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Fig. 1. Schematic of crystal defect (BPD) in SiC

device (left: conventional, right: thick epi layer).
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Table 1. List of measurement conditions.
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Fig. 2. Schematic of the sample cooling system
for X-ray CT.

FBEREBIUOEBL

[(X#bRTT 7]

Fig. 3 (257 H Affr & [(a) g = -1 -12 8, (b)
g=-2-2416]THME LR —ETD X #H bR
77 78 ERT, MDA A—=TBTHRLE
LTBH SN TS0, B@b ¥ AN
(TSD) T& %, Fig. 3(b)Tli. Fig. 3(a) TIL
BEINN2NRBNary P TR NRBIEIND,
X, BROEYTEZH W Z LI2L Y TSD
B AR IR T 2 /N e B2 2 T
WnHEEZ TS, —J, BPD L, HEAOHK
BMTRLTWD, MOEMD SIC FERD A7
FHNCH IR T 5 Z &b, KORE iz fm o
5 BPD I, ZEEOKEEBICEEL TS Z
EWbnD, Fig. 3@k V(b)) THIZ IS
BPD DEIZZNENTEREORERmI D
WE L, ZOf5%., Fig. 3(a) TiX. 0.47 mm
T > 7=DITx L, Fig. 3(b) Tix, 2.83 mm 2
EETHffroa s b7 A ]\Zﬁﬁﬁmuf%f\_o Fig.
41279 K 91, BPD IZEIEE IS » Tinik
TH7D, BEINTEMORES l75>%{5§é
x ZHRIHTEX S, W& 6 FARN DS BPD O
WO RI IR0 BEBESx 2R/ H L,
AT HE A AR,



SUNBEAM Annual Report with Research Results, Part 2, Vol.9 (2019)

0.47 mlr,l';

g=-1-128

500 pm
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Fig. 4. Schematic of the depth calculation using
BPD length of X-ray topographic image.
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Fig. 5. X-ray tomogram (X-Y cross section) of
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Fig. 6. X-ray tomogram (X-Y cross section) of

frozen fish containing bone.
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Fig. 2. XRD profiles of BRO samples obtained from air electrodes before cycling and after 200 times

of charge-discharge cycles. a) Whole XRD profiles of BRO samples. Indexes correspond to BRO

with the pyrochlore-type crystal structure (cubic, Fd-3m). b) Enlarged view of dotted square region

in Fig. 2a).
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Fig. 3. XANES spectra of BRO samples obtained from air electrodes before cycling and after 200
times of charge-discharge cycles. a) Bi L;-edge XANES spectra. b) Ru K-edge XANES spectra.
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Fig. 4. Synchrotron radiation X-ray CT image of

the air electrode sample.
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Fig. 5. CT image of an air electrode after
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Fig. 2. Intensity distribution of Si(11L) CTR
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Fig. 3. Intensity distribution of Si(11L) CTR
scattering obtained from Ar+ beam bombarded

samples under the normal incidence condition.
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Fig. 4. Intensity distribution of Si(11L) CTR
scattering obtained from Ar+ beam bombarded

samples under the oblique incidence condition.



SUNBEAM Annual Report with Research Results, Part 2, Vol.9 (2019)

kL 72X % Fig. 3 & O\ Fig. 4 |2k, KM E
BEAREEREHCB W T ArE— 240 K—
KBRS LCLSi(11L) CTR # L o 58 FE D I
HHEENELLL, F—XERZNIT L
a-Si/c-Si A DM MRN8 D 2 &G
Do —F. BIAREEREHZ BT, Wi
®b N—=RXEDD 72 WEETHIN A/ E <
B o 2@ NI bR/ S, . RIAH
FAFRBHE . EAS SRR & B o 7o iR
SR EZ R L, WBESAM EICHRED D A
D REEEDSFIET D, 20 5 a0 R,
O, b — L MBEFECH B S iz, a-Silc-Si
RENCHFETDES Si BICERT I LD L
Bz Hhb6].

a-Si/c-Si S D E A Si B 5 D CTR #iL
SRS AT 5 720 B S iz Si(11L)
CTR HUEL O 5 Sy A 1o % L CLL T O A& K
SR2E-WR

Ftota](l,l, L) X fc_si(l,l, L)

1 .
. {—1 - + exp[—2mi(1 + U)L]} 0

-exp(—2m2Ap;%|1 — L|?)

