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BL16B2

YEEERROBHENTZERD XA A=V T
Evaluation of Semiconductor Substrates and Frozen Foods using X-ray
imaging

Nk Bz, A B, Fik e
Naoyuki Kawabata, Yu Nakamura, Kazuyuki Sudo
RS
Mitsubishi Electric Corporation
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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.
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Fig. 3. Reflected X-ray topographic images of the same position (a)g = -1-128 (b)g = -2-24 16.
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Fig. 4. Schematic of the depth calculation using
BPD length of X-ray topographic image.
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Fig. 6. X-ray tomogram (X-Y cross section) of

frozen fish containing bone.
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IKFR/ZER IR Bi,Ru,O, FREED IR 54T
Synchrotron X-ray study of Bi,Ru,0, Catalysts

for Metal Hydride Air Batteries
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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. 2. Intensity distribution of Si(11L) CTR
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Fig. 3. Intensity distribution of Si(11L) CTR
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Fig. 1. Schematic view of operand topography
system using X-ray imager. Water chiller and
feedback system with PZT tilt table were added.
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Fig.2. Dialog of feedback system for stabilizing
incident angle of X-ray.
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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.
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Fig. 4. Time-resolved topographic image of
stacking fault in operating SiC MOSFET. Time

interval was 20 s.
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Fig. 5. Topographic images of stacking fault

generated by different operating conditions.
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In vitro Visualization of Elemental and Ion Distribution in Single Cells
by X-ray Fluorescence Microscopy
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Research & Development Group, Hitachi, Ltd.

#h7e EOMESR TR OMIANIZIS T D80 - 0 2T 5 2 L 1d, AR OB L ik EE
OFFNCEE TH 5, AWFFETIX, SARFBNTE R 32 M N O SRR FE /370 O mkil 72 vl b 2 B B,
BLI6XU IZHESE Lo~ A 7 1 B — LB AT LI & B AR X SREAMSE 2 a5t Lz, 208 X
FREHAIAS ATRE 72T 1 > ¥ 2 ORELIEL R L. 7 > MITHIRG 2 AR5 D Bg AR & 72 2
K OMBEEESME R LTz, KEWT- LT 4 vy 2aNEB XU A Uik U 7= & o

Je X MRaFH L. Ml oTE -

A A PREESIAR OWET in vitro FHHIZ FZH Lo, € ORER, AlaREk

RN X 2 BRIRE A SN TIREIL L T D ERF 2 il b5 Z L N TE T,

F—U— N EAR X SRR, A, ST, BRAGEH, WET invitro JUE, A AR

HTREMFEER

ERICE 5T, Bk, High, B, v TR
COMBILHZIL, KZLTHLREITLEAD
JRRNZ DR N 5720, 2o OMESE TR
DMMIEHI I DI - AT 2 fifir 92 2 &
X, AR o BRSO A S BE O iR B 1T 3
Thd, BlxIE, ix, EEICBWTHRMER
D~EZrE UGk, SHEMENOREET
B, MR oA - Mtz SICE 53 5 E
T mThd, HIRNT, gkt 403 21
A A (Fe*") & 3ffiA F > (Fe¥') &ATE kK
THN, FOWMECTIEEBRELZEET H, M
FENIZ 2 i > B BERASBRENIAFET D L i
T tEp il < MpuPEE OJRRIZ /2 5 Z & A3
BN TWVWS (7w h—3 &) [1], filr TiE,
AR N O 2 Al #kaitE Fl & 83 A o BI M b FE e
SNTWDHR], 2D LT, MEANSEA 4
BEITHRESAE OEEEEZRE L TV Dz
W, MO EOEAMIZED X HITERA A N
JRTEALT DD E WS = MBN O THE - A F
VIREOFGUENEE TH D,

ML D 38 43 A O "l AL BT & LT, A
TR A kA A &5y #r (TOF-SIMS:
Time-of-Flight Secondary Ion Mass
Spectroscopy) . A2 FE 1 BAMKEE TR = R L ¥
— B X #t4r #t (SEM-EDX: Scanning
Electron Microscopy — Energy Dispersive X-ray
Microanalyzer) . E&R X #REAMKEE (SXFM:
Scanning X-ray Fluorescence Microscopy) 73l
BENTWD, 2 Th, BEOEE X fRa A
T2 SXFMIZH 7 I 7\ LD @022 43 iR
RRCHMELELZRHTE LI E00b, Mg 1
8PN D ILE 5340 O &« & o fRae R TI 25
HEINTWVWDH[3-5], SHIT, ZRLF—)FH
75 &N D AT E DR A TR L T2 X#R L 4y
Yt (XAS: X-ray Absorption Spectroscopy) % fJf
Anid, fRICITMNDOTHE - 4 4
DML AR O PR b TE 5, Ml z8l
BT OBRICHEEBET REZ LT, WRICARR
WHEOMERELMFF TN THY ., 16K
DAV Y 2 E &M TR < BRI
WREE 2 ERRFI ST WD, Foxid, B

41



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

42

WA 7= S v MR s A R oo A e 2 o 55
WEHFELTBY, TOHE-EEL LT, £
FUIAKZW 2 LTSRS 1 v > 2N
RS R AR e S Gl T i = v N i

