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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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AT A v 54 (Zoom)

A=AV

13:00~13:45 FHIE DN GEHEAEK - B4 &)

13:45~13:50 A0l ¥E (WEAIRYE) o (FFEREK : MH &)

13:50~13:55 A02 ¥t (BERILIE) o/ (WHFEER « BHH Hi)

13:55~14:00 A03 ¥t (Gr#r¥E) oA (WFFefER Il —5)

14:00~14:05 A04 ¥ (WHBAHIE) O (TR « BEF 8 A)

14:05~14:10 A05 ¥E (BERERIEYE) ofFn (FERFE : B¥ H4)
kER

14:30~14:40 AZEFFEICHARET 2 2 & (B0

14:40~15:00 ‘EEECE (B0 - H - =H - i - BRE - BB

[NBERFSE SEEEEHR~— ] https://25d-materials.jp/info/details/
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3. AO01

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
HWT. I5=a L >DFDEE x (A)
RELRIEREZEATZ=LC ) Fig 1 (a) A geometric structure of superlattice consisting of strips of

A, o . bilayer graphene where corannulene is alternately arranged in convex
KO BFEFHBICHNT, FIS5  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 OTCRDFMRMEET/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

7000

6000

5000

4000

3000

Carrier mobility (cm?/Vs)

2000

I 1 mm
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).

P
=

34 . 2021-2022 FEHRE am

2.5D Materials



3. AO01

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)

(2021-2022 FEDHRFKIRATFTHKR]
[1] H. Nakazawa, M. Nakano, Y. Yakiyama, H. Sakurai ef al., Synthesis of Sumanene-fused Acenes, Asian J. Org. Chem.,
11, 20220471 (2022).
[2] M. Li, Y. Yakiyama, T. Akutagawa, H. Sakurai et al., Tuning Dielectric Response by Co-crystallisation of Sumanene
and its Fluorinated Derivative, Chem. Commun., 58, 8950 (2022).
[3]M. Li, J.-Y. Wu, Y. Yakiyama, T. Akutagawa, T. Fukushima, K. Matsuda, H. Sakurai et al., Dielectric Response of 1,1-
Difluorosumanene Caused by an In-Plane Motion, Mater. Chem. Front., 6, 1752 (2022).
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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 IRTHEERIRECBIASNESEBMR E UTL<AVSNTWLD. COBNIZEYEZ 2.5 R
B - MRUSHICERETIZOHC. BLFEEEELRU TRDEFREDOSWVSHEMREIC LD EME EiLSE
KREERRCEDBAATND, BERARY-XEUVTIRS D ETEZVZAVZREZESEREEL (B
CVD#) [CLD. EREEECKDKEUICEHEE EERORBENR L (CEERKREZITD. 2 RThkER
TOEHCIEFEERENREROTHRE UCL—YMEEZRAL TS (Fig.1(b)). INFETORHERKE
S AT ALCBNTRB L SNEERRRESFICKDIREIESFS vILkE Uz A RE(ILRDFRBER

OFEREZENEFRIE (XPS) PLRIEDNEREZAVMREUIZHER. RES KUBREAFYIDE DIAH
NELWCEZRHUZ, INSORFEMORARE(EHREFOZFERICHET D ENKREESEIHD
HADHHSFEEN., SHESMERERMOBADIEH 218z, T TAFE(F. INETHEALTE
TERREBORZITD LAKICEZRZRIFTL. AT —RRIEZERUZ (Fig.1(c)). INBDRE
DBE(C KD, REIEBADKS - EEREED FOHARDEE. MEREE LR U TH 1 HEEDONENER
LTED., FIRRES AT ACEWTRERORBELZESHTUND,

Radiation
& thermometer
(-
A
A — & < Monitor Window
Laserinlet T X |

Laser Beam to heat

Gas inlet
H2ZEA
BoHg+H2

NH3 “l
Nitrogen J

Boron

|n| -

mil o Manlpulator

!

