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[1] #5BR 2021-57545 [2] %5 2019-99989 [3]S. Sato, et al., J. Aerosol Res., 20, 108-115, 2019.

Figure 2. Relationship between coating

ratio of CN'Ws and amount of iron
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14 ¥4 (HsGDY) (% DSSC ?® PCE % A k& Hxtfbfkr & L CHIffEn T o, THETIT,
CublZz & D& @B L~ DB RIEDMETH 553, DSSC ~DIGHDT=DIZIE, EWRT v HF R
— 7L AX (FTO) E~OEWMET I LENDH D, R Tk, OmREMEE & QA Ak
(Zd& Y HSGDY DE A AL IO THET 5,

(D TIZ copper(Il) acetate & polyvinylpyrrolidone 7K¥&ik Z FTO Jf Bic A 2 — ML @ TIL 2
S0 FTO H:AEIZ, ethanol, acetone, HCI T 10 433 > ¥Eyf L 7= Cu HA & B A te(Fig.1), KIZ,
1,3,5-Triethynylbenzene, pyridine, piperidine DIEATAIRIZ 60°CT 1 Hig L CERK L7, JR7-[H /188
WEEAFM)D S T & 5 HSGDY K5 O % v b U — 7 #E1E DM 22 X 4u(Fig.2). Raman 73 JGiE B
1935 cmt, B XKUY, 2225 em fFiTIZ-C=C-H2k D B — 7 3 a8 € = (Fig.3). Wi Fik & & HsGDY
BB THDH Z & bhoT,

_I @liquid catalyst method |

spin-coating
— N
— ’ > - | P

Cleaned FTO FTO covered with FTO covered
e copper(Il) acetate Reaction with HsGDY

_I (@sandwich method !

| — - \’ E
Fig.1 liquid catalyst method and @sandwich method o s 1000 1500 ILmE 2500 3000 300 4000
Raman shift fem!
Fig.3 Raman spectrum of HsGDY
23 3k

[1] W. Cui et al., Materials Today Nano, 22, 100329 (2023).
[2] J. Li et al., Advanced Functional Materials, 31, 2100994 (2021).
[3] J. He et al., Nature Communications, 8, 1172 (2017).
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&2 - REEERSER ZED TN D, REERERILSWZ RN EM &R & O R %
FroW3 | FEREME & BN E N ALER D, BRI AMA KRR L 72 BRI B AR R
BT DR HBNRT W, 2 2 ORI TIEREARE RN O R et gE o 7= 012, 7.0X 10
Slem & @A A UAREE B R OB b R B AR EARE LiisAlosTinz(POs)s (LATP)E 2 ik e k4L ©
HDHH—R T ) F2—T ( CNT)DEHEA KR &R,

FTTE NS =L TLI0 TS L, UV-4 Y UALBR % i L 7= SiO2/Si 558 EiZ, LATP @
SIS A Ay a— R Lz, &5HIZEHEE Th 2 Al % 10 nm /%y Z | Co filllif 4 4 nm 7
L. 4S5, 10 15,20 4 )@AEEH#F'TC7/I/:I—/Dﬁﬂi@;ft%’fﬁﬁﬁiﬁ%(ACCVD)75:??11\ CNT %
AR L, EEMETEEMEE(SEM) L T~ 4 EHEIC X 0 Bl 21T - 7=,

Fig.l 27" 9 SEM & L U LATP Ki - BIZ U A ¥ —ROMENE L TWD 2 BRI, £
7o, T~ UoENS LATP BT 1600 cm T JRFE AN BER R D ' — 7 3 a8 S 4L, B RiRFH]

OIS TEDOE— 7 RENRE L T 5, L7=2-> T, LATP LICCNT R Li=Z &b
Mol

2Q__min

15‘“min

Vefpiieritgprjriiny

k,_/u./[\/ 10 min

5 min

Intensity [a.u.]

1000 1500 2000 2500 3000
Fig.1 SEM image of LATP particles after ACCVD. Raman shift [Cm‘l]

Fig.2 Raman spectra of LATP particles after ACCVD.
BN

[1] S. Lou et al., Advanced Materials, 33, 2000721 (2021).
[2] D. Ren et al., eTransportation, 18, 100272 (2023).
[3] M.S. Shalaby et al., Journal of Alloys and Compounds, 969, 172318 (2023).
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Fabrication and evaluation of fullerene derivative-doped Cego fullerene
nanowhiskers
EHTKRT CM)%H &34, R ER, HH HE
Graduate School of Engineering, Toyota Technological Institute
°Takato Shibata, Masanori Hara, Masamichi Yoshimura

E-mail: sd23421@toyota-ti.ac.jp

Coo 77— LU MBI EIND Coo 7T — L )/ 0 AJ1— (CoNW) 1E, KE B a5
CEN TR R 2 O 2 L B A BRI LR & O R RSCEERA R & LTER ShTn
B0, LML, CoNW 1L 106 Q -cm & fRD TEWEXIPIEZ /RT 2 ERMEE LTHTF LT
B2, 2 Z CAE CIREEMEOM EEZ B E L, CollBREREBMMENZ T T — L ViFEEKRD
—OThb, 7 ==/l C6l kL AT LT AT L(PCBM)%Z CeoeNW ([ZIRINT 5 Z & 2l AT,

PCBM s/l CeoNW DVERLZ IR - i AT tHyE  (LLIP #5) ZHWzBl, Co 77— 1 1.6 mg
& PCBM (1, 5, 10 mg D =3l V)& IRG SHTZMRE Coo RIS TH D m-F 2 L 1 ml ML T-
PCBM ¥R C60 FAFIIRIE & . Coo BIRIETH 5 2-7 18 ) — L&\ =, LLIP JEIT=IE F Tirb
o, EEREFBMEE(SEM) & iR X #RIEIHTEE(XRD) & -V CRMEi 21T - 72,

Fig.1 IZ7”7 SEM 7> 5 B4 300 ~ 1000 nm F2E T, £3 1~ 100 pm F2ED T A ¥ — K52
e S N7c, F72, Fig2 IR L7 XRD [BE#f/RZ — b CoNW & Ll LT PCBM 1 mg &R
N U 7= S Sl J7 s o[BI & 73 3 FREE((110) 1, (210) [, (410)E) D E4r 4 25 i 4 FER A~ H
Z11(0.32°,0.28%, 02403 7 b, TROLEFHBENELS 2o TWVD Z MR Sz, Tk
TEHTH 0.5 AOZ{KICHYS L, PCBM BNRIMENTZZ LIZ X DT OERENT S &5 %
bihd, £z, BRIFEEEIZO W THERT D,

(110) (210) (410)

Intensity / a.u
}
K i‘
I SR (NI NI SR
;

206 / degrees

Fig.1 SEM image of Img PCBM-doped CsoNW.

Fig.2 XRD pattern of PCBM-doped CsoNW.
ZE 3K

[1] P. R. Somani, et al., Appl. Phys. Lett., 91, 173503 (2007).

[2] K. Miyazawa et al, Surf. Interface Anal., 35, 117-120 (2003).

[3] K. Miyazawa, et al., J. Mater. Res., 17, 83 (2002).
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Effect of Platinum Addition on Magnetic Properties of Iron-filled Carbon Nanotubes
Grown on Nickel Catalyst Films
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[FEBICEIN] I —R T ) F 22— (CNT)DZERES 8k (Fe) T/ U A ¥ AN Fe i S - gk
0l CNT (Fe@CNT)IL, KAMA DMEREZ R TFREED 1 D TH LIRS D EVMEZ < U, B R
AL LTHETH D[], FxIZTNET, WERED bEmWRIE) Z AT % Fe@CNT DOEBL %
HIE L CHIZEZT\, & ORE RS 72 TPy 2 FINT 5 2 & TR A KM 19
HZ 2], Fle=v 7 AN AERAEGERICER 32 2 & TORBEI3 0 BT 5 2 & AR
L72[3]e AW TIX Fe@CNT O & b7 D e e i EA4 HAE LT, Fe@CNT AR fil i s
(2 PN fEJE M2 L, KEd 5 Fe@CNT OREKHMEIC S 2 5 B2 Lz,

[EB 5] Fe@CNT OA/KIZIZ 7 = v ZHiBA L U CHEM L2 CVD &% iz, Bk
B (300 nm) fF& SiHb ki, FEZEAREEICI D Ni B (1.0 nm) 2L, %o kiC Ptk

(0.1~1.0 nm) ZRBEEL72 b D% Fe@CNT B MM & Lz, 2% CVD U 77 Z—HIZ
HEL, TONHET VI (ADEBR LT, Dk, V772 —%815CETHIRL, AHE LT
xR E Ar & EBIZEALT 1053 CVD Z17V) Fe@CNT ki S ¥ 72, iR L7z Fe@CNT
DOFEREITERRTE T PMET (SEM) THBIZE L, BERUFFMEITIRENSURIRS 15 (VSM) CHIE L7z,

[RER] X 1(a)lc, SEM #1222 & V157~ Fe@CNT £ & 0 PYNi =tk At 2R+, 2k
D Fe@CNT DOfFEERE I 4~6 pym OFPHATHMHA L TND I LN D, 2(b)iZ,
Fe@CNT DOR17) D PYNi il IR LAR 7 A~ 97, AR HE 7S PUNi = 0.2 nm/1.0 nm 0 AR %
FWT Fe@CNT Z il S E 75510, KT 2.19 kOe NELNTEY, kv b PtEE
DEINT 5 L ARBENT T AN RO D, ZOFERN D, NiJg O 20%F2E OEEE O Pt g %
Ni I EIZERR T2 2 & C, Ni B Z AW 5 L0 EREBD NS 5 2 03 ynoT-, g,
Pt 73 Fe@CNT WD T ) T A ¥ DR il KRBT EE 52 TWDH Z L &R LTV 5,

24

() (b)

’**Ti*{f ¢ \ l }
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Fig.1 Dependence of (a) length of Fe@CNT and (b) coercivity of Fe@CNTs on
thickness of the Pt layer.

[#t8E] ABFZE 1 3R 20F2e E i Bl 4 (No. 22K04872) D Bk & 5% 13 TIT iz,
[1] H. Sato et al, Jpn. J. Appl. Phys. 52, 11NL03 (2013).
[2] T. Kaneko et. al, Vacuum 87, 187 (2013).
[3] T. Eisuke et al, J. Vac. Sci. Technol. A 34, 02D105 (2016).
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High-speed Synthesis and Characterization of B-doped Carbon Nano-wall
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&M XE' ER ZiE FRHE FE°, T3 K& EH |£°,
T HEEC, /2 M, hE B BHEF a9 Bt E&E
Grad. Sch. of Env. Life. Nat. Sci. and Tech., Okayama Univ.!,
Faculty of Science, Okayama Univ.2, JAEA®
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H—RoF ) F2a—T(CNT)RV T 7 = (GP)72 E DO LWVRFBEZRMIL, @O IRE, XSS
REMYE 7 CITEN, BERISA O 91T ONT R° GP & K EIZ M i3~ 2 B R 23 1o €
Wb, TR CTREMS D ATRER MR E VY, S BT X MNEEIC K DR O EFER
ROOND FAIFZIZET, EF L TYD245GHz BRI Z WD 7T X~ i A EE 2 R L
R Ar HAT T A2 KD EURIRFBINDIRF T T A~ EiHki L, TOFEINZ L > T —AR T
J 74— /W(CNW) Z @l I TER T D Efi 2 38 A« B L C&72[1]. AT CNW ~DAR T B (p
BRNSERDT 7 v 7 2) R—=T %%, £ ORMEFHEIC OV TRET 2,

IRFEMEHIFX v U 7 R—71C L0 B8REENZ(ET D [2], —MAIIZ CNW X CVD 1L THEK
SIHLDDY, AWFFETIE BsC 3R ETEMEIRDIREW &, FER E 72 5 A 50 Si 2 RS ITE E, 400
W O~ A7 a2 B8R+ 52 & TER L, G L2 BHE SPring-8, BL23SU T® XPS
END B D R—7 %8 Li=(Figure 1), H 7 A EDO CNW BL B F—7 CNW (22O THE
PUEOIREZLRIE 21T > 72, CNW RKEIZEMZ 2 @ATER L, 180 ~ 300 K (23317 2 HLHfE ]
ExITolE 2A, WTNLGIRE EFICEOEPUEIE T L7z, Figure2 (IIRT7L=U A« 71
v EB, B R—=7IC X > T CNW OIEHE(L= R AT =0/ NEL 25 Z & 3bholz, 72, n-Si
HE D B F—7 CNW [ZOWTHEREE [V HIEZTT > 72, n-Si HfiE CNW LD ITO % &l
ELTHEZIT-T2E A, NEFMIC 02 V REDOELER T 2 M8 L7 (Figure 3), Z OfEFRI
BIZCNW O TTY 77X OEENZFH, F¥ UTIREO EHZ L7 LEbDEEZ LN,
<BEICHR>  [1] ¥5HE 2017-229887. [2] Stanislav A. E, et al, Sci. Rep. 9, 6716, 2019.
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A S 005 R . —— B doped CNW
| SE—————. . *
L L L L L 0.00 L L 06 |
1000 800 600 400 200 0 0003 0.004 0.005 0.006 -1 05 0 05 1
Binding enegy [eV] 1T (K Voltage (V)

Figure 1. XPS results for non-doped and B- Figure 2. B-doped CNW shows lower activation Figure 3. I-V characteristics of non-doped
doped CNW energy than that of non-doped one. and B-doped CNW.
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Tracking the growth rate of semiconducting and metallic carbon nanotubes
under variable temperatures
HEAL CM)ER BE=, T2 5¥ Al EX KE BE
Univ. of Tokyo, Ryuji Fujiwara, Shohei Chiashi, Shigeo Maruyama, Keigo Otsuka
E-mail: otsuka@photon.t.u-tokyo.ac.jp

NlR ) —R T ) Fa—7 (CNT) 1%, EWVF+ U 7EBEHESCK | nm OERICHKT5HET
¥ VIR OME e E ORI S . IR OFBERTF v R AR ELE L THIFF STV D[], E
IS NI LR O 8K CNT NER 41, TAUTIESFEO G RSN CNT OEEREIZED X 9
(BT DR T 5 2 LA E 7D, BlxIE. BEOKATHIRICEBW T, HDHEmIR
JER CHERCONT DN E L 720D LWV O FERDIR STV D 032,3]. & OHEIEIC OV TR
X7 STV, AREFFETIE, fEl % O CNT OREFHEIZESZMTHZ LT, CNT D&
REFIT B TIREED RIT T 5B %2 PRAFE L ﬁaﬁé&%@«@ﬁﬁ%ﬁé EEANET D,
A REE 2 800-875C DHIPH CHG I AR SN H, =& ) — v E KRB E LIZFAEZ
Y T ERK[A]ZATV, fl % D CNT ORI A8 L7z, Figure la (R TI7~vr vy
BEOHTT 252 & T, IBREZLIZIEBRE L CTRENSIEEE Lz 2 &1y 5 (Fig. 1b), REEEIZ
M4s71L=02x70y hOEEZ2EFHL7E 25 (Fig lc). FE{KCNT & 4J8 CNT IZBIT 5
R DI AN EIC B 22X A b o - (Fig. 1d), 72, FHEFEO AT oiEt b
TRLF—E, 800°C RijfE TOLATHIIE (~1 eV [4]) OKERFLEL TEHE LI KRENWZ LD,
R TIZ3 T DA DO AR R e B A SRR R I B % AT LT rTRBED B D, ARFEER TIX
EJEPB LOHER CNT OREHECRERMG Y A X v 7 ORERGFER EOBLED G | EWA
RO ATRENEIC DWW T T %,

a b C .
(@) 20 um G © __ sCNT#
- — ' 37 N N b
4 4m s CNT #1 5 o a5 | . -
S £ X
33+ S 4
800 —o— Tdrop
150 M —&— Trise ‘ > ]
0875 088 0885
— Q 1000/T
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Figure. 1(a) Raman mapping image, which is color-coded by intensity and peak position of G band. (b)
Transition of synthesis temperature 7 (top) and time evolution of CNT length and growth rate y (bottom). (c)
Arrhenius plot of growth rate of one of the semiconducting CNT. (d)The distribution of effective activation
energy during the temperature rises for semiconducting CNTs and metallic CNTs.

