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Observation of hyper-ordered structures by atomic resolution holography
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JRForfERe R 1 77 74—, BEEREPORETCHEEDO = RITBEFHETELZ L0, Rl
We R— 30 N DJRPFTESEITICAE N Th D, AT TN FE TIZ, Hx 2w N Z O FiE%
WHL, 2 OEFEEZFZELTCE, TNOLOMEOHR T, HiRERY A ORIV A F Tl
MHATE RV VHEEROFE AL E WS O LR TE e, 20X 27 F /fEEROHF T, FiC
BERERBLOIR L > TN D b D%, Fxld TEEFHIE] EFFATVWS, 1)

2. R¥ofEfedu s S 7 4 —0RE

R fEREdR R 7 T 7 ¢ —1E, X O, BT EEZRE LT, ke otsngd
WX R ED ZRHBRZFHAT 5L Il o ThRua T 2%x 31T 5, /—< ikl A o
— AL EMEIN D RO E— RPFEL, X MO aeHniedke 77 7 0 —TlidA o
—ZIENEICHNV SN TN D, A A= REFIAS E— 20k L TRBEGM 2 B (b S8, 20t X
FCENTE v BROTREZALZRET D HIETH D, AFHE—LOWEETRETZ 572012, B
BRETZEICAR T LERTEILERENEHCE, KHBORBELZRENICN LS5
TENTED, £, A7 7 ADEFIL, BEOEE X #CR1E v BOMED 0.1%FRE & FEFIZ
WHTH D, #-T, AT T LOMEFEEZRN LIELZENRRLEETHY ., TDDD
ERRPED LN TX T,

3. TEHRFHEE OBH
INFETIZ, HIEXBART T 7 4 —2HNT, &
ISR EIRTH D CoTiO IZFB T i k)
MEIR 2), £ LT, kittRige @ikt s LTS
TU % LPSO(Long-Period Stacking-Ordered)i#i& Mg &
BIZBWTIE, Y/Zn 7 T A X —=3)DA A — 2 ZITH
Lz, FMEFFRE T T T 4 —TlE, NU—=F 4 X
MERE L THEZEHE STV S SIC O B & O 114/
BT LT, (1) Z DR %2 = IRITHIIZFERIIC
fRRTT 2 Z L2k di5Ar s L < ITREEXRKGIC B 23R
fELTWD Z ENghotz, ARHEETIE, 20X H 7% M1 BMERE ST T e F T
B OISR O EFNZ DT, W< DRI T 5, BT SiC 23T % B BN DJE
T8, (001)if D114,
BE R
1) https://sites.google.com/hyperordered.org/home
2) W.Hu,eta;l., Appl. Phys. Lett. 106, 222403 (2015).
3) T. Nishioka, et al., Materialia 3 256 (2018).
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Application of High-Temperature NMR
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B 3ENSTE (NMR) (398 O /T e s Eh e BT 2 A B 5 Z L W TE D H /172
ST FETH Y, BT EORBMENCE WAL —AICHVW BT\, FRCaEY 7
EOBIERT R AR L THET K NMR 13y FHEL2 B2 A E L, 4 &+ 54
BT LA EDEE IHI3CISNIZR LN TS 720, WEFRBEMEIN TEB Y, {542 3 5 0E
BB IR, — T WA Ve WD ER NMR 1, /Elmﬂ%!}:?“m*%ﬁ@ﬂ& bbbl
IR NMR & T2 213 2 MESRE 0132 < FTBEMRN OB IZITREWR A
I 5, Lol, AEOFEHETHZ LIS ;oT%LtﬁT&<Hﬂ$%®%r ZRIESU -
fhOfFEREHL L HTX D, %LE$%<@ﬁnﬂﬁéﬂ1wé)?7A4i/ B O E T
XV F U LA A OBENEMOMERICKE LS HFET DD, A 4O ICHET HERNVEE
Lo TWD, AFOFBENTRED EAH-& & BRI R0, ZORERFMER 8 HiEE O
LT &, Thbbif b g VX —2 /252N TED, ZOXIRNEELIT I - OIITLE
PHIREE COMEN M EE 25720, KR, SRt e —7 2% L=, D B L7 e —7
TIX=RN D 400CLL | E T NMR A7 "MVRILBOBEZITH Z LN TE D, sl TlE 7 v —
TORABIE LTY F U LA A EMOBREME & L THFEATHOIL TV D LiisAlysGer sP3O0r
(LAGP) PIZDWT Y F 7 LA A OFEEEOFHIAE A G O ZIZ DO W TR T D TEDOFER
ERRITT D,

2. HIERR

NMR HIiEX 7TLi % 7'v—7 & L THARE RO KE ECAS00 (11.7T) #HWTAE U1
FEAIEER T B X OARY MV OHIE % 292K~616K DIREFKH TITo7-, Y7 E 725 LAGP
IR ORIR A L7z, X112 LAGP D A ¥ U RF-FEFNER 1/T) OIRERFM 281, MR
FIRNOIEELZ P2 L EHITkEL< A0 34K A TRAME L 720 . & HICEIR TR ~&
U7z, ZOX D RIRDERNTIA A OEENCEI T 2 BRI AR DO EFRIZffE > T NMR O
HEWK B E Y5 2 & THIAT 2N TES, £

7oy AT RVORIE TIHIRE D BRI, DU

MEERIZE DY T 74 b E—27 O5ZMEN AL 72

HZENRRIENTZ, ZOZ LIIRFEHD afhl ¢

T CIREELDN RS Z 2R L TWVD,

B 3R
1) K. Hashi ef al. Analy. Sci. 37 (2021) 1477.

2) 1. S. Thokchom et al. J. Power Source. 195 (2010)
2807. 1 LAGP @ 7Li D R B & FIR
/Ty DI AR
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Non-destructive materials testing by neutron powder diffraction
PR+
WE - MBI TR
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1. 1ZC®IC

SEM, TEM % CHMEIZ AT 256, U, WHESEMEIZ N LT 508N S 5, MLICLS
fELTe D EBEAB ATV T 58R, SRMEICEWEOME CIIMmAss RICEEZ KIET, MTHE
TICIEE CRA T 2 FEEE LT, X METAFRESICHA SN D, BN - EEONT. i
ERRAT, FEREEOREE L LD &35 L. MIREITREZRTZT X O ICH B2 HRIC L CRIE
THUEND S, FRETHIVUL, MEIZIEBETC(FEZMATICEDOEEELI ZITTORE LV,
ZEitd 1) DFRNFME T o 72 [BTHIE T 2 O KL 9 e IR A S ATRED £ 9 M, RS EAEHC
f U TRt L7 R, BRI, M iEfitT, &t OHMiEOMEN TR TH L Z L a2 bh

272,

2. BREXRGL Lotk

W B EH IR BRI A R U 72 BRI KR FRIAL O 72 DI RE AT HFFEBRZE 3 T
b TWd, SlEEAxg & Lo EHE 30 K AT IR 2 FF>e B LAY HoAL C, 7k
~ A RIEIZ VAR 100~200 um FRE ORI T L2t O TH D, Z OMEHE X AREHT THIE
T2E X MPNEETRALRNDO TREDEHR LG LNRWIZT TR, X BRERNT5
BRI TR VWO T, MTICI A 27 a7 7 A VENET S Z ERAAETH D, —H,
HPE DA, FETAREIZ B TE 5720, MREPTIEVIRREETRIET 5 2 L A AlRE & 72
0. BB DRI SN D,

3. HIE R OFT

HE 21T J-PARC D 73 fRRE R AR P-4 & SuperHRPDDZFIIH] U 72, L& O S3 fFRE AN & L
LIREENFF < 72 D A3, J-PARC ITIUW TUXHPEFHRIR O SsR BRI K 0 @ fERE D £ £ MA I E T
L1 BE LA FERRCHEOND L) ICRoTe, Eo, FITT 0 7 7 A MTITRFERE, JRF2
ALNT A—2 —(RERT), B, fidm T A ZEOERNE E, HEDN SR CHIUTIIN
OOEROEE W L35, UE LT Er7T — 1%, Rietveld f#tr 7' v 77 A Z-Rietveld?
2L VIRNT ST, FRNTRE RO R 11X S (= Rwp/Re) = 118, Ryp=597%T., 74 v T 4V JIIE
oo, AEHTIZFFD HoAl, OMLIZ, Hoy03 & X #RIEIHT TIiIk T & 72025 72 HoAls 23 AN
WL L TEENTEY, TNENOEERIT 97.1%, 0.6%., 23% Th-o7-, BARELLOEGR)
FEEL A XITENENT b~ A RFiOEEEIRIEFSED 0.0145%, 248 nm T, 7 h~A X2k
HFEmMEOK IR O\, o, BEZEX CEBIREUTETCHET S &, —KMAIRZEIC
PES BT EB OB S h, SRS b AIRE Th o 72,

BEIR
1) S. Torii, et al., J. Phys. Soc. Jpn. 80 (2011) SB020.
2) R. Oishi-Tomiyasu ef al., Nucl. Instrum. Methods Phys. Res. A 600 (2009) 94.
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Recent Development of Kelvin Probe Force Microscopy and Photoinduced Force Microscopy
A TIN
D RBROR SR TR ER

sugawara@ap.eng.osaka-u.ac.jp

1. REREE SNV REBOREEMZRXFITE 75V T —7 HEBEEICONT

Ve T — 7 M (KPEM) 13, KOS & REEM 2SO MEEICRIET 2 FEE L
TR A I TEZ, FMMBEHEFHTRDO AFM & 54K & 32 KPFM  (FM-KPFM) i, KEHREEO
cﬂ%?x%F%%w REHENL & VT HEGL O CEGIZEMBEIN AT 5720, JMESND

ﬁui FHIRIE L SV ZARBEDO T ST DIEMDIR L >72 b DI > T LE D, D=, Kl
h‘ Rk DEMEE ukﬂw&% ié%ﬁﬁu%E%T%ékmm4®%%)wiﬂfwto$
%ifi FKHIRREIC K A RMEEN &V 7 IRBEIC L 2 REEN 2 XBIT 729012, MHz H D/ A

A EJEZFIINAREZ2 #T LU FM-KPFM ("~7 2 % A FM-KPFM & FESY) ZBR%E L7 TR
éUL;®ﬁ%i\ﬁ/?vﬂ~®%ﬁ%%@&ACA472_iéﬁﬁﬁﬁ%%&®ﬁ®mTH
2 A R (R (2SN TW5b, BARIZIZ, 7o F LA —D IR E R D 2 15 D JE 3K
BTN T NI D AC AT ZAZHMT 52 81280 B FLA—DEHEET 7 k
VARJE W B DO SRy 2 A U S 5, £z, IR E D A 7 2 EEZFIINT 5 FM-KPFM & &
W DNA T AEEZEINT B ~T 0 XA FM-KPFM Z W5 Z L 1c kv REREEIC L 2 F M@
AL &SIV IRRBIC K AR EN 2R TR CRATE 5 Z L &R,

FFRT— NV TohHTFONFEREELRIE T E 5HFHESNBFRSEIZONT
t@ﬁﬁﬁwf IHET oML, B FOREREOERE SR, L WE L OMEERIC
WTHILER ZH S P& Th b, LovL., _hifﬁ¥xﬁ~w1_ﬂ%ﬁ@ﬁﬁbtm
U, Fex ik, WEREIZRET 200 GoEyt) OmESME1E LTHRIETHE W8 LW
WA DR IEMEE OB HEEMESE  PIFM) ICHOWTHIZE A T » T X 7-[2], Z OFEMEETIZ, ¥
BERE~DONREIZ L 0 FHE SN LT & . AFM O&BIESHIFHE S5 R & o RO MR
%-ﬂ@%ﬁﬂ@%%ﬁka@ﬁ?éo::Tﬁ Z OBEWEEE N TR U Z ST <
WFHEL S 2 B - EOMREEICIE LRI OV THET 5, M 1B LUM 1(b)E. ThE
HL. Ag(001)FEH %&éntzfm/&t/ >FD AFM 4 EFHE B TH 5, AFEORR
%, 690nm TH 5, AFM {4 TIE5r R D
FTMCHEBE SN DA, SEHE N OB T,
A EHIBICI A TWD Z & BNBRRIC S H
Do ZAIVD OBEROR/NERIEK 0.6nm ThH
D, DFAT—THhFENEZREST L &
WK LT, S MEET L E Ol LY |
FRODBOMESIL, 2 2B UHTOE

O DT TS5 = & A8y s T M1 Ag(00)FEHE LD 2 BDR XY 53+D
BEHR ()M & (b)Eas ke /) BB 4.

1) Y. Sugawara, M. Miyazaki, and Y. Li, J. Phys. Communications, 4, 075015 (2020).
2) J. Yamanishi, Y. Sugawara et al., Nature Communications, 12, 3865 (2021).
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Development of on-surface reactions and syntheses of nanocarbon materials studied with
high-resolution scanning probe microscopy
JUH ke 12
VWA - BPRHIRTERERS . 2 BUIOR
KAWAI.Shigeki@nims.go.jp

JE T BB A A b ok VBRI O RS TR & —BRILIR B W A 7 & TR 5 2 &
THFOWNEAEE ZEHEOICBIER TEX 5 L 01X 72 [1], 207 v — 7 BEIEE I OB FE (2
L0, #E 10 FIChe b Ry FHLFICKIERERNE & 72, Fx X2 o7 v —7 30 % H
W, B0 B CARLRR IR 72 & OREIEIRE, Z i O fi-ORREH T 2 LA SUG OB, F 72,
ZDHER DTG ZAT > T2

Bz X, ABLZCTER LI/ Ny T2 BB EZEROERBIER EICEE L0, T 52 L
T, HAZRMIEICR YRR 2 R—7 L7277 7=F /7 VAR GNR) 2/ L= (X 1) [2],
BT, AWTABRASF oG EEEBTH LT, BRFEFHEALLZ [3], 2hb~T i
TZ2ET GNR L 1XHR20 | REFT-OBRIDL7D GNR Tk, Ff & GNR O T-REIEEREN — K L7
WZ & GFEEEME) [TEE LT, EEENEET 52 0ol l4], Zih O ELS
I, ZIRTTHEE DO RIEMA S T2 WD Z & CEkoeED GNR & EH L7251, Z O =kockk
OFNZH D Br 1L, FERNASEESFA~TRRHTWD (K2) , £ C-Br fidiE b xVERT
G2 2 &N TE, ERLET DB VEAIZ Br 70 Co 20 172 ERJET » iy FiET 52 &
CHINEOGR A FEBL LTz, —J57 T GNR OFRTIL, e AbZzfES C-CREGEFMT 5 DMR—ik
BTHDH, LLERD, 2O ZA FORISTIE. ST HEOHIEROER G E24T 5 =
ENTER, £ 2T, head—to-tail MISIZHEN 5 WHARL (6150, L7 v FE A 1L BRUG[T]
R EEBF LTn, ARETIE., ZNDLDOIFZEICNAZ., BFOMEERBNT 5,

B4 1. A L~ Tl X 2. xRS E D
L7278 U R OEAF] C60 & 3D-GNR OE S IEEHL
2E Ik

1) L. Gross et al., Science 325, 1110 (2009).

2) S. Kawai et al. Nat. Commun. 6, 8098 (2015)

3) S.Kawai et al., Sci. Adv. 4, eaar7181 (2018).

4) S.Kawai et al., Science 351, 957 (2016).

5) S.Kawai et al., Sci. Adv. 6, eaay8913 (2020).

6) K. Sun et al., Angew. Chem. Int. Ed. 60, 19598 (2021).

