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Interface and Surface Analysis of WS,/Graphene Heterostructures on SiC substrate
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Quasi-one-dimensional moiré in large-angle twisted bilayer WTe:
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Yukiko Yamada-Takamura?, Yoshifumi Oshima?, Tomoki Machida'
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Moiré effects in two-dimensional twisted bilayer systems are attracting great interests owing to the
emergence of novel electronic structures and physical properties. Studies of moiré effects are, so far,
mostly conducted at small twist angles, because the increase of twist angle quickly suppresses the size of
moiré pattern caused by lattice. Here, we report an experimental discovery of quasi-one-dimensional (1D)
moiré patterns in twisted bilayer tungsten ditelluride (tB-WTe,) with large twist angles of 58° and 62°.
Interestingly, the two quasi-1D moiré patterns at 58° and 62° are orthogonal to each other. We further
elucidated the transformation between two quasi-1D moiré patterns through an intermediate 2D moiré

pattern at 60°. Our results propose tB-WTe; as a novel platform for studying one-dimensional physics.
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Figure 1. Schematics of WTe> and twisted bilayer WTez. (a) Crystal structures of Ta phase bulk WTe». (b) Side
view of monolayer WTe:. (c) Top view of monolayer WTez. The dashed rectangle indicates the unit cell. (d)
Schematics of twisted bilayer WTez with twist angles ranging from 57° to 63°. The solid circles indicate the pale
regions. Red and blue arrows indicate the lateral and vertical distance of adjacent pale regions, respectively. (¢)

Relationship between twist angle and the distance of adjacent pale regions.
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Observation of phase transformation and domain wall dynamics of ferroelectric SnS thin film by POM
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[1] Y.-R. Chang, S. Kitamura, et al., Adv. Mater., 2023, 35,
2301172. [2] R. Nanae, S. Kitamura, et al., Adv. Funct. Mater., in
revision. [3] M. Wu, et al., Nano Lett., 2016, 16, 3236.
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MOGVD-MoS,/sapphire &R A LIIZREBHIE X 5 BB D TENEH

TEM atomic resolution analysis of effect of interface layer on crystallographic
orientation of MoS: on sapphire substrate

ZEER L, NIMS? OFFEFRE |, REFHE !, B8, EARSH 2 LHEET!
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850°C Tk fnlEAY , 975°C THRE IV EATERL S D (TRl RB ) . XRD
HIERRIL, WTILDOMSMEIZINT 7 7 A T Dadjl & MoS,Dajlain—
Bd 2 AL ORGSR IRV EEE DD AR L TN D, Zhb DOFRELDF
T - Wi TEMBLER 21T > 72,

[f 5% - BR] ZRGEOFHBIEG (Fig 1(a) T, ¥ 7747 LHMD
— 39 DMoSft b2 D < BEE SN T 5, EFEWTKE (Fig. 1(a)#fIX)
. ZOZHEREDFI10° TOFMORIR D AR N A A TR STV D
EERLTWD, — 5, HiifEOBIZRG (Fig. 1(b))IF—HRkAH 5 S TRIES
NTEY, \HE R A COEIGNIULL T Th o7, b OROEE BRI
T (Fig. 1(c) (d) . ZRERITIIMOS, &9 7 7 A 7 ORMIZHAADF-STEM{E 0 i &
E—IBEESD 0 (Fig, 1(0)ffX])  HFFSEUIIIZ O &5 7 e —7 (348
sanighol (Fig. 1K), LLEORSEIL, S mEClls S fimE
HMoS, DELIIVEIZ B A b2 5 Z L &R L T\,

Fig. 1 (a), (b) DF-TEM images of
MoS; films synthesized at 850 °C
and 975 °C, respectively. Inset
| images show diffraction patterns.
DF-TEM images were generated
using an objective aperture to
select the diffraction peak as
indicated by the red circles in the
(c) 850°C e (d) 975 °C R diffraction patterns. (c), (d) Cross-
RO Do T I VN m— sectional HAADF-STEM images
of MoS»/Sapphire synthesized at
850 °C and 975 °C, respectively.

