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“Science of 2.5 dimensional materials: paradigm shift of materials science toward
future social innovation”

Hiroki Ago*, Susumu Okada, Yasumitsu Miyata, Kazunari Matsuda, Mikito
Koshino, Kosei Ueno and Kosuke Nagashio

Science and Technology of Advanced Materials, 23, 275-299 (2022)
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sTEMBERFICEL S 2.5 RoEDWEET & VITEAZIA
FH & (FEXFHEMER)
HzxEENE Al R (RAL) - & & (FAL)

E-mail: sokada@comas-tsukuba.jp

2021~2022 FE(CMFT. (1) 2.5 RTNEDIBRINE & U TORIREEZ D I SR FEME DS
ET EMIERRBREITIAD Tz, FEIC sp’ IRBERTESHN D5 BRNSIRZRY ND—OW&E. REOJST
I>OEL DIEESHOREEITOIZ. (2)E 50, BaDRFEMEN 5733, ERINTO//REESIEIS.
REVCICEHANT OESHEBEOEFIE. F(CEBEEDILIT ALENMNT OBEDBEFIMEDOEEEIE
Fepk ENMEREBRICKDE T Z A
S5MCUTz. (3)INR T, fBIZAD
HEAFRE LT, RERERICH T
DIRHAAT. BT, ITRILF—5
LEFRBEDOBRN S D#ETZ
718272,

FRAERELTIE 2BISD
I EBBIRDERALKESFI
>”"1 I/\/(Conlo)b\Brd:5E
ML SV DY) EsRET S YDIERRER
ZITV\ HEMERNBHTIZ
—UOREBFNMEZBEIDEZ
BASMNC LTz, S5, 57
IVEBOIS =1L > DEmE
ZHEHT D EICKD. £/ TIE
DS ITTUICEBF/IEILES
D ENTRETH D FAIC R B )78 seecccecosorrsosessrssosesasese

. _ - 0 5 10 15 20 25 30 35 40 45 a e e h
HWC, AZZa L >nFoitmE x (A)
RELRIEREZEATZ=EC ) Fig 1 (a) A geometric structure of superlattice consisting of strips of

A, o . bilayer graphene where corannulene is alternately arranged in convex
KD FBFIABICHNT. BTS  and concave with quadruple periodicity. Red, blue, gray, and pink balls
JT > ETOREER/N> RS  denote C atoms of corannulene molecule with convex arrangement, C
_. o . . atoms of corannulene molecule with concave arrangement, C atoms of
T 2O%EC. p/niRFZIEDIA  bilayer graphene, and H atoms, respectively. Right blue lines indicate a

\ — N=T 4 — za unit cell. (b) pDOS of corannulene-intercalated bilayer graphene on C

= C? eI _C 5o EEIE atoms belonging to the upper layer and lower layer. (c) A schematic band
WICFE UZ(Fig. 1) NI, diagram associated with the Dirac points near the interface between
AS—ALIVRFRETEIHTF corannulene with convex and concave arrangements in bilayer graphene.
HInESEODHE(C K DERR
RTHD,

(2021-2022 FEOHEBHHFEATFE]
EHB(A01). H#H(A01). EBE(A01). NNAEE(#) (A01). FZEH(A01). =H(A02). 1tiE(A02). #AH(A03). #I(A03).
SE(A04). HEF(A04). FEM(AD4). &FI(A04). &F(A05). KEF(AOS)

(2021-2022 FEDORKRIIRHFTHR]
[1] M. Maruyama, R. Kitaura, S. Okada, et al. Gate-Induced Trans-dimensionality of Carrier Distribution in Bilayer In-
plane Heterosheet of MoS2 and WS: for electronics applications, ACS Appl. Nano Mate. 6, 5434-5439 (2023).
[2] M. Maruyama, S. Okada, All carbon p-n border in bilayer graphene by molecular orientation of intercalated
corannulene, J. Appl. Phys. 131, 134303 (2022).

[3] Y. Gao, S. Okada, Electronic structure of diamond nanowires under an external electric field, Diam. Relat. Mater.
125, 109029 (2022).
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ZRTIED CVD REA > F—hHL—S3>
EM & (wxzo0—)UL1 JR—>3a>t>45-)
X% #E : Pablo Solis Fernandez - FH] & (FL)
E-mail: h-ago@gic.kyushu-u.ac.jp

2021~2022 FEICMNFT. (1) 2.5 K TMEDOEILT 4 2P TOV I ERD TRTMEDBRRBEEHK.
(2) EBEtMERLETDIBISTIADA2F—HAL—>3>. (3) CVD ROEFMEELICLD
2. 5T EDIEEEEDRFE. IREZRLICHRZITOIZ. BIFIC. Z<OBBHRRRAKE TSI
™ hBN Otz 17> T, RIBAHEFIAE S U TOREIBRIE U, TEISRORRE [CKDIEmTEPE
BOBERAEDHHZE T, MIREHNOBEZEDDZENTSEZ, e, ORTSEARAFTFAPIIL
W OINT AR E EDEBRHRERFTEHEL. —EBDRRRIFERX (C DR DTz,

FRAKEREUTIE. Fe-Ni /R1JLZFULZ CVD IAIC KD ZE hBN OEmEBEEKRZTIER L. 51> &
BEURL 2.5 RTEEZER L. 5T OTRDFMRMEET/REZBUT. cm LNILTDI ST T > FET
L —D¥tEm SRR I D ENTER (Fig. 1) [1]. TNETD CVD-hBN ZRBLVET/ 1 X (.
AR THEMNRVIEB(NESRIVUTPICEFRIVIS T« TESNTWENR., KRR TIETIA NUVISD
1 ZAWNT., ZEO7T )\ R&HETHCEHEIL T, K& hBN OMRZRI ZEN TSz, o, S-HRm
DINTIVWNT S T T > DF+ U TREE(CRIFTHERECIEBFEZRDIZ,

COMCE. FEEA S /I\—DIFHEB T, AICs & CuCLddA>F—AL—>3a>h, ZBISTIT>D
VA RXNEICKELMLEFL. VA RANEPKELRBIEEAHF—HAL -3 DEEMEXDCEZR
HIcEMNTEE [2].

c (d) 11oe0
(©) Gr/hBN Gr only et . hBN/GI/hBN

8000 L]
8000
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1 - e — 1000

T L TR Sy R S T
Dirac point (V)
Figure 1 CVD synthesis of multilayer hBN and the integration with CVD-grown monolayer graphene. (a,b)

Photograph and optical images of large-area, multilayer hBN. (c) Device arrays of graphene/hBN and graphene
channels. (d) Comparison of the carrier mobility of different types of graphene devices.

(2021-2022 FEDOEFHAHFEHATTE]
FIF(A0L). #H(A01). EFI(A0L). BM(A02). FH(A02). MA(A02). HH(A02). FK(A03). FEIE(AO3). 424
(A03). B#8(A03). Lin(A03). F8(A04). L¥F(A05). HE(AOS). SAIZF(AOS). LLUA(AOS)

(2021-2022 FEORRMIAFTHKR]
[1] S. Fukamachi, Y.-C. Lin, K. Suenaga, H. Ago et al., Large-area synthesis and transfer of multilayer hexagonal boron
nitride for enhanced graphene device arrays, Nat. Electron., 6, 126 (2023).
[2]Y. Araki, Y.-C. Lin, R. Matsumoto, K. Suenaga, S. Okada, H. Ago et al., Twist angle-dependent molecular intercalation
and sheet resistance in bilayer graphene, ACS Nano, 16, 14075 (2022).
[3] H. Ago, S. Okada, Y. Miyata, K. Matsuda, M. Koshino, K. Ueno, K. Nagashio, Science of 2.5 dimensional materials:
paradigm shift of materials science toward future social innovation, Sci. Tech. Adv. Mater., 23, 275 (2022).
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BRSHICED < BZRTBEDEIR
BH ®i§ (KERXFXFRIFHZER)
RFEEHE : BlhxE (RAL)

E-mail: hsakurai@chem.eng.osaka-u.ac.jp

2021~2022 FEE(CMF T, (1) & CGRIR) 2 XcHpE. $F(C MOF, HOF., COF &rA\mlz1=w
N4>F"Curved Starphene”MERKIATR. (2) AN T —Z3FDERKEED nCOF A% (C DUV T,
(3) NUAFYVRIRIDIT ST T ADYBIRE (C KD/ REF v v THIHICRE I DIERATE. ZADIC
ARZEITDIE. REMITUT., BEAFRNE UTRANYR U fEGRICHITSD in-plane motion ZFIF UZEEEILE
FHECDODWTHEMFEZEMUZ[3]. =5(C. MERROMREICANR I DPEOFERZIRM U,

FREREULTIE. FFFEISTI R 2RTMEEER I D LETEEERDIZY MNTCHD. AXRY
= B B8 (CEDEMMIRD RS — T T > "Curved Starphene(c-Starphene)"MEARTI—w MMIHEHT D, [7]-
c-starphene MEM(CHIHTHRINLU I ENEIFESND,

Br 1800 mol% Me;SiCCH
1000 mol% EtMgBr
120 mol% CuBr,
THF,-78°C, 16 h
82%

.Q 1200 mol% 1,3,5-trioxane
6000 mol% HBr
AcOH, 80 °C, 16 h
LT e

M
600 mol% Cp,ZrCl,
1200 mol% BulLi

—_— -

THF, i, 3h
46%

AR mEFEE U BERICIEWNAFTH I OTIANR > & 97%INEKTEIZ, HUW TR Z R 7)L+
ZILEITV, BIERAE 82%INEKTEK T D ENTEE. NI URFEREZRBWETILF > DD FRIR
fEziTolz&EC3. BRORIGICHESE. FERIEZHSEHERIENEITU. [7]-c-starphene FEAMN U
K 46% THBNIZ. CDEMIL— DAV Y NME EFRIICH U TITOBIEEITOIZET, RERSNEE
BIEOFERCERTET D2 ETHD. FIENIICFRRNRIBRIERN FIGE THD ZETH Do

IRTE(E. BBk UTz[7]-c-starphene OEEIEDBRIEZRIT D TH D, BEF(IC. E#h COF Sl/\mEIFTz:5E
bR ZRIELIcE B TH D,

(2021-2022 FEDFEIZAHEFEE]
FIFA(A0L). EB(A01). FEE(A01). A (A01). AKX (A01). EF (A1), EH(A02). FH(A02). HA(A02).
KAE(A03). FEYE(A03). IRIF(AO3). #2A(A03). AZF(AOS)
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AABELRDFR(WBN) (&, RIRBEFEERETNSRDIS T 74 hEPIERIESZE DERE
aMThD (Fig.1(a)). 2004 F(CERBEEICK D SHERRMREERGROKERCHKAINIL. D& 2010 F
(LIS TI2DEREVTRVLSND E. BEFLANILTOHERZERL. DTS T T ORERT S
VILDOWSZEZRER(CHIFITDIEENTEIZENS, IS TI>DOHRSTBRREDILIT A RiR
EDIELZ D 2 RTHEERIRECBIASNESEBMR E UTLA<AVSNTWLND., COBNIZEYEZ 2.5 R
B - MRUSHICERETIZOHC. BLFEEEELRU TRDEFREDOSWVSHEMREIC KD EME EiLSE
KREERRCEDBATND, BERARYV—-XEUVTIRS D ETEZVZRAVZREZESEREEL (B
CVD ) [CLD. EREEECKDKEUCEHE EERORBEN L (CEERKREZITD. 2 RThkER
TOEHCIEFEERENREROTHRE UCL—YMEEZRAL TS (Fig.1(b)). INFETHORHERKE
S AT ACBNTRBE SNEERRREFICKDIREIESFS vILkE Uz A RE(ILRDFRBER

OFEREZENEFRE (XPS) PRIEDINEREZAVMREUZHER. RES KUBREAFYIDE DA
NELWCEZRHUZ, INSORFMORARE(EHREFOFERICHET D ENREESEIHD
HADHHSFEEN., SHESMERERMOBEADIEH 218z, T TAFE(F. INETHEALTE
TERREBORMZITD LAKFICEZRZRIFTL. AT —RRIEZERUZ (Fig.1(c)). INBDRE
DBVE(C KD REIEBADKS - EERFEED FOHADEE. MEREE LR U TH 1 HEEDOENER
LTED., FIERRES AT ACEWVWTHRERORBE(LZESHTUND,
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Figure 1 (a) hexagonal boron nitride (b) Thermal CVD system (c) Laser heating components

Figure 1 (a) Crystal structure of hexagonal boron nitride, (b ) and (¢) Schematics of Laser heated thermal CVD
system for hBN growth.
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2021~2022 FE(CMNFT. 2.5 RTMBEDOERER L1XDBRERES IV« R(TMDC)ICEB
L. (WEESHERE(CVD)ICLDmmERBDERK. (2) RUT—ZFA UESHMOME. (3) Ewa-s
KOBEBATOBEOFR EEBTEXRFEOFHE. /REZROLCHRZTOZ. BFIC. 2 < DOMEHAH
TA3RE (C CVD A TERM LTz TMDC itz 1T\, HEMAFKEHHE L TS, £, AEiZRWGDTJHn%(LJ:D
R ENIERROEEHRIOR N ZEB T, —SPOMFTRREDHBIFER(CEN > TS,

FELGRREELUT. ZE TMDC AANTOIFEEDERIRESYAT L /N> R SA A NOBRSENZEIT 5N
3[1]. TMDC OEIANTOIEE(E. PN F 4 A— RO R R)VERNRE NS > SRS (TFET)IREDIGRAM
BFENTLIN. BREICFvr U7 R=TJUENOIERNRE# TH Oz, SE. WSe, ¥ Nb,M0;,S, D
JOULOERNS. RBCKDZRBDI L —OZEREICERU. ZDMMNSZED MoS, Z CVD EEtE3
Z &AM UT=(Fig.1a,b). E£/=. NbMo0:,S,/ MoS, EIRIEAT(E. NSO IBEDER S EREE
MDFHMED. I\ RFPSAAS ST AT I SF1T IIIANEELLUIEC EHRENIZ(Fig.1c-e).

COMCE. FEEA S ) — EDOHBAKZIED T, WeTes RFHIERIERAD In RFO1>F—HL—>3
>[2]. BLUENRDRT /F1—TDINIMEEEE MoS, 7/ F1—TDEMK[3]RERIT DI,

PO WSe, MoS, B b
Q‘;‘g{; "é. CVD growth Wgﬂwﬁ
£.C. G of MoS, %( f“\" ’
e “fﬁ"w%,f
e

Nb,Mo,.,S, d e

i MosS, V,=0V V,=50V

—1l 5 (n-type) <
IEEELEERE ) 9‘:)
(AR X 8

AT B s, oy
:»ﬁ&.t.&ttﬁtt‘t&tt.& (p-type) MOSZ 'ﬂl, Gate voltage
' Si (gate 1 (n-type) 1073 A0 1 2
Voltage (V)
Figure 1 (a) Schematic of the growth process and (b) scanning transmission electron microscopy (STEM) image of
an in-plane heterostructure of multilayer TMDCs. Schematics of (c) the device structure and (d) the band diagram
of NbxMo1.«xS> and MoS; in-plane heterostructure. (¢) Current-voltage curves as a function of gate voltage.
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2021~2022 FE(CMNFT. T7>FTILT—)L A EEEEDIBR S MERIFEOM T EHEE Uiz, B4R
(E. (1) N/oOR—=LAE®DPVCRURY—ZRAVWZREFEEGSIMOBE. (2) WSe, DY T /\> REf%
FIFHUHIE bR CEOERL (3) WARNIE WTe; [CBWNTYA X MEEDOHIIC KD XHRESIFE
EIN RIBEZER. REZRDICHATRZIT DI, BEFIC. £ <DOMEEAHRERTE CRFEBERERMD<IE
Z1TV\. EIEAHREFIARSRE U TOREIBRIE UK. SERAOHFREN STEROERM/ (> RIBIEFTED
BHEBT. MIEBESEICBNERTEDDCENTSEZ, Fe. bO> MAF EDEBHEIATEHEIE
L. BERzZmIXFEXRUT.