ARBFIE I, AR OB 2 Ml L
~JLTET A Z EEZHEL T, MlaksE L
ABHMERL, 72 5 N SXFM 12 X A& in vitro
TOMIINTTHE « A A 2 JREAR O &R 72
AL ERE LT, 7o, EERNToO TR
WCHEEZBSIITE TS S Z &b R
TIEFMEzalE & LT,

EBR

F2BRI%. SPring-8 BLI6XUICHESE L7z~ A
7\ B — ASXFM AT LI THIT- 72[6], Fig.
LS RKBFZEDER L A 7 7 N EE LB LT
A /abv—LrTaT7 A I)NVERT, X
XN F— 11 keVOAFNE, £/ 781 (2
FEEL oy VeER) CHA/ L AXHRTE I 7 —,
v AR — v (RAESEIR) . Kirkpatrick-Baezfd
BOMEHREI 7 — (KB 7—) 12T, A0
BETOE—LY A X%, 7 I7v (ft:
0.7 um, #4: 0.8 um) (ZHEN L7,

(a) .

—~~
(=3
=

o

o

X-ray intensity
differgnc&[a.8.]

o

Position [um]
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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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Fig. 1. Schematic diagram of porous silica-based

solid nanocomposite electrolytes.
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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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Layered rock-salt type

Layered rock-salt type

Rock-salt type

Rock-salt type

Fig. 4. Cs-STEM images and Fast Fourier Transformation patterns of the active materials on

(a) LR-0 and (b) LR-100.
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Stress evaluation of lighting LED by X-ray diffraction (2)
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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.
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Fig. 5. FWHM of (0008) X-ray rocking curves

as a function of sample positions.
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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. 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.

BeL TR, RN D SN TR
LHZXBOBELONHDLZ ERNND, £z
BEATAAD Alls AT ML ET 5 &
X HRDSFRUN S AF T T B — 7 L A T RV
F—MIcr 7 L THEY, SHEEAN TRK
0.1 eVREEDODEHNAOLNDL, ZOLHITX
IR DI L > CTHNDO AL —HENAE LT
TEHD, X BARMELE E— 7L EOEEN
WRT DD AT MDD Alls B —7
WRIEND EEZEZ LD, —J, Sils E—7
FEARIF L Lz Evh . AIN JE & SiC i
W TS F M OARE)—HELELTEHY,
AIN/SIiC i b L < 1% AIN BRI AR T 5 1E
B AEDORK EHEIND,

Table 1 IZEHRHEINOLRDT-NZE—7
AR SO = X VX —HRAE % |
Table 2 IZHEERAB N OLET-HNEZRE —27 OfL

N £ 3.6
=
© S 3.2 1 (b)
2% S
© o) o |—|28 1
o L 0 € 24 A
O < c .
C ~ o
CCDU e L 1.6 A
w Elg S §12-
(D } .
X | 8 % 08 1y ray
c N i
I sl 041 100% 53% 8%
s Vo 0.0 +——"""+r
® 20 10
©

Al1s Peak Area [Mcps]

BB L OUE 5RO T= AIN/SIC ~7 v Fif
DB A7 v FAEv Zond, X #RiRE
\Z KD AEY OEEIE X 0.07 eV E/NS W3,
AIN, SiC ZNENONZHZE — 7 (\LES Ev D
ZHE T 0.18~0.29 eV & KX\, Fig. 4 1T Alls
& Sils DB — 7 (L 3 K TAEY O X #9812
X BFIR LT, Alls & Sils TV 7 M &N —
HBLTEHT, AIN & SiN THEY 7 R
b, TROBIES HRORE—HENEL
TWDZENSMND, 2D Alls & Sils DZE
{EDZEFB, KE—ETHHIXT DAEY DX
b3 LTHENATEY, EOAEY 1T X #R58E
8%ICHBITH 1.91eV LN EHEE SN D, Fig. 5
WG BT AIN/SIC ~T 2 RE DAY KT
A A MemrRd, 7272 0L, AIN & SiC O\
R¥y v IXZENEI 6.2eV, 33eV &L,
AR O FIK & 72 2 BB IX~T 2 S

Slice No.
Slice 1—18 (Normalized)

1563 1562
Binding Energy [eV]

1564 1561

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
BERHLTWVWAERELE, SV RTIA Ay 0.0
MR IR X BRSO R E '
AT S Kk L LT, BEEECHOEE S
BHOBRNEZ N DR, ~TOREOK = 01 -
b ML AR IR 3 % T R ) LTI s s %
BT ST, X REEE SIS g
LRI 1T 5 2 L, WERMICESs 8§ o5 | —— AEV
HEME L RASMETH S, & —— Al1s (AIN)
—&— Si1s (SiN)
FLHLEE 03 L _ .
UA RF vy FHRERT N ORI 0% 50% 100%

IR RT T4 A MEW 2T 5
72 . HAXPES % F\V T AIN/SiC ~7 v i
DN KT TA A Mg & T2, =X
X ¥y VIR e SR RRAL 23 R #E e A BRI X L

EEHAEZO L 0% XBEK S CTHIE L.,
SHREIE LCRHIHTE 2R LT, £
7o, REBHHF B OB LM 5 72 X MR E
IRAERNLE S R E 21T X BRI 5 I
ERTHHNORY—HEE~T e EoIE
BN L DS FMOARY—HENELD D
LEMER LT, BEIIAN T IA4 AL ME
WOKEICEEYTL-D, 5%, RABIW
H EMIC L DRI X ARG SR 12 &
L HrEIE 2 mE T 5.