Inset images show line profiles

Sapphire

from the red square region.
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Study on the generation of bubble structure depending on
polymer stamp pressing conditions
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SEAVERBEENT S 7 VERRVEOHAREICS A SRE
The influence of exfoliation implemented with Au on layered materials like graphene

M) EmEE 2, FEES, O) BFH#E— 12 &R, BiHR—1
1. RIEEXFEREETRF. 2. RILXKZIEHRH,
S RIAKRFFRMFEIOLT 4 THRA
A. Hamada'?, C. Tang*?, K. Tamura#4, A. Satou* and T. Otsuji*
1 RIEC, Tohoku University, 2 Graduate School of Engineering, Tohoku University, 3 FRIS, Tohoku
University,
E-mail: hamada.aoi.pl@dc.tohoku.ac.jp
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N5, EbEERTEE U THEREEIBEEN D D, BREEEL 127 —72ANWTr 7774 b
MOERT T 72 2HSHETHD, @WERT 77 = B @i CEHEICRICANGND —F
T, ETHNENWT L= LVELNRWREDREND D, TORBEM I T-OICERINT-
FENEOREEN ZAWTHEET 5 HETHH[2], ZOFECEI-TEY REBD ST 7 =
DI ENTE D, BEMICIIMEO Lics&asKaESd, 085N T L CREEO S 7
Tz ERDIENTED, ZOR, EOREAL— REHT5HZ & TEOREIMNEZ DL
HE, FNCESTT T 72 E&ICE0 REBEEINDAELH[3], ML L TRmfEN>%<
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FICHBEEEZRBESE 5720, 7772 WEEE LSRR Y ERIEN S 5 [4], 40 g &
B TR L OB A~DZ A=V I REL D LB OND, EREN LT — 7 % U T B R B
EAR ZIZEVE L7282 W TRIBEZOW T T v AT MLa bk L7z (Fig 1), &%
HAWTERBEOSGE, 71 —JICKoTIv o B— 73 RELIELDE, FEAEFA—TUDRWN
HLOLHDEINRETD A FRREL, GV RLELAIERIRICR > TWDZ LB LD
BRHTWDLZENBZOLND, ARE T, SHBEEBHBECRONT 7 T 7 2 o 0Z0Ofh
DIEIRIENZDNTIZTOWT FET FeEZHIE L, SRHBEREICH X TWAHREEIZ DN THELEL
TR RICOWTIET 5,
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Fig.1 Raman spectra for graphene mechanically cleavaged with (a) a spattered gold film, and (b) a regular

tape. (c) Intensity of each Raman peaks of D, G, and 2D.

[1] FH.L. Koppens et al., Nat. Nanotechnol. 9, 780 (2014).
[2] M. Heyl etal., Appl. Phys. A129, 16 (2023).

[3] T. Terasawa et al., Phys. Rev. Mater. 7, 014002 (2023).
[4] Y. Liu et al., Nature 557, 696-700 (2018).
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BAKF 2K GeS, D L—H—REE/IN2—=2 5
Patterning of Layered Semiconductor GeS: by Laser Photo-Oxidation
KERAILIKRET L, MEARETL? COWHIR EFB' £H EF2 BA T
Osaka Metro. Univ. !, Saitama Univ.?2
°(M2) Shohi Tahara?, Keiji Ueno?, Ryo Nouchi®

E-mail: r-nouchi@omu.ac.jp

B LFET A ZAD S HRLWHMBIZ T IR E ORBETH b 2D ZRoTHEERNER &
NTWD, ik DF S ZEEEERS 5 72113, T3 AR ERZE OB LANEL 2 5,
UV T777 4=t AEIRE == IRERIE N HN TSR, T e AR YA
FMEREIEIC L DEHE, AV—7y FORIDPFEE RS> TWDH[L), e, VY IT7T74—I2&b
BPNTRERELTL—F =TT L= arBhin, hEBLRDL L —PF—RU—RNREWNWTZDH,
B X D HERBNIEE 72> T D [2], AiHE T, ke PEERTH D GeSlextd Y V7T
T4 =T ) =T =P =T =L RF == THI L LT, b=V LD RTHI et
et &, R STz Ge LM DOKEIEIC L 2=y F U 7 EHnic 7 a2 o0 THET 5,

Ty U ETHEKR LT GeS, b %, ik T — 7 % AW T FIBfE I X > C Si0l/Si #
W EA~ERT L M 1RO BEMEE (AFM) R CRd X5 2R 21572, D GeS: i~
R 532 nm O L —H =N A2RAP TR L, KRIERICHECAFM BIEE21To72 L 25, K 1(b)iC
RTE D R ALE ISR S s, UL, LRI X 2 Rt e b & B S
7z Ge F{b DAKIZKTT 2 FIEEMEDRER Th 2 LI TE %, ZOMERL & KRIEICHE S =y F
Y7UE, 026 MW D L9 KL —HF— T —IZBWTHIERTETEBY, TELT 7 X GeSy (2%t
THL—H—=T T L= a OBELHLT, BERL—F—RU—38 120 THDH, A7t
A% Ge FELM DKEEMEZ FHNT WD T2, Ge (kA BMRKICIH W TCEH TE S AlReER H 5, 4
HiZ, b= — R0 —KIFMECR IZ R R MR AF RIS 2. R D GeS, D /34 — =2 722D Th
WETDLTETHD,