FRRREUTIE. EHEERERSY ML ROBI/N\ REFIALT. —EEFHF («.*ﬁél@’
DIBEZFR U TEFH(CHITDIR—ILOHIE N> R)LIRZERI U, R TEaEB RV T 7 >FILD
— I RAEBEESZFAUED I/ RILO SMOZOXBRUCAT AT Lo ~OZ Qxﬁﬁ@EﬂE&B%ER%T
HOBERIBIKREN, SSCEMEITSTTIUICTBDET. GEEROBEFOHIE S RILSIRBERI U
T2 BTN R Q mRICFEMENTULD 8. bRV A X NEE (TRF UTEHIE hRILAERI SNz,
Q sUEBED/\> ROEHEEZRIRL TWL\D,

VERSTAICAAT DE T, Elvacite RUN—&FERAUIEAZEE PVCRUS—ZFERBUIEHZED 2 DDA
UL ERliZ R Uz,

Mountain-like
structure

Figure 1 Demonstration of flip-over stacking. (a) Five h-BN flakes on a SiO,/Si substrate were picked up by a 100-
um-PVC/PDMS stamp at T=55 °C, starting with the largest and proceeding to sequentially smaller flakes, and
hence (b) an inverse-mountain-like stacked structure was created. (c) The stack was brought into contact with and
(d) transferred to a 15-um-PVC/PDMS stamp at T =100 °C. (e) The 15-um-PVC/PDMS stamp was inverted and (f)
brought into contact with a SiO,/Si substrate before being slowly detached at T=150 °C. (g) The stack was dry-
released on the substrate, and a mountain-like layered h-BN structure was obtained.
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2021~2022 FEICMNT T, 2.5 XTMEDEILT « > TOv D ERZDEHEERA DT FELH! HI4H (CER
DIRATE. BEAMIICIE (1) BEFEEEROEREEL(CalTISEERBROD FEFISIE [1]. (2) ik n Bl
BARORIR(CEITTZ RF— - POCTHDFREEROBSHENT EREMSHE [2]. (3) FAGME/ 85581
EE’E.OJW@ RAAERR [3] ZHLICEDTZ. BRFC. RO DEDY, X - STERDREEZE & (CE

DTEBNATTE & HERFREED T,

Imﬁﬂn)ﬁ% EUTIE. BHFEERERICHITDIBAD FEIIOMIMEZ HIH T DIEHEFIEZ ENHES
5N% [1]e ZRTHRF+ U7ERXROEU D FE E UTAY D R—=2BIEHANA SN TS, CNE
TS, BEE T DNEFERTFEDIRTA (NUIR—28) (CKDEFHES TSN TETZ. (Fig. 1(a)).
UM URAS. AU ZIR—ANHIBTE 2 BEDOERDWIIMEDE TN ER SN DD E(CEBL (Fig.
1(b)). ERR(CNEFELEETVILFILENSRKRDIET)IVEHFERRICHWNT, BRI DVILFILEEEEZX
BDZET. O ULEIMEDRERRDEINESND Z EZBSMNCUTE (Fig. 1(c). D2 DDFEEZEHZIC

DUV, BiE&SR hS S RX DR EIER T D & REVILFILZHGS U FTET/I\A ABEBEN 10 8
BES\CENDM D, &AL TRWEOREND FREEEROBITZITD LT, HalE

DEEN. BHRNTHIET INEFERBISLUVILFTILEBOEBERANRE I D EICHRL TR &
ZRE U, AARICKD. SBBECICEFMERZSHEZBIRN(CIEDIEHNAESNZ. SRELDBL
BEIENSSNDHEICDWT., BEHAROEHIHIH ez ED D,

Figure 1 (a) (top) Layered
herringbone (LHB)-type
molecular  packing. (bottom)
Schematic illustration of the 7-
shaped molecular contact. The 7-
shape contacts are characterized
by glide reflection symmetry. (b)
Schematic  representations  of
distinct glide symmetries in LHB
polymorphs. The glide planes are
perpendicular to the y-axis and x-
axis, as indicated by the purple
dotted lines. (c) Molecular
packing structures of mono-C,-
BTBTs. The left and right panels
show short-chain and long-chain
type polymorphs, respectively.

X zZ X
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DS TITIADAISI—HL—33>, (3) ISTT>SA995T71( K (GLG) ADA>F—HL—
3. REZFULICHAREITO/Z. BIFIC. FEIBARRATNED 2.5 KB Y > TILADTILA U EE?

NDAA—AL—232ICBRALTWVS, Fio. BEREE CERND- > 45— L — MIEBEDIRED
BRERAND S, ERIEMICIENZEEGEBREDREZIRDT,

FRKRELUTE. JULIBRICIEA>F—HL—>3>UICLK LY Na BVNEBEINEHTIEDZED
STI>THNE. SHMBETHOD TEERLDEA>I—HL—2aMEHFBVW T EMNDh oIz 212U,
“EBUOS T DBEF. KW Ca DA>A—-AL—2a>rECEN Na ([CEUTEIESRTHS
(Fig.1(a))e CNETI ST I ADA A=A -3 > DOBREEISTYRANRT NLUTHER LTV, fEi5
AHBEHAITTEDHICLD . STEM A2 spring8 DS Y= FIFA U7z XRD (CKBiHiiZias T,

GLGNA\DA>AF—AL—>3>([CAULTIE. BRICEA>F—AL—bBUIC<UL) Na Dft, EIAD1 >
H—HL =23 NERESNTULVRWMG (CEELTEA >F—hL—> a3 >R En/z(Fig.1(b)) . FE=.
ESRIBEMICEALTE. GLG FEIRELDEAF—HL—2 3> HEBTHIIMENESNIZ. ZZTFETD
XRD (I > FILOKRGBRBEZ(TATELTLVEN, 2022 FEEXRICKTIERETO XRD HIERELXEA U
DT, SEREKDIEHEIMBEFENTZITDOENTES,

(@) Pl (b)
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Figure 1 The products of vapor phase intercalations of bi-layer graphene (BLG) and graphene like graphite (GLG).
(a) Raman spectra of intercalated BLGs. (b) XRD patterns of intercalated GLGs.
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2021~2022 FE(CMFT. (1) 2.5 R TEDFRIHAETARAMDRFE. (2) 2.5 RTMECH T DR
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B GHARR) O—ifn& UTOREIBRIZUL. BANIC(E. IHEMT ZIR7TTHE TDZERREEFREC
B9 3IERNMESNDEZSFIRFEE. LR TOFICETAR EDRIMZRM L. BN (CHITDATTE
BOBEZEDDZENTE . INSOMFTMRIE. HE. HEAFRE THXDERPZZHEMTZ
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FIRRER E U TIE ZIRTTHER MoSe,/WSe, NFTOMBIE(Fig. 1(a)) ([CHEWTHIR T DHFRQNFNIEE
ZXE T DET LMEFREDPZEDY A FIOXCHTIHMENESNIZ. BARNCIE. BACHFSI DN
FHTEE (TS50 K) REFZLUBEFREOLE meV SIRI)ILF—RAIC, XENCTREE (F—0) RETF
LR FIRENFET D EZMASMNC L. Fe. ZOETVLUMEFODIAFZIXIC, F—DREFL
B FIRENRSES L. FAODRERFMREZZE LU TVWDIENDONDIRE. REN(CET LENEFHE
DDETLYIE(CE T DM ZRDIZ(Fig. 1(b)-(d))e TOMICH. TRTHEREBIABIEARCLDIAT
NFOMEZARIK L. WRERME (XJ2) CEEURET LAEEFOFEREZHASHC TS,
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Figure 1 (a) Schematic of semiconducting MoSe»/WSe, heterobilayer (upper part). Optical microscope image of
MoSe»/WSe: heterobilayer (lower part), (b) Photoluminescence (PL) decay profiles of moiré exciton as a function
of temperature, (c¢) Temperature dependence of PL intensity, (d) Temperature dependence of PL spectra.
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HHER I D ENEU L, HIE( 2 BREIOMATAE 1 @ UHITR RN DTz, MIX T, SPring-8 DE—AS A
CHERDIZ. BIRE—ASA > OBEIN 2022 £ 6 AFETiTHNIZIZs. EMRD SPring-8 ZFIAL TD
NS AE 2022 £ 8 ANRIER DIz, DR, BBIIL—T . MMERTIL—T . FKIIL—T EHE
T, O3 TI>2A>2FAL—23 > DEDHEHEEERT DIcHDEERMBEZMIALL. HRSSBROFvE

SU—m5. MBAE. BEES|IEOFEREEHDRTZER. ATSA>TISTI7A DA —HL
—2 3> MRS AT LAEBELUI,

BHEIDOE—LAFA LT, TOHBROLTY h7v TOEBEEAELOBEZITV. K B >4F—HL—
2 I DTOHBBEEAEERBELUZ. AREDOFTF v ESU—-RICAFULIE PGS IS I 71 MEBICEEL
ECEMNS. 42— —2 T3> ZTVRNSD X REERICIERINLIZEZEZ TS, IS5 TTH5D
REHC—BTRESNB3ZLERSNN > iesd. HIE. HFMlEfithTHD.
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2023,02708 16:42:01

'@SPlrln.g 8 BL'1 3xu N /5

Figure 1 Photograph of experlmental setup for in-situ X- -ray diffraction experiment of K 1nterca1at10n of bilayer
graphene.
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2021~2022 FEICMNIT. (1) 2.5 XMWBEDRFLANIUEEHIE U T, FilR—XoT - ZRTED
WS 21T D 12, [RF LRIV TODINZEABHIICA SN, BRFREZ R DB FIHDICA(CBHT.
FERTBEEZEREH UVMBBEDRIEICIA SRS, (2) 2.5 RTMBEONFRFDRE (CE T R
MREIRRESEH Ule. E<ICAEDHE EELS (CKDITFHS b DEBEGOAEICEEBEIS T T NS
TMDC ETHRIAVEICH WTRIESNTZ, SEBADIATFE EOHBAFRBIRL <ITHMNTZ. F/Z Wien X
F0 DTU R EBHAT - T E DOEBRERMARICEEF UL,

FIRERELTE, Lin (A03). BKXUSHMR—)L BT KRZFE, ERREREELHAATRZITL. £<
FUWFZO LR 2RT(2D)/ 1R (1D))\ ATV y RIEFIBIEZEMK T D EICHRINLE. 5 RBREER
RS BEFIEMIRZAWTETORRY/ ATy RBIRFIBEZMHAL. COFMEN 380K DEETET
BHOEAESR—ILHIRERT ZEZASMIUE (B1), {EROBIZF (FHEFBIRF(CARIND
KD, ARTOMERLTEHRSNTNELRLZ. 2 X8 (BR) & 1 XTmE (8IK) ZlEHs»EaDE
TZERRRIEEBISE Z R DR T/ \A T Uy RBIRFERIRENTLRM D 12,

COM(CE. EBRERMATE LT, EMELTINK, SHAE EOHBERFENMEATE D, —EbEHX E
UCRRTEL[2].

(a) (b)
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(2021-2022 FEDOMBEHAHEAFE]
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(2021-2022 FEDOARRMNQIAFTKRR]
[1]1J. Zhou, W. Zhang,,, Y-C. Lin, K. Suenaga, et al.,, Heterodimensional superlattice with in-plane anomalous Hall effect,
Nature 609 (2022) pp.46-51
[2] Y-C. Lin, A. Motoyama, P. Solis-Fernandez, R. Matsumoto, H. Ago, and K. Suenaga Coupling and Decoupling of
Bilayer Graphene Monitored by Electron Energy Loss Spectroscopy Nano Lett. 2021, 21, 24, 10386-10391
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2021~2022 FE(CMNFT. (1)BEDFENBFDICAEZRNTHIN~0.01 mm)id 2 Ro)E=1EH
([CHEE U 2.5 RTBOEFIRE (/> MMEE) ZEESR T DIEHDOMEHWERTEDHIZ. (2) MFEL
FRMERITE CBRML — Y —AE DB T O NEREZAVVC 2-5 8 WTe, D/\> REEER. (3) B
EBYA LT A RDOYA X NMEBARD/ > RIBIEER. 20 (CHRZEITO .

BEDBABFINE. B RENIEFBEOHABETRNEH LU WEMBEZET D 2.5 XTWEICHN
TE/N\Y FMEGZHRATEDBHIRRBEFECTHD. ULNL—HT. ABFRECHSIHFEOML, AED
REBUBME, HRDIRHIE WD AR INSTAE LORENS <FET D AARTEEHIIL—T £
BEHAFRZITV. TNSRER EDOHZTARL T 2.5 RaMBED/ > MESEZ AT 2 F E=WIIUZ[2]. =
5(C. ZTDFEZRNT 2-5 8 WTe, D)\ RBIEZEHAIL. BERFIRIFTAEARBLIZ/N> RBIE
(CBITDBHDOBEIFNREVIFRFZER L. TOERRZHIAT DN TE(Fig.1) [3].IRFEETIC,
BREBY A HILITF A ROYA R MEBARDOATOESHK. HitcReEBRiEA ST RFEBE[1]
EDZBERRIE 2.5 RTMED/ > RBEDIFEZITOTH D, 2.5 ReE(CHRHERETFIREBZRSH(C
LT3,

10 um

(b) Graphene

WTe2
Graphite

02 00 02 00 -02 00
ke (A7)

Figure 1 (a) Optical microscope image of the fabricated graphene/WTe,/graphite/h-BN heterostructure sample.
(b) Schematic of the fabricated sample. (c) Upper panels: The optical microscope images of the 2—5-layer WTe»
flakes (white frames) used for ARPES. The red bars represent the 10-mm length. Lower panels: Obtained ARPES
images for 2—5-layer WTe,. The makers (¢) indicate the positions of the intensity peaks at & = 0.