7) S. Kawali et al., Angew. Chem. Int. Ed. 61, €202114697 (2022).
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Observation of superconductors using a low-temperature scanning tunneling microscope
HERART L ERE !
VW - BRI TR R
YOSHIZAWA .Shunsuke@nims.go.jp

BAREARIT, S TEXIEMAE 2R 2WETH D, KREMREZBEAEIREL ZE1bE
$i e VB D BRHEAIIRIEROVMEITH Y | EFRCHEE THERKE Z2H - TS, 72, #
FEIIERARBETHSORETHY . 2O LIIBEE THW 2 RHBCETE Y M EDH
BICER > TND, BEFMEIBRNEIREOO L SL LTRMENTWDESH, HILWEBRE
KEBAFT D2 LRXFOERFYMELI ST 52 LI, 1ERNO OFNBIBLE DL BT, #
BHFZE L L TOEEENRmE > TV D,

EAM bk VERMEE (STM) 1. WRIKIR - @RS
EV O TEREEICH W TYERE CTEZ 2 & 731
Ru REMBETELFIETH D, STM Tl Hiv e
EVERES 2 BRI 1om R % Cibdi & &, KM
IR CEART 5 2 & T, WERE DR FRLS & E
2R T 2, 2oL X REERILD bR LVE
W73 B3 1f O P IR B B A SO 5 2 & & I
T 5 &, REFIGEILE L FRFHZEEZTT 9 2 &0
T& %, ZOFETED ., =& 2 TR D22
ZALZFH U720 D SNBSS ETING X - CTE{REE
PR SN D BFERZ L L2 1D, HEk T
(BRELREED D D —RIFRhikd) OF R % ATtk
L7209 T&| B{REEOME & Mg+ 5 L CHEERM
Re7p2, WARBEGFIL LT, M1 ITEBSRS
A TN =27 A FEBIREAR NbSe, DESBARMEIZIL
T STM ZHWTHBIE LI BH—8 iR () & b
RNVARY MV R, BRSO THRG L7 A<
RZIIBRE R v v TBI S D — 5, B0
TITHERL A ORFEIRREN =27 2K L TV D, 2D [ 1: NbSe, THILE L7-RAHS (N4 T
FARRRITZEMICIZ BRI ORTGHRBRZ L > T xE\mEV=0IcBTAMyaL X s &y
BY, BREXy vy TORFUERKMENTZLDLE L 2 gpavie) &, Rkt GF) LRk
THM SN D Ve BEHTIE. WS O0OBEERIZE ok (F) Tllo7- o R R~k

LC, MR STM % fif o 7= Bl F A2 FR 3 5, JL, THEE ~0.5 K. REH 0.1 T CHIE,
BE R
1) S. Yoshizawa, T. Koseki, K. Matsuba, T. Mochiku, K. Hirata, and N. Nishida, J. Phys. Soc. Jpn. 82,
083706 (2013).

2) S. Yoshizawa, H. Kim, T, Kawakami, Y. Nagai, T. Nakayama, X. Hu, Y. Hasegawa, and T. Uchihashi,
Phys. Rev. Lett. 113, 247004 (2014).
3) N. Hayashi, M. Ichioka, and K. Machida, Phys. Rev. B 56, 9052 (1997).
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Local structure analysis of amorphous materials using angstrom-beam electron diffraction
FH R 1234
U RARH RS, 2 AR, 3 pERRAE, * Wb iits
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MIEENZ LD X BRIET7e EORELIBRICIZ Y 7 — R B — 27 OB &, fEsmiEc
TR T T v 7= NEL BN AR EIFRES B STND, %®i9@7u774
NN TEDHRYFEFERZSIEHTT-O, ZNETICEL ORARRINTETND, W
RFEL LCIIBELREZWET 2 Z LI K O ER 28N L, 2nEd 7 — U o8 L CFER
BRI A 1S5 2 & TEEM TORTORNEREEZ D FENS D, 2 X v BN
ST HIBEREOE R A2 Z LA TE, Bl DR AAEE & T D 2 & CIERE R O RS A T
BTLZLENARETHDL, L, ZOBRESMBEBMOERIL 3 kookEs 1 RotlchEEE L
LOTHY, S5IHRES WW%%EMé$ﬁ%ﬁ?%%étw\%:#Esﬁﬁ%ﬁ%ﬁﬁﬁ
T ODIIARERINCEHE LB E 2D,

DX BERNG, BTNV O OEE &
MAGDEDLZETLVHEND L3 RICHEES
WETDHZ LD, FMEDLITZHI AT
b DD, X BREGEL, 7 BEL. EXAFS, NMR 72
k%mﬁ% WCRAT 2 Elcky, HETEOM

WEBRBEOEREZ DT D2 Z ENFIEEE > TH
0 MR 2R RIET O Rl LS IERIC R S 722

%o —H T, TNODOFHRITKR & L TERMIC
T ENTERTH D20, BT, HiEnze
M A —ThHEEIZIEW oD RS
MR Z R ORI D & OIF RN E e - T
LD LD, I T, ERICL > THAL-

TG A BT 2 BENE T B8, Fhx 3B E

THMBTEM), HTbe—afrBzpamicsm M1 Ar7Aba— A= AGfEHE
T&E 5 EEMFZEE FBMBESTEM) 2> 72 )5

PrEEFEPHEICER LT ZITo TE TS, @I~ 7t —Lb5W0E) /B —L28E
[EPTE EPHEIL D23, 2 2 CIEFEME O R EEHR & 0B L TR 720 7 ) Ar— v E
TE—LZRVIALZ ENRERRTHLTCD, BMAILZOFELRICA VT A P —LAE— A
BEPTE (K1) EEOCRBILTWD, AGEE T, ZOFEE O IESEME O S fRT
BN DN THEIT T 5 (1-3),

BE 3R
1) A.Hirata, et al., Phys. Rev. Lett. 120, 205502 (2018).
2) A. Hirata, S. Kohara, et al., Nat. Commun. 7, 11591 (2016).
3) A. Hirata et al., Science 341, 376-379 (2013).
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Development of s Gas Environmental Heating specimen holder system
and in-situ observation of catalytic materials
A 1234
UWIEL - BPEMITZERERE (NIMS) SHB) BR B2 5 HII BT DA 58 77 /0 — 77 2 NIMS & FBIEE A 7 — 2 a
SHU REER K F P WE « PR L B, AR PN IR LA < & 230
e-mail address : HASHIMOTO.Ayako@nims.go.jp

1. [IT®»IC

EEAMEE (TEM) (X, @WEMOMEEZ AT 272100 Tl IFEOD A TR DREIC X
DIFMSRIEDL HE LM ELTWD, 207D, MEIOFRI ML 721 T < B2 E %
JEF LV CBLES - T T A Ol LRI Th D, L Leh b, BAMEEN 2 B2 R T
STEFEEBE LTI LT, MEIOFBEREL & 130 THEL T D, F#EREE F ToZ D5#l
BT H=—AN@mELH, FAED ., M EIOZOGBIEED - OIC, FAFFEK T TN
TE DTEMREIR L Z — 2 27 A2 L C &7z, TR ORI OFE R L& —2 28 P 7 o
BEPRSE &, ZEEh PSR 2 B R L & — D (R 7o v AT AT, BIE, K920 Padd A R
SR T, 1000°CHREEE & TR Z MV L 2 A O @l & 5 (1], F£7-, TEMBIZEZ 1T Tl 1=
X —RSEE (BELS) 20 LT, 208 b ot biTx 5, A TiX, PR Lo A
FHSINBGRBI AR LA —2 2T L F A W T OF OEIEE - SHIC OV TS T 5,

2. HAFEKIMBRABIRNLVZ — D% L D8R

X1 (a) (2, BA¥E L7 H AFEASINBGUE R L Z— AT DO & x4, BRIV & — D Jeii
WRWT(X1b)), #ALHIe —%—F v 7 (Protochips) @ EIZEZX, #NE ETOA4Y 7 4 A
TEEAIAT L O It L T o T D, REBHEFICTADBO T A (22K, 050 Ny CHiZ2 &) A L, &
BRIT G5 D 2217207 0.1~20 PaDE N ZHEFF S 72, HAJEE, B/ET & > Y (Tokyo
Electronics Co) |2 & W IE L7z, TEMIZINEAM IEFEHE (T & JEM-ARM200F (JEOL Ltd.) &M\ 7z,
EELSZE#E (Enfinium, GATAN) (2 & 0 Z DG OMBCL FREGIRIED &2 1T > 70, £, MEAF D
BN Y 7 MEZEA S 25 4 (AXON, Protochips) (20 #lIE L7=,

ZOHBEORNIL, BETROEEBLZHRET 120, H
28 % L N— & o Cex—situFER AT o 7=, NTRI 72 ED

A B ERHARIEE A CH T A CE DG #lE L, IR L 23
7z, E 72 BELSIZ X 0 MHACPERLIRRE D2 b b fi ~ 7= [2],

3. Bbyi
A ETHIE « R ZA1T > TV AR PHKINEGUE AL
B — T WG IERERE AT S TEMICRI 35 2 & T HARFK
T O ERETEMBIEE  EELSIZ X (LM T2 5 L 91
Role, ZDID, T E D OFEESBLE FIED AR
AU A S AR £ DT DA ~EM L @ XA 5 — s
B ik AT LB, (b) S DOFEM.
[1] A. Hashimoto et al., Microscopy 70 (2021) 545.
[2] A. Hashimoto et al., Microscopy and Microanalysis 27 (2021) 2416.
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LaB¢ Nanowire Electron Microscopes: From Aberration-corrected TEM to Low-
cost Tabletop SEM

Han Zhang
Electron Microscopy Group, Research Center for Advanced Material Characterization
e-mail: ZHANG.han@nims.go.jp

High brightness electron field emission could be induced from the tip of one-dimensional nanostructures
by applying a low driving voltage. Pioneered by carbon nanotube research initiated 20 years ago, it has been
a dream to apply these electron emitting nanostructures in electron microscopes to replace conventional
electron sources based on Tungsten needles. The obstacle has been the emission surface stability of all the
attempted chemical compositions, including carbon nanotube. The search for a nano-material with both high
surface stability and low work function has found LaBs nanowire, the nanoscale version of LaBg single crystal
which was a NIMS original contribution to electron source industry in the 1980s.

Unlike LaBg single crystal emitter which relies on high temperature heating to keep a clean surface, LaBs
nanowire could maintain an inert surface at room temperature, possibly due to the ~Inm? sized La-B dipole
formed on the nanowire apex. This unique feature enabled a ubiquitous cold field emission electron source,
for the first time, that could be applied in all range of commercial electron microscopes: from a high-end
aberration-corrected TEM where vacuum has been optimized to low-cost tabletop SEM where pumping was
only minimally implemented. This talk will
focus on a series of electron microscopy
practice with LaBs nanowire emitter,
showing the highest un-monochromated
TEM energy resolution of 0.2eV, atomic
resolution imaging of single layer graphene
at 60kV, the most extended TEM contrast
transfer, and 20 hours continuous noise-free
SEM imaging at the minimal vacuum
condition. These working examples
evidenced advantage of using a LaBs

nanowire electron source: low work function,

small source size and a negligible gas (a) LaBg nanowire emitter and a STEM image of graphene
taken at 60kV beam energy; (b) TEM-EELS zero-loss peak
comparison; (c), (d) Images taken by the same tabletop
SEM before and after LaBe¢ nanowire electron gun
replacement.

adsorption cross-section.

References
1) Zhang, H., etc., Field emission of electrons from single LaBs nanowires, Advanced Materials 18, 87-
91 (2006);
2) Zhang, H., etc., An ultrabright and monochromatic electron point source made of a LaB¢ nanowire,
Nature Nanotechnology 11, 273-279 (2016);
3) Zhang, H., etc., High-endurance micro-engineered LaBs nanowire electron source for high-resolution

electron microscopy, Nature Nanotechnology 17, 21-26 (2021).
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Development of operando surface nano-characterization techniques
for their application to the study of advanced materials

L b
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1. XL®IZ

Fedmatl 7 e e 7 NPT T 1Tl Sl B OB RE R EL O S A 1R D Ik R B LR
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Development of Computer-aided Depth-resolved Surface Chemical Analysis Techniques
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Advanced Electron Microscopy for High-Sensitivity/Precision and In-Situ Material Characterization
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1) J. Kikkawa et al., Phys. Rev. B 104 (2021) L201402.
2) P.K.N. Sugali, et al., Phys. Chem. Chem. Phys. 23 (2021) 19827.
3) A. Hashimoto, et al., Microscopy 70 (2021) 545.
4) M.Takeguchi et al., submitted.
5) L. Peng, et al., Adv. Func. Mat. 31, 2103583.
6) M. Mitome, Microscopy 70 (2021) 69.
7) T. Mitsui, et al., Rev. Sci. Instrum., 92 (2021) art. 095103.
8) Y. Suzuki, Proc. Natl. Acad. Sci. U. S. A. (Accepted)
9) W. J. Roth, Cretu, et.al., J. Am. Chem. Soc. 143, 29 (2021) 11052.

12



NINS Seiatigl S 2K S L 2022 P1-4
SRIEIS EIR NMR & & QSRS Mt RIICRE I S R & WA

Development and applications of solid-state NMR and optical properties characterization
at high magnetic fields
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LN AEF DT80 NMR B0, SRR E SR T & 2 HHSO Y5 HREAT 00 B & 1 s
AINCELD AHA TWD, BATIS, AR SN L 72 AF5E - BR OB 2 50,

2. AAEEDOHZ - AR
[ NMR EAfTBR%E TId, B SRR O BIRERBE COMLBMRENIE 2 KRBT 5720, &k
TE# 274 RRT7 00 2838588 (PFG) NMR 7o —7 B3 L7=[1], Ziic kv, 740
K & COILBIRBAE N FTRE & Ir o T2, I BT,
M7 o —7 %8 T HEKEMRE S W
Lio29Lao 57TiO3 (LLTO) DLk ER DR E A b % s
HIE L 400K LU oD il 2 v THERobERE 2 = ﬂ
BAbT DT ZD Z IR LT (mxr P | e
F— - BEEMORHIFZRHLA & DIEFRFZ) (21, A | ——
[ 4 NMR ABHSAT Tl fillit, Z2FUER B 3;MMJfHMWMM
UL, P kTR O T I ELR L 723,47, T e S
RS TIL, NIMS CBI%E L 7= SO
WS T T~V It EE AW TE T~ T Y B 10 % 0 s - -
TNADOYA T hoa IGHIEZITV, R n1@g%&mxwx@%ﬁ&3u~7o
EIREEDOMIICEBR L7z, (47) Li O rEiE NMR I EH,

3. ¥&

EIRH D7)V 2635 AL NMR 7' v — 7 OB R EL, 700K %l 2 5 &ifk F Coiiteo
BIENFIRE L 72 o7z, iR COIEBARBUIE MM B OB I KR W ERTH Y . REE DR
% % ARG\ LRI TE S N A O BT ST & O TER L T\ 5,

WEE: ABFIEIE. HRBEEE - HEFANMR 27— 3 U EOMERISHAT—> a v oo &
WS L7z, RO —E L NIMS-JEOL FHAIE AN 7 AR & DI L > TR LN HDTH 5,

[1] K. Hashi, S. Ohki, Y. Mogami, A. Goto, and T. Shimizu, Anal. Sci. 37 (2021) 1447.

[2] N. Kuwata, G. Hasegawa, and K. Hashi, 47" kA A= 2GRS (2021).

[3] T. Suehiro, M. Tansho, T. Ishigaki, and T. Shimizu, Inorg. Chem. 60 (2021) 1542.

