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Development and material application of magnetic-field-free atomic-resolution STEM
LM EL 123
VHORR PR T R e A P 7estE . 2JFCC -/ MEERI SRR,
SHIEKRF R LY RETHT LY br=7 25k Z —
shibata@sigma.t.u-tokyo.ac.jp

AR BRE T TMEE (STEM) I, MERCT S ANEROJR 7 2 H L T & 581728
FIETH D, D STEM Tik, B 0SALUTO T o —7H A4 ANFEHINTEY, 20 L)
MR E T —T WD T T, JRFEARBA TMABIETEDLLIICRDIDON, LWV OH
772 nAdEEnsz, ZORWZHT B 2D 2%, STEM (ifi2 > b T A M A= T D
FREMEEZ RS Z LICHD D, ZNETOMITIC LY. mtE EEREIC o8 Li-mtgsz o
i, HJJ TSR AE L TV D ES DM Z LB TE D 2 EdRaEn 2, 2o eb b, Btk
EHIZHFEL TV EEDON RO b EEBIE LT2< b, UL, BMEMEOIRF 5%
BB IR B ICHEECTH D, ZhUd, ML o ARNITHEIZ 2T L OSBSG4 L TE
0. WELZZOFICANTBIERT IXNERHLI0D Th D, ITHFE, Bx OET —L0%, EHL
B COERBREEZFEHTAH LML o XV AT A LE D, ZoHm LWL X
AT LRI b T A MEDPO) & lAGbt 5 2 & T KRBEHMERICNTET D R s 0
FEMBEELRI L 9 ZOH LWL v X EHAGA T E - HMEE (Magnetic-field-free
Atomic Resolution STEM: MARS) 1%, WA ECT /34 2 DWFFERHHE~DICH B HIFRF STV 5,
ARG TlX. MARS OB¥E & ol O ENS AR GE6 2 5803 %,

X 1 (%) [1120] FF1a7 HBIEE LT~ a-Fe03 O ADF STEM #4(2 = > b B /L L7 g 2 W~ T o
5). (h) B3GR bV H T —~ 7, BEET D Fe i 18 1O RCEATRES RS 53 BRI 8142
TE TR, BRI TETND Y,

BE R
1) N. Shibata et al., Nature Phys. 8, 611-615 (2012).
2) N. Shibata et al., Nature Comm. 8, 15631 (2017).
3) N. Shibata et al., Nature Comm. 10, 2380 (2019).
4) Y. Kohno et al., Nature 602, 234 (2022).
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On-Surface Chemistry Studied with High-Resolution Scanning Probe Microscopy
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e-mail address: KAWAI. Shigeki@nims.go.jp

RILT 4 ) DR FE R o T HRER L TOH v 7Y U IR EFRSA TSR V. #ETO
EEERRITTER 2B O TV D HFGEE T 5 2, T OIS TR, AILFTARK L7 RiBRIAsy+
FEZEHTHE IS, Bl LICRESED, 20%, MBCL Y EVICHEE S5, SRR SE
T REE RO G - REA CTOROGHHTIEL, RbEER MY 7 A TH D, Fro, —(bix
& CHE B S Wm0 MFRE Y 1 — 7 BRI X A HEERET RN & 3R Y RO EEGHIC
FRLTX,

AN T, WKIR CEIET 2B mEZEERR 7 0 — 7 M2 WO CRT IS T - 7= R b3
BT 2 Fhx OIFR 2T 5, FlZIE, Ag(111) R Au(111) K ET6 SO RBIFFZ2EA LI
TaRXRIGBOGTE Ty TV 7 EIFT, ZREED T T 7 2T ) VR CORAERERIEAEYD
A UTZ, B DEEIL TV D C-Br f A3 R A= T e nie o, MBS Z THZEDEE
FEREE LD IR T2 TREE RO g > T\ 5, ZDREZIFFO LICIFES 28 S BB
BT HZET, BEMERL CBrifaE U 5 2 LTk Lz, ZORBEL o, BREFT
BELEREBRI7 7 — Lo DT e SE5 2 Llcbilish L ¥, BRR -0k L 7= 1
=y NOMEEEFECHNT LI 2 A, VT UINET AL OREERMENEES b v
BIMOEMHIZ LS TRELTWDZ ERNghote, VIV ANTIE, £OS=1ICHEKLIZAY
VHEAERE RV AR fbr 2a b —CEIT S Z EICH P LT,

ARFGELIMC |, B ORE(LFRICEBRFET H Z & T, Vy?Nyﬁy%)yﬁ—&Ltﬁ
BREGTEAMESER (COF) BLY, Yuy s afd ) a—<—9 F|CHHENIGIZE D HaEE
FfoloA ) I~—REOEMbEI LD,

ZEIR

1) L. Grill, et al., Nat. Nanotechnol. 2, 687. (2007).

2) S. Clair, D. G. de Oteyza, Chem. Rev. 119, 4717
(2019).

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

4) S.Kawali, et al., Sci. Adv. 6, eaay8913 (2020)

5) K. Sun, et al., Nature Chem.

6) S, Kawai, et al., Angew. Chem. Int. Ed 61,
€202114697 (2022)

7) K. Sun, ef al., Angew. Chem. Int. Ed. 60, 19598

(2021)

F1g 1 Bond resolved 1mage of silabenzene
incorporated covalent organic frameworks.
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Advanced Electron Microscopy for High-Sensitivity/Precision and In-Situ Material Characterization
—afnE!
" WE - KRR SERE S
Mitsuishi.Kazutaka@nims.go.jp
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Fetmatill 7' v ¥ = 7 b TR OFHEIN 2 BT 5 & & bITha =—ZXDE WM EHE~D
JEBHZ D Tz, Jedma il FIEREO 5 BEFIMEEY 77—~ Tld, WHERBURI O 72 OWUNE
ORGSR 2 B LI 21T > TRiz, 2 2 CIEE FBEMEEY 77 — <27 2 el R o4
PR~ D,
2. SmPBETFEMEFIEORR & SR B~ DR

e R P T BRSO B Tix e 2 v F 7 X Nk B CARBERIE) H IR0 O B
FRFF 2 5HAT 2 FiEa R L ORAE - /Mg - &)1 - Cretu) [1]Mi, @ RV —fif A 1t
WD 7% CORHORRZ S BICERSE, ¥4 VES R - T/ UA ¥ TOREARSENG
WaENT D Z LIS L (H - AK) (2], &2, 779 XEBCHELE =212 X 57/
REFHTIEA =R T ) Fa—T DREFMOZOLFHIIC L7 (Cretu » JIIA « =8 - K
A) [3], BICHEE TSTEMT — Z IS AIRE/R T A7 A& MB BT 5 2 & T, BURE) DO IRE)
E— ROEHTRIRE 72 > AT L& BFICE L7z (Cretu + Zhang « AAK) [41Mh, il TEME R &
@@@@ﬂ%%mﬁ?ff/?:%7%@@#&K%ﬁ@ﬁ*:ﬁ%bk(E%)w]

J SEIE O PERHAITTIEE OSEHE D & EAL & OREHRIO 72 O OB FIEORH 217
otowxﬁlwf%f CINETHELTE AT =R L, A AT H 5 Mgl
@%kﬁy7)/7ﬁf@%@%ﬁﬂ%ﬁoﬁﬂﬁm Flo. MAPHFE O L TIE, FRED
=R EEICL YT v — OB L, Pt OESREBISELEBL L. (ITh - =f) [6].

Z O, Ni FEREEER A X T —E@IZB T D AREST I OWTE AR 7T 7 1 —IEIC X
D RERAEE ORI, BLO~ b 27 AL ORI AERICOWTORE FrE) . &
V=N — %~m%ﬁﬁ@ﬁmme4ﬁﬂTw& (ZOWTOERERR (Z3F) mE&1T-
Iz FTo. KEKDFEHREIST DWE OB LBMET D720, RO 72 WERREKIRE AT Z
A D FARIT iéﬁmk&%@&@%ﬁ% &%ﬁA WED %@%%6% L7z (AR) 7],

REMEHGH CIE, #4277 7 4 =28 b — F—ABIRIC L0 EFRBSICHNEL T A
MIEITIIN S T SRR O E B2 Lﬁﬁbt(?ﬁ[@m % < DBREEMEIOBIE % 52
M L7z (BH - KK =F 170 - A,

TEM (ZBT D5HAIA 7 4+~ T 4 7 ZADWFFE T, AT w O—Mir 7 & 25 M Uit 4
D TWDHM (A, V=—7 1y MWL DR e E 27 (BE),

BE R

1) K. Kimoto, et. al., AIP Adv. 12 (2022) 095219.

2) J.Kikkawa et al., Phys. Rev. B 106 (2022) 195431.

3) O. Cretu, et. al., Carbon 201 (2023) 1025.

4) 0. Cretu, H. Zhang, K. Kimoto. Nano Lett. 2022, in press. 10.1021/acs.nanolett.2c03762.
5) T. Shiraki et al, Chem. Lett. in press. DOI:10.1246/c1.220467

6) M. Takeguchi., X. Li, and K. Mitsuishi, Jpn. J. Appl. Phys., 61 (2022) SD1021.

7) Y. Suzuki & S. Takeya, Phys. Chem. Chem. Phys., 24, 26659 (2022).

8) K. Mitsuishi, et. al., Sci. Rep. accepted.
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High-field solid-state NMR and optical properties measurements for materials science
Rk
WE - MOBHMITTERERE Stk s BT BT FE LA
GOTO.Atsushi@nims.go.jp

1. 1ZC®IC

NIMS 1%, RO 1GHz-NMR fer OBRFE 72 £ SRS A « 0 eHIRIC B3 2 88 7B %
FEEEA L, BETZ2 OEME2E/ L TE -, AFRIZ. ZhooiiziEM s LT, 48
BTN D @ MERE 2 [E R NMR sl 2 B s U, A Seteps Bl O BEfgR 2 35
ZERHBE LT T b DT, fRix il (NIMS-JEOL FHHIEN 7 4, /b5 MOP, NIMS i#
BERLSHERE, TIA, Cupal, &/ 7 27 PF, ARIM, NOF %72 L) OIZIIED T, £ DK - 23
EDOLRIFZENER LT, TOERBEREELUTICEH T (v aNITIERFZEHERT - /5 .