BE TR

[1] &R B fil: S 22 (1), 20 (2009).

[2]J. Choi, R. Puthenkovilakam and J. P. Chang:
Appl. Phys. Lett. 86, 192101 (2005).

3] &K BE: e — A8 mlRE 4, 14
(2014).

X-ray Intensity

Fig. 4. X-ray intensity dependence of Alls, Sils
peak positions and AEv for AIN/SiC.

Electron Potential m
I
™
o
(@]

Conduction

Conduction
- band band
""""""""""" A
Egan Egsg;
6.2 eV 3.3Sel(i/
2

Fig. 5. Band diagram of AIN/SiC heterojunction.
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Fig. 5. Operand XRD patterns of battery during discharge process (a), (b). Diffraction peaks of
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relationship between SOD value and the lattice

parameter before and after discharge process.

Table 1. SOD values before and after discharge

process, utilization capacity of positive and

negative electrode materials, and capacity
retention of degraded battery.
S0D/% S RSy
R me mEe Mﬁ?ﬁ: A
Bt - - - - 76
=L X0 16 94 78 -
LMO 4 16 12 -
1 LNC 8 96 88 -
RAES - - 79 -

DEENHMEME X ONRESEMIZIB W THI[HE
U2 T LMO & LNC OF|H&EZ AW T, ik
BHICHE T 2RAEMOFHEEZ RED -7,
Z OFERLILEMIZE T 2 IRE EMOF H 21X
19% ERD BTz, ZNHOFETHIED bl
R4 Table 1 ICE &0 5,
SlEOHER T, Afld X NRE EMmO
FIH R, IZER—OMEIC/2 Y, WEME HIZ
BMARICHY TS, 2F 0 EARMABET
20T AEICHE STV D ATREMEE R LT,
Lo EAIEWE % - BB O fR AR Sy
Hric X 0B SN2 > TV B 5o ERF 1%,
EAMETOY F U7 LAORIEELEHRESNTND
(8], DT, ARFIETH O IV MRHTHRE FLIE,
2 DR HT G F[8] & [FIER e fEm) T L,
REEORHRERNEL THDL EB 2D,
Z DT OARNE FEN, JEH I CEMAEED
EAEFMCE 52 ERbholz,

S OBE
SBEBOLLIREEDOE M Z HWT, ARk
O ZREET 2 T ETH D,

25 IR
[1] /AR, D) R ZEpT B FE s &
Q18008, (2018).

[2] Y. Mita, et al.: Electrochemistry, 78, 384,
(2010).

[3] J. Fayos:
(1999).
[4] J. Akimoto, et al.: J. Crystal Growth, 229,

J. Solid State Chem. 148, 278,

405, (2001).

[5] M. Guilmard, et al.: Solid State Ionics, 160,
39, 2003.

[6] M. E. Straumanis: J. Appl. Phys. 30, 1965,
(1959).

[7] H. Y. Tran, et al.: J. Electrochem. Soc. 158,
AS556, (2011).

(8] /INAKRN, HEEFATE, /INREG, EAR—. =
H#—., BHOFRIEET RS E.
Q10026, 2011.



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

2016A5050, 2016B5050, 2017A5050

BL16XU

X BREPHC & B H R 7 — ¥ v Ni £BEE&OBMER 55340 O FH
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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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[1] EHER, &I, AARTRAZ — 2258, 37,93 (2009).

[2] #nR i, BAEEHTSSCE (AfR) . 71-711 A, 1523 (2005).
[3] #aK L. B, 15(6), 347 (2002).

[4] m=ff fih, FARBREFREE, 71,47 (2007).

[5] it fih, B A B RSFANGER SR SCE, 46,206 (1997).

[6] J. A. Haynes et al., Surface and Coatings Technology, 39, 215 (2013).
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S8
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SEEk [1] M. Kazar Mendes et al,, Scientific reports, 8, 1 (2018). [2] Y. Wang et al, Jpn. J. Appl. Phys., 56, 01AEO1 (2017).
[3] Y. Hayashi et al., IEEE Trans. Electron Devices, 56, 8, 1579 (2009). [4] I. Kojima et al., J. Phys. D: Appl. Phys., 30 (1997) 2143-2146.
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BadD 24 S IR 22 L(E, T/ A REEDERANSLEETHD. T/ 1R FEE5X 5EETES
Fv )LBOFERRMHETISE BIIEL, REEEIZLS SICEARD X #54 A— o F 5 HliE (T #E R DL TS
5. £z, MEIZKLHBRODBREGILEKZHREDIERERZEAD -6, HEBMPD IKEESRD XERCT 2L =R
TR LR A (T AR DL TEIRET 5.