[4] T. Umegaki, H. Ogawa, K. Watanabe, S. Ohki, M. Tansho, T. Shimizu, and Y. Kojima, Int. J. Hydrogen
Energy 46 (2021) 6659.
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EFE—LFHRAISARINORRICE HEEMMA / RXR—2 3 D OME

Light/Quantum beam technology for dramatic progress of R & D in advanced materials
HHEREZ (W77 —<35U—%—) !
U WE - BPEMIFTERERE kL — - BREEAMPEHIFZEIL R
TAKEDA . Yoshihiko@nims.go.jp

1. 1ZC®IC

AR VvRTYTLTaY =y N EEMEA ) = 3 v a2 D i e Hl AR E A O BR3E |
IZBWTH 77—~ 5 Tl T&FE—AFHIS SR OB ST K 5 el Bl A ) ~—2 3 0N
W 2EMmL TV,

DER DI BMIFIEIT R ML SNFEM SN D Z ENZ VD, FEMEHCIIE ~« DR R 2R EME
BRBE CARYE)— « RLETRHEEZIAR L, APEAICEEN RIS 5, BELT 2208 FHEITST
%728, NIMS 2385 o 7o HE RO e, A A4 74 b U O R v — AT &2 W 7oA BT
MEANREZ & DB S, 437 v NERIEE T COFHINESCRZEM « =L F—< LF A7 —/L
ML Z BT U, EMR ORI EOSEICET 22 L2 HRVE LTV D,

ARFTIE, SHEEORREERET D,

2. SEEBEELERE

B E— AT KD MR O AT o REHG L & R~ VT 2 7 — VAR IE O Rfg LR O
\ZEMBI~ORE OO, AFEX, FEFFHICI SRR & COH T 3 WoTmARARHT 325k
2R DT SR HINE DN Z BEE Lo, X SREHAITCIX, MR e O U Viiris & e 74 o
T, T/ AV R — L OILFRIROERMNT 2 HEHE U, U— W —3H T3 e o 2 & o B
. FHMEEACAIZ L0 KE - ROV —REM B, |~ T U TR, BEMEAERREAR L R
B L7,

OO AR L, PHFEHEITTIE, R A OBRmZ B < SERIERMENA 7Y
v K7 U EVEERMIC KD EED) TR AT SR E T (8GPa) ZREFHEMEHTISH L
Too FTo, HYETFRIPTC X D KRR D720 ORI B EL O IEIERA 217> 72, X #REHAIC
IXF /o AV R — )L D IE R ERAREEAEAT 2 SPring-8 T oo, FHRDORIPTFFOBIRZ1T -
Too FTo. Ml 7 AOWET, 7ENLT 7 ATV a b VBT TAD MR P—DFED
WIHCER I LT, b—F—3HICld, B B — A EBRBUE A Sz A © A BN RILE 145
W/ NE T BUEELON S B 217720, ARPES HIiE & PEEM JIENFHEIC 2572, 74—V E Y
TAARZT 4 E LT RARR U HNHERIKLE A AT —540 ARPES IZkPI Lic, f A—T 27 -
DHREBFHICLEY 72 A NP L—P 2L F ¥ T T =2 a NI AT X AL —HF—FIRIC
I U7z, EBAER & k -means 5% AW BRI EEGHINEZBI% Lz, KFEOAL K - ]
TREBD T~ A7 MVHERNLVEZRFE LTz, FEEREFETOAS T T v 7 B CTHIREIC X
HIZFINX =K g YA D T ORREM A B LT,
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MREERE S FOEE DAL AR

Material properties of cell membrane molecules and virus infection
A& AL HTH BUE!
INIMS  BEREMEATEHIFZEL R
KAIZUKA.Yoshihisa@nims.go.jp

HERE 2 78 O MIRRIZ 3 2 RSO, AEFC R G A IR RO TG 2R 234
VRIS OMEERICE DO TH D, Bl ZIEHIARs 2> B A R fER O KR PR LT
X AE Ry (BT KT d) DMRBEOREDZ LRI E gt (1) ITaT 5
L —ATIE, O ToORE - EEbEHLE LTSNS, —FH T, flaf oA
TER. E3a s oA Vv ZAOMEEMN (7 A A ZANHBISHEAS L TRET 5854) TlE. B
T~ A 7 A=k, $HETH 100 7/ A— MBREOR 7 —VORENEKR IS, Liz
Do TROSIZEBERE 53 2660 T OMEICIN 2 T, SmAEi e iasEo it © K x < R
HEEBEZLND,

WL OYME L LT, BEAICEZE RO L LTHMONDS 2 RITHIZRGFOHEME. 3 RTH
7R AR IE OB « 52 ) TN A C L MR (Z 3473 2 59 F DERIE T M~ DILARIN 2 EFHIZ DV T
R« & 2 WIEEIEOFH BB 52OV T, MmEtEZERTWD, ZivE TSRS D
B TN IR % 2 & TR DR ) & $RIE T M~ DOSIAR R 2 B lET 5 FiEZBR L, M
fa & HRa O FE BAEF 2 S S O BAE - FRMT 21T o T2l & 83k LTz,

7 A Jb A DRARUEGUZ DV TIE, 10nm FRE D3R Th 5 @y % 2 IRt 72 s MR Fs L 7o
FE -EBEULTHIRERE~FEE TS5 Z LI2X D 20~100nm DEE& 7294 XD 7 A L A DH
fa~OfEG « BYZMHITEX 52 ERbhrolz, ZO X ) 7 HEKSS IR A T 47
WAFET D2 NI E I E > TEDRERIE S LD DO0MRETT 272012, o P+ %21%
ALt L | EmElET — 2 _— 2 BT LT TR 72 3 HfT O i 2 D T
%o BIEIZBWTITHIIZ W23 01E 0 A THNSTER L 72 K0E SRR T 7 L -oks il U 7= &
RS- R LR B IR IS ELT 5 Z s b e s Eo 2500
JEDORIR DT X ) BREHINE FEo & X7 By FAZOW THEBIE RS - 4> TR O Tl & oo i S
B T 2 FIEOBRRE 2 HED TV 5,

o |
—
10= cD43
MUC1
MUC1
MUC1 truncation
0.5 _100 (um?) T |.l.|
0 .\L-Iqll\.l araTaae Q.Q_Qrill\:,\l[ Sy ~o@ *4‘_.[[|
ST £ ££& 0§ 8L L8y & FES
&L TR IS 9N T &9 & &
< PP P2 v & ~100 (um?) 2"-3000 (um?)

: %74 /LA (Adeno, Lenti, Adeno-associated virus, 3 e 72 L1% SARS-CoV-2 D = — R 7 A )L
R) DB X7 E (ET21XERR 5T PEG) D3R FLOE B CRUBIIZAATE S 2 Al ~ DRk GL
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EZE SQUID BaMER = FIA L =Y 1EETE & MG 3

Materials Development and Physical Property Study using Scanning SQUID Microscopy
ARE— BPEEE 20 IUARGAR 2, BN RN 3, AR 23, WRK RS, SRS
LORIHE— 1 Agmimnl | FFEERAR 4, AMREEE 4, R 4. INbkie 4, BROFRE 4
MEARGERK 4, ARIEZ 5, =EFIEL . Petre Badica’
INIMS, 2AIST. 3 HURER K, 4KEK, *flameE, ¢ 4R LK, "Nat. Inst. for Materials Physics

arisawa.shunichi@nims.go.jp

1. M=

A4 SQUID (Superconducting Quantum Interference Device) A& (SSM) IdEEER A& W
— T % SQUID Z Al L7cEET v —7HME TH 5, BEEUG MO AT LI THHTH D Z
EIELHAATH LN, SSMITERE N @ < ERMEND TRAFTh D, ABFFETIE SSM 213U
W& LTIHRA A= 0 7 % TR 3 & PR OV SSM BRZ%E - th B OBUR A 7R,

2. TPHRET

B TR N B LS, BEIL h2e=¢ o DHENICEFLEND, £\ NBEEE
HCIIIEE OB R E T DA E LGS Z E D TR TV, Nb O 2 BlEE Wz N T
NERE A ERL L, SSM I X BB SN D, Z0%, FBEEMRE I X D0 v
7 bR I D, A% ZOFREERH LAY 7 X —Y OBIRET S A~O)E AR
b,

3. MElBAZ

AR OIS 7 &2 —~DISHOM, Bi R ERIZEA Y a7 Y VR EHET 508, I ¢
HHEL ] D Bi REEWILT A MBI CTERITH Y, BEOm EE2#ED T D, ZOEEEF O
R OFHMIZIX SSM & W 7= AL 58R T 72 R & 72 D,

4. HEFAZE

A SQUID BAMEEDLENER LD 72 DU R I L O MR O BB OS2 D T
WD, FTIREE - S RAE - ZE R BRI 5 70 D RO R e IO T REORABLZR & ARAIROTE F 21TV,
~NF A= E B, <V TF AT — RIS & D AREINE S AR BE 56~ D3 ] 23 17
S5,

HEE  BHFE 19K05021, 21K04157, 19H04402, FEREF CRAVITY O SHRICEHNN = L E T,
BE IR

1) “Experimental formation of a fractional vortex in a superconducting bi-layer,” Y. Tanaka a, H.
Yamamori a, T. Yanagisawa, T. Nishio, S. Arisawa, Physica C, 548 (2018) 44-49.

2) “Effective method of forming and detecting a fractional magnetic flux quantum,” Y. Tanaka, H.
Yamamori, S. Arisawa. Physica C, 589 (2021) 1353932.

3) E=ENLFA T 7 ¥ —. FFBH 2021-087004, https://www.j-platpat.inpit.go.jp/c1800/PU/JP-2021-
087004/09C3D321FC5D8F161ECF3D50FF58DD94C8C58EA1DDS548DEF607D5C3880569CDC/

11/ja
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Invariant Gel Computing for Intractable Problems

Pathik Sahoo!, Pushpendra Singh!, Komal Saxena', Subrata Ghosh> Anirban Bandyopadhyay ' *
! Research Center for Advanced Measurement and Characterization (RCAMC), NIMS, 1-2-1 Sengen, Tsukuba,
Ibaraki-3050047, Japan.
2 Chemical Science and Technology Division, CSIR-North East Institute of Science and Technology, NEIST,
Jorhat, Assam, 785006, India.
*e-mail address: AB: anirban.bandyo@gmail.com; PS: 2¢.pathik@gmail.com

Deep learning protocols models the multilayered artificial neural networks in machine learning methods to
digitally demonstrate and performing advanced tasks on big data to outperform the human experts.!
Computing speed could be achieved by the ~10'5 second molecular recognition per seconds while building
the supramolecular self-assembled fibrillar network, which could be spatially tuned by the external
electromagnetic force, generated from the big data.? To demonstrate the concept, we developed organic
nested deep learning network, ON2 for the first time in addressing several intractable computation problems
like identifying an animal and classifying the dynamics after training a supramolecular gel® by running
cheetah video. No computing system is operated by this molecular dynamics in optimizing the computational
theories from the astronomical choices, appeared from the synthesizing supramolecules.’> While pumping the
big data in electromagnetic wave form for generating the supramolecular fiber, the periodicity in big data
produces the periodic waves in developing the supramolecular helices. Tuning the geometric parameters of
a supramolecular helix wirelessly with instantaneous read-out through laser hologram, we can manipulate
the quantum superpositions of rotating photons. By changing the surface energy through tuning the boundary
conditions of helix, the spherical phase-triplet closes and opens twelve holes or singularity domains and edits
entangled photon’s rotating state. The limitation of nanotechnology in controlling the surface energy is
basically overruled here. As a result, the distribution of close and open holes in phase space for 3D gel
network generates specific azimuthal and orbital rotation of incident photon in producing specific 3D photon
condensate as the computing solution. Problem wise, the helix will be tuned with the periodic appearance of
events in big data and each helix would be nested according to the allowed symmetry reducing condensation
in forming the 3D supramolecular gel network with
layers inside layer architecture in producing artificial
deep neural network of a given problem. A little
dissimilarity in 3D network while pumping a similar
big-data in a partially melted gel column of a trained
gel while testing period would be classified from the
partially changed holographic output patterns. While
reducing the entropy, the gelators get assembled and
reduces the vibration from 3D to 0D in solution and

_ _ _ Figure 1. A running cheetah video is retrieved by
produces the 3D to OD invariant structure in

Invariant gelcomputation.
corresponding photon condensate (Figure 1)

Reference. 1) X. Lin et al., Science 361, 1004—-1008 (2018)

2) A. Bandyopadhyay, Proc. Natl. Acad. Sci. U.S.A. 105, 3668-3672 (2008).

3) P. Sahoo et al., Chem Eur J, 18, 8057-8063 (2012).
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AN FRERBIZK S Si(11D)-(y 7x4 3)-In BIzEERFZEEDNEL

Tuning the transition temperature of atomic-layer superconductor
REHEEAR 12 /NRSEZ2 3, Wenxuan Qian?, FRdE R 3, A—Z 3, Wik 12
VWVE - PR TERERE [EIBR T T —X T 7 b= AWFEILA, 2 ALRE R PR R, 3 KBk
KFBE Lt 5eFt
e-mail address: YOKOTA .Kenta@nims.go.jp

T, 75 7 = %0 SITiO3 Hiki D FeSe 7 & D1 BWE DI FEDNH AN THOIL TV D[],
2O XD IR TE G A AT D RIEER A - ISk LU COEFICEIK TH Y | Kl RicfimE
Z7EAE L, BMBENCHUR B/ER 22 E OB R AR L 2 L TR B LS E 5 2 L AvA]
RETH D[2],

AW TIE Y a o EREE oA Py AR EEOER ICAERS TE2AE L, BARER
23T DB EIERBIRE (To) DAL AT~ T, ERRITIZ oWIREEEE T (BEE2% © ~2.0 X 10-11
mbar * MRKIR :~1.7K) (2BWTC, EFEEREZIT > 72, Si(111)-( 7XY 3)-In X Si Fo#K Bic=
EX X v LR L7z In 2 RFEIC LA REEHEL b ORFEMETHY . BLE 3K THIR
BT 53], HIMRESBINREF N RBFEEL, BHERHE R ZEBE L GEad o2 & n
TE 5,

In 51 J& FIZ PTCDA 73 27853 5 & A& EITG U T Te 238 L72(X 1.(A)ZR), @BixE
i3 D RTOIPUEA KE SR L TWD Z &S, PTCDA & In JE1E & OFRWVFES DN Tl S
L5 D3, ARPES OfE RN BFAAEMADIEFITHTHNZ &3 gnole, ZORRILPTCDA DHET 5
TINR= VKL D 5WNRNTH DL EEZDZ L TRYBRMBRPELND, 2%V, HICK
T PTCDA 23L& L THERE L. Te Z b SHTW5b, F72, ZnPc 2% LIAIBKD KR AT
D &L Te D EFABHERSNT, ZORERIL, o Pc RO aKE LI Te 21L&t D LG
IMZKREL Te B EH LT
%2R ghoto(X 1 (ByE
M), Z AT Pe 585 F A
WRE—AL FEHLTWH
% Z LT ko T ASHA HAR
I L 2 BAEEIE SR
AIRTHDZ ERERLT
W5, —J7T ZnPc I3 T
— AU NEAELTELT M
JE%h B 0 22 N EAR Y 72 FE AT
BEEIC Lo ClngEg XL (A)PTCDA AL D InF 7D Te &1k, (B)Pe R
NRIEIC LR L Ex s (XD InFETEO Te Z{bo ik,

N5,

BEIER

[1] T. Uchihashi, Supercond. Sci. Technol. 30, 013002 (2017).
[2] S. Yoshizawa et al., Nano Lett. 17, 2287 (2017).

[3] T. Uchihashi et al., Phys. Rev. Lett. 107, 207001 (2011).
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HHEEZA: Si REBEEEZIEIZH TS RHEED /N2 — U f#HT

Machine learning analysis for RHEED pattern of Si surface superstructural transition
BT 12, IR 234 RN Y K RFE A 123
VRELR, 2 WMEERS, SIST-S &8, 4 KR
e-mail address: 8221557 @ed.tus.ac.jp

BT A AOBREIZEED, KT EOEEMENE £ > TV D, FEERMEICTH 5 Si Bk
MmOEERE D, | HTBREORBF AL > CEERBHEEZ 2L, BRRETDEE
AT ZIRITERTH D, BlzIE, Si(111) E In WERE TlE, RESCHAEROENDTER KRR
WRHE A RS 4X IDMBREHLS A 2 VT3 72 E DRk 2 R REBEENTER S5, sk
STHMENEALT D72, KEEMEEEZIED 00 5 IES R LIS HOETH D, RIFEO7E
TN VIS R AT (RHEED)WC X % in-situ B IA S WS D0, B2 —r D EE
H7efRBITEE LV, 2078, < OEEIEFERE ORBRICE SO CTIRONHEREZFIAT 51T
BME-o>TWD, & 2 TARMFSE CIE. RHEED /3¥ — L Ei{§ OB AT 2% Si(111)FR I In &
KAET HRELERICHE AT 5 2 & T, In OWAE RIS RGOS O BEHE & |
- FE g TS 2 VBT 2 72 0 O Sl OISR (A ) D R R 2 3k A 72,

EBRTIE, TR ki -C, BMEEZET, ERIE
JE 450°CTT Si(11D)HEMR EIC In OB ZITWARN D, [112]5 1[0
RHEED /% — > Ol % 480 B[ CTHEF 375 Bcf57z, B4 —

CHEIPAN OB 2 St A iA A, 1 wotkidb Lizb a7 —2 k& v b
LT, BEEN Y A2 0, FEAEATHIR T fRINMF)IC X % fi#

Wraito7,
In ‘ﬂ%%@ﬂ%ﬂml{#’) VCIEI:H?/\D& —%, H ?ﬁfc A E f@;&ﬁ&ﬁ% Fig.1 Clustering result
®%1K%E - L/7LCO RHEED /34 — f/@ff%@ﬁ@i‘)ﬂi Vg — F/ﬁfﬁ% : Dendrogram of RHEED images

B Z A% Y T (Fig)EFATLIE A, 5 DDV T AZITSy
FHZEDREETH D EORERBPELI,  TXT, V3x3, V31x331,
AXT10MEHY |, 4X1(EIR) DFF S SOBEENE LD & ) RER
BT E—E Uiz, RPEICLY, mifeiniie < ZEEEE (L
ET&7-, 72, NMF O#ERFig2) &k v, SEENHn-REDE
IREN D, FAEEENED 0T B T2 O A SR SO RAE D
D& BHEICATD 2 &N TE T, HlxlE, Fig2.(a) TR SNHEIET
ITINEA D 4 X1 HEED R — 2 PEI, Fig2(b)2m S b 550
RRAAE > & Fedi 7K A5 REIE 292 B & AR B, ZAudi@mgis 2
Ny b1 BOBOMEEGZB D ERFIEE —B LK THD
D, RPIETEGR AR DIERETIST 5720, 1ERTIE L L
TERHI A X2 < . BB PRI CIIHE CE Ao O AL
Fig.2 NMF result (a) component
FRETCH L LR SN D, (b) coefficient of component

