-ray diffraction results indicate that the ther-

mal stability of erbium oxide and silicates on silicon

depends on the annealing temperature, which sup-

ports the finding that the oxygen desorption is crit-

ical during thermal annealing as seen in Fig. 2(a)

and (b).

Conclusion

We grew Er2SiO5, Er2Si2O7, and Er2O3 on sili-

con substrates using the interface reaction between

Er2O3 and SiO2 film grown on Si(001) substrates in

Ar and 2.4 % O2/Ar gas ambiences. The Er2SiO5

and Er2Si2O7 phases are assigned to JCPDS card

no. 43-1007 and no. 24-62, respectively. The for-

mation of erbium mono- and di-silicate prefers the

O2/Ar mixture gas ambience. Annealing above 1250
◦C produces erbium silicides, which are optically in-

active.

The distances between Er ions in the silicates are

one of significant parameters which govern efficiency

of light emission from Er ions through energy mi-

grations between Er ions. We are estimating the

distance using extended X-ray absorption measure-

ments at present. We hope that the precise determi-

nation of the Er ions will help us to improve quantum

efficiency of Er emissions from the Er silicates.
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Fig. 1. Elemental mappings on LiB anode surface by SEM-EDX, (a) intensity distribution of C-K character-

istic X-ray and (b) intensity distribution of Mn-K characteristic X-ray.

Fig. 2. Intensity distribution of Mn-K characteristic X-ray on LiB anode surface by micro-beam XRF, (a)

sample A (before charge-discharge cycling test), (b) sample B (after charge-discharge cycling test, small

capacity decrease case), and (c) sample C (after charge-discharge cycling test, large capacity decrease case).
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Fig. 3. Intensity distribution of Mn-K characteristic X-ray in LiB anode cross-section by micro-beam XRF,

(a) SEM image of measured region and (b) intensity distribution of Mn-K characteristic X-ray.
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Table 1. Samples (commercial products).

Sample Micro-Structure ML1+4 Mw [10−4] Mn [10−4] Mw/Mn

Sample A 97 60 68 28 2.4

Sample B 97 25 42 18 2.3

Sample C 96 45 52 22 2.4

Sample D 97 42 47 19 2.5

Sample E 98 45 45 16 2.8

Sample F 97 45 51 14 3.7

100◦C
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2) Fig. 1
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Fig. 1. Uniaxial extensometer for in situ WAXS measurement.
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Fig. 2. Uniaxial strain-WAXS in situ measurement with Sample A.
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Dislocation with c + a Burgers Vector in 4H-SiC 

Applied Physics Express 

vol. 5, 081301（2012）

Yoshihiro 

Sugawara 

㈶ファインセラ

ミックセンター

原著論文

22076
2011A3346 

2011B3346 

Drastically Improved Performances of 

Graphite/Li1.26Mn0.52Fe0.22O2 Cell with Stepwise 

Pre-Cycling Treatment that Causes Peroxide Forming 

Journal of the Electrochemical Society 

vol. 159, A1398-A1404（2012）

Kentaro 

Nakahara 

日本電気 ㈱

原著論文

22424 2009B3322 

LACBED Analysis of Threading Dislocation with c+a 

Burgers Vector in 4H-SiC 

2012 International Conference on Solid State Devices 

and Materials（2012.09）  

Yoshihiro 

Sugawara 

㈶ファインセラ

ミックセンター

口頭/ポ
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兵庫県ビームライン BL24XU 関連外部発表リスト
  

JASRI

No. 
実験課題番号

タイトル

発表先（日付）

主著者氏名

所属
発表形式

16189 2009A3203 

大視野高分解能 X 線顕微鏡 CT 光学系の構築

日本放射光学会年会・放射光科学合同シンポジウム

（2010.01）

橋本 琢人

兵庫県立大学
口頭/ポ

16192 2009A3202 

フレネルゾーン型 X 線導波路の開発

日本放射光学会年会・放射光科学合同シンポジウム

（2010.01）

奥村 健一

兵庫県立大学
口頭/ポ

16343 2006A3202 

高平行度 X 線マイクロビームによるシリコンエピタキシャ

ル層の格子定数評価

秋季 応用物理学会学術講演会（2006.08）

高畑 小百合

兵庫県立大学
口頭/ポ

16344 2007A3203 

硬X線Young干渉計を用いた放射光の空間コヒーレンス評

価

秋季 応用物理学会学術講演会 (2007.09) 

