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Fig. 2. (a) Experimental K-edge XAFS spectrum

and (b) k3x(k) EXAFS spectra of CeOs.
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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
Mirror angle 4 mrad ~ 7 mrad
Photon flux
Beam size
SAXS camera length
SAXS detectors

Measurement methods

8 ~ 15 keV (5.3 ~ 25 keV)*

1.0 x 10'° photons/sec (12.4 keV)

0.15(H) x 0.25(W) mm at detector position

500 ~ 6,200 mm, 15,600 mm

Imaging plate (R-AXIS4++), PILATUS, XRII-CCD, Flat panel sensor
SAXS/WAXS, GI-SAXS, A-SAXS, Rheo-SAXS, XAFS/SAXS

*Preparation of mirror angle is required.

BITERE S CREAATHISE « BRFEEAMT DAL T 5 4 e fil
B BRI B BFIC VT, B (bREE & s & F
BNEZ Rl T D = 2Ty — e B L BEZ D, K
AT, YR A IV 2 XAFS/SAXS [RIFEHIE 72
5 NT in-situ F2HR 2 E L7z Quick-XANES/SAXS
[FIRHRIE D TR FEBRAAT > T2 DT, ZDRERITONT
WET 5.

SAXS HIEX, 7 AT&K 1,800 mm, #HE 0.139 nm
(8.94 keV), AR R oC MM gk PILATUS
M L7z, XAFS JIEE, @@EC I, I &
WA A Fx 3 —% SAXS REHE AT ICHLE L
TITo7z. PERBHT EXAFS JE M J‘“"‘E;ﬁtﬂk L
THAHREZ, Quick-XANES/SAXS [RIFHIIEIZILE
B Tﬁﬁéhé%f/ﬁ%A—XF(%Of
JoeFa—T Uy U 2R, IMBYFEZFIT L
40 °C~200 °C OAIENZ X 2 Z b2 BE L=, Quick-
XANES/SAXS [AIRRIE X, SAXS HIER# % 5 5,
Cu-K UL D = %L —Hi 8.94~9.06 keV D
Quick-XANES I/ % 10 £, =R/ F—78.94 keV

(IR DR (Gr)ess 0 Mo B EFH) & HIEFFHERF
MzabElTy N2 A L& 55 E Uiz 20 B El
HIE & 725 K OIZHEE LT [3]. 20 in-situ IED 7
L— A AT 7T A% Fig. 21Zx LT, WERBIT
Quick-XANES #liE D % /L ¥ —HHOMEIC L0 &
DICHFREFET 2 Z L b ARETH 5.

R

Fig. 3 1%, SAXS R EtE(LEIC THIE L7z A4
5> XAFS A2 bV TH 5. SAXS BIERICHE
WELBRE 2+ T o TV X B e — 2 (0.3 x 0.4
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Fig. 2. Time frame diagram for combined quick-
XANES/SAXS measurements.
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Fig. 3. XAFS spectrum of standard sample obtained
by XAFS/SAXS measurement.
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Fig. 4. Quick-XANES spectra collected during the

heating of copper nanoparticles.
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Fig. 5. Time-resolved SAXS profiles collected during

the heating of copper nanoparticles.
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E D Quick-XANES/SAXS [RIRFHIE % LB T & 7=
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FPAIZ £ B ZHTT TR~ IR & SAXS SHRRED IR Vi3
RS, & F S E BN EHI XS AT XAFS/
SAXS [FIFFIE R Z R 5 2 LN TE 7. SRl
MERCEMAE, T/ Rit-a R Yy MBS 8
IZBWT, G OE T - (LFIREE & s & OFHBEY
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ST, IRABELZ A A DY T2 XAFS/WAXS/
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S5 3Rk

[1] T. Uruga et al.: J. Synchrotron Rad. 6, 143-145
(1999).
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(2] J. Ferrer et al.: J. Synchrotron Rad. 5, 1346-1356 [3] S. Nikitenko et al.: J. Synchrotron Rad. 15, 632-
(1998). 640 (2008).
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Tuning of BLO8B2 X-ray Imaging Station
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Yoshimasa Urushihara

(&) O x5 TR S BEHET /7 7 BH5EET

Synchrotron Radiation Nanotechnology Laboratory, Hyogo Science and Technology Association

BIZE: BLOSB2 DXMA A=V T AT —v a T, WABBANFRNODOT A RE— LD EE AL
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FHUFE L L THLNTWS. XBEGBRHZIE X
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2010A #IZ R Ny T 1 TN XHRA A— 0 7 -
CT A7 —v =y (Fig. 1) 2% L, fmnEMKAL
FEBDU A R — LDORHEE £ LT IRGE A A —
o7 CT FEBRERMH L [1]. Zhuc kY, TR
E—ALT AL LT, BL24XU TOF /A A=V
7« CT L BFET, RIEV A 7 — /L TOMEBHBZFIE
FRMEETE D L Do ATIED X 9 722 A
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5. T CHIABIRIC YT, EEEREIE IR L
T CTHAOERMD R % HE LTz CT WHER
(2010 4F- 4 H 20 H) #% T 7. WHESIZIE 11 #Eickh
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Fig. 1. Overview of X-ray imaging and CT station.
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Table 1. Properties of X-ray imaging detector at BLOSB2.