(2021-2022 FEDOBEBRHFEAZFE]
EHB(A0L). #HH(A0L). E2(A01). MNEEAE(A0L). ETEH(A02). FRH(A03). FEYE(AO03). 424 (A03). #II(A04)

(2021-2022 FEDHRMDATFTHR]
[1] B. K. Saika, S. Hamao, Y. Majima, X. Huang, H. Matsuoka, S. Yoshida, M. Kitamura, M. Sakano, T. Hatanaka, T.
Nomoto, M. Hirayama, K. Horiba, H. Kumigashira, R. Arita, Y. Iwasa, M. Nakano, and K. Ishizaka, Signature of
topological band crossing in ferromagnetic Cri3NbSe; epitaxial thin film, Phys. Rev. Research, 4, 1.042021 (2022).
[2] S. Masubuchi*, M. Sakano*, Y. Tanaka* (* equally contributed), Y. Wakafuji, T. Yamamoto S. Okazaki, K. Watanabe,
T. Taniguchi, J. Li, H. Ejima, T. Sasagawa, T. Machida, K. Ishizaka, Dry pick-and-flip assembly of van der Waals
heterostructures for microfocus angle-resolved photoemission spectroscopy, Scientific Reports, 12, 10936 (2022).
[3] M. Sakano*, Y. Tanaka*, S. Masubuchi*(* equally contributed), S. Okazaki, T. Nomoto, A. Oshima, K. Watanabe, T.
Taniguchi, R. Arita, T. Sasagawa, T. Machida, K. Ishizaka, Odd-even layer-number effect of valence-band spin splitting
in WTe,, Phys. Rev. Research, 4, 023247 (2022).
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—HR(C IRTTENTERE UTZR (B FHEE UIRWEFIIR TH DT, EREAMOFECEDEED
HRAEATER, CORMERRTOMENMTEZ ik I SFREOSVERARZHIITD Z L.
2.5 ReERFOFIEDORIEANDKE/RERED 1 DTH D, 2021~2022 FE(F. EVLWEZFL(C 2.5
RTTYIRF OEEIERIERICIDBATL. TEREREIUTOED THD.

(1) EVL#HERICHITD MROZ— : hBN/J ST 1> /hBN ZIAsD &I DRRLZ IR RTTEBRRTETF
KEZEHEL. ZDDOETVLEROTHICK D TISIFILIRDART MULENS &0 =5(C BRIt
DEFR—)VIREHFHMIGEEL T, ELRIILF—F v ITHE 2 Chern HEMF(END MROSH
WK D TIREOIITBND CEZRUTE. CORERIE 3 RTERER(CEILRIETH D, AR & (FFRL
DRTH RO HIVEDOEEEN. EFRR(ICERBN (CFEI DI LZRT,

(2) EZLIA ) >OEGHETVILMETE BF/I\OREEEBLETA SIS REETLERICEDTK
SIERZRITD. ZZTEII ST /hBN EV LB TFOERNEE T A J 2%, BHAET )L 2BV TE
BU. E4DEDI A J > (358 EMSN. B/ REZESVETL IA /) RICBEBEIND &,
FEETL IAJ UISREIFRMEDENIC K > TRESSEZIF DO EZESMNC U, CORRETET LY
BTORMGEREDT A J BN EE LIRS BB LZTETD.

ZOft. WA X~ MROZHIVERAIERE CHITDREIRE,. YA AN BISTIUICHITDIETLE
HELNDOMR., ZRWERY > BUZOITY DIREE T —F —IREDER, NbSe2 DI 7 >FI)LT—)L
AFREICBIFDIEENAE/\L—DB (RREETIVL—T EOHEMRRK) FZiTo/.

(V12: V13, V14, V23, V2ss V3a)
= (-1,0,1,-1,0,-1)

(-1,1,1,0,1,-1)
81=2,—4,2)<2,3)

(—4,2,4,-2,2.~4)
g = ,~~‘>>;‘ ,
3 < (1,=1=2,1,=1D \\
[ % - § || -
& = |
(6,—4,-8

“0.0 05 1.0 15 20
Twist angle §%= — 6]

Figure 1 Moiré pattern in hBN/graphene/hBN trilayer system (left), and its electronic spectrum plotted against the
relative twist angle (right).

(2021-2022 FEOEBAHEHAFTE] MEHE(A0L). EZ(A01). MEE(A0L). =H(A02). HJH(A02). 1tif(A02).
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(2021-2022 FEDHRNIMATTAR]
[1] L. P. A. Krisna and M. Koshino, Moir¢ phonons in graphene/hexagonal boron nitride moiré superlattice, Phys. Rev. B
107, 115301 (2023)
[2] M. Koshino, H. Oka, Topological invariants in two-dimensional quasicrystals, Phys. Rev. Res. 4, 013028 (2022)
[3] H. Oka, M. Koshino, Fractal energy gaps and topological invariants in hBN/graphene/hBN double moiré systems,
Phys. Rev. B 104, 035306 (2021).
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2021~2022 FECMNTT, (1) BIERER EICOFREMCHKR LD DL AU L (GaSe) D
LEM. (2) ZRDESILOAZI A (ZrB,) BEDELICKDAFRERDRERFEXEELDIZHD
TSXATBEDEA, (3) EAEBETIEMEE (STEM) T RTMAHIN I DEBEENINZDBEHEOARIE
IREAREAZOIEE &I DRIBOEE. REETDICHAREEDZ. BFIC. REDRFIFREEIRNE S
RBNEBDORNDCKDHBFIBRLS - DRl (BISEFET) & U CHEZAREAFRE DSESRIREAIDE
RE(To/eMh. HLIIEFALRAREC. BEEET CTNRAT D ETEORALICBRER 1%
WIS IT1T>2THDSULEAEMEND Si(111)ER L ZrB, BRI DM ZiT o /2. SERROMTTEN
5. (T, ZERDILIT A RERME ERFEHOREE - SERMIICDOVWTERT ENTE., SEDH
FLEBORE(CDRFTNEZL, Fie, EREEIESEE U T, KEDRRIMNO ZRTHRAR(CEAZEED
AR E DB ZIER L. WA DFEPEFRREDIRCAIITZEECEF U,

BANGRRE LT BELEXINZEOBHRERTHMRETITOLD. Fe, KKRECTOGER
Z3ERFET STEM (CEATDzH(C. FilzlCBEDREER—ILE— X (TIBATIRER _shiNin T AR IERE
TEM i##IR)LS (Fig.1a) ORFEERISHIULEILITKFEL. ZO5EMEAE 200um DU 1> F v (T
TS UEAIILIT T RBIMEZHAWT, AETETOREFRRTIER LI, Ar FRK T TIZORILY(C
SRIDE D32 R]RE(C T 2P 00— TRy O XAEDEMET 7 Uz (Fig.1b,c). IRTE. HMBICSUI>Fv
TORREED TS, MICE. TFA—NLAT—ILD ZrB, BIR LS Ut /A" ARERORAR %
ER T BIeDICEREREEB (CHEC TS AVEEEA T DR ERBEMBNEAIL. e, MHEAETE B
ERER L TOHFRE IR BRI IRTHRIDEL > AbH U D L(GaSe) DELR EI R = A1EEiE GaSel

(Fig.1d) OXFHMEEEHBEFAILS - Dl () FECHWVWTEHAIL., IR TRERB E DBV
BECRNBZCEAFE—RIBSTHERREESDETHSMNI Uz, COMEXRTE. F—RIEBAETT 1SV
2« A—AFREFIRENFAETND TSIV =D LABERENR £ GaSe /\ZHLMEFDRAEDENBETIHEIC
KBDETIRRERTERERDOFRTEEH. GaSe BRODEDEECKINUIZ, COMFRZEFE LB EHAE
EFE(X 2022 F£ 3 BETHRICESETEE LU TRESINZ, TDMICIE. EREEAKICELD. FHz(CIE
FIEFD IV RETR XTI T E(CFEET DT ENSTENSIHSNERD .. YIEDEREEAT[1].

(a) ey R () 1}: 3
- 1 ™ * ,*

e «y/ TR W 2 }*‘o*%*’
A . l 78\ ‘ NS L i 'g % LY a¥

Figure 1 (a) Newly-developed double-tilt 4-electrodes air exposure preventing TEM sample holder for UHR pole
piece from Mel-Build Corporation, (b) Glove box for setting TEM samples under Ar atmosphere and low humidity,
(c) Pass box with the TEM sample holder inside, and (d) GaSe monolayer with conventional trigonal prismatic
structure (left) and newly- discovered, metastable trigonal anti-prismatic structure (right).

(2021-2022 FEDEEHAHRAFE]
FB2(A01). =H(A02). HTH(A02). #H(A03). #24(A03). £F(A05)

(2021-2022 FEDHERM/IATTKLR]
[1] C.-E. Hsu, Y.-T. Lee, C.-C. Wang, C.-Y. Lin, Y. Yamada-Takamura, T. Ozaki, and C.-C. Lee, Atomically thin metallic
Si and Ge allotropes with high Fermi velocities, Physical Review B, 107, 115410 (2023).
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2.5 RyTBEARDFEV £743D van der Waals (VAW)BIRMIE(C DT, B4 IMEEY) Z S mE IR E b &R
BEUTHEI DS ECBMDBAL. fIZE. BBEESY A HILITF A R(TMDs)T(E. K1 (a)DEHAER
RICHRETRUR 33 BREDITRERN MX, DIRER(CDVT, B 1 (b)[CRRESND XS HEERAN Z= % lH
TEDHFNZEX T, SEEATORRMAREHELZ, —#ED(C TMDs EMHIRENDEDD. B 1 ()R
K OSRBRERRE - DILIT VR FORMRROBREIMEDOSREN DD, TNSERMULNS, MEFRE
/8K, RR/HER. FEM. Bt BEEER. B8, MROZHIVEREDRL BRBFMEZERT .
BAMMF(SEDUDIE. FATHEAZ UMD 2 2M 1BIED WS, 1° 3M 1BIED NbTe, IR EZMREUER
BIRHEERANORECMEDHETH D, WINEBEEZRIN. BREIHIC 3 MICEANLEE
SKEREY (CAREAT D C &(ICRIN LTz, —73C. sEIBAHEAF T, FREZQEVE TMD OXRZ TN
<. BECEZH Uz vdW BiEEEBOXREMIE(CBHIz. CNICLKDHRE. MROZHILEEBELT
HE5ND WTe, ZHRICLT. BRAICEIFELRL vdW BEKRNZED 2.5 REZEIRL. TDEF
BESEHEAIT DT EICKRIIUE[L, 2],

O 11 | v | Cr
S/Se/Te Se S/Se
Zr Nb Mo
S/Se/Te | S/Se/Te | S/Se/Te
Hf Ta W Re
S/Se/Te | S/Se/Te | S/Se/Te S/Se

(b)

Figure 1 Catalogue of single crystals grown in Sasagawa group. (a) Available compositional combinations
(indicated in green in the periodic table) for transition metal dichalcogenides (TMDs) with van der Waals (vdW)
stacking structures. (b) Examples of grown single crystals. (c) Various crystal structures of vdW-TMDs.

(2021-2022 FEDORBAHFEAFE]
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(2021-2022 FEDHERMDATTHR]
[1] M. Sakano, K. Watanabe, T. Sasagawa, T. Machida et al., Odd-even Layer-number Effect of Valence-band Spin
Splitting in WTe,, Phys. Rev. Research 4, 023247 (2022).
[2] S. Masubuchi, M. Sakano, K. Watanabe, T. Sasagawa, T. Machida et al., Dry Pick-and-flip Assembly of van der Waals
Heterostructures for Microfocus Angle-resolved Photoemission Spectroscopy, Scientific Reports 12, 10936 (2022).
[3]Y. Zhang, K. Watanabe, T. Sasagawa, and T. Machida et al., Switchable Out-of-plane Shift Current in Ferroelectric
Two-dimensional Material CulnP,Ss, Appl. Phys. Lett. 120, 013103 (2022).
[4] Y.M. Itahashi, T. Sasagawa et al., Giant Second Harmonic Transport under Time-reversal Symmetry in a Trigonal
Superconductor, Nature Commun. 13, 1659 (2022).
[5] K. Takeyama, K. Watanabe, T. Sasagawa, T. Machida et al., Resonant Tunneling Due to van der Waals Quantum-Well
States of Few-Layer WSe; in WSe2/h-BN/p"-MoS; Junction, Nano Lett. 21,3929 (2021).
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2021~2022 FE(CMNTFT. (1) EW/\?D%%E%H@L\F%?/WZW*”&EW@ (2) EHZERWIZ2.5
RTAEEDIER EHIE. (3) {EZERELIZ 2. 5RTE BB, /REZRLICHARZ
To7z. . Z<DEBAREATFTEN SR %mw ﬁ&i'-a’—_u/ﬁz*i SUGEPFEINEERZ @ U CHEH
RZEITDIz. FIo. RIBAAFRE (C KL DEmTE S ERAERMOR N Z S THIREE DS ELBEDT.

FREERELUTIE SR TMDC ERNAT OIS (CH T, BT/ ADER S ERARFE DR &
BgERAthZER LTz (Fig. 1), X (& RUERMEEREZE I D WS,/WSe, IANTOBIE T (. REDE
AHERICER U= RMARAFEANERTIETH D 2R U (Fig. 1a) [2]. F/z. %Hﬁsz%u,%ﬂ’q(:z%
{EEEBTEEANTOBEICHBN T, BAUBERRNCHET D ET, LEHE(CRAEZER - Bl
(CHIERTEEIRS ) (@ RHEEZERIR LTz (Fig. 1b) [1]. &5(C. AANTOBEICINZ T, BENTOEE%R
FWEZRAT )1 ROER(ICE/MRINUTZ, BIFIC. BEATOEBENDEHFNRDEA L, ENICKDET
LIS =2 DZERERIREEIRD. BT L OEEHIEIC LD HT /)1 ADEIRNSERIIFTE D,

COMICH. FEIEANN—DBHZEEBT. KEETI ST I /BN AFTOEECHITDERRABETIRF S
DEIR, TMDC HEHAT /A ANDT SXEHROEAN EFFHRFHEHMCBER DA,

'-“'0.'.'0: 0'0'0 (&S
:.:.3::: seissssciesst s3ss 'o‘o'

520
08| /£

-
(4]
1

Alloy LED

EL intensity (a.u.)
P

o
[

17 18 19 20 , ;
Energy (eV) X

Figure 1 Monolayer in-plane heterostructure light-emitting devices. (a) Schematic, EL image, and EL spectrum
obtained from WS,/W Se; steep heterojunction interfaces. (b) Continuous color-tunable light-emitting devices based
on compositionally graded interfaces of WS»/WSe; alloys.