辻 卓也

SPring-8/JASRI
口頭/ポ

16369 2007B3200 

Ｘ線多層膜ラウエレンズの開発(2) 作製と構造評価

日本放射光学会年会・放射光科学合同シンポジウム

(2008.01) 

市丸 智

NTT アドバンス

テクノロジ㈱

口頭/ポ

16414 2005B3203 

硬 X 線用全反射型集光素子の開発

日本放射光学会年会・放射光科学合同シンポジウム

(2009.01) 

辻 卓也

SPring-8/JASRI
口頭/ポ

16415 2008B3203 
硬 X 線用全反射ゾーンプレートの開発

秋季 応用物理学会学術講演会（2009.09）

辻 卓也

SPring-8/JASRI
口頭/ポ

16519 2006A3102 

斜入射 X 線回折によるシリコンナノ薄膜の歪解析

表面科学

Journal of the Surface Science Society of Japan 

vol. 28, 678-681（2007）

尾身 博雄

日本電信電話 ㈱
総説

– 112 –



16520 2007A3102 

ナノシリコン層の歪み解析

真空(Journal of the Vacuum Society of Japan) 

vol. 51, 298-300（2008）

尾身 博雄

日本電信電話 ㈱
総説

16527 2006A3102 

斜入射Ｘ線回折による歪み SOI および SOI 基板の評価：ブ

ラッグ反射強度の出射角依存性

春季 応用物理学関係連合講演会

(2007.03) 

尾身 博雄

日本電信電話 ㈱
口頭/ポ

16530 2008B3102 

斜入射Ｘ線回折による歪 SOI 基板の薄層化プロセスのリア

ルタイム観察

秋季 応用物理学会学術講演会 (209.09) 

尾身 博雄

日本電信電話 ㈱
口頭/ポ

17387 2009B3200 

Development of Multilayer Laue Lenses; (2) Circular 

Type 

International Conference on X-ray Microscopy (XRM) 

(2010.08) 

小山 貴久

SPring-8/JASRI
口頭/ポ

17478 2010A3230 

フレッシュグリーン表面改質技術によるジルカロイ被覆管

の耐食性・耐水素吸収特性向上（２）皮膜部の結晶構造解

析

日本原子力学会 2010 年秋の大会 (2010.09) 

澤部 孝史

（一財）電力中央

研究所

口頭/ポ

17491 2009A3203 

Development of a Reflection Zone Plate for Hard X-ray 

Nanofocusing 

International Conference on X-ray Microscopy (XRM) 

(2010.08) 

辻 卓也

SPring-8/JASRI
口頭/ポ

17497 2006A3203 

X-Ray Micro-Imaging Activities at BL24XU-C1 of 

SPring-8 

International Conference on Synchrotron Radiation 

Instrumentation (SRI) (2006.05) 

高野 秀和

兵庫県立大学
口頭/ポ

17498 2005B3203 

Synchrotron Radiation Based Hard X-ray Microscopy at 

BL24XU-C1 of SPring-8 

International Microscopy Congress (IMC16) 

(2006.09) 

高野 秀和

兵庫県立大学
口頭/ポ
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17500 2006B3203 

2007A3203 

SPring-8 兵庫県 ID ビームラインにおけるマイクロイメ

ージング

第９回 X 線結像光学シンポジウム (2007.11) 

高野 秀和

兵庫県立大学
口頭/ポ

17501
2007A3200 

2007B3200 

X 線多層膜ラウエレンズの開発（3） 放射光による性能評

価法の開発

日本放射光学会年会・放射光科学合同シンポジウム

(2008.01) 

高野 秀和

兵庫県立大学
口頭/ポ

17502
2007A3203 

2007B3203 

Fast X-ray Micro-CT for Real-timee 4D Observation 

International Conference on X-ray Microscopy (XRM) 

(2008.07) 