TERIND c-SiFEHEFEMET LEZHNT
CTR HUELTREE 7347 DT 247 > 7o, ()T
W T foogil 7N 7 D -Si FH O #E b A 8 K+ |
U T a-Si/e-Si A2 5 £ D c-Si D
TREMEEZ ZNENRT, E2. Apd St M
ha R L, L=1 22 DEED BN D & O
SRENIE T DR ERT, MR/
B K DM CE LN EME UKL OR
i M Ap; % Fig. 5 &% OY Fig. 6 (2897, & 3E
ZR—XEIIXHLTTry L. EXKNDG,
AT E— L DOWRE KM L > T, A HEM c-Si
D& TR & O m M ix F— X &ICx L
THRRDIRDIBENEZRT RNy holz, £
mEEAREGEOLAE., R—X&EE L IR
i O c-Si NIESCMITIEMEALT H Z & T,

a-Si/c-Si RN % 11T > & 0 LT Rm MY
BhELeneEZEzohbd, £, EMENL
T & & B ICIEMEEORENET D Z
& CHRERBIIT S OIS ) DR L KRR
BERNSLS R b0 EHENEND, —F, &
AREHOEE, F—X&E EHITHREO

L

y 25 keV Ar@0°
s s °
=)
g 2|
g [ 25 keV Arr@60° @
s o1 f /
= f

0 R RN N W A WA WA

0 02 04 06 08 1 12
Ion Dose (X 10 ¢cm2)

Fig. 5. Analysis results of the lattice relaxation
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lattice-relaxation model on the intensity of
Si(11L) CTR scattering.
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Fig. 7. Intensity ratio of observation to

calculation on Si(11L) CTR scattering. The
arrow in the figure corresponds to the peak of

strained Si at the a-Si/c-Si interface.
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Fig. 1. Schematic view of operand topography
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feedback system with PZT tilt table were added.

KGHEBIIERBERF T —LE&RR AL
F— 7 mvr) hoEREILTRBY, F
T —OWHKIZE VKBRS T AL A
—ICSICTNA A HEIHEDHZ L TEHERL
KTNAREBATH ENTE D,

74— RNy T, JEERE T ()

PHWEFILVRNRAT =Y AT —Yar kn
— T, TUENT Tl HE =T AR
(DAQ) T, EFEXHtE & e & Hl#EPC%
MET-HERIZ > T WD, T3, ZEEICEE
IEE EFHICEOVXBOAF AN KY 7 b3
Hé. —RICIFFIg 20 X I bR T T T 4 —
BB T DMENAANENT D, K7 4 —F
Ny 7B TIR 0B ZRH L, G L
NRT T T 4 — A DR Sy s D RE N —
(KBITIRELMNF) b XkomE (B
TV OHiEEE) ZHI#HPCTEHEAE L, DAQ
LOARTF—Varyba—J% LTCAT—
DAE FThbb ANADOHEEZIT> TN 5D,
HIEBEOHE FIES/NT A —F OFEITIX,
A b o0 BES XGRR T P B O prad il ] CTH; - T X
THEISH L Th 53],

i .
0<6, 0=06; >0 P,
B

X-ray
imager

Feedback
voltage

X-ray

PZT
controller

Fig.2. Dialog of feedback system for stabilizing
incident angle of X-ray.

FNRRAT =2, AERX ha— 7 BE
WCEDAAERY 7 MY+ REV, £0.15
EOAT—VERRA L, AAT—VONE
PO KGR (B fiERE) 1X1/100/8 ERLL T C
Y. TT T AENTT L DICXEDO NS
AE+oERIGIETLIZENTED, b
RO TR BT I3ICEEL TN D
DT, 74— 2Ny 7 OEIERBEEIT1 HzU
TERD, BARY 7 NI DI
T5IEHICDH-L D ELEEEBOD, KH)
EREE T +aicifl 2 2 N TE D,



SUNBEAM Annual Report with Research Results, Part 2, Vol.9 (2019)

BELEEROCRABSEER

BLE2T, fEsk L FERICY > B — 2 BL16B2
IZTC, =R/ F—10keV O HAKE I Z2
T, MBXRMWEIFHIZ/>TiToxh LHNT
W5 SIC0-2210)H Z#XfHE L TiTo72, K
IR D ASFAIE 17.4 FE, RO 83.6
E (W TFnbitEE) Th b,

ﬁU@K74-PNy7%%®ﬂﬁ&LT\
[ A O R By VERE & By (ERS <, @EBIRE
&c?ﬂ4z®bff§74—@%ﬁﬁbto
Fig. 3 2o hART T 7 4 —BO—f,

BHOLHEHLEZ bR - F v — M2] (BICHFRE
*ka?%y@ﬁﬁ%&%f%m)&w%
— M OH AT
m#o#@ﬁ%izo

1 BTH 5,

Wpaiuéﬁ - ‘

B DMET a7 7 A v
L E B O TR I

2000 s

14

1.2

0.8
0.6

0.4
—Feedback: off

—Feedback: on

0.2

X-ray intensity [arb. unit]

0 500 1000

Time [sec]

1500 2000

Fig. 3. Topographic image of SiC (upper-left),
topographic chart (Topo-chart, upper-right), and
time chart of X-ray intensities at center of topo
chart (lower). X-ray intensity was stabilized by
feedback system.