(a) (b)

GeS,/Si0,

Figure 1. AFM images of GeS; flakes. (a) As-exfoliated. (b) After light irradiation and water immersion.

[1] Shi et al., Scientific Report 13, 2583 (2023). [2] Kim et al., npj Flexible Electronics 8, 18 (2024).
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Atomic Layer Etching of the Quantum Spin Hall Insulator WTe2 Towards the Study of
Topological Josephson Junction Devices

Advanced Device Laboratory, RIKEN !, Fujitsu Research, Fujitsu Ltd.2, RIKEN Center for
Emergent Matter Science (CEMS)?, Research Center for Electronic and Optical Materials,

NIMS*, Research Center for Materials Nanoarchitectonics, NIMS®, Laboratory for Materials and
Structures, TIT®, °Michael D. Randle?, Russell S. Deacon'?, Manabu Ohtomo?, Masayuki
Hosoda?, Kenji Watanabe*, Takashi Taniguchi®, Shota Okazaki®, Takao Sasagawa®, Kenichi

Kawaguchi?, Shintaro Sato?, and Koji Ishibashit?

E-mail: michael.randle@riken.jp

The 2-dimensional (2D), van der Waals materials have a
variety of unique optical and electronic properties that
have been exploited to create novel Field-Effect
Transistors (FETs) and photodetectors. Weak interlayer

interactions allow these materials to be isolated in the

few- and monolayer limit, a state in which their

properties differ significantly from the bulk. We report gm e (b) g el
on an Atomic Layer Etching! (ALE) method for WTe,, a % BTy = oso00x 71725 $ Hakos] .
2D material that undergoes a structural phase transition E 6l ,- :\ ;\‘g,\»\\r\"fw

in the monolayer limit and becomes a Quantum Spin § 4 \\"\\\ »
Hall Insulator? (QSHI). Given the extreme air sensitivity ;’l‘; 2r 3 \f

of this material and its propensity to exfoliate into small § O =0.870 nm/etch +
monolayers (< 5um), the optimization of an ALE 2 ) p 5
method is critical for creating devices which exploit Number of Etching Steps

. . . Fi 1 ical i f Ik WT
QSHI physics. Of particular interest are Josephson igure 1: (a) Optical image of a bu 62

. . . . flake with AFM f h .
Junctions®, in which a monolayer of WTe; is ake wit scan of an etched area. (b)

sandwiched between s-wave superconductors. This Etch rate testing on three bulk flakes.
realizes a proposed geometry for studying Majorana bound states, having applications in fault-tolerant
guantum computing. We report on the applicability of our ALE method for etching large, bulk flakes into
the few-layer limit as well as for making thin constrictions, which is critical for designing a Josephson

Junction device.
[1] Li et al., ACS Nano, 10, 6836-6842 (2016)

[2] Wu et al., Science, 359, 76-79 (2018)
[3] Randle et al., Adv. Mater., 35, 2301683 (2023)
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YXZ D OEMBR/AS —= 2 T FEDESR
Development of a Spatially Selective Patterning Method for Janus TMDs
RIEXRBET ! REXRHHBEERFHRRR
Of Fi i W #F 2 BFAWEE2 R E&M2 DE B2 mEk R
Grad. Sch. of Eng., Tohoku Univ.}, Adv. Inst. Mater. Res. (AIMR), Tohoku Univ.2
Dingkun Bi*?, Weizi Lu, Soma Aoki'?, Tianyishan Sun*?, Hiroto Ogura'?, Toshiaki Kato'?