Exhaust
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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

A mR e, Ay
;-&ctctttﬁttotcttoc (p-type) MoS, 10-17t Gate voltage

Si (gate ] (ndype) 2 4 o 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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[2] R. Natsui, Y.-C. Lin, J. Pu, S. Okada, K. Suenaga, Y. Miyata, et al., Vapor-Phase Indium Intercalation in van der Waals
Nanofibers of Atomically Thin WTes Wires, ACS Nano 17, 5561-5569 (2023).
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(2022).
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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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WSe,, Nano Letters 22, 4640 (2022).
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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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(2023).
[2] S. Matsuoka, K. Ogawa, R. Ono, K. Nikaido, S. Inoue, T. Higashino, M. Tanaka, J. Tsutsumi, R. Kondo, R. Kumai,
H. Matsui, S. Tsuzuki, S. Arai, T. Hasegawa, "Highly stable and isomorphic donor-acceptor stacking in a family of n-type
organic semiconductors of BTBT-TCNQ derivatives", J. Mater. Chem. C 10, 16471 (2022).
[3]1Y. Uemura, S. Matsuoka, S. Arai, J. Harada, T. Hasegawa, "Intersecting multiaxial domain walls in plastic ferroelectric
crystal films", Phys. Rev. Mater. 7, 035601 (2023).
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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—BUIC<UL) Na Dft, EIAD1 >
H—HL =23 UNERESNTULVRWMG (CEEBLTEA >F—hHL—> 3 >R En/z(Fig.1(b)) . FE7=.
ESRBRIBEMICEALTE. GLG FEIRELDEAF—HL—2 3> HEBTHIMENESNZ. ZFETD
XRD (> FILOKRGBRBEZ(TATELTLEN, 2022 FEEXRICKTIERETD XRD HIERELXEA U
DT, SEEKDIEHEIMEEFENTZITDOENTES,

(@) 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
ZOMKRTHDET L OYIEDIERE, (3) 2.5 RaOBFDTZHDAINTOMEDRIR. & a0 ICHAFRZE
o7z, AERFC, Z<OEBRHERRENSODELE THD. HidE UTEENEE THDMEBENHEFIA
B GHARR) O—ifn& UTOREIBRIZUL. BANIC(E. IHEMT ZIR7TTHE TDZERREEFREC
B9 3IERNMESNDEZSFIRFEE. LR TOFICETAR EDRIMZRM L. BN (CHITDATTE
BOBEZEDDZENTE . INSOMFTMRIE. HE. HEAFRE THXDERPZZHEMTZ
EWTED., REELURFCHROARCDLBNADEDLEBNOHND.

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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heterobilayer, ACS Nano, 16, 16862 (2022).
[3] Y. Zhang, K. Watanabe, T. Taniguchi, M. Maruyama, S. Okada, K. Shinokita, K. Matsuda et al., Magnon-coupled
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HHER I D ENEU L, SHIE( 2 BREIDMATAE 1 @ UITR RN DTz, MIX T, SPring-8 DE—ASA
HERDIZ. BIRE—ASA > OBEIN 2022 £ 6 BETiTHNIZIZs. EHRD SPring-8 ZFIAL TOD
IS4 AE 2022 £ 8 AR &Rz, CD/E. BMIIL—T . MARIIL—T. FkTI—TEHE
T, J3TI>2A>2FAL—23 > DEDHEHREENT DIcHDEEMBEZMIALL. HRSEROFvE

SU—m5. MBAE. BEES|IEOFEREEBRDRFTZER. ATSA>TISTI7A bDA>SF—HL
—2 3> MRS AT LAEBELUI,

BHEIDE—LAFA LT, TOBBROTY ~7v TOEEEIEEOHEERZITV. K Z1>5F—HL—
S I DTOHBBEEAEERBELZ. BREDOFTESU—-RICAF UL PGS IS I 71 MEBICEEL
ECEMNS. A2AF—HAL—23>FTVRNSD X FERER(CIIMINLIZEZEZ TS, ST hEM
KEHC—BTRESNZZLERSNEM >z, ]/E. FMEithTHD,