[1]1 C. Qiu et al., Science 355, 271 (2017). [2] X. Zhao et al., Nano Research 16, 12720 (2023).
[3]1 X. Li et al., ACS Nano 16, 232 (2022). [4] K. Otsuka et al., ACS Nano 12,3994 (2018)
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Elucidation of growth process of single-walled carbon nanotubes from Fe catalysts on

alumina support layer by in situ XAFS measurement

RPAEL ', KPWKF/ < 7H?2 OBN IRFE', KH Eth', FH BE", BRIE B,
HLl R 2

Meijo Univ.!, Meijo Nanomaterial Res. Center?
OJumpei Horiuchi!, Shinya Mizuno ', Takahiro Saida'?2, Shigeya Naritsuka’,
Takahiro Maruyama'-?

E-mail: takamaru@meijo-u.ac.jp

XU I

Hghh—mrrF ) Fa2a—7OWCNDIE, =7 ha=7 A5H~OIEHARYR/R I T\ HI9E
Thbd, LML, TOREAD = XLNIREA2ENE L IEABRREEE 72> TnD, READ
= X LOfREHIZIE, SWONT Ak OftRIE 2 B529 2 T OHPENMNIEE 72D, ZDT=DFk %
1%, RIBRILHERE OUTHEILFR OFENT 23 7l HE7e X BRI E XAFS)HIEIZIEH Lz, i E O
ZECIE, X% &3 5 BN i 2wz 208 XAFS JlE 217> T 72[1], AR TIE, LY
— B9 72 ONT RESMICIT ST 572012 AlOs KL L CTHY., 2D XAFS HIEICL D
SWCNT ffEH D Fe filtlit b7k e 0)"4% & o T, SWCNT At OfiFi 4 B8 L7,

EKBRFIE
WEERERTLKFI E TV F AT U — FKERS - BERLZbOZHE - MEL Ty b &
ERLL ., Zha XAFS HIEHOREE Le, AklE2 XAFS IiEH B — AT 4 VICRE SN
CVD ZEENIZEY £HF, U7 H A Ar/Hz % 1000 sccm ¥ A LT 800°CE CHILEZIT -7,
ﬂ{mﬁé C2H50H 77 2% 100 scem H A L T 10 43[f] CNT ik #1772, FiR - BlREHIC 1 o5
Z Fe K WD XAFS JIEZAT o7, PEZHWH 7 v hr ot #—o BLIS2 IZHB W
Tﬁof:o F7-. REBOREZ T~ 40, TEM, BXOSEM Z# AW TEhi 21T -7~

FERLBE

T U RHE, SEM B LT TEM B0 5
XAFS JE% Ot 2 %#%swmwm&%ﬁ% o N () Ferc rore
/C‘?_'f ?EMK;}_} BN 75 A1203 7’7542_711_\_ LickoT 7_// "\\:ELL—E__ — Fe-O
SWCNT ZEJk AR X ¢ 2 2 L1k L 72, @jy\ ) /,\ﬂ
1(a). (b)IZFHRHID XANES 222 kb, KX CNT 1::?§:%§ A N
MR H D XAFS A7 kL) EXAFS #5155 = A N,
M7= RSF %57, %iﬁsﬁﬁérﬁ%&@ Fe fillifid v - .
Fe,Op ISV RIE T 278, SR L & b ISl e 7 TR 10 20 30
7L, 600°CT FeO | mﬁmff%ésmCH EnergyleV] Radial distance [A]
THAOIC A Fe ~DETRH DI, F1. ; . ~
(b7 B> . Fe MBI A 5 A 14 1 55001 BAERD O e M S
T D Z Lol
BEE

AWFGED—ER1, BHFE A28 (B) 19H02563, £ K%FT / ~T U 7 A 2 —, BLOX
BE~T U TR —F A 7 THE (ODFRERZERT) OB E2 %0 Tt - 7=,

2ECHR
[1] WEfh, 2021 FISHYHY ST AiTaEE 2 23p-P13-2.
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Synthesis of nitrogen-doped expanded graphite for sodium-ion battery anodes
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G rJRE 7 = R X —JROFEENRESEL5F., T hU 7 AA A4 FBU(SIB)ILE OB E 2GR &K
DA MZEYER SN TWABE, SIB OYERENN F D 7= DI 1L ETERE 2 A B OB N LETH 5
N, VFULALFBHIZHNOGNTWE YT 774 MIFT R O L0OWENRKRETHY, 7T

77 A NOBEZIRT IR T T 7 7 A4 MEG)BEDREMEDO—2L LTEZX LN TNSHE,

Flo, RERMEHIEFZ F—T7FT5H5ZLTSIB & LTOMREZKIECH EXEDZEbabh
TV BB, 22 TARIFIETIE SIB OEMHMEIE L THWA2HIZ, EGICERE R—F LI-EHE R
— 7 EG(NEG) & 1EfL L 7=,

EG LIRFEAEEI 1:5 DR TRA L, iR T 1 RERIB I A U, 24 REFEBHE 7S S 7
%, BRIFCEIEREK T, 3 FEEO G IR (700, 800, 900 °C)C 1 BffEVfi# L NEG % 15%7=,
S OB E X BT HIEXPS) & T~ VoIS X0 R L 7=,

Fig.1 (279" XPS Ok A& Pyridinic N, Pyrrolic N, Graphitic N, N-oxide @ 4 fifiDEH# 5
HHEICHRT D E— 2 N BN, £ Fig. 2 IR T I~ 006D G B — 27 28 6 e R 5
W27 FLTEY, SIRISANECTVD ZE PR TE 5, LLEICXY | EG DRFEANEREME
WICEZN R—E 7 &N nbhote,

G peak
e
. — I —NEG(900 °C)
— & =
- BRH-7 & NEG(800 °C)
2 ~——Pyridinic N 4;
% —Pyrronic N ] NEG(700 °C)
1 -
= GraphiticN =
EG
N-oxide #/!
+—rt —t—t+—— —t I : —Graphite
396 397 398 3979 -400 401 402 403 404 405 1500 1550 1600 1650
Binding Energy (eV) Raman Shift (cm)
Fig. 1 Narrow N1s profiles of NEG(800 °C). Fig. 2 Raman spectra for graphite , EG

and NEG synthesized at various temperatures.

2% 3R
[1] M. D. Slater, et al., Adv. Funct. Mater., 23, 947-958 (2013).
[2] Y. Wen, et al., Nat. Commun., 5, 4033 (2014).
[3] H. Liu, et al., J. Power Sources, 319, 195-201 (2016).
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Separation of Catalysts from Carbon Nanotubes Synthesized by
Microwave-Assisted Heating
I P. Abdi Karya!, M. Fujiil, K. Nakagawa?, Y. Kageyama?, Al Jalali Muhammad?,

F. Nishimura®, T. Nishiumi?, T. Asano?, and S. Mitsudo?

Dept. of Appl. Phys., Univ. of Fukui', FIR, Univ. of Fukui? HISAC, Univ. of Fukui®
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Abstract

Carbon nanotubes (CNTSs), discovered by lijima in 1991, have attracted attention in various
chemical, physical, and materials fields because of their unique structure, chemistry, mechanics, and
electronicst. The primary method for producing CNTs is chemical vapor deposition (CVD). In this method,
CNTs are produced by thermal decomposition of hydrocarbon gases on the surface of a substrate coated
with a metal catalyst. However, this method requires high temperatures and reactive gases, which results in
high operating costs.

Recently, a groundbreaking study has been reported on synthesizing CNTs from plastic waste, a
non-valuable material to which iron-based catalysts have been added, by microwave selective heating. This
method of CNT synthesis provides an effective solution for CNT synthesis technology because it allows for
shorter synthesis time and lower synthesis temperatures. Furthermore, this method also solves the problem
of plastic waste management, which is destructive to the environment?. However, a large amount of catalyst,
along with nanocarbons, including CNTs, remains in the residue produced by this method.

Figure 1 shows a scanning electron microscopy
(SEM) image of CNTs synthesized by microwave
heating using HDPE and iron-based catalysts. This image
also shows the growth of tubular carbon structures on the
catalyst surface. CNTs covering the catalyst surface
prove that the interaction between HDPE as a carbon

source and iron-based catalyst promotes CNT growth.

In this study, an efficient way to remove the

iron-based catalyst from the residue is to supply only

Fig 1. SEM image of CNTs synthesized from

CNTs. The details of this process will be presented. . . .
HDPE using microwave heating.

References

[1] lijima, S., Nat., 354, 56-58 (1991).

[2] Xiangyu Jie, et al., Nat. Catal., 3, 902-912 (2020).

© 20245 [CHMIEES 15-045 17


mailto:ipd23801@g.u-fukui.ac.jp

17a-P01-11

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

H—RoF /) Fa—THERIZLLEKREBBO OO HF OBRET

Study on dispersant for new power generating paper

based on carbon-nanotube-composite paper utilizing mist flow
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1 XU®HIZ

RO TP —RIEA~OXIS & L TmF o=
—_ZA MPEHEZEDTND, )= —_Z |k
ST, IRENE W S T B DB TR T O T
WEZRNLF—EFEFIATLHOTHY , HE
FUHEIICE <1372V s, KIHE RS 108 COIGHN
HirFs b, £ 2 CTARIECIE, I—R ot ) Fa—
7 (LT CONT) D3 omWERIREM 2RI 5 2
LT, KERD b ORIV —ERIH U= 703
EHEORZ HINE 3%, ONT I3@\ s A
O—J5C, IR TIET ) A —/LCIHAE L, DT
TRPMETH DT, A CITEEES L ICNT
AR ME U THIT %, JillEllX, CNT O H &
3 2 AGEROFAA LS D Z L2 X - T
IO 2 HED TR, Z OB B R B K
(E RS M TN S W D RN U270, A
[l CNT EEHEIRR O BoH B L, £
VD EBHE RN O T SRR 21 T 7=,
2. B

#iZk 30 mg & HiJE CNT(SG101) 20 mg (Z%f L
TOrHeAl s fidE (SDS, 7%y, Brm—2)
J 7 7 A 7N—(CNF, H A BLHHE 42 fik), Brij,
DODMAC(FEPES HIETER) #=Z2nZEhnz iz
D EBEWHL, CNT Sz 1Efl4 5,
X5z, MK 150 mg & LT (—H U HK)
500 mg Z B CoOE L, 2L TR & YRR
T5, 2O OONHEERA L, RIEXERS
FOBT L 2|2 LY ONT A A ERT 5, 7
7 7T —BIRCHBR O EAIHT 5 HNT
CNT EEMAHE L7 4 Vb BT —R >
F—TTREL, ST —7OHEEZF;<T-
D7 Uy T CEE LCIRET 10 AR E Y
ThHFig 1), £UT-EENZ 5EIZT VXL
TNFA—=HEHNCHET D, Tnaests
TZEF L S AT 9,
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Improving power generation efficiency of paper dye-sensitized solar cells
using carbon nanotube composite papers by Introducing TiO»

o8 W'\ KX R’ (1 BEXRETL, 2 #EXIMS)
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AR, BREEMEA~OB LN E £ 5T, K= 31X
— R EOFAEFNEZ RV —H~OELNETE T
£ o TWDH, RBFFETIE, aFEHECK B! (DSSC)
EIFENDH LW Z A T OKBEIZE B35, DSSC
TIEEFEOBRE TS E M L CE N ETr, A
722Gk, CNT 44 (CNTCP) & T 5 CNT &
MOBEEMEIZ B A LTRSS T, K
oA N CEREEICE LU “4k DSSC” mEH A2 BHEE L Tw
%, AIEOWELCIL, HEEHRROE EOTZbIz,
BERDAFIETHH LTV AT P51 BaF L3RR
DR N RFOL B OND (Ax Inthdkh il
AL QB HEERR L, SENIEEERIFEEZ S5
WZm kX ® 5 7 oIic, Tetrabutyl Orthotitanate

(TBOT) DOHAKGFRIZE VGBI HEET ¥ kL
F-DEAWA~DZAIZ LY TiO,-CNT EAHA R L
Too Z OVERLGIEITERAL T & L IR ORI & bl LT,
FVfHETHD, TIO ZEATHZ LT, EhfED
Fam b3, KEBERUCTFLGTHEMF v ) 7O
NS, SEBEASRN LT oWEEZ NS,
(=8 F51E]

Hif§ CNT (Hipco) :48mg, R7 T /UAEiEET KU o A:
70mg % T &/ —)v: 36ml 1T 60 Syl S B oL
&R CNT 3Bk &9 5, [RERIZHEERA CNT (6,5) :
dmg & AT VXA @ 36mg A MK 18ml HCHEE
oy L HEART ONT Bk HE T 5, Bohic4
B CNT ok 50 FEICEV L, #2175, TD
. TBOT:0.16ml & ffik:1ml 23 A L, 50 T 10 47
B L 72 N BT 5, RIT, Z ORI % pHT~8 |2
95, iz, 27 1g ZAlK: 100ml TR Z
AT 1 B LV 7 iR e HET 5, v
YR & AJETL CNT 8RR G L. £ OIRGIR &K
e & 15 (FOAAE 0 IR A T2 TE) 1IT X 0 4B CNT
BAMEERT 5, [FERIC 8RB CNT Sk & 31

HAERA ONT HEMAERT 2, TORET L AT
X0, ENETNOESREEREIE, BET 5,
auFLavibrVyaET® =K AFIZ 60°C
TS5, TRIEMR L%, FSEMHT PEG (R
VxF L7 Ya—u) ZBML, 2 RE%ZICERSY
S¥th, EHIZPVDF (R 7ok =17 ) %R
L. 80CTH#%E 4 KT H Z & CEMIKZ 5.
Z O EIRE SOCHA—T A TT® =R LDK
Wy EEIESEDH LT, VKR DLEMKE T D,
FEE 2 FMOBAROBIC Z OEMIE T F ST,
WG T2 77 b= b U VA FIRIZ TRERIZ
KA IE D L TEMIEE S E L, BRO DSSC &
RS 5, 2 D% BB (1000W/m?) & AT L
PR T A =2 —T F I FE=HNT -V FrtE %25
fliL7-. ZOfEHE, TiO,-CNT #HAEME T FERD
LREERNTH D Z LRI NV, BRI, AilE
Wit £ TOM DSSC Tk, mAFEZNHRIL 2.34X107°%
Thbh, BEEERERTHDL 74 NVT 77 X —(FRZX
0.228 Toh-o7-2, TBOT #E A%, FENFE L FF 1L
ZNEI 10469 X 10°% & 0.244 (210 b L7z, FEAM & fE
RAIZOW LRI THRE T D,
[3H%E]
AMGEDOFITIZHTIZY | EHER TERE W20,
—EZT VT IVERA ) RX—= g e H—DOF G
W L BT 5, E72, ABFEo—3E51% JSPS £
WFE - PRERAOBFZE(FA 2F)(JP23K 17814) DIk & 5% 1) 5
i R=Y AW
(&% 3]
[1] TR R, 6o FR BB RRS Tt D Fo B gl 12, (3 —
T A —HhR) 2007
[2] T. Oya, et al., Carbon 46, pp. 169-171, 2008.
[3] 7, fi, 25 71 SRR AR, 22p-P07-22, 2024.
[4] S. Aseena, et al., Ceramics International 46.18, pp.
28355-28362, 2020
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FRABANZEDIh—RoF/ Fa—TJHEHEA LSO OR DR ERE