BE MR

1) Takehide Shibasaki et.al., PHYSICAL REVIEW B, 81,035314(2010)
2) Rama K.Vasudevan et.al., ACS NANO, VOL.8, NO.10, 10899-10908(2014)
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B EER X SRBERNAEBFONEIZ &L B AlGaixN REED
JETRIRE FIRED T

Non-destructive spectral analysis of AlxGaixN films
by synchrotron soft X-ray photoelectron spectromicroscopy
RRERX', FIEX? HXS, HEHE Y DHEES JSTSENGC
PrigdeE !, INTRRAE , SROTHE ®, WRIRIG— 2, Rl ¢, HHSRE S, SREBRER °, /NI |, KA EE
Tokyo Univ. of Science !, Tohoku Univ. %, The Univ. of Tokyo?3, NICT %, NIMS?, JST PRESTO ®

°Shingo Takezawa', Roki Kohama?, Zhang Wenxiong>, Hirokazu Fukidome?, Issei Watanabe®*, Masataka
Imura®, Shunsuke Tsuda’, Masato Kotsugi', Naoka Nagamura'¢

E-mail: 8221536@ed.tus.ac.jp

GaN Z (XU &5 -V REERIT, Z2om* v ) 7 B#)
FECEMIENEIZ E V| BT A ADFIp 5T /8T — KT N
A ARLEENL T /3 ZA~D)SHPFTE S 2RI R L T 5, -V
BRI AR e R — B ZIC k0 N RS S R & < AR
L. 731 ASHZE T2 ECIEE TIREEC L EAE A IRIE O BRAFE )
O CHEETH D, B IIE IO OIEMES T 1L E LT
AN THLN, AGaxN DX IR TV A R¥ v v 78K TIETF
Y=Y TRRET ST, AT RN TR RS H W s TR
. BRI E13E D 2 &idTE R, Fig.1 Emission angle dependence of N
Z ZCCARFERCIIENR L -EE X e A3 2L 1s spectra of Alo.s2Gao.1sN on Sapphire.
T, B 0 T WREIE &2 BRI ICHE © % 2 EARIA
EE T4 ¢ 21 (3Dnano-ESCA) # i F L T3, AlyGaixN
F G O JEIEE IR ITICE Y HA 72, EHE NICT
LY X7z SiC i E AlosGaoN/AIN/GaN & MOCVD
FE A~ 7 v i 5 (Alo.sGao. N JE OEE D » 535 7x 5 2 %)
& . NIMS T MOCVD i X » {8 L 7= Sapphire &R L
Alo.s2Gao1sN/AIN % HIE L7z, USRI SPring-8 @
v'— 2L 7 4 v BLOTLSU THfi L 7z,
AlosrGag 1sN/AIN JHERTIE, Al MO K ZWVilBHZ BT 5
F =T T OEBOFA., valence band OHIE, =7 LL , _
OF I S RIETE T4 Y (ARPESYIITE 2k 1o, T LT 7 b U e e e oty
V5T 4R P S DR T A2y N LA R ratio of peak components of Ga 3d
L, T =V 7 ORBEZTTHEF AT MABRHOND T & AR TE 7, Fig.l ICNI1s =
T LYV AR MV OB AR E Z R ROGECCIIE TR & RRR ISR ETF LV &
V) Binding Energy fillc> 7 b LTV 5 Z & 23R T E 72, Alo3GaNosN/AIN/GaN ~7 = 15 T,
ARPES #1T7\), Ga3d & Al 2p D27 L~UL ALY MUIZEIT 54— 7 [%45(Ga-N, Ga-0, Al-N,
Al-O)E7E T-HE O Y68 1 B AR E(Fig. )0 6. RS T MO 24T - 1=, FOFEHR, %
EREDTFAEZ MR L C, ~T o EORBE A HEEST 25 2 L ITkF LT,
HEE : ALkGaN | N/AIN/GaN ~7 2 AR O Y I X5 @R 1L FREROWMINC LD D TH D,

[1]J. Dumont et al. J. Cryst. Growth 230 558 (2001). [2] K. Horiba ef al. Rev. Sci. Instrum. 82 113701 (2011).
[3] K. Omika et al. Sci. Rep. 8 13268 (2018). [4] M. Imura ef al. J. Appl. Phys. 121 095703 (2017).
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BMORT— 3B ~ADA T4 T 14O REH

Measurement informatics approach for data analysis in spectromicroscopy
KFFEAE
INIMS ZJeimbt BHEFZEHLR O - &1 E— XS E eE ot v—7
NAGAMURA .Naoka@nims.go.jp

HE X BEHFFR T T A— bA—2—1ZEN L, 3k 2 A S TESRONRE
O3 EAT D AEETE TR JEIESPEM) Tt B ALY "M A A= T OF— 2N 5L
b, IO~ v B TR E « AT U FRIEIZRE L TW E T — X &R RIZR D7
. B AT U X, BFED A B — BT v PO I 7 & TR RS FE 2 03 D Bl
ThHMAR Y — N Db, SENE, BEZED TWDTEE . ZnaHWERFET A 7
R OSHEN SN THET 5,

1. RFEREA LERETFRARY MO, AN—Fy NEHBIY—2 T 4 T4 v )

MEEE TOY VRV T AT, KEBETAXT MOKMI % Gauss BISCT7 4 v T 47352
EIHY T HRAT TV ADHET VGMMZ @A L, A7 MUBREZEALE L TEE L
Spectrum-adapted EM (Expectation-Maximization)7 /L2 U A LI L D EHEE T — 27 235
FEEEm L CE e, SREIC, HEaA MNDKRESEZRTLEE 7 v T 0 V7% E LT
Lorentz B %% <> Voigt B %% . Doniac-Sunji¢ BE%t b fif X 5 L 5 (2. Spectrum-adapted ECM
(Expectation-Constrained-Maximization) 7 /L = U X LA EZE LT2[1], AMATEITIL EM Peaks & VY9
D Python /X v 77— & LT, BEICARB L TW5[2],

2. ANR—REFY 7 % RN BRI

BABR YEIZ B W CEHANC K RERT 2225 & | radiation damage & L BB LSO EZNSL, AR Y
7 M X BFREGA~DOT —T 4 77 7 ML WEMROGBEMHIRTIC o225, £ 2 THalx
FHIF I C R S T ARG E O TG 2 AR, A= 2T ) SN L DB IRIT 21T -
72, FZBRIZ SPring-8 ¢ SPEM ZLiE CHIE L 7oA YRR D Au i/ N 7 — 2o T, A LT ofr
EZ2T 5 L CTHRS LT 9 MO IRARG RS B4 h O ARG AT CHEE L= A A —1%, RRFREIEHAIL
TR LN @RGSR E ) A ABRE LIoA A=Y LIZIER%ETH -T2,

3. T MBS ~DIGH
R OfiENT Bt % SPring-8 @ SPEM
PEE CORERE RIS L CRT M
BHHT 247> 72, CVD lEIZ L » TH
LIz, BE MoS: 74 7 RITNb & [0 1 (@)MoS: 7 A 7 v RONFEHEEE: (b)Mo 3d 5/2 D &—
R Lf:%iﬁ*iHCOb T Ty V’ﬁﬁfﬁiﬁi INE~ v B (Nb3d52 OE~ v v 7

BRI ND MFEL TWAD 2 &, I pn REHEGNEI L TWDH Z & Z2F5E L72(X 1)[3],

BE R
[1] T. Matsumura, N. Nagamura, ef al. Sci. Technol. Adv. Mat. (STAM) Methods 1, 45-55 (2021).
[2] # 7> u— K : https:/pypi.org/project/EMPeaks/
F = — kU 7L : https://staff.aist.go.jp/yasunobu.ando/post/empeaks/empeaks2.0.0/
[3] M. Okada, N. Nagamura et al. APL Materials 9, 121115(1-10) (2021).
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STEM-EELS IZ &% T+ / VEED T/ A — LD REEA A —D VY

Nanometer resolution imaging of phonon excitation by STEM—-EELS
FMEL2, A, ORAEE !
VWS - BPEMESERERE, 20ST S X 80F
e-mail address: KIKKAWA@nims.go.jp

1. HFx- BN

T A= R —=)VTT ) R L CHIECE UL, BRR N T U Z—D
HWEASCEVEMEL D 7 + 7 U BEE KA &, KT A AMREE M ETE 5. 200I1I21%, 7/
A— MABFERETD 7 4 7 VITERHAIN EEIC /2 5. Flf, BOLE FREZ AW ERALERE
FPEMEETE (STEM) IZ L BB+ ¥ —485%40% (EELS) T, 7/ A— MSREED 7 4
VEHUDSAIRBIZ R o TE TN, A2 S F TRHIITE 20, BEERICH D, RUFE T, B
43f# U7 STEM-EELS IZ X% 7 4 / VDS e A A=Y VB LTz,

2. EBRKFIE

FHIE SIS, WPEDH oS mERSR v FE (LT, ¢BN) DR g A vEr L HH
fEEmE S Lo~TaiESRE Lz, 2£#(E, Themis Z (Thermo Fisher Scientific, Inc.)-Quantum 970
(GatanInc.) & W7o 7364 A —U 0 7 ClE, BB =RV F—80keV T, =R /LF —/3iFHE 21meV,
AL ST HERE 2nm,  BBOTIERE£4.5 nm ™! 2 WIS ST,

3. MR

XD, BARENOEEN - HEREIR T+ VR EFHILZ. BT U AT Y =
(BZ) ®T 4 ([E4fr 4 000) @ EELS TiX, %57 4 / VA ¢-BN THEEIZBHI SN D28, &
A Y'Y FTIHBRIS 20 o T, BUELA L o CIHOR F-HUELANE =, %2 © D c-BN TH
Tx ) DONERMERENRENTZOTHD. —HFTHEAENREZVWER BZ O T & (FEHT A 222,
33372 L) TliX, XA VEL FTHFE T+ / VEENBII S -, PERELREN/ NS 720,
HEHENTWEEEBELIC L D 7 4/ VIhiEBE NN R ELS RoTe T2 TH D, HIK BZ %
1®mcBN@@mk&4%%/%$Fm@7j//\ﬁﬁﬁ%ﬁwtt.%7¢/V%—PW%
WZHfRL, TORHEA A= T2 EITHI LTz, EBIZ, -BN/X A Y& RESG R ENL
BOT7x ) N0 n, REICRELEHE— RE28H L (K1) .

X 1:c-BN/Z A ¥EY RESHREO EELS ~ v 7. %48« §ilz (TA) , 7% .
Mme (LA) , Yo% - B (TO) , &% - fit# (LO) T=— RD 7 4 /7 V)3 HR
FRFEEL BRI SN TV, RANIAEIZRE LIZIREE— FE2/RT.

BE IR
1) J. Kikkawa et al., Phys. Rev. B 104, L201402 (2021)
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Reversible liquid-liquid transition in a dilute trehalose aqueous solution.
gARTIE !
U WE - BPEMITSERERE (NIMS)
Suzuki.yoshiharu@nims.go.jp

1. 1ZC®IC

KEGET 5 &2 OEREZEIT 4CEBICIHED DIABICERT 5, 4ACREMKBLIROHEZKD
BN 204 2 T LSCHERIZ I N E Thho o, Bl OmmHIK & IESEK DAFZEIX., KIZ
IR 2 DOIRIEINIFIE OKDORY TENLT 4 AL) T5H52 8, T LT, ZDOEZITTKDEF
HMEEAZBAT L 2 LN TEXLAEEMEE/RIB L TWD, BITE, KOFRY TENLT ¢ X LOEERIVIR
AEDHED HIL TV D,

KITMKIE T2 DD H T ZARRE, (KEE L Z A (LDA) & @EEE T 7 AHDA). #EKT %, LDA
& HDA T EH DB/ ETH WIS T 5, LDA & HDA #7535 &, TNENRRDIRET
KK (LDL) & &% /KMHDL)ICEE T 5, LDA-HDA 5 & [A##(2, LDL-HDL [ 0ik-ikiz
¥ (LLT) OFENHF SN DD, SUERR LD 7= DI ERIC X 2 A7 LLT O B8R
LW, FRC, IRBED O EBEREE~D LLT 1 2 £ TEIN STy, AFZEi, (KHEE -
Lot — 2K DIE S ZEAIZ X B Al 7e LLT OB RIC > THRET 5,

2. EBRKFIE

W 1D — 20 LT IR KRR DO H T A ED ToI2, AT Tl @Bk am A 7
ZALERHW LT, £ VU ARGBICERSNERED s Lova—2 (TR) KIEHE (0.020 &
JV3ER) HAERIE T 0.3GPa ISHIE S v, RIAZEHE T 77K IZWm Al (~40 K/min) i, @#EE O TR
KR T AN E Tz, T 2 LT B O R ZE(LMEIR « SE T (77~165K %1, 0.01
~1.00 GPa i) THEII, RYTENT 4 v VHEK & T T ABKER ORI,
3. ERERLER

BJIZ 159K D TR /KR O FARFEOJUE - I dh#R 2 ~3, Bl (F) oE 0Zkix, P,
THEEE TR KEEIK (HDS) N T ANBIRIE~ERS L, S 51U Pl TIREEE TR KK (LDS)
ARV TENT 4y 7B LTI L& d, MERKR (R) 1L LDS 2% Pron Tt HDS (258 L
722 L ERT, Py & Pron DIREERFMEIZ, KR T P i3EEMNC, Pron IZEEMICENZER Y 7
FL. ~140K LA EDOKRY TENLT 4 v 7 81T
HDS DERFEN TR Z > TWDH Z & &R LT
%, —J3 T, TR KIEKRD DSC HE THED HDS
& LDS O 7 AEIRE  (HDS: 117K & LDS:123-
135K) 33Kk Hav, 140K PL EOKEFEIR T LDS 23
¥MEDH DR TH D Z LR ENT, b Ok
R, B 159K O TR KERDOARY TENLT 4
7 #5873 HDS & LDS O li#F OIRIRFHIR T Z > T
WAHZ LT, DFED, 159K ORY TEILT 4 v
JHRRBIIAIWi7e LLT Th D iREME 2 "7, 72, K
REE COE I B 2T U 3 ADLE(EIX. Z D LLT 2

) - . L R A BHE O ~ T
1 ROFERB THDH 2 L 2T LTINS, B R Losa— ZKEEOWK - WS
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Nanometer-scale temperature measurements in suspended carbon nanotubes

CRETU Ovidiu', TANG Dai-Ming?, KAWAMOTO Naoyuki', KURASHIMA Keiji*, MITOME
Masanori®, KIMOTO Koji'
'RCAMC/Electron Microscopy Group, 2MANA/Functional Nanomaterials Group,
SRNFS/Microstructural Characterization Platform

cretu.ovidiu@nims.go.jp

In the present work, we successfully mapped the absolute-scale temperature distribution of carbon
nanotubes (CNTs) at the nanometer level, inside a transmission electron microscope (TEM). The CNTs were
suspended from a thick metallic substrate and individually contacted at the other end by a sharp metallic
probe attached to a piezoelectric tube, using a special in-situ sample holder. The two electrodes were
connected to a source-meter, used to apply bias and measure the current flowing through the CNT.

The electrical power dissipated through the nanotube leads to Joule heating. This localized method allows
for much higher temperatures than conventional (macroscopic) heating. However, the actual temperature is
characterized by sharp gradients and is difficult to measure at such a small scale.

Our approach is based on the energy shift of the CNT plasmon peak, which can be measured using EELS.
The energy of this peak has a very simple square-root dependency on the electron density. Under increasing
temperature the lattice will expand, leading to a decrease in density. The main disadvantage is that this change
is very small, requiring high S/N ratio data and careful post-processing steps.

Our experiments reveal that the CNT tips can reach temperatures close to 2000°C. Remarkably, the
nanotubes remain stable under these extreme conditions, in spite of the added stress due to the large electron
doses required in order to acquire the EELS data (albeit at low acceleration voltages). We successfully
reproduced our experimental data using finite-element modeling (FEM), which allows us to determine
several parameters that cannot be measured experimentally and helps provide a complete description of the

observed phenomena.