Scintillator P43 fine powder : diameter = 25 mm, thickness = 10 pm
YAG;Ce single crystal : diameter = 10 mm, thickness = 15 ym
Relay lens Nikon F mount lens : f=35mm (F1.4), f =50 mm (F1.2),

Kenko teleconverter :

f =105 mm (F2), f =180 mm (F2.8)
x1.4, x2

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

Orca-Flash2.8 (Hamamatsu photonics) :

CCD image sensor

4008%2672 pixel, 9 pm/pixel
16 bit A/D, 1.0 frame/sec
CMOS image sensor
19201440 pixel, 3.63 pm/pixel
12 bit A/D, 45 frame/sec

FEHEDGRI A 7 — 1%, FEE OB nTRE 72 5 B
AT =V THERIN TS, FCREHRE R 7 —
1%, 180 EEERICHIT 2 BRI OfR.OVE 1 pm BAINIZ
NE-TEY, EHED CT WG EMERNTRETHD.
Fiz, 22—V —FHAOREE N FRE FTREIR A N— A bl
RENTRY, BLILUT in situBlZE521To 2 &
MNTED., ZOMITHA A=V 7ERTIE, B—A
T A AREOWAMBYF R LN A A —F—F L% F
HAT5Z L6 TEA.

AR DIREITL, Xt E# sy o F L —24,
V=L X (XU F ALY R), ERGE - ST
THIVH AT THERR S D B XGRS A H R %
AL TRV, BEIRICAbE CTHE - 22/ iR
ZIEIT 5. Table 112iE, HEigHHIROMAEEZ R L
72, WEE, Vi FL—H T P43 (Gdy0,8;Th) ¥R A
7 )= EROTODED, W2 RRERE R,
YAG;Ce Hifi A7 )V —V 2RI 5 Z LN TE 5.
BBIT T T L —ZIT KD AIDRIC A S T 14,
JL—L XL 0 1105k Eh, 7Y% vh
AT CRidkE N5, BLOSB2 TiE, IAHEFREAIC 10
AHE 7N CCD I AT, BLOEEREHICRK
45 7L — L/ CMOS I A 7 ##fH L TR, &
BRIEIC X DT T DL R AR &
1Tl L —L EICRE SN TRY, KOBERKICLD
BT b T A NOBREEG LTI, BB R
H R E EEEE 2 30-1000 mm £ CHAGBICEE T 52 &
NTEDH., RVAT LATHRATE DRKEFITB L%
20 mm x 10 mm THY, 10 mm B2 591
AOTHERINIH L TH 2RINTT 52 72K, D
FEDRETCTIHRIET 22 ENARETHD.

BEFHE LT, fE6 mmBILON10 mm @ 2 FEFHO
MRESRMEERI D CT B % Fig. 2R L7, CT #HiE
LD, gERIFIZ L TV B3y, BRIEA, B

{4.28 mmipixel, 1000 projections, Measurementtime 1.2 h)

Fig. 2. Volume rendering images of drug tablets.
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[1] H. Takano, Y. Urushihara and J. Matsui:
SPring-8 Research Frontiers 2010, 140 (2011).
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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 T anionic reactive 7.5
2EHA-NR T nonionic reactive 17.7
2EHA-PVOH T anionic polyvinyl alcohol 31.5

2EHA: 2-ethylhexyl acrylate

Table 2. A specimen for monitoring drying process

code surfactant Tg dsaxs dprs
/°C /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 dpLs

/ 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 ® BLO8B2 A L, #J6 m DA A 7&K TIT
S PIELem~/bya REIL S massh Th D, &
7z, ==V AR A AV C DLS(NICOMP™
380 ZLS, Particle Sizing Systems) #IE 1TV, dpLs
Ze R L7z,

BB RGEFEDIEBN 1 Table 2 DaE% AV, Hix
ORI U730 E Tz, &6, Bk 70
AR U723 OBE ATV, RREE 72 B2 IEms & 25k
HEEM L 72. Table 3 (2R3 3k 2 Hvy, IR TR
W0 B L 725k SAXS JITE D B R IR S O iR
HraiToiz.