高野 秀和

兵庫県立大学
口頭/ポ

17504

2005B3203 

2008B3203 

2009A3203 

全反射型不等間隔回折格子を利用した硬Ｘ線ナノ集光

第 10 回 X 線結像光学シンポジウム (2009.11) 

高野 秀和

兵庫県立大学
口頭/ポ

17505
2009A3203 

2009B3203 

New Nano-scale Imaging with a Simple Hard X-ray 

“Nano-Slit” 

International Conference on X-ray Microscopy (XRM)

（2010.08）

高野 秀和

兵庫県立大学
口頭/ポ

17507 2009A3203 

A Simple Hard X-ray “Nanoslit” for Measuring 

Wavefront Intensity 

Review of Scientific Instruments 

vol. 81, 073702（2010）

高野 秀和

兵庫県立大学
原著論文

17550 2008B3202 

Crystallinity Estimation of Area Selective Ge Epitaxial 

Layer Grown on Si Substrate by Means of 

High-Resolution X-ray Micro Diffraction 

International Conference on Synchrotron Radiation in 

Materials Science (SRMS) (2010.07) 

津坂 佳幸

兵庫県立大学
口頭/ポ

17575 2010A3203 
高速Ｘ線マイクロＣＴ光学系の高度化

秋季 応用物理学会学術講演会 （2010.09) 

森川 美穂

兵庫県立大学
口頭/ポ

17594 2010A3200 
Ｘ線円形多層膜ラウエレンズの集光特性評価

秋季 応用物理学会学術講演会 (2010.09) 

小西 繁輝

スプリングエイト

サービス(株) 

口頭/ポ
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17743 2010A3200 

Development of Linear and Circular Multilayer Laue 

Lenses 

The 6th International Workshop on Nano-scale 

Spectroscopy and Nanotechnology (2010.10) 

小山 貴久

SPring-8/JASRI
口頭/ポ

17847 2008B3102 

Separately Contacted Monocrystalline Silicon 

Double-Layer Structure with an Amorphous Silicon 

Dioxide Barrier Made by Wafer Bonding 

Semiconductor Science and Technology 

vol. 25, 125001（2010）

Kei Takashina

日本電信電話 ㈱
原著論文

18203

2005B3010 

2006A3010 

2006B3010 

2009A3010 

2009B3010 

Application of SPring-8 to Measure Changes of Internal 

Structure of Hair Fiber 

光学 (Japanese Journal of Optics) 

vol. 39, 550-552（2010）  

佐野 則道

P&G イノベーショ

ン合同会社

総説

18310 2009B3200 

多層膜ラウエレンズの現状と円形型ラウエレンズへの発展

日本放射光学会年会・放射光科学合同シンポジウム

(2011.01) 

小山 貴久

SPring-8/JASRI
口頭/ポ

18318 2008A3005 

A Structure-based Mechanism for Benzalactone 

Synthase from Rheum palmatum 

Proceedings of the National Academy of Sciences of the 

United States of America 

vol. 107, 669-673（2010）

森田 洋行

富山大学
原著論文

18340 2009A3203 

硬 X 線用全反射ゾーンプレートの開発および集光特性評価

日本放射光学会年会・放射光科学合同シンポジウム

(2011.01) 

辻 卓也

SPring-8/JASRI
口頭/ポ

18348 2010A3233 

3ｄ遷移金属化合物のプレエッジピーク観察のための高エ

ネルギー分解能ＸＡＮＥＳ手法の開発

日本放射光学会年会・放射光科学合同シンポジウム

(2011.01) 

山下 恵輔

兵庫県立大学
口頭/ポ

– 115 –



Status Report of Hyogo-Beamlines with Research Results, Vol. 1 (2012)

18491 2009A3203 

Reply to "Comment on 'Sub-15nm Hard X-Ray Focusing 

with a New Total-Reflection Zone Plate' " 

Applied Physics Express vol. 4, 019102（2011）

高野 秀和

兵庫県立大学
原著論文

18492 2009B3203 

金属ワイヤーのみで可能な新しい X 線ナノイメージング法

日本放射光学会年会・放射光科学合同シンポジウム

(2011.01) 