2. WrERROBE

NMR EAiT OB Tk, M E L, BIEREFROIE, 47 > FlER ENFEBL LTz, mik
FEAL T, 7 A4 424V NMR 2L 05k 4 B ORIERE 2328 L, Mo, Ca, Rb 722 EhiEsk
WEETH - 7= HELHEOFHEA L Z LB L7z (NIMS-JEOL FHUIEA 7 ), EEEKOILE T
L EE SV ARG AL NMR I K0 ERERFY (400K) 2 K& <HE X 58 700 K TOILHUEE
HIE A EH[ L., EEEEMME OSSR TO Li SLHHERE O =T # Lz (o - Bl [2],
AT v RHIE I, R AE TO SRR NMR JIEIZ L Y Li/Na A A > B O S5 B O 4 8 AT
HES 2 L (ML) [3], £7-. MBS NMR (C L 5 REHEMA B ORISR (GRTK)
[4]. A5 EF D Cs WAEME ORI (BREMERLE) [SIICH &5 L7z,

RIS EHAT OB Tlx, X U I b ERSMEIK £ T OiRBES 53 YEEH 2 EBL L, TR FHAEL
i Ck VlES S E S RNEREHCE CHER L, 72, B LEEBOFEHICLY, /97
V6], BETHE - ABMEZIRMEL (£4R) [7]. FrBlEM) s (BREMEILAR) [8)5F O T
ORI Bk U, TREES R AEHIN Clx, By #—8 30T BV ARG, B O IRE ]
TAbMEA 72 E 2% (RFarHE) L. AKFHRABIZ AT 7o s s I I B L 72,

3. ¥L&®

ARFZEIC L0 BEEE, SIRIEGE, 4T 2 RSO NMR HfFe, R RHAEA, B
WG AL 70 & OBAR N HEA., FEHIAEL, BB, BRI BREAN 72 &~ B 23 NEFH I
L7, 7235, ABFZEIE, BABA%E - IHEHPMRIEISH AT —2 3 VRO NMR 27— 3 > Ol
O TFIZEE LD TH D, KIS, HFEEIZ SN2 W2 < o4 - KBS NIMS
N O IL[RIRFFEE TG &2 B L BT 70,

[1] K. Hashi, S. Ohki, Y. Mogami, A. Goto, and T. Shimizu, Anal. Sci. 37 (2021) 1477.

[2] N. Kuwata, G. Hasegawa, and K. Hashi, 47th [E{&A 4 =7 XFtimEs (2021).

[3] K. Gotoh et al., J. Mater. Chem. A 8 (2020) 14472 [Hot paper & Cover picture, July 2020 press release].
[4] M. Tansho et al., J. Phys. Chem. C 126 (2022) 13284.

[5] M. Tansho et al., Chem. Lett. 45 (2016) 1385 [Editor’s choice, Nov. 2016 press release].

[6] K. Takehana, Y. Imanaka et al., Current Appl. Phys. 17 (2017) 474.

[7]1Y. Okamoto, Y. Imanaka et al., Nat. Commun. 11 (2020) 3144, K. Takenaka et al., Sci. Rep. 9 (2019) 122.
[8] M. Sumiya, Y. Imanaka et al., J. Cryst. Growth 574 (2021) 126324.
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Advanced Materials Research using Neutron Scattering
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1. 1ZC®IZ

Society 4.0 R°H—AHR L =a— M T AR EDHEBH=—RIL 2 DI, HFHREFOL=RLF—
BH - BPRS AT DI EDT L —7 ZNV—RNUHATHY, KERLVF UV LDL SRR, HD
WXE T AR EDREZ TG Lo~ 7 U 7 VHEH~OHIFHIRE V. LaL, X #iHE
PEZ 9 LIEBIERSLCA L ~OREIZZ Le, Tha#fised 56O & LT CRDS X1
BT & BREE « TRAX—BHICRB T b~ —T 07Ty /) av—2¥F. 25 LEEEicE
B, 2027 EOEMBRMEE B S L CHEINGEE DS 3000 (& 0 F# A2 #% U TR 2 #D 5 European
Spallation Source ESS % % U &4 [E TRAH @%ﬂ?@%‘ﬁtﬂk?@ bILTWA., LEL, 9 L
BIZR G To~T VT VER h & 2T ERDOIBEBAFE D = — X2 E o 7o P Bl
MELATOBZE & 2 OSBRI B 23 ﬁf%é kiéﬁif%&w TIT, Fxix, Zogtl
72 % 5y By THFU BT 2~ <, PR T HEELAT RG] - BRI D BHYE 2 T X 72,

2. FEBR

BH¥E1E, J-PARC (H), JRR-3 (H), ILL ({4), ISIS (3%), PSI (AA Z), ANSTO (%) 72&
O iR 2 LT 7z,

3. AR

Fox L, Bx e P EGELIS AR OBRR & 2 b OMEI~D R TH L < O 21T T
7o, AFEE CIIRFROFFTIRY TN o 2o L. 2O—#E2 L FIZRT.

[ FPPE 7L A o @ T T OMSREVEREAT] 10 GPa #k T @ LI/ mE % 48 L CEMM
B CHRBTE DML FOWBSE THH. £2TC, £9 LEEmETFTTOEFAE L ORSIZ
ET D-Of kL 2% L, TS0 3KTRBfffrzries Lz . 612, 29 Lc#
iz b &I, JEHIET S A Z~DIS IR S D bR O £ T 2R 21TV, Wik & iR
HEMEL IR O AT T 2 oA 7 2B DN 18.5 GPa T=IL 295K ETEF T2 L
AT 272 8, HORSEERBUC T -2 < OfR#t 2155 Z LN TE -,

[&ﬁﬁﬁ%ﬁwkvw%X&wwﬁﬁﬁﬁ]ﬁﬁ%m%%@%@iﬁﬁﬁﬂ®é6ﬁéﬁf
BICRZAD S D TH LA, BUEFIDRE S 5 BMIBIEE TII~ L F A7 —/L THRA DT
W D S35 B RORL FE ﬁ%%m#é CATEE L. 2 O THMYE /X BN BGELFREE EEIZ K D Alloy
Contrast Variation A 1% 2 H1V N CEA{EAAT & 455 DR 2 38l L = D& EA b Z X - 7 3.

[FZEH e E WA RNT o R A= 7] BERT 73 A ANE OBSRBIRRE T A A
HITERBIIRIE TR T D T2 OMBI O REITIZZE DT RT » RO BRI R TH L. £ T,
I TFHEF BB AT A bEKHEEPIRETE LI 2R 9, WEFOAL X7 ZN
OB T IR EDFNT VR, A=V T HAT o7z,

BE R

1) Terada et al., Nat. Comm. 9, (2018) 4368.

2) Terada et al., Phys. Rev. Lett. 129 (2022) 217601.

3) Mori and Mamiya et al., J. Nucl. Mater. 501 (2018) 72.

4) Mamiya et al., Sci. Rep. 7 (2017) 15516.
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Electronic properties of atomic layer materials investigated by photoemission microscopy
KIg J—RB, KK EAE
WE - MEMITTERERS  Seim B AT BT ZE L
e-mail address: YAJI.Koichiro@nims.go.jp

1. AEE

FBU BB CT A AF%EHB KOV OfEgEm EA2 BIE3 B C, MR Bilogt L 725 7 =13
WAL EOETIRELZH LN T A ZENEETHDH, Bx DT N—7"CTliL, R E@HEoE
R 2 EF e 7 —~ & LT 5, BlxiE, ERMER MR cht 77 7 o idAae s
BIEDT- DD EEMEE RS TVAR, AV VEED X 572510 O HICIEA B U #iES
PRET 2 HEARAE MRBE AR E SO RRNEARFET L2 2 LA RDLNATNDS, HxIXINH
DR FEMEIHFE 31T DRI E T D2 T 272010, SEE L —F—2HnoE
eI RRREA B L RN -y WIS E OBRR 2D T D, E7o, 2024 I T/ 7T ADE
RNt s, ZoliggzaFHAT5Z bl L Tnd, £ LT, L—V— L IEEEBR{# LT
EZEW R, BNV AE R, AT v REHISAIREZR G ) A — VB A EBLT 5 2 b
ZHfET, WP ERHTIZ, 20 0EmiHITFEL AV CIRSMER B RHct iR s s A e
ARIBRE T IREEOFAN 21T 2 o FERMER B EHIFHIE S D A B RIS A B ik O UL
BEREICOWTHR 2R . R MBI 2 BT 5,

2. EZEMITRRE A B L R T4 JEAEE D BRSE & A 1% D R

Fox DRI A HED T D mZEM D IRIEA ¥ L e 1oy e G E CIE R M iRt — RONLE
FBEMEE (PEEM) JIGE & I BZ2 ) i€ — RO M SR E 5 (ARPES) HIE, BXLUZh
SOAY S FEAENTIRE T 5, 2022 4FFE I ITHEE O RIERE O B 2170, 22/ fiR6E & 1l
FEFED 700nm 25 150 nm FTRIEICH ESEDZ LICkE Le, £720 ~VU U L ER % il
B E L7Z ARPES ZA[fEIC L, 7T 7 =, “HALETY 75 >, 011D ERLEm OB IRE
OFHEEZ4TV N, AR 72N> REEE QBRI KRT) LT, 5% 11eV L—Y—% 7= 6B -5,
RN AE RGOS BIF, BEANA T > REHA~O R Z 5l LT 5,

3. HEF AT N E BT S AT L ORESE

F % 13 Spectrum-adapted EM 7 /L = U XL LW S IR AHEE FIEZBR L, WBOLE T AT fL
EWERNATET L LRI L TRIEDARY M AT — 5 05 ©— 7 AT & DR A A AL
— 7"y M T 57EM Peaks” &\ 9 /8w 7 — U EBIFE L T& 7o, BUE, T~ A bR
S TR ARy MR E A N7 5 A, X BIRICARY L7 8125 T O 53 % i T
W5, FZERIAMRAE R L ARCE T IACH T b KD A MRS AR B
B T TR E AR W b TR IR AR o 785 A — 2 HIH DT HIC, EM
Peaks A1 /1 L. 4t & Rt T2 2 & T, BEMAMIER © o HIE /7 — 5 OFiE
FBIRRNT S A7 AHESEE BT L T D, R 72, A MAF—2 OA/S—AMZFIF LT, PEEM
W% 7 — % DIRE) /A RBREIC L 5 22 MSIRRER EEUTO 150 nm 55 S 512 100 nm L F~)78
AN=RET Y JIZ Lo THHEMZOV T HRFET> T 5,
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Intermediate-range ordering in oxide glasses and liquids
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VWV - KBIIT e Seim A BT SR L A
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U FI(SIO) T HLR Sy T T ATERER L) TdH Y SiOs Y FSDP PP

X AT, A S — 2 OBELR Y BV Q D/NE
UMEIEIZB41 % First sharp diffraction peak (FSDP) & L CHy
wtt bins, cnET rsppomERENTsE 3 [ L[| A A
B o T B EIBIE S R ST & 219, ( ”
Fox 1TEGE, B TIEA T RSBV EEZ HNT ‘
W TV F(ALONH T ADEHTT — 4 i+ 5 = &
I LT3, 2 S OEHFF —# (255 FSDP <Al A 01 4
v—7 LT A RO RS A B 5T 5, 0 ° qu 15 20

B 1 (2 Zeidler HIC KV RES NI Y WA T ADE . . .
B - BT OZOBIIET RSB RMERT o) 55 AT SO
SOV %ERT, O~1.5ATIZFSDP 23, O~3 AT principal P
peak (PP)MBLHI &5, PP I X #RIEIHT O S(OWZIZBLH| & o[ T

BRSO Z A L TRy b =2 &AFD 2 EAES 5 1 — 0GP
—_— 0. a
MHBHBNTND, ZOMERIESRLAR Yy FU—2713 H — 82GPa
P i 17 GPa

[

||

XN
- g
Y

— RT/7.7 GPa

NTRNWZ &b, AE—27130-0 HEAZ XL TV 5D —— 400 °C/7.7 GPa

— 1200 °C/7.7 GPa

EEZOND, JENET D E FSDP 1XZERR O £
WhighQ il 7 F LoD 7 r— N2 b, —F, PPIE
MEFEIRF DOFHEROBKIZL Y V¥ —T 1D, THH,
R EMEICBIT D AX B 77 A OTA s A T i
?yhﬁ~7@¢ﬁ%%ﬁ@WMTkéo