Bilayer Graphen

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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FERIBEEZEREH UVMBBEDRIEICIA SRS, (2) 2.5 ReMBEONFRFDRE (CE T 8
MREGIRRESEE Ule. E<ICAEDHR EELS (CKDITFHS b DEBEGROAEICEEBEIS TINS5
TMDC ETHRIAVEICHWTREESNTZ, SEBADIATE EOHBAFREIRL <ITHNTZ. F/Z Wien X
X0 DTU 713 5K - HFTFh E DERHERAR (CEEF LI,

FREREUTE. Lin (A03). BRUSHR—ILESFEBTKRE, IERRFRE EHEREZITL. £<
FUWFZO LR 2)R5T(2D)/ 1R (1D))\ ATV w RIEFIBIEZEMKT D EICHRIN UL, FRRER
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,

ZCOOMBICE. SEFAHEATNE UT EBSLUINA, 2l EEOHEIRENEATED., —BBEEHmXE
UCRRTEL[2].

(a) (b)

T 1 ! d - s L 88

2D-Y5, 8
i Vvvvyvvvlv~
Ab-vs o “r o>
- . l [ ) [ O l . [ )
g ZDVSZ \‘\.\. - ’\‘ 'v\‘
c 'vvvvvv*ivv
= 1D-VS | o« > o:_) -(_)
>‘ -
Q_X TR rFrryrrrrE
v . . v ] L4

(c)
DA DD dad 333D 3D IID I IIII NI FIRIININ Fn P, S P B ) B dsi) )i

}lm

J ‘fﬁ SO A SO SO VI
5 ' i I3
-muqrm,:y- iy

F DA F IS 300 A i JAids Ldkie jall Ja. >

Ropkik:
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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.
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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)
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Figure 1 Moiré pattern in hBN/graphene/hBN trilayer system (left), and its electronic spectrum plotted against the
relative twist angle (right).
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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).
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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]
FEE(A01). EJTH(A02). IRFF(A03). #AH(A03). MNEE(AO1). #2A(A03). 1ER(A04)

(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).
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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,
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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.
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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 &L TMDC LICFH /FrvTE 2 EREBEZERL. TSXEVICKDHE
X2 SHG DIEM=EEA LTz, CNICKD TSXED ERMEFEDHYTUIICETIFHUWRZES
ZEMNTER (Fig. 1(a), (b)). FZ. 2 /& WSe, #Ei&Z AL\ T TMDC HEEEBE [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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RISBNZ ENS., KIER CMOS FrrILE LU TEESINTVSH, BRFEHEECP/\vHU > D %A
WTRRIR T ZDBLAE(ALLOs, HFO, &) (FEV FEXZHB I M. MERFDOEFEMEIADRMEEAZIT TR
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& 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
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1
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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 [n=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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—IR>F ) Fa1—TEFZAL. TNENDORAZRIDZDIFM TESILFENICTEMIL. BRUCFHFECE
ftZ2BBDLCIO>TUT/NN-—DRTENR EL TS, =50, B - & (CEADDILEERICINZ
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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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FRERERE LTI Fig.1(b)[CRIAEEEB L. MEREN EBRDA A EEE#SZ <9I GLG D> — k
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|71 A BENCEBA TDA A DILEFEE Z A T2 ENTEDRS(CIRDIET ENFEITBEND,

WIS/ \SA—FDERD GLG = — NMIH T BIERNS GLG BRICBIFDUFILAL A DILEGREZR
BHEOlEECA. Fig.1() TR KDICERMDEDKIDE 2~3 RSV EMNDH o Tz, FleF /2D
LVGLG (GLG900) THDIGAUREMNAST DIz ENS. UFILAAUIERT 2 RaM(TILEN T D12
FTRLSFJ/AZNUT 3 RTCEBHTETRIEDEEZSN. NP GLG ZUF I LA A EMER
EUTHWEBEICRRFTRENTTRRER THD Z EZBASH(CTEZ[2].