高野 秀和

兵庫県立大学
口頭/ポ

18493 2010A3203 

4 次元 X 線マイクロ CT の現状

日本放射光学会年会・放射光科学合同シンポジウム

(2011.01) 

高野 秀和

兵庫県立大学
口頭/ポ

18495

2009A3203 

2009B3203 

2010A3203 

SPring-8 兵庫県ビームラインにおけるマイクロCT及びナ

ノ集光の現状

X 線分析討論会 (2010.10) 

高野 秀和

兵庫県立大学
招待講演

18652

2009A3203 

2009A3200 

2009B3200 

X 線ナノ集光の現状と展望

Ｘ線分析の進歩 (Advances in X-ray Chemical Analysis, 

Japan) vol. 42, 83-94（2011）

高野 秀和

兵庫県立大学
総説

19948 2009B3200 

Development of Multilayer Laue Lenses; (1) Linear Type

AIP Conference Proceedings 

vol. 1365, 24-27（2011）

小山 貴久

SPring-8/JASRI
原著論文

19949 2009B3200 

Development of Multilayer Laue Lenses; (2) Circular 

Type 

AIP Conference Proceedings 

vol. 1365, 100-103（2011）

小山 貴久

SPring-8/JASRI
原著論文

20339 2009A3203 

Total-Reflection Zone Plates as New Devices for X-Ray 

Nanofocusing 

SPIE Optics + Photonics 2011(2011.08) 

高野 秀和

兵庫県立大学
招待講演

20340 2009A3203 

New X-ray Nanofocusing Devices Based on 

Total-Reflection Zone Plates 

Proceedings of SPIE vol. 8139,81390D（2011）

高野 秀和

兵庫県立大学
査読無
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20341

2008B3203 

2009A3203 

2009B3203 

New Nanoscale Imaging with a Simple Hard X-Ray 

Nanoslit 

AIP Conference Proceedings 

vol. 1365, 297-300（2011）

高野 秀和

兵庫県立大学
原著論文

20342

2008B3203 

2009A3203 

2009B3203 

2010A3203 

2011A3203 

エッジ回折効果を利用した X 線ナノイメージング法の開発

第 11 回 X 線結像光学シンポジウム (2011.11) 

高野 秀和

兵庫県立大学
招待講演

20572 2010B3200 
傾斜式微小プリズムアレイＸ線粗集光素子の開発

第 11 回 X 線結像光学シンポジウム (2011.11) 

篭島 靖

兵庫県立大学
口頭/ポ

20595
2009B3230 

2010A3230 

Microstructure of Oxide Layers Formed on Zirconium 

Alloy by Air Oxidation, 

Uniform Corrosion and Fresh-Green Surface 

Modification 

Journal of Nuclear Materials 

vol. 419, 310-319（2011）

澤部 孝史

（一財）電力中央

研究所

原著論文

20686

2010A3203 

2010B3203 

2011A3203 

高速 X 線マイクロ CT 光学系の開発およびダイナミクス測

定への応用

第 11 回 Ｘ線結像光学シンポジウム (2011.11) 

森川 美穂

兵庫県立大学
口頭/ポ

20799
2010B3203 

2011A3203 

SPring-8 BL24XU における走査型 X 線顕微鏡の開発

X 線結像光学シンポジウム (2011.11) 

下村 翔

兵庫県立大学
口頭/ポ

20889

2010A3203 

2010B3203 

2011A3203 

高速 X 線マイクロ CT 光学系の開発およびダイナミクス測

定への応用

日本放射光学会年会・放射光科学合同シンポジウム

(2012.01) 

森川 美穂

兵庫県立大学
口頭/ポ

20912 2010B3200 

放射光 X 線ビームライン用粗集光素子の開発

日本放射光学会年会・放射光科学合同シンポジウム

(2012.01) 

篭島 靖

兵庫県立大学
口頭/ポ
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20934 2011A3203 
結像型硬Ｘ線暗視野顕微鏡光学系の開発

X 線結像光学シンポジウム (2011.11) 