0.8

(2021-2022 FE DOEBAHEEHFRE]
FM(A01). SH5(A01). BM(A02). ILE(A02). ME(A03). FK(A03). HI(A03). Lin(A03). #EF(A04). EF(AOS)

(2021-2022 FEDOARMNPIAFTHR]
[1] J. Pu, H. Ou, T. Yamada, N. Wada, H. Naito, H. Ogura, T. Endo, Z. Liu, T. Irisawa, K. Yanagi, Y. Nakanishi, Y. Gao,
M. Maruyama, S. Okada, K. Shinokita, K. Matsuda, Y. Miyata, T. Takenobu, Continuous color-tunable light-emitting
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(2022)
[2] N. Wada, J. Pu, Y. Takaguchi, W. Zhang, Z. Liu, T. Endo, T. Irisawa, K. Matsuda, Y. Miyauchi, T. Takenobu, Y. Miyata,
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2021~2022 FEI(CMT T, (1) Au/WSe, F /#EEDFENIZ®RIFE (BEH G - &Y G HEHR). (2) J
ST1I> - ES—bh—RoF /EEZRWEFEL Y — (B8 G- #E G HEEHFRK). (3) TMDC AFO
FTI/BEERWETSXEDSFRIRILF—ZHR (BHG - & G- RYHEAR)., REEFLICHRZITD
fz. MABIBEYIE. EHE G WEM G (C TMDC 205 J 1 > OERUKFER T D> TLVEH . EEOMFRE
FHI LT CVD & AEvREERMEZEB L. METIEILBEXRFDIAFRET TMDC Y2ZDNATOEEDIE
HETO>TVD. BETEHEBSELITTIIRGERICBERRIRERT> CTHEMRRZED T\,

FREEELUTIE. CVD & LTIE TMDC LICFH /FrvTE 2 EREBEZERL. TSXEVICKDHE
A2 SHG DIEMZEEA LTz, CNICKD, TSXED ERMEFEDHYTUIICEITIFHUWRZES
ZEMTER (Fig. 1(a), (b)). FZ. 2 /&8 WSe, #i&Z AL\ T TMDC HEEBE [CH 1T DIERIMTFIIREI € —
REBSRDLICLDBESHNCUIE (Fig. 1(c)). 5T, M0S,/WSe, NFOF /&R ERA LT, FEHX
RO NVEE L TERBEHEAZBASHC U (Fig. 1(d). £le ATOF /BELICR T /i8S ERL
T (Fig. 1(e)). TSXEABRICLD MoS, & WSe, DENIERETE AN —> 3> Ule, ERiEghE
FIDTSXEAEE (ELFEAT/I\AR) [CDWTIE. B 5 FEICHASMNCITDFECHD (Fig. 1(f)).
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Figure 1 (a) SEM image of Au/Al,O3/WSe> nanostructures. (¢) PL enhancement of Au/Al,O3/W Se; nanostructures.
(c) Coherent optical phonon signals of interlayer breathing mode of bilayer WSe». (d) PL spectra of MoS,/WSe;
heterostructure, WSe> and MoS:. (e) A schematic illustration of plasmon-enhanced light energy conversion devices
using Au nanostructured TMDC heterostructure. (f) Energy diagram of plasmon-enhanced electroluminescence
device using TMDC heterostructure.
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paradigm shift of materials science toward future social innovation, Sci. Tech. Adv. Mater., 23, 275 (2022).
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2021~2022 FE(CMNTT. (1) 2RFTBRF IV FET D by T45'— MEFIR (CH T DB LIBIREEE
(EOT)1.1 nm DERK. (2) @IRIMEEEHONTLVE PdSe, D/\> RE¥Ew W IH 0.5 eV THDZEDE
5. (3) /XD—F/)\AR%=BH LT C dope =M/ h-BN ADEFEA. RRERPLICHATEEITOIE. Rl
([C. ZL<OEEARRERTE EDHERFTEED .

FRMBELUTE. by TH5— MEZFEICHITD EOT = 1.1 nm DEK THD. RFBEMRHIITFv=IL
RISBNZ ENS., KIER CMOS FrrILE LU TEESINTVSH, BRFEHEECP/\vHU > D %A
WTRRIR T ZDBLAE(ALLOs, HFO, &) (FEV FEXZHB I M. MERFDOEFEMEIADRMEEAZIT TR
<. BFEMP L TOFEERIKT (IMEREUTERECHD. SE. MBATILIEEE A1 > Fv >/ (—[IIC ¢
=5 MM D7\ Fv—ZEBAUMIHIRT D2 ET, HFEBEESBRATILEEEZEICRS, A1>Fv >/ (—
DEEZDERIRT U THIHBIEEREEF v N\ —ZBE Uz, AFECKDEFEMH EANOSFEXRER
& Er,0; DZAE A BRI Ip-Vic iFEESIE(d). £z, by TIo— hE/\w o5 — RBELENS, ke
=18, EOT = 1.1 nm &&Ep UTc, BT XL w=3)L REFHE(E MOS-FET DIEERETH D 60 mV/dec (CiE
<(e). MOS;ADRFFEAZIX ITABRIEHIE CH DT EERULTND(C)o AFE(E. REEF 2 Rt
Bl OISR (CBRI TH D, 574D EOT KRN BIEETH D,

1
-10 -05 00
Vi (V)

Figure 1 (a,b) Top-gated monolayer MoS; FET using a thermally-evaporated Er,O3 as the gate dielectric. (¢) Cross-
sectional TEM image of the top gate stack. (d) Bidirectional transfer characteristics at constant V'p = 2 'V, various
V86=0-20 V. Inset: Vg at [p=10" pA/um as a function of Vgg. The slope of the linear fit yields the ratio of the top
and bottom oxide capacitance, thus the extraction of Crg was achieved. (e) Subthreshold swing as a function of Ip
at different Vgg.
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achieved by the direct formation of a high-x Er,Os insulator through thermal evaporation", Small, 19, 2207394 (2023).
[2] S. Ngamprapawat, T. Nishimura, K. Watanabe, T. Taniguchi, K. Nagashio, "Current injection into single-crystalline
carbon-doped /#-BN toward electronic and optoelectronic applications", ACS Appl. Mater. Interfaces., 14,25731 (2022).
[3] W. Nishiyama, T. Nishimura, K. Ueno, T. Taniguchi, K. Watanabe, and K. Nagashio, "Quantitative determination of
contradictory band gap values of bulk PdSe, from electrical transport properties", Adv. Funct. Mater.,32,2108061 (2022).
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v RD—DDRIEZBIE L. 2021~2022 FECMNIF T, (1) YPN-O>E1—F+ I RBRROEE,
(2) EXFUSRZEDH—IRIF I/ F1-TER NSO ZXIZBNZUT/)\—DIBEEEIFEE. (3)
H—IR>F ) Fa1-TERIEF L H(CHIFD VY /I —BEOEIE L @mRTib. (4) AR EHD—R>F
JF1—TOHBEEROHEN (A0 MEEDHEARK) IREZFDICHATRZITO I,

FRERELTE B—MRF ) Fa-TBEZAVCEBREFETCHEWT, USN-O2Ea1—-5F
+« O EIRETH D EZFIM L. FICHEFRREBEEDMMEBEDZIEDFRIZEERIE LIz, ZZTlE. 4DDAH
—IR>F ) Fa1—TEFZAL. TNENDORAZRIDZDIFM TESILFENICTEMIL. BRUCFHFECE
ftZ2BBDLCIO>TUT/NN-—DRTENR EL TS, =50, B - & (CEADDILEERICINZ
T, BRCEEORBEBERZANDZLICKDT. E=5(CUT/—DRTHEDE LN EIEETH D Z & &R
SMCUz. INBICK> T US/N—EtRICLDFAMRENE LTS Lz L.

Fle. BREEF /BEZ1—3IILRY NI)—0ZFKIRIDINFEULTEREUTNDB AR UICDUT,
P—IR2F ) F1-TBENSZRIZANT. AR EAD—IRFJFa1—T OEEFRZRAN,
S, TJYRIEARRI TR IVERERDRICE D TH—IIRIF I F1—TADR—E>T DBMERENZELL
I EZERBHU. MEERA S/ \—DERIN YR~ b8 CIREZEDT.
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Figure 1 Reservoir computing based on carbon nanotube electrochemical sensors. (a) Schematic and photograph of
carbon nanotube electrochemical sensor fabricated on plastic film. (b) Schematic of reservoir computing system
based on carbon nanotube electrochemical sensor array. (¢) Result of blood glucose level prediction task.
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[17Y. Sun, P. Li, E. I. Kauppinen, D.-M. Sun, and Y. Ohno, “Key factors for ultra-high on/off ratio thin-film transistors
using as-grown carbon nanotube networks”, RSC Advances 12, 16291 (2022).
[2] F. W. Tan, J. Hirotani, and Y. Ohno, “PMMA/ALOs bilayer passivation for suppression of hysteresis in chemically
doped carbon nanotube thin-film transistors”, Jpn. J. Appl. Phys. 61, 034002 (2022).
[3] H. Oshima, K. Iwase, and Y. Ohno, “In situ monitoring of the electrical property of carbon nanotube thin film in
floating catalyst chemical vapor deposition”, Jpn. J. Appl. Phys. 61, 038002 (2022).
[4] M. Matsunaga, J. Hirotani, and Y. Ohno, “In-plane dual-electrode triboelectric nanogenerator based on differential
surface functionalization”, Appl. Phys. Exp. 15, 027006 (2022).
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2021~2022 FE(CMNFTT. (1) 2.5 R cWEDERK. (2) 2.5 R MEOREZEMEMEELTD
SRR ERFLCHARZITO . BRFICFEGRNERRTE(C. BRESEH 1-5 nmEBEDT /LB I 30
STIVENMERUEEDI SIS 005 T 74~ (GLG: Fig.1(a)) YIS I 1 >& )L AFA
T TEHEUEBEDE S —(biRFRDIRMHEIT O/,

FRERERE LTI Fig.1(b)[CRIAEEEB L. MEREN EBRDOA A EEE#SZ~I GLG D> — k
BERTEZDLIICRD[1]. INZRWEBRILFEA > E—4F > EZEAIT D ET. BRERRAIICH
|71 A BENCEBA TDA A DILEFEE Z A T2 ENTEDIRS(CIRDIET ENFEITBEND,

WIS/ \SA—FDEILD GLG = — MMIH T BIERNS GLG BRICBITDUFILAL A DILEGREZR
BEOlEECA. Fig.1() TR KDICERMDEDRIDE 2~3 RSV EMNDh o Tz, FeF /FLE2n%
LW GLG (GLG900) THDIGAUREMNAST Tz ENS. UFILAAUIERT 2 RaM(TILEN T D12
FTRLSF/AZNUT 3 RTICEBHTEIRIEDEEZISN. NP GLG ZUF I LA A EMER
EUTHWEBEICRRFTRENTTRERER THD Z EZBASHCTEZ[2].

COOMCE. PBIEA S /\—DHRHZES T, Na. Mg IREBRICITIFA TN, BLLEENICKLMEE
EN GLG DERIICIHEATETDRICE, FLTVZA>DEA BEBFBZ THICE[B3REEXZREL TS,

c) d
© o )
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Figure 1 Synthesis of GLG sheet and elucidation of ion diffusion behaviors of it. (a) Structure model of GLG. (b)
Photograph of GLG sheet. (¢) Diffusion coefficient of graphite and GLGs at 0.05, 0.1, 0.2, and 0.5 V vs Li*/Li.
Here, GLG900-L is prepared from GO synthesized at 0 °C and then heat treated at 900 °C. (d) Schematic illustration
of the diffusion of lithium ions through nanopores in GLG.
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[1].J. Inamoto, S. Komiyama, and Y. Matsuo, “Synthesis of a flexible self-standing graphene-like graphite thin film and
its application to an anode material for a thin-film all-solid-state lithium-ion battery,” Carbon Reports, 1, 142-146 (2022).
[2] 1. Inamoto, S. Komiyama, S. Uchida, A. Inoo, and Y. Matsuo, “Insight into the Origin of the Rapid Charging Ability
of Graphene-Like Graphite as a Lithium-lon Battery Anode Material Using Electrochemical Impedance Spectroscopy,”
J. Phys. Chem. C, 126, 16100-16108 (2022).

[3] Y. Matsuo, K. Sekito, Y. Ashida, J. Inamoto, and N. Tamura, “Factors Affecting the Electrochemical Behaviors of
Graphene-Like Graphite as a Positive Electrode of a Dual-lon Battery,” ChemSusChem, 16, €202001127 (2023).
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AR T(E. SHEREE/\F—>2E2FIDEBED 2.5 KoM U T, B—RIEBHE&E ST —IREF
EEBWSZET. FiBotxaE I 3EE/ (5 — > OaENNRERPETIRELEEA T DRFDERE
HEDHTND, 2022 FEICHBWNT, 5T > R"ARENRDER (hBN). HLU 4 DDOEBERES 1 HIL
5 F R (TMD : WS2, MoS2. WSe2. MoSe2) MDit 6 DDRFEMPAZMRIC. BFIRREICEBUL
B/ - 0RFEZIT Oz, BARNICIE. 2 EDRE - EBEERD 2.5 XaoMilCx LT, 1 [BEE 2
BEOEBMNEDIT S UETEERULSHRRIEE/\F—2 (LI 3FE—FIBTEZERL. N1 X&#Et
[CRBDEE/NT—RBOBNEZARIE U, TDR. 5712280 2 BRICBWVLWTIIND RFEvyv T
[FZFEAERNT . hBN Z50 2 BRTEAST/\> RFE v v IH <AEENDH > fc. ©DIs. #RFE
PIFSUICKD TIHERR/\> RFv v ITDOEIERT 4 BOBBEBEI A HILIT A RSB 2ER
EIRICARAZAREEZEBHUE, S5 LAERERAZABEILICESD T, BABULIZRNID/IN> REw
W I FEDOEE/I\ S — 2 (CRET DETOERBHZ LR UIZECSE. RAXRBEUEDAMN 2~3 BIFER
<RE/N\F—2ICEIET D ENTARETHDIZENDN DTz, Fe. 2022 FEICHUVTH 500 EEDE—
[RIBF—5%EBIlzd. cnsx PIDICT—IR-BECEEFURZ. 5. KDBERYME (MR
O>HIVERE) ZBENERIC U XgBbCalT R o) T MEDIRICEEF LTS,

Flz, BEAERISICECI>TESNET—FZAHNBRZET. EVLYIRICET S 2.5 Rkl
BREUBETHDEEZI SN, HEFIIL—T (A4 ¥I) SDOHEHATHERIE L.