COOMCE. PBIEA S /\—DHRHZEST. Na. Mg IREBRICITIFA TN, BLLEENICKLMEE
BN GLG DERIICIHEATEDRCE, FLTV A DEBARBMES S CTHDICE[3]REEXZREL TS,
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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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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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KEOMR. SIUREBEER UML)V X RISHIEDRIARL E&2HLITTo 2. FBFIC, %< O
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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. &
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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
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ZRHICEIRT D EEBIC. ABYMZHFR(CE AR U DISARgEtZiEm s D EZBEIEL TLD,
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R LTz U O (FZ-SIHEMRD E(C. CaGe,[BIAME (FILYR DRILZBME) OBEZEREKIT DI E
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FERFZEBE TR LU CaGe, BIROEXHAARZERR UIcHZ Fig.1(a)(Cxd. EREEZ 800CI(CLF
INUL 1000 NMOIREDIER YA XZBDCEBHRETHD. £, XEROImEZAV). Bk EDEER
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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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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.
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AR TIE. TS5 T T2 MoS, IREDRFEMEIDIEE(C K> TR SN DIEFREET LiBI&ETFRDY)
%%, ERARYDFIREREDFETHEMNICHETIFEDHEZBIEL TS, 2022 FE(E. (1)
EBYVARARN2BIS I DOREERSE - ERMEICIDIMESE. (2) EBYAAN2Eh-BNADITS
JI>F /EEmRRZERLICHEZEIT DI,

EEYVARAN2BISTIICDVNT, RBEBICLD SN ST MEFEMITANEZ[1]. Fig.1(a)lTxw
FTESIC, WELEICCVDRELREISII 2 2MZGE U T IERIBY A A R2BIS 1> (GRRA:
WELEISTT> 2K DBE. BIES(TEM Uy ROFILDEWN) S EDESDE(EHDN. Ga EED
FEEICEKD GE—RE 2D TE— RAHRICEEEAICS T b RBRKMNBFAENTZ, IS5 TT>DSIE—
DT MIFvUT R-—EIBEEEEFOFEZZITTEIATDZENMSNTHD., FECLDR-E
SOBEDEES DRDEFDBANBRICERESTVWRCENRBEIND, —A. BREEULT. 8
(M) B I F7AFERECITEIFSvILRRULUIEI S Dz > ESUERA GRE B:TESFS vILD
STOI/MRBEEISTTY) DBA. Fig. 1 (D)ICRILDIC, BBICKDS T bOFENFEBE(CRD,
2D E— RE{EA/AKRENTENS, FEBICKLD 2 EHIEBAECEET IEFRERNREEEEZSND.

A1 AN 2 |8 h-BN ([CDWTIE, $AEL(CRE USRI SZE(CALS TEM JU v RADEED
HUWCTENREELRDODTULBN, PMMA BEZZXDCETHRBIENMKRSLELIDCEZRIZLE
[2]. BRI >EZIALAEREHKDZENENDIYF v > FTIRENKELLELTREND I EEDHD
T&Elz. COEBTHU. 7ILI=ILCVDEZERWTI S T UmEZERATEECS. 10 nm ZEOmE
DIST74 N I EBEDRENER TS,

U EDRFKRICHIIR.. RERFEMEZAWZEY LB FORMCERTTE". DBRREEE LICERK LR
FREMBIOD R—E>THIHOMR. KEERTFEMROFEARMBIADEEREDAREEDTH D, PL
BIEHAHRE (C DV THRIBR THEMFRZITD TLI\D,