BRBEIUEE

TV g VRIS 15D BELE R 2 T T A
IR LTS 9 BRE TV CRENT L C dgaxs ZHH L
7=. Fig. 113 dsaxs, dprs, Cs ooz~ L
va VR G EFERIOR LI b O THh D, BTN
dsaxs &, KFMNdprs ZRLTW5,

Fig. 2%, FEiEHAIOMOE Y 5 7HELE Cs
BtRE RLIZbDOTHSH. 2EHA-ANR, 2EHA-AR O

150.7

Fig. 1.

cles having the surfactants with various molecular

Schematic models of the emulsion parti-

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. 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
“After 7 months” in the fig-

ure represents the sample stored for 7 months after

are vertically shifted.

casting a film at room temperature.
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Fig. 4. Iq?> — q plot for emulsion films. Ratios of the
position of higher order peaks or shoulders to that

of the first peak are also indicated.
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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. 2. Simulation result of topography images of
TED seach having an %a <1120> Burgers vector

with six different directions.
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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 PSHT:PCBM films.
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Fig. 1. X-ray CT system for cell structure obser-
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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 (n = 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 (n) of nanosilica particles.
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ing various volume fractions nanosilica particles.
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Fig. 4. FE-SEM image of composite film containing

33 volume percent nanosilica particles.
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tained from S(q) and reflectance spectra in the visi-

ble light range, respectively.
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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. 3. (a) Fluorescence X-ray mapping and (b) microbeam XANES spectra of NCA electrode (SOC 50 %).

T T =
- 0%SO0C 7NN\
3 — 50%S0C L ‘\\
— o8l — 100%S0C i Z o |
@ b /
(%)
]
el
5 06 4
- d
8 |
<L /
3 /
& 04 / i
w
E
2 021 ) &
.}‘/
0.0 | ¢ | | | 1 | =
8330 B335 B340 B345 18350 8355 B360
Energy / eV

Fig. 4. Microbeam XANES spectra of NCA elec-

trode.

FEHESERDRE

PLEOFER NG, LIB #FHE LR b 0ZER), B
FOWEIZB T DM LI OWN TR Z2BD 2 &N

T&T.
SHOMEE LTTFRRO 2 SIZ2o0 THRET 2 £
T5.
@ 2 %ot XAFS

HENEH AL U & L CEBEEO RAELAET L
TW5. EMENICEIT 2 RBMEORE—, BLOE
DR OFFEBNC AT T 2 RIG T O IR E O
DB/ D, 7ok, ZOLETHLRIEELRNB LD
in-situ TN EEND.
@ KZIEFTE COWH XAFS #IE

A CIXEM 2 R A%, RRTTvA 7 rE—24

MM LWl XAFS HIE 2 506 L7z, EEROE!
MEBHIRR L OFRISIC L W EE T 572, FRIAKEET

TR L TE R D LER D S

SE
[1] KEEE : XRLISE  XAFS & Z 0I5,

— 53 —



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

200983200, 2010A3200, 2010B3200 BL24XU

BX&EF/ SAARSEIEY — 2 7 L— b ORYE & ReETE

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

TR L NMUEA Y BN L NVEERS T G e ) A E 2 L B 2, KA 2
YhsushlliagoshunaJffakahlyilioyanla“}jHidekazu’Takano ,S}ugekll{orushl”g’Takuya
Tsuji'*, Hisataka Takenaka?*, Satoshi Ichimaru?, Tadayuki Ohchi,?

Ve BT KB KPR BB A e R 2 BRI E R e v % —, 2NTT 7 RNV AT 7 ) v VRS
LCenter for Novel Material Science under Multi-Extreme Conditions, Graduate School of Material Science,
University of Hyogo,
2NTT Advanced Technology Corporation

BE: X#®AEZRERY — 71—k (MZP) #8EL, 20 keV O X#%& FVTEOHEIEMERE 2 30 L 7=.
MoSiz & Si Z2Z@EME L, DC~Z R b ARy 2 U 78 0B EICRFEICHRIE L=, e
WEL, NEZTFT74—OFEEHNCEEBEBEBIIER L. 2OfER, BIELL MZP IZEHFTRAERE (|
PG THROLNIMTH S 35 nm) ZFERTEXDHILaRLe. SHIC, EEMBEMSICEHT L, 50 nm O
line-&-space Z 35 2 LN TE 7=, i, AFREEIIFERL (T. Koyama et al., Rev. Sci. Instrum. 83,
013705 (2012).) = HAGE/LL, UWLZbDOTHS.

F—T—F: EZEFEOMEEE XKL X, XEEMEE, 7Ly —r 7 L— b, BERSAMBE, R
B

EREHEREW Lo TIRESINE [1]. FxD7—T4 [FEkD
FEE MW TXBRIELER Y —> 7 L— K~ (MZP)
DORFEZHED T E Iz, ARTI, Fox»BA%E Lz MZP
DEUEE & BRI IZ DV TR 5.