Performance improvement of carbon nanotube composite thread transistors
by using new surfactant for its making process
BEXBREL ' WEX INS2, O/DE shtg ', KX Rl 2
Yokohama National Univ.!, IMS, Yokohama National Univ.2,°Hiroki Kodaira', Takahide Oya'*

E-mail: kodaira-hiroki-vt@ynu.jp

[(5EER - B)

[T 7Y 20y —LOREOHT, £/ &L
FEBF AL LTV T 77T N4 A
DHFEENTHE, 2NLDHFEDOHFTY =7
ZTNT N4 ZADOHETH M & Ak
RRRT 20D 7L X TAMECH B X
=T FAXANCEHIPEET > T B, K
MHEETIE. h—FvF /7 Fa2a—7LTF
CNT) t Rz E/-METtH 5 [CNT #
G4 ZBAF L 72, CNTHEARIZ. CNT &4
DHTORIZFROMEITH Y, 2z vz
ZA~v—FTFFRZANCHEZHES LTS,

AWrFECld. CNT &4 2l A EDE TE
#xNzib7vYr2UoMERER % HI
3%, LAToSE iRk, EAR CNT &
HBRICEAT 2 08EIBG R TEwA 7
WIS L, 98] 7= 0 8F T % Brij®100 %
w2 2 & THEAIO B . £ DRiRA 7
WO LI LTz COFERZHE 2 T,
SRl OE TIEHFHHEHG & L < DMF %
AT % ,DMF 12 CNT D438k 28 il E 72 51 C,
WA 154°CTH % 7= D A R EBLIRE i Bl
HICXoCRET I ERARETH . 2T
Lo THL 24 7 BRI FLiAD 5,
€39

HREPT7 VYR Fig LIcmT Lo ic, &F
B CNT A5k & EEE CNT AR, 44
VNI o TR I T W B, Fr L
TOYEFEMCNTHERE T — FEME LT
DB CNT HARDORICHEIRD A A v 7
ZHEIL, ERECE e 3L CofFilT 3,
EHLL -8B D4 N 7 v P22 ofEico
W R ANT X =2 T F 74 FEH TG
filii L 720 JE OFER, 47H0H DMF i X - CfE
BIL72% 7 v P22 FLHETL D KIEIC A 7
BB L kDR 7 vy LHERL

THA VA A 2.4 517 1 L 72 (Fig.2), #EAflIC
DT T T 2,

(3]

AR DOZETICH -V BERIERZ W
iz, =~ T U 7 (R o FiErE T I
HEHL BT 2, 72, KfFFEo i3 JSPS &
W2 - Pragkrymtse (d52F) JP23K17814) DBk
®ZIEEE NIz,

(&% 3C#R)

[1] dEATEEN, KRR, 25 79 [BG B
A2, 18p-PB3-9, (2018).
(2] /NFalE, RO, 55 84 [mIt FHAREY:
DM EMEREZ, 22p-A306-12, (2023).

lcm

CNT Composite Thread Ionic Gel Thread Transistor

Fig. 1 Thread transistor.

—120
surfactant
— 5D5
—100F — Brij
—— DMF
—80¢t
I
=—60
Lo
=40
_20 L
Vo = -2[V]
0
—-2.0 -1.5 -1.0 -0.5 0.0

Vi [V]

Fig. 2 Transfer curve.
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CNT BB T NA XRZFALNYyTIY—LXREE=2)VT
Battery-less temperature monitoring using CNT Kirigami-thermoelectric device
(REXYI !, REXH#HE BXEF29)
OCM)FEXRZH !, TR, NEFH S, THERE?, RIRFH!
Dep. Of Appl. Phys., Tokyo Univ. of Sci.!, Dept. of Mech. Eng., Tokyo Univ. of Sci.Z, Zeon Corp.?
ODaijiro Hongu!, Ken Nishiura®, Hideki Uchida®, Masahiro Motosuke?, Takashi Nakajima'
E-mail: 8423554@ed.tus.ac.jp

5] URITUhiAAREZ Y — VBB LY — MEETH Y, AHREORV 3RITHEEE RS
WCEBTHZENTED, £72, UROIRIC X > THEBARHE 2 EEICHETRETH Y, ATH)
O CIREEEZ ST LIc kY, BERELFREICT D, £/, HENICAER TOR
FIBEHRINERTE D120, AFICEDETA Vv E—F U ZBEEZFER LT W E W I FEEET
%o AWFFECIL, BRSSO i & A3 2 BIREIC R 2 BVER B A ME L, ONT O 5
RAOTNAZAZHNT, NoT U=V ATIERRBRE=FY VI TN, A LI-ZOT, %
DFERIZHONWTIET 5,

[BRLBLE]AESRTL LT, AR HIEE I —AR ) ) F 2 —7(SG-SWCNT)/ Y ¥
— == ERL U7, Figl IR T L O1Z, AU A I R EIC ONT 2521, U1V iALE A
N5 Z L TRRICH L TR FEEMLSE, REELERTEL L) ICHRG L, EBRTIE, BB
T NA A ZEAE 200 mm O P FEREREE ISR E L, 95~130°CO K ik & D2 I U7 BB H
Nufglz, £D%, DC-DC A N"—=ZZHWTHIEL, Fr v ZICHETHE L HIZ, DC-DC
DU N—H OEEHEHBEIC L > T, RBELRV K LN LEHEEEL Ny T ) —L A TITo
2o Fig2 \oRT X 912, MRS MR IR E O K & SR L, @i EREHEN R 72
D EMERTHIENTE, 120°CLL EIZBWTIEL ONT JH Y OIREZENE IS RDHI L
DTPRENDN, EHROXGEHFENORENGEOREZ —BRICIRET DI LB TE 5 Liiwm-D
F7ze BLEOFERIT, CNT UHREVET /A AWk & 2RISR L CIREEE 3 & L CEIMERTRET

HHZELEERLTWA,
(b) R
Z .
' Air (Cold) SWCNT i 5
.2 °
/ 24
‘ E .
. W ] a g3 .
e N — s
Heat source (Hot) 82 . .
& :
=

95 100 105 110 115 120 125 130
Heater temperature [°C]

Fig.1 CNT kirigami-thermoelectric device placed on a heat Fig.2 Dependence of  wireless
source (a) and (b) schematic image of temperature transmission  interval on  heater
difference formation. temnerature.
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Fr v TBBERAVE7ELI 7 AA—RUBE~OEBEMMEEREL
Voltage Application and Resistance Change to a-C Film using Gap Electrodes
CHIKEE, Bf BEX', LH AR
Shibaura Inst. Tech.!, Rikuta Nomura', Kazuyoshi Ueno'

E-mail: ueno@shibaura-it.ac.jp

[IZCIZ] BF, AI~DOJEH% B L7222 b 2 £ U (ReRAM)DAFFER B ANZE Z 72 i
TBY, EHEBIZT 'L T 7 A —R 2 (a-C)Z VY, a-ClE % b T OEMTHE A 7“ReRAMN
BREREINTWDS, F1-, FOWRHIZEMA = A5 LTERIC L D JRFTHI72a-COREZ O THE
PERFER STV D [1], —7F . a-Cx L TEM THRA G CIT, R R EiE 2 @i & R E 7
D ENHEELV, FZTAIFIE T, F v v TEME IV Ca-CIRIZE it &2 BRI TS O3
FafER L, EBEEINC X A A E T~ T,

[5£62771%] 1.0em X 3.5ecm# D SiO(100nm)/SizAi _FIZRF~ 27k k& 2 A Ny 2 5% UV Tsnm®d
a-CEFRIE L 72, WICFig lZRd X212, 74 MU V7T 7 4 2AVT, HI1EFEM(Au-1st)/ SF —
VR LT, IRICHE2EFEM(Au-2nd) %2, FHIEEM Y — 2 =y UOEOERITIZ AU HERE L7
WE D ICEEAE B S I EAEFIEIC LY, Hix RiBOAuUD X v » TEME K LT-[2],
ERL LU 72 Au v v 7B, SVSO AT v 7 TR RKETLA0VE TV IR LEIIN L, & BHEJ-
V)RR DZAL Z G~ T,

(G L B5R] 2m B OEREAELZZLSED 2 LT, Ty v 7EISmmD H82nmDH O X v » 7
TERASE L T & 72, Fig. 212~40nm=¥ % » 7D 7L, 40VE TOBEILEZ#V R LHN L 728
DI-VEEZ L 2R3, 318 H OENEZIZ, 35V~40VORE Th I DM EROBEMA A 5, 401 H LA
FEDHIINTIX, KR&ESERPEM LTz, ZORRNOMHEVIERLEELZ X v v 7HICHMLZZ &
TH v v TEME OEIPZL LT TREMERE X B D,

Au-Ist  Au-2nd 3-C

10

& e PAVA S
102
107 —&—Ist
g 104 ——2nd
é 10 3rd
; 10 4th
“ —e—5th
107
—e—06th
10-¢
10°
“n 0 10 20 30
X 200,000 100nm Bias Voltage (V)
Fig.1. Fabricated Au gap test-structure on a-C. Fig.2. Evolution of I-V curve between gap electrodes.

[RHRE] AHFIEIL R E (TP 22K04222) DBIRY % %% 1) 7=,
[Z%3Cik] [1] T. Raeber, et al., Carbon 136 (2018) 280.
[2] PN%EZR/A, Electrochemistry 77 (2009) 890.
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G EEwRE W =R ) Fa—T BT 7V Fa—F
Soft actuator based on carbon nanotube composite papers using kirigami technique
OB BRI, KK W, "BMEAREL, HEKX IMS
ORyodai Toyomasu, Takahide Oya
! Grad. School of Eng. Sci., Yokohama Nat’l Univ., 2 IMS, Yokohama Nat¢l Univ.
E-mail: toyomasu-ryodai-hc@ynu.jp

1. TR - AW

=R F ) F 2—TF(CNDIE, B HE
ERiOTF JIRFBEMTH D, — T, BIKTIE
NS MOMELEEAT D Z ETHNWD
NTW5, ARFZEETIL, TR T 5k
EHEAETHONTEAEKRN T 2)Z & TR
Bl & HED TV D,

TR, oW IV Fax—2ThHd, V7
N7 U F am— RN EFREAE TR 5T
W5, KAFZETIL ONT EEME iAo 4o
MEMDY T NT 7 Fat—Z DR EED
TWb, INETIC.AY 7 N T IV Fax—X
DOFE % OFFEZ A LR, SEITROFSF
Gy M TEZIE D L, U0 RER B2 B D A
VT NT 7 Fam—H fER L BMEE TR
HZEEEE LT,

2. EB

AWFICIZ I B CNT EERILFRIE Y Z it
W, ER L, ETFEERSBICEDY
CNT(ZEONANO®-SG101) %y Bz (0.1wt%) & #2
FRIZ X0 VTR0 1wt%) 2 ERL LIRS
L7co 1BA LTCHARZ H R OB LA,
WK Z1T 5, FfBIT 100°CHOET L AT 30 43
Mz L, ONT HAMRAEERLL 7=,

ERLL 7= ONT A E “fciliv L, =
NZIUCHRAAB A A, B & L=, kI,
[ A XA HE L, A & HRIR(EMI-TFSI)
e S, EEE S L, EMmEO CNT
BAEM K CEMEEOERWNE A, — B
WD T NT I Fax—2 ERLL T,

3. FERLEBE
ERL L 72 7Ol % Fig. 1 ([~ 7, BE%x

FIINg 2800, M nWEH RN K 5 (& L,

AT DOERENI R L 5 X LIz,

Fig. 2 (Z YA ZHI14 OO BEfJE (CNT #-5#K) O fiF
SOENWERT, UIIVIAZRZ ANT-Z & T, K&
DOFRENTNY HNRDRLT < RoTnNAH I E
IWEFRC& 7=, Fig. 3 IZFEJE 3V(DCO)ZEIL
TBEOMEDRE T2~ T, R THILIEX, K

mm F&E O I BT D03, A ENIREkK

TITA BN ZRTHIR A OB & D3

RINTo, ZHUTEMEOUIAARIZ L D D72

EEBEZTVDBL, 52, UHAHBAY — 2%

fbEE 2 Z & T MITEMS = koehy e & 2

BT 5 B2 TWD, iEIEGEEIC TR D,

HEE

AR DOFETICHT- Y ERERTERLEZ W

PN, ZE<T U T VR O F R IR

HHL LTS, £z, AWFZEDO—HBIL ISPS

AIFEe - PRERBOBFTE(HH 2)(JP23K17814) D Bhk %

ST EhE ST,

SE B

[1] T. Oya, et al., Carbon 46, 169, 2008.

[2] B3, fil, 3 71 EISHEFFINEES,
22p-P07-20, 2024.

[3] M. Isobe, K. Okumura, Scientific reports, 2016.

Paper with ion liquid
(EMI-TESI) /
CNT-composite papers -
:‘ A\ead view

Cut pattern

opiew - o

40 mm

Fig. 1 Structure of proposed soft actuator using
CNT-composite papers

r ﬂ
(b)

(a)
Fig. 2 Strength of CNT-composite papers
(b) With cut

(a) Previous sample

S

0s

35s

Fig. 3 Actuator movement under potential of 3V
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TiO FANZ & % CNT FIFl NO» H 2 & % DERkE AL
Improving Sensitivity of CNT-based NO2 Gas Sensor by Decorating TiO2 Nano Particles
FEARHE | RERTIEN® OfRER | FLUEERT " EHR '

Tokyo Univ. of Science', Toyo Univ. Research Institute of Industrial Technology?
o Hirokatsu Ito!, Mariko Murayama®?, Xinwei Zhao®
E-mail: xwzhao@rs.tus.ac.jp

[

BURFBEHA SN TWANO, HAE T REL
FLEBEABRENRRELN TN D20, i
B T L D ZRE R T O FR e KK
EDRME L INTWD, £ 2T, LREEK
EHEHOLED B TREIT/AAE L ED T A
WeAE 12 LT b U ED 23 HCNT %
AW/ B RN ER STV b,
Hxldx, NO, WA HE L TCEMERETRT
(n,m)=,)D N A 7 VT ¢ % FF-DOCNT & [A%
ML, EOMWREZ MDA Z VT 4 THiEE
%D 1= O TR 21T - TN D, ABFZED B
1. ATREEZ2(9,4)DCNTO D Y 12, HAEH
AL S TWD, ATFOEGR(6,5DHIA T
U7 4 % HDOCNTZ W T, /NI E DD
FE7RNOy H AR YHHER A EBLT 52 L Th
Do

(€S E5)|
WA IZLL T O FETIER Lic, £ P
Wb EMOERIL LIEEmE L, EmlX
300 nmDFALARIEATSIT = — 2 bl & LT,
TiZ10nm, Auz100 nmkEEL ., D% Y V7
7412k, < L#ELS mm, L/SIEE I
5um® < UIEM A ER LTz, IO OTION
RO nmD T FHH —EBRTIO A L=, &
FIETI0200.01 wt%EEEHE & CNTD0.1 wit%ik
iR % A& SR BER AT YA I
L 0¥ —lc STk E < LB EMRICTHE
T425Z ETER L, ERTIRX, Fr o
—NIZHRE ENT-CNTE st L TCRE A
RD5 ppmDONO T A %A L, 415 TR
PUBEDZEALZ HIE LTz, FHRIL(6,5)CNT O Rk
R & TR O EERRICNT ) & 72 5 BREHE
S HIT I B OCNTRREIR L EIICTIO %
WML 0% HWT, 4FE5ETT - 7=,

CEES|
CNT OAHZFH T L TER L= D NO, 7
AJSE % Fig 1\ T, 7k, oK
PUEIZ 994 kQ 7757,

11

o
©

ARIR (arb.unit.)
o o
~ ©

o
o
T
i

0 400 500 600
Time (s)
Fig.1 Response to NO; gas contact of gas sensors
using CNTs only.