@ _ (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
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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]
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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 FFC. VRANT BIR E SHG IBE(E. ATESEANEITNEEIRUI BN O IEAR THD. S ARZES
S(CEsD. 2.5 Rt TMDNT B3RO - ISAZRWWEU. BRERZRX(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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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).
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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) (J:Zaéiéi&:;%ﬁ?@z(b)bjb'fﬂ’l\ (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 :E\G)cko:E)j(ﬂu_crb\/UIJOE%DEIE@EEE(L_EEBJL/_Cb\5(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 FECMIT. (1) BHESBEIEFSAEMRER(MOCVD)AICKD 1.5- 2. 5 RTEDRE & i
BERAtR. (2) ZTRTREER(CHITDABFHEDER. (3) 1.5 X eEDONFICEERDIZHDIFERFE.
REERLCHTRZEIT O, CNSOMRZEDD(CHIED. FE—RIBHEICLDEFIREMAENT. SmEN
FHREALRDZROIMPHREME., KPFM (CKDIREMEMDFHMI/RETHRAWEES EEIFIC. XERIYYVE>D
HIETHNZTDRE, Z<OBBRARREATRE EOHBEHAFRZERL. —EPDARIIFH(C DN D1,

FREERELTIE. MOCVD REBDEFHZ I IO ESEBEERIALIC L. BERE - EEEREIC
BVWTHEBHZEHALUZC & F— MEARFDCAEZERUMESRS I FILEIRZ D EICKRIIULEE
CENGBB. Figure 1 (CEMOCVD REBDEEZRUZ. CES(FEEHEXRFERERCEMBL. >v—TR2
REZEDIRTIEENERIRTET I ENESMNIRODTLEN. AFEFXZED ZIRTIHEEDIERICERK
U, SEOTZIRMERBODENND ZE CENTE ., F2. (b),(O)ITRUEKDIC. BEBEICH
WTHEBNINEUDCEEZNAEBRI Y ESTZIEDH ET DL DRENSHSHCUTE. KPFMEIEN S,
pn IFERECKDABMEBANTRNC EBHER SN, COXREN (ENEEBALICEHFFESNDIEDTIFRNS &
NEASHERDE[1],[2] SNBUAMNIE. ZRTRICHF (EORT) Z DTS T, Covid-19 D)L
Az I DRAEESDZ[3].

(a) olenond valvs “\'l J (b) o (c)

633 nm WS, Mos,
AR
AufBl 3R
sireern e et tatn AR EETEER o
-<({((((({4‘4“({“’4{((((4((C(if (.

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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BRI SRR -ERMABETRE, M. BFBMN. BLEMRESEMEZERL. BADT/\A
ASAPEFENTND, TOREICT 7 >FTILID—ILABEEDHFET D 2 R/EBRMEDERE (2.5
TZEfE) (F. FEECRENGE <. BENEOREBE - BTFERDEVCKST REMERMARN IR L
DHBEKZ LD, EEMBED—BOREKENEZSITHED LHFEND. COZEX DT, 2022 FE
(F. (1) h-BN B#E&R EADERE~ AR 2R T VO, BIROEM T/ Xk, (2) CVD lEAHEE
hBN SEIRAN\D VO,. #kgM4 Fes04 DRk ERIREZFLICHATRZITIED T,

FIRRRE LT A0L-EE2T)L—T K DMHHEULZZ0Vz h-BN EfER EANULR L —TEEEZRWNT
VO, BIEZRM L. 1~10um DF v v I Z2H T 2 ZinFERZ IS ULERFBEEAAANYvFIT/AX
ZRR L. BRAYFOZERI U (Fig.(a)). (S, BUMESZEBLRWVWI 7 > 7 )LD —)LAKREZRFD
hBN E(CAR UTEBMEYIEIR GRS MRN8 UREBFFIE BN TLWS 2 N5, o0 HmFT/\
ARCHENT, Z2TILRAA D (CER T DEERMERA1vFzRE U (Fig.(b)) [1]. FeAEETOA
ERZBIREE I D Tesh. A01 BFT)IL—T KD CVD THES BTz AEE hBN Z#HaL\z/2E. VO, BE%E
MERIDZE(CEXRINUT (Fig.(c)) . RKEIEEAE/IT ECKD . X BRESET(CXK D, (001)ACHE hBN
£TVO, A (110) BEEMIT DI L. FLEBEBFIHMERZRVVCFEERFERERICKID. hBN £ VO,
PEATIEY (S vILERICH D EarEd DiaR=z/C (Fig.(d)). =5(C A0S NEFTIL—T Emt
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. CDOEFILIE hBN _ETHRES BTZEEYIEROYIEN., T8 EIREMRTIE
ERSIRNC EZFHATED,

40010 e o —
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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.