TS —rFL—h (FZP) 1%, XSSO
XL RE LTRSS NN TN D, ZDZEM SR
REIS I BAMAID Y — R TIRE D, Y — IEDRNIE
ERWZERISIFRENF O D . [EHRRITY — DR
STREY, X TR R EFIRZG512
BESEZHNTOHE T~ A 78 A= FLDR S/ SIEIERT 1T MoSiy & Si &3BIN LTz, = Ofise
BETHD. JE-T, MOEMDMREL MOEIENE ooy, WEWESE < S OIS D R0 &0
EFFFCEIT D10, HHICT AT MEORZV gosg 5 (2], Fig. 11T L 91, MZP 1347 A%

ZEEREYV—2TL— FORE

VU HEEN LS. FIP Tl EFE— LAY M 2 DO~ R hry R 2 YL 712 L0 %

VI TG4 —ECEENDH, FETHT AT ME e o 20, ﬂm-ﬁr-%ﬁmb e
DR EWEHIRSE O/ERLS RS CRETH D, Z DO DEX LT3, SEOBERE, THIRO L—— e
RAETRT SIDIS, MinT - T ORISR = %ﬁwt%%ﬂi@mu%um&&bt.N%E®
BREOMBEDENERSBERERELT, TN e e s f KA CE 2 BTG,
BRI 2 ANy X — AT 4 A =T L—

N o - - 2

}‘ (%77}%5%\/’“:/7 [/*“I\&%)l/\j) iR Rudolph% Tn:‘/an:\/ﬁrl, f:%
*BUEOTTE: JASRI/SPring-8 - dr s s N ) o
TSHEDE: A7V > /T A AR SIT R LY O, ARRRTHS.
FREDTR: Pt by~ PR ri (im=251) 13 ER O BHER D5y & L.

— 54 —



TR E — LT A A - ORISR

ZHUCED, rp=1584 um 725, R (&) YV —
UNE Arim, B/ (BN Y — U Arom (om=385),
BEEE rom — Tim, B — BN IZELE,
50.0 nm, 40.4 nm, 5.985 pm, 134 (=385-251) Th
. JEFMOE S, Y — U iEA 40 nm TXHRO
THRIF =N 20 keV O & X KEihFEE 525
32 um & L7z, Zo& & DEHZEI#IE, coupled wave
theory [3,4] IZHES<FHREIZL D & 35.6%THD. 20
keV (Z81F 5 £ SRR 40.5 mm THH. Fig. 212
UL 72 MZP QWi o A E Mg 2 r 4

Wire
core

Multilayer
deposition

Sectioning,
polishing &

thinning T width

Zone
thickness

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. 3. Optical system for evaluating focusing
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Fig. 4. Diagram showing calculation of PSF from

LSF based on tomographic reconstruction.
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Fig. 5. Measured LSF (black), tomographically
reconstructed PSF (red), and PSF calculated us-
ing Fresnel-Kirchhoff diffraction integral (blue).
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Fig. 6. Scanning transmission images of a Siemens
star pattern. Yellow arrows indicate the scanning

sequence.
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Table 1. Characteristics of microbeams.

Beam 1 Beam 2 Beam 3

Concave curveture
Beam size (Hor.)

Beam size (Ver.)

Beam divergence (Hor.)
Emittance (Hor.)

4 mm 8 mm -

09 pm 1.7 ym 35 pm
04 pm 0.7 pm 35 pm
45 prad 25 urad 3.5 prad
041 A 043A 1234

L
[\%
Analyser Scintillation counter

— tal
Four-quadrant slit Crys

Channel-cut
monochromator

Fig. 1. Highly parallel X-ray microbeam optics.
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2, KR EORmVRERIIERNIC, I 7 —%i&
BEL, YA X35 pum(KF) x 35 pm($hiE), KK
DFHA 3.5 prad DE— 2L (B —243) LFIHARET
HBH. b, 3OO~ A7 u b —LOKHM: % Table
1ICE e,

E— A1 L E— A2 DS A E— LA X L5
BAORIT04 ABRETHY, HHTWD XBROWE
(0.827 A) LIFiCA->TW5. ZhuL, BESEoEHT
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A R & FEEAA ORI [RIRFC RS 2 2 & IXFERIC
RAGETH 5.
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L, LSI @R L E X D - DAl & L CHifF S

TWa. K77 A NEEICANLN DT R L F—
FEHIIE 0.95 eV B X 100.83 eV T, BIFEL 1.3 pum Hf,
HBEDND 1S pm i TH LD, Fv7TNZEHRE LT
Ge ZFIHT B5A, % DREORFMRIFIENEE T
&5, Fig. 21T Ge DESHRITHT LI R K AFNE
a9 [2]. Fig. 2200603005 X 912, 1.55 pym O
FEiiClx, BELD Ge £V 0.1 %L EDF 53R E
WEHUNS T Ge DI NEWVRE 2RO Z L3305,
T, Bobe—2L2Z2HNWT, vV a3y RITER
BiR STz Ge A O ESMIE Z 1T 72
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1.75 1.70 165 160 155 150

0.7 prrrrrr e e
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0.70 0.75 0.80 0.85
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Fig. 2. Responsivity of strained Ge.
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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.
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Table 2. Results of lattice parameter measurements.