ZORERNG, 70— RNy J O RS
ERFIZEVR Y 7 Mick v siEN RS S EHL
RN REFEIZWDTHZ NN D B,
RITR L2 mE oM (Ex) X,
FEICLDAFHAOHETHY | KENRR

JAVERE 10 RE ChIIT KT AN T
MEN IR D ETREIND, —F. EifERE
FRELEZFIC-EICRFEELTRY, BELE
A EB T Enbnd

WHEIE R 4 — KNy J I L0 &ZE
L7 N REIC R =D T, WEIRIED
SiIC A ZZ YT NE A LATEEL, £
J& K Ba O FEM 2 BBy 2 2 k. (BE5R) @ A4k
Atz Fig. 4 \ZFHANC ALED L 7= Hl 8 K b
OB &2 R TR KT T 7 44—
ot BoRFHERITI 20 THL, 2O
HOBESENS, 1T COIREATIUARO B A
(AL o) PiRxlllE L, B AnNEm
WCBIZET D L0 A ERIFIZE C (ORta) b2
MICE L, BT ATLNEBE TRELT

HEERMWGIZEE 2 =AENRERT D &b
MbH, BORBEN 20 THDZ B, K
gbtﬁﬁiam@&@é

DI R

Fig. 4. Time-resolved topographic image of
stacking fault in operating SiC MOSFET. Time

interval was 20 s.
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Fig. 2.
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(a) Crossectional schematic of the

microscope image (% 5) of the SiN windows. (b)

Schematic view of in vitro SXFM measurement.
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Fig. 3. (a) Optical microscope image (% 20) of
cells on SiN window of red circle in Fig. 2(a),
and (b)-(f) corresponding SXFM images of each

elements.
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Fig. 4. Optical microscope image (x 10) of the
cells covered by IL layer, and corresponding

SXFM images at red square region.
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XANES HIBIZ X 5= 7R U hA F 2 FE B OBFRBIREE
Demonstration of Magnesium Ion Solid State Battery
using XANES Measurement

RES #RSR, FTE RS, MR BEE, I ER, B B

Hiroki Yabe, Mitsuhiro Murata, Akihiko Sagara, Sumikazu Yoshikawa, Kazumi Kurooka

NIV =y 7 RS

Panasonic Corporation

TR DA BHIT Y F U LA A BT Bl LA RS TR TH Y |
EREBIE SN TV D, L LA A ARFENERN 2O FIR TORBNRNETH 72, Tl Ay
R—=F 2LV I AT fEEEAIE L, R T23mS/lem LW 5 &N~ 7R T A A ARG &
AT DR~ 7220 DA T ANRERORFICHEE LT, MEERZR NV~ 72T A1 F VERE

2 FRAE LRIR CORMBEINEZ FEFE LTz, FTHEOEEDORAEIZITRKT i SPring-8 @
BL16B2 #iEH L7z, FEHERIERICIIT 5 EM V,0s HIKO X SRR IT RS (XANES) HIE 1T
STFER., ERIG DO NATFT VT AOMBEEMR L., ~ 7 32 T AOIEMIEWE ~OFAIZ L5 E

B 2 ffER L 72,

F—TU— K X BRI (XANES), ~ 27 %30 AA T ik

HTREEEW

EH 24 A A58 EH T 5 k&M
ODEAERHFHEEINATNHE, ZOFTH, <
JRxY L ZREMMIL, ROV T LAALS
VEMIZHAST, AR, et Bt
MORTEMTH Y FRFREENRED LT
211

ZAliA A B EROBREIL, FAEHOT =
Y EDOBWEFEMAMENICLY, AFA D
EPRESN, REENMES R LICH
%o FFIZ, BEREMRE I OMBENEE &
720 IR TOBUMBRE XN CTH 5[2],

— 5, BFEAYVER—=FTA Y hE~ R v
AL LTAF iR EEE L LTEERRO
REARD, A F RO WIREME & 1755 L
FOENAF MREEZRBLT L Z LA S
NTWBD[3], REEA A MAZEAR O Wi A A
— % Fig. 112/ LTz,