X 2 12 X BEFLELNZEmEE ) BT T A
@%Ll%&@%nﬁu%_fmt&EDJWﬁﬁw
SITWRWT LD, mEE Y DT T AdE : —
i @ETNHEINEN/Zb D TH 553, 400 ‘C/7.7GPa Q)
#6@&3@%@&@F?mﬂ\%ok%7m~%?? 92 X SRS B R
2 TNDDIZH L, 1200 “C/7.7GPa 76 [l S 7= 5k gg/]ﬁﬁ7x@%L.%&®D
DFSDP (bt b vy —7 L2, X1 TRLULEHME
F[EHTD FSDP D52 £ b (F 872~ 7=,

WHIX, INDORERET NI F AT AOFERZLE L oo, BT —27 L H T A - RIKDO
B E OB a2,

5(Q)

o
T

BE 3
1) A. Zeidler et al., Phys. Rev. Lett., 113, 135501 (2014).
2) Y. Onodera et al., NPG Asia Mater., 12, 85 (2020).
3) H. Hashimoto et al., Sci. Rep., 12, 516 (2022).
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LaBs Nanowire Emitter Enables High Resolution Electron Microscopy with
Minimum Environmental Control

Han Zhang

Electron Microscopy Group, Research Center for Advanced Material Characterization

e-mail: ZHANG.han@nims.go.jp

Environmental factors, i.e., mechanical vibration, electromagnetic interference, dynamic vacuum

condition, determine the practical resolution that an electron microscope could reliably achieve, besides

theoretical limitations set by electron optical principles involving source brightness and beam energy spread.!

Recently, high brightness and monochromatic LaB¢ nanowire emitter has proven superior to the state-of-the

art W(310) cold field emitter both in spatial and energy resolution in the most environmentally optimized

aberration-corrected transmission electron microscope (TEM).> 3 It raised a subsequent question whether

such advantage from a nano emitter could also extend to a ubiquitous electron microscopy platform where

environmental control was only minimally implemented. In this work, through an in-situ TEM experiment,

we first demonstrated resistance of a single LaB¢ nanowire against forced vibration even when it is with a

long aspect ratio. LaB¢ nanowire electron emitter with such geometry was then installed in the smallest cold

field emission gun designed to
replace W filament thermal electron
gun in the most compact tabletop
scanning electron microscope (TT-
SEM). Dramatic resolution
improvement was evidenced over
continuous operation for ~5000
hours where no vibration damping,
electromagnetic  cancellation or
pumping enhancement was
implemented over the original TT-
SEM platform. This study paved
way for wide application of cold
field emission gun towards high
resolution general electron
microscopy, as enabled by LaBg

nanowire technology.

References
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(a) Structure of a compact cold field emission gun equipped with a
LaBs nanowire emitter and two 5L/s ion pumps; (b) Constant extraction
voltage electron emission of the nanowire electron gun showing low
current noise; (c) Probe current profile showing ~5000 hours operation
of the electron gun in a tabletop SEM, where high resolution
performance was maintained.

1
Peak-to-peak noise ratio (%)

1) Swanson, L., etc., A review of the cold field electron cathode, Advanced Imaging & Electron Physics

159, 63-98 (2009);

2) Zhang, H., etc., An ultrabright and monochromatic electron point source made of a LaBs 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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Hydrogen sensing and absorption theoretical model via adsorption
R EBRER L, A 23 HOOE 45, BHNESR Y, JLEIEL ! A+ !
V1 WE - MEIITERR A Seim A BT AT S LA
2 - MOEMITTERERE BT T —% T 7 b =2 ZAAFSEILR
SRR F KRB MAB P TER o 27 L T I
YWVE - BPBMITTERERE BRREPERT MU FEHL
SFUR R R Be B AR B E i PN R B L 20T JE R
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T, A=A =a— T LO—>2L L TKIZOFHNEATEY | FRHCKFZFHINIIERFIC
Bl E E > TV D Fox 132D X 9 2275 5 h b IER K S )& > Y (Membrane-type Surface stress
Sensor, MSS) % W\/o/k#E D5 21T > T D, MSS IZIEF M/ N RIS 2B TX 57
NARTHDHIeH, BEBEZRICEE L CHAT 25 AICITEERLICL A TH S, K 113K
FIE 2 ZLSHT2 & & D PACuSUMSS DISERITH %, HEFIIISEPHNBURR G ZT %,
Fim, oY E LTKFBRE L UFINEICOWT, KEPRE T HERE2RO X 5 R EkE
EARRT-WER & 70 D 2 BEREDRONHREGRET VA2 B 2D (K2), KFEIIREOBRET A K (S) T
FREER A S AL, T D% AV O A & (B) TR SNDWREB XD &

k14 ka4

1 — -
S+-H, S-H B-H

2% — —

ki ko

LD, ZORIGRITRD &9 ey IR TRITE

S15-H] =l [SIHo1: = ky_[S- H] = kyy [S- HI[B] + k- [S] B~ H]

22 [B=H] = ko [S- HI[B] — ky_[S][B-H]
L5, ThEFHRRIES MIIREOMEBOb & TR ZLICk 0, ERT -5 & LR BT
% EMARETH H[1,2],

[1] Yakabe et al., J. Phys. Comm. 4 025005(2020)
[2] Yakabe et al., Sci. Rep. 11 18836 (2021)
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2
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Automation and seismic countermeasures in low-temperature high-field
scanning tunneling microscopy experiment
iR ESE !
U WE - MR TERE A
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AN O VEEEE (STM) 1%, #UBER I OE FHIREEE 4 Ji A 7 — /L CTrLTX 8
W ETH D, bbb MER T KR - S STM X, ~U U L3 7 T4 FAZ >y L
R~ 7%y MLV, RIKEE 05K, mABS 16T CORENARETHD, £z, 1BE 1.6
K BEW 45K THIE5 AMOIIE~Y 7 MREFFRFHIN THEFHEIR CTE 5, Z Om WO EREIT,
FRBREECHB LB REER OB TR, MR Y WVREIRED 7 X &1k & i
iR - BBS TLAR LN VWS EIFRETHROERZEMBN TENEIND,

STM JIEIL, JFEBBED X D TR TE 2D Tidi <. —fRICEEM DD, =&
Z21E, HBEOFKETHONMEZIT O HDHA A=V 77— NIZBWT, —fifcox 2 oyt
HITE % 64X 64 . CITZ0E 2 BERE]L 128X 128 45T 9 HFfE], 256 X256 /5 C 36 B 254 5, &M%
EZRNOBEYIRLIET 256, —HOBEZBE L L, &HEOFH L TOFEmMIcED L Z &
WEEND, TOWMYIAO—F & LT, WIHRFERIE DO BEML A FE 35, STM Offil#EL,
BRSO b —F U A7 KIKkT 5 TCP #fFIC L W EHBL L, WIGH#EIIEE~ 7> MNE
JRIZKF LTy ) 7VEE TIT> T D, EEEIZH D> TWAIESIE, d—LFFiIckve=%1
TW5, F7o, BHEICERT 288 « BRI O IEOZ L (KU 7 &) 1%, STM &R+
OFFHRZENTICE Y BEICHIET 2 X 512> T D,

F7o. STM OFFsi & LTEENZTHNWE WH RN H V. & ICHARTIIHEOZENGELTH
%o STM JIE TIL, $i< R bW 7o R IER A3 BERE 2 O 1 nm FREE DO FREEE Ciarfhir, Rt -
AREHH 2N D BT NFEN R VERERE LTS, ~ o pUERISEES - 5URHE REEEIC =
DOTHIETHY , ML OEDLDIRENCLY pm AA—F—DEBRELTHL /A XD, 1R
FOEBIIGIREREICL Y HIBRELANTINWE, ZETITES, BE 34 BEL EoM
BN DHIVUTRE DR L EHRT L7 T v v a b RBEL I D, £ 2 Thivbhil, BatEdHz
FIFHLC, HEOEHENRET 2 F ZCHE L Flr L, a2 50R R E 2 OB L 72 RRE CHiE
Wz I I A ZEE L. D, BRAHEERICIL, ENMIE SN2 BOMEIZX LT
HERIND B L, X0/ SRHENSHEIND TTH D, 20 [TH] O@EHMIc
FERBLO~ 7 =F 2a— FOWEENZTEND, ZNODOEHRNG, HESHOKERNIZEL SN
TEREMIICBITORELHET 52 & T, WEICHELZ KT L ) D560 EEEHREE O ML
BETHOZLENTED,

&R
1) FHEBEI, FimsEZE 66(1) fH#TE (2023).
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Scanning tunneling spectroscopy on strained surfaces
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1. IXC®IZ

MEHC B AR ZEANT D &, ZOWEIZEA R EROEAN &Ly RE, &
IRRE, R - BBE - (PO RE A & Bix eEO BN AE L 5, 5F 4 WP EMEHETF o
IaYxl MERIZEWTIE, 1%L EOELEEAN LT BIREOWYEFHIFIEOR TR 2 BIE &
L7z, ZhvE calkla ﬁ:é‘»# RIS H, RENIBIEDY IS &2 REIE L HE VERGL CE
N, ZOFETHOLNDIELEIT 0.1 MEETHD, —FH., By h—Xi SR B Tirbh 5k
FERkERAT DL, TOEITIE WA LEOELRNELND 2, £ 2T, BEEZEH (UHV) TiFE 7R
RENEER AT, %Eﬁ‘”%/xwiﬁﬁifﬁ(STM)T%@ﬂL@ B REE A WE 3 5 5 FED
stz Big L7,

2. S STM £

UHV $ i B £ IO ER 2T 2720041 T o7 —3 a U ZBUE L 7-(K 1(8).
JEAAZIE Aoy 7n i i LB M DS MR CE D IRIL Y VT AT V2B Uiz, BB & JE 1Ok
SRR LIAREIL, 00 ORNCHN 2 B CHIEIZ1T 5, REITER SN DEEOTEITR
10um THH 23, WH O STM EETIZZ DO XL D 2uhisZ—7 >y FEHELTHL T, #toT

O—F %179 ZENE LV, D=8, STM SO FHIZIEEKm L > A A E T 5 Z & T4 4um
FTOMUNRFBIOPRR AN FTEE 70 BAMM STM 2B 25 L=, Z0EE A HW T, HREHE T OJEE
AR LTH AR L) T, BREDOERGIL, JEEN LN D IZEWED LT, L
Mo T, STM ThURAGHEITH Z LT, BIRELEABORGRE —BIOFERTH~NL Z &
NTXH(X 1L(C), 5%, ZOEAY STMEZHNT, MRe U hEEEERIKICBEIT S hARe
ANV ORI, EAY FIZBT 50 FEMOMFE~EIEH LTV,

BEER
1) Fujitaet a., Nanotechnology 19, 025705 (2008).
2) Wang et al. J. Phys. Chem. C 122, 7187-7193 (2018).