(a) Band gap distribution (b) Random search
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Figure 1 CVD synthesis of multilayer hBN and the integration with CVD-grown monolayer graphene. (a,b)
Photograph and optical images of large-area, multilayer hBN. (c) Device arrays of graphene/hBN and graphene
channels. (d) Comparison of the carrier mobility of different types of graphene devices.
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[1] Choi Beomgyu, Tsuyohiko Fujigaya, Koichiro Kato, Search for optimal hetero bilayer structure in 2.5D materials
using first-principles calculations and Bayesian optimization, The 64th Fullerenes-Nanotubes-Graphene General
Symposium, March 2023.
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—HICABONILIS S RTHN L TECRBSN#EE & 3BBEBY(H)ILISF R (TMD) T
B3N, AELTFRLRZDLVISDEFHNSERSNZ TR TMD OFENEIISNASIHEEEEDT
W3, R TMD (ZBHED TMD &(FR/R0. EBESBICYAR—ILEF DIz, FMEORBNEFEN
TV SFHEE R T BRI TH B (Fig. 1(a)). 2022 FENSAEIE UTSEUZAEMR TE. (S
ZOYVRR TMD ZHRRMRE L. BREYT XX TMD ORIR(CER TH D (1) TDBER TS AR TFEIR
KEOMR. SIUREBEER UML)V X RISHIEDRIARL E&2HLITTo 2. FBFIC, %< O
PIE AR S (C 17 XX TMD DIREE1T> T, MBI EER AR OREET o 12,

FRRRBELTIE KETSXIBHPICH T3 IRERIEBREEA(PLIB LS I RN MLOD
T Y ESTFRICED. UTILIA ATZOBBUTERFEEMRE UL, 5. AEECHERE
E918 (Q-mass) ZHRET BT LT, PIRERIGHTEPEHEEOBEEEHIERREE Uz, COTD5
BATSAYREFEBREBLZANT, VTIRERISBRRCHITBEH(PL)RY ESTDUTILE 1 L5HAE
ITOTERER. YRXXERIEH(I) #I88 TMD(WSe,)PL 8 DSINHE, (i))PL E—IBDITIL—T K,
(iii)77 2R TMD(WSeS)®D PL 5BEIEM END 3 DOFHEYRIFEMRIRICONMN TEITI D EZPES M E
U7z(Fig. 1(b)). &=5(C. &

AEPRSEEEE LN S, R &
KENRIGUT SHREMRE  (a) ge (b) Wse, wses

NN BA (CRIFAT ol ) X s
XX TMD W& ENDDI(C g | PN 175
U EERARIGUZ ézooo- DA 1,255
SO FSEMAEN —EL RA 1 251
IBHE. TR TMD (TR S gled K. omR -

PBASNBEREMN BB 1T ez 7

Photon energy [eV]
CEERBLI, IS Figure 1 Fabrication of Janus TMD. (a) Typical structure of (top) 1 TMD
—on igure 1 Fabrication of Janus . (a) Typical structure of (top) norma
Rl&, mEET3XA TMD O (WSe) and (bottom) Janus TMD (WSeS). (b) Time profile of PL spectra during
BIRICHEIFTEERIBERT Janus TMD (WSeS) formation obtained with in-situ monitoring plasma

»3. F£=. AFELEcAL  functionalization.

eEmEBT XX TMD D

%8 U2 fElgRERATRICEK D VXX TMD &iEE TMD O ERERE(CHITDET LIRT > vl
FEORFE, VXX TMD ZEHN (CEZAALBED T X AR O0O—)LOAIR, 17X X TMD OftiEE 4T
Bl TMD F/F21—TDOVRZEICELDVRXRXTMD 7/ F1—TDRIE., AESHBEETONERANZT
XX TMD OBEBFIREEEZEETAR 8 Z < OR-RAMRKRFHBICED T,
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Mater, 3, 103(2022).
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14 R 2.5 R eME (DS T1>DRFBFEFES VIS, FILRZD L AX(CEBRUIEZRTE =1
. FILNFR . RFRY) (& BEEZEHF TEESHERLETDH. TOEMKICKIILTED. RN
FHENTWIEHM UMM ZISE T B (CEED TLVRL, COREFRAR(CEINT T, SEIDOAEHFTR TIES
LR OYPHEETAINST) (A RGHICE T 218E (KR - VT TEE(CEN D BRZEFRE L (CERIT DI L)
ZRHICEIRT D EEBIC. ABYMZHFR(CE AR U DISARgEtZiEm s D EZBEIEL TLD,

NEWMEUTSEURE 2022 FEF. BESUENENS <BFRHARERRTZEETES floating zone AT
R LTz U O (FZ-SIHEMRD E(C. CaGe,[BIAME (FILYR DRILZBME) OBEZEREKIT DI E
(CERDHATZ. BARRIC(E. (1)EWBILECE (FZ-SiEWR E(IC Ge B2 I ESFI vILRER. CaBx2=EHE
BSEER(ICBMIEZITDHE) BRUR)AREEZEL (FZ-Si iR E(C Ca & Ge ZRARFICEE T DHE)
[CKD CaGe, BIRZ/FR L. #E@RYAX - ERESFOHEZITD . EHELEUE TIHERADERN 50 nm
OREE LIFER(/INEh oM. BRFEREBLE T 300 nmoOiRE & XS < ESRAFRE (CHEREDHH 5N,
BIRFAEE TR UISEBIENSESNE X REIFE—ODAME (205, Emi/SEENESND)
CEBHBRALTE,

FERFZEBE T LUE CaGe, BIROEXHAARZERR UIcHZ Fig.1(a)(Cxd. EREEZ 800CI(CLF
INUL 1000 NMOIREDIER YA XZBDCEBHRETHD. £, XEROImEZAV). Bk EDEER
Bl ORUSAT) miHiiLIzECD. BELEER 2H BENESNDZEBHIALE (Fig. 1(b)). CNETD
FATHATR (Ge(111)EMENDBIEKER) Tld. REEDR 6R BENESNDIENHREETNTLD, DOF
D. AARICEWTHICEERT ZEDECHRINUIEEER D, S, TEEX D /\—DHRHZEEEINS
COIBHZREILTVWEZV., CofilcE. BREREETER LU CaGe, BiEZ-40 °C DIEFEICIRIET D
CET, IKREETILIRY (FILIKZ DEIEME) OERE/M(ICERIIUIZ[1].
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Figure 1 (a) Atomic force image of CaGe; films on FZ-Si(111) substrates grown by molecular beam epitaxy at
800 °C. (b) X-ray diffraction @-scan of the 2H 104 and the 6R 107 obtained from the CaGe; films grown at different
deposition temperatures (7 gepo = 400-800 °C).
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high-resistivity Si(111) substrates and its application for germanane synthesizing, Materials Science in Semiconductor
Processing, 161, 107462 (2023).
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AR T BREF /ZERICHIFDIDT - A A > DERIIBEZIEE (G - Bl D & (CKDIFFNE
IS - MEERIETDCEEBIELTED. ZTDREODEIEE LT, BFRHEHEDSNUHET DRIRPZE
PFEEINT 4 >0TOvOEUTEIEBEZBEL. BRIICTHE - BES X by F2diEn (CEF LT
EZIBETSY NI A —LDEREED TS (Figure 1a), 2022 EEDOHAE TIE. TNETHLHFHR
D T E ERINEBAEIRRI LI S Metal-macrocycle framework (MMF) (Acc. Chem. Res. 2020,
53, 632) ZZ RN FEIIGEE U TERTCEZBNEUT. SERRRREATZE N U CRIBESR DR
PHFLAND O SRE —BAREDEEREEDZE B MMF ERZERIBECE 2 RIFBEENHBEATRE(C
Ko TRt N, S5NT=REE MMF BEZ A XS FRICHICDWTIRTERST ZESDH TWD, £z,
MMF #&& (SHFLA (CEBEHOD FRHT 1 M@ TH D CNETICTHXHRBHED FORABHIL
&Y. BRERIEEMNMIERIRNICIRE T D ENESMIIRDTVBRDT, REE MMF &fthdd —iRtht
HNZEEtIT D EICKD. MEDIFHEEHEERNISER LIS 522t EXS (Figure 1b).

COMCE. MBICARUERRDPZESFERMTFE U THAWT MOF 28/ I3 &ICKD, FIA—K
JWHA XM R D IR TENEE LTz 2D MOF iiEhiSsnsd Z &zBES5SMNC LTz (Figure 1c). D
BECE. MENTNRASEEBLTED. BEICEHEDS /FrETr 289D, CORFERMES
FHEZERLUTC. MMERICBVWTETESERT AN FZRBEBCEINT DI E(CKD . FHiciatgse - Mk
DRIHZEBIE L TR ZED TS,

Q/
Macrocyclic
building blocks

(@)

(b)

Metal-macrocycle framework (MMF)

tive
pora Prey;
colla®” .ch Vioys
e r——— . “outeage
Two dimensionalization 9 Precise arrangement | —
by exfoliation in the pore

Figure 1 (a) Schematic of the basic concept of this work. (b) Structure of a porous crystal, metal-macrocycle
framework, and its application for 2.5-dimensional materials. (c¢) Structure of a 2D-MOF with bumpy interlayer
nanospaces.
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BT EBTEICE TER/) A HEREMD FEKEEEICLD T 2 RaRlcRy ND—4t UG
HEROEEIEIC KD 2.5 RTYBEDRIKICERDEA TS, 2022 FEFEL > DT cSHILR> B CP-Py
ETDKFESNITEERIK CP-Hp ZRAWWIKRR-EM 2 RcBaR I L — AT — DI DIERICDVWTHEZ
To1c. BEOBRONAELTREESDEWVWRY ND—DEUZZFET L —LAD—UfEE (&, HEEEDESFERY
IR OMBERIR DB AN SIFERH SN TS, —MRIC. BEDFOH»ERWTEROMEME E DORNELHE
BZIBEITDCEIRE#TH DD, DILRCEBOEIEEMEDOKERES 2 2tZ2FB LU TIERDEISET Cp-
Py & Cp-Hp ZREESEIE 2RI —LAD—ODEERDEEZITOIE (K 1), HiEEEICLDIESN
T%ﬁ‘naa& CP-HpPy-1(x,y) (0<x<1,0<y<1) &EXRELTD. X &y [FZNTN. CP-Hp D¥HA

BRPDEIDEESLVESNZEERTDOEBEERZERT . CP-HpPY-1(X, y) ([CHWNT. DFHAILARF
y%@*ﬁ%ﬁﬂ’ﬁwﬁ?ﬁ‘f BICKO>TERDZEZED 2 R — b2k L. CDS—MEEITDZET 3
RS ZBE L TUVE, BRARMEIAFHLL TEONICEIERZ T + AA—4 —iTU 2 B2 DRkt = &8
FHCHASMNCUIEEC S, FIEERDBEE S EERTP OB ER KBTI Moz, KRR

BEMIEBIERVWEL > ENFHEROEL > EREEUBRIELTE. TNEZNNBIL (CHERDDERZS
Zéa_c‘_’_b\b\ AELHIERBDOERK(CH T DD FRKFRESOEBEMNRE SN, EEREP(CHITDIERK
PORMEASNCTDEHC. SV DHAEZITORESS. SYART MNUSRIET DAE(C
KO TERBIRZERI CEMNPESMNCRD Tz, CNESDIER(E. BEEEPDOEZRD AT —(CHHLTL
BCEERBLTND. UEDKSIC. AFHEROEL >FEK (CP-Hp) EEL >FEK (CP-Py) &
BT, BEfERAELLHtiES HOF (CP-HpPy-1) MIEBEZEM U, 2 DDORDIMERDEIET 1 DODOE
BRPICEEDEDIN, ERPTARE—(ComLTVWB I EMNRENEZ[1].
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Figure 1. Non-stoichiometric co-crystalline frameworks formed through 2D hydrogen-bonded networking of CP-
Py and CP-Hp. (a) Molecular structure of the components. (b) Crystal structure of the co-crystalline framework,
where yellow-colored parts denote disordered moieties of CP-Py and CP-Hp. (c) Composition in single-crystals of
CP-HpPy-1(x,y), where x and y denote the molar fraction and occupancy of CP-Hp in the initial solution and the
resultant single crystal, respectively.

(2021-2022 FEOEEAHEHATTE]
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(2021-2022 FEDORKRI/IATHR]
[1] T. Hashimoto, R. Oketani, M. Nobuoka, S. Seki, I. Hisaki, Single Crystalline, Non-stoichiometric Cocrystals of
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KRR TIE. TS5 T T2 MoS, IREDRFEMEIDIEE(C K> TR SN DIEFREBET LBI&ETFRDY)
M7z, ERARYDFIREREDFETHEMNICHETIFEDHEZBIEL TS, 2022 FE(FE. (1)
EBYVAAN2BIS I OREERSE - ERMEICIDIMESE. (2) B2BYAAN2Eh-BNADITS
JI>F /EERRZERLICHEZEIT DI,

EEYVARAKN2BISTIVICDVNT, RBEBICLDSN ST hEFEMITANEZ[1]. Fig.1(a)lTxw
FTESIC, WELEICCVDRELREISII 2 2MZGEE U T IERIBY A A R2BIS x> (GRRA:
WELEISTT> 2K DBE. BIES(TEM Uy ROFILDEWN) S EDESDE(EHDN. Ga EED
FEEICEKD GE—RE 2D TE— RAHRICEEEAICS T b RBRKMNBAENZ, 5 TT>DSIE—
DT MIFvUT R-EIBEEEEFOFEZZITTERIATDIENMSNTHD., FECLDR-E
SOBEDERES DRDEFDBALNBEICEREESTVWRCENRBEIND, —A. BREEULT. 8
(M) B I F7AFERECIEIFSvILRRULUIET S Dz 2 ESUERA GRE B:TESFS vILT
STOTI/MRBEEISTTY) DBA. Fig. 1 (D)ICRILDIC, BBICKDS T bOFENFEBE(CRD,
2D E— RE{EA/AKRENTENS, HEBICKLD 2 EHIEBAECHET IEFRERNREZEEZSND.

A1 AN 2 |8 h-BN (CDWTIE, $AEL(CRE USRI SZE(CALS TEM JU v RADEED
HUWCTENREERDODTULBN, PMMA BEZZXDCETHRBIENMKRESLELIDZCEZRIZLE
[2]. @R >EZIALAETREHKDZENENDIYF v > FTIRENKELLELTREND I EEDHD
T&Elz. COEBTHU. 7ILI—ILCVDEZERWTI S I UmEZERATZECS. 10 nm ZEOmIE
DTS T74 N I EBEDRENER TS,

U EDRFKRICHIIR.. BRERFEMEZAWZEY LBIEFORMRERTTEY,. DBRREES L ICERK UZR
FREMBO R—E>THIHOMR. KEERTFEMROFEARMBIADEEREDAREEDTH O, PL
BIE SRR C DV TN THREMFZITD TULD,

@ _ (b) _
T 2700 v
g @ Before deposition’ § 2700l-@ Befofe deposition .-
~ 2690 L ~ ayn *
s o After deposmén c @ After depositiqm*
S RS e & 2690 o e .o n
2 2680} s 2 ) SRS
8 2670 = o g 2680F o petiee I
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c 26601 »" © L
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Figure 1 2D-G peak energy plots of the air suspended twisted bilayer graphene before (Red) and after (Blue) Ga
metal deposition. Measurements were taken from several different holes of TEM grid. Figure (a) shows the plots for
sample A composed of two CVD graphene and figure (b) shows that for sample B composed of both CVD and
epitaxial graphene.
(2022 FEDORBAHEHATTE]
SHB(A0L). #H(A01). =H(A02). HH(A03). L (A02)
(2022 FEDOAERIIATAR]
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2022 FE (&, 2.5 XBBEENILIT T RF/F1—T (TMDNT) DRIEEZDOYERMAICET S
xR EToz. BARRIICIE. (1)2.5R5T TMDNT DR—X ERBNERF/F1—T (NT) OER YT
fRBR. ()ERRDEBEENILIT AR (TMD) ZREHERE L/IZAFTONT ORIE, (3) TMD 77X X NT
DRI &~ SRR, (4)TMDNT OKERERIGOATZIT D Iz,

(EEHIHESNIEEE Y > T RT T ) DAV ZSHEICKDEB T, TOFMEICKD., BE 10 nm iZ2E
DINEE WS, NT. WSe, NT =183 akisfizMAFE Uz (Fig. 1a). #ERDiR (B 100 nm) (CHEART,
ﬂ%@ﬁﬁoﬂfﬁifmzﬁimuu\éo BsonramnlE. mARBUARER N ZRT (Fig. 1b), Zrldk. /X
> RETEDFEEE—HU. NT OBEHR(CKD/I REFv v ITOREDFEEEZ S5ND. CO/NER
NT D&, @‘COD 2.5 5T NT FARDAR—Z ERD . UTOMRDERICKELEmMUE. (2)85
NIZNBERNT 257> L — b EUTHEEC MoO; ZAE L. TDFMEICKD ., FEARAFTO NT ZRIRL
7z (Fig. 10). (3)/INERR WSe; NT ZR—X (., KRBT SATUIE - FifbZiTL). 77X X WSSe NT ZEI&
UTze 75D WSep NT EFBRDVXEE(CHR T DSV AT MULAESN TS (Fig. 1d). (4)/)0
BfENT ZAU\T HOPG LICBRILFILZ/ER L. TMDNT [CHKR YT DKFRERISZEHR U,