Distance from the base Lattice parameter

of Si beam
+37 pm 1.35785 [A]
+8 pm 1.35725 [A]
+1 pm 1.35773 [A]
0 1.35774 [A]
-2 ym 1.35791 [A]
-3 ym 1.35789 [A]
-8 ym 1.35786 [A]
-13 pum 1.35790 [A]

TWAZERHBALE., ZoLE, R REypy 7~
DFEEHIT —1.7x1074 eVIRETH 5.

SHORE
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2, X T —%ANWRWESE, BHERICELT
BHT, LR TROGMMES D LEEbND.
ek Llz~A7nb—522HW\T, 74 =27 X
DY ar b Ge A VB IORHEES Y a2 DELGF
MiZzAT>72. ABEOWET, +537200E 5 REE T Ge
BROSI O FEBNHETE D B3 ghole. &
%, BRMRELEHN LIRSS ) o 0% o
DT % b =7 AR O ERIIE R X OERRIE %
THOTETHD.
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X-ray focusing, X-ray microscopy, X-ray tomography, Phase contrast imaging
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(a)

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.
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~A 7 B E— LR THELND T —Z OFIIZON
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Fig. 413, TRIOKITHIGET DAL E— AR AST L
FexIcELNEZENEND WAXD £ Th 5. Fig.

(a) (b) (c)

) ©

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

()
O

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.
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Fig. 61X DPC JIEZAiAH CT 1T LTl oh

Fig. 5. Multi-elemental images of a cross-sectional
slice of a human hair obtained by a scanning XRF

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

human hair obtained by phase contrast X-ray scan-

ning tomography.
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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.

ISR AERAL, BTEREom EAHES. &6
2, m/MRIEZ 70 nm BREICRET A Z & T, 5nm
DT OENY A AEB A HEET5. £, BAP—
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Fig. 1. Grazing incidence X-ray diffraction profiles of it. PP+Primer thin films.
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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.
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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. 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 T3, FEER2—F—D=—X %[\ D
o, EEOEENE, RIEMNRRA, o X hivo
TmMEZBEL, X7 a A AONESEEIEREE A
T5H~A 271 XANES 2¥(54 25 Z L #HIE L L.
WG T HIEENE, VT U LA A ZREHO
ERRTSe, BREFEMOA A 18R TH Y, MEHCE
ENHFEEBERELE (EIIvrHonb=y i
OFIFH) O K WU <o XANES 7l Téh 5.

1) Y440 XAFS O XA FZDEIHE

~A 7 1 XAFS JIEICE T 5 7RI OV T
%, AER TEERE—AT 42 BL24XU) X1 (13
A=) IRT [ESfREE XAFS A7 —va v, T
ebb, VU a TSRO TIRICH HFER
F B2 NICEE L TWA. Fig. 217+ ko1, £
%%%@z@%&%%i,hmmeifaéxﬁ
AR IT—2BRAL TS BRXESET 0 R) .
XARENE R 7 —ORkIE, FEE2ERE L TEOR

e Yy LAEEa— L2 bOEEAL, B2
ZFRELTI100 mm & Uiz, 240 Ko i iE
ET O E LTWD. ZHICX Y, SR ERE
oy E Il A Z ERFRETHH L L BIZ, IT—K
FROFMZICI T 2 HEOFEATHEE R LT D
2D XMERE R 7 —1%, EFRAS RS A 7,
TR Y RYUANBRO LD THD. WTivh
PRSI L 75 AT — Y RIS L, RS
BRI ZREEE LTWA. BRI THM I 7 —Ii2onT
X, MY~ T B E A U CRUBMLE IS
BUFS 2RENEFILTWD. U R BLE
RO AT 4 mm ?:/J\éb‘uxuﬂ AERH L.
FER~ v F B2 NOJEERE R, JBITEFTR Y 2
UNLF X NI L, ~Y T AFEKRETHI LN
ARETCTH D, WEREr & ovBE L7 ERAE S Rl
FRAEBLE LT
KR, Tl y MR bOEEY LTS,
SNEREOMT (+——+) BEOHETH Y, %k
DE DRIV —DIER D DN EZ N XHRE — LK
HLAREL LTV 5.