J
>
: Dprn
~ 3
ERIZLLHEAHE

LUHV | 7 o7 —3 o L HkE & STM IS & 2 JEE 8 0 B 850 ERREZ .
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Material properties of cell membrane molecules and virus infection
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MR D EMBLG D2 1, EOEMBG A D FE QTR O 47112 X 265506 % O I ZBEfR
ENb, L LEBICIEERGEERE L THIROEEZ PHIT D L5722 L1132 oA TR
WThd, TORISAEOIELSEITMA, B DIRE CHET 25 FEOMIEN Y T3k~
RETIARERDI=DEEZLND,

AFFETIE T A VA —FBIA T D531 DY A R« BRI L0 NLRIIIZ D A L R & RO R B AE
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RESHTZLIZEBT 2 ZLIZER L, HEMOAEIC L 50 FEEOEIZ OV TUIFFED N
FHZRFEICL VAT, ZOREE, MRS i%&u\o%vv~/fgouvc T ARSI IS <
ANV AEGHOTRE 2 RD Z LN TE D, RIZINDDVEDET N1 K 5t R
It AR F %ﬁbﬁé&/AL@éf@ %_owf%%%ﬁ%m ITHT S Z L AR
HB, LAEIZE VG DM By B3 AR R IE IOV T, ElETRBLE VAL
ARG L ORAR DT — Z 124 T :i?sbéo Z 2 CIEBRIC AT — §7f\—;<75>%?%'=%zn6 1 ffa D4y
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Local impedance measurement by directly detecting oscillation
of electrostatic potential using KPFM
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e-mail address: ishida.nobuyuki@nims.go.jp

Impedance spectroscopy (IS) is a powerful technique for characterizing the various properties of carrier
motion in materials and devices in the presence of an oscillating electric field [1]. Measurements over a wide
frequency range allowed us to discriminate between phenomena on different time scales. In general, various
impedance components present between the electrodes were analyzed by fitting the simulated impedance
using an equivalent circuit model to the experiment. One disadvantage of IS is the difficulty in evaluating the
spatial location and length scale of these impedance components because spatial information cannot be
obtained.

To overcome this issue, Kalinin et al. developed a method to measure local impedance distribution based
on atomic force microscopy (AFM) in 2001, which they named scanning impedance microscopy (SIM) [2].
In the SIM measurements, an ac voltage is laterally applied to a sample and the resultant oscillation of the
electrostatic potential between electrodes is detected via the electrostatic force between the AFM tip and
sample. In 2015, Kimura et al. solved one drawback of the original SIM i.e., poor spatial resolution arising
from the use of the lift mode operation by combining the SIM with frequency modulation (FM)-AFM [3].
Although the FM-SIM has largely improved the spatial resolution of local impedance measurements, there
are still issues to be solved: (i) This technique is difficult to combine with the most widely used amplitude
modulation (AM) mode of AFM working in air. (ii) Oscillation amplitude of the electrostatic potential cannot
be quantitatively measured because this technique indirectly measures the oscillation of electrostatic potential
through electrostatic force between AFM tip and sample.

In this study, we developed a method to realize SIM by directly detecting the amplitude and phase of
electrostatic potential oscillation using Kelvin probe force microscopy (KPFM) [4], which can be
incorporated into a standard AM-AFM operating in air. The direct detection of the potential allows for a more
accurate and quantitative measurement of the SIM amplitude than in the previous SIM. In addition, there is
no fundamental restriction on the lower limit of the measurement frequency, which enables the evaluation of
phenomena on a slow time-scale. We conducted SIM experiments on a solid electrolyte (a Li-ion conductor)
sample and confirmed the validity of the measurement by comparing the experimental results with numerical
simulations and macroscopic IS data. Furthermore, we succeeded in identifying the spatial location of an

impedance component and measuring its length scale with a high spatial resolution down to ~10 nm scale.

References
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Evaluation of hydrogen diffusion behavior by time dependent image analysis
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16



NIMS Fimatifl S » RO L 2023 P09

Ao b —%&FE oM T—2 DRI
Ontology application for the use of materials data as knowledge
AR, A —

[ENZHFFERRFIENE - MEHMITEREE AT RIBA RS - T MELR AT
ISHII.Masashi@nims.go.jp

1. &

7 — & BRI E B St Lo h T T — X ORERDSEREO — D & 7o TV D, BRI, 7
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Materials Development and Physical Property Study using Scanning SQUID Microscopy
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RHEED image analysis using luminance histogram and machine learning techniques
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TR OFEMIC RHEED(S S B B TR IE ML AV BT b, B R% — i BE 7
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EFEEEMIOD Peak3 AEHF AKX —L O EEEHEE GTe s LA lzs_O’r QT
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1) R. K.Vasudevan et.al., ACS NANO, 8,10(2014) Fig.2. Deviation of Peak3

2) A.Yoshinari et.al., Sci. Technol. Adv. Mater.: Methods, 2,162(2022)
3) T.Matsumura et.al., Sci. Technol. Adv. Mater., 20,1(2019)
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AT 21T 5 2 &Ik v | RPTEFIREBIZET 2R ZTRD 5 2 L 3T /3 A ADMERE
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T VBB EENFERTH DB, AN LD REDZEMNGAR T~ AT LD E—
774 wT A TN R R 2 T D720, BENREEENSE XD LFFEMR
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1) Novoselov, K. S. et al. Electric field effect in atomically thin carbon
films. Science 306, 666—669 (2004).
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X BRAE T EIEXPS)EEEHT X #R a2 S U S D B F O RV F— A7 b L&
ETHIET, MBHIE ENDLEWFE-SCHEEE 2 KD D10 OREFHIFIETHSH. XPS A
AU RV ORENT & E RPN ER T 2 7 DI ITE T OGN R 2 EUNCET V) /5 2 b
INEHELT, %@—O®ﬁ%kLTS%&Wﬁ&@ﬂ%Vinv%&@ﬂmﬁéﬁ6né.%%A
I3EE T OEME R ELBREZ EBICANTZ Y 2 2L — bR TELH00, NOTFTREWEE T
A =2 O T DUENDH DT DTN~ ARHEREEZ B 5. Fxid, XPS OFERT—2 0
RONTAFRENS LD D LWREHEE DT X=X O/ O2KBEEEL Z L2 HE LT,
AR ZHEEIT XPS ¥ 2 =2 L — & B A iA I, XPS OfifHRE % 4 B8 Cfif < Mkl 2 B3 L7z,

BAB & LT C0(10A)/HFO2(25A)/SION(16A)/Si D 4 @& ok 2 EoE 7 10 & U CRAESERR
24T\, HEAL, Si2p, Cls, Nl1s, Ols BB b O NEF B — 27 OmFERE % 2 DO R A FE0° & 54.7° T
HET D EW) FHETHERET — X 2 Ek L. 3 2 CLON/HEOyN,/SixvOyN,/Si D
AfEREETHD E L, KBOMKEET,, T, T2 RKHA/NT A —2E L TCARFEZEHA L. 20
FER, BEOET VA E TR EME G OHEE 2P LTz (Fig.l). HEE L7z /XT A —2 O_A XHL )y
FIIEN Y oo TROND. ALEMOMED/RT A= ZONWTIE, KEIZIEWE TIE&
VS CHETE C& % Z & (Fig.1(a)), RWETIESI & N OKEENRE <, O DREENMEWZ &R0
% (Fig1(c)). F7z, BEEIZOWTIEREICTWE TRENE <, ROE THEEMRWZ &390
% (Fig.1(d)). AR IIERENDOH 1, 2, 3BIZHEL TWDHR, 5 1 EOREE Oy ElLm b
TRETE D4, #H2, FH 3IBEERSRDIZONTBEDOR D EDITLDENKRELS D, Z
AUZ Ols DFEDKEHH 1 JBICHRKL, FHONIWE 2, 53 HOMBEOK T EZFEL
BHLRLDEZZOND. 2 DOMEOIRENEHRI T CIRERE OREHEE O 52272 R E 2
LWEWH ZERMOLNTEY, ZOMRIIERET VOBLENDEDOEFEEZMEIN L.

T

T3

Density Density Density

0 10 20 30 a0
Thickness (A)

O S Fseseres T 9555 es
Figure 1. XA AHEE DOFERAG SN T3 EMEE T A — & OFHR 5. (a), (b), (ILZTNEILE 1 & COyN,
JE DRRL, 2 JE HEOyN S8 OFERRK, 55 3 J& SixOy N & DL T, FRAME =MFA T 77 A LIZRKEL

L7z, MPoOMFEEZZRY. (DI 1,2, 3 BOBET, T, T;0EEIMTH Y, miTEEEZ R
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Evaluation of solid-phase synthesis reaction
for high-yield synthesis of layered compounds MAX phase
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FAIERRIZAREI LTV D, LaL, ZOARTIEIC L DPERIL 60~T0%EETH Y, HiRHWEE
B2, &2 TARIFETIE, MAX FHOEICESRICIANT T2 G RBR DT DIT, BRGHE A
Z BRI U B USRI D EALIC W TRl 24T - 72,

el O ER EEZEE &2 W, (372 MAX fHTdH 5 T AIC O Y maw

DR ARSI, ARG T - FIREE VSRS 35 | —
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XPS, AES, SEM-EDX %7 XV ZNZNORISERY L £ H 1,

I E 4 :
BERIRIEAS B 53K 1, 2 TIX, XRD DR LEERRED |

EEEL 2 OB BIWE T D ThAIC DEHENRE S, B R I

| TEHKIEFREBOHFEENEZOND, £To, WENDDOEFEMD XPS OoNHiERND, BEAGE
FET AL BEB L TWD Z &R Sz,

BERGEE AN H 72 53k 2,3 0 XRD A5 B4 X 112777, ThAIC
XEEL 2 IO BB T &, BB 3 Tl CTE e o 7o, 1 k2,3 D XRD A7V
2,3 D Al2p XPS A~ MVEK 2 IRY, E—2sEDtilx  GUBF 2R, 38 3:F)
Mo, FIREEOHWGE 3 TlX, MISERMIZEBIT S AlO

Sample2 — Raw data

SHENEZICHY LTRY, FEEENENE Al BRSO — i’
EBLI-eEZEZOND, L ELY MAX HOBEMRERIZENT, =
Al A0 L, BE 0 TRS SEALEMRS X oh 5
5. 5| e
A=

ARBFFETIE, MHEBIR O EIREEZEE T MAX fH ThAIC 26
B LT, SRS A IS 2 CRISAERW 2T ME L= & = 5, Bk
FEAEL, BIRHELES T LTSI AIBES L TEIL 80 78 76 74 72 70

RRFMEZH/OLND Z PRI NTZ, SHRITNHDRT Binding Energy(eV)

A— R e RECE LS5 2 L Ol SRR A 2 2,3 D Al2p D XPS
M5, ARTIVERE2: B, B3B3 T)
B 3CHR

1) [1] M. Naguib et al. Adv. Mater., 23 37, 4248-4253, (2011).
2) [2] M. Khazaei et al, J. Mater. Chem. C, 5, 2488-2503, (2017).
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Operando Br K-edge dispersive X-ray absorption fine structure analysis for Br /Br;™ redox
mediator for Li—air batteries
DHRE ==
YIE - MBI e
e-mail address ITO.Kimihiko@nims.go.jp
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i@khE&%éhfnﬁvwﬁﬁifi:t<§yPXM@%%%V%\%W%%@BH&fMM
DEMEfRHT 24TV, FEEF RM 255 0 BIICRERE AN R D AR T 2 HERIIZH 62N L7z Y,
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SM@SBU%IFT<Mﬁ%ﬁ7%V%%ﬁ¢LMHUWQBrKﬁy@I%W?%%ﬁU
VL7 B A SiiEHAOEIC THEE LN BIRE, BiBA A — (Bl XAFS O finA A —
V) 2 RITHRHERIZ CTHIE T % DXAFS{EIZT (K1), M - KEEEDH D Z L 72 < BrK-edge
XANES Z#i~7z,