SE%1: n B 4H-SiC EAR EDIEE 280 ym DIE AT v )LBEFHERREL . X A A— 27 5% SPring-8
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BR1: K16), OITFNTNOEMTRIELI-F—ERO X 1 A—8%E Y. mADA A= TaBRELT
RSN TLSDIL, SHASELI(TSD) THD. —HA, K 1(a) CEESSN HEEEELAL(BPD) [, EHgA SHAEML
% BPD MEEEHEDRENOHMEL-HER, TEAT L +v)LBRENDESHI 35 um DFEEEERERTETLVS. Thic
L, X 1(b)TlE BPD MIEAF v JLIEDREMN HH 200 pm LLEDFESMSIEHRL TL\DIEFHERRRTE5. [0
&S X DI RILF—EEIRT 52T, TEFX IV ILEOR B, HEARFREmE CIaikL TL V5 BPD %
EEITELHTEN Ao -

TR 2: ARV BHEZEESO MESNTI- Y/ \%F CT #gtfE L TRV, /N T a7 —E—h—ICBRUMIF=7
ILEBIE—h U h BTSRRI ER R LR HR T —U b, X $5EIBET 2= D BERRL1=5kH/ \—
MBS DEHERE AL VZ[2]. EERDERERREAT—o% 0200 =4 LIZEREL, 05° X7Tv7T 180° [l
SEGHSAEY/ DA CT BEEUILT-. BBST X SR RILF—IX 124 keV, HBIFEIL BL16B2 [TTITo7=.
fBR 2: X2 ITEY/\OD CT 85T, REBLIAVRAMYEE, [BULIVNIMUKEER, KERT0HhT
MZBABLVIV RS A BAEZNZTRL TS, BEREZ ALV X R A—D0J12&Y, BB A Tl
7, BEOEEHREEZSOFMICHOTLKERE AL TEAI LD Dh o=, F-, ABEERINFELT
W55 U EDRAELFIRIATEECH D ENBAL M EAEoT-.

1.SiC TEARFX v )LEARD X $841 A—48
(a)g=-1-128 (8keV) (b) g=-2-2416 (16 keV) 2. AEHNDXEECTE

1] PHE, SEEH, AABE, SUNBEAM Annual Report with Research Results, Part 3, Vol. 7 p.130 (2017).
[2] ZBRERNSE, ANDSR, LIREE, SUNBEAM Annual Report with Research Results, Part 2, Vol. 6 p.132 (2016).
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Changes for the Better
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[1] hHE, §3FHE, AA85%, SUNBEAM Annual Report with Research Results, Part 3, Vol. 7 p.130 (2017). [2] ZB##1sE, A45%, LRE, SUNBEAM Annual Report with Research Results, Part 2, Vol. 6 p.132 (2016).
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PERLVBEMEDFIREN M LLTULVB[1], H AR IESNE T, BEHLE RV =2 ZkYUER Co (L EMIEE
BEENTT HZEIHHIL. Bk Co {LEYIBD Co [RFDIHEAIE 3 {fikYHKEL. Co ILEYIBDEEMAEKRL
TWBIEFSFRIL2], T, B RUEREIRE COMAMS BNz N-MH Eth W EESN 55T, FRHECo
L BB O AME SIER KSR EEIF TS, LK. &R Co {LAYHEE Ni(OH), (X, MEIEIZ5R YEEEH
TEMFITH oA, SlE. CNFETOER Co {LEYHEIERZBEEIZINA T, iR EE A TRE
Co {LEYIBDOHEE T ZLIZLY . FERLVLERIRE TOME OEMEIRE J54l \IEABD FIFE L=, K
R TlL. SRRE- EBNERETIZETEER Co {LAYREIEDIREEEALLRERDUIRLFAIE Z L 5:E D
ULVT. B FIFAL CGREE o1,

L (ATERDER Co (L EYHEIENI(OH),. RUB)#FTHEIER Co 1L EYHEIE NI(OH), ZFAL V= AA 4 XD Ni-MH
EthAERIL . 10t FEE(AV=-10 mV)/02t IRE(EV=10 V) T 3 [EFEHEZE T E D VB ELFTHAEL-EDE
M (HIERRES) &, 2Q DIBIZE &L 80°C TATED BAIREL -1, EHEAREEHET 47-6 LACRISEMHT 3 Bl
WEZERY RO Bt (BHiEMEERR) ZAHAL T, 2HTAQ EEEMERRES -,

EERRUSER: BL16B2 1ZHULVT, Co K IRUREHR TN Ni K BRURERD XAFS BIFEEEHELT-, N(OH), HiFZRED Co
LBV DRI+ IVERRERCRET 571-80. EEFINEEERAL . 38 A [2DOWTHRONIFRIE
LRI XAFS ARIMVER 1 (TR, #IREICEFENS Co [RFD XAFS L5 F)L1=1+ T HIEEREID
Ni(OH), 1 Ni [RFD XAFS LT FILHERRIIN D &4, IEHUERAERIR T, Co & Ni ) K IRUHATED I
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AR5 KR 574 —2RVESIC MOSFETORERIGME HITACH!
DETRBZAE MR

Operando X-ray topography method in 4H-SiC MOSFETSs to investigate current density dependence of
stacking fault expansion