2) HMBERD DEE
ABHIEFBIZ DWW T OB 2 Fig. 3 (R
TITE, TR E BT 2 TR & M L,
R, B AT U EEE LTS,
EH I T — DR TERIESEL 250 mm AR TH Y,
ZORBNIET—F L T A=A REE =2
DAF Y F 2R, H—=FKAV v b, REAT—T%
BlE T A2MERH L. AFREE=FALTH4 4
F = NIV, ERERED 33 mm TH H/NUZ A
TEREBRA U OSHE S-1329A) . H— KR U v

Si double-crystal

monochromator

Undulatc:r

X-ray mirror
optics

Measurement
stages

Fig. 3. Overview diagram of the experimental apparatus for micro-XAFS measurement.
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ples were mounted on the Teflon® plate to avoid
background signals for fluorescence-XAFS experi-

ments.
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Fig. 5. Profiles of X-ray microbeam evaluated. To
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formed using a 100-pm-diameter platinum wire in

(a) vertical and (b) horizontal directions.
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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.
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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 LiNiOs-based lithium-

ion battery is used.
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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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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 LiCoOg-based lithium-ion battery is used

in this case.
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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.
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Fig. 13. (a) Schematic view of X-ray optics in a
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Du-Mond diagrams of the reflected X-rays for (b)
Si 1114 Si 400 reflections and (c¢) Si 111+ Si 220

reflections.

HELEWT, @HT 27T XN T EIZFRREE
DIEBEATO T NBELEZBND.

3) ErE—LDYT oot

PRI OFH 722 &, 7 2 7 v v OB REES
ROONDLGEITHIET D0, B FROUES
Wit 5. VAT AEECmT T ey e MERS
—AF— L HFR LoD FEHE L2V,

4) eZRE< Y E VT HHEE

BT, RO FTEEIBER I DG A Lo
BHDHIMORRF %, A A=V T FEZFIH L TH
RHT—4& L LCHRRTIIE, B & OFBErEE
FVFHLLEMTE D LEAOND. TNEEITD

— 81 —



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

Y direction

_—
o i
_amB =7
s - 1
Pl i | s
t et e = ] X direction
[ R - e
Vi 7 e e
- g
L T ]
R :
| ces | L} g3
1
PR
==

L
-
L'

e m———

p——

Photon energy E

Position B

Position A

Absorbance
Absorbance

Fig. 14. Schematic image of 2-dimensional XAFS.

FEL LT, RPN F—EE L v — ARHE D

2WIL~ v B T L EBGDOETIEFIE G L
Tou gk OENEE, B HARREN A L TV DA,
WSRO F =R —ICB W THET 5~ v
VT A TCESUBEIT IR, 2WoeD=a L N T
A RMRE = L LTIREEGMARBIATEL D EE R
5% [5).

A A=V THRRIETFE & LT 2 okt & £
AT AUE, JEEFHO XAFS 1§ & Bl 12 S r §e T
b2 (Fig. 14) . TOREREEIZ, FrEMEIZOWT
~A 27 XAFS AT 2 HIELEDTHL LB 2
bivs.

5) MHADICAHRE

~A 7 1 XAFS OAMEZ LN LT, S%ITEE
IREFERATEY, U0 LA A TIRERA B R &~
JEFAFFRICE D e 2 & & LTz,

S

FERAED HIHT- 0, A Lo #—
BB D 1T B AR A AR O MERL & ZHRE A T
7. Fio, ARABEICEKRT 2FRICBNT, %<
DIF 2T TAW T, RSB D 5, X#bk
R L OVERANCE U<, Je BN R e
PR TERL A, ENEEER, REBhE D D
FREEWZ, E—AT A COFMICE LT, mERF
DBMRE DOEE, ARMEEANO X 5 TR
BREATIE R, FAMER, WA, WEIFER, W
FERE, /NBREE, BRI ZH, THEATEVE.

SEERERNS T E T 2RI BT SIS
IZBWT, TR, ZWHATEE £ LERRICD LYK
HWELET.

S5 3Rk

[1] Y. Tsusaka, K. Yokoyama, K. Takai, S. Takeda,
Y. Kagoshima, and J. Matsui: Nucl. Instrum.
Methods A467-468, 670 (2001).

[2] L. Galoisy, G. Calas and M. A. Arrio: Chemical
Geology 174, 307 (2001).

[3] F. Farges, S. Rossano, Y. Lefr‘ere, M.Wilke, and
G. E. Brown Jr.: Physica Scripta. T115, 957
(2005).

[4] T. Tamura, T. Ohwaki, A. Ito, Y. Ohsawa,
R. Kobayashi, and S. Ogata: Modelling Simul.
Mater. Sci. Eng. 20, 045006 (2012).