E-mail: bi.dingkun.ql@dc.tohoku.ac.jp

ETHEBBEBEO DN a7 VA THERSND Y X ABEBER S A 1V F A RIMD)IX, i
BTN HREANS BN AE LD Z Lt #Ek TMD IZIZ WD MR B BRI TRl S T
BORERERZED TS, LOLERDL, PXA TMD ARSI A — & — OB
WRMETH Y, EBRIFZENHROIIZE A CHER L TRV ORBIRTH S,

ZIVETH AT, TMD OHEFIE(PL) AT R Y X ZEOSHICEEERAiE S 32 “%
OB ¥ X ALEEE” 2B L, ¥ X A{LH TMD @ PL A7 hUEEEPREZ RG22 L1
LTV D, ZOEEEY X AMEEREZIEHT 5 2 & TP XA TMD F 7 F 2 —7 OAIRL[1].
YXATMD F/ 227 a—/LOAIK[2], BLFYX A TMD L% O TMD I2BF 5 ~7T 12 " JET
T VB ORILBIZ WA L T D, ZOFMEIOY XX TMD X, R AAY —=0 775
L TRRA BRNE LT AA ZA~DIGHAPHIFFTE D, LLARs, @REICY XA TMD %3
== T3 HFECEALTI, Z2<ORENEIN T LIORBRTHD, £ T, AT
1Y X A TMD O EEE 2 — = 7 FEOR % B ISt 21T > 72,

PRI TR L - g v Lok Z v 725 (WSey) IZ LT, 74 R V7T 7 41k
D, LIPAMEZ == T2 T, YXAMET v A2 707, ZORE, 7+ NIV T T
T A BT T ICBNTL, Y X AMEROGANE & A ST L2 VI L7, AU,
T+ FLUUARD TMD DO ERITIIFRETE TWRWAREME, HHWET7+ LU A R E
TMD KNS LIZAREMEER B 2 b, 22T, 74 NI VI I7 7 0 i —=r
T FUEE R Ulc, ZBHIRER TR K 0 ST E kA o 3 (h-BN) 2 WSe, [ZE8 /3 I FfE LT
XA ZAT o T fE R, B LT e WSe, DA EIRATIZ WSeS 1228695 Z E RO M-
7o ZORERIT. h-BN 237 X ZMESOSICR T 2R~ A7 L 055 2L 2R L TR 4%
h-BN (2 57 LA IS 2 " F —0 =0 7§52 LT, BREEDO Y XA TMD /R F —= 2 773
HrrcE 2,

[1] Y. Nakanishi, et al., Adv. Mater. 35, 2306631-1-11 (2023).
[2] M. Kaneda, et al., ACS Nano 18, 27722781 (2024).
[3] W. Zhang, et al., Small Structures, 5 (2024), 2300514-1-8.
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WeTes R FHE~DERBRFHEA & XFRHE

Intercalation of Metal Atoms into WesTes Atomic Nanowires and The Optical Properties
#ILKRHE L, AIST?, FAEKE S RXEH‘-OLHEH BED i E4l 2 152
Ty v V3 #& kB2 &k MEL Rk 4 HEk B—8° =B #x’

Tokyo Metropolitan Univ.:, AIST?, Tohoku Univ.3, Osaka Univ.%, °R. Natsui?, Y. Nakanishi?, Z. Liu?,

N. T. Hung?, Y. C. Lin?, T. Endo?, K. Suenaga®, R. Saito®, and Y. Miyata!
E-mail: natsui-ryusuke@ed.tmu.ac.jp

S REBERT ) W art A4 K (Z55k TMM) 1E, DS AsMeXe(MIERS 48, X1 /L =2
TFUNT N BJERE) TRINDBE—RTCWETHY , ZORFHREFHELT 1T v
N REEPDIEHSNTWS (K1a) [1), 72, ZOWEIZ MeXe VA ¥ —MD A BJEOFIE
MU KAE L, IR TEARREFIRIEZ LD, 24U FE T InoMosSes. T1MosSes DRSS IR |
RbaMosSes O FEATH B DG AL/ EMRFIEE T ET2[2], L L, TERDFEAEEG R TIEe @A
DI BRI X 22 L ORI INEE TH - 7o, ixilr, Fex IMbFRAERRE (CVD %)
Z AV, WeTes SO K HEAEAEIZAED L72[3], 2 D WeTes IZ A &R & A TEIUE, 72
B+ FRHRO =50/ TMM OFEHDPHIFE SN D, AWFFETIE, WeTes A2 XRIC, KAREIC LD
InJRFDfA L, ZOWE « JE R ORI 217 - 72[4],