PREPE. /\Fa<HC. SKILBASE ., BR4
=t B 8UERT AR II T

BIE SiC MOSFETOENERICHER I BHEERIROEIMIBEREZBRIEL T, ARSY RXIRMRI S04 —E=FFEUI. ARHZR(IC
XIROASEERFA I 5L CEfRGETIREE L. SIC(0-2210)EOEWIZFIFASSIL CHBAICHEB RMaziRE LIz, BTl
T3.3 kV / 30 A ODMOS%EFHAEL . COREPNAA A — RICEFRZA N AZEMINUTARRE CERERL Iz ART > MRERDHEER. SiC
MOSFETAIER CTHEAR 9 BHEE R BROEGHR MR SO — Bl D fRRE LI TEUG I 2L Tal,

7 N1 RBEEARTS KX NKY 'S T — SRR

X-ray Energy : 10 keV _
Diffraction condition: g= 02210
X-ray penetration depth: 40pum

a
&

Source pad

X-ray camera:

26arm CsI (150 pm)

Pixel size: 6.5 pm

View size: 16.6x14 mm
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6-26 goniometer

Drain

power

®) é'uml P e T
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Xty SiC MOSFET o 124
Body diode N D
n- 4H-SiC . Z table N
n+ 4H-SiC substrate gleatsink T;=150°C
X table
Drain Sample holder
HPELIZ3.3 KV / 30 A MOSFET)(a) EHiEIE(b) KT, B2 AR5 KX NI 57— TR,
%/HLX NZZENNNS 21eth. BRAFHENEHE 2] AERDBC(direct XEREUSAR L AR, D> TS HHEAS, TR N ZAENE] SR, (18 FEEBHSIEREINTVS.
bond copper)EARNEZHHDIRETFHEL . FHifil$SPring-8¢Saga Light Source TEMEUIZ, BRI RICXERIASZERA I 3L TilEftiRgen]

HELL. SIC(0-2210)EOEF%FIFAY 2L THBAICTEERPaZIRH U,
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EERTE 1SR LSRN, BRI DAREE 1R TEGHIR MR S0 — 2 EUS I 3N TEl, BREEZIBNEH AR OFIREE
RO REERENT,
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HAXPES [Z&AFH:— B/ \SARROT AN/ MREEMD ES R

NFIyoBREt B e i XA AR ZR. R B RE 22, &F Fh
S AL 2B AE

[FLOIZ: FiE— T \SAERXOT N4+ (OIHP) ##H L. IEEAIZEMEL TOIGAOFEIRIZHZTRSN T
HYN], BIETIE 23%5HBR DEHESHFEANIHRESN TS, SnROHPHHDERMED LTI, KA E LA
RETHY . BRRGENFERFZOABIEADFFTDIRESN TULVS([2], FR L, THFET 203 X 203mm* Y4 X TE
Ta—ILIER 126%I[3]. 1cm? 44 X T [EC61215 DEiEmiEaiER(85°C.785%. 1000 h) [ZHULVT, HERATRNER
20.8% (#EEFER 92%) [41%FERL TLVS,, 1Bl HAXPES | Z&YOIHP ARG EMDIES FREDAEITL . $8%RRA7
AN MKRIGENDILICEREFEL-D THRET %o

ER: EFEERB(ETL) OHPERUY. OHPE, / IEFEHARE (HTL) #E&EEERL 1=, 1E X RAEFMILE
(HAXPES) MAIFEIZ. BLIBXUIZERBS M- EBF AL V=, EAFREDERNEONDESIZ, OIHP, HTLEBD
EEEREEL . FEREHEHER (1 Sun., 6 h) BTRD AR LA~ =,

R $AROIHPZ AL V-15E. JEBSHEIZOIHPRE,  HTLAEMETIHE ) AEFRL. ETL OIHPERREA
IETEREER (PLC) KL TLD I EMBAL A EAEoT= (1) o 452, HLIEDBLLVE/LIEE LTI, HTL
BIDADREEEN BN EN DD Tz, BlEAVE—F VR KY . A0FRAA2 1) DB CREERIZKS
ESMNMFoN TSI EM G, HEGHIZE>T HTL BINERILAAERERL (W) S DAABSIERE R (7 /—F R
2 42h'— L) FEC L. LIRETREICE RSN ETLRITE DR T Rt (hY—R &G : Pb?+2¢ — Po?)AVE
LTWBEDEEZ NS, ZBHIE. FERT—2 & ERDOABSILERIGEHOALILET L DOFHEERET 5.

ETL/OIHP 50nm (Ft 45 1L Hil)
/ETL/OIHP 50nm (F%1L&)

ETL/OIHP 550nm (£ 45 1L BT

Intensity (a.u.)
m
_|
<
o
T
e
(9,
(9]
o
35
3
*
g
o~
[y

135 136 137 138 139 140 141
Binding energy (eV)

ETL/OIHP 550nm/HTL 50nm (Jt %L Ril)
ETL/OIHP 550nm/HTL 50nm (#: % 1E#&)
|0

Intensity (a.u.)

617 618 619 620 621 622 623
Binding energy (eV)

X[1:XPS ANXIKIL (a) Pb 4f,,. (b)13ds),.