[5] S. Iida, T. Noma, S. Hayakawa, M. Takahashi,
and Y. Gohshi: Japan. J. Appl. Phys. 32, Suppl.
32-2 160 (1993).

— 82 —



LI E— LT A AER - OREE

2010B3237, 2011A3237

BL24XU

X$£3D rART 5T 4 —IZ&k B 4H-SiICEE@EML L LV
EBIREMDA A=Y

X-ray Three-Dimensional Topography Imaging of Basal-Plane and
Threading Edge Dislocations in 4H-SiC

A B, A OREE 2, Sem DR, @At

Ryohei Tanuma!, Daisuke Mori?, Isaho Kamata!, Hidekazu Tsuchida'

V(—t) s gedffgei, 2 @ LER ()
LCRIEPI, ? Fuji Electric Co., Ltd.

WE: X#3D bRZ T 74 —I2XY 4H-SiC O HEKHE#ENL (BPD) 35 L OE @ NREEN. (TED) DT %
Tolz. BEALOSREE S BPD O 1 Did= v /HEAR S T TED IZZ{kL, fho BPD IZERNO =B EE
THEE L TWAZ ENBAMRICEIZETE 7=, X# 3D MR T 7 4 —8 4H-SiC @ BPD B L O TED (Z-+43 1

RATE5Z enbnroi.

F—J—F:
ERLMEEMN
WAHRE AL - HIHE T & U CEAP RS

TV SiC /3o R—FF /31 2 (IGBT, p-n A A4—
K72 ) IZBWT, A U ARBHKOFK & 7 5 JLIEH
#5072 (BPD) (1] % Bl A HRERAL (TED) ICZE#AT 2 =
LIZE ST, ZOBELIRINT 2 HIENER SHTH
% [2]. Lo UEM LIZEBESRD S b7 50 L%
T, ZO7=HI21E BPD-TED ZEH#idD A 5 = X 1 fig
HBRAFIRTHD.

X 3D bR T 7 ¢ —I1F &l S RN (TSD) O
FEATICR & 72 R A 564 S5 Z L 353> Td [3,4].
A EIOWTE [5] 1L Z O FiE% BPD ¥ L O TED (2§
L BPD-TED ZH#D A 71 = X LRI 7215 %
ZEEFHMELTND.

WEIZHWZFEHE, B 20 pm O EfE 2 A
% 4H-SiC 7= (474 8°, Siffi) Thsd. EBIL
SPring-8 JUd A B — AT A o CHE L7z, X#3D k
KT T 7 4 —OREICHNL D, BLOSB2 IZH\W\ Tl
S X#ERT T 7 0 —%HE L (8 =[1128], E
= 8.046 keV) .

X\ INRT T 74—, ZW&T, 3D, 4H-SiC, FIRERN7, FEECHER(L

Fig. 1. Setup of microbeam X-ray diffraction for
the 3D topography.

X#t 3D AT T 7 4 —OREIE BL24XU T3l
L7z (Fig. 1) . JEICIIXMHE~A 7 v —2A [HEX
££1.9 pm(H) x 0.6 pum(V), E =15 keV, FEHfH 25
prad] Z V% [6]. F&43 BT XA (8 = [11212))
ERAIA Y » |~ (V-slit) [4,5] (2@ L, V-slit %9
HE—LETVFL—rar v (SC)ITENT

— 83 —



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

Post-epi

Fig. 2. Back reflection X-ray topographs obtained
before and after 4H-SiC epitaxial growth for the

same position.
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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 pm deep). The high-intensity region (arrow in (b)) will be caused

by surface strain. (¢) Bl 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 (pum)
weight gain  pu-XRD TEM
FG 500 2h 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 2h 19.27 15.3 -
OD 500 2h 0.89 1.3 1.0~ 1.2
OD 630 20 min 2.27 3.3 -
AC 360 14 days - 1.9 22~24
Sample .
X-ray: 10 keV

Flat panel
detector

Image

Fig. 1. Layout of u-XRD measurement and 2D image of the Debye-Scherre ring.
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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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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 ErySiOs
and ErsSisOr, 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 10?2 atoms/cm?, 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 SiO, and Si substrate, including sole gel meth-
ods, reactive sputtering, pulse laser deposition, and
thermal annealing in Ar, N5, 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 EryO3 grown on Si and SiO5 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 Og/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
We determined the

silicates on silicon substrate.