3. R

1 R T XL 90T, WIRFEROEBMITIZIE 3.5V TIE-TL7L> TS5, Br K-edge
XANES D WL HL IR~ 37#%ELT@< FeEBALARTD XANES [ Br OZNTHY |
BALGI D AT Fvnb . RM OHIREETH D Brs BFREMH NS B /LVNICERE L T Bk
D BT 72 o 72, Bry IXEMRTICH 0 | R

< LixOy RENICEIET UL RM & L THEEE L Bro SR T— Shenfyprotie
7iéiffkéﬁiﬂﬁﬁéku®f%ﬁiLMb Ejig%:fj%“°h%$ﬂ*“
RN EONY TR L Brs BEZIZ M7 5;;:;\ :_EI

v T EINTPL T EERLTWVS, NUT ianJi Radiation \I:Ii—AirBatterycell
I ER) & HETE S, RM OYRTEA 8@ L C. MR L ——

(2 Li0y FHENZEISSAERR DNEVEFIZHERET 2 2 uaf pE— E}M“W
B % FEBRINIR LTI Tofl L g o7z, é” —:E i
Bl ™ S
2 TR M1 A7 FDXAFS OHIERE & FE
1) K. Ito, D. Matsumura, C. Song, Y. Kubo. ACS (ZfF 9 BrK-edge XANES D2 AL

Energy Lett. 7,2024, (2022).
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Spectral imaging analysis of graphene edges under gate-controlled UV oxidization
AT 123 ASHpHE 20 ANARSEIR 4, BRSCHES, /NWEA 2, JRIBIETR S, BppNse 34
L kg, 2 HRCERRLR, BIST S &3, 4 RIRANIR, SHK
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BEENRFEA—X—Thd 7770k, REPHREOMBEREBIZL > TEFIMENRKE L
%%éhéo?N4xﬁﬂkbfﬁﬁéﬂéf?7xyy—bviiyv%K%\F%4/ﬁﬁ
RENEENTEY, 2o OERPARY—MHIIEAmYEREIC b REBET L, /77
VU= TN ET LT T2 ERNR N T VAL (GFET)IZEB W T, KK/ T AE]
IIFTUV BT 2L, AF— b T ABOLT y DRI v F o VRN ET S 2 L BHR
HEEINTEV[1,2]. REICB T 2BRE)SBREOANRD TS, =2 TRIFETIE, &
UNZE 53 fIRRE 2 FF O U YEBRM XPS % AW T, 77— NEJEBREN L & 47z GFET #EE o bk
RE - EIREEBIH 21T o T,

Si0(300 nm)/ p*-doped Si JEb BICHIEE S T 7 = & O, AulCr Efi A 7835 L= GFET #i&i1C
BWT, 60V OF— NEEFITOERKKH T UV AR L, 7771/%t%m5ﬁt0
IS NTZREE . SDICKIGREATYT T 7 2 Ox v F 0 7 PN IEMEE CHERd C
L R0 < R L S 7= sk o> 2 FlEEH & UEfig L | ngwmmwurﬂﬁbf%é%xﬁiﬁ
T EE - BRI ) E2ETE (3 nano-ESCA)[3)IC T, ZE[#] 4 fi#RE 100 nm TZ 7 7 = » OWNBLE 1 A
7 MvERFFL, i EITo T2,

P HBRILEINTZT T 72D C ls AT LT
T HM1@QDE T T T DTy VE L iR T
0.12 eV O/ ' — 27 7 F M STz, tlRfb
VBT, V97 2o 0x vy DEHARIRAIC AR
— IV R—=TENDZ ENGhoTl, S HITHER LN
HEAT L7 fEikClk, K 1(b)D & 912, Cls A7 hob ASErE 3
DGR LTV, 1 UHIc RBaED sp? | o . /o e s |
A, BRI C-0 FEADHIR LTV < BTV PSR
MEhiz, Zokicar— NEETF UV LRHET (b
X, =y VBB x v VT R—7D%RICKMBEEA,
b 2R T v F 2 ZITE| B R O FE 2 B &

M 72> 72[4],

YHIL, BEEENE SO, EENRRHEZ AR 2

DO T Do

P o)
jat]
—

Intensity (arb. units)

S

Intnensity (arb. units)

¢ r T T T r r 1
289 288 287 286 285 284 283 282
Binding Energy (eV)

PPN _ 1 — NEERBEE L S
1) N. Mitoma, e al. Appl. Phys. Lett. 103 201605 GEET ciljE L7- oA o k C Ls P2

(2013). HEF AT ML, ()55 IEEE LR
2) R. Nouchi, et al. J. Mater. Chem. C 7 1904 (2019).  (b)5R\ " JEERALEAEL
3) N. Nagamura, et al. Carbon 152 680 (2019).

4) N. Nagamura, et al. Nano Express accepted (2022) (DOI: 10.1088/2632-959X/aca0af).
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Operando X-ray Absorption Study of LiNiO2 Cathode Material during Synthesis
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E EXHBEHRO Y T U LA A EMIZENT, K02l CEAEZRIEBM B R D 5

AL, K Co &2 o Ni mOEIRFR L BRI S TV 5, E‘%% Ni E DL TH % LiNiO2 1E 200
mAh g DL EDOF[WIREZRT RV A 7V FmdE <. BEICKL D Li BB ORLZERSE &S
FRIE A COfE RS O G ICHEN H 5 L ShTnd b, Hu%@i‘ﬁ?ﬁ%qj@)iﬁﬁ’r%’%*%&i%ﬁﬁﬂ:?)ﬁ
ROENTWDH A, A RGBT OSSO BRI A TV e, 2 2 TR T, & Ni &1E
WA B DB RS D B 22 HERD T3 AT o Rl X #RIR ISy Y6152 IV T LiNiO, DA R
FRIZH T2 Ni EHO /G L OEFREBOZ 2T~ T, 612, 225 Li BOREEAL
PR, Li BIC XD UGDENEI S MM LT,
2. =B

LiNiO, D M & L, LIOH-H0 & B-Ni(OH), & Fv 7=, Z#5 % Li/Ni €/ k7)Y 1.01-1.51
LD EDITHEEL, A UK - A TIRG R, N OAERMEZIHIT 5 729D 225 480 °C T
R U CRIBRIAR & L7z 9, IR TO X BRI YEHE A oEHE BN R L IRA L TR L7,
A7 2 REERAOFREHT, BN & IXEATT . 5 20 mg ORIBMAR KA ERE 13 mm O v
W2 2 & TR L, Ao /L 2 —IZ A, 100 mL min? O FC5°C mint T
FIRY U TR S22 5, Ni KRIHD A7 kv 2 45 EIcEEE UCHIE L, X BRIy
SHREIL, B R g ERRE ~ + R 7 7 7 B U —® BLIA KT BL12C TiTo 77,

3. WRLEBE 197 , ,

WO LilNi BT 480 °C TRUBE L 72 LixNiyO2 o Li/Ni = 1.01
AIERMRIE, LioCOs 35 K OVE IR LiNIO- RHLALEHR < V1
NiO EEATH S Z L& X BRIEPHEIC XV iR L
72 T ORI E FHWTERNS 800 °C £ THOH
IR BRERERICB T 247 0 K X BRIy 6l
ExAT Tz, FFhITZ)RIE X BRI & A~ Lgg| g
I MET—VXEHBm L, 74T 4 TI2L-T
o472 Ni-O Bt %X 1 1Z~7, Li/Ni kt 1925 200 200 600 800
1.51 DA} Z UV T ., 500—700 °C T Ni-O PR AN Temperature / °C
L Lfﬁﬁxbfmé ZEmdnh, L, 7E§%Cg L SRRSO NI-O i A 22
ETIROWTRoRETH Ni-O BB R L, LN IR ST 5 2 & 03> 7=, LilNi kb
1.51 OHBRAIX 700 °C LA F Tl Ni-O BEBE e & 82 &2 6| Li R K > T Ni OFE e
HI LT VB OO, 700 °C BA ETIEIARAYIC Ni 235809 5 2 & BRI,
BE IR

1) M. Bianchini, et al., Angew. Chem., Int. Ed., 58, 10434 (2019).

2) L. de Biasi, et al., ChemSusChem, 12, 2240 (2019).

3) R.Weber, etal., J. Electrochem. Soc., 167, 100501 (2020).

Ni-O distance / A

Li/Ni=1.51
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Observation of thermal vibration modes by electron microscopy
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CRETU Ovidiu, ZHANG Han, KIMOTO Koji
RCAMC/Electron Microscopy Group
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Nanometer-sized structures with suitable vibration properties form the basis for nanomechanical
resonators, which have numerous applications. In the absence of a driving force, these structures experience
thermally driven vibration, solely due to their non-zero temperature. Spatially resolved measurements of
these vibration properties are limited by the amplitude of the vibrations and by the resolution of the
underlying imaging method.

We have developed a technique [1] which combines the extremely high spatial resolution of a scanning
transmission electron microscope (STEM) and fast signal acquisition electronics, which can display the
spatial distribution of several thermal vibration modes simultaneously, with nanometer resolution. A
schematic of our method is shown in Figure 1. As the electron beam scans the sample, a time-dependent
signal from the detector is acquired at high-speed, for each position of the beam. The signal is then
converted to the frequency domain by a Fourier transform (FFT) and used to construct a datacube which
covers the entire area of the sample. Horizontal slices of this datacube represent real-space amplitude
distributions of the respective frequencies.