SZEZ30k: [1] A K. Jena et al, Chem. Rev. 119, 3036 (2019). [2] C. C. Boyd et al, Chem. Rev. 119, 3418 (2019). [3] H.
Higuchi and T. Negami, Jpn. J. Appl. Phys. 57, 08RE11 (2019). [4] T. Matsui et al, Adv. Mater., 1806823 (2019).
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HAXPES [Z &2 — 8/ \SAEROIT A h A MRS E DS REiRNT
TS A @2

EERAE ESLT Vb
BUER HAXPES - - - ¢ EREIBIIZ DIFSFREIAEOPD, IDFREREZIAE
-ROJZH1 Mpvsk) : (Rb,Cs,FA,MA)Pb(I,Br),
-©JUIEIE : glass/TCO/c-TiO,/mp-TiO,/pvsk/HTL/Au
: TiO,
: PTAA or Spiro-OMeTAD (Li-TFSI, tBPAN)

-BFEXE (ETL)
-IEFLEXE (HTL)

HIT)AERE (5TE%E)
glass/TCO/c-TiO,/mp-TiO,/pvsk 550 nm
glass/TCO/c-TiO,/mp-TiO,/pvsk 50 nm
glass/TCO/c-TiO,/mp-TiO,/pvsk 550 nm/PTAA 50 nm
glass/TCO/c-TiO,/mp-TiO,/pvsk 550 nm/Spiro 50 nm
glass/TCO/c-TiO,/mp-TiO,/pvsk 550 nm/PTAA 10 nm/Au 10nm
SRITESAF : SPring-8(E—A31>BL16XU), 6 keV, 85° Af(EAE~50
nm), B> TIAOKERES(1Sun 6h, HSAEMAINS AG)Fi#E % LEE

AIE—H > A - - - HEBHHCHSEE ZRE

SBIFEZ:(F : ModuLab XM (AMETEK), ACEES50~100 mV, &A1
MHz ~ 1 or 0.1Hz, J¢BR5IRI(¥IHEA) OBRIRRE, HEBEST F(1Sun, 0~185
min, open). YERFEOIFIRRE, N1 7AEEV,4=0.4, 0.6, 0.8, 1.0 V

T. Sekimoto et al., ACS Appl. Energy Mater. 2 (2019) 5039.

AhEASZ + UVEE L
Panasonic Technology Innovation Division Panasonic Technology Innovation Division
[-VHRER HAXPES
07 HTL: PTAA 30 HTL: Spiro pvsk/HTLAREDHEEIRREDZE L
25+ 100mV/s 25 r 100mV/s
T oy z | x@astzm
5 15
E Lk, E 10 PTAA 50nm Spiro 50nm 3 Pb 4“:7 2 Pb2*
z s | z 5 pvsk pvsk pvsk < ETL/pusk S50nm(an)
3 | g o | | | | | 550nm 550nm 550nm H ETL/pvsk S50nm()
b 4 TCo/To; TCo/mo, TCo/To, = Pbo
0250 02 04 06 08 12 80250 02 04 06 08 il 12 oss e oss R
5 5 \ 15 pA P P s o
o 10 b © 10 b \ £ P @ Binding energy (eV)
7after light illumination for 185 min —after light illumination for 185 min “ = f\ . - WRERED
Voltage (V] 20 Voltage (V) B HTLEE/EL CWAWMBS. 13y, 1/ R Lk
. R N SEREIRIECIOF —(FHIRE T H / e
lm-nm e AN
R ORENRIS. BU. OGS GRS | b
PTAA 1.046 2448 0804 2058 @ pPTAAMEEDSH. SpirofEfELh YA ) gl —
d . Spiro mYEEEETE, pvsk/HTLREIAED o0 a8 a0 o0 o1 o e
0.937 7.84 0397 292 HFHBENKEN, 0P —hERn Sndingenersy (e1)
Spiro 'ﬁﬁ 1.074 2376 0812 2072 = HAXPES, 1 >E—49> 2RI BPTAADS I, IIREIENZ ) BA = [Aw/(A+An) Lsmare = [Ao/ (Ao +Ar) Dgsaan
# 1033 2316 0737 17.63 DFAEEME
Panasonic Technology Innovation Division Panasonic Technology Innovation Division
HAXPES HAXPES
ETL/pvskFREDIEEIREDZE ETL-HTL R Zigf& /5 EDpvsk/HTL REDEEIRAEDZE
4t
i 5] R
| x@Astzm ok sy | xmnnis Pbar] ﬁ*z 345, [13a
_[poar, Au 10nm Soum_ soum Il [\
3 > A \
pvsk e RET N / WAt | =
s | v e F{ " H
glass [ elass | 3 £ , ) £
A VA
3 3 ilo) o Ee L TANPA
[ TCO ] [
[ glass | |messsom

mLIREIE. ETL/pvskFRELAFE(IC
PbOE - HER
mRRAHCLBT /- R hY— Rt =
BIFBRTVRIGOFE % TRME

617 618 619 620 621 62 23
Binding energy (eV)

130 135 10 15 10 615 60 625 60 635
Binding Energy (ev) Binding Energy (eV)

B HTLREECBHRDST, KEBEIRICIE - ERANT
mEBEEE. E-03BEIRNEM
B AUCEDETL-HTLRINEMEUIIRRE THEBEIL TE. PbO. 0¥ -/ (&g

Panasonic

HHIEETI

Technology Innovation Division

Panasonic

Technology Innovation Division

FeESH

Pb2*+2e-—>Pb° ZI‘i-Zh;;)Iz

Glass
/TCO

@ @ O

@ ETL/pvskFE : HAXPESHIFELD. 1SunBBET6h#&(COMMDPbORZAZ R
TRSBD(IEVHERK, S.A. Weber et al., Energy Environ. Sci. 11 (2018) 2404.)