11—

0.57””%””i‘
0 100 200

L
09 [

0.8 |

AR/R (arb.unit.)

0.7 |

06 [

‘360‘ - ‘460‘ - ‘560‘ 600
Time (s)
Fig.2 Response to NO; gas contact of gas sensors
using TiO»-doped CNTs.

05 Lot
0 100 200

F 72, CNT IZ TiO, I L7 %D NO, 7
RSB %, Fig2 1R, 2oy HKyUE
1L 406 Q72 -7, TiO, ZfM L7t i
(6.5 CNT DA% =t 3 & bl LT
(LIS 1.48 fEICHIN L, & 2 ogHEht
I 244 51T L 72, FERINEY HiR <5,
AWEgE (DO—H) 1%, SGHRRFEE T~7 V7w
TV y—F4 2077 F¥ (REES
JPMXP1224NM0001) DOX#EE %7,
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CNT@BNNT AFAF/Fa—TLEREBEDOI 2V MR
Contact formation between CNT@BNNT heteronanotubes and metal electrodes
BRARBEL ¢ OFK—H: H/LRE, BB
Osaka Univ.1 ©M. Shimizu?, T. Inoue?, Y. Kobayashi!

E-mail: shimizmkt@ap.eng.osaka-u.ac.jp

A—ARrF /) Fa—7 (CNT) RICEFTVHRT /F=2—7 (BNNT) 2#EEGKLI-~T R
F ) Fa—7 (~7T 1 NT) [1, 2]i%. NED CNT 23 E M E » O 1R S v, B =Bt 2oR~97[3],
TS AMERO 7= BRE FO BNNT I XL 2 2% 7 MHEFEORNLETH D, FATHFRET
1% XeF, 7 A2 X ) BNNT BEHRIIC= v F 2 7 SN [3], £/, 2R E Th 5 -7 bR
7% (h-BN) & 777 = OEEHEETIE, CR 77 A~ IC X D #RLED h-BN = v F o 7 )3
HENT[4], AR TIE, il a2 7 NMEMOTZ®, (i) BNNT 8 OAEZMEEIC L 5 CNT-4
JE BB O E & (b) CFy 77 A< 12 K 5D BNNTIBIRMIBRED 2 2O FEEIRET 5 (Fig. 1(a)),

VIR L2 FIEBNC X 0 2R b U = i B CNT@BNNT ~7 & NT 2855 L, Bz
BT 5L TRy I/ — NIBRE N T U2 % (FET) Z{ERIL7, RKRPTORLA
WIERINC X 5 =2 7 MG O BNNT Offbighli#E 2170 BT OBt EE (1-V) Frk 4 bt
B L7-, E7-. HEMEHBEEL7- h-BN 2 CFy 77 X~ 2R L. R ABEmEc L vy F o7
REEPE LTz, EBIT, CF4 7T AN CNT 1252 D588 % i+ 2729, KR L CNT
57T ATBLL | ORI ORENE T~ Lok K OVERIE IS (SEM) TR L 72,

OIZBI LT, ML AT O 1V £5PEZ Fig. L(b)IC/Rd, BRI R LA BRI L 72
Zeh, B TO BNNT JBO—MBHEHEE L2 L EZXbND, SOICHBETLHT S &,
RUA VERAE LKT Lz, @ELEAINC X0 NEO CNT bl L7 B x b b, Mtk
BIZX a2 7 MERICITHNEREDOIEMERFRENSLE L 25, ()L T, CR 77 X=IiZ
IY h-BNRZyF oI NnNsZ % (a) (i)Breakdown (i) Plasma etching (b)m:{,ﬂ;alv‘ T T—
BR LT, ONT AEC 7S Ao e '
MUj- b 2%, 0 ONT ik i ' L L L T
%—47T%< ® CNT 23847 L 7= (Fig. S e
1c). FwrHKIECLY GID o . ! 3
WA 30 b 6 ETRAD LI L& o,
HEB LTz, A%, ONT ~D X A— s

T DI DT T X< Zxiit, B Fig. 1 (a) Schematic images of (i) breakdown and (ii) plasma
L0 CNT@BNNT ~3i il & ki etching. (b) 1-V characteristics of heteroNTs. (c) SEM image

of plasma treated CNTSs.
it D -V RIS LB T H D,

[1] R. Xiang et al., Science 367 (2020) 537. [2] M. Kato et al., Appl. Phys. Express 16 (2023) 035001. [3] K.
Otsuka et al., Nano Res. 16 (2023), 12840. [4] V. Seo et al., Appl. Phys. Lett. 117 (2020) 243101. [5] &7k
fill, 2023 FERKFIG B2 22a-A306-9.
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ROA—5F CNT FOMRRHBORF B T O XBFR
Development of pixel separation process for bolometric CNT infrared detectors
Em ., BFAESR? OEHELE L HPMAL?, BRFz 2 ®FE L SHIFEX?
AIST !, NEC? °N. Fukudal, T. Tanaka® 2, N. Tonouchi® 2, M. Kanaori' and R. Yuge' 2
E-mail: norika.fukuda@aist.go.jp

=R F ) Fa—TCNT)L, KFBOANBERTEGNTZ > — b & EAE nm R E O I RERIRIS L
IR E R OIRBRIFERDO—2>TH D, Fexlx, CNT Xy NV —7 % F v /L L35 Thin Film
Transistor (TFT) D K & 72 #KH IR FE 2%k (Temperature Coefficient of Resistance : TCR)ICH&E H L, 7R 2 A
— HBRURINRA A =T P ~DIEHE BEL TS, ZRETICEL L, T4 AU —TF
fi% L 7= Poly(4-Vinylpyridine) (PAVP)iE4A LR & Lz TFT ICB W TRV S T & kb
NFTT A2 BWK)ED HEWTCR 2R Z E2H o LTE N BRI A -V 7ty
YA T2 SRR L D728 | PAVP RO Y — =0 7 T o ADBFREZIT> T\ 5, BIEHE L
TV D HIRARINRA A — 2 R OWHEX Z Fig.l 1IZ7R-7, F ¥ F/AERIZ CNT Z 7o
v 77— RTFT O FEICHEVE & LR LU R D RECRER & SERINE % R o i
Th D, HiEIFRIC LEREE L T ¢ A Y — TR L7z TFT(Sample A) &, A B > 21— Rk,
VYA RNRE == T ROy F o 71 L0 FE1408fE L7 TET(Sample B) D EXURRMA: % b L 72,

Fig.2 (2 TFT OAMBLIGE %2777, Sample A 1 BIEIRFERN T v /L L 0 IREEFHICIZAK ST
WHDIZxF L, Sample B IEF ¥ /L D —[A1D RE W LJEMRGEIR & 7> TV D, IRiEIZED
NTWRWCNT 13T v v ZIC XV BRE Lz, EXEFEDILERS R % Fig.3 12777, Sample A (2
AT Sample B IX IV A—7 D off EAKREL AT AN 7 FLTEY | LY RA N T rEANRN
PAVP (25 Bk 5.2 7= Z L "B L TW\W5, F7=, Sample A TIE7— F U —27 23 K& < TFT 8hfE
B E H 27, Ziud, BEERERICK L CTF v RERIEF TN SN Tod T ¥ RN S
RESCNT Ry RU—=I RS TWD ZLITERT 2 EEX TS, ZhbDORRNE, HHbL
I PAVP 1T B A 5.2 R WE TSRS 0B ADENREETH L Z ERHALMNIT ST,

Absorbing layer (@) _ 0 3:*:‘,“_-_1‘ I =z
Passivation layer Y i \ e -
X -5 ; 5
~ ' 5
1 D
SIO; = -10 10 g
x S CNT ° m Sample A E
G ]

Pal'ylene _15 @ Sample B 10_“

: 8642024068
SI Gate voltage [V]
Fig. 1. Schematic device Fig. 2. Photo images of Fig. 3. Measured drain current
Cross section image. (a) Sample A and (b) Sample B. and calculated TCR.
BER

[1] BeHlzfh, 55 71 BUSH PSR FINGER 2, 23p-32A-7(2024).
ARWFFED—ERIE, BAETEEG T 23327 2 Z R ZCHEE S L JPJ004596 D k% 521F 7=
DThHD,
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W) FIN—ERICHF=F/ h—ROSOFLRY FI—HD
BRI : T/ HBMOEE

Electrical Property Control of Nanocarbon Random Networks for Physical Reservoir
Applications: Effects of Insulating Nanomaterial Addition
BRRBET L, RIILKR?2 C8ARES.L H LREL CHEX? IMRER!?
Osaka Univ. 1, Okayama Univ. 2, ©K. Suzukit, T. Inoue!, Y. Nishina?, Y. Kobayashi*
E-mail: kento.suzuki@ap.eng.osaka-u.ac.jp

[ZXUDIC I O FIEDO— D> THAV Y AN =3RRI, RERVIT —F O E S FEN W REe il & L
THEHINTWD, RERYIT —Z O HALER X il 5 B L TITOZENR LA, FHE AR D FRE 7R
STND, ZOUEREY 7 ) =7 TR BB S CRILT 2B Y S —Clk, b EEil, RHE
BEIMEAHIRSND[L], ZRETICH—RrF/F2—7 (CNT) - RIFEDO Ry T — 7 I LDV P
—ENER)72ENHESNTCND, MBS S—OVERER EITIZIERIE A, R T —2 DT 2 Ak
REEEL DM L AERTHE OB RN LI THY | A7 EHRICEB L TRl . BhERB O fE
AN ROHND, T2, BIHRLVE VR NI =7 DT 2 AN RIAEND SR ITTHIREE L WFL) P-
—OMEREM B2 2723588 2 Hivh, AR T, ZDDEFR A7 TG 2 A A H 972912 CNT,
757w NIRRT HEN-BN), 7 /X ATELRND)EE AL L= T & by NT— 7 fE#L S5k
R LT, BRRICIXEE, AR PO 2RBEDIFEE TRy N — I ZAERIL , UV S—BEED FEAfEL7n
B EIERHEIC BT D IR E B L ONE R (B 72 50 1 [ COINE DEW) iR~z

[ EZBRICNT K43 HukiE B AL A 418102 wi%)Db D% 100 A RL Tl LT, Bk 57 2
(GO) /K43 Bl Ltk B Hummers SE[BJICEVVERIL 7=, h-BN 23 BRiRiE. By AR i i 2 B 5 I AL B &35 D
BRIV AY TR — L (IPA)FIZ 5 8L FIBE[4] T2 & TIERL 72, ND /K3 E0RIZS A= 480
PREEIC L DL D& -, EIRRY 7 0%, CNT k4 Hkitie h-BN ik Z2IR 6L, BEZeEiEEIC
FOPERIL 7=, AR AR 71, GO K4y ki e h-BN 43 Bk £721% ND 25 Bkiti 2186 L Clifs s
B, TI s ) — VR 1500°CT 1 REE O T EEALELAITH 2T, oo GO(rGO) A
R EUTERLTZ[B], Yo 7 N OREE AT IX, AR E 7B (SEM) & T~ 2 43 ek (bl I &
532 nm)IC &7 o7z, B BIEFEIL, EIRICITE =AM B L T e — 7 2 528 T, &
RV EE T v— T i3 2 LT, B 2 B o M oREZLFE L7,

[#5 5 ]ISEM (2XD, CNT/h-BN - ClE CNT O po by — 7 EEDR]IC 30

h-BN 723 ADIATRHEIE MBI, IGO/-BN 2R T h-BN 238, | gy
SN, T BT, T I CRENT LIRSS, CNT/h-BN 3 & of

TIX G /RUR, D AAUR, G /3R h-BN Hskoe—r703@lgising-, 7= £ ool e
GO AHKL UL IGOIND AR U kL DIG =0 G NV RS ICELN § L B0

AT, — T IGOM-BN ARV TClE G /XK DNV R, GRS L,

BESNIZ3, h-BN HROY —Z 3B s e oTc, BRBAEICBYY b
T CNT/h-BN Tl FIBECEE O BED &2 ik 3524 T, & D e ——
Uit RIS JF%E}FZ‘@ﬁ%ﬁ?Eéﬂflo }F%ﬁﬁ?@ﬁﬁﬁ?@éﬁfi% D Voltage (V)

© 2024%F [SRYEES

LRBED MDY T T IB T OO - CEE - & H 2 E
L72eZ A, EmkENEIIS7=(Fig. 1), £7=. rGO AR, rGO/h-BN
ARV IGOIND ARV TH[RIERIZ B « BIE R COIERRIEED B
RISz, L h-BN X2 ND Z{EA LT- 2SI LA P ECIER B D 28
{IZ RHN72h 7=, rGO/N-BN AR TliE h-BN 45 BUR O E DOfRE
X2 IPA DR S D R THBURD B2 IS5 & AR ORGSR
TERN, ZOT1=0H5 %1% h-BN 3 HIROIREZ mOLLERHHEE %

5D, 1GO 1E 2 IRTTH B CTHY CNT I LA~ THFE IS A DR E N8 |

rGO [l £ CHE R AR 272N IS T 270 KD L B OMufg AR EH L B
72 2 HiD, IGOIND AR TN THIAERIZ ND D®ZFINSES
RN DD, FIHEIRL RIS 5 b0 [ CHE - EEREZRIE L
i, AR TTIEDMBIR ST (Fig. 2), AR PTAR THESHUECIEFIY
PEDZALD ROENDIFE D BOMIRIELZIREG T HILTILRLmk Ik
RMEL PR =L L CORM AR TSNS,

AEE: AT ITRF R ORI LD L 72, SEM OHICHT=Y
BEAY A — D3R AZ T2, ND HiRIIS Ao ika 5207,
[1] G. Tanaka et al., Neural Networks 115 (2019) 100. [2] S. Azhari et al.,
Nanoscale 15 (2023) 8169. [3] N. Morimoto et al., Sci. Rep. 6 (2016) 21715.
[4] G H. Lee et al., Appl. Phy. Lett. 99 (2011) 243114. [5] Z. Xu et al.,
Carbon 185 (2021) 368.
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Fig. 1 I-V characteristics of
CNT/h-BN thin film
measured  with  different
combinations of electrodes.
Inset: schematic image.
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Fig. 2 1-V characteristics of
rGO sponge measured with
different  positions  of
electrode contacts. Inset:
schematic image.
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Power output improvement by multi-staged tribo-electric nano-generator

using carbon nanotube composite papers

OXAN —#E', XX Rifd'"2

(1 #EEXBRET, 2 #EEX IMS)

OKazuki Okochi!, Takahide Oya?
1 Grad School Eng. Sci., Yokohama Nat’l Univ., 2 IMS, Yokohama Nat’l Univ.