Our method is showcased by mapping the first three thermal vibration modes of a nanowire. The
frequencies and amplitude profiles of the thermal vibration modes agree well with those of natural vibration
modes obtained by classical vibration theory and FEM simulations. Our results open immediate work in

characterizing a large variety of nanostructures where measuring vibration modes is important.

electron beam 15t mode 2" mode

FFT datacube

b

vibrating / =

nanowire 7

Figure 1. Outline of our experimental method.

detector

[1] O. Cretu, H. Zhang, K. Kimoto. Direct Observation of Thermal Vibration Modes Using
Frequency-Selective Electron Microscopy. Nano Lett. 2022, in press. 10.1021/acs.nanolett.2c03762.
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High-resolution liquid/gas phases STEM using environmental cells
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BE 3
1) N. de Jonge et al., Nat. Rev. Mat. 4 (2019) 61-78.
2) X. Lietal., Microscopy 70 (2021) 327-332.
3) X.Lietal., Microscopy 71 (2022) 181-186.
4) M. Takeguchi., Jpn. J. Appl. Phys., 61 (2022) SD1021.
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Nanometer-resolution temperature measurement by phonon spectroscopy
using an electron microscope
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1) J. Kikkawa et al., Phys. Rev. B 104, 1201402 (2021). ' 1 APRIRSE 303K-1473K D57 A & 7 |
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Development of Advanced Holder of Transmission Electron Microscopy for Ultra
High-Temperature In-situ Observation by Laser Heating
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A new image processing technique using wavelet transform
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1) A. Grossmann, J. Morlet, T. Paul, Transforms associated to square integrable group
representations. [. General results, J Math Phys. 26 (1985) 2473-2479.
https://doi.org/10.1063/1.526761.
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In-situ observation of methane conversion catalysts
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b BUCEREZ L, AL TWDZ ERghoT,
it\ ZFHUCEY, —HORFIIEEELbEZ Lis, —7.
MgORRAE I XOCMBISIZ L 0 . 1D K S IThiEZ bz =32 &
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U, BEEFRITPEELS T 24T o 72 & & A S kIS AE K
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[1] A. Hashimoto et al., Microscopy 70 (2021) 545.
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Atomic-resolution transmission electron microscopy for low-contrast materials
JREPsEin L PR AT 2 MRSk 2 e 2 s AREIE 20 AR S 2
U bR, 2 JUKRBET. } WPI—I’CNER, *Juk CMS
HARANO.Koji@nims.go.jp

W, AROT2IX 00 & T 2RuTHEN DR DN 2 %8 E - BMEHTEM)IC X 5 s
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SHfRTHZ LB 05, D Lol, B FO TEMZICBIT S ay T A MImbTigd, &
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1) K. Harano, Bull. Chem. Soc. Jpn. 2021, 94, 463-472.
2) T. Shiraki et al, Chem. Lett. in press. DOI:10.1246/c1.220467 (Selected as Editor’s choice, open-
access)
3) J. Xing et al, Proc. Natl. Acad. Sci. USA 2022, 119, €2114432119. (open-access)
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Real-space observation of transformations of magnetic domain structure mediated by antiphase boundary
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Crystallization and subsequent crystal growth process of dilute aqueous solution glass
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3. BRLEZ

IKEEHRHT T A1E~145K 33 TR KSR 7T
ARV TENT 4 v 7 L7214 [3]. GL KA
HRITAK 152K T, TR KEHRITAI 160K Thbfdbfk L
7o, fErm bEE CHOWEIXRTE T8 —1Co8 L
TREETH -7, [1,2] £72. PRXD /X% — 2,
FEER L E B IR S kBT A XOFEE K
Mams b 7auvk Oklsd) THHZ EZRLTND,

polyamorphic fr. cr

E— g "
|III||iiiil|IIII|iii IIIIIIiiirllllllliiii IIIIIIiiiijlllllllliiii

it40k  inask 160K 165K sk (250K

I L I . I l 1 LI | E:l B : I 1 ¥zl I
100 150 200 250 300
i Temperature [K] i

! i
TRagq solution (vacuum) '

C ~145 2431 263
.

~140 | 163

Z DK Isd Db AR ISR E OFFIKAE L
7o (M) GL KR DOE . K Isd DR HE X
fiAREZ VLS, K Isd =K IhERBOEEEIX, #lik
D 10K IZEEW 210K ThH - 7=, [1]1—77. TR K
TN OIK I1sd DRRIL GL KSR LD S HIZE
<\ 240K FHITE TK Isd AEZFR D | OK Ih ICHER
L7z, [2]Z OFERITEE DOFEITOK Isd DR % A
B L COREEBEHICRIFL TS 22 aon Fig. Ag:)ea;:’:;ces of t;gOTR agueous solzl?[ion and
e L TWD, E7o, GL KB & TR KEHRIZZIL  the schematic transformation processes of ice in
ZROK Is—K IhEEBIE AT CEMIZ R4 the TR agueous solution, GL aqueous solution,
B o b, ChE. BRI P e

KOG FOHBEMIZ L > THEEZ SNDAREEEZRL TS,

BER

[1] Y. Suzuki & S. Takeya, J. Phys. Chem. Lett., 11, 9432-9438 (2020). [2] Y. Suzuki & S. Takeya, Phys.
Chem. Chem. Phys., 24, 26659 (2022). [3] Y. Suzuki, Proc. Natl. Acad. Sci. U.S.A., 119, e2113411119 (2022).
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%Mo NMR HIEDFER, 4 >0 —7n@llanz (K1),

4. BE
%Mo NMR HIE D FAIZDON T, | Mo105 + Mo10, and/or Mo10
+160ppm & +10ppm D E'— 7 (2D T, '
B DERR LB X GRAEEO Y — 7 r cié:?'-\:;-““"
DUV (Mo/Nb)L YA~ D 5 BT He =@
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BB TE, WIHOMIRIZL A, (Mo/Nb)l 1 Ba:MoNbOgs 0 SMo = U F 3k}
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1) Fop, S. etal., J. Am. Chem. Soc., 138, 16764-16769 (2016).
2) Yashima, M. et al., J. Mater. Chem. A, 7, 13910-13916 (2019).
3) Tansho, M* et al., J. Phys. Chem. C, 126, 3284-13290 (2022).
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High-temperature NMR study of solid electrolyte
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LAGP %3l L7=FB 259 5,

2. %ﬁﬁﬁTl*iéﬁﬁﬁ@%ﬁ

NMR (2331 B AR L, 4373 EB) O FH BRG] & B 4272 BfR 3 & » BPP Biam (2) 12 X - T
MR INTND, s FEB OB 2 B L ST 5 2 EIXTE WA, IREIC K-> TET
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1) K. Hashi ef al., Anly. Sci. 37 (2021) 1477. |

2) N. Bloembergen ef al., Phys. Rev. 37 (1948) 2-

679. = SR O S S . SO

1/ Temperaturs (K ‘]
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Development of advanced high magnetic field experiments
and the application to the solid-state physics
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Terahertz magnetoreflection study on single-crystalline bismuth
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1) R.N. Brown et al., Phys. Rev. 129, 2055(1963).
2) M.P. Vecchi et al., Phys. Rev. B 14, 298(1976).
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Repetitive pulsed high magnetic field generation using Bitter magnet
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PIZT D ETRARRFELE > TS, NV ABGEAZTLE L, BI8SRAEDE TS
Wetn, 7OV ARG & BRI & OMAGDOEE, SRR EEIROME - B3 21T
STWNWD. Flz, BEEROWIIE THEE L 72 HALOREE « B A B U ILE - REREVE NS, F£ 7,
BEREMEM B OBFZE TEE & 72 ARESIRHT « R— A Z0E - 0 7 1 b o 4B - R Y65 O i
WERBE T CORREMMERHABAN BN D5 AN 217> T\ 5.

BIE TN TN D, BEMEEROBKEENREZFA Lz, BB X 2 KEiRL2EE O F
AT, £ AL ELOTE AR ST 5. KB E A BYEM BRI, S
T, 0.5~1 Hz O @&V K U RAENNE LS. 2
%, Bitter BV ARIGRAIC L - TEBASELZ L2 H
L U CBAABAZE 21T > T 5. 5T 28 2 5 BRI
L, BIEERA F 723 VIV ASRA OFHANRE 2 6D,
BAGERAIZBWT Y, ST DEEHBEREIIRS TH DN,
FhVEREIREIC R AR T 2 BB, WEOMBEED-D, Eifik
DIRLIZIEARME Th D, #BIEEHA Z 2T ILHB 7
PPMS % T, 5T £ CORNHBIZ 1T 22720, 0.5~1 Hz
DA 7 NVOFEBUIRE L Z 2 5D, —F, 7R
WemmeA X, W AERERR 3R THRIVAS, M0 IR UGS
DIEANTTRETH 5. Bitter Bl =21 /LT, HIRE - mBERIS
R DA SR HRWE L7 Bitter #2 (K1) %, #afks —
N EHA BT D, REMZRERE - REXUSEEHE S
BISHFAETE S, MR EIRBE L ERJUEEEOBRE 2 st |, |
2ITRT. KEREBRABNIICRAET S Bitter =g 5 [ N cu
SR, RED Cu-Ag RABLIEAEAS (€2 O LT
DBE). L, STZBMETIHE, WERL DN, e o o e A
ERUSEE D S Cu-Fe-P & (KFCP%) e ERFIHTE S
(X2, @DHBA) . KFCOME DI KIRFEIZET H a4 T
TNTEZLE, RLaAs VEEEZKEL, Cu-Ag F
MEEER L2354, BEXBEENMETT 570, BAEK
GHIRT 5. £, mnfiv iR UmBEGRAEE FEBT 5
T2 OITIX, 7~V ARG I HBEIR OB N LB L 72 5.
AN SV ARG A IR ST g, a7 o
YOI K D EdR Y IR URIGRAE ARG S L b, &
EHAEFRIZOW T H RS EIT> TV 5.

X 1 Bitter fi&

1500+ @ Cu-Ag
—~ L

1000 - ==-f+7wmmmmmnn e .

Cu-Fe-P
(Super KFC)

Tensile Strength (MPa

2 AEEMHE Cu-Ag R &
Cu-Fe-P (KFC*) D LLEX. &L
BHNBENRDENSIAILT
X, BRGEEEILINERED
Cu-Ag ZMHHIRE (D). a4
DRHZDEHNHEZHI-IHH
ThHhnlE, HEBHICHT HHRE
WiHE LYBRESGEEOHH
NEF (Q).
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Observation of topological bandgaps and edge modes in Silicon-on-Insulator
photonic crystal slabs

Afshan Begum, Yuanzhao Yao, Takashi Kuroda, Yoshihiko Takeda, Naoki lkeda, Yoshimasa
Sugimoto, Takaaki Mano, Kazuaki Sakoda
AFSHAN.Begum@nims.go.jp

Scheme for topological protection of edge modes promising back reflection less photonic modes was
proposed by Wu and Hu.? Topologically trivial and non-trivial photonic bandgaps are generated by distorting
structural parameters of photonic crystals (PhC) while preserving Ce,-symmetry, and edge modes can be
supported between their boundaries. Such waveguides were fabricated in membrane structures of high
refractive index material, by etching away a sacrificial layer from under the PhCs,? which is cumbersome
and requires selective etching. We investigate topologically protected edge states in mechanically resilient
non-membrane structures with the PhCs in silicon-on-insulator (SOI). We fabricated PhCs of the Cey-
symmetry, by electron beam lithography and Reactive lon Etching.® Figure 1(a) shows the specimen cross-
section with vertically etched walls. The PhCs were designed to have trivial (Fig. 1(b)) and non-trivial
bandgaps (Fig. 1(b)). We present the topological band inversion in these two PhCs by applying polarization
selection rules derived by Yao et al.,*® to the measured reflection. To validate the topological band inversion,
normal incidence reflectance corresponding to the I" point of the first Brillouin zone (FBZ) in the PhCs is
crucial, made possible by using our home-made high angle-resolution (0.3°) optical set-up integrated inside
FT-IR chamber, built by Kuroda et al.?) We also confirmed a common complete bandgap in the FBZ. To
detect edge states between these PhCs, we made samples of multiple boundaries together (Fig. 1(c)), and
observed their trace using focused reflectance measurement. Furthermore, we present the increase in intensity
of edge states by increasing the number of boundaries per unit area in the sample.

We materialized common complete topologically trivial and non-trivial bandgap in SOI, without removing
sacrificial layer. We present the technique to show the topological band inversion in a purely experimental
manner by applying polarization selection rules at normal incidence to reflectance taken at a high angle

resolution. R
References: TavaSiv.s

1) L.Wuand X. Hu, Phys. Rev. Lett., 114, 223901 (2015).