AW TIE, B EIcH L, A Y AR —
TRV A F R EEE LTH RO
YT RVY SAF U EE IR EROBRFEIZEY
WA, BIZ, BEEREHW 7 x> T A

A A ZREMZ ML, IR T OBRERGE
EiT- 7, EMICHWZEIREEEZ AT 58
bR F 2 b BT 5 Uk S G e 3R
SPring-8 @ BL16B2 % ff » T, J&ERIZIZE
T B X ORI ST R A 1 (XANES) & % 1T

-7,

SiO jmatrix ~ |on pathway

S
.‘414*1

k

Fig. 1. Schematic diagram of porous silica-based

solid nanocomposite electrolytes.
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Fig. 2. Photograph of Mg ion solid electrolyte.
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Fig. 3. Cyclic voltammetry measurement of

magnesium solid battery.
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Fig. 4. XANES spectra of vanadium K-edge
before (broken Iline) and after (solid line)

discharge.
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In-situ X-ray absorption spectroscopic analysis
of Pd nanoparticle catalysts
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&Iz XDS c’iofﬁ%f‘o%w:%ﬂi;%_%ﬁf&
(LR-0) OEMAE N % =& REICE TS T™
@ Mn, Co. Ni ® XAFS-like A~X7 kL
% Fig.2, Li B ® Mn, Co, Ni ® XAFS-like
ALY RV % Fig. 3 12R"%, Mn D AT kL
B LT, TM EH @ Mn 1%, EHEAEEND
100 A 7 Vit E THRELFZO AT FLE
Iz E AL ERLS A7 02K D TM EH
® Mn OALFIRIEZ(LIZR NV EE R D, — .
Li 8D Mn O A7 FVREE L, FEHEY A
ZOVEHEINZE VN E £ D, ZOZFEIL, Mn
AFDO TM ENS Li J@~OBENHNZ L 5 Li



SUNBEAM Annual Report with Research Results, Part 2, Vol.9 (2019)

3 1.2

1.2

1
T 08
® 0.6
s
304
502
0

" (eu / site)

-0.2

——LR-0

1 _ (c)
208
Las

3
204
02
0
02

Photon energy (eV)

6540 6550 6560 6570 7710 7720
Photon energy (eV)

7730 7740 8330 8340 8350 8360
Photon energy (eV)

Fig. 2. XAFS-like spectra of (a) Mn, (b) Co, and (c) Ni K-edges in the TM layer at LR-0,

LR-1, LR-50, and LR-100.
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Fig. 3. XAFS-like spectra of (a) Mn, (b) Co, and (c) Ni K-edges in the Li layer at LR-0,

LR-1, LR-50, and LR-100.
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Fig. 1. Cross-sectional view of mounted samples.
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Fig. 2. Peak top shifts obtained by (0008) X-ray rocking curve: (a)First mounted sample,

(b)Secondary mounted sample, (c)Secondary mounted sample with overload test, respectively.
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Fig. 3. Schematic views of the relationship between incident angle and Bragg plane.
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(a) R FE 4k

(b) k34

Fig. 4. Visualized crystal planes of GaN (0008): (a) First mounted sample, (b) Secondary mounted

sample, (¢) Secondary mounted sample with overload test, respectively.

Table 1. Curvature radii calculated from
(0008) X-ray rocking curve.
Rx : ABtAmE Ry : BXAME
By RERFEE T RERE
m - m -
—IRER -0.70 0.23 -0.94 0.65
CIRER -0.19 0.06 -0.33 0.11
BEEmERRE  -041 0.17 -0.48 0.39
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Fig. 5. FWHM of (0008) X-ray rocking curves

as a function of sample positions.
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[1] LED WA HEME W i 2 « LED 15N >
K=z (BT L 3EHT R A, 38, 2008).

[2] C. A. Schneider, W. S. Rasband, K. W. Eliceiri:
Nature Methods 9, 671 (2012).

BI=E F2E . o B —AEH - lEE S8,
66 (2018).

(4B A6 — - 56 7 [ B — AP SRR R SR
HE 77 (2007).
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Visualization of Indium Coordination in InGaN Crystal
Using Polarization XAFS and FEFF Method (3)
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Yutaka Kobayashi, Munehiko Miyano, Atsushi Yoshinari, Atsushi Sakaki
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NICHIA Corporation
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Fig. 1. Direction of the incident polarization.
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Fig. 2. Scheme of InGaN crystal visualization.
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Fig. 3. (a) Radial structure function curves of
InyGa;xN measured by polarization-dependent

XAFS (b) values of In-In coordination numbers.
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Fig. 4. Result of visualization of indium
coordination in InyGa;xN crystal model on

sapphire substrate.
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Table 1.

simulation.