AT FRIERIDZ < D & ([CHR— MU TULEEUVZ/NMEFE TMDNT /> REtE (EH G) . TMDNT
DKFFRERIG (B85 G). TMD 7 X NT DAIZ (10 G). TMDNT @ SHG i5& (#MMH G) EME&RT
Do FFT. VRANT BIR E SHG IBE(E. AFESEAEITNEEIRUI BN O IEAR THD. S ARZES
S(CEEsD. 2.5 %5t TMDNT B3RO - ISAZRWWZU. RERZRX(CEEH D,

(c) MoS, WS (d)_ “WSSe (A))

N

200 250 300 350 400 450 500
raman shift(cm™)

Intensity(a.u)

16 1.7 1.8 1.9 2.0 21
Photon energy (ev)
Figure 1 Creation of 2.5D transition metal dichalcogenide nanotubes (TMDNTSs) (a,b) Transmission electron
microscope (TEM) image (a) and photoluminescence properties (b) of small-diameter (thin) TMDNTs. (¢c) TEM
image of TMD heteronanotubes composed of MoS; outerlayer and WS innerlayer. (d) Raman spectra of Janus
WSSe NTs and WSe> NTs.
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Y. Miyata, Surfactant-Assisted Isolation of Small-Diameter Boron-Nitride Nanotubes for Molding One-Dimensional van
der Waals Heterostructures, ACS. Nano, 16, 16636-16644 (2022).
[2] K. Ueji, N. Muto, D. Heimfarth, Y. Matsuoka, Y. Ichinose, Y. Yomogida, T. Yagi, J. Zaumseil, K. Yanagi, Heat and
Charge Carrier Flow through Single-Walled Carbon Nanotube Films in Vertical Electrolyte-Gated Transistors:
Implications for Thermoelectric Energy Conversion, ACS Appl. Nano Mater., S, 6100-6105 (2022).
[3] M. A. Rahman, Y. Yomogida, M. Nagano, R. Tanaka, K. Yanagi, Structures and optical properties of thin tungsten
oxide nanowires treated with poly (ethylene glycol), Jpn. J. Appl. Phys., 61, SD1018 (2022).
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2022 FE(ICHBVTIE. (1) /Ny jﬂﬁ(:ﬁ%m% DU DA (GasS) BiE@RzE T UV SN ETHRETD
TEODHBLERIFE KURR > T)LBEMENIREDHET - ®E. (2) GasS BEfEGDiiE. (3) (LEEKEm
XiE (CVT) (LJ%E‘&&'?BL*@@F@’(b)ijﬂ"(I\ (TMDC) EfERDkE. (4) GasS =/\w J7
[B. #EAR TMDC ZF v RIVBETDERME NSRS (FET) OEREIFETM. (5) I0KRBEET
IR TO FET BIEN TG TO—/) WEBOER, WO el EIToflE, £/e. CVT A TR U ZES
72 TMDC BfE&at 2 tEIgAH BRSNS (IR L. REAMAREHEE LTz, —EPOHREMATTHRER (FFmRR
(LD > TULB,

FRKERELUTIE. MBANRDENTZEDD. TV S ABEERREREENTHA UZ(Fig. 1(a)).
AEBICKD., CVTETESBNE ﬂaa)ckDﬂakﬂ”trwUWE%DEE.ODEEE(LESZI}JL/u\Z;(Fig. 1(b)). E
7=. GaS&/\w I F7E. MoS, ZFv+FHILEET S, Fig. 1(c)DIERKIITRY LD/ FET 2R Uz, /(v
I 7 BOBREICKDIMEFHEDENVE, FA—D MoS, BR TRETEZSLD(CS/D EM (Au) ZEEL TL
D, ARBEZZX TEEFEZRIEL. GaS D/\y I 7BE U TOBEMMEC DWW TIRIIZED TV,

SRR FEAFTEADEARHRE(C DULTI(E. VSe,, VTe,, NbSe,, 2H-TaS,, 1T-TaS,, MoS,, MoSe;, WS,,
WSe,, 2H-MoTe,, 1T"-MoTe, 50 TMDC BifE&E % CVT EIC L DR E UIR U Tz, 5%(3 Gas, GaSe, InSe
Z0. TMDC B DBIRMEBEER (C DV TERMHRHZEED TULETZ0),

F |

(@) (b)
T
MoS;
—
SiO,
p++ Sj
—G

Figure 1 (a) Single-crystal growth system by the Bridgman method. (b) GaS single crystals grown by the

Bridgeman method. (c) Schematic diagram of a MoS; field-effect transistor with GaS as a buffer layer.
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2021~2022 FEE(CHIFT. (1) BHEBILFSHEMRE(MOCVD)AIC KD 1.5- 2. 5 XTI BEDRE S
AERAth. (2) ZRTHBRICHITDINEBFIEEDRRE. (3) 1.5 KB DNFICEERDIZDDIFERMF.
REEDLICHARZEITOIE. CNSOMREEDHDICHIED. BE—RIBHEICLIBEFIREREN. SmEN
BHRBACRDZROEAHE S, KPFM (LK BREEMDFHIR ETHRHWEELS EEIFIC, BRIV E>SD
HIETHNZTDRE, Z<OBBRARREATRE EOHBEHAFRZERL. —EPDARIIFH(C DN D1,

FIRERELTIE MOCVD REBDEFEZT I HOMTIHESBEZEIRLIC L. BEEEE - EBEREIC
BVWTHEBHEBRALUZCE, U— MEARBDYCAEZ M UMESRS I FILEIRZ D ECRIDULE
CENHB. Figure 1 (CEMOCVD HREBDEEARRUE, CHBESXEHEAFEEERICEMRL. Sv—TR2
REZEDIRTIEENERIRTET I ENESMNIRODTLEN. AFEFXZED ZIRTIHEEDIERICERK
WU, SEOFTZRMEERRD HHDEEIZENTSEE. Fiz. (b),(O)ITRUELD(IC. EBEIECH
WTHEBNINEUDCEEZNAEBRI Y ESTZIEDH ET DL DRENSHSHCUTE. KPFMEIEN S,
pn IFBETRE LK BRBMBAIN RN EEHERIN. CONEEH ENEEMLCEFB SNDEDTIFRWNT &
WS ERDTE[1],[2]. SNBLSNIE. ZRTRICHF (BOKRT) ZDIFEEET. Covid-19 I )L
R R T DA EEDTZ[3].

(c)

Laser beam

633} WS, Mos,

BEATARY AN

04 02 0.0 02 04
V¥)

Figure 1 (a) Photograph of the MOCVD setup developed. Using this MOCVD setup, bilayer lateral heterostructures
can be grown. (b) top: Schematic representation of a two-terminal device with a WS,/MoS, channel, and bottom:
IV characteristic under laser excitation. (c) Optical image of the two-terminal device and a photocurrent mapping
result measured at room temperature.
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R. Kitaura, Observation of the photovoltaic effect in a van der Waals heterostructure, Nanoscale, 15, 5948 (2023).
[2] S. Zhang, M. Xue, F. Zeng, R. Kitaura, An observation of a photovoltaic effect in MoS, nanoribbons fabricated with
a top-down approach, Appl. Phys. Exp., 16, 035003 (2023).
[3] R. Canton-Vitoria, K. Sato, Y. Motooka, S. Toyokuni, Z. Liu, R. Kitaura, Field-effect transistor antigen/antibody-
TMDs sensors for the detection of COVID-19 samples, Nanoscale, 15, 4570 (2023).
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BRI SRR -ERMABERE. M. BFBMN. BREMRESERMEERL. BADT/\A
ASAPEFENTVD, TOREICT 7 >FTILI—ILABEEDHFET D 2 R/EBRMEDERE (2.5
TZEfE) (F. FEECRENGE <. BENEOREBE - BT ERDEVCKLST REMERMARN IR L
DHEKZ LD, EEMBED—BOREKENEZSITHED LHFEND. COZEX DT, 2022 FE
(F. (1) h-BN B#E&R EADERE~ AR 2R T VO, BIROEM T/ XMk, (2) CVD lEAEHE
hBN SEIRAD VO,. #kgM4 Fes04 DRk ERIREZFLICHARZITIED T,

FIRRRE LT A0L-EE2T)L—T K DMHHEULZZ0Vz h-BN BEfER EANULR L —TEEEZRWNT
VO, BIEZRM L. 1~10um DOF v v I Z2H T 2 _inFERZ IS ULERFBEENAANYFIT/)AX
ZRR L. BRAYFIO=ERI U (Fig.(a)). (S, BUMEEZEBLRVWI 7 > 7LD —)LAKREZRFD
hBN E(CAR UTEBMEYEIR GRS ERAI 28 VRSB BBN TLWS 2 N5, Y00 mFT/\
ARCHENT, STV RAA D (CER T DEERMBERA1vFzRE U (Fig.(b)) [1]. FeAEETOHA
ERZBIREC I D Tesh. A01 BEFTIL—T KD CVD THERS BTz AEE hBN Z#HaL\z2E. VO, BE%E
MERIDZE(CEXRINUT (Fig.(c)) . RKEIEIAVEFZ E(CKD . X ERESE#T(CK D, (001)ACHE hBN
£TVO, A (110) BEEMIT D L. FLEBEBFIHMERZ AV CFERRERFERERICKD. hBN £ VO,
PEATIEY (S vILEKRICH D EarEd diaR=z/c (Fig.(d)). =5(C A0S NEFTIL—T EDt
BEAFRICKD. VO./hBN REREBEDHE—RIESTEZITD TLVZELZ. VO, & hBN DI T—EBD V' o
A2 E BAAHA A /HBREETE SN, ZOMOREESHD (BN I 7 >TILD—ILAEEZE
LTWBREETILIMERSNZ. CDOEFIUIE hBN _ETHRES BTZEAEYIEROYIEN., T8 EIREMRTIE
BRSNS EZFHATED,

40010 e o —
Pt/Cr @) 3510* | : F Y
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Figure 1 Optical microscope image of VO film on single crystalline h-BN flake for current induced resistive
switching device, (b) Voltage — Current characteristic of VOo/crystalline h-BN flake device, (¢) Optical microscope
image of pulsed laser deposition grown VO film on CVD-grown h-BN film, (d) Plane view TEM image of VO,
film on CVD-grown h-BN.
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SR SHRFHN\ZHLRICET U ZRTME TH D, IEF. SV FTOENEEBFMHEICK
DEBZEHTND, FCS U (CRFERELULRE. TOBFNECBEERZEANICEIESED
D 2.5 RBEHIT TENTE, KARDY T hEUTZ, SV FRBEBEZR> TL\BEoH,
JRFRT—IVICHET D EEBERENFE(CH OV, TZ T, SE. EBERTO-TJBEMEZANT, Si
TR bLESIEUICEAL. RFRT—I)LTHRE S ZIT .

AR TG, BEEZRETEFT DEKRBEZRASRNRFENDEMEE (AFM)ZALT, Ag(111)xm Lt
(CERUIZS U2 D(4x4)H L Si 7 R M ADBREZIRFOMEETITOIE[1]. SI7 R hAZS UL
ECRESEDIEHIC, U /A1) ERRICREIINS Si DEEZITOZ. B 1a (& AFM ZAULT
/NS U2 (CREUZ SIi 7 R7 FADOMMNMETHD. M 1b (FEENBEESIERICEDVETEICELD
/monrES e (CRELR Si 7R LADIBEETILTHD. BEET/LE. AFM BiIRZX<BERLT
BD. Si 7RV BADRBAEZTE(CRET D EN TS, EBRI LS, Si V7 RF7 BLADFEICKD
SV OBEBENZIEL TS T EMHBALZ, LRt > T COF UL 2.5 ReE(F. Fzayt
ZRI NN DD, =5IC. AFM ZRAWTEALAD Si 77 R MaZ2 U2 FTIRFCEZ 2 EERL. B
PRIV EESGE Z L S B D 2 L CTRAMIMEORIEIN EIEE TH S.

-

Lower Si Higher Si Siadatom

Figure 1 (a) AFM topographic image of silicene surface with additional Si adatoms. Imaging parameters: Af =—12
Hz, Vs =0.75V, 3.8 x 8.0 nm?, T = 78 K. (b) DFT optimized atomic structure of the silicene decorated with Si
adatoms. Black rhombus indicates the unit cell of 2D island of Si adatom on silicene.
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RFELREDMEVAENRIEN(CRWEZXOND., COREZERT DD, KRFEEHME L UTIHIL
EUIFT>HILATFA R (MoS,) Z. {bmZRIRN (CERSHK T DR L U TTHREHDILIT A R

(SnS,) ZZNTNAWLZ, =5(CHBIE EAREEDBFRZIREILSEDEHIC. T/ 3 — MBEDOAIREZ/E
HU. WS LAEEMOBGREBUIEFHICFHME LT, MoS, 7/ >— b(d. HER AfEIMHT 1 MY, Tw
PICBIET D 2R LTND (Angew. Chem. Int. Ed. 2020, 59, 3601-3608.), —73C. SnS, ./
S — MMHMbpkmER (FB) (CAMRAEE U THSNTEEN,. EOLDSBYA hTEDLD CRIEHHE
ITUTWVBDNEDM D TLEL, BT T, SNS, DEREEMED 1 MEBASNCITD ELEEBIC. INSDRE
T DI LT, BIRICTHDIKRREZINR DITHICED K DRHFHN IR (C BN EIRET LTS,

SECCM Tl(&. #4850 nm OF ./ ER

@ HIAF I ERY b

w hOH(C, ZEALRERII A TR LT2K RN v
aRzEEIzU. Pd-H, SEREMZEA L.
:Hg{bﬁ;%@i%;ﬁ ééi)’fﬁ'f >( - > \/07&13_' oo N (‘/\\ r‘/\\ ’/\\

[ H “\' |
ofz (B1a), FITHAKICELD. MoS, F al || |

J2—bME Ty SHKEREDS L VERE _E_ Mo T et vve R

mEYA bERBD I EEENDE (K1 Fig. 1 (a) A schematic illustration of SECCM imaging. (b) HER
b)e —AT. SNS, /> — hDZBLR imaging on MoS; nanosheet. (¢) CO;RR imaging on SnS;

00

nanosheet. (d) cyclic voltammetry of edge and terrace of SnS,

FETRIGE. TYSIEITTERLTIR
nanosheet.

tTEECBTENESHERDE (K1

c)o E=5(C. SECCM DF JERY b SnS, 7 /2 — hDOIYy S EFTSRICEREL. #RIARSIRILT > A
b —ECKBETAZITORETS. TP ETSRATEABMMEDEN RN ELERTEZ (B1d).
Flz. ZEALIRESN A TR UTSREEKFD Y D LKBERPTORTERE (ZEACRZEDIR T EKFRE
HRDIGE) (& PZILVI AR TERMUEREKERS ) D LKERPTORTERE OKRFEEBFR) LD
BRMUCENC ENERTEX UL, UENS. KIAFRTHERUIZ SnS, 77/ 5 — ME REEAKRZAED
hEUTEMBEBRTE LN DO DTz,

— b BHSEDIWLOSFA N F2 T, fESEHILATFA NF I OSRS— dLESEHILTS
A bF IS RBERDEHAIZIT O TLD,
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BEDZMRICKOIZRHEBATEREL TUD, TRIBADIAFTE (CKD TMDC SEREHFNTDIEEFIE(C
HUTCHHZRT. MREBORE(LZEDDZENTE.

