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Fig. 1. XAFS experimental set-up.
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Fig. 2. (a) Experimental K-edge XAFS spectrum
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Combined XAFS/SAXS measurement at BL08B2

Shigeo Kuwamoto
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Fig. 1. Beamline layout and SAXS optics.

– 26 –



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
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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.
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Tuning of BL08B2 X-ray Imaging Station
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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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Structure Analysis of Acrylic Emulsion Particles and Films
by Small Angle X-ray Scattering (SAXS)
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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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Fig. 2. Relationship between corona size and ex-

tended molecular length of surfactants.
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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
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√
3: 2:
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7: 3 · · ·

[6]

SAXS

– 35 –



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

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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Fig. 1. Synchrotron X-ray topography images of

(a)-(f) TEDs and (g) TSD in 4H-SiC epilayer.
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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.
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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
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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
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Fig. 1. Fabrication process of MZP.
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Fig. 2. Micrographs of the fabricated MZP ob-

tained using a scanning electron microscope: (a)

whole structure and (b) enlarged image of the

multilayer region (region indicated by the white

rectangle in (a)).
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Fig. 4. Diagram showing calculation of PSF from

LSF based on tomographic reconstruction.
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33 nm

Fig. 5. Measured LSF (black), tomographically

reconstructed PSF (red), and PSF calculated us-

ing Fresnel-Kirchhoff diffraction integral (blue).
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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
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3 Table
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1 2
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Fig. 2 Ge

[2] Fig. 2 1.55 µm
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Ge

2
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Fig. 2. Responsivity of strained Ge.

Fig. 3
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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.
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Fig. 5. Beam structure of Si.

20 µm 5 µm

Si

Si

µm SOI

SOI

Si SiO2

SOI

<004> Table 2

8 µm 0.03 %

– 59 –



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

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

focusing type, (b) point focusing type.
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Fig. 2. Schematic diagram of a measurement system

using an X-ray focusing beam.
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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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Fig. 1. Grazing incidence X-ray diffraction profiles of it.PP+Primer thin films.
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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
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Fig. 1. Schematic of the micro-WAXS system.
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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.
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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
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( )

Fig. 3

250 mm
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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.
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GUI
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7100 eV
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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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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.

– 78 –



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

charge and discharge reactions and (b) their detail

around the absorption edge.
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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

SPring-8 BL08B2

1)

THF 1 wt%)

0.2 2.0 mmt

2) Fig. 1

in-situ WAXS

0.1 nm 104.3 mm WAXS

PILATUS 0.2
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Fig. 2

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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The Structure of LiCoO2-Type Cathodes with the Discharge
Process at the Local Areas in Li Ion Batteries

Takeshi Nakagawa, Yasuhito Aoki, Kazuyuki Okada
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1)

(Fig. 2)

Fig. 1. The X-ray diffraction photograph of the sam-

ple1 at 60 µm from the Al electrodes.

Fig. 2. The X-ray diffraction patterns, which diffrac-

tion peaks are integrated circularly in Fig. 1.
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Fig. 3. The diffraction profile of the sample1 at 003

reflection.

Fig. 4. The diffraction profile of the sample2 at 003

reflection.
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