E-mail: okochi-kazuki-zj@ynu.jp

1. HMrgeER - BAY
U PERE LT RETORMA T RLX
—MBbEES éi%}vv*v*—/\~/\7\74/
THER SND, DO THREIEDRD T 7
)V CEEBE S & H % Tribo- electrlc nano-
generator(TENG) 3 12D\ TR DI
ﬁbﬂfwé"mmﬂizomﬂﬁéﬁﬂﬁf
Db E & Z I HEFEDOMAG D
LD RIKEEEZBETHREESNTH D,
AKWEFE Tl —HR > /7 F 2 — 7 (Carbon
Nanotube, AT CNT)BEEMAE HWZ h T AR
%%%%@ﬁw ZERDAA TS, CNT 13
WERAREM:, miRE, ERmESRKEIWRE
DENT-MHE 2R, B2 3N TNES CHiE
MBI HHMEEA L. CNTEEMKE L, &
EIE R A~OISHEME B L TWAI,
ZIVETIZ, ONT #HEME b7 1 RHEER
%&L\ﬁﬁﬁm@%%w%%ﬁﬁécwﬁﬁ
BN T ARBENEBAETHD Z LI
WS L TWnaE, éﬁl&iﬁé%%éﬁ#b%ﬁ&
kT 52 Lickattim Lok E2ED T,

2. FNIARREDOFRA
ﬁﬁﬁn WZBITD M7 A RBEOHEL Fig.
NIRT, TS 'rliﬁﬁ”Eﬂ?iﬂéo _0)
:ﬁTtiﬁﬁE%@%% — 5 DERRIZ
DREN UEMZED | B S - B EEJT
S THERSNTFFERONT A% LD ZT/L
R DB SNV APNERS LD, I - T
Xy 7BRHOMALOND & BEEREMN DS U
U, BEEENZEN 2L 725 2 & T, 3 EEK
W L C R E DB SV A B R D

3. EBRFE KR

CNT AL, MEXIEE WO FIRIED 12
FATEFEIC L0 IR T X 5, BARIIC
1. CNT 23k & 7V 75y Bk DIRA1R &
B BB A AW TlK A7 L A2 XD CONT
BEMORIE - #5475, Z 2 CIRMER L=
CNT B4 # % 130 3cm OIEHFHICEI Y H,

—ERERALEREZ VT, 280 CNT &
AREIC AL REBS —E Y AL TH v 755
2L TR IARFEELTVIMET 5, Fig. 212
HJE CNT (SG101) % 20 mg, SDS % 50 mg.
VT (=AY HK) Z100mg & L—3
400 mg #fEH L TIER L= 3 ¥ 7%
BEANCERE Li2b OO IR E R T MR K
0. HERFEEIHERET 52 LT, BIEOH
T3 L ERTHBH O ERHEE SN, £ D
BRI H %, MR RS T 2,

SE IR
[1] T. Oya, et al., Carbon 46, pp. 169-171, 2008.
[2] KT i, BKEZRICRETHSS, 22p-A306-17, 2023.

Eira

AIFGEDFATIC %t@éﬁ@iﬁﬁ%wtﬁwt =

f'avT U 7V (BR) O HE L AR L S ES
. AR o —ERi1% JISPS BLEFE - %E%ﬁké’]ﬁn(ﬁﬂ

%)(JP23K17814) DY E i;@ﬁméﬂt
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Fig. 1 Contact-separated operating process.

500 ms
<>

Fig. 2 Result of power generation from sanple.
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BREHD—RoF/ Fa—TEFRII—F/ 774\ —DHK
Magnetic Properties of Polymer Nanofibers Containing Iron-filled Carbon Nanotubes
ZEXBRET CMDIEN it BRRWE, ks
Mie Univ. °Takumi Tsunekawa, Yuji Fujiwara, Hideki Sato

E-mail: sato@elec.mie-u.ac.jp

[T wiz] $cNa b —RrF /) F 22— 7 (Fe@CNT)I%, CNT OZEHETICNTLIND 8T /U
A X OTCRBER RS VEORE SRR PRI R T 2 @R 2R L, BRT A A~OIGH
FFSITWD[1], EHIZFe@CNT &RV v —2HAEILIETFT /) 77 A4 3—I0F5 2 & T, bk
PWaHT LR ~v—TF 77 A43— (PNF) ORIBMNFTREIZR D, Fox 1RV ~—ilifE DRI A
WHNDLEZL Y hrAV= U ZEIZERL, AU ~—& Fe@CNT OIRERIR % VT, Fe@CNT
a1 % PNF Z/ERL L T %, ABFSE Tld Fe@CNT &4 PNF A ED ) LD 72, Fe@CNT
DIYEIREE D FI2 5 R ) ~—mik & AV T Fe@CNT &4 PNF Z4ERL L, & O8MEZ3Hm L7-,

[32825 1] Fe@CNT 137 = Z iUkt L L7228 CVD {ET, 1 cm O SiO, EAT Si Bk pk
FE&Hz, TOREBEITNSX10%em? TH Y, Tz REmiEESIA Y OfKICZ TSRS
B, SBICZCRY BT v a— Lz M85 oS E5 2 L TFe@CNT AR Y <
— IR AVERL U7, IR A 4R ) AV (& 83cem, NS Imm) & ORMNo7-3 U DITHEE L,
J ZMTEBE (12.5kV) ZEINT 5 2 & T/ XSS Fe@CNT S AR U ~—¥sik 2 M- &
W, HE LR L7 ¥ Bl — MR PNF 2 86f8 S 72, ERLL7- PNF (%, £E&ME M
(SEM)B L ORENFERRE /1 5H(VSM) TRl L 72, AFEBRTIX, 10g DR Y ~—IEK T Fe@CNT
SR AR 10 #0453 (Fe@CNT #J 5%10'0 4) O Fe@CNT 233 B S 4172 b D AR R E OV & LTz,

[FE#R] /ERLL7- PNF © SEM %%, Fig.1 (Z/R7, FEHERE KN 2 (50 Fe@CNT JREDR Y
~—REEH L7256 T, R EEEL 3370m, 419 nm @ Fe@CNT &4 PNF 2345 H i
7o 5, PEYERRFE D 3{EOREORIREMHEH L2541, Fe@CNT O—#43 PNF 20 S
F, JRATEICERE T D Z L R S NT-, Fig2 12, VSM THIE L7 — MR PNF O b ihifR %
KT, BASNTVD Fe@CNT IZERT 258BMEN RO D, F£72 Fe@CNT O HRE %2 &
%5 Z LT, PNF OWALHIIML T D2 ENm0 5, ZOMEND, FERY v —EKRFO
Fe@CNT & A B4 ST PNF 2/EHd 25 Z LT, ZTOMBNEARTE S Z 000 oT,

[#%E] ABFZE 13RI B Bl 4 (No. 22K04872)D Bk & 5% 1 TiT iz,

[Z%E k] [1] A. Nagata, et al., Vacuum, 87, 182 (2013).
[2] M. Fujii, et al., Jpn. J. Appl. Phys., 62, SN1014 (2023)
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Fig.1 SEM image of polymer nanofibers formed Fig.2 Magnetization curves of polymer nanofibers formed using polymer
using polymer solution with standard concentration solutions with (a) standard concentration and (b) twice the standard
of Fe@CNT. concentration of Fe@CNT.
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LR FZEEFHEHBEE LTRHW=6G(10) EADTZ 7z Vv ERE
Graphene growth on Ge(110) from photoresist as a solid carbon source
BRI XK OMOKH 5L, BTH XE
Fukuoka Inst. Tech., , °(M1C)Reiji Takeda, Fumihiko Maeda

E-mail: mam24107 @bene.fit.ac.jp

iU wic] {bZ&MEE (CVD) EiE, KA N CRERENATGER S 7 7 = VO EEE L
TRENRFETHLN, MBI Ry VT HRAEERNT 5120, Vo ARERICE 32757
= U EERT D IIXZORNEREICHET 5 2 ENRARAIRTH D, £2 T, ZOREZ BT
LHMTL YA NEOFHEE D THREERENBWC L > TF 7 7 =V OENRRA LI, Cu
Ni 2 EO&RERNZT 77 2 VERHEIILTWVWD[L,2], ZIZ 7T, %%4/%4x®k%@
7T 7 = ORI ERE RN N E LWy, SRRSO AFIIES T, 2T,
B AR TR CRER R WA ATTED Ge VNI &Hbtom:iCuaH%’iﬁl%
FEDME L CVD iETHAZ 7 7 = VIR EOFERENR H 5, T, BEEMEZFANTH & mE 7R
T 7 UPERREEZEZ, LUANEEEBMEIE LT 77 2 U lEZ X U TRA T,
[3=288] A7 5E50E Ge(110) T, LA MRIX S1818 TH D, ZDL YA &7 b T5%IC
N L TAE Y 23— ML - TEAT L72(500nm), FRPHS A A 1L Ar(200scem) E 7215 Ar+7Kk 3 (3%)
DIRA T A% &Emfingfmﬁﬁ%% SR CEREITo T,
(RS & 522] Fig.l 1 Ar B A Z WA 2 1~7 0 F TEX L EROMEREZ/RT,
EDANT ML TH G RE— a&D/x/%t I BBl S AL, 1~3 4 Tl 2D N RE—7
ME—27 & LTIl £72. Ar LAKRFEOIRE T AT, FERIZ G, D /N> RE— 27 3@
SR, 2D N2 RE—Z7 132 TOMERB T —27 & L CBIIITE -(Fig.2), BHI&iiz 2D v
FWTNE G RITHRTOR D /IS, DAY RE—=Z HRENT 05, MR <
2, RAAL YA XE/NSNZ ENRDNDH, Ge FMRICEERMELZ HWT Y 7 7 = B ET
XHZEENOTRLIE, TIWHDANXT MLEARDE WIS 3 TG DAY ROE—7
@#ﬁ%@dé< 2DA/kt 7 HREV, UL, 1T U OITINERER] O A RS
/Al e RPN [ EREEMET B & RN %%#5 LllE o T2 kaERFHE > THILL
fné%%&%z%héoit\w#hﬁﬂ%m%%®%ﬁ5@ﬁaﬁfﬁﬁéhk:k#%\
Ge 1 @ roughness 2B IZHEALT 5 Z LB RGEIDEEF L e > TWDH EREBIND,
£33k [1] Zh. Sun, et al., Nature 468, 549 (2010). [2] Zh. Peng, et al., ACS Nano 5, 8241 (2011).

Intensity (cps)
Intensity (cps)
Intensity (cps)
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T T T T T T T T T T T T
1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500

Raman Shift (cm™") Raman Shift(cm™) Raman Shift (cm™)
Fig.1 Raman spectra captured Fig.2 Raman spectra captured Fig.3 Raman spectra
after the growth under the after the growth under the gas after thin film graphene
flow of Ar growth time flow of mixture of Ar and growth: from 1 to 5
hydrogen minutes growth time
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R)I—F R FSICRABI ST VERRICEITS
RTFYFTOIUF) VTR
Step wandering process in graphene growth by Polymer-Assisted Sublimation Growth
BXRET! OW{=H EAL F i’
Waseda Univ. %, °Nishina Takuto!, Norimatsu Wataru?*
E-mail: older358@toki.waseda.jp

1 f&

SiIC(0001) EMRICIRFEEZEZH T LR Y v~ —& WAL TS 2 & BRI NToR Y ~—% REPR
EL TNy 77 —BBLOT 772 BRI ND ZEDNHABITWAD[L], ZOFETRY ~v—
T VA RBGRERR (PASG) ELMETIL, AT v INCF U T EMHIL T T 7 = BBKT S
ZENFRRTH D2, E£o. RERE CRY—LRREIEBRNE L L2568, A7 v 7Ol (27
T EYT) BDELDZERMLENTWVWD[E], 77 7= HOEFIFAT v 7 THHELES L
L7, ATy T OEY T ERE/NRCIMZ DI ENREE LY, AT v T U o THfO
TR 13D T2 OICAMIETIE, PASGIEIC LDV T 7 = VIEDBICA LD AT v T U U &
U v 7 OuFE & 7z,
2. EBRFE

4H-SIC(0001) BLffdn Atk iz, 7+ LY A MR Y w—AZ-5214E A Y 71 /3 ) — )Lkt L
C 2000 ppm TR L= b D& A v a— MEIZX VB Lz, ZOHEM%E Ar XS H 1700°C T
BT 22 LT, V772 B A B L7z, 2 2T, 1700CICFHRZ ORFERM 2 1~10 4y O
TEEEDL LT, VI 7 = R OBBEN R DR B 2F R Uz, Bonicilkli, 7~
Gy JCHIEFS K ORI BRSNS (AFM) BIZRIZ K 0 3l L 7=,
3. MRLER

Figure 1 (2, FBMETD T 7 = »ISIC HaM D AFM JEIRG %2 7k, Figure 1(a) Tld. KHITR
TALE, TR AT v T O—HEZRZET D K O REMR D5 EIEIE iz, Figure 1(b)3s L OYc)
TR SN L 91T, ZOBEBPIMBDETIZNE > TIRZITHERT 52 & T, Bl L7 AT v 7
DIERL S LT, Flgure 1(c)k(d)0)tt$x75>6 PRFFIRERE] 2 0 LI ECIERERER O E VLD L 720
ZENbnols, TR, KA 777 = URET H 2 LT, SIC EKif DR OEE) AR < #1
fINITeDTHDHEEZLILDH[A], ZOFEL, KA FOBEINE Z D 4D 5 AN H0R 4w
/A 71/#%}35*9”,‘& R XT DAV VIR ! RV W ey %Tﬂ*’b’(b\é

5.00 nm (i(“‘\F((“ ‘t,_‘?A on v, ) :xnm
H Q& : / 7.00

- a'“““G& 4 &
122 «k \(tj (lg I

Flgure 1 AFM topology images of the graphene/S|C samples with dlfferent heatlng tlme at 1700°C. (a) 0
min., (b) 1 min., (c) 2 min. and (d) 10 min.

[1] M. Kruskopf, et al., 2D Mater. 3, 041002 (2016).

[2] D. M. Pakdehi, et al., ACS Appl. Mater. Interfaces 10, 6039-6045 (2018).