2) S. Barik et al., Science 359, 666 (2018).

3) A. Begum et al., Journal of the Physical Society of
Japan, in review.

4) Kazuaki Sakoda, Optical Properties of Photonic
Crystals, 2nd Ed. (Springer, 2004). 1

5) Y. Yao et al., Opt. Express 28, 21601 (2020). ': IW
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Synthesis of permanently densified SiO» glass by hot compression
Vet 12, ARAGER] 2, /NFEHE] 12
VHORBEL R, 20E - BRI SERE
e-mail address: 7222703(@ed.tus.ac.jp

El=N=R
1. B

W7 7 AN=RH AT FEIRSFIRH SN0 7 A%, @R - K07 £ o EiRg b
HE ST\ b, EfgRELIC i%ﬁﬁiﬁﬁ%éﬂ AHFFETIE Si0y T A D EREMIZE B L
2o REITHRAL AR BUL D T2 DIZIE, @B E DR T L TO R RERRFPED R D b b,
ﬁﬁfﬁ%%EE&&mﬁ7XUEW%WW%E&V%%O&mﬁ7xbi%h%hﬁ%#&6

L T TR 72 Si0, A T AT HAE STV e, ABFETIE 2 E TIOHE—, KAEEEL
ﬁﬁménfwémmﬁm%%mé &, R —OBE SR AL, MBS LTOFRIH
MBS B Si0r T A DG A i ATz, IS T X AREIPTIC L > TR L 7=, JRam&EiE 4 &k
JCAERG BT (4D-STEM)IC X 0 fiftr L, AHREE CTH Rk L 7o alBk 05— 2 5 L 7=,
2. FEBRGE

éﬁﬁﬁﬁ?x%ﬁﬁﬁﬂ&t\&w%m*rﬂ (NIMS, FB30H)(Z & % iR EAE 21T - 72,
FMFET) % 7.7 GPa T—EIR D, S @iE %2 Z 271 400 °CH>5 1300 °CC 100 °CRIFEIZER
E L, 30 SffREET 5 2 kfﬁﬂ%Ambto X MREHTIET A7 b v 7 X fREREE () A7,
MiniFlex)% VY, 4D-STEM (XU 224 (£ 78 7-BAMEE (Thermo Fisher Scientific, Titan) & V72,

3. RERKOEL
B 1 ZiEm B E O EEE 7.7 GPa TR R4

—1300°C
—1200°C

1000

400 °C7> 5 1300 °CE T 2 TAR L7 3B o X #REH < : —-QES%S*
| — 600
B—%RT, 0=15 AMHEICBIN S H - — 2 (X First & °0° — a0

Sharp Diffraction Peak (FSDP) & FEIT AU, 18 135 B % Sk 600
L. $lS 3SR A K4 5, 20 & & 600°CLL BT
IMEIEEME TR 57220 FSDP gt iR a7, £
7. 1300°CT FSDP 23 b @i < . B'— 77L& b i b highQ

fA]~>7 RLTWAZ Enn, 1300°C, 7.7GPa OSAHT

400 r

200 t

Normalized intensity (arb. unit)

o

il b B AR EE AT SRR 2 455 810, 75 XA S SR '
N5 = Enbinoi, X1 &Ek X B & —
4D-STEM T4 bt Z d2nm O 7 n—7 TEA L, £M4 - Prstne ]

(>500)%> 575 & 7= RO FSDP DI o % £ % B 00°c ]

75 MY LT (R2), ERIC/2 51254 T, FSDP O E— =

JHEMNEL 720 X METOREELE —#T 5, EA NI T 2 ool

LTI Pristine & 1200 °C Tl LISV E— 2 2R L, = I

400 CTIE7 r— FRE—I B3 FGoNTe, 2O &b 01 +

Pristine & 1200 °COAEE X T/ A —F —CTE\WE— % Ff

S—J, 400 CTIIAB—Th s Z L Rbhol, o L— ‘ AW

1) M. Guerette et al., Sci. Rep., 5, 15343 (2015). Lol Q1('!6\-1) - §

2)Y. Onodera et al., NPG Asia Mater., 12, 85 (2020). X2 #FFEO FSDP B =7 fED b
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Direct observation of coordination environment of alkali ions in silicate glasses via
element-specific quantum beam measurements
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y-onodera@rri.kyoto-u.ac.jp

%%B~A%%mtﬁﬁﬁﬂi@b&#%g% TOMFEICRIAS FIH ST D HE 2 TIET
HHN, WHORES E—ABWTITMA T, FRAAER S (Neutron Diffraction with Isotopic
Substitution, NDIS) 2 {5k, X#REHH#EL (Anomalous X-ray Scattering, AXS) MNEZFIHT 5 Z &1C
Lo T, FFEDTLHEEFHOBIND e FEFHIA FIRE & 72 5, AFFETIE, U F v A (L) B8LOUL
BV A (Rb) ZRINULTeT A BT 7 X &xt5 L L, NDISIEIZ L - TLilZ, AXSVEIZ K-> TRb
IR e iET — # OWEZR AT, DI, TAAT VAT ORIBERREEALNNCTHZ &
WZE o T2 LT A U 2RI ULT-H T 2SI R e LTI S D IRE TV
7 BWARD DR & 72 DS 2 BRSBTS 2 2 L 2 HRY & LTe,

R AIRTEIC X - T 3 FEOMBL D 22.7R,0-77.3Si02 H 7 AZAERL UT=, 7B U A F o iksy
R & LTI, Li ®AZRIMLIZHT T A (Lil00 HF &), Rb OAHZIRMLTZH 7 A (Rb100 4 Z
A), Li £ Rb % 1:1 ORTERA LT A (LiSORbS0 47 A) R L7-, Z 2T, Lil00 ¥
L OVLiS0Rb50 777 ZNTDW T Li OZERNAARTEH % °Li & 'Li O T-HHERYEFBGELE b 23 R
% (b(°L) =2.00 fm, b("L)) =-2.22 fm) YT & % NDIS [ICBWTHIHAT 5720, TNFNOIFEL %
FHHE U CRUBHE LA ATV OLi & TLi D[RRI IR & 2 1L 1V L 7= 47 = A (°Li100, "Li100, SLiS0Rb50,
'Li50Rb50) . Li ® FET-HELREZ 1 (null) (2 L7247 A (™ILi100, ™ILi5S0Rb50) % 5k u‘:o
NDIS FHk 2 KRR T IiE g iis% J-PARC OWE A mFL 35 Ea% MLF @ NOVA 43 fas 91
W L, —J5 T, RbIZET % AXS FEERr 4 SPring-8 @ BL13XU (235 T AXS H[EIHTE! %Fﬁ
W, Rb @ K W25 20 eV 38 LTV 200 eV ARV R F—D AS X #RA2FIH L THEME L=,
X 5T, AR —X BREHTFEER % SPring-8 ¢ BLO4B2IZ 330 T 5 L 7=,

1 I FBRINE T B — AEIZ L > TH O 220 MER 1% 7~r3, NDIS HlEIZ L - T
ALS(Q), AXS ITEIZ £ 5 T ArS(Q) MG B AVIZ, EAE 4 Li (2B o7 — 4  (Li-Li, Li-
Rb, Li-Si, Li-O) & Rb [ZB#E T 5##%1ET —4 (Rb-Rb, Rb-Li, Rb-Si, Rb-0) Mt THk v |

ALS(O)HB L ArpS(Q)DEAL B T V71 ) OIRETRINC X D REEZAALRE STV 5, Y HIL,
FEREE RN Z Tl o+ - X BEF TS L
THEER A S(OIZOWTHME L, 7 AFOxy U

=] = \ P L AXS
& ! VLERBE DRI -
Wit 5. O

— I REEE TN A F U ORMERREOEIZ DN T
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N
T
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6) T. Otomo et al. KENS Rep., 17,27 (2011). Li100, §#: LiSORb50, 7: Rb100)

7) K. Ohara et al. J. Phys. Condens. Matter, 33, 383001 (2021). ’

AGS(Q)

42



NIMS FEimetial s R L 2023 P35
FEERIATIVRD I aL—2aVICKHKAMBOREN
D 7 £ HIFT
Quantitative estimation of coercive field in permanent magnets using time evolution dynamics
simulation
LS g ==
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1. 4 a¥rvay

ATV LA N-Fe B IXBHERKAMATHY | TO®MWMRE) DI £—F —E 7R
I TWAD, L, REEDEIEIKIRE U CTRBI I 2 03% < | Hilliabhelae st
\ZIEZ OISR OMRANLE TH D, T DT, BligatFic X 258 Ol B OB b
BEI /2D, BT C K0 2 EIRRE S AR 5 BERGS TH Y . B bR Zm %L ¥
— NV T B2 HIFFERETH D, TP LEICL > Tl &R S, A7 Y ViRfEo—
FEE UCHERANCIE Z 5. BT, FEBRTIX 1 DOBRES L LTERSNHDICKH LT, &7
BT R 2 b—3 a3 BT ABMEORF IR X A F I 7 AFEITE VT B (ns) 4 — & —
MBIRATHD, Lo T, R 2B R OERRIEITIC L V1T ITETRALETH D,

ARG TIZFNZAREIC T A FIEIC W TRT,
WL 2 lm LD . ) 7 LA o DR A ':’.E'.
5. “OHEROAY v kL. PSR

FEATICIE LTV D 2 &ITA, YR 6 SO, Fig. 1 Snapshots of the magnetization reversal in a
BEIRZELHBADZ L THS, single grain of Ndz2Fe14B.

2. RF¥mits v

AR TIX, ~A 7 u~ T X7 47 AHAET
Ao T2 it Lizdike T vick b
SHROFIELITRR Y | RIS L, £
LCHEFEHENORD I 7 v oS0 A
TERZBE LM AE T v E W

3. F T A v OARRES TR
Landau-Lifshitz—Gilbert HFFERUCEME D & OZIF A LY iA A 7205 15 (Stochastic LLG ¥£[1, 2])
ZHWT, |RICBITST /) VA VOBEREIRY R 2 L— 3 V& To 7 (Fig. 1), £L T,
LD 2 OHIETRIET OB 21T 5 72, 85— O 1EX, Hx ZREOWRSGIZR LT, $EFREE
R LT, BRI TIE EAME ARG D D FIENGEHMET A A TH Y (1], B ook, B
Gifw a2kt 2 BOliafe = 2 38l U CORBE) 2 RAE S 2 HiETh 5 (2], WHETIRITE LUMREL)
(#9 3T) 234F B 4L, Wang-Landau &> 7 AL iEIC L AFE[3] CHOLNTZZ R A X =N T 5 R
Y ONREAOEE b B, FiEmoaatErnrsnizll, 2],

ZE 3R

1) %VI Ni)shino, I. E. Uysal, T. Hinokihara, and S. Miyashita, Phys. Rev. B 102, 020413(R)
2020

2% M. Nishino and S. Miyashita, submitted.