Ing 13GagsyN  Ingo3Gag 77N
0.103 0.136
3.97 1.52
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AR TIL, MR O 72 5 “FEfEH O InGaN
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[1] H. Jeong, et al: Sci. Rep. 5, 9373 (2015).

[2] ERCESRIED: o v — AFER-RE S,
67 (2015).

[3] HRREERIE: Vo B — MR- RLE 6,
88 (2016).

Numerical indicators obtained from
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Fig. 1. HAXPES spectra for AIN/SiC acquired with normal (0.7°) and x-ray total reflection (0.2°)
condition. The energy adjusted with Cls as 285.4 eV and the peak intensity normalized by Nls area.
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Fig. 2. X-ray intensity dependence of Alls and Sils spectra for AIN/SiC. The energy adjusted with Sils

as 1841.8 eV and the peak intensity normalized by each peak area.
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Fig. 3. (a) Schematic of HAXPES analysis area. (b) Alls peak-area profile reflected nonuniformity of

x-ray intensity. (¢) Position dependence of Alls spectra for AIN/SiC with 100% of x-ray intensity.
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Table 1. Energy difference between core peaks and valence-band maximum for reference samples.

Reference Sample Alls Sils Ev AE(Alls-Ev)  AE(Sils-Ev)
AIN/SIiC (6=0.2°) 1562.31 ¢V - 5.26 eV 1557.05 eV
SiC - 1842.16 eV 3.62 eV - 1838.54 eV

Table 2. X-ray intensity dependence of peak positions, Ev and AEv for AIN/SiC.

X-ray intensity Alls Sils Ev an Ev sic AEv
100% 1562.54 eV 1842.03 eV 5.49 eV 3.49 eV 1.97 eV
53% 1562.45 eV 1841.96 eV 5.40 eV 3.42 eV 1.98 eV
8% 1562.27 eV 1841.85 eV 5.22 eV 3.31eV 1.91 eV
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Fig. 5. Band diagram of AIN/SiC heterojunction.
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Fig. 1. Nls spectra of (a) ITO/p-GaN, (b)
Ni/p-GaN, and (c¢) Pd/p-GaN measured with 8
keV excitation and 2° incidence angle without

attenuators.
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Fig. 3. The strain of Mg-alloy plate along
thickness direction in four-point bending. (a)
CAE results. (b) Depth dependence of the strain.
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Fig. 4. The XRD profile diffracted from Mg 004
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Fig. 5. The XRD profile diffracted from Mg 004

reflection with the analyzer crystal.

Fig. 6 I CAE fi#fric L » TR OI-EDHE S
KFEE s, 7oA VMO EBREZENIC
BOWTOEARAF Y= BTk
Mg (004)ifi fHIBRE 2> & B L 72 78 O SR fA %
DOFERZ 7T, Mg (004)E EI @S E 2 HH
T HRED dy DEIZ FRED L D ITRkd 7z, 3R
RIEHZ P REICENTAd=0 L IRET S
ZéT, RBAEAL G P REIZKIT S Mg
(004) [ [#1B% 0.129781 nm % dy DA & L7z, F
T CAEfEHTIZ X » TRD7=EILFig. 3 TT T
WWRLTEX Y IcEmMcEIZA, EmMlcE
FEDMEE 72D, WRIT, TF 74 Fhisha H
WO TR DEAX Y = FEICL - T
K- Mg (004w fEfE» LR LR, #£
A CTEIZTATHDL DD, B RDDITHE
S TERITADE FHAED K E < 22 Dm0
MR TE, 2T CAEfRITORER 13 —F L
RWRER E o7, —H T, T T4 V&



SUNBEAM Annual Report with Research Results, Part 2, Vol.9 (2019)

ERHWELGEOEAR Yy = TEIC X 5 TR
D72 Mg (004) [ B FE 2 6 FH L= Eik, Fil
MTEITA, EEHMTEITIEDEERDIIED
BENPIHER T& 72, £7-. CAE fif bt O Fix.
TFEIAVEREHWESADERATF Y=
THEORERLERLS —HLTNAZ L HLERT
X7,
W71 717 7 T T 71

. —— CAE 4
O Without analyzer crystal

051 o With analyzer crystal 7
£ i o o ’
g 0.0 -1
@

05 - -

C ; o] ) 4
1.0 xl(}_j 1 | 1 1J 1 ]J 1 | 1 | 1
0.00 0.10 0.20 0.30 0.40 0.50 0.60
Depth (mm)

Fig. 6. Depth dependence of the strain of
Mg-alloy plate along thickness direction. (Red
line: CAE results. Green circle: Without analyzer

crystal. Blue circle: With analyzer crystal.)
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