FRERE LT KEEEMRSI/Z TMDC SERIEER (CHT DB S LUEBETUGE DEKF TR ZERK
L. FREBEZRMNCEMSER7TO-FELUTTZ-UIWUBICEB L. RN (CREERE
BB EOEEZASMCT DT ENTE(Figl)s CNFETHOABNICHEE LU 2 RTFREICHSNT
(FBH TEVAMRENRE SN TV DN BRUEE EDBRIZBASHNIIED TOIEM D 2. RIAFKICK D T
BRRE EDOHEBENIFSMNIIRD., EERMEEMDEIR(CE I DRI,

COOMBICE. R TDTRAIERZBEL., A, BE— RA 2 EE TMDC BEfE CORREFHRIZESH T
W, Ffeo BEMHRUY—DEBRIICA>H—NL—23>2 I3 ECLIMMEBEOEZREL. BRY
RICKDBRHHNCIRETHDCEZRHI CENTE.
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Figure 1 Schematic illustration of experimental setups for thermal and change transport measurements across vdW
interfaces formed by four layered MoS2 samples. (b) Resistance and (c) thermal conductance as a function of
annealing temperature.
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WS2 B TOEBBEBD/I\F——TER—-E>2D. BKU (2) MoCI5 ZRWeZEBISIT>DA 25—
HhL—>32,

ISTI>HZR—ESITRAIELCTHRAL, WS2 ADOBBEBOEIRN R—E > Dz LWL AE
EARLUEURZ,. IS TI>DBVEMEENICAREETHD. RN 2D MBHCHITD R—E>ITRIED
ERNREIHNEEEERDET, 5(C. ST VIFEMERE R—TNEFvrRILOBIICEBARBE L
THERE L. BVMEANEIDIEOIC D TILZHMDTES I %FFRUET . [1]

MoCI5 ZBWEZBIS I >DA>F—HL—3 3> ([CDVWTHERLE U, EESBREFIEMIES
BWTA > A—AL—> 3 MBEDREFEEERABTLUE L. BIARETZ&E(C. MoCl5 TldR<. MoCI3 ®
Fw RDJ—2, MoCl2 M. BKY Mo5CI10 DUSITWSEDA >F—HL—> 3> MBI FEITDE
MOMDELUR. CORBRIE. 1>F—HAL—> 3 D HMRORFEECDVWTIERICERIZZEN. TN
SDRAMNSAICB N TRBE O EBRE BT EOICEB THDIIEERUTNET, [2]

=5(C, FeCl3 2FILAVEERERAWEBIS I >0DA>F—AL—2 3> (CET MR BIRTEET
FTHD., EWVERICERZRKRIDIFECI.

(a) (b)

Patterned Graphene Mask

Sapphire

TEM grid

|  Transfer

Substrate

Figure 1 (a) Selective area Cr doping of WS2 using a prepatterned graphene mask. The doping concentration can
be controlled by adjusting the reaction time. (b) Intercalation of bilayer graphene using MoCl5 as a precursor via
gas-phase reaction. The resulting intercalated structures were identified as MoCl3 networks, MoCI2 chains, and
MoS5Cl110 rings, rather than a MoClS lattice.
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FETHD 2022 FEICHWTIE, EHOBEBMAFTENSAERNZRMHE LU TIEE., HEMAFKZRB L.
RE>Z POZORERR(CFHILS. BEEENZHBHTH U TRA IRAIEERZE N (CITD 2.

MFERHBEAT E U TOERERR E LT, ERREXIFIMEDIEN Tz Z IRt EA T Da-In,Se; (CHLY
T. BEEEHECKEFEUCEEBREZEA UL, %11(A04)5(da-In,Se; (CHUT 2H #@iE & 3R BiEEF
DFFBDZEICHIIUTHED., [MIMEDEBERNS (EELSSDBEEBECHBWVWCEHEBEARICEEBIRDHEIR
NEFENd. Hald. ERICERCTHBIEDA-IN,Se; AT U CEEBIHRDBEZITL. BEDLEAN
BRBJICEICHRUTEBHRDAZTEIARLRDCEZRHEUEL[1]. 3R BiE(FEEA @ (CES(CREFHE
59 DHEEMMNSBDDICXT L. 2H BIETIZEER LA SHERE L THE D . mBESME(CZERNA S MER(C3H . 2H
BECHBVWTHEABICEFINEECINCEZRIRU T, 2H a-In,Ses (CHBULTIE 3R a-In,Ses KD KE
WEBIEENER SN EEZ SND. AEICH VW TIIEZRRESREDEN(CER T D REFRAE > 8
EEEERICHRT IMBRROFRIRGHIFIND 2. 5IESHhEHBARREHEDHDFECTHD.

COMICH, 2.5 RaMEICHBITDIRERAERARDEHAZEIE L T, EH(A02)S EHFETT/\A1 X
ARDIERZED TND. 2023 FE (FEMEINTZHBHTT U TR E VEHRIERZHESDH T FETH D,
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Figure 1 Piezoelectric effect in 2H and 3R phases of a-In,Ses. (a,b) Crystal structure of a-In,Ses in (a) 2H and (b)
3R phases. (c,d) Piezoelectric ds3 coefficient as a function of measurement frequency for (c¢) 2H and (d) 3R samples.
Larger ds3 values are observed for the 2H sample.
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NbSe2 BiEZZX. TDOEHISRIOMNREZIEREMESTRE(CK > TR ZEEDIZ. NbSe2 (&, &F/RME
B%ZR9 TMDC THh. RETIIBLEEREZ T DI ENMSNTULBIMETHD. £z, Nb [RFHED
XEZHERBIERMNS NbSe2 (31> IR SEHBEERZEB I ENMSNTD. FEED
NbSe2 SEE (I ZERIRERIFRIEN N T LD A, BEETIIZERIREIINE IR ESNTULND ., COFESRIITR
HEDEBWCKDAFZICEDELZASHNCUE. 5IC. TIRDIFFIAZIEERR & TDRIAMRFHEZ K
Bz, FFC. EROMIMEZIRIET D 2 AFEZBI Uz & & NbSe2 DRI ZE D zsb. FERRAZH
FIRNMBEVE NbSe2 TEHFREIND. =5(C. FEE NbSe2 T, MROZHILE T MNENERKREND
CEROMDOE[1]. CNBDTENS. £E TMDC RE (L. HRXE T /A ANDICANBRFEINS.

COA(CE. Twisted bilayer graphene (Cx3 9 2RISR ZFIF Uz Valley SRDAER[2](CRE T DEUE
FRAMTIR EBITIR DIz, Fo, BEBXA/\—EDHBEMRFRZEML. &R T HexNet (CHIFTDETFIRAEHRAT
REZITIRD TS,

(a) (b) . (c)
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Figure 1 (a) Crystal structure of few-layered NbSe,. (b) Nonlinear optical conductivities of monolayer NbSe, for
SHG process (left) and incident BCL (right). (c) Spin and charge shift-current conductivities of monolayer NbSe»
and the dependence of relaxation time 7.
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hBN/JSJ 1> %859 3HEFAVE. 22U, SEEBHCHAVE hBN BENEI Sz, S0
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IIChBN ZEBES B ETEXECKII U, FFCHEFOERTRECEALUTE. MMESEDREE 80 nm
CEREDEETHE LU,
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EHER 5%ICEEL. ADOES% 10~20 nm DFEFE TELTEZBE L. APROES% 20 nm (CEH
EU. EHER 0~v10%DEB TERILSBIEGSICDWTETE U, T0FER. BEEADEAICKLDT v
SYIRICBVWTI RFvYIRERESNDCE. FEEHDAESESPEAPAODRS(CIEU T/ REvry
TDORZEZN 0-40 meV QEFR TARRACELT D EN DM T,

(b)

(a)

Figure 1 (a) Optical microscope image of the sample and AFM image of the line and space structure. (b) Calculated

band structure of graphene with periodic strain (period 20 nm, strain 1%).
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W INRFBEDODEERILCANIR, (3) DERNREBEER—IUCBEFBFEORE. REZPLICHTZE
To7z. MXERUILCHREREEECRD 2 ATHD. (1)BEEECK > THERENTWVWR I 7>7I)LT—
JVAREEHEMEAR MnBiyTe, (CDULT. Figure 1 (CRT KDIC. BIREDEFIRRE. EER—ILHR. BEX
RICDWTHAXR, JTUHMHET., EFESNEEER—ILIRERITZEZHASMNCL. B—Ry IR
[CHFESNTEERREERILC A NIRERT CEZASHMCUE[L]. (2) BEER—IVIREESERILY
AR EDEN(CFHE T D, EREBEHAEFEREZS Lo, BERILAMRRZTETIEHIC
(F. HEKDDBERIDHNVWIRILF—IBDAY S 1 TEER—ILVIRDILERT > v ) UKFEEANRD
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2
Gy [€°M]

. -0, Sy [LVIKNE ]

(b) (CY R
Q
[
0.4 (
0.2 g
z o g
2 — 2
i =< | 3
-0.2 P \§ / 5 P -
4///,;7- N \\\I\ | /
y o R
“LZ /:fv\\\ N { )
K r M-1 05 @ 05 1 -30 15 0 15 30 -100 0 100

N [uV/K]

Figure 1 (a) The structure of MnBi,Tes three septuple layers (3SLs). The lined areas indicate a septuple layer. (b)
Electronic band structure and the chemical-potential dependence of anomalous Hall conductivity of MnBi>Tes with
3SLs. (c) The transverse thermoelectric conductivity and Seebeck-induced term of MnBi,Tes with 3SLs. (d)
Calculated anomalous Nernst coefficient and Hall angle ratio with different constant relaxations for MnBi,Tes with
3SLs.
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R\ U S OWIRN S &(Fig. 1(a))=EERLTE.

Fiz, 2 RaERMRIERE L TIEEE0) van der Waals f&& UhVEThV2 ULV zs ., RFESIHHI© 2 VO, =%
RSB CENTED T ER A0 HFYIMRIBLTULD, 2022 F£E(E. VO, DEEAERERZASMNCT DI
&. A02 HhiEZEARDE & B RIESTE(CKD h-BN/VO, REIDRFIBEHEFEITO/Z. TDIER. V
[RF(E h-BN D N EFICEMEFEFEETE > 2. B8 FHICREFESZ h-BN [CEDERISHET D
ENDH o1z (Fig. 1(b)).

(@) (b)

Figure 1 (a) Charge density profile of the FePd(001)/Gr interface. Ci and Fe, represent the closest pair, and C,
and Fe, are examples of sites with no close C or Fe atoms. Reprinted from M. Uemoto et al., J. Appl. Phys.,
132, 095301 (2022). (b) Atomic structure of VO2/h-BN interface. Blue, red, white, gray, green balls are V, O, H,
N, and B atoms, respectively.
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Figure 1 Electromagnetic field simulation of wavelength-selective infrared emitting devices with additional
multilayer film structures. The results show tuning of the emission wavelength by different film thicknesses.
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Figure 1 (a) Optical image of VO, grown by CVD on a Si/SiO; substrate. (b) Raman spectra of CVD-grown VO»
at 300, 360, and 370 K. (c) Resistance-temperature curves of CVD-grown VO,. The arrows indicate the directions
of the temperature sweep.
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Applications in Ubiquitous Non-Destructive Inspections
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(200) Trion confinement in monolayer MoSe; by carbon nanotube local gating
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(1) Spiro-graphene: A two-dimensional metallic carbon allotrope of fused pentagons
S. Okada, N. T. Cuong, Y. Gao, M. Maruyama
Carbon 185, 404-409 (2021)
DOI: 10.1016/j.carbon.2021.09.033

(2) Geometric structure and piezoelectric polarization of MoS: nanoribbons under uniaxial strain
Mina Maruyama, Yanlin Gao, Ayaka Yamanaka, Susumu Okada
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(5) Identification of the position of piezoelectric polarization at the MoS./metal interface
M. Umeda, N. Higashitarumizu, R. Kitaura, T. Nishimura, K. Nagashio
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(6) Quantitative Determination of Contradictory Band Gap Values of Bulk PdSe; from Electrical Transport
Properties
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(7) Crystalline boron monosulfide nanosheets with tunable bandgaps
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J. Zhang, N. Roth, K. Tolborg, S. Takahashi, L. Song, M. Bondesgaard, E. Nishibori, B. B. Iversen
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(10) Complex Structural Disorder in a Polar Orthorhombic Perovskite Observed through the Maximum
Entropy Method/Rietveld Technique
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M. J. Rosseinsky
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Herman
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(14) A Versatile Post-Doping Towards Two-Dimensional Semiconductors
Y. Murai, S. Zhang, T. Hotta, Z. Liu, T. Endo, H. Shimizu, Y. Miyata, T. Irisawa, Y. Gao, M. Maruyama, S.
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Interfacial Engineering
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(17) Multi-orbital edge and corner states in black phosphorene
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(18) Interlayer Interactions in 1D Van der Waals Moiré Superlattices
S, Zhao, R.Kitaura, P. Moon, M. Koshino, F. Wang
Adv. Sci., 9, 2103460 (2021)
DOI: 10.1002/advs.202103460

6-2. JLFMGEE, TR AT
-2023-

(1) —RtEBBERB A V27 F 4 FHlfROBE L 3E
BT, S [ 1R7T. 2 XcE RO RS & B |
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KA HIE, NanospecFY2022mini
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(5) Optical properties of Far-UV luminous hexagonal boron nitride and its applications
J%3% B ], APS March Meeting 2023
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(6) Buckybowl Chemistry: Interplay of Experiments and Theory
H. Sakurai, Pure and Applied Chemistry International Conference
(7) Optical Science in Two-dimensional Material and its Hetero-structures
Kazunari Matsuda, The 11th International Workshop on 2D Materials
(8) Visualization of the catalytic activity on 2D materials using scanning probe microscopy
ElGREE, 64l 7 F—Lv v« F ) Fa—T I T 2 VRAEV VRV T L
(9) In-situ monitoring synthesis and functionalization of transition metal dichalcogenide
T. Kato, The 11th International Workshop on 2D Materials
(10) KRS 7 1 € 2R Z A7 12RO EBF F v + 754 R IGH
T. Kato, 71 4 4FBE ALK AESGEEHIZEAT R 7w ¥ = 7 FMiffgES HEHRNSHE 7T o2 21X 39/
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(11) Porous Crystalline Frameworks Constructed through Intermolecular Hydrogen Bonds of Carboxy Groups
AR —BH, Kyoto Advanced Porous Science (KAPS) Symposium
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-2022-