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 Oz/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 A [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

system (SPring-8). Anneal temperatures were cal-
ibrated by measuring the thermal expansion coeffi-

cient of EryO3 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
Ery03, ErsSiOs, and ErsSioO7 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 Er203 (JCPDS card no. 40-
384), space group I,3. 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 ErySiO5 (JCPDS card

furnace like the one in the synchrotron radiation no. 43-1007), space group I,, and the peaks at
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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 ErySioO7 (JCPDS card no. 24-
62), space group Psq /3, respectively. The main peak
at 23.64° is from (222) plane of EryO3 and (013)
plane of ErySiOs.

Fig. 2(a) and (b) show real-time diffraction pat-
terns obtained during thermal annealing in Ar gas
and Oy/Ar gas ambiences.
ence (Fig. 2(a)), the broad peaks at 23.45° obtained

at room temperature are from the as-grown amor-

In the Ar gas ambi-

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 Er,SiO5 (Fig.
1).
occurs between crystal EroO3 and amorphous SiO9
as EraO3(s) + SiOg(a) — ErsSiOs. Further ther-

mal annealing up to 1060 °C produces additional

This clearly shows that the interface reaction

peaks at 12.84° and 14.84°, which can be signed not
to mono-silicate but to di-silicate E2SiaO7 (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:
Er,O3 4+ 28102 — ErsSisO7 or ErgSiOs + SiOs
— ErySis O7. 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 ErSis at the 1250 °C as a dominant phase.

In the 2.4 % Oy/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

3 L
(a) |
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=
>
=
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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 EroO3, ErsSiOs, and ErsSis O

in pure Ar and Ar/Os mixture gas ambiences.

Crystalization in Ar ambience

Temperature in Oz/Ar ambience

Er,03 : 225 ~ 620 °C
ErsSiOs : 1010 ~ 1060 °C
Er28i207 . 1060 OC

~ 620 °C
~ 1010 °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
ErSiy phase (JCPDS card no. 12-37), space group
Pgmmm- This indicates that erbium oxides and sil-
icates at 1060 °C (Fig. 1) disappear but ErSis 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 ErsSiOs, ErsSisO7, and EryOs on sili-
con substrates using the interface reaction between
Er203 and SiOs film grown on Si(001) substrates in
Ar and 2.4 % Oy/Ar gas ambiences. The Er,SiOs
and ErySioO7 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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Distribution of Mn Ions in the Anodes of Lithium-Ion
Rechargeable Batteries by Micro-Beam X-ray Fluorescent
Spectroscopy
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SNTEY, HRAEIED LTS, OIS
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BN D 2 EDBRIETR.

~ AR FULEZIEBIHNV LB T,
FEEBYEH RIS, —#0 Mn A A > AN~
BT 2LV IBIRPHMONTEY, BHH Mo &ER
BETICHBER® D E SN TS [1]. LarL, &M
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FT LB LTI R,
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i3, B B LAMAEE L7 Mo A 4 12o0
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TAFY LAV LHERTIHEXRARY Mz flliE
L7e. WIEDH Mn-K Fe: X#RE % 7' 2 > ~ L Mn
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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.
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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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0 045
intensity [a.u.]
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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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Relationship Between Structure and Properties
on Synthetic Rubber

— Observation of Uniaxial Strain-Induced Crystallization
by Wide Angle X-ray Scattering (WAXS) Measurement —
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®ﬁ%ﬁﬁﬁﬂ%mAéﬁéW® TR Z A 5 72
EOMFIHITONTEY, MEE LToRMEE I HIC
M ESEDLZERAREERSTND.

PvbE, b OEEREMAE 2 BRR T D IR
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Table 1. Samples (commercial products).

Sample Micro-Structure  MLyyq4 M, [107%] M, [107%] M, /M,
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
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FERIL SPring-8 B — A7 A > : BLO8B2 1248\ T
W E S L7

1) #k

RY7rvx CGREME) REPZHWE., Z7un
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2) XMEGELHIE (Fig. 1 &)
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FEhe L7z -

K :0.1nm; I AT7K :104.3 mm (WAXS) ; #HH
2 Con g R g (PILATUS) ; JIERHH 2 0.2,
1.0, 5.0 sec/[H].

X-ray direction

.

3) — AR AL A

A& B O —IFEREEIZ T, JEfEEE 0.1, 1.0,
FBEU5.0 mm/sec TR SE7 (R RIEMAEE 1400
%) .
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I, JEMREREAER S 0, IEMERIK 1,150 % T
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ik 5 Z 8otz (Fig. 22M) . Z 2Tk
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iR Es T =4 —9 252 L2k Y, fEalbEanczk
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—
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Eed
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'\..*___‘—
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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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[2] Y. Tanaka: Rubber Chem. Technol. 74, 355-375
(2001).
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Wi fER 21T - 7.
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Fig. 1. The X-ray diffraction photograph of the sam-
plel at 60 ym from the Al electrodes.
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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 samplel at 003

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

reflection.
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