(2022 FEDREIFAHETATTE]
JER(A01). BHB(A01). /\TF(AOS5)

(2022 FEDOAERIIATAR]

[1] S. Genchi, S. Nakaharai, T. Iwasaki, K. Watanabe, T. Taniguchi, Y. Wakayama, A. N. Hattori and H. Tanaka., Step
electrical switching in VO, on hexagonal boron nitride using confined individual metallic domains, Jpn. J. Appl.
Phys.,62, SG1008 (2023),

[2] ZHEIE, HRFH, AHBRZRORZAVCEHRBEEEEEREYBIERR & EFICARERADH]
Bed , A EFA, 74, 59-62 (2022)

VAN

69 . 2021-2022 EERE <ggm



‘m %*DB(EDE'I_)EE?W@EE%HEE%(A)
== 2 SRTYERL: o
S I IR0 (S5 Ok

5. 5 AAFUAR

AO031

2. 5 IRTTIBEIARD D ik FE
(7343

2 B
=ie RS
o 7=
Lin Yung-Chang

70 . 2021-2022

VAN

==
-—_e=
2.5D Materials



4. AO03

EET O—J EMRZAVE 2.5 RcIEORIE & 5
A HIR (RRAZAFRMAAEARNEHR)
WMEBHE : BiE B8 (AL)

E-mail: ysugimoto@k.u-tokyo.ac.jp

SR SHRFH\ZAOLRICET U ZRTME TH D, IEF. U2 FTOBENEEFMHEICK
DEBZEHTND, FCS U (CRFERELULRE. TOBFNECBEERZEANICEIESED
D 2.5 RBEHIT TENTE, KARDY T hEUTZ, SV FRBEBEZR> TLBEoH.,
JRFRT—IVICET D IEEREBERENFE(CH OV, TZ T, SE. EERTO-TJBEMEZANT, Si
TR bLESIEUICEAL. RFRT—I)LTHRE S ZIT .

AR TG, BEEERETEFT SEKRBZRASRNRFENDEMEE (AFM)ZALT, Ag(111)xm Lt
(CERUIZS U2 D(4x4)H L Si 7 R b LADBREZIRFOMEETITOIE[1]. SI7 R bAZS UL
ECRESEDIEHIC, SUEI /A1) ERRICREIINS Si DEEZITOZ.  1a (& AFM ZAULT
/NS U (CREUZ SIi 7 R7 bADOMMNVMETHD. M 1b (FEENBEESIERICEDVETEICELD
/monreS e (CRELR Si 7RV MLADIBIEETILTHD. BEET/LE. AFM BiIRZX<BERLT
BD. Si 7RV BADRBAEZTE(CRET D EN TS, EBRI LS, Si V7 RF7 BLADFEICKD
SV DOBEBENZIE LTS T EMHBALZ. LR > T COF LWL 2.5 ReE(F. Fzayt
RS HEENN DD, =5 AFM ZRAWTEAZD Si 7 R7 haZ2 U FTIRFCTEZ CEERL. B
PRIV EEESGE Z L S B D 2 E 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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Appl. Phys. Lett., 122, 071602 (2023).
[3] M. Kimura, and Y. Sugimoto, Lattice distortion of oxygen monolayer on Ag(111) observed by scanning probe
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J& (CO.RR) ([CDWTH/18iE EAMEEME DB ZTIB L7z, CO.RR (CKBIEAmEMTIE. HER MEIR
IGELTELD T ET, ERIENZL S THNSD, HER T, MERE (CIRE UTKRREF (H*) REHE
BU. KEDFHRET D, KREENMBMICSETIBDRIGTIE. RIGPEAR T DETSNIE—BEIKSR
DF (CO*) £DBE. H*NMEREZEBLTND, TDEH. {LRMmOEHRZBLITETESED(CE KX
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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[2] Y. Takahashi, D. Takamatsu, Y. Korchev and T. Fukuma, Correlative Analysis of Ion-Concentration Profile and

Surface Nanoscale Topography Changes Using Operando Scanning Ion Conductance Microscopy, JACS Au 2023, 3 (4),
1089-1099.
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—EVUIL OS> X (TDTR) sHAKIMDRFE. (3)T 7 > FTILD—ILAREANDA >F—HL—>3> L#-
B EOHEE. IREZHRLICHEZITOIT, 2022 FENSSNERD. ERERHS 78 U CRIBNAR
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.