[3] S. Kondo, et al., J. Crystal Growth 362 6-12 (2013)

[4] J.Bao, et al., Appl. Phys. Lett. 109, 081602 (2016).
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AARBIERIRIL—IV DT 57z VKHERE#EORER

Analysis of graphene growth mechanism on h-BN flakes
HEZELEBEANLET M2, BIE B2
&S EE ¢, A0 M4 fER ZE 128 BE BA 128
Toyo University, 2Graduate School of Science and Engineering, Toyo University
3Bio-nano Electronics Research Center, “NIMS
°A. Sasanumal, H. Watanabe!, Y. Miyashita?, R. Takatsuka? ,
K. Watanabe*, T. Taniguchi*, T. Hanajiri%?3, R. Negishil??3
E-mail: s16C02100863@toyo.jp

LILwic] fLEfEL=2Er 7720 Tl L EMETHD AB gD LfEr 772 L g
M EERPRT5, 20720, ZEEE THHILELL T, BB/ 7720 OE T HETHDH, #IE
WU AR T A1), ZNETOMIET, V'S5 72 RO N BERREEL A TN B bRy #E 7
L—2(h-BN)Z @7 7L —he LT KA -BEFE R RICED . 28777 2 ISERT AT e AL C&
72[2], KRFTETIE, 770 T NI — )V ANT O TE X XL — & OIRE RPN S AT = X 2% et
7=DOT, LT 5,

[EBRFEE] Hehh BRI C BB CRIBE(L L 72 h-BN 7L — 2% K fh M L ~ER T LT, Z D HEHR
b~ & )=V ERFEIR, Ar/Hy (2%) T A% XXV T AL LT, ARAMEINEYEIZEY 1200~1450°C DL
FIRETh-BN 7L —0 b~TIT7 2 DR ELToT0, 777 2o D@ Eoft b T~ o2y il e
WZEORD, V' T7T7 2 TAT RO @EEERE LR M) B 8% (AFM « Jupiter - Oxford  Instruments
Inc NZEVFHIL . 777 =2 DRk Eh R E AT =KX LNOFRNT 24T 57T,

[FEREEZBZ] Fig.1 12(a)1400°C, (b)1300°C TR/ 77D AFM B4 757, 1400°C Tl h-
BN _EIZEZRK AumDOHLEZ T 7 2273, 1300°C TIXEALR 300nm OHJE S Z7 2 MEkE L TWa,
Fig.2 lC/ 97 2 R ESH L EO B —DT AT R A RO FERIFEZ RS, BEN R4 510o
NTH—DOT AT R A XD BB KEL 2> TWNDIEN 31D, Fig.3 12 1400°C THELZ
TT7 2 DT AR VAT, h-BN IZRIK L 728 —2(1360cm NNz T, G /3 REE(1600cm
. 2D RURHEI(2700cm NI — 7 BNEHEE SN TS, D 23R (1350em ™) OB =712 oW Tidr—L
YA RN —T T 4T U TN EOART MR AT 2T e 2 A, FERIT/INSWERE THHI LN
TFIoT, 2D NURE—JIZE BT 58, G NURE—ZHED2~3 [FOfEZRL TWHIENL, AFM
DESHAADOFERE B EZ T, HEOYPENIAFICEN QDI EERIEL TS, L EDOFERNS h-
BN L7572 DK EICB W T, lEREOERIL, REOEHEILEHEZ REL, BEHL
127 T7 2 DTy PP ANSDRFED B IARZAEEAL T D7D | BfER A XE YRS 5 R0

R =
&)%) &!‘IZI ﬂﬁﬁ’fﬂ‘aj’éo
Eq =514 nm
h-BN
2D-Peak
|
w
=
1 S
g =}
5° £
g . & G-Peak
5
0 z
w
8
| =
]
0 1200 1300 1400 1500 700 500 1700 3200 2700 3200
’ - 2
Temperature[°C] Raman Shift (cmr?)

Fig.1 AFM images of grown graphene  Fig.2 Graph of the size of  Fig.3 Raman spectrum observed from
islands on h-BN flake at (a) 1400°Cand ~ grown graphene island vs.  the single domain of grown graphene

(b) 1300°C. growth temperatures. island with monolayer height.
BiEE AR O—ERIIRITIE (22K04865) H L UH LA THAEMEE. BN BIEE 2—DEMERITTE
MLEL=.

SE3T#R [1] S. Latil, eta ., Phys. Rev. B 76, 201402(R) (2007). [2] B F a7 A # % 71 BEZFLASY 22p-
P07-31.
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477 x vRERERBIZET 7= Ni(Q11) DK 217 H & OEEEm

Chemical and structural analysis of Ni(111) for graphene growth applications
EREBRIE ©(M1)/AKZKIT, Subagyo Agus, (M2)EREE, (M2)KFIHE, (M1)FIRZE, NHZER,
KREAFMA
Graduate School of IST, Hokkaido Univ., °K. Yagi, A. Subagyo, M. Sato, M. Owada, K. Nakane,
E. Hatta and K. Sueoka

E-mail: yagi.katsuyuki.m0@elms.hokudai.ac.jp; agus_subagyo@ist.hokudai.ac.jp

TRTMED T T 7z, TOF Yy UTBEBEOSS, @B, EHAZR;EL DL, Xy
FNRFND K S FERER, SER N7 YR &, ERMOERA Ek4 BRICAP BRI N TULB[1-4].
BFT7TN\AZXANDIGATIE, KEABTH—RERBRI/ 77z koohn, —BWICIEREER
MEE (BACVD) RICE > T/ 77 vEAH 2R 5[5 6] EIR FDOEXRXIZHEL, 2 CVD
EOMIZT T XY CVD ECEZMBERELHEINTWA[7, 8. WINDOAERICEWT, f
WEMRITHS Cu Ni OIEREECBRENYOEELN T 77 v amilEEEE5EX 5, 777
TV ERRIEDENKESNAFHRIPCRELEFTFLEBS RS20, 7+ 4 ILHPKREH
ICRBINTEROMEOBRACYOREICENTHD., —H, TELIZ7RA—FRrEZRBRE
L7-BEZMEAEICEWTIEKEAREZZEALAWEEELH Y, MEOTREYMA S 77 2 VEIC
EZ3FEIIOVWTDZERMNIEAELINTULAR WL, KR IL, Ni BEAERE OB % 9 L,
BN L -BROBRBEICSZP2FEXARIBNTE I A7,

Ni fRARIEIL R /Ny REBZFAWTHIEL 7z, ik, Ni(U)EERERZERT 5720121, 2
ARy FHELERAYINE L a-AlL03(0001) = BWLW5 Z & & L7z, B & LT Si0l/Si EifR® AL 7=,
BZEE 4x10Pa 2R HRHMNHFR 1 DEE T NI % 300nm BEL 72, BIREEIL, FRE 300°CT
BIRWL, ZTOMRLANL, FRLAZAEZESFICL > T, BEERH@5X10%Pa) & BEZ2ITKE
B (KZE 4%, B3 96%,3.4 X 10'Pa) L 7= 514 T 900°CRE AR H A H S 30 HMEVL 7. 11
BT LIS NI RIIAKTICREREEINTWS 72, XPS #HWTHBEO A S Z AW, MEvgiIC s
DEIICENRT HH LA, HERBEILXRD ZAWVWTHEANL.

XPSEIEEL Y, NiEOXREABILEIND Z DD o7, BB, XEE Art(4F > Zs8y Z|(C
STy F VI LI-EBOBIYIZIFERL R27T-DTHREFICLZBILIZAWNWEEZEZOND, K
FHEAL-BEEMEEIE, XRD LY Ni BEAAD)EREICAR 21ERICH 5H, NiBehkn
E—2bHohn, XPSHEMBRIOOMR LI, 7z, MEED Ni REZHE ArtA F > X3y
RIZELWV Ty F U I LTHEBENRKRY, BEEMAICE > TNIARIBETBEILI N2 LD DD -
7=, —HHERDT=, KFEALZEEMRADEZEIL, Ni BR{CLEERED XRD =27 AR o7
WRADT B e o7z, LA ->T, EMICKREZREL 7212 Ni BERE % AR L 7= Ni/C
BEOMBOBEZEMRMICLD 772 VRN ZCREINTWED, kF%Z NiFRELICHKEL
TeADNi DB EHILETEZ DT 77 2 VRBREICEND EZZOND,

References:

[1]. K. S. Novoselov et al., Science 306, 666 (2004).
[2]. Y-M. Linetal., Science 327, 662 (2010).

[3]. G. Edaetal., Nat. Nanotech. 3, 270 (2008).
[4]. M. Xuetal., Small 5, 2638 (2009).

[5]. X. Chen et al., Synthetic Metals 210, 95-108 (2015)
[6]. Y.Huet. al., Science 56, 3220-3229 (2021).

[7]. J. Wang et. al., New Carbon Material 35, 193-208 (2020).
[8]. J. Hpfrichter et. al., Nano Lett. 10, 36-42 (2010).

© 2024%F [CRAYEER 15-061 17



17a-P01-27 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

CENi DZBEOEZME#EIZLSERADTS 7z VEERE

Direct growth of graphene on substrates using a vacuum heating for bilayered C and Ni
films
JERBef&E ©M2) #E#EE, Subagyo Agus, (M2) KFIHE, M2)FEFmEth, M) iR,
(M) \RZST, /\HER, RKEAMA
Graduate School of IST, Hokkaido Univ. M. Sato, A. Subagyo, M. Owada, F. Yoshino, K. Nakane,
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BRE, W), BRI, R COBN TR A b ORI E THDH T T T
X, BB N T U RZ, KiGEM, EHEM, rY—7 SiEAW BSOS ST
WH[1-3]. 7T 7 =03, BVEEEMAERE (CVD k) [4-71%°, ERREREZ &R LT 5
FER I LV RESE[8,9]. T3 RAGHOT=OIZ, BFIX, V772 &RYAZ 7 UL
A F/L(PMMA)CIRE LT O A TRBMELZ Y =y by F 7L, K EICIRE T 208N
b5, HMETHRZT T T2 BNV THRET T 72 OREPMET L, £72, PMMA 2
B THRET ORI T 72V RHICE ST LEIRENBEL 2> TRY, BERED S
T 7z UREOMELED LTS, HERED S T 7 = VEREIEE LT, Ni wEREA Al
AR SR 2 R & L7 B MENENZ T G 8, 9], MEHIZISV T, RSB 7725 Ni B IR
BL, WmAIRFICRE & Ni-SIO A ICHTH - Rt 72 Z LI Lo Tr I 7 = DR T 5. iR
DOfEDRENMETH LR EORELH D, ZOHEICBWTIE, MEVEEE &, flgtofk
JEOFHFEN Lo TR AR E S22 Wil L H 5. RBFJEI, [RFE & = v 7 Lo @Rt %
WT T 7 = % SiO B ALOs FERIZEHE AR S 2 AT, Ni ERFDIER & 2 b DRk
BRNER, & DIINMBNREEIC & 228 a 7

Fig. 1 /£ 900°C THIZEA L 7= Ni/C —JEIEM HHUS L7 7~ > ot of R 2 7. KLV, Sio %
B & bl U C ALOs AR A FHWVZ 523 Ni & C OREEIC K D BN L <, BRI NI & C DIETHL
BELT= T ENT 7 AH—R DDl b
ENIoTe. B HIT SEM 478 8 OfE R L T
A RET . | —
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KFEMBEY S5 FET 28115 EBAC 205 — FEEEKEFR

Dependence of EBAC images on gate voltage for K-doped few-layer graphene FETs
EXRE, BX2 OM) HE, &8 €182 b5 FH ', EK b, LA &F'
AIST!, Shizuoka Univ.%,°Y. Okigawa!, T. Masuzawa?, H. Nakajima!, T. Okazaki', and T. Yamada'
E-mail: okigawa.yuki@aist.go.jp
[iZtwiz] /77977 bu=s ZAFHIBNC, 777 = HNTOE 727 =)L I 1
MHIEE L OMEERREIIEE CH D, ZNETIZ, BV ULAKEFNS 77 =12 k5 n Rl
FEAFNTHNZ . FET F v RN TOE %f%ﬁﬂM&(EBAC)HMﬁM 55T DT7 LI UL LE
TS ADBMRZH] BN LT2[2]e AFFETIE, (REMEDO IR ZTRD D72, 7/ — MNEEZERIC
£ %5 EBAC B DZE L ZFH~T-[3],

[EZBRFERB LUORE] PMMA 2 W55 T, NifE LICAEN/ZCVD &g/ 7 7 =
(~40 nm)Z AFEIAMRICHERE L2, KOH JUERIZ LY K 2L, 7—7HEfc L0, A% K
wngg s o 7 =&k (EZ4~4 nm) L. SiOy/Si FWICEiZE L7z, ERIL 7=/ Ny 7 7 — k
4 - D — MEPLO 7 — NEEFHE S, n BURE 278 L72[3], EBAC (%, SEM #:&
PIZTY —A- R LA CEMBEICEERN LI2RET, F v RWTE B2 2 & T, R
W AT & Ak L7z EBAC B3 & 5415, [ 1(a)-(c)iZ EBAC 8D 77— NEILIKTT %»/Ta“
EBAC B COR; « BISEIRIZZ IR K « /NS T 5, BEFEIIT Be 3T 4 7 > 7 S bl
WZ EEBEWT D, Vos=5V LU0V DA, EBAC B CITMEE 1, IV 235K < | 8K 11, 1T 2383 %
W n BUREOFHANTY — MEFHSETWEZ EE2EET DL, Vas=5V LD0V Tl 25E
DOF ¥V TIRENEFTHY, SR LIVIZENT 4 7 v 7 S5 S8 ILILIX Er 8T 4 7
v 7 RINBIEV, —F, Vas=-5V O EBACHTIX, Vas=5V KTN0V @ EBAC 4 & 1358720 |
FEBC L, I A3 < . SEBRIL IV 28 5 < 220 ﬁﬁfﬁj III,IV Tary b7 AMPKERLTZ, Ves=-5V Fl
M LY, fEE T CTIX Ee 3T 4 7 v 7 sUZ ARV TIEE BT 4 T v 7 mbiESh
ST Z LY T D, ZhlE, sEE IV f@(zﬁ%ﬂw UT WEFNOR—IITEDY | FHEETO
BEHOBRIZEIENECZZ ENFERE L TELLND, EREEND, N2 FRIZK 1(d)-(H)IZ
mhHEHEREND,

[BtEE] ABF9E0 01, JSPS BHF2: JP20H02191, JP22HO1534 DB A3 T - 7=,

[ c#R] [1] T. Yamada et al, APL, 112 043105 (2018). [2] 714, %5 84 [alj M B R AT Z= Al
FEIHZS 19p-P01-41. [3] Y. Okigawa et al, J. Phys. D : Appl. Phys. 57, 075302 (2024).