@ pvsk/ULIA : RS @E>TIHNAIL—33>
@ pvsk/HTLRE - - - REREADIBE), BERIGICLDLIRETOEIE

m FFLENREICEDABENRRD. PTAADSH'SpirofEALNEN S
{EpREVCEZRER LIz,

BHAXPES&LD, RIS OFIBEHCLDE FEMXE. [EFLEXEED
FRECENTNPLO, [ONBFEINDENASHEROIz, Fo. JSIARE
THEBHULSECE, POBBR>ECRVCEN DI,

1 JE—IO LD, PTAADHASLICHSZ B (BERE.
FEl R AR R DR T 12 A3 ) Z BRI L T

B EBUEFERISICEDHSIEET IV ERTIIRRUL, 5T, IEFLE
KEAITE. HERECBIBELNSYTERBAAOIVRILERUE
BN BERIGICEDS.

Panasonic

Technology Innovation Division

Panasonic

Technology Innovation Division
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T 274 Y A MARFEERMIRD RE ARG

AV RVERIZ: St A T

(FLHIC: EERFEERSOERAIEEMIZH LT, BERERRIYOD d EFLEEIIRLERGERTFD—
THhd. ILFHT AR, LRINDT 774 T A MEIEYIE ., BBERICIE A (T 1 {lEDOEE. B(E 3 MDBREETHE
BiEnd (B1) , TR MTREBESULFEAETIE. BIRFH Co D EEITHL MMBEE A EOT=[1,2], OER il E:
THEDIRIERIHT=0Z X $RRIRSTeE AL TRON A BRTIRFEEN D . BIRFDRE AREDFEFZEITo1=
(3l

R TIIA YA MNREMOMNAL. EREEYE LS ERBA T KB EWERBRAL L T EHERIGHLLIE
IKEMRUGI Z &Y ERfiE T, ST AKX BT IR — &Y . FERAEEN T X #REHT C kY Eh T RS =, X #RIRk
UL SERITEISEB T, BRI TEEIC BN SEETHRIRL. — 8T L RICKYRLYMARIZUT =, BIEIF TR T
BEE—FIZTITotz, BK IRD IR X #RR I EE EXAFS) ZEN SIREER % 7 —) TEHL TIRS N A EHF
BERE . AR RTFOEFETCED TI1v T4 T L=,

#ER-BE: K21E, TrvT12 T EIZKYROT-R BRFHHETS B0 [RFHEMHTH D, B2 [ZIEHE T,
BAEAREE, (BEREKREZNZTND B [RFE O JRFD Shannon EMLEHILT- 5-0 [RFHEIEERE RSN TS,
Mn [RF& Fe [RHIHITS B-0 [RFHEEERHIIEIEREARRED ZTNELW—BERLIZDIZHL., Co [RFDZN
(FIEREAREDZENELN—FERLT=, CO—HE. AgCoO, B LU CuCoO, IFERE L RRETHH EEREL
TW%, CNEHENDDT=OZ, KBFANBEZITL. B RFORZBEBFARIMVIZENTEEIS core
polarization SR =K HE—VNEEFRNT=, TLLE Co AMERE AR ZH A0 . IIZBEFDE—IHRIFIE ST
WMEF THSD. FFR. AgCoO,. CuCo0, DEBLBITELVTH Co 3s E—VDHRIFRONIEM 0Tz, THIL EXAFS 7
1IT AT FARDFERE—ET B, AgCo0,. CuCoO,IZHLNTHSONHEL  OERAIIEEME., Co [RFDIERE ALK
RELEHET HEDEBZLND,

SEE:

[1] R. Hinogami, K. Toyoda, M. Aizawa, S. Yoshii, T. Kawasaki, H. Gyoten, Electrochem. Commun. 35 (2013) 142—145.

[2] K. Toyoda, R. Hinogami, N. Miyata, M. Aizawa, J. Phys. Chem. C 119 (2015) 6495-6501.