(a) (b) . (C)
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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—EITRAIELTHRAL, WS2 ADOBBEBOEIRN R—E > Db D LWL AE
ERARUEURZ, IS TI>DBVEMEENICAEETHD. RN 2D MBHCHITD R—E>ITRIED
ERNREIEHNEEEERDET, =5(C. IS TIVIFEMERE R—TSNEFrRILOBIICEBARBE 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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[2] Qiunan Liu, Yung-Chang Lin, Hiroki Ago, Kazu Suenaga et al., Unique molybdenum chloride nanostructures with
giant lattice distortions intercalated into bilayer graphene, submitted.
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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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>e
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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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W - BFFI\AREHETD 7T 7 ZIRRS 22BN ET D,

AREE (L. DEUE TMDC fEE K EDHEBERICER U, ARBRHHCKDEFeZ/ER U X EAREDA
Bk EHIEERE, S5(ICE MROZSHIUFEICDWT., BRI IR ZED TS, BEARNIICIE. DEED
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)
Odd-number-layer Linearly polarized light BCL Odd-number-layer 710 = 2.5 (eV)
<> ’
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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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irradiation, Phys. Rev. B 106, 075403 (2022).
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®iTD12. Fle. TNETORRNS. BHEHFONREER T DHC(FT ST T > DI EHEITEDE
KIEBMETHDZEMN DM D TULVETEsD., BERIFDA > /I\—-THIEEES KNS hBN DIREZZ (T,

FEHEAHFDEACIE. SUIDERICEFRL S HSQ OREEBEZERL. TDL X MEE LI
hBN/JSJ 1> %859 3HEFAVE. 22U, SEEBHCHAVE hBN BENEI Sz, S0
DM TRFEEALAPEAFEAGERB TSN D2, — AT, BBE - FHERTRLCDOVTEISD
IIChBN ZEBES B ETEXECKII U, FFCHEFOERTRECEALUTE. MMESEDREE 80 nm
CEREDEETHE LU,

(2) BEHZTEA LTSI DEFBEDRIES 2L —> 3>

BEfEIEDA >N\ —THIMEAZOBASTK EALEBROBADE S, AREAFZEALIS I
DEF/I\> RIBEDOHES =1L —>3>%fTofc. CTTEEFIC. IS T VICEAT IEPEHDEH
EORETTEAPDRS(CEOT, 3T/ RIBENEDLS(CEILTDIMNCEB U,

FEHER 5%ICEEL. ADOES% 10~20 nm OFEFE TELTEZBE L. AEOES% 20 nm (CEH
EU. EHER 0~10%DEBE TERILSBIEHGSICDVWTETE U, T0FER. BEEADEA(CKDT v
SYIRICBVWTI RFvYIRERESNDCE. FEEHDASESPEAPAODRS (I 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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FHECDODWTEBPNRHE (RFERE. AEEE - BN G I 2RELREFHERAR (BER—ILDER.
BEXRILCAMIR, RER—ERER) ZEh Uk, MEMEETY1>9 3.

2022 FEE. (1) BIRYIE CaGe, DEAEMR. (2) T7>FTILT—ILAEIREEHEAR MnBi, Te, DE—
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
WHENHD., ZLOFEIANMBEERD., KL (LEBEZH TORBANRNY —(HEZHiidT D22 & T
AR —HREHRMN(CETEL. MRAVSNTEZ Wannierd0 [CEESNTUVBIFELDERICERER—
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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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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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