Ve=5V Ve=0V Ve=-5V

1 (a) (b) (c)Va=5, 0, -5V HIIEED EBAC 1, (d)(e)(f) V=5, 0, -5V FIIIKF DN RI¥
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PRSI LD 7T 7 = UBIEE DR T
Detailed analysis of graphene observation by optical microscope

RHOREL g wmOR. M OHA
Tokyo Univ. of Science, °Mikihiro Kato and Xinwei Zhao
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[iZt®i]
777 i 2RERWE L, T N
IR LT, Si0 OIS & BT U R 9 B [

RO RER L, TORENFEa L T A
FREAET D2 ERM SN TWD[L], Fox i,
BRI FBEBEEO AT A AL bk

T, BEx ST T Si0p Bk L OV B 2K ot
LOWE, 2T T = DEDBREET B
STERER2, LV T 7DD v

WM G 2155 720, e ETiTbh
HAVMIE, =y UHiIE, GARHIER E O

sample side

£as introduction

S L O L F L OWHD RGBICK LT BT RS O NS
fEfb7e EDREEN G| £ OSBRI b A 72
BERMOBR Z LT,

[525%]

fEH L2 R HEMEBED Ay 7 IZLLF,
Hirox ff: (KH-7700) . %3 140~ 1400 1%, YA
60W A ZINANTA RT T ThHD, Wil x ik
W OBOA <l =y URIE, AL
TR EDRT A= AL S, TS G A
W L7z, AL Sioy B Lo g 77 7 =
VEXGITBE T o T,

[#E5]

X 212 SiOy #AMR EDHE S T 7 = v DY
B R, A OB A EHEL LT, B
X2 T A MO (T ~HiE) &k
ERnMzonzmgchsd, HEr o 7=
DIFAENIEHERG A L0 STV D HER
MR TE, CIIA~MIEICNA T, AV
A MRTUREREL-EBR TH D, ZOH
BTITEREEE T 7 = NS HICEERIC
Blegashiz, £/, & ®. % @G. #H
(B) Offiz _fEfbLizE 25, #* (R) DAL
DBNEL Ipo T2 Eng . SiO) Ftk B
HE 777 2 OBEIZITFRTA AT R
DRI EN e TFETHD Z ERbho T,
SiOy M E DL JE 7T 7 = Nz B VT FREE
AN R DT, FERIZOWTIEY Bl
T 5,

2. SiO, itk BHE VT 7 = o WSS

[1] B. Ma, et al., Carbon 109, 384 (2016).
[2] M. Kkato, et al., Applied Surface Science Advances 6
(2021): 100138.
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IRUBHREICKDIRRRUVD Y ILBNERYT S 7 = > OFHE
Characterization of Bromine- and Potassium-Doped Stacked Graphene by Raman
Spectroscopy
MEX, ERWC CHEE R, I HE’ LB &R’
Shizuoka Univ. !, AIST %, °Tomoaki Masuzawa', Yuki Okigawa?, Takatoshi Yamada

E-mail: masuzawa.tomoaki@shizuoka.ac.jp, takatoshi-yamada@aist.go.jp

T 72 BA T AL AOFERICE, 772D 7 2 VIENOFIENEETH 5,
757 x2rDxX ¥ UTEEL T )L IWENIT, FET #iE~D 7 — FEERNTER SN 501, 2],
FET #1EDIFRPS VIR S, 7 =)V SN Z B 2 72 D R 2L — 8B T D KAV
Thbd, 77774 MIEFRELZRNT 5515 E LT, B A(intercalation) 23 L < &1 54T
WA, ZOFEITEEZET CHREIR COMMELE LT 5, FxldinE Tz, |IRTO
vrxy hTaEvRAEZHANT, BV UL K WINCEDT T 7 2> OEFHEEOEMIKS L, 5+
e U CHR7e 7 = L S HERTHIH O FTREME 2R L2 [3], IEFL R—E U ZIcB L ik, 71—
VF ) Fa—TIBWTREB)NT /S X —L LTHEET 2 L @E SN TRV 4], Brikng
7T 72 AT ENR, 777 2V OIEEENERTED B2, AR TIR. #E2 D
K JBEL Br IBEOREAZFHRL, vy N7avRICLE7 T 7 2 U RiRINB LT~
SIEIEIC K DRI AT o 7,

FYEHM I CVD g7 T 7 = % 2 BofiE L7l 2 ¥ L 7=, K & Br OIRINCIZ, &4
ZIVKOH I & Br A % J — ViR % AV =, XPS JIE OSSR, IR OB I fE, fEfE 2
F77xHMOK & Br ORENENT 52 LRDhoT

[5] 7~ v mitiBIC KOREDHT Tlid, KB LU Br il

Iz &Y D ANy ROBEICRER2Z{ITR< (K1), A Kedopes

A TIRET 57 0t ANHERENTH D = & 2 3

B, ¥, /9720 0% U TEELRMRT S G g ”

Ro KO E e (BRI (7 5 = Lo 2 L A Brdoee

-7,

WEE OAHIZEO BT ISPS FHHFE 20H00354 . Pristine

20H02191, 22HO01534 OBk A 1 CiTbiTz, A% 500 2000 2500 3000
O SR D — I B KRS 3 o< 2 L R R Raman shift m '
LB — D% I bR, MI1KBLOBriKEE s 7 7 =20
B2t T~ AT VA

[1] M. F. Craclun et al., Nano Today 6 42 (2010).

[2] E. Sano and T. Otsuji, Jpn. J. Appl. Phys. 48 091605 (2009).

[3] T. Yamada et al., Mater. Res. Express 6 055009 (2019).

[4] R. S. Lee et al., Nature 388, 255 (1997).

[5] T. Masuzawa et al., 17th International Conference on New Diamond and Nano Carbons, May 27-30,
Sydney, Australia (2024).

© 20245 [CHYEZS 15-065 17



17a-P01-31

I8/ — )\ FHESERETLERILVS 7z VERORERRK EERY
Surface morphology and crystallinity of graphene oxide thin films reduced by high
temperature annealing in ethanol vapor environment
oM #E BE ', MBI EF', (M)WT AR’ #&A 832, /[RE B4

fER ZR 2 A0 B2 8 BEXS, BE BX'?

REXKREL!, REXNSAF -F/ILY FAZVAHRELF—2 BILKE?

Toyo Univ. Graduate School', Bio-nanoelectronics research center 2, Okayama Univ.?

°S. Kanda', N. Shimazaki', T. Yamashita!, T. Ukai2, S. Kurosu?,
T. Hanajiri'?, T. Maekawa'%, Y. Nishina3, R. Negishi'-
* E-mail: s36C02400048@toyo.jp

[1ZUDIZ] LM KREAS K ATRERERLST77 22 (GO) 1L, BT TAHZLETEFMEIEL TOIS N
MEsng, =4 /) — )VEHR CEILRE T T HIEICEY, GO NIZEFETA RS ZEE L., Eik i,
PO TTMER(LT T 7 2o cGO)EBA TR T HZENARETHH[1,2], HFIZ, 1400°CLL ETOLERIC
BT, ZoOfEMMEOm ESBRTEL 52,3, [RRFIC, LBHRE O ERIX=S ) — )V T ADOEN; fiike
LR D128 RIHEEDIEBE DA 725T GO BRI ~DT TN T 7 ATA VIR B EERAROHERE L
HEFEZTEINTRIEND, ZTCTARMZE TR, EoLiREET X ) — AR EIC LD GO EfREE A~
DBEFHRDHILET, @fEimrE rGO ORI AT - 2h R & SRR SV TR LT,
[EBRANE] 47V —=2 7 W3 . 3-amino—propyl-trimethoxysilane (APTMS) ZLEE L 7~ 14 il 2
HMRABRAT T 7 = KB ~EIE T HZET GO MEEAERL-, v~ A7 n—arha—F— T &
LT ) — LV BXON, ¥ UTHATHS Ar 2L IRAMRINEE 2 X0iE e LB AT o7, 2D
. rGO FEIED#E f 36 LOMEE A BEIN 7 ~ > 70 Y6 E (LabRAM *HORIBA) | ZR i 2R 2 Ji7-[8] 77 B
sk (AFM/ Jupiter« Oxford Instruments) |2 LV L 7=,

[EREEBLE] ELlE 14000C TREE 1.33kPa CTREEL, =¥/ — Loy EE B LS T rGO R
AR LT ARM JHEIZRDFHIE L7z 3 B2 E 5 AR (RMS) 77 2 A& K 1ITR T, K 1 kb, =%/ —)1
Sy EDHNNZAESTFE RMS FARABHINL TWAZENSD D, F-. X 2 12X 1 SR /) —L
FEEEACSE L EDRE MBI A X Z RS, 22T ML A XX T~ R ENLELND G N
VRED NUROBE DR HSZ[4], X 2 KD, =5 — VO EO BN OSSR A R DN
DHHILD, LInL, 1.33Pa~2.67Pa OFEI CIdfb dhhi A XOHENINIFITEEST H &> TD, It
FE 1400°CIBWT, =&/ — R mMEE A BEICm ESE500 1.33Pa FREETTHY, L LIRERIT
rGO OFKiH RMS 77 FADM KAZF| XL 7, X 3 ([ZIETIRE 1400°C, =% /—/L 43 [E 2.67Pa TD
AFM #%7R74, [ 3 KV, rGO HICHF T BESDOAT v I G2 T HSNATRDITT7 20 TAT R
DIER L CNDZEN T ID, ZDOZENG, GO REIZTEXF VY VR E LT TT7 20 R, Ny TFT—7
A2 Z R GRS EE L T, M EARIERIZ ) LS TV Db oLt T 5,

s e

-4

RS ]
\
-

“I; Scanning area: 40x40 um?

' 1s 2
i 15 2

Ethanol partial pressure[Pa
Ethanol partial pressure[Pa] anol partial pressure[Fa]

. . . . Fig. 3 (a) AFM image of the GO surface
Fig. 1 RMS roughness of the rtGO  Fig. 2 Grain size estimated from prenared by thermal annealing at 1400°C

thin films prepared by thermal GO thin films prepared by thermal  yith ethanol partial pressure of 2.67Pa and

annealing with various partial ~annealing with various partial () hejght profile of red line as shown in (a).
pressure of ethanol vapor. pressure of ethanol vapor.

BWEE A0 —HIIRMIFE (22K04865) 3L O B THFZEBh A4 BN W98 2 — DB &5 CTHE
fiLELT,

[1] Negishi, R., et al., Sci. Rep., 6,28936 (2016). [2] Ishida, T., et al., Appl. Phys. Express, 9, 025103 (2016).
[3] R W% fth., 565 70 EUS R PR 2 15a-PA01-27 (2023). [4] L. G. Cangado et
al., Appl. Phys. Lett., 88, 163106 (2006).
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ASLYVAR RIS 74 —ICKEBEFREITS Tz VEFFY F
DE—iEDFE
Improved Homogeneity of High-Quantum-Yield Graphene Quantum Dots
Separated via Column Chromatography
FIRKBEH &, BEMAF 2, O(M2)AFH HE L MR w2 BH G FR X1
Toho Univ.1, AIST?, ONatsuno Ishiil, Takuya Hosokai?, Toshiki Sugail, Shota Kuwahara!
E-mail: 6123002i@st.toho-u.ac.jp

757w ARy NGQD)E, ML, BT A X R E R R PR A L DT
O, HFET RAARASATAA=T LTI E~DISHABPFESI TN D, BIFE, GQD 13k~ 72 h
FAEIZ DA RS T D23, GQD D& IR(QYNIRL . Fo 2 0Btk C AR Y —7e K mik iE
IZ&Y GQD DFFD HAAME MR =D | FERUEDHIREAILTND, —J7 IiHIE_ Vv T L=
— VAT LT AR D GQD(GQD-Bn) A& kL. 25 % QY A4 &MA LI, &5
(2. WU DI YA X7~ 857 4—(SEC)IZ &> T GQD DA A%, Zhu BIZT VA7 N TT
Lywa~ 7 T74—(SGCC)ZL~>T GQD D kA HIHIL 7223, ABF5ETiX, GQD MFEH
{EIZT T QY DA bR UM A X LK R HE D il 5]
ZHHYEL, GQD-Bn % SGCC XN SEC IZL~T4r  Table 1. Fluorescence properties of
BRI 7=, GQD-Bn separated based on polarity

BEH D L350 GQD-Bn A L7, &RkL7- GQD-
Bn Z %Y R = F L (10:1 vIV), FEfE=F )L, AZ Sample
)V BRI U C V2 SGCC Iz L 4y B
L. 3D 7Z273 a2 (GQD-Bn-L, -M, -H)&157=, &5
12, ML AZs BEE 72 GQD-Bn-L /34— X S-
X1 %z SEC IZEV Y ARG BEL 14 D757 =

)\-ex,max )\aem,max QY

/nm /nm ! %

Nonseparated 380 433 32.0
GQD-Bn-L 380 415 36.3
GQD-Bn-M 380 433 275
GQD-Bn-H 380 430 8.4

CERRI,

# 1ITHESBEL 72 GQD-Bn DS RJiIL I E 440 l,‘* Tor 5
Nexmaxs e K HE I hemmaxs QY ZFEEW 7=, GQD-Bn- E 420 ] PV
L OS5 BEERTEY QY 2% 43 %5 LU, £ K1z g Q
YA ZLELT GQD-BN-L DF 7T/ DR 8 - 353
WERT QY 2T, 7T/ A Bl SR TR T 410 s
FARXPRIE D ke BT N—2 TN 776 | I‘ffls
TIIARSBED GQD-Bn L0t 21.9 %, GQD-Bn-L LV 1 3 5 7 9 11 13
17.6 %% QY M3a) ELT=, Fraction#

Figure 1. Maximum intensity emission
wavelength and QY of GQD-Bn-L se-

parated based on particle-diameter

[1] S. Tachi, et al., Sci. Rep., 9, 14115, 2019.
[2] S. Zhu, et al., RSC Adv., 2, 2717, 2012.
[3] W. Wu, et al., RSC Adv., 2, 18898, 2019.
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SFEHERR LB 7 7 = v OB EHE

Control of Electrical Properties of Stacked Graphene Using Molecular Modification

FEREL, OM) 4B ¥F,

M2) %A ZH, BT AE,

# E-

Aoyama Gakuin Univ., oR. Ikoma, H. Kasatani, T. Watanabe, S. Koh

E-mail: rioni@ee.aoyama.ac.jp

PP RGBT HEEZATL7 7 7 = 3kkx 128
FTNRA Z~DISHAR B SN TRY, N RF
X v TR E T T T = DB TG & FIET S
WFE D REAAZATON TV D, AFZETix. A
BN FERIC X 57T 7 = O BREERIEZ H
e L, BT ReMEE BTG HEOEREREZ AT
LN ETT 7 ARG ST, ENORT
77z DEIFFEICRITTREZ ML -,

CVD (Chemical Vapor Deposition) % FH\>"C Cu
kRl 7 77 %KESE, PMMA (poly methyl
methacrylate) XFFIZEIEIZ LD AIH T R HAMN
LIcHE 7 772 (MG, 2 BREES 77 =
(bGNZERLL 72, Figl 12 7' T 7 = v OFREER D
A ZRT, YA 7V IRV Z AN —
(CV) 2FIH LY T V=0 AR TEZ{TV, = b
77 x=)L (NO) £/iTA X7 =1k
(OCH3) % fEfifi L7z, {EH L7 mGr e U bGr D4y
TAE i t4 O BRURFE & A — VB RBE 12 X0 FF
fiL7z, £z, BfiRFOBEBIENO=FRrT ==
NEDOBEEEERH L,

+NEN@—0CH3 N, 1 -@ OCH;

e le====l=---C
T

Figure.1 Schematic image of surface modification.
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MEFIDEA LTc, £, = r 7 == VHEEA
RED ELREN GRS DIV RES T8 X, H
J& 272 7 = EMmCIRR FEIR A 3.5 fEIC 1 fE, B
J& 272 7 = MR ORFERF 4.3 181 18
DEIGTh -7z, o T, EBORBEARKES
TEMICEb, TREITEMRSEE L CHliEL
TWaeEZOLND,

X v U THBEOHMIZ, BRI =F T
=V, T T2 DB TFESIEEHE, B
BEEZREIENsSEEREEZOND, —H,
BTG MED A N2 7 2 = VA EN LTS
77 7 x  (OCHa/bGr) B CTlX, s HEHfIC L
B v U T EORD & v— MEFLOB IMHMER
i, Effisy FOEL LG L BRI HEOEN
WT 77 x>y DEBSIFMEICEELH 2D 2 LD
L& ol

Table.1 Results of Hall effect measurements.