東 宏昭

兵庫県立大学
口頭/ポ

20967 2010B3102 

Real-time Synchrotoron Radiation X-ray Diffraction and 

Abnormal Temperature Dependence of 

Photoluminescence from Erbium Silicates on SiO2/Si 

Substrates 

AIP Advances vol. 2, 012141（2012）

尾身 博雄

日本電信電話 ㈱
原著論文

21032 2011A3102 

Energy Transfers between Er3+ Ions Located at the Two 

Crystalographic Sites 

of Er2O3 Grown on Si(111) 

Japanese Journal of Applied Physics 

vol. 51, 02BG07（2012）

尾身 博雄

日本電信電話 ㈱
原著論文

21220 2011A3200 

CT 再構成法による X 線円形多層膜ラウエレンズの集光特

性評価

第 11 回 X 線結像光学シンポジウム (2011.11) 

小西 繁輝

スプリングエイト

サービス(株) 

口頭/ポ

21221
2011A3200 

2011B3200 

CT 再構成法による X 線円形多層膜ラウエレンズの集光特

性評価

日本放射光学会年会・放射光科学合同シンポジウム

(2012.01) 

小西 繁輝

スプリングエイト

サービス(株) 

口頭/ポ

21466

2010B3237 

2011A3237 

2011B3237 

2011A3321 

2011B3321 

X-ray Microbeam Three-Dimensional Topography 

Imaging and Strain Analysis of Basal-Plane Dislocations 

and Threading Edge Dislocations in 4H-SiC 

Applied Physics Express 

vol. 5, 061301（2012）

田沼 良平

（一財）電力中央

研究所

原著論文

21784
2010A3200 

2010B3200 

Circular Multilayer Zone Plate for High-Energy X-ray 

Nano-Imaging 

Review of Scientific Instruments 

vol. 83, 013705（2012）

小山 貴久

SPring-8/JASRI
原著論文

21813 2007A3222 

Excellent Crystallinity of Truly Bulk Ammonothermal 

GaN 

Journal of Crystal Growth 

vol. 310, 3911-3916（2008）

R. Dwili ski 

Ammono Sp. 

z o.o. 

原著論文
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21814 2008A3222 

Bulk Ammonothermal GaN 

Journal of Crystal Growth 

vol. 311, 3015-3018（2009）

R. Dwili ski 

Ammono Sp. 

z o.o. 

原著論文

21821
2010B3237 

2011A3237 

X-Ray Three-Dimensional Topography Imaging of 

Basal-Plane and Threading-Edge Dislocations in 4H-SiC

Materials Science Forum 

vol. 717-720, 323-326（2012）

田沼 良平

（一財）電力中央

研究所

原著論文

21822
2010B3237 

2011A3237 

Imaging and Strain Analysis of Threading-Edge and 

Basal-Plane Dislocations in 4H-SiC Using X-ray 

Three-Dimensional Topography 

Materials Science Forum 

vol. 725, 3-6（2012）

田沼 良平

（一財）電力中央

研究所

原著論文

21823 2010B3237 

X-Ray Three-Dimensional Topography Imaging of 

Basal-Plane and Threading-Edge Dislocations in 4H-SiC

International Conference on Silicon Carbide and Related 

Materials (2011.09) 

田沼 良平

（一財）電力中央

研究所

口頭/ポ

21824 2011A3237 

Imaging and Strain Analysis of Threading-Edge and 

Basal-Plane Dislocations in 4H-SiC Using X-Ray 

Three-Dimensional Topography 

14th International Conference on Defects-Recognition, 

Imaging and Physics in Semiconductors (2011.09) 

田沼 良平

（一財）電力中央

研究所

口頭/ポ

21825 2011B3237 

Ｘ線3Dトポグラフィーによる4H-SiC基底面転位および貫

通刃状転位のイメージング

第 20回 シリコンカーバイド(SiC)及び関連ワイドギャップ

半導体研究会 (2011.12) 

田沼 良平

（一財）電力中央

研究所

口頭/ポ

22312
2009B3200 

2010B3200 

Inclined-Incidence Quasi-Fresnel Lens for Prefocusing of 

Synchrotron Radiation X-ray Beams 

Applied Physics Letters 

vol. 101, 163102（2012）

篭島 靖

兵庫県立大学
原著論文
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