(1) 2.5-Dimensional Materials Science: Controlled Growth, Integration, and Applications of Graphene and h-
BN
H. Ago, ISPlasma2022

(2) Bilayer graphene: CVD growth, machine learning-based analysis, and intercalation
H. Ago, The 9th International Workshop on 2D Materials

(3) From two-dimensional materials to 2.5-dimensional materials science (ZXRIJTHIEH» S 2.5 XITWEFIE
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(8) Novel two-dimensional materials stabilized on substrates
Yukiko Yamada-Takamura, 9th International Workshop on 2D Materials, A3 Foresight Program

(9) Monolayer in-plane heterojunction light-emitting devices with tunable composition distribution
J. Pu, A3 The 9th International Workshop on 2D Materials

(10) Micro-focused ARPES study on atomically thin WTe, flakes
Masato Sakano, Superstripes 2022
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(12) ZXcE» o [ 2.5 R TE ]| ORIH~
ERVERS, JCFEAMH A 125 B4 260t 9E s [2RTT/ERWE © 73 4 2RI T
(13) Science of 2.5-Dimensional Materials: Controlled Growth, Integration, and Applications of 2D Materials
H. Ago, IUMRS-ICAM2022
(14) SEMA BN BENBET N ZRACEFRETRE 7 L — 27 0B IRESN
WEFE N, BRSO ESH 4R Tt e TR T Y #h < EXHRRE
(15) —RICBBEBHI V27 F 4 FORE & i
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(16) 50 Ns Ultrafast Memory Operation in 2D Heterostructured Non-Volatile Memory Device
K. Nagashio, 241st ECS Meeting, (June, 3, 2022, online).
(17) Ultrafast Memory Operation in 2D Heterostructured Non-Volatile Memory Device
K. Nagashio, The 22nd Int. Conf. on Sci & Appl. of Nanotubes and Low-dimensional Materials (NT22)
(18) Novel high-k insulator deposition on 2D materials for future electronics
K. Nagashio, International Conference on Solid State Devices and Materials (SSDM), (September. 29,
2022, Makuhari Mess Chiba).
(19) Growth of one-dimensional transition metal chalcogenides
Yasumitsu Miyata, 12th A3 Symposium on Emerging Materials
(20) Crystal Engineering of Layered Organic Semiconductors for High-Performance Printed Transistors
S. Arai, 2022 Asian Conference on Nanoscience & Nanotechnology (AsiaNANO 2022)
21) B4 7 HBET AV BRICE T 5 A Y v iE OB
WEFE N, h A 7 VYERRE O HT R
(22) Layered Organic Semiconductors for High-Performance Printed Transistors
S. Arai, 13th International Conference on Nano-Molecular Electronics (ICNME2022)
(23) Reconfigurable single-material Peltier effect using magnetic phase junctions
Yuki Shiomi, Young Research Leaders Group Workshop: Spins, Orbits, Charges, and Heat in Magnets
(24) “Consider the S vacancy formation in MoS,”
Kosuke Nagashio, A3 Foresight International Symposium 2022
(25) IR B0 % R 7 B 700 F D EHAI & BRI D BEFE
EARHEM, OARBEMEI Y HB78HIEiEE S
(26) 2.5RTCWERZICIANT 7o AN TTREALF v RDONERFH L £ DICH
P2 B, 20224 583 G B A S KT AT 2
(27) Sumanenyl Cations as Redox-active Buckybowls
H. Sakurai, 241st ECS Meeting
(28) Fullerenol as a Unique, Non-coordinative Matrix for Colloidal Metal Nanoparticles
H. Sakurai, The 4th International Symposium on the Synthesis and Application of Curved Organic pi-
Molecules and Materials
(29) R=* VABRD» D 2 04
PSR, SE83 M A LA 2B S > v F YT 4
(30) 2R TTERYE B X AL~ T oSO FIE L 2 DIGH
Kazunari Matsuda, H AR AR A SE 125 EAMBE &
(31) Optical science of moiré excitonic systems in artificial van der Waals heterostructures
Kazunari Matsuda, 12th A3 Symposium on Emerging Materials: Nanomaterials for Electronics, Energy, and
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(32) Optical science and application of moiré excitonic systems in two-dimensional hetero-structures
Kazunari Matsuda, The 13th Recent Progress in Graphene and Two-dimensional Materials Research
Conference

(33) 2.5 RITHHEICB T 5 X1 L MHEH
PR E— B, 565 16 [ ) e R - s R W i 52 2

(34) Oxidation-engineering of 2D semiconductors
Mabhito Yamamoto, 28630 77 —L vV « F ) Fa—T - FI T 2 VIEREYV VRV U A

(35) Growth mechanism of transition metal dichalcogenides revealed by in-situ monitoring CVD
T. Kato, The 63rd Fullerenes-Nanotubes-Graphene General Symposium

(36) BFE % A\ BEEEFRE T N4 R
WL, o TYe AL 2 o= 2fiRs

(37) 14 8k F ) v — + DR E L 754 R GH
BIEEE, 2022 ISHYHY 2R =2 — 70 vy T ATV F—F 7= v a2y 7 - KX EFF + 7
A=Y af v )= vay”

(38) First-principles Study of Topological Thermoelectrics
2, The 1st Conference on Quantum Sciences and Technology (ConQuest 2022)

(39) Physics of twisted 2D materials
M. Koshino, 11th Workshop on Semiconductor/Superconductor Quantum Coherence Effect and Quantum
Information

(40) Moiré quasicrystals
M. Koshino, Pioneer Symposium in the Korean Physical Society Meeting

(41) Quasicrystals in twisted 2D systems
M. Koshino, Photonics and Electromagnetics Research Symposium (PIERS) 2022

(42) Physics of twisted 2D materials
M. Koshino, Brookhaven National Laboratory NSLS-II & CFN Joint Meeting 2D materials and beyond”

(43) Topological quasicrystals in twisted 2D systems
M. Koshino, NT22: 22nd International Conference on the Science and Applications of Nanotubes and Low-
Dimensional Materials

(44) Quasicrystals in twisted 2D systems
M. Koshino, 10th A3 Foresight Project Workshop“ Joint Research on Novel Physical Properties and
Functionalities of Emerging 2D Materials and van der Waals Heterostructures ”

(45) Topological quasicrystals in twisted 2D systems
M. Koshino, Novel Electronic Properties of two-dimensional materials

(46) Topological quasicrystals in moiré materials
M. Koshino, Pan-Pacific Workshop on Topology and Correlation in Exotic Materials

(47) Physics of Graphene and moir ‘e materials
M. Koshino, Novel Quantum States in Condensed Matter (NQS2022)

(48) Moiré quasicrystals in twisted 2D systems
M. Koshino, Workshop on Innovative Nanoscale Devices and Systems (WINDS 2022)

(49) KBRHETHT RO HIEBEROREE - BRERET
AKR—BH, M&BEH 7 Briffit 9 2

(50) A flexible terahertz imaging sheet for multi-view visualization and inspection

Y. Kawano, 12th International Conference on Metamaterials, Photonic Crystals and Plasmonics
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(52) A mechanically stretchable and optically broadband imager sheet
K. Li, T. Araki, T. Sekitani, Y. Kawano, 8th International Workshop on Nanocarbon Photonics and
Optoelectronics
(53) ¥— FMR7 v — F Y PR V3 EREDIICH~T 7~V K b L T~
[EFATIE, 20224E 52 7Y v 7y K - T L2 b u =7 AR
(54) A Flexible and Stretchable Terahertz Imaging Sheet for Multi-View Visualization
Y. Kawano, 29th International Display Workshops
(55) Bilayer graphene: CVD growth, machine learning-based analysis, and intercalation
H. Ago, The 9th International Workshop on 2D Materials
(56) From two-dimensional materials to 2.5-dimensional materials science (ZXJT¥E 25 2.5 X ERIZ
~)
TSRS, BB62ll 72 —L v« F ) Fa—T - II T VIRAEY VEY Y L
(57) 2.5-Dimensional Materials Science: Controlled Growth, Integration, and Applications of Graphene and h-
BN
H. Ago, ISPlasma2022
(58) ZXTTYMEDMEH L o DREE : 2.5 RTWERE~DERH
B, UK 7 CURIE+® < F —
(59) From 2D materials to 2.5D materials science
H. Ago, H41AE Tk v R Y 4 (EMS41)
(60) Twist angle-dependent molecular intercalation and carrier transport in bilayer graphene
H. Ago, 12th A3 Symposium on Emerging Materials
(61) From 2D materials to 2.5D materials science
H. Ago, RPGR2022
(62) "9 7 = VORTHIR~ : BV 5 7 = VOBREE L ZXTF / £/, 2 L TRBEBEORIE
B s, SE40m R FEM R
(63) Nano/micro-scale phase change electronics using functional oxides/2D material heterostructures
Hidekazu Tanaka, 35th International Microprocesses and Nanotechnology Conference (MNC 2022)
(64) New memory technologies using phase change oxides

Hidekazu Tanaka, 11th imec Handai International Symposium

-2021-
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AR, 5300 R = —MEl 7 + — F 4
(2) ZRJTHI'E DCVDEE & #RE(L
TR, HARSEMIRI S R OEAETHREFRISIZAS
(3) Bilayer graphene: CVD growth, machine learning-based analysis, and intercalation
H. Ago, 11th Asian Nanomaterials symposium (A3)
(4) Room temperature in-plane ferroelectricity in SnS
K. Nagashio, International Microprocesses and Nanotechnology Conference (MNC2021)
(5) Two-dimensional tunnel FET
K. Nagashio, International Conference on Materials and Systems for Sustainability (ICMaSS)
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(6) 2XTUERYE D T4 ZAIGHDER & FEREE
RWRE, L FLEaT L2 b e =7 28 ntiilis v R 7 L
(7) Direct observation of the layer-number-dependent electronic structure in few-layer WTe2
Masato Sakano, The 61st Fullerens-Nanotubes-Graphene General Symposium
(8) Direct observation of the layer-number-dependent electronic structure in few-layer WTe2
Masato Sakano, 5th EU-Japan Workshop on Graphene and Related 2D Materials
(9) Light-Emitting Electrochemical Cells for Functional Optoelectronic Device Applications
Jiang Pu, SERMLERBTIRE RS - v VR YT 4
(10) —RITTUHE DR & E£RIL
AT, 82 S B A AT AR =
(11) BEEB ANV 27 F 4 FRFBOLESHRE
HEHBEFS, H75HICVDIgE L
(12) Creation of a 2D electronic system with 1D wired materials
Y. Miyata, The 5th Graphene Flagship EU-Japan Workshop on Graphene and related 2D Material
(13) Growth and transport properties of transition metal chalcogenide atomic wires
Y. Miyata, the 11th A3 Symposium on Emerging Materials
(14) Recent Progress in Sumanene Chemistry
H. Sakurai, Symposium on Organic and Applied Chemistry
(15) Physics of twisted 2D materials
M. Koshino, International Conference on Discrete Geometric Analysis for Materials Design
(16) Online moiré IOP-EPS minicolloquium

M. Koshino, Topological invariants in quasicrystals
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"Observation of a single moiré exciton in nano-fabricated twisted MoSez/WSe: heterobilayers"
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"SRR N — 7°Si; —xSnxidE E CELH X - BREVERE"
) Fo4E 7 F—Vv Y + F ) Fa—T - 737z VREV VYRV L/
filie AL (GEARHT)
"Magnetic Tunneling Junction using CVD-grown Hexagonal Boron Nitride"
(9) B4R 7 F—L v + F ) Fa—T - 737z VREY VRV Y L/EFREBE
HIF Bt (e Hwh)
"Polarized Raman spectroscopy of Indium-Intercalated Nanofibers of WsTes Atomic Wires"

(10) American Physical Society (APS) /James C. McGroddy Prize for New Materials

P2 B
(11) SR55EITIAHEFEAM M E/ MR M E TE
Pz B

-2022-
(1) BE2EFNTGRAY v HEY Y & EFEHE ZE
W E (EHD
"Vapor-phase synthesis of single-walled MX; nanotubes templated on surfactant-dispersed boron-nitride
nanotubes"
(2) The 15th Pacific Rim Conference on Lasers and Electro-Optics (CLEO Pacific Rim, CLEO-PR 2022)
OPTICA Best Student Presentation Award
Heejun Kim (#AHHF)
"Observation of Moiré Exciton Dynamics in Twisted MoSe, - WSe, Heterstrobilayer"
(3) B62EIFNTGRA Y v RV U & HFEFHIE  Nanoscale HorizonsH %
Duanfei Dong (¥ )
"Electrically tunable moire trions in twisted WSez/MoSe: heterobilayers"
(4) 52 [ICRAYEZEENHRES FEENE XH
AR BEiE (EART)
"R 77 v DY AR AHEICKE L Z2S8BIEtMo 4 v i—HhL—v g "
(5) 51E ICAYEESENHAES FHHEEHE XHE
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EEANNV ZABER P L A TICE T 2h-BN OB e AR BEEN R IC X 22D X € Y 754 X D@ Ed B
(6) BOIEIFNTGRA Y v RY Y A EHFBIE / Nanoscale Horizons® =¥
/NPRERIE - (R FHAF)
Optical properties of transition metal dichalcogenides with microshperical optical cavity
(7) BO1EFNTGRA Y v Y7 4 HI1SEAEBRGHYE 28
L B A (R HRT)
Novel excitonic features of moire exciton In twisted van der Waals heterostructures
(8) AMEIEAN TEE =4 - BIEME 24 £ L ERAEME XHE
T A
FHEFIREREICH T 2o FEERTL 7 o =2 XDk
(9) Asian Research Network Korea/ARN Young Scientists Awards &
S. Arai

Crystal Engineering of Layered Organic Semiconductors for High Performance Printed Transistors
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(11) E63EFNTGRAEY v RY Y & HEFRGHE ZH
NE R (EHEBH
Fabrication and characterization of multilayer in-plane heterostructures based on transition metal dichalcoge
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7572V IA 7774 PDER (FAFaRAFK=A) T IR T =4 v O AL O ST
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(16) 8th Workshop on Nanocarbon Photonics and Optoelectronics (NPO2022) The Best Young Scientist
Poster Presentation Award %E
WHRHE GRIEPRIE)
An all-printable CNT film-type photo-thermoelectric imager
(17) ERNA R R/ BFLERETE ZE
AR #hsk GrIEFIT)
HE38ELEMRIL 7 + — T L
(18) IGHYIEE A7 4 F =7 ANR&/BHERA L - RE
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BT 4 =2 AT =2 ayT
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RHFEE GRIEFHT)
FHAE R BRI AR
(20) npj Quantum Materials/Reviewer of the Year
Masato Sakano
Reviewer of the Year
(21) 20226EBE 8/ 2 7 Y R4 FEIRAREE
%% B
ZRITCMRLO B FIZEENCBI T 2 RICE MR D 72 5 L, ANHERE R v FE S o SR o F S
For fabrication of high-quality hexagonal boron nitride crystals, the availability of which enabled a
revolution in research on the electronic behavior of two-dimensional materials
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(1) RPGR2021 Best Poster Presentation Award %E
Lim Hong En (& HHF)
Wafer-Scale Growth of 1D Transition Metal Telluride Atomic Wires
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