Figure 1. (Ieft) ADF image of a CNT contacted by two metallic electrodes, with overlaid electrical
diagram. (right) Temperature profiles along the length of the CNT, at different voltages; thin and thick
lines represent experimental and FEM simulated data, respectively.
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Development and application of High-temperature Pulsed-field-gradient NMR probe
g BECRR, ROR AL keb thEL B B WEAK 1E
(EWH) W - PPEMITZERERE  Jesmb P BHRITOT7EILR. EANMR 27 v —7
HASHI.Kenjiro@nims.go.jp

1. 1ZC®IC
BERERIEISTE (NMR) 1L, A7 AR RIET 2 2 & THEOREICBE T 2 Min e i ® 4 |
Flo, AU TR ZET 2 Z & CTHWENBOBINRIEREHFLZENTELH L 75>E>
W OM BRI 2 AR 7 RIBE L FE DT 2 Z R TE D H RO FE L 7> TS, FFIC
5':'7—5«/1’ A BRI B U 72 A B TR IEMR - Bl - EAE OZNZEIUTEB N T L E%bw‘:@(l: 9
&% HEINEH L THBRNTHZ ENTEDEZENLEBMMEIONMRBITENRZ T TH
*ji VF U LEMTIE L AT PBET 52 LIk > TEKAD LD Z &b Li 44>
@%%L%Téﬂ B ORI B L B 2 5720 Li A 42 OIEHER RIS BN~ T 5,
A F DY S 7OV AR AREZ VWD E NMR IZE > ThHiMiid a2 enT& 5, 12770
SR TR T = 2 HERRITIEBOEE DS H W EREICRE SN TE Y | IR EWIEMmM 72 &%
HETHZENTERDoT-, L L, IEEPEBECWEIZBONCHIREZ BIF 5 Z & TlEfE
KTHIEMTEDLZ LD, BIRTHEHEAMETCE L e —7 &M% Lz, Y

2. BiRIEH S r—7

BA%E L7~ 7 0 — 7 CIIERETH D EA 5 mmOREHE 2 - TTX 57210 mia CHEBGilE N ©
EDHEIICEREIZ T o7, BHEOT 1 —7 ORERIZINZ T, JEBGHIE O 72 O AR EIIN = A
JROMEVH e — & (BiEHE T T A 2 EE R EERHA Th b, 70 —7 OIREREITEE X & KBr
D TIBr-NMR (T K - TITZe o 72, F7IEHUREIE LiCl AKEIR OBEI OfE A VW TIRIE L 72,

3. HE

B L7277 a—7 %MW T U F U LA A EIZEEET
LI OV TEEN D 400°CE TO NMR HIE %17 - 7=,
E R EAE LAGP (LB OB EE S Lk py e < JREE & ki
THIBIIAR T 0 — 7 TIEEHIITE 2o Tons, AT K
SV BIIAEEIZ BT 2 W, BRI ORIEN S Li A 4
OEBET DEREGD 2 ENTE 2, —FH, BHAICH|
R & U TERSID LixCOs IO\ Tt Li OYE#E
400 CETHET D LA TE T,

BE R
1) K. Hashi et al., Anly. Sci. 37 (2021) 1477.

2) K. Yoshida et al., J. Chem. Phys. 123 (2005) 164506.
B LAGP @ 7Li A7 F/LD
2k
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Ultra-high field Cyclotron Resonance in Semiconductors and Semimetal
Arfi e
VW - BRI TR R
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1. HEOE R

B O BRSO HB R D /N RGO WFIE T st 28 7o L7 FNI R & < FRICHER
RN £ 0 BFEEROEEE IR S ic ZIRGLE R OB RIS WX, &1
R—IVNRERD & T HEERETBIGNEA I, xR~ B L TX T,

IR T, 2 E THIRERE D EE L ) 72 B8R BIZB VT i BB O FiL 2 vl Hg
Lo TEY, PbSnTe &\ o 7ok v v 7KL Bi (WEW & W o 7248 O & dn B R}
IZBWT, MR UV BRERE, [ MR P H LV ERE OB ROMFENER L TWD,

T TEFERZED TNDLHEF v v 7RERSE A~ Z{EEWIZIB W T, FmeR IS Ek
IND WITLE RO TR Z B & L, B oA 7o b CHRREZT o 72,

2. WBIEERFE
A [\l {l]l ' % 1T o 7= InGaAs/InAlAs B L O
CdTe/CdMgTe EHIEME GaAs Hib 12 MBE
IZE VAR S, TR EmERIEIC L 0, Ok
OBBELI YV TRENZRLEZNLH
1=10~30m?/Vs & n=3~8x10""em? {55 TEY |
Ya 7 =37 Roa—ZRECENGS L OV EE T
A= VRN ABRICBIR S b, £ BilZD
WCIEEMEE S U 2 b I MBE JETRUE L
THEY ., BEE 10~150nm OEHEFERECTH 5,
REOBENE OB D, A BHI R
TANCH D BE ANV AT LERIBH AL —
P—2HTH A 7o bo B0 EBRET-
T, EREEES FCRAAMBICHE LTS K1 CdTe B KT InGaAs —KITE LR D
FLIR Ik AT T~y A 70 b oot FA 7B ERAIBANT P
IS EHRNZ DV T B AR AV 2,

3. MR

InGaAs %3 L ONCdTe % R FRABHI DWW TR AVE B O K X S0 U7 L8Rz .
OBENEE TG U728l 2 845 2 E N TE 72, FRHZ CdTe R CTIHEEICL D AV
DEAROEALIZIS U A 7 v ha IR O W B S, A2 g A-ICBET 2 15Hm%
/252 ENTEE, —J, InGaAs IZOWTIZAE U HZUCE U CIEBARICITBR S - 7z,
Bi EICB WL, TNETEEBORWT T X~ EEE O 7= DI SHREIC X2 FESHW
DTN, SRERRE 25722 & ¢, R THO TEMEIC LY A7 e Hgi
/D52 LKL, BT LA OB & Z ORERFICET 2 BEIC oW TomMmREET,
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Ion Track Formation in Silicon by Cso lon Irradiation with Subthreshold Energy Deposition
WE %=
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amekura.hiroshi@nims.go.jp

1. 1ZC®HIC

%< OWETIX, EEEA A (BRI REDS B T-HPH L RE tAfﬁﬁT%éijﬁmIX
w¥~§4ﬁV\WZﬁmMMWXafﬁyﬁk)ﬂL@#ék JIFEAR OFRFRIZIE - CTHE
%@%@ﬁﬁ(%ﬁy%iyﬁ)ﬁ%ﬁéﬂéo%Hwigﬁﬁﬂwwkof%é/)n/ﬁm
SHZBITrEmEEA AR L DA 4 N T v 7 ORI E < M ERAE LD, BF A 4
VTIEREMRIL TN, L Co DEIRTTAT— A A ELTHNDE, 30 X 40
MeV @ Coo A A RHHZ LD, SiFicA 4> b T v 7B ENTZ, T v 7 RETZRLEF—D
BEIRDAMEL D, 17 MeV LA D Coo A A BETIX Si i1 A2 b T v 71T SR & fa
Stz, LA LERESIZIRILF—IMeVE KLU O6MeV D Coo A AVTRELIZEZA, EB
LDBEETHAA U I VIR IS &L EMHRE L[],

2. EBITE
Si ilBHITIR O ¥ = ~— (p BURE HKPTFE~1 Qem, HHN<111>) 2580 H L7, CoA
MBI ABASE LTz Coo BA AR E X T 2Nk (U 1-FBJE 3MV) ZflAAb T
Ehii L7z, Fr¥ VT E2EET D20, RE~DA 4 A
HIXFRmMEEND THIT7=, A4 87 v 7 ORMIITER
- BEEE(TEM) JEM-2100 % FVC. BIRREMS ., IR EE
200kV TIT- 72, TEM iEO/ERIZIE 30keV Ga A A > D
IR A o e — LA V-,

3. MRIZHOWT
B4 1(a)l i TEM sUBHHIC A b L 72 30BHT Coo 1 A
VHHAEZ LB DT, NIy 7 OBEENBIRISLS, X 1(b)
IERANZ SV 7 GBHT Ceo A A RS L, £ 22006 TEM H
OWHREI ZER L7=b D TH D, WaBL2DOThT v
DR S HAOFEBRPFTOLNDH, X 1(b)D K EHRILFRE D
RLEN 5D L 9IRS Lf:i‘%ﬁv—ﬁ—f‘ébéo BRIk
WICHEOWAEH~Y— =P DIREREICEEDOA A T H 1 6 MeV Con f oo HAS LI
v 7 MBI TV D EEF D3 EES éj’bé Coo 1 A D ILFE \/)':[ /FHEEP@/I)ZI—://i;‘i ‘y;
—E& IMeVIZTHF DL b7y 7 DERIINS < RS 1], (2) Coo b — LI TRE AR,

KRB, MKIRELTHT v 7 3Bl S =[1], (b) Ceo E— L EAFATIZEIY H L7
Wriiifg, (b)D RKWERIRSE LT
BEH FKE~—T—,

[1] H. Amekura, et al., Scientific Reports, 11, 185 (2021).
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Simple and Rapid Method for Selective Enumeration of Lactic Acid Bacteria in Yogurt
R |
VE - MBI RE R
nakao.hidenobu@nims.go.jp

TaNAFT 4 7 AL L TiRL RN RBAEY CTH D HBE T, I — 7L NOEW R EofLE
IR B EN, BORBHRHICAR 2R Z L -0T, ThORBE~OAEREEFIT ST
HIZ, —HOETIEI =V b~ EROIBRHEZ ST 2 ENERI D, I — L

MIBEDOT VTV TE (T2 FRAFALR « TAHTIAR) LEREOY—F 7 4T AH (XML
T hRavy A Y —FT7 4T R) OfiFEET, 70 AFT 47 ALEIZT I IAFALREE
E7 4 KT T U T NBIZOES I, %&-@$T%$if&é7wﬁ)7-#i<ﬂﬁénéo
WAL L ORBZNNE L /LD T T4 T v R EHRT D200, BES IS HRk
L, BIRIICEETE D X2 LT IER B0, AFER TR, Fﬁﬁ}iﬁﬂ—ﬁ“ﬂ/ MZE
FENDIEME O B ASEITEIR e < BRES & AR E & BRI G HI 9~ 5 i A0 22 71k &
WwET 5,

TR D 2 — 70 b s DR %8 % 3 LR
DI AEINT 5 HEE L CLLRIHE Lz 57k
RV, BB iR LTI E OFIR &

R EREE E A2 XBITCE 52 EH K THDH Z &
ERELEZ 2 (K 1), 557z LB o B
gL 2 b L, ExOABEE Ny 7 7T

Ty RE BT S Z LT, AILERE O
FELTEAR (7 AT ) DSEEENT LD R
BT, 147.43 x 110.57 pm? OELHPEIC 51T 13—V M OFLERARE & BRE O BN EE
B AIBE O TR L 7 A0 Rk 2 tor TR
Try bTDE R (S 8. 34, 36, 44,

45, 49, 54) 1 T7 vy bk BT, = L TEKE

XA NICRTE L, FLEBFRE & BRE I BT 08
TETW5 (F2), BRI BEOF )
DARE & B 2 BINBICEEGHIIT 5 Z L 2 B

b3 5720HI, 207 vy hTr—X%v k

\Zx%F LT k-means 7 7 AKX U 7 HFLT LT,
ZORES, X2 HOREEE 7% L CERE L

T 49 CTH -7,

BE R
1) H. Nakao, J. -D. Kim: Anal. Sci., 35, 1065
(2019).

2) H. Nakao, Y. Magariyama: X 2 LR O YR L 7 A~ R 2
https://doi.org/10.2116/analsci.21P273. w7 ey b
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SERNBEAEVAESBAEFIAEEDRSR
Development of spin- and angle-resolved photoemission spectroscopy apparatus
with high-spatial-resolution
RIBIE—RB, e
W - MBI TERERE Jeimb BRI ZE LR
e-mail address: YAJI.Koichiro@nims.go.jp

B BB T A AREHZ BIE T LT, e RBLOgE L 705 7 = L IMENGERF OB IRKE
EROLNCTHZ LITEETH D, AV UAELSICE T/ (SARPES) A & H-E
WREZ EHEBNTE 2 EBRTIETHY, AV EFH LIEMEIOMEICERATH D, £, Kk
DIETIERE TIIRE BB 2 ¥ T 2 NN H > 72720 BUIMTEN OB TR A8 % it
95 Z LIXTERD T, MERCT S A 2 DOBHMMIZ ST 5 72 DI /T iy 7e 8 Ik fg 2 FHH
THHEMNEMNLTHZ EbRDBLINS,

Fox 1Tk~ RAPEL O /T e EFIRRE A B 2 Z L 2 HAY & L TRz fRiE A B A
JE iR 143 (nano-SARPES) ZE{EDBF 21772 > T\ b, T OIEE TIIFEZE M Rt —
ROSLEBMEE (PEEM) JIE & Z2f] Mt — RO ARPES HIE., B ZnboA Y
VOEREDNFIRE T D, 2021 AT Y U AR DGR & LTS L, PEEM HIE
& ARPES #|E % AJREIZ L7z,

B 1) Ft& AR — B D PEEM S TH D, Ty D740 T mTr A Vel H Ll
\Z XV =R a M Lz & 2 A, ERI0MEEIX 700nm T o7z, X 1(b)iX Cu tkZ7lkElE L
T, ZO7 2y VHIEICE VM SNz VX —DfREETH D, TERBIT D3RR X
0K ICRRE LTZ, BENTZART M E T 2 VINHEMTT 4 v 52 L TR ALXF—4)
FRREZ RN L. =3 /L X —53ERRIE 50 meV & RAED iz,

ARPES 7 A MAIZE L LT, MR Y ALK BiaSes DEIREEOFHI 21772 > 7=, HIET
A =L F—HOHE T R LX —m & U5 L7 [[X 1(c)], Bi2Ses ® AR m ¥ v Kimikig L v
N RPHBEICBII STV 5, ZhITBEOWRE L k< —87 5%, BixSes DAIZHENER Bl
A AT —540 ARPES JIE BTV, /N2 REEEOBIHNCRH Lz, Zhic kv, AREEEZ T
BT U T AR B OB IREEOFMA FTRETH D Z L RSN,

(©)

(b)

Owell time 100 s (/shot) x 60 shotsave.
X 1 (a) # M 10um DO/3% — 3B OB FBMEG, 1oy Yoo 407a7 740
2 L0 e fRRE 2 31, (b) Cu 3Bl 7 = )L I YERTEEE DB T MEIRIE, A RN E
B — & BRI T = VI NHEEICE DT 4 v T 4 7R, () BiaSes @ ARPES, SCHA[PRL
106,257004] (&) &AM THONTET—% () ZHg,
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Observation of photonic band dispersion with high angle-resolution reflection
measurements

Afshan Begum!?3, Yuanzhao Yao?, Takashi Kuroda?, Eiichiro Watanabe®*, Yoshimasa Sugimoto?,
Yoshihiko Takeda'?, Kazuaki Sakoda® *
ICentre for Green Research on Energy and Environmental Materials, NIMS, Japan
2Research Centre for Functional Materials, NIMS, Japan
3Doctoral Program in Materials Science and Engineering, University of Tsukuba, Japan
“Nanofabrication Platform, NIMS, Japan
* sakoda.kazuaki@nims.go.jp

We present the first observation of double Dirac cone on the I point realized by accidental degeneracy in
triangle lattice photonic crystals (PC), fabricated in silicon-on-insulator (SOI) with electron beam lithography.
We can materialize double Dirac cones in Cg, symmetry [1] by accidental degeneracy of E; & E> modes.
Using the 7-hole design [2], we sufficiently isolated £; & E> modes from the neighbouring modes. We
examined the dispersion relation, by measuring the reflection spectra in both I'-to-M and I'-to-K direction,
using our home made high-precision 0.3° angle-resolution set-up [3]. With our 7-hole design, we overcame
the difficulty of detecting closely-spaced overlapping modes [4], by keeping the quality factor of £; mode
moderately high, which resulted in observation of individual £; & E> peaks at small incident angles. Figure
1(a) shows the cross-sectional SEM of the sample, and
fig.1(b) shows the Dirac cone in I'-to-K direction, with p-
polarized incident beam. By using the 7-hole PC, we

isolated E; & E> to observe distinguishable peaks in the
reflection spectra, at a high angle-resolution of 0.3° with

our home-made set-up and successfully achieved the

double Dirac cone on the I point.
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Probing order within disorder in disordered materials
/NEEHE] !
YWE - PORHE SRR A
KOHARA.Shinji@nims.go.jp

Fxld, FEREWE ORISR T O &
X e PR IR S E AT E 2, AlEl,
U BT AOEEFET R OT —4% . &l - &
JEF CARSNIZEEES ) A (SI0)H T AD X
BT — 2 %2 i U, EEWE O ERTIZE T
BRFE & B e — 27 OBIRICHOW Ciliam 1™ 5.