[3] N. Miyata, K. Toyoda, R. Hinogami, M. Katayama, Y. Inada, T. Ohta, J. Solid. State. Chem. 275 (2019) 83-87.
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ORE OB
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CoOOH (Co(OH), (f13) #*EHRFFESR T120 °C 24KFRIHER) CuMnO,, CuCoO,, AgCo0,, AgFeO, : /K&t
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EERfER
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g v g st £ g * £ 1o 3 AUSAN S
I 0 d K?J }V—' E 0 | s 0 | | s I Vf V\ & 1 i | s 0 | E«J %
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Radial distance (A) Radial distance (A) Radial distance (A) Radial distance (A) Radial distance (A) Radial distance (A)
S2ESO
Il | #E
B-O bond length extracted from EXAFS
mCr¥*-0 AB-O(HS) VvB-O(LS) b)Mn-K cfFe-K d)Co-K
54 _1CuBO, T AgBO, ) N | AM/L
T Shannonf® & o LEEk I f y J)/L
o C . ~ QuCrd, ~GuMnQ, —~ CuFe0) ~GuCo0,
§20f Cor  EBREHRE s &/\ s s E
2 Mn3*, Fe3* : & X & iRkE 3 "Jﬁ 3 f o | @
. g Cr0 2 Mn,Q 2 Fe 2
Q T %% g g g g ﬁ
ER L eaki-a
cr Mn Fe Co =2/ Mol | L E L £ .
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{ BET analysis & Electrochemical test
Core polarization3h & % F A L 7=
- MEFH 0K/ FRDHE MR CuAlO, | CuCrO, | CuMnO, | CuFeO, | CuCoO, | CuRhO,
3 BETELREM (M2 2.38 0.17 248 1.81 2.05 0.46
= Co3s: 2L HAEL ey AT
3 = Co 3d&E 14 B @50 mAla? (V) 182 165 1.80 1.66 1.56 1.59
£ O ey61,,0 (ERE)
L, X e d4ty2 (HALEY) HER AgAIO, | AgFeO, | AgCoO, | AgRhO,
L S35 BETLLREM (m?/g) 3.76 1.06 8.35 12.52
o5\ CUFRO, Ity MRFoT T
110 100 90 @50 mAem? (V) 200 178 1.70 156
Binding energy (eV)
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<9 PdNi DF/FIFAE DUV T, SiEMHERERETT 510 BETHERL-ARIUK XAFS DBIFEEEMRL
1=

R KBERDICH T 5AMERT LICH T 5T BNRRICEERT 512, 1 M KOH B&RFIZHLVT, 005V H
5 1,1V DEREIF T, 7/ HIFAED XAFS BIFEEEML =, Pd K BT, KU, Ni K BRI Z$(F % XAFS HE
[ SPring-8 BL14B2, BL16B2 [ZHL Y TEEEIZ&YEMEL 1=, EFREBIEH—RL T —EARI ZHh—R 185 PdNi
F/ R A EE L0 . SRS ZRIHKREB (RHE) | I Pt 22/ =,

FER: Figl (Z[E. 1 MKOHARFIZELNT005V Hid 1.1V vs. RHE TEBLLEIELT= EXAFS ARSI ML LY EH
L=BENiasE T, 25 A HEIZEBIESN BE—2 (3 Pd-Pd B Pd-Ni #£&12, 15 A HANDE—S(E Pd-0 &
U Pd-OH 581242495 ', 0.5 V KUEEIZ DN T Pd-Pd RU Pd-Ni #EENDE—oHNEAL . Pd-O 4> Pd-OH
IEEDE—REEAIMEINT DERFHERIIN Tz, 05 V KYBEBLITIIKDESILFERERIG(Pd + OH —Pd-OH
+ e, Pd-OH + OH — Pd-O + H,0 + &) A\EFTL . Pd Rifld OH IiE. O EZHET . FREERIEYNPO)D RIS
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Fig.1 1M KOH Rl #5115 PdNi /C il DEHE S B D E KR!,
1) A. O Pereira and C. R Miranda, J. Phys.: Condens. Matter, 25 175002 (2013)

Fourier transform (a. u.)
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S oo COs 6 N r SIHERHE)
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Fourier Transform
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BRI TIXEAIEAPIfIEDEZE T ES
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+ Improvement of cell packaging efficency
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GaNER EPNY A A— ROTE T DEAIRIHRIE
Visualization of the dislocations under the electrodes of GaN pn diodes by X-ray topography
(¥k) EHPRAFPR FE\—*, ILOES
KEKRFE SHEIEZE, FEN

Masakazu Kanechika*, Satoshi Yamaguchi, Toyota Central R&D Labs., Inc.

Masayuki Imanishi, Yusuke Mori, Osaka University
* His current affiliation is Nagoya University (3RFfE : @EEAS)
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Fig. 1. O/Si ratios measured by HAXPES Fig. 2. X-ray intensity dependence of O/Si
for SiO, films with thickness of 1-700 nm. ratio for SiO(9.4 nm)/Si.
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[1] K Ueda, A. Nambu, A. Yoneyama, A. Sugawara, S. Heike, T. Hashizume, H. Suzuki, and M. Komuro, Aopl. Phys. Lett 97,
022510 (2010)

[2] A. Sugawara, K. Ueda, T. Nakayama, N. Lee, and H. Yamamoto, J. Phys. D: Avol. Phys. 49, 425001 (2016)

[3] A. Sakaki, M. Funato, T. Kawamura, J. Araki, and Y. Kawakami, Aopl Phys. Express 11, 031001 (2018)

[4] A. Sakaki, M. Funato, M. Miyano, T. Okazaki, and Y. Kawakami, Scientific Reports 9, 3733 (2019)
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