WOs3 & Te ZJ50EHE L7- CVD IEIZ L0 | SiO/Si Fabl FIZ WeTes H A Ak L7o, 1554172 WeTes
R In kL bicH T AEICHEZEE AL, £500 °C OMENC X0 G4 L7z In A% WeTes HUICHRA &
N5, EAFEEFBRHEIC L DIFEFOMEOBILICLD . In 25 3 ARDOEHET D WeTes V1 ¥ —
WCHFHENTWD Z LR e/ (K 1b), F7o, HHEFHRICEY . In JRFOU A v—[FL
OFEER INFFAIZ Lo TEMT D Z RSz, IbIC, @7~y a L IEgT ~ U iHE
ERAEDEDLZ LT, BllcNTZT~ AT ML (M 1e) DIfEE LTz, 5%, AR TH
BT EN A S LT, 2R =70 TMM OMPERFIEN ATREIC 72 5,

[| 196 cm-1

In-WsTes

Intensity (a.u.)

50 100 150 200 250 300
Raman shift (cm~1)

Figure 1. (a) Cross-sectional structural model of ternary TMM. (b) Electron microscopy images of WgTes
bundles and In-doped WgTes bundles. Scale bars measure 1 nm. (c) Raman spectra of WsTeg bundles and
In-doped WsTes bundles.

[1] Q. Liu et al., Phys. Rev. X 7, 021019 (2017). [2] A. P. Petrovi¢ et al., Phys. Rev. B 82, 235128 (2010). [3] H.
E. Lim et al., Nano Lett. 21, 243 (2021). [4] R. Natsui et al., ACS Nano 17, 5561 (2023).
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RABTHRE MoS; Y AR L FE1E D e+ 5 14 51

Characterization of excitonic properties of anisotropic monolayer MoS,
Suspended Structures

BURKBEE! OMNFH £, MD/DAR Kb, M2)EK H1EK #@wFE,
BB #4, SH B2, KR 8 ) FR!
Univ. of Tsukuba! © Ko Aoyagi!, Daichi Kokubo?!, Ayumi Shimizu', Hiroyuki Mogi',
Yusuke Arashidal, Shoji Yoshida!, Osamu Takeuchi!, Hidemi Shigekawa!
E-mail: mogi.hiroyuki.fp@u.tsukuba.ac.jp, https://dora.bk.tsukuba.ac.jp/

RAEOEHRUIEIZ L 7 b= 2% HBL LTKY 2> T3, — T, AV Fr=
JART7 A b= R B L ITERRLERY YV T EFAIA L, AELCEERELE H
TR TR DFED F L v, BF TR, KT ic B T 2 iR oAz E 2 o T 3,
T & i3, HECHE X N2 EF-IEFLO RN TH ), FBOE - EIL» bR N5
LA ICESRWIChEE R, X5, e OMAFER%ZN L CHIEIT 2 2 L A ATRETH b |
AA v FVITREIEORERIRK TS 5 @l eifHERT v vy VELEH VT & ko
ON/OFF HlfHl2sa[RE & 72 %, Si % GaAs 2D =Xt FEkdIc B 3 il o dfdo 5 v
F— 3 meV L /NE L, BIROZALF—CHIBICHEELCLE Y, —JTTRE. T4
Akt e LS 2 B~ BUE 0B EE X4 AL a7 F 4 F(TMDC) Xt -8k
G L 2 EIRLE R T 2 < BT b 7 v Y R ZREIEDERK X 7z [D.Unuchek,
et al., NATURE 560, 2018.],

L 2> L. i T i o S/ TiZ2 Tl h-BN £ SiO. 7 Y o FER ETo A{fThbhTEs h .
TMDC-EMH AT D + 7 v TSP OFE LR L e WEEH 572, 2 Z TR
W7ECiE. SiO2/Si FEMRFTTER L 72 R AR & o8 % — v 11T MoS, ZIRE L, A~
v F MoS; IZ 3 1F 2 il 7 D REFEM 2 17 - 72, Fig. 1 I1Z/ESLL 7250k 0 #5% (PL) BEM ST (5
%9, ¥72, Fig.2 3V A=V P& LI GRta), Jil (F). TH () To PL %
RIMAVTHDL, GITICEVRAERR I PNV DZANF—ZABRELTHDE T L B0h D,
PARY FEEN T AL T —HARAR LN S, Y HIZ, A& s T 25k 4
AF =L fbd, 2 I TOMETF OB X LR E OXIGEEmT 5,

../\.I
g [
3 [
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_E‘ — ‘middle part’
g = ’lower part’
o
= { \
c \}
/ \N
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Fig.1 Fluorescence microscope Fig2 Comparison of PL spectra within a

image of suspended MoS; suspended structure
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