B 11T Zeidler HIZ XV |ESNIZT Y A HT A
DR+ FE T ORI B 1% 5 AT SR 1
S(O)&E~T, Q~1.5A"IZ first sharp diffraction peak
(FSDP) 73, QO ~3 A'|Z principal peak (PP)23&1ill| &
N5, PPIL X AREHTO S(ONZITBIH Sz &
NH, RE—271% 0-0 A Z KL TW\5 && %
SN D, ES%T D & FSDP X ZEFR O FE
high QiIC> 7 S Loo>7 a— KRR %, —J7, PP
FBFERTFOFHEOWERIZEIY vy —T 27D, Z
S, AXo RUERAE ) AT 5 A OTE I W AR~ b
U — 7 O RIS OE{LTH D,

X202 X BRETOAELNT-EEES ) T T
A DFEIER T S(Q)V&E T, FelZik~_7= L0 | PP
FBH SN TR WD EBR D mEEY Y B
7 ALER - SE TP BEN SN D TH L0,

FSDP PP
I

21

1

1 — 0 GPa

1 — 3.9GPa
1 — 8.2 GPa
1 17 GPa
1

QA

1 FrETEHT S5 L NICEE T
2B B AT ADREER T S(0)

FSDP
2+

C g 4L
400 °C/7.7GPa 75 [ S 7= EHI FSDP A7 & |
— Rz 5TV ADIZER L, 1200 °C/7.7 GPa 725
FE S 7= FSDP b - & b v —7 &7
D[ 1T Lz FET 0 FSDP 00525 E 10 & : " #00°C17 7 GPa
T8 o7, o : — 1200 °C/7.7 GPa
:h%mﬁ%ﬁ)%\yUﬁﬁﬁxmﬁﬁﬁﬁ:@U 0 —— Iél — I1I0I — I1|5I — I20

B s L O TR BT O BRFE & O Holle i 3k
H%.

BEIHR

QA

X2 XA S S IT EEE
LU B AT ZAOER T S(0)

1) A. Zeidler et al., Phys. Rev. Lett., 113, 135501 (2014).

2) Onodera et al., NPG Asia Mater., 12, 85 (2020).
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Hydrogen sensing and theoretical model for hydrogen absorption via adsorption
Ko ERER L. Ak 2 5ok 3, mNESRY, dLHIEIL L AP !
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KRFITRG/NSRIEETHY . @R EDEKTIZEGIZAVIAT Z ERFRETT, KEOK
BSITEIZ O — VLV HI OKFEW RN KL EOFEHRIIF]) (IC RV FHE S D23, i
EIZEDRWGE L EL ALNET, TOEBO—21F, P— LY HIDMERE OG- IZY 3L
OB TH BB TT, —UL Y HIiX Fowler and Smithells [1]& Lacher [2]1Z & > THFE S
T KB OEEA~OEMREFGROITELE LCEI ZENnTEET,

Fe 2 X FEF I N2 )i FTRTE A AT RE 2R IR R i his 772 > (Membrane Surface Stress sensor, MSS)
ERWTHIKD Pd B LT ELT 7 A Pd G@OKBRBIBRRATASE Lz, TOBE, KERE
IZXF T HENT 7 A Pd G ~OKFZEREEORR (Fig. 1), & U TKBREIZKT 2 HIK Pd D
WHGHEEIZ DWW TIIN D &, =V Y HNCED T, e LARBEREBRZIZLLBEND T 72
2 7R (G JEOYFROBEIHRIIEEE) L7252 2R LUE L, ZOWEZR W
DUNT SO G 2 F O 72 Bl £ 7 /L (2sRK B /L:2-step reaction kinetics model) CRHAli 35 &, &
OHEHIZ LY 2D OB —IICIATE 22 ERb 0 £ L, o, ZOERHITOY—
L RIS KOV PG & [ U R A2 Bt
Z & @A RS SRS LT RN 6l
BIEIWIREEN T 7 2 2T HNIES 2 &%
PEEREIICEIN 35 2 & AN ATREC[3.,4], Wi

FEBREA IR IC OV Tl T 38, 2

WHGEEEIC SV CHRT 5 - LIk TR ERA 3

TL7, 2r * 50nm
LA BT FRRR T D M, EE O it S
DK R 7RI R I BT B TR o
R LB X DIET, T, LR V2 (opm)

72 EOBREIRBEOTRZNL & & b IZKFEE

O E - TETET, commy N | PACuS ~OARRERE(AV) LARS

F T ) m o kSR o (TP T AROBIR
b D LB TET
B

[1] Fowler, R. H. & Smithells, C. J. A, Proc. R. Soc. Lond. Ser. A Math. Phys. Sci. 160, 37 (1937).

[2] Lacher, J. R., Proc. R. Soc. Lond. Ser. A Math. Phys. Sci. 161, 525 (1937).

[3] Yakabe, T., Imamura, G., Yoshikawa, G., Kitajima, M., Itakura, A. N., J. Phys. Commun. 4, 025005 (2020).
[4] Yakabe T., Imamura G., Yoshikawa G., Miyauchi N., Kitajima M., Itakura A.N., Sci. Rep. 11,
18836(2021).
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Feature Extraction of Short-Range Order by Persistent Homology:
A Trial to Systematize the Amorphous States
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1. 1ZC®HIC

WVEL - MBMIFZEREAE ClId BT — # N— 2 MatNavi 24 - A L THBY ., £< Da2—¥—%
12 TW5b, AtomWork <> PoLylnfo D X 9 727 — & ~_— X TIIfE b0 0 I U BN & %f
FRPED B WR RS 2 ID (L LM EMEELZ L QW D, — 5 THEMER 2 R L 7- B IERS SlkiE o
HHAENEZ K ZDORRIENLEEND, ABFE CTIEIERSIREEDIKRRILZ BIEL, /A= AT |k
BErY— (PH) [1]1%ffi-> T, TEM #2> 5 OMEEEEERRF S RO 2582 % . X BRIEHTH O b
WRBDRHEEN G & HE D L 910, EFIAMEEBL D O I SIREO R EE N 20 O,

PH Tl&, ZZRNCH S IE DS A ERICHRAICREL LTV ZE (4 v b L—3 3 ) T,
Z OFEIRFE 3B L CER Y, o0 (B N TE D2 AL (birthtime) &35, T LT
S OICHERA RE S LTS & T8 IXER VRT3, Z ORZ 2 1H%) (death time) &
T 5, 29 LTHELNTRAERA, HRKAZ R LT DENN— AT NEAT T T
2 (PD) & X5, 1B, 2 JITIEEMFRREARVIAEND Z LIRS D,

2. ERLER

AWFFETIEIPDAL LTtk x 727 7 4 —H A (-10~10nm) O TEM ¥ 2 = L—3 3 VEBERAL
TH T E T2 2 L CTFW R EEFHRBROERZPEbR U, EEREER T I CE A O R 2 R K
BT, FICZDFEEET N EZME-TCTENLT 7 ADMMNEITH, 2OT AT 4 7%, TEM 14,
T2 b ZIRITIR A0 40 D IR ST EARIT & FLEERERR T ORI TR > TV D Z L3RR E 72> T
B AR IR RIR DO IE L S 2892 L2 b,

WIHNRRE DAL (GaN) %, iy 78 /%% 7 F LAMMPS % VT 6,000K (2B 5 = &
T NRIR] ZAERR L, £ 2 O=IER CHERNT 222 T IT7EALT 7 ZIREE] Z{ERk LT, 2
BaE~vILVFATA AL I alb—a Y7 helbis (XY TEMAGICAE# L, PD Z4i< 2 & T
P EZRTI L2 LT, PR— FR_Y ML= o— 0 7 E &l o TR L 0 Wi o
ET ML LT, ZOFHETNVICE D, HRIK) & TT7EALT 7 ZARRE ) OFRIERIL 80% % Bl %
T T =N AL WE OHEMTELNDLEPE (2.5~2.51mm) IZRS &, 85%LLEE ot ZDZ
LIXTEM B (ZRoeEH) 0D RS
BERAFHTEZZE2ERL TV D,

FARBOREESMAZ X 1 IR T, 7R
WA TERIER], Huar [7ELr>
7 AMRE | ORI RS E R T, x4
FRIZI VR IR, 7 v & DIRRIEA
ML CRY ., RIRORE BT 5,
[1] i i ¥ o7 EigdE s b
AaY— (2013 4) K 1GaN D 0% (/). 1k (F) @ PD b ORI R H
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International collaborative research for nanoscale quantitative measurement of contact
potential difference by KPFM
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1. 1ZC®IC

FVE 7 —7 EESEE(KPEM) X, AR 7 0 — 7 HEEE (SPM) O —FfE T, #EEF L kR
[ OFEAEN7E (CPD) %)/ A— MVOSREECHEHBEREST 2 Z LN TX 5 Y, Bt E
BAE A ERN T ALiE, CPD HIEIZ L 0 Bt ORI EN 2 E BAIZFHITRE T H Do A E ERIL[FEAF
72 HEL, WURBEYEYVE &2 R E LT KPEM IZ X 3Bk O & &1 72T ) A — LB
EORMAN T 0 havzfr L, EELET52 L Tho.

2. FE

PR R ORI C B D~ LA 27 Y= 7 b (VAMAS) @ TWA2 (EHEALFZ0HT) O FEE
E[FERFFEA F— L% F LT, KPFM (2 X 5 CPD D& & & 2245 fReeaTAmIZ B9~ 5 2 FkE oo [E B
Z s RrErT A MRRT)ZIT>72, &0 FEDILNIMS BT ->72, CPD OE&EIZBET 25 RRT
Tk, WEOTFIEEL | EAERE L LT Au(111)/mica & @ELAMEES RS Z 7 7 4 F(HOPG), fif
M7 DE 5 REZINFICEAT LTz, ESIME X TIAEIZNE- T2 DOREHEREIO 2 A CPD HIE
oA T AHMEED CPD JIE Z1TV N, D BTSRRI HE - T Lz, CPD 14D ZE [ /iR
REDFHMICBI T % RRT TiX, HIEDOFIAE, FEAERELE LT ACS Material #£80 Si(100) ™ =~
o Sio, HEfE (BUE 90nm) | ICHEMREGHIBEE CIERL L7277 7 = > (T D8R 3 RES0
FITHMAR L=, &2E X, PIAEICH ST, 77 7 = OEN R 5y O (boundary)
Za e EIE T CPD BHIE #17\ . FIEIZHE > T2 45 fEEE (lateral resolution) ZEHAIL . #
BT HERRIC - THRE LTz,

3. MR

EN R OEE, PE, EE S 8 DS INN &

ST, ERFRMBNFH OO OMEHEYE L LTl
HOPG 7% L T v | SREHum O3 B¥ A4 7l <

X5 L, FhUC LY FEARERE EN &2 E &JE T

XL ERHLNNC ol T A — VIR 3R

REE BT OFEHEY'E L L TiE Si0xSi 7 =/~ ko

57 BELTWDZ ENGhoT,

4. SHBOREMR

ARERRILFRIFIZE T STk RIS X SPM O
FEYEL &2 02442 I1SO/TC 201/SC 9 |2 KPEM (2 L %

;A — N EKHEMEBMNEDTA KT D
PR 2R L, ALy Ey M RSO T 2B 1V R TH2.0V

o o MB20V E TELS L X0
BURS ORI T TS 2 Au(111)/mica @ CPD
2 3CHk

1) T. Noda, N. Ishida, T. Mano, D. Fujita, Applied Physics Letters, 116, 163501 (2020).
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Surface reaction and spin polarization analysis by quantum state selected atomic/molecular beams

AR D
DVE - MPEMITIERERE A NMR 71—

*kurahashi.mitsunori@nims.go.jp

AE | [EHERKRE R EO N R FIRIE & 8] LIZR T« o0 B AE KA —E AR Tl &
% PO PR K A B ARREORHA 2 ATREIC T 5, BIGEHEIC L D A v - AR AEE
B Oy, Hy =L DF%E « JEH. AV URIRE A2 & 23K A B A2 AT L THED TV D 23,
ARIRNA L —TIIAREE RN LT2BLA Oy 0 B — LD AT v P TORISIRENT~DISH & | R+
MEPERRA L S~ — 7 A Z VIR ENRRE O BN SV TR %,

1. HHEFE Pt(111)Z I\ 72 Pt 2T v 7 COELRIKTE O, WEBRRDOEH)

AR~ O W5 1 ZREHE AR 72 KIS A L EE R SOFZBRETH Y . AT v 1L I
ELTHERIND T /R ilyErE R e L TEHEETH LD, EOWFE « RONFHEICBEONET
T TS, A7 TOROSFEIL, miesm & P mE k3 2 JE RS R O bk 2 F 2 i am
NDGENZ N, T 2 Z OB OREIFEHE, WESRMN/R EOERS, misumicki)
DT TAERAT v T OEGICET AREDREEZ D, ZOMEERNT 2 Hikmes LT, A
T T HNY A D B 5 A RS & BT 0 — 7 2 A A bR T, BRI USRRE
DORENBRATIEDN B AT v PEERFEZ T 27 7o —FITEFEER P EE > TV 5D,
P 13, Pt Sk & (111 CORLAHIE 0, WA EBRAZITV, O S AT v 7 FNZ T
IT/IEBE O ANTWAEREN B0 D i7e E2R LTe i, EBRRRZED K X  EEMAT-CHERE L RO
Bt o#Em TN TH - 72, A EL dimEAFE Pt DRSS B O 0 FE— L2V, AT v 7T
DOBELIAMEAT O WG R 2 FHAI L7 D TR 5,

2. FKFEH Fes04(100) LOBE LY U U3 F BRI Lic—7 A VIR EIREE

Fes04 D/N—T XA ZNMETA YV b u =7 258 CRETER 2 O%T T\ D, 75 RIS %
Bz DB, EERE - RiEICk T 5 7 oL i A B ARAREE (Per) DS RIREIC 72 705, (1)FesOs iR 1
Pep (TAS AR PNEBIZ LN TR T & | (1)(100)FK 1 D Pep 13K FE 0w & 0 RIEIZEE L, BliwEt
BE-100%DME 2 T4 %, H/Fe;04(100)FK[H D/ N—T7 A Z VUG T4, WSO © %R
ICEATENL, AMAEY Y bn=/ AEHOBLRTHRERE TIRSND, Thvad BfE L7236k
PR BB BT SN TWD D, bR Be in B ORREE IR . kg £tz
RO FHASFEECTH 5 RENE 572, LSMO SOk N—7 A 2 V3 & WA A 7RI
REREEN AT D 2 LITREOFEAE L LT RO THRMB SN TWD R, ~N—T X Z )L
SRS 2 BRI B L 7= S T,

Alal, A ARIBEZ EBUGI /> (SPMDS) & V., B U 272 (CsHsN)/H/Fes04(100)1Z 8 A B
(WA AR EE 2 R tH L, DFT HELIZ-100% D ImGE 2 Tl L7-, &Kl Fe& A/ 4 I8 P N
SNy Fi A RIS L CRLT D Z ISk Y| FeITRIET 5 i A B U RIBMGE E /%) LUMO
IR E AT, =T A XV v 7 e REREZTER L7 b 0 L BEfET X H[1],

ZE R
1) M. Kurahashi, X. Sun, J. Phys. Chem. Lett 12, 8489 (2021).
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Hydrogen diffusion behavior by image analysis of time depending operando hydrogen microscope
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1. 1ZC®HIC
KFEWEIE, MEPRICRENSRA L KEMEELF SR THETH D, BEBNTL LT
B, RESCHEO TR, KFE T v TRESCEOBE, BReEdh A2 ETMEHA T, KFEK
FBLOISHEFIZKBT 5 Z EnHsk, 2N ENORHI3EMECHEERZKEILH > T 5,
FLT o RAKEFREE, B EBSHEMEESDIC LY, MR B OO FmEIZEE L TL
HKF A, WRRSEM LIS b T 2 EE TH D, SRMBOME L, KEHIEO R E G
L, EBOETVEES THRIR L 7O THET 5,
2. ERLER
BZEREEM & LT AT 2 L A(SUS304 $fl) A& E4E L ChNL
ERZHBEAL, BMOA—AT A MEEL~LT oA MEED
179 530k 2 Ve, AREHSRIIC 0.1MPa D EKFE A A L,
24 U CRHAIERICIB & 9 KkFE 2 mif b L7z, SEM OE T#=x/L
F—IX 1KeV, #UEHREIL 473K (200°C), JHIEfEIR I TBEEL D& A
OB EE 300umX500um &L, —AOKEERIT 400 B (1
VA=V 50 FP) THREE L, 65 BRI 520 Keoo K E i A2 s L
7o [RINLE O E T3 5 #ELIEIPT (Electron Back Scattered Diffraction,
EBSD)DFHAIN G, A— 2T FA MEEEISO@WER T, KF#EE
WOBREBNKREL, v AT A MEEEIS O m O EE CIdkE
DOYLECHEEE TN S O OFEEFRRIT/ NS 0o T, KEDLEERE DR
MISEMEZ, Fick DYEBATT7 4 v T 4 7L, A—AT F A MkiE
ERTHDEEZBID Componentl &, < /L7 A MEGEERRK T
H5EEZ 5D Component2 D [yt L= (X 1(a) Y,
3. fEHT
YRR L T T T > 7 R SIS TR L (X 1(b)(c)), HEIED
éj%ﬁ:ro‘ck(ﬁ, Zi%ﬁééiﬁcﬁﬁﬁﬂ L7z, i‘iﬁ%ﬁ(f?ﬁiﬁ?@%&lﬁg LT, vw | () BRSO
T UV A MEEPEMRICHEE L2 0 OMBARTEET, E70B0 ok 28BS o R 2L
75 v 7 R LTI, BEHAORTIERL, A—2FF 4 b&  EIHEGUCL ST = 1