3) Y. Toga et al., npj Comput. Mater. 6, 67 (2020).
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Ion Track Formation in Semiconductors with Ceo Ion Irradiation
WA &
W - BRI FERERE
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1. 1IC®I

%< OWETIL, BHEA 4 (BT —5 S NWEELH T, T L X —fF5
/A ES iﬁﬁfééioﬁﬁwfmixw% DEAF 2, FlZ1E 200 MeV Xe £ 4272 &) O
IR LT, RITERIRO A AR > THERBEOREHER (42> 7> 7)) DERS
imz) & DNEI %hfh\éo Coo 77—1//%4’ Frb UCTEIRA~IE T2 &0 60 fHDRFERFH3

FIERFFIZ Coo 3+ DV A X (HFE~0.7nm) (T E DD THRWGEIRIZH BHIAEN S 720D, mUVVE
%E’J&Ui‘*ﬂ’]i%/l/f\f 15 (REEDRFZBRIFR A A OHEDOKI 6014 BMEos, 2F D
B A A VBRI AR TR ER RN HEEZEBTHZ LN TE D,

—5, BIFMNIH Db OD NT v 7 ORI IA TITHIRE S TR TITE L 25, 8
RIXZDOFENALEST 223, Si R ETIETRULIZ M vy 7RSI < BEFA 4T
X RT v 7 ZRT D2 ERNIRERATRETH D, EEE 3.6 GeV DT T A A (Se =26 keV/nm)
THRELTH N7 v 73R SN0 o7, L L7 T 2 A Orsay MiEEHita Tl 30 MeV @ Ceo
A AU (Se=43keV/nm) 12XV Si D b7 v 7 AR S L7 [1], Orsay 7 /b—71% Coo A
Fra @y B 2 XX Se 2 FHT O ODERL LTHEZ, 30 MeV &9
VO = R L3 — 2 SRR U 72, 2 13 L7 InERR OfIRA> 5 6 MeV T Coo A A 2 FRE (Se =
18 keV/nm) #4T-o72, ZO SeflilL3.6 GeV UV T v A AL COEIZIES KX o7, F T
JITTERC S T2 [2]s Coo FREHZREW Se LMTH F T v 7 TERICERIZR S8 5 £ 972, WEFIZH]
XE ZOREHALNICTT D1 DEROFTEZ kT CTh 5,

2. ERFE

Coo A A 2 I XA SRR 2SBAFE LT Coo BA AR E 3MV ¥ U7 AINEERE AV T, =3
X —1~9 MeV OFIPH TG L7, BEHIEICHRO p B Si Uz —HH 0 H L, FIBIZX
DERL LT, D=, BEA LT AlAs <0 ZnO fEga HER L=t b k-, b v 7o
ST 075 18 - SRR (TEM) JEM-2100 % FH VTR EEE 200 kV TiT- 72,

3. R
AlAs <° ZnO D 6 Fifi TEM il B2 FRL LB 25 & 2R ETO Si LITERR D | ffOA
FTERMICERET 5 & BN AEEN W5 TR S, ENRA 2 T v 7 o i
LW, CPRER TRV A S i TIEWmEELE C R 7 v 7 BEIIICE 231720, 4%I% AlAs X°
ZnO (2% LT s B O VERL & BB 2 5 LT S, Si ik BHZ W TIE 9 MeV TR 2470, b
7 v 7 OfGEIREE (N0 ERK) ZHBRICBINT S Z &N TEX T,

BE 3
1) A. Dunlop,et al., Nucl. Instr. Meth. B146, 302 (1998).
2) H. Amekura, et al., Scientific Reports 11, 185 (2021).
3) H. Amekura, et al. Quantum Beam Sci. 6, 4 (2022).
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Raman and AFN imaging of lactic acid bacteria-produced extracellular polysaccharides in
yoghurt
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WA DSBS FEAE T 2 MRS 208 (extracellular polysaccharides; EPS) 1%, #AEWNH &4+
HJA R LU ANGRET D720, HOWIIEER SICHEET 00K T L L THW I nd EHE R
Th b, EPS ZEATHMAEMOT THIBMEIL, I —7 /L Me EOREER M OREIZEFEHN
b, HREICLERBNFEME LGRS TV D, IBREN W 25 EPS T &I & L
TO=—ZAR@EL, £zt b~OGEIEIER 72 EA ReiEERNS#EINTEBY, Z0LH7%
FERE Z BRI CRIH L7z L3 — 270 b OBIRPNITHEEA TH D, FHLEEE | HiKL~L T EPS
PEAE D2 i - ERLTEIE, BEMZ2I—27 0 hOmEREIZL B A, LV AHM7 EPS
EHEATLIHBEOR Y ) —=2 7 Z M ORHIAITZ D, ABKRTETROI—7 L hHO
FLEBE DS FEAE T D EPS A E4E P AL T 2 HIEE /RN L, 7~ B L NAFM IZ L 2 IR E2E EPS
DR FERREBE O R 2 MET 5,

BERICHEV, hililkRa — 27 v
7 B ARHEW) 2 BLD BN T2 FL
B RO & B Lz D2,
80 pl [FIMEAIKIT 1-5mM (Z72
HE DAL I DU EN
Z., 60C, 15 R L7z, £
D2l BB N—H T A I
T L., #ESE%, 80%T X
J =V Tl T RE 2B L < B
L7, SRR EEBlsc &
DN, ANV VU EMz T

v T VIR O PR LT Fig.1 LAB-produced EPS aggregated by addition of spermidine. (A)

BEAR R D FAENHER S LT Optical microscopic image. (B) Raman image based on the C-H stretching
(Fig.1A), —JF CA-~YL I Y intensities. (C) CLS fitting result. (D)AFM image.

Y E MR VELBRE Y > 7 VI R AR BRI IR T E e o T, FLERIE RS S UM DT EE D kRS
RIX, I~ A A= TICHER AT "V ESED Z ENTE (FigdB), F7-HEEMTIZ LY
DNA &% 7B a4 Gleilla (FLEEE. SREH) &7 ) ay MR xR oZh (EPS. fkt
i) (CT < Vi E AT EIZ (Fig1C)o T DORERD O ILMRE L OREEMRIT EPS TH Y | A
NIV EHEEN LESE - RTEET 2 2 & TEAL AL E T~ RE DR B3 WREE 2o 72,
& HICIR g2 ARM #5345 2 & T, AR R I b EEA L 72 EPS OFRT- & EPS BERADT
VT Fu =N KD EEIZ e o7 (Fig.1D),

1) H. Nakao et al., Analytical Sciences, 35(10), pp. 1065-1067.

2) H. Nakao et al., Analytical Sciences, 38(1), pp. 191-197.
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Neutron diffraction study of the 1/2 quantum magnetization plateau compound Ni>VV,07
M. Hase!, A. Donnit, N. Terada?, V, Yu. Pomjakushin?, J. R. Hester?, K. C. Rule?, and Y. Matsuo*
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Tz 1T ORI E AW C, A MEOBEERNN, AV RE LD IERICRET D
FiEZEE LTS, ST AE L 1 O NipV207 2058 Uiz, BEDOFHSRD 1 SRR 8 T
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L, AL HRRCHGRF AN S Tl AV REZEMICIRE TE RN L2 ERL TV 5,

2. EBRFE
NioVo07 By RIZEAREOGNEZ AW TARR Lz, 1 EPrsEERIE PSI @ HRPT [E4T5 & ANSTO
@® WOMBAT [E#75+ % W CTIiT- 7=,

3. WHRLER
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2 OOREEMEEIZA Y -4 T VT 1 BRI IE, gl e |,
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12 &1t 77 b —2381i1%5 10 T, 1.9 K Th e 1 ) e/ D D
Brift— A v R OMED ARG B LT, £ Nitoey Ni22 - ol o/ D D

— A PO NIL & N2 BT, ZEIL. oo |Gl o @ o

m1=02&¢ m2=20pus CTh s, ZibHDEIL LFE " ) o 9 — ]

O R COREA T — A N - B : \ M o
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02us 225 Nil AE U NIIFHMIETH D Z LA bt_?. @& & |& |& ®

D, ¥, Puis o 0.17(5) ue b7 2 aN_VO DRSS, 5.5 07 3 Nil
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< 7 NE TG N S 7 _
T, IS IEREME D E D 0;#”5”“(:% U, T A MEEREL D bR E < B LTI
M2 = 2.0 pp [FEAFE 2.2 s (9 AR 22UTIEND T, 2 EHgida=y R s T,
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Magnetoelectric (ME) multiferroic materials exhibit both magnetic and ferroelectric properties
simultaneously and have garnered significant attention owing to their remarkable physics of cross-correlated
phenomena. In particular, they can be used in the development of multi-state memory devices with ME
reading-writing operations and low-power consumption optical devices. However, with rare exceptions, the
critical temperatures in type-II multiferroics, which shows spin-order-driven ferroelectricity, are far below
room temperature, typically below ~100 K.

According to previous theoretical work,[1,2,3] the binary oxide CuO can become a room-temperature
multiferroic via tuning of the superexchange interactions by application of pressure. Thus far, however, there
has been no experimental evidence for the predicted room-temperature multiferroicity. In this study, using

the single crystal neutron diffraction experiment with Paris-Edinburgh press, we showed that the multiferroic

phase in CuO reaches 295 K with the application of

8
=)

18.5 GPa pressure.[4] We also develop a spin PM

Hamiltonian based on density functional theory and __ 280 - paraelectric

employing superexchange theory for the magnetic = 260

interactions, which can reproduce the experimental g 240 ]

results. The present study provides a stimulus to E 220 ]

develop room-temperature multiferroic materials by dé— 200 _

alternative methods based on existing low |0_J 180 3

temperature compounds, such as epitaxial strain, for AF1 ]

tunable multifunctional devices and memory 160 ;'paraelectric E

applications. 140(;! "' é—, - '1|0' - '1I5' - 'ég
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Figure 1. Temperature versus pressure magnetic

phase diagram of type-II multiferroic CuO. Square
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Combined STM-Transport system under a UHV-LT-9T environment
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Recently, two-dimensional materials made of atomic layers have great attentions in terms of quantum
materials that may exhibit superconductivity and topological phenomena. So far in our group, we have
investigated superconducting properties of two-dimensional superconductor (Si(111)-(y' 7 X4 3)-In) by
means of scanning tunneling microscopy (STM) and four-terminal electron transport (Transport)
measurements [1,2]. To have unambiguous results, it is highly desirable to perform both measurements
using identical samples without breaking ultrahigh-vacuum (UHV). This is because the characters of
two-dimensional superconductors strongly depend on the surface conditions (defects, step edges, etc.). The
purpose of this research is to build a new STM-Transport system to realize such a concept. Our new
combined system will be applicable to wide range of studies that have been impossible thus far.

We have constructed a home-built STM unit compatible with the existing UHV-LT-9T-Transport
equipment (see Figure 1). With careful design and implementation of wiring, we have successfully
achieved the lowest temperature of 350 mK, which can be maintained for about 16 hours during a STM
measurement. With a superconducting magnet, it is possible to apply a magnetic field up to 9 T. An
exchange chamber located at the top of the cryostat allows one to transfer a sample from STM to Transport
unit without breaking UHV. In this presentation, we will show the detail about UHV-LT-9T-STM/Transport

system and results of some of the first experiments.

Exchange Chamber

- : HV

@ : UHV STM/Transport Unit

Air damper —o

Sorb Pump

1K Pot
3He Pot

STM Unit  Transport Unit

Superconducting Magnet (9 Tesla)

Figurel The schematic image of STM/Transport system and pictures of STM/Transport units.
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