— W 3 SR sz U VT . \\o /b/ iE‘O) ‘H‘:’:
VT A N OKFEOURE & B, R OFEIREE A R E T éq;;\gv//f? fiﬁj‘z/r %LE

HZLT, YIal—ia UREREEAMNI—H L2, VN X o> TH—ZH M

5 HI% 556 &, RS

sHIm . . HI 2340 5, (b

1) N. Miyauchi, et al., Applied Surface Science 527, 146710 (2020) CH N k )%Fﬁ?fﬂﬁﬂ{ﬁ ?ﬁo

2) A. N. Itakura, et al., Scientific Reports 11, 8553 (2021) (c) WERIS & Rl
7T T A,
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Atomic-scale characterization of highly doped Si impurities in GaAs using
scanning tunneling microscopy

Nobuyuki Ishida', Takaaki Mano!, and Takeshi Noda!
! National Institute for Materials Science, Sengen 1-2-1, Tsukuba, Ibaraki 305-0047, Japan

e-mail: ishida.nobuyuki@nims.go.jp

Impurity doping is an essential technique for controlling the optoelectronic properties of semiconductors.
Si is one of the most important elements used for the n-type doping of GaAs. The active carrier concentration
of Si-doped GaAs is known to saturate at approximately 5 x 10'® cm™ [1]. One technological issue caused
by limited carrier concentration is difficulty in forming ohmic contacts. However, because this issue can be
overcome by using alloying techniques, studies to elucidate the saturation mechanism have not been actively
performed in recent years. In the meantime, the demand for ohmic contacts at metal-n-GaAs interfaces
formed only by controlled doping conditions without the use of alloying techniques has been increasing with
the growing interest in new plasmonic devices. Recently, Mano et al. found that to achieve practically low
contact resistance on the n-GaAs film, more precise control of the doping conditions than before was required
[2]. Their findings highlight the fact that the detailed behaviors of Si impurities, especially in highly doped
regions, are still not fully understood and a microscopic understanding of these behaviors is important to take
full advantage of the properties of Si-doped GaAs for device applications.

In this work, we used scanning tunneling microscopy (STM) to study the characteristics of Si impurities
heavily doped into epitaxially grown GaAs. Numerous Si-related features were observed at the GaAs(110)
surface, as shown in Fig. 1. The extent of the broadening and symmetry of these features differed from each
other, which provided a clear way to experimentally identify the Si species. The direct counting of the number
of donors and acceptors in an extensive collection of STM images clarified that the saturation of the carrier
concentration was mainly caused by the formation of Si complex structures, while autocompensation by the
formation of Si acceptors played an insignificant role in epitaxially grown GaAs films. In addition, we found
through a systematic characterization of the distribution of the Si species that film growth at a relatively low
temperature allowed the formation of
thermodynamically unstable Si donors, which
were easily converted to other Si species by
post-annealing at slightly higher temperatures
than the growth temperature. The formation
of unstable Si donors resulted in a substantial
increase in the local donor concentration
(reaching approximately 9 x 10'® cm?) in

some regions of the film [3]. Fig. 1: STM images of Si species observed at GaAs(110)
surface.

References
[17Y. G. Chai, R. Chow, and C. E. C. Wood, Appl. Phys. Lett. 39, 800 (1981).
[2] T. Mano, H. T. Miyazaki, T. Kasaya, T. Noda, and Y. Sakuma, ACS Omega 4, 7300 (2019).
[3] N. Ishida, T. Mano, and T. Noda, Appl. Surf. Sci. (2022) (accepted).
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Ultrafast Vibrational Dynamics of Hybrid Lead Halide Perovskite
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KR O KBGEMAMEE U THIRF SN D EERAE AL 7Y » RN T A R 7 20 A M,
FZOPWERNT A FINEROPSH A DO RN GHES T FA B OIAENTEEEZ AT 5 (K 1a),
SATHERMIRIC K0, R - AW THOER LSRR CEMERTL O L T5 I, Z0sks
BRI 22 EMECN v U Tk & A AT D AIREMEDM R S T & 72, AMFSETliE Methylammonium
lead iodide (MAPbL3) JEIEOIRENZ A I 7 A% BEiE 12 7 = A M, LR LF—1.5 eV
DIV A % AN TN R DS THA~T2[1], R — W RAE 5121k, A T4
DR (MA* twisting) 3 L OFRE) (MA® libration) (2NN 2 RENEX 4 35 KX OV 8 THz O
JEIIZEFAS . 1.2 THz O MR Pol #%-7 DZ A (bending) (2N CEMI SN (K 1b), WT o
IRENVE S . — A7 L — —RREC K DB D R & (31T, b IR DR & & b IS E
7 haRLle (Mle), 2OZ L, VYU HLONFET x ) F— RORENIRT 2 v LD,
HERSHE -, AR T4 & BITBWIERFMEZ A5 2 L 2R LTV 5,

[ 1 (a) MAPbL; OfEf M. (b) B/ 2 M CYRNE L 7= MAPbIs HE 0O W ] 4R 1 — % =
B OO T — ) TIEB AL ML, SRR A (Pl bending) . HHED T AL OFE)
(MA*libration) 3 X2V (MA*twisting) IEENE—27 OB L ZONEZ KT, (o) FEfEKE 5
BT AT AT THIEICE AN, REB ORI AT,

BE 3R
[1] K. Ishioka ef al., Phys. Rev. Mater. 5, 105402 (2021).
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Electronic state analysis of photocatalytic micro-particles
using scanning photoelectron microscopy
RRERXL, EX2 EMK3 JST IEMNT DHHHES
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VTR, e B IR & S A LA REHE FIIC 2 HIBRIBHE Lo AR SEEN R E R & 22> THY
HAFRE T U — v R R VX —DBANRHE Th 5, £ 2 TRt 3L X —CRFERLEN Al
RE 22 KOy fi -8 (A E AR B~ O MR R - T D, BB ER L) -CIR 2 & R DTk & 72
BEPREIN, R—TEEFCHHLE AT X 2KFRAEREN LSS ST D08, mekRet
Fl R RO BE HREAREL I, KB AR L B HIREDOBIRIEZ BiR 35 Z L BARAIR TH 5,
L2y L. $ERDEBRES DT FETIL. WPEITRL TARAFIED & 2 i 5o 7 734 ZHEERN O #
RERL - DIE A BIRANCEUG 35 Z &3 Ly, 2 2T, Fox AR X e A 3B sy
JEHEE Td % 73D nano-ESCA” % IV T, KO FRE A LA ET /S A RGN O BRI 500 &
1TV, BIREEDIKE AR STEVEC G 2 5 58 5 et LT,

FEERTIL, RbCl 7 7 v 7 ZTF(E F Tl L 7= BaTaON(RbCI-BTON), 255 5L ThnE L7-
BaTaO:N(N2-BTON), /  R—7 SrTiO3(i-STO), Al F—7 SrTiO3(Al-STO) D 4 FEFAD A7l 4
ALz, Zh ookl 2 Au #EEAR FIZEER L, 3D-nanoESCA 2E#E 2 iV T, 3B ol
YENL AMEE TN RONE T AT MV EBIRIL 72, B EFEER1T SPring-8 ¢ BLO7LSU CTITV ),
TG 1200V, = R — 3 fEHE~100meV, [HINZE R/ fi#HE~200nm CHIE L7,

Intensity {au.}

Fig.1 XPS spectra of Ta 4f’ Fig.2 XPS spectra of Sr 3d

Fig.1, Fig.2 |2 Ta 4f. Sr 3d DWkNE AT M EZNZENRT, Fig.l X U RbCI-BTON O
Ta 4f A7 K JUIE N2-BTON D Ta 4f A7 btV LV 1K Binding Energy (237 F L TW 2, E£72,
Fig.2 . U AI-STO ® Sr3d A7 tViLi-STO @ Sr 3d A7 kv XV H{K Binding Energy |23 7
FLTWe, BTON & STO bl KN TERLT < n BHEEHRRFEZ 7R 23, FERAIR DG |
RbCI-BTON & AI-SSTO CIE 7 = /L IHERI AT 7 b LCn AR T LTV 2 & RIB S35, EEE
|Z RbCI-BTON, N2-BTON DJ5 A3 E No- BTON, i-STO £ ¥ HigMEn i B35 & #iE & T
WHIBL DT EnD, n BT &y 5 BEHREEZAbAN KFE AERBOSTEME O] BIZBEfR LT
L2 EDBM LMol FEETIE, JE S AT LOFEMSL, BLIS L7c n BT 28 BRI
FRIRER S D E DBFEIZAEH LTS DDNIHDW Tk 92 o
[1] Z. Wanget al., Nature Comm. 12,1005 (2021)

[2] S.Jadhavetal.,J. Mater. Chem.A,8,1127 (2020)
[3] T. Takata et al., Nature, 581, 411 (2020).
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A Comparative Study of Automatic Peak Separation Methods Using a Group of 2000 XPS
Spectra
JRHEZ ., BEEE, BYGLI, &5)158, mE%R
NIMS Material Data Platform Center
HARADA.Yoshitomo@nims.go.jp

FENZBIT A XPSICL A AT Mo —7 BT, WET—X DNy 7 77 R
DR ORTE, KBEE— 7 OMLESC YAl &, B — 2 37 A—2OYHE% T8 CTHRET 5
WERDD, ZHUCEY, BRI L ORI YXEECTLEY ZENRHLNATVD,

F 72 XPS X° AES 72 EDFE H /HTEEE 2V T Depth profile 72 &, i L THED AT K
ZHIE L, ZOEEZBONNTLZERMTbNTER, 20X RAEDOHE, ERICL > T
T =B HNEEIEL 2D, T T, ZRT—FnoY TV L, o7 T
WTHEAT L. TOREREZIBED Z EMTONTE 72, L LR G, BTERGIENER D728,
FENTRE . FRATRERIC L o> TR B DRSS ONTLE D ATeE 2 PR TE 7o\, & 2 TARIFZE
T, HDH T A=ZEEASERND XPS FHllZITo o7 — 48 (F—F &y ) IZxfLE—
7 GrBEEAT O HEO Bk, ITEIREYEOPERE R L e T e G T 5,

W=7 — 1%, GaN &£ OB A <7 MVEE (812000 KD AT MLT—X b
72%) Y ThbH, ZOT—HRIX L, MET—% 7T v N7+ —ht L H— (DPFC) 128\ T
=R L TWD, —HOWUET —F b7 —F &y NEHE T 5 Research Data Express

(RDE) Z#HW V7 —42t v & LS L Lz, ZofiEbshizaA~<s MUk L TR
Wra4T9 2= & C. GaN &REOBLEIZ W T, 2l EHEsEL L2 ENE LTS,

FPTZOTFT ¥y ME, KL, BIEAT A
RETRY U TIN, BT —F BRI THD
Do AT CIX, KWL, BT A DA
{22\ T, DPFC TR¥ S 7- XPS HEhE— 27 55
ik BIC BB — 7 40fElE  (LAKE BIC 1%) 2,

SR S ABUETIE V2 )S LTz,

B 1 IXS AR MABIRET FiEE AWz, +c
GaN DO E RN FFOMTHE R Th 5, FERIZ LY
FEaR—R 2 FBANED TR T
X5, K#EHTIEL, avR—%r FoLEEE %

THA L, BEBICOWTHRT D, -1
DIENZDWT  [FRED#T 21T 5 Z & T, AL

@:?Sﬁ—éél/w:/)b\f%)%éﬁ?é 1 +c GaN iléﬁ Ols lio"—‘yﬁj\%ﬁ%%
BE R

1) https://dpfc-des.nims.go.jp/Login.html  (Ff&7" 7 &= A 2021/01/11)
2) H. Shinotsuka, et al., J. Elec.Spec. Vo239, (2020) 146903.

3) M. Sumiya et al., J. Phys. Chem. C 124 [46] (2020)25282.

4) R. Murakami, et al., J. Elec. Spec. 245. (2020) 147003.
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Oxidative desorption behavior of sulfur on Pt single crystal electrodes
&1 #7EA ! - Ruttala Devivaraprasad ! « Elumalai Ganesan ! « JTf #(Z 2 « HiH Hith !
U - MOEMIFSERERE . 2 B DK EFRF:
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PREFEMIZI VT, KA - BB ICE SN MBS B CH 2 AeT /R ICBET 5
&L BOSIESEY A PR EFE IR Z LKV AR KIBIIK T2, 29 Li-tkmEs 7B - BiE
T H70IiE, T R ERERR T 5 KW AL CTORMBEREOWEREEESOMANEE CTH DH, A
WFFE IR, A1), (100), (110)FREIMATEZWE S, WEME & a2 RO %
52T 5 B CESKLFHRIE - RE O 21772,

X 1 IERRE NS L7 P(111)EMD 0.1 M HClO4 KIFIE 21T D Eiii—EA iR CTH 5,
%&Lfﬁbt%@&mmnﬁ@fimfumm&owwkiommm%4ﬁ/wns+0@W

O EBBEE NBIER SN D, MESWET D &
=9 L= BRALFEEAEE S, 02~0.7V D ==+==E===”Immmm4
BALY A 7L TIRIE L A EBIRITBE SN
ST, EBEMBERZ+0.8V IZT 5 L fEDRRL.
\ZHSET DEMBPBIEEL I, A 7 a2 RS
T LI ZOBLERIZ/NE L 80 KFEOWE K
Bl (1020 V~+0.10 V) BEFEIZKRE oz,
L7235 T, 0.8V IO H BB E(LEGIT
W7 U 7o i s FlE O B AL BRI 2 %S9 5 k%
2D, EBAMBERN IV IEBMIZ/2DIFER
fLERNKRESHN, L0 DRrndg Ao 7 5Tk
FOWEBBEE A EE L-, 2oL &, 110y 7
ATy D KFEDOWE BB 73-0.15 V Tl

BiT=7=%, Wik OBLBLEED 2 WO LRI ETT v\(110)4%7“%—? 4 toth
T2 AR OBALETY A 7 VI &> Tl 02 00 02 04 06 08 10
BTN LT E DRI 5, Potential / V vs. Ag/AgCl

Pt(100) M5 L OF PIIO)EMICH VT HIFEER 1 ks L7z P11)ERD 0.1 M
DOFHAZEATV, BALYA 7 VICEBIT B IEEMRR  HCIO4 KEEHE T OER—EBALh# (PR ETE
WK L CORRORE B OFEEA W F e TR POTDERROETE—EA M)

v b L72RESR, P11 3 X O Py(110)E #i L 0

=} T T T T T
P(100) A D 478 & 0 EBMM TR EER 8O Y =
Bt o &ewo ZenAtian (K2), 29 L %z':: 110
ORI R 2 ) 2T Som ket v
IZOWTRE X BREBELEIC LD IRGE LIHEED 8, \¥ ]
O A DR MC EE SN T ER LT, & 00 .

0.0 0.2 04 0.6 0.8 1.0
Positive Potential Limit / V vs. Ag/Ag/Cl

¥ 2 IEENRFUMKAT L7 Pt BERIC
VT DS AR D2l
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Sample Structure Determination by Bayesian Estimation with XPS Simulator
B 75 1, Malinda Siriwardana!, JKHE 1, 511 et 1, EBF R 2
INIMS, ?EXIEERE
SHINOTSUKA .Hiroshi@nims.go.jp

N & FE O BURL O FEREEE O W IRHT O 7= D12, A JES3 R X AL E T EE(ARXPS) A LT
LIZAWSND . Z O &2 @ BICE]T 5 7-0121%, BT OMESEL R 2 #EY)iceT V)
YIFTHIENEET, TO—20DFHKE LTSESSAVR ED XPS ¥R 2 L—X OFHANET S
D KHFGETIE, A AHEEITEE D S WS 27 12 SESSA o 2 = L — & A AT, ARXPS
T AN O RIREMEE A HEET 572D O FIEL S L.

BLAB & LT C0(10A)/HFO2(25A)/SION(16A)/Si D 4 @G OREI 2 E DT T /L & L CTRBER
ZATVy, Hf4f, Si2p, Cls, Nls, Ols #li&2 b DY B — 27 OEAEIEREL Z 2 DO A E0° &£ 54.7°
THET DLW FUETHEFRET —F2 2R LT, BEH#EIEZ  COyN/HfOyN,/SivOyN,/Si
D 4EEETHD L L, KEOMKENET,, T, T2 R/NT A—2 L LTCAFEEZEALEZ. £
DOFER, BOET V&GS OHEEIZRREN L2 (Fig.1). #E L7237 A —X DA XEthS)
FITENR Y oo THROLND. ALEWOMD/RT A —ZZOWTIE, REITIIVE TIELE
VWS CHEE C©& % Z L (Fig.1(a)), RVETIXSI & N OHEENEL, O OREEMENZ &350
% (Fig.1(c)). F7=, BERZIZOWTERBICEVVE THRIEN R <, TROVE THEEMRNZ L3975
(Fig.1(d)). &, FBEERFIIRENOE 1, 2, 3BICHFET D ERELTWDR, H1EOBRED
R RILERE CRETE D0, #2, # 3BLRBRDIZONTHEDOM D EOILHDEN
REL D, ZHUX Ols OFREDKERIDEH 1 BIZHRL, FEO/NSWE 2, 53 BOBEED
RAOBERZRELDOLL DD EBXHND. ZiuL 2 DOHA LT CliiER o EHE & D
SERPRFEVNEHE LN E VI EROAR E AT 5. BLED X 512, KFET ARXPS ORERE S
MOREHEE A WHEE T 272D DOFER R TFIETH D Z E MR L.

1) W.S.M. Werner, W. Smekal and C. J. Powell, Simulation of Electron Spectra for Surface Analysis (SESSA)
- 2.2.0, National Institute of Standards and Technology, Gaithersburg, MD (2021).

(@) (b) (© (d)

Figure 1. A ZHEE ORERG SN TREHEIE N T A —Z OFER M. (), (b), ()lFZNEh
%18 COyN, JBOKLAL, 2 J8 HEOyN, B DO, % 3 J8 SivOyN, B DML T, FHE
Hik =LA T 7T A ECRALEZ. MPOMIZEMEZRT. (ITF 1,2, 3 BOKE
Ty, Ty, TsDEZRGAATH Y, RARITEMEEZRT.
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Photovoltaic distribution on an amorphous silicon solar cell in weak excitation condition
observed by conductive-probe atomic force microscopy
= B, AU, PO
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1. HF

FRgiAliE 72 = L ¥ —J & LT Si RARBEMIE, BIE A HNROMAMNZ M ESE 57200
WFEBF D LT WD, T THTE/LT 7 A Si K@EMIT. H T 2 HH I ARIE TR
HfE % FHERET 5 2 N TE 50, B X M2 IMA D EBARETH D, TDOT A
AREIEX T 7 A FEM B p BRI O EEAR & 72 515 I B IE(TO) & Bl L T B AERIT 2523, 1TO JE
NER DK g SN 77 7 A Si @ ORI EIC R E 5 2 5 AlietE’ dH 5, & 2 CAWF
ZETIE, BEEEAIENEEGT 2B ERRE Y a—7 AFM 2T, 7E/L7 7 X Si K
By e Mt KT T D YL FE ) A A ORGS0V — T ORFZE D ST M & T, 9. o, K
I EEHIE L7 a A2 2 & ¢, SRS ToBE - R IT o7,

2. FRESBICRT ANEE M OBIE

Bl 1 (LX) 17 ENT 7 A Si KIGEMO, N2 N2 is1) 5 GBS O R A~
MV ERT, G (Band-width: Inm) (2R W CTRAITR L7z, BEEMD D 734, 713, 684,
666, 624 nm DI THHE L7 REE COWrEFEIOEEE 102, K2 (HX) DOb)-(HIZRT,
ZORPOEEENELS 72D (XX —NEL D) [T, JEES DL A T
fELTL ZEnbnd, ZORKFE LT, ITO FIZESRM 2K (FEXEIIO mWES) AR
THEY ., BIRHEEN ENDICONTEMSAFL, BEKRFTREL D2 LT, RMONE IR
OB b D EEZ LD, £HEDH ITO ZZEDOBLY FER TN SR A 2 E 2/ L%
FERRTH D70, WEMIZIZZ SR TH D, ZHUEEBRE IR, B OIUEDE
RELKIEIUC L 2 EPBREORIEAZ KL TRB Y, &850, ZOBRTFIEITIKEEMORL S
T A= R T4 ¥y T ARV EOEHPEERELIHEA TE b FIEEEBI LD,
2 TR
1) T. Mitsui, N. Ishikawa, and M. Takeguchi, Rev. Sci. Instrum., Vol. 92, art. 095103 (2021).

4 1 : EES ORI E AT ML
2 : (a)AFM . (b)-(DiEZ & )04
%, (b)734, (c)713, (d)684, (e)666,
(H)624 nm.
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1. Hx

BRAHZEFR O Z B IRBPEH BEIZENRED 15%E< 2 EDTWH28, 2O ERPEHIRIEEFIC
LORBETRTH D, THITbBE Fn & T 28I AL IKFE L TFRDE T HAKTETLLT
WHT2HTH Y, BARPEHAIZ A& L2 b 28T T 528, JrHEEEE r 0 FH
FELEEFTTH D, AWETIE TEM IZOSGBREEZ E >TIC L TRFzaERonE T I v 7
ADWN ORI L BOS L CTERETH S D 2 &2 RWE L, FrICE/DNR AL THRS
WS ERSED ZENARETH D Z VI L7z 7o w2 b OERRILIC OV TEET 5,
2. EBRFGE

BRILAT ORBEREE & U CIIBREEA D ERSr D— D> TELEE T i b ZE R~~~ Z A b (Fe 03) & i
B LT L7z, TEM B HICIECHI D D IR 2WE 2 ~~ 7 A FRIEIZEE L
TZOWm 280 L TREBIZRIC L > TEROITH AR 2 7o, F7BBIOFERE L7 THITV,
Z OB TI~~ 2 A b LIRITCHITE DR 2 b2 fefr L TIT o 72,
3. fER

VIFZALR U REHAE L~~~ 2 A b oWk z {E> T TEM T 750 £ THFF L VIR %>
HF ¥ 7T v — LI CROBFFIIATIHOME 2 EAT 2B & LTH D, HriIREI TR LAY,
FAEL T BRI 270 Bk Lo & 2 A0 D REEENRICHED & & bIZBE H L 360 % BN
BE AL S O L7 7o OB A 1L LTe, 2 ORI XM AR OSHT CECTh 5 2 & 2 il
Lize BNV THEUOFERZIT-oTEY ., A TIEH 520, A 1150°CLL EThHivT, 2
DHTHT 2 Z &2l Lic, £l bEFEO B TERD AR A MR T DI E > T 5,

e
B

1 2{bR U FEEKE LT~~~ XA F% TEM N T 750 FEIZ4RFF LEROMTH 2 BF L 7= VIR
MNOHDX X 7 F v —FH, FoREERIINHBIAAERTZ 0s. HTHWITRAITR LT,
4. HiEE
ARAFZEIAE R U723 O VERUXE A SEBA T8 1E N E - APEHF oS HABR 3 - LR
FRICARHE L. AR O —E IR A2 Ze i Bh 4 GIREEE 5 19K12409) . JFE21 R RAR 0 Bk
2k 0ito7,
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Homology analysis of TEM images for structural classification of Pt/CeO,
nanocomposites
Yu Wen'2, Hideki Abe!*#, Akihiko Hirata®, Ayako Hashimoto!>#
"National Institute for Materials Science, ?University of Tsukuba, *Saitama University,
4Japan Science and Technology Agency, Waseda University
WEN.Yu@nims.go.jp

1. Introduction

Homology is a method used in topological data analysis for studying the shape of data from an algebraic
viewpoint. It concentrates on the quantitative topological features, that is, i-dimensional holes in spaces.
The applications of homology analysis in materials science include quantitative structural evaluation and
structural classification of materials. The types of data used for homology analysis are in a variety of forms,
from optical micrograph images to simulated atomic models, but little analysis of experimental
TEM/STEM images. We already applied Betti numbers, one of homology descriptors, to STEM images to
quantitative describe Pt/CeO- structures [1-2]. In this study, STEM images of different Pt/CeQ; structures

were acquired for classification by another homology descriptor, i.e., persistence diagram (PD).

2. Experiment

Pt/CeO, nanocomposites were prepared by the annealing of PtsCe alloy. Annealing temperature and
syngas ratio were changed to generate different structures of Pt/CeO, nanocomposites. The structures were
then characterized by HAADF-STEM imaging using JEM-2100F (JEOL, Japan). All the images were
binarized for homology analysis. PD was used for structural description using the open-source software
HomCloud [3]. The classification of various structures was conducted by the PD-based principal

component analysis, one of the machine learning models.

3. Results

Figure 1 shows the binarized image of Pt/CeO; structure heated at 600 °C with gas ratio CO:02 = 2:1 and
the corresponding PD for 0-dimensional holes. 0-dimensional holes are the connected black phase (CeO)
in Figure la. The birth and death for x and y-axis represent the appearance and disappearance time for
connected black phase with the increasing value of Manhattan distance, respectively. The identification of
Manhattan distance in the binary image follows
that black CeO, pixels are negative values and
white Pt pixels are positive. The location, number,
and distribution of points in the PD enable us to
get information about the shape and number of

CeO, phases. As a result, PD-based principal
Figure 1. Binarized image of Pt/CeO; structure

heated at heated at 600 °C with gas ratio CO:0; =
different structures of Pt/CeO, nanocomposites. 2:1. (b) The computed PD of 0-dimensional holes
from (a).

component analysis successfully classified

References
1) Y. Wen et al., Appl. Phys. Lett. 118, 054102 (2021).
2) Y. Wen et al., ACS Appl. Nano Mater. 4, 13602 (2021).
3) https://homcloud.dev/
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1. Introduction

In our previous work, we reported, the formation of a solid-solution system between ZnGeN» and GaN, by
synthesizing powder samples of Zn; Ge1xGaxN> (ZGGN), with the Ga concentration of x ranging from
0.10 to 0.50. We found from solid-state 7'Ga NMR experiments that the ordering of the cation sublattice
observed for the end member ZnGeN» almost disappears even with the lowest Ga concentration of x = 0.10,

and the structure transforms to a wurtzite disordered phase (P63mc) with x > 0.33.

2. Experimental

The 7'Ga magic-angle spinning (MAS) NMR measurement was conducted at 18.8 T using a JEOL ECA
800 spectrometer equipped with a 3.2 mm house-made MAS probe spinning at ca. 20 kHz. The Larmor
frequency was 244.12 MHz for 7'Ga. The spectra were acquired by 8200—12200 scans using the single-
pulse sequence with a /6 pulse of 1.1 ps and a relaxation delay of 20 s and were referenced to 0 ppm for a
1.0 M aqueous Ga(NOs); solution.

3. Results&Discussion

We examined the (1 — x)ZnGeN>—2xGaN system with previously unexplored compositions
of x = 0.02 and 0.05 to reveal the transitional structural and optical properties caused by the
introduction of Ga. High-field solid-state NMR spectroscopy revealed that the narrowing of
the band gap achieved in the current system results primarily from cation disorder (Fig. 1). !

(@) (b)

% * * E
800 600 400 200 O -200 800 600 400 200 O -200
71Ga chemical shift (ppm) 71Ga chemical shift (ppm)

Figure 1. 7'Ga MAS NMR spectra of the ZGGN specimens: x = (a) 0.02 and (b) 0.05, acquired at 18.8 T.

Spinning sidebands are indicated by asterisks.

BE 3R
1)  Suehiro, T; Tansho, M; Ishigaki, T; Shimizu, T, Quaternary Wurtzitic Nitrides (1-x)ZnGeN»-2xGaN
(x=0.02, 0.05): Disorder-Induced Band-Gap Narrowing and Potentiality as a Solar-Active Photocatalyst,
Inorganic Chemistry, 60, 1542-1549 (2021).
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High magnetic fields: Generation and Measurement
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STW5D, Fo, WIHEROIFRTUIEL 72 DRMEOMTE - B A 3 - BREVEDN R, £7-.
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Cyclotron resonance on bismuth
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1. Abstract

Recently, Sato et al revealed that random lasing can be generate by a special arrangement of bubbles in a
solution contains plasmonic nanoparticles [1]. With the help of plasmonic nanoparticles, the efficiency and
number of laser-induced cavitation bubbles will be sharply increased [2]. However, no lasing emission has
been observed in neat solution. In this research, we observed random lasing emissions and whispering gallery
mode (WGM) lasing emissions in different neat solutions which consist of same dye material but different

solvents. Besides, we fabricated solid-state laser based on laser drilling and observed random lasing.
2. Experimental Setup

We applied a confocal microscope system accompanied with a high-speed camera to test samples. Organic
laser dye Coumarin 500 (C-500) was dissolved in ethanol and benzyl alcohol respectively. They were pumped
by 400 nm laser beam. Photoluminescence emission spectrum data were acquired by CCD detector. Besides,

for solid-state lasers, we mixed C-500 with UV-curing resin and solidified by an UV light source.
3. Results

Random lasing emission and WGM lasing emission were observed in different solutions, as shown in
figure 1. Due to different viscosity affects bubble sizes, we suggest that in low viscosity solvents,
bubble/droplet structure can be easily formed because small size bubbles with high surface energy are easily
assembled into a single bubble. However, in high viscosity solvents, larger bubbles will be generated which
supports random lasing. Besides, in solid-state sample, random lasing emissions were observed around
drilling structures (figure 2), this may be due to these structures can provide positive optical feedback, or

small size of bubbles were generated around these structures.

Figure 1. (a) Random lasing emission in neat C-500 + benzyl
alcohol solvents. (b) WGM emission in neat C-500 + ethanol  Figure 2. (a) Microscope images of laser spot under 20x objective
solvents lens. (b) Corresponding image of drilling structures. (c) Drilling
structures under 100x objective lens. (d) Corresponding PL emissions

collected by moving lasing spot form I to structure II.
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1. Introduction
Geometrical frustration in magnetic systems has attracted attention as it does not allow the system to have
a simple magnetic ordering and but can lead to an unusual ground state [1]. When the geometrical frustration
coexists with the Kondo effect in Ce- or Yb-based compounds, the ground state can be further complicated,
as was predicted for CePdAl [2]. In this study, we investigated the magnetic structure of YbCuGe, where
both the geometrical frustration and the Kondo effect can be of similar importance. YbCuGe has the
hexagonal LiGaGe-type structure, where the Yb atoms form a triangular lattice along the ab-plane.
Magnetic measurements show an antiferromagnetic transition at 4.2 K [3]. Notably, the magnetic entropy
corresponds to as small as 28% of RIn2 at Tn. This can be due to the effect of geometrical frustration and/or
to Kondo screening. Powder neutron diffraction is a powerful tool for determining the magnetic structure
and thereby for clarifying the origin of the unusual magnetic properties of those frustrated magnetic
materials.
2. Experimental procedure and results ° J)
Single-crystalline samples of YbCuGe have been )
0

o Le
OpOOL

SoLO

diffraction (PND) experiments have been carried out at the ) b
cold neutron powder diffractometer (DMC) of the Paul

Scherrer Institute (PSI). Crystal and magnetic structures ﬁ ) ) ) Cu
were depicted using the VESTA software [4].

LOO&

synthesized by the Bridgeman method [3]. Powder neutron )
D
0

0\,09@

Fig.1 Crystal structure of YbCuGe viewed from
It was found that the magnetic-related diffractions are the c-direction.

extremely weak. By subtracting the diffraction data taken
above T, three magnetic-related peaks have been
successfully detected. The analysis indicated that YbCuGe
occurs a partially disordered state below 7w, where 2/3 of
the YD sites remain disordered. This is in good agreement
with the magnetic entropy analysis. Details will be

presented at the symposium.

References

[1] C. Lacroix, J. Phys. Soc. Japan 79, 011008 (2010).

[2] M. Dolores ez al., Physica C 282-287, 1885 (1997). Fig.2 Magnetic diffraction pattern of YbCuGe.
[3] K. Katoh et al., J. Alloys Compds., 520, 122 (2012).

[4] K. Momma et al., J. Appl. Crystallogr. 44, 1272 (2011).

53



Symposium Secretariat

Administrative Office, Research Center for Advanced Measurement and Characterization
National Institute for Materials Science

1-2-1 Sengen Tsukuba 305-0047 Japan, +81-29-851-3354 ext.3861 amcp2022@nims.go.jp

SURTTI LEFR

P BRI ME -MHEMFTEE
nims?  Foimt BRI MR REE =
T305-0047 HWEOLIEHFIR1-2-1
TEL 029-851-3354 ext. 3861
FAX 029-859-2801
E-mail amcp2022@nims.go.jp