.| Carrier Mobility | Carrier Density | Sheet Resistance
Samples | Modification ) 2 2
[cm®/Vs] [x10"%cm™] [$/sq]

Before 1420 5.49 804
NO,/mGr

After 229 314 868

Before 2160 6.44 448
NO,/bGr

After 1150 19.1 254

Before 1830 7.28 467
OCHz/bGr

After 2040 6.51 469

DTV =y MEETEHNT, =hr T ==L
B, ANX VT =V ERERE ST 7 2 CREIC
HH RO LR R . BT 2 BB OMEIC
INC 27T 7 = v OBKHED LB S H,
777 = OEKFEERIET D 2 LI LT,
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Molecular dynamics of thermal property control in electron-irradiated graphene
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°Ryohei Higashiyama, Kenji Yoshida, Masaaki Yasuda
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FUDIZ T/ MEHIMEWR I L YERE 21T O 2 LN ARETH 5, Fx 1T T 7 = &t
LUACFEARAE 2 FIH U 7o BURFME R 0 "TRBIE & 4y F B ) B K 0 #fFgE L COR72 (1], ARFse
T, EFRBE R MR TE G FEV I FiEZ O THRNBEENE LT 7 T 7 = U HEE
L, 74/ COSHBREMITT 2 & & biT, REGOBLEITHA U 7o B 8RR 2 iRt L7z,
Yal—varETN —EOKHEBRCTEFRNREZEA LN L, BEEELRS7 T
7= OWE RS TEIEEIC LD B U, BRI M 22 A 2 O TTRESR YIS
AFHEFND T o H DMTRREN T KB ~EHELZBIT T2 IRV FE L, HFoivk
777 2 DB L. 74/ 2 O EBEROIREEE 36 L OB R4 45 T B ) 5T L7,
fEATAE R £, BARRIIC LV AR E 3% EA LTS T 7 = LTI+ Do
BAGR & IRAEES FE 2 fifdT L 7o SR A BRI O & 0 & ik U T Figl 12337, ZZALRMEOEANIZ LY
7 &/ OFFT— NIMEEEANC 7 L BF T+ v (LO AR & Z0 - mAMEED) O
V=7 BENBEEIRT L, S FEINFETHRET LT /A XD 7T 7 = TIERIOLFE
+ ) UPEARMBIZE D BELS T NWE BRI O D, KMEOBANLELZZE 2 CEFHRAN L
7572 F ) VRAATEBRERE L, BMER AT Lo R 2 Fig.2 [ R7, fAXID g
L2 RKGHEETH Y . IOKREIDOM & DEYRERZ RO TN D, BERFHFN R < 70 0 KD
N4 %L EHE060OHESBURERIMET 505, BUROTT AT L TR GO 72 AN 8 % 1 &
1DFR, HF T+ ) O BBELE T IR R APFEET D T2 DIZERE RO T 3 il <47z,
HEE AT NI IR B 05 Fn 5 AR EEMFZEBARIC K 0 AT T,
(1] HHfl: 2022 4 5 83 [1] JSHMELE IKF2AINGRE S, 22p-C102-4.
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Fig.1: Electron irradiation effects on phonon Fig.2: Thermal conductivities as

dispersion for graphene nanoribbon. a function of 1rr.ad1at10n time 1n
graphene nanoribbon.
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Study of synthesis and electronic properties of turbostratic stacked multilayer graphene
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[IZUDIiz] BIESBINDE THEEERG T 57577 0%, MOWE Tl RO RN EE 7T,
ZD—DEL T, TIIWYH TOERI N - WU E B SN CWA[L], BBV T 7 2 O4 . i5il
FINENTZD WK DRNEFN D22, E D72 FIFFm EICIZZBIERNETHD, LNLRN5,
WL EME ChD Bernal EDZET 77 2 NIERIMHAAERANKENZD, B HEENRTT7 74
ERIBREZRVIBEIEME D BANE T 5, JEMFE AAER D/ NS WELEIEE 2R > 2 g s 77 2 7ebiX, £
DOEAFFEE Kb Enir s A[2], ZNET, by 77 =2 (GO) EIEOER TIZEY | GLEREE
L2 By 772 OBRRNAIRETHHIEEZHLMNI L TE03], AL TI, BBk 77 =0 d
1400°CLL F OB E IR TR LA LB /57 = D E G it E . 7T 7 2o Fry x N L HE R 5
TN AR DVERUC KON LT B SR I DWW Tl 375,

[EBRANR] FxUT7HAELT Ar % 250scem, REMEAGHATALL T2 /—/L% 1.0scem AL,
1000-1400°C T IL T HIETELEY 77 =2 (rGO) WA G LTZ, Dk, BB Hii%EE 2 X
B—= 7 EATUN BB 285 S5 {E 2 T Ti % 10nm., Au % 80nm %ML T rGO ZF v /L ELT-E R
RIEINT L DA EAERL 4 S T REICLDEXBEELREE T o7z, ZD% ., e LR 1 a4t
FE1E (ALD) 1280 HO, % 30nm ARARLT-, I, Ty RICr —NEMAEERL 7 —MEEZ R E
L7z,

[EBAEREELR] 1000°C 5 1440 CETORITTIREICE DTV AT VER] 1SR, IR
D _EFEHIC, KGR T D ASUREIROE —ZENRD L, IRBRESICER TS G /SR
v—rb, TELEEELETRICER TS 2D NURE =208 ERHLTWAZENR 1D, 1400°CIETTTD
TRV ANRT VNG 2D NURE =22 —L Y BT 4o T A TRRT LT RE R E K 2 1R,
BROBFTF7 2 SOV I RS 80 /N—t N B BT L= &8 77 = 3mWEIA CTELERE
JEL TV AZENRFHETROLNT, A WMEIZEDEXFHEORERE R EER 1 IRT, ZL<0H T
JLC 300cm?/Vs RO EWEKBENE MBS, DL EOERNG, 1400 CHHEic &b/ —v
SNEGE TCALERIZ IV T, ZhERI2N BRI EIEEZ FTREICL , Mt ofLERE L= 28 s 77
BN A i By b e S A R

Table 1 Hall measurements of the rGO thin

D G Eex = 514nm  1.0sccm fil 1400 °
D 1400°C 1.0scem ims at C.
= A | £ Sample A | Sample B
= I ot =
5 A\ Sl g Sheet resistibility
—g 1400°C ) (Q/sq) 1834 99.56
B} 1300°C ’ £
3 z : :
:E: 1200°C | g gzlr:;ie)r density +9.314 X 10% | +2.304 X 10%
1000 | == ; -
: 2500 2600 2700 2800 2000 | Carrier mobility 365 272

1000 1500 2000 2500 3000 Raman shift (cm) (cm?/Vs)

Raman Shift (cm™1)

Fig. 1 Raman spectra observed from  Fig. 2 Fitting analysis of the * Sample A:1400°C, 0.5sccm
rGO prepared by various treatment  2D-band spectrum observed * Sample B:1400°C, 1.0sccm

temperature. from rGO at 1400°C.
BIEE ABFEO IR (22K04865) LU EH THFZEBL 4. BN #f%E B 2 — D& 521 T3
L FEL=,

ZEZCHR  [1] L. Ju et al., Nat. Nanotechnol., 6 (2010) 630 [2] S. Latil, et al., PRB 76 (2007) 201402. [3] R.
Negishi, et al., Sci. Reports, 6 (2016) 28936.
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Electrical transport properties of graphene layers grown on h-BN flake
OF¥H #HR" ET #5nN’ EE HAEY, #0 W4, R ER', B/E BK2S
IToyo University?’Graduate School of Science and Engineering, Toyo University
3Bio-nano Electronics Research Center, ‘NIMS

oY. Terada® Y. Miyashita?, K. Watanabe*, T. Taniguchi?, R. Negishi->3
E-mail: s16C02100920@tovo.jp

[IZU®ic] BRMEEROHWELEREEL-2E/ 77 Tk, /7777 A MeE T IcH B, 77 =
U EFORIE OB A E R AT D[1, ZNETOMIETIX, 777 = LRIEDS BEREEE A
TORFRERTFEZT T — R Lo KM - B RICEY, Fiicie /77 2 U REEDNERRL, 77
VT NT — VANT RS VR RAC IR LT T 7 = N BB R A S A TE R L CUWA %
WEL T, [2]3], AT IR, KME-BEMRE LY 77 20 TAT ROE I aii~ie,

[FEBr] B HBEE IC > CHEF(L L h-BN 7L —27 2K g Eib E~ERBL T 7L — B LT,
ZFDRIINMENFZ T, =8/ — V& RFEPREL ., 1300-1400°C THEN T 2ZLT h-BN 7L—2
EA~TTT RS, RERDT T T 2T, R 1 BEEE(AFM/ Jupiter Oxford Instruments
Inc. )07~ o3 2 E (LabRAM - I 45) |2 Lo TR IS LG fL ME ORI 24T o 7o, BB EREmI LS
T7 2 F XN ELTZ BRI RGO AR L, BRI A RIR T T o7,

[#EFLEE] K 1I1Ch-BN 7L —7 BICRESET-7 77 2102645 ARM 82774, K 1(a),(b)13 2%
J@7 77 = (LA Fakkl ) ARM & &S0 THY., (o), (DIFHE 77 = (LU F#EL b) O ARM &
EESSHTHD, K 2 1 ODORBINSBER L -~ AT NV TR, 2@ T 2 LSS5
DI AT T D BT T7 2 O F B HERIE D 23R8 h-BN B —2 DT a2 —
ELTHIZEINT, 28777 = Tk IR LIER DT 77 2 BB R AR R ETE L T b
B, FEREME T LebDEEZDND, — T, B — B ThiHES 772 (X 1(c)) Tlid,. D S RFoE
— 7BV IARD TS, EHIT, G AU RITKIL T 2D 2N RDREEDS EWZ LD ST B D
BEDOERAZREBL TS, K 3(a) ITaE a 270 VA LTZREO 2S5 THY ., X3 (b) 1X
-V HIEDHE R THD, K 3(b) K5O /2= 281D -V HIENSF RSN EROHPUE I
81.3[QJTHY, Cu-CVD ETHERISNIZHIE S T 7 =L A T HIRPUE4] & L5 L1350/ &,
ZhE, BT T7 = HEEICERNL CWATb EE X BIND, SH%IE. BB/ I77 20D BT
FRNVEAERIL, BRBEE{THZET, B~ T77 =2 B OB GO DD,
@) ¥ (a)

E,, =14 nm
D-band | h-BN  G-band

2D-band
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Fig. 1 AFM images of (a) multilayer graphene  Fig.2 Raman spectra observed Fig.3 current-voltage curves
and (c) single layer graphene, and height profiles ~ from (a) multilayer graphene obtained from grown graphene
along (b) L-L” and (d) M-M’ lines, respectively. and (b) single layer graphene. channel.
BEE AAFIEO — IR (22K04865) IS5 KO M THFZEI A4 BN BFSE o 2 — DA 51) T3

fELELZ,
ZECHR [1]S. Latil, eta 1., Phys. Rev. B 76, 201402(R) (2007). [2] = T #9471 FIEZRSY 22p-
PO7-31. [3] i MMM &5 84 FIFKZISH 19p-P01-33. [4] X. S. Liet al., Nano Lett., vol. 9, 4359 (2009).
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Raman spectroscopy analysis in graphene on plasmonic nano gratings
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(3] BAFMERY L2777 2 VlRAMNRA A= U TS A=V 22 MG LT,
SO & U CRBERES 7 7 = VRN A A — U U AR L T 5,
[ERgRETL] TERDFIRA A =2 o P IFRERERCMACZHAT 5 2 LT R Th o7, FEDHK
BORIEEBANT 2 2 LR TEIUE, KK H A, B R0 N T % BHGE B9 2 db
RERAMRA A =T Y OEBPHHFTE 5,
(/77207 T X =y 7 F /¥ ]Fig 1(@)IFRIERE L/ 7 7 =2 v 2 T T XE=y 7 &+
R LI MEETH D >4 TTRE=y 7T /AR ERTHD AT v MIAHI(P)3.0um, &
E(d)1.5 um, 1E(W)100nm DET A7 MW EFT D, 7T XE=y 7 F /P L 2R ET T X
FUHRIBIZ L ST, 777 = ORI ERMFRGRRICHEB SN, 7772007 2/ I LM
Ko THBEENRELSKERHSINDGZLERLIL, 7772007 2V I LAVYVTHEMT 577 X%
=7 F AV NOEBRENLDO R—E U I Lo TEREBLZIT L, 2F 0, WINKEROERIZIZA
Uy b EDT T 720D R—EU T LVNAPREBETHL, Lo T, A, I XE=v /) /Kf L
DI T T2 NDNT, TV AT MVIIERFE M LT, #R% Fig. 10\~ 7, T /8 RiZiX
Au LD T 72 b LD T T 2 U PFELTVDN, MED T~ A7 MLTREE—2 V7 k
DEE e < [ABRO AT ML ER LT, XS ARET D,
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Fig.1 (a) Schematic of graphene/plasmonic nano gratings. (b) Raman spectra of graphene on grooves and Au.
(2% 3ik]

L IREBOE, t& 5 B8, &) 2 NI ETE, 5870 BUSHYE R RIS 20233 A 17 A,

2. UBABGEE, R BB, B NI ERE, BT RSB RIS 2024 43 24 A

3. S.Ogawa and M. Kimata, Opt. Mater. Express 7(2), 633 (2017).

4. S. Ogawa, M. Iwakawa, M. Shimatani, S. Fukushima, J. Appl. Phys. 135, 153107 (2024)
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Photo-thermoelectric effect-driven detection of optical communication wavelength
light in graphene/hBN heterostructures
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7T 7 2 AMENTET - EFEREE RO Z LD B EEIRICK T 2 EEE R T O
REFE & LTI SN T D, R 1550 nm (Zxf LT, Z4UE TSi, SiN EEREESR 7T 7
= VERTHEOIISERENRE SN TN, fLERIARE 7 7 7 = o RomBA bz 75— §
MFEOBERIZEL Y, 797 2B TOmE « ERRITHIR I TWA[], EmE 777 = %1
BT 2 BEFIR ORI EZ TN, ZONIEEA NN = AL E T L2 81%, 7972
TR OMREZ M LS5 ETHETH L, AWETIEH, NHEEFATVFE (BN) ZHW:
SiOy/Si Ht EDOEE Y T 7 = U FEFEAER L, R 1550 nm 2k 2 MG BRI A R~ T,

BRI L5277 7 =0 hBN 2T, FI7AEEIEIC LY hBN/Z T 7 = »/hBN &
WEEERL, BRI VI T 74, 2o F U7 REICLVEREERLE (Figl@), Y—
A-FrA M Vaa) SiNw 77— (V) IZDCEEEZHIML, RbA i (g 23 Lz,

Fig 1O, Ve=1V BLO-1 V HINKEO LISk 2 i ORFFELZ =T (Va=0),
PR ON/OFF (23t L7z I OB B L=, 72, Ve IKIFE L TOREIROBMENKEE L TV D
ZENRDD D, Figl(e)Z Mott DN SHEH L= —_ o 785 S & &£ NRE T3 2B Ln

(Vea=0) D Vo ARKTFEZRT, Ln 13X Ve, JEHEIKGF L TRV, S|, Ba A 7 AT TORK
R X~0.55 mAW ! & 72 o7, F72, S & L TIITEMHES (Ve~0V) THEDKEE L
TNWDHZ ERDLND, T DIRERFIESEZ T L7cRER, Er A 7 XTIk 5 EmE
i} A T = X DIHEBEN RN KB TH D Z LR ENT-[2], ZofEIT, &gl (Sik)
B EOEFREEZ IEAFRICERETT 2 2 & T KB M) L9 2 AraEtEZ R LT\ 5,
MEE © ARWFFEIE ISPS BHiFZE: (JP21H01400, JP21HO01749, JP22HO01555, JP22H01893, JP23H00274, JP23H05469) . SCR}
44 ARIM F¥ (JPMXP1224NM5118, 24NM5392) D X3EZ 5% TiThbii=,

ZE3CHK [1]1]. E. Muench, et al., Nano Lett. 19, 7632 (2019). [2] T. Iwasaki et al., Jpn. J. Appl. Phys. 63, 030903 (2024).
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Fig.1. (a) Schematic cross-section of our device. (b) Zero-bias switching cycles. The green-shaded region represents the
data from the device under illumination. (c) S (top) and zero-bias /pn (bottom) as a function of V.
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Study on direct growth of graphene between electrodes using catalytic microstructures
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757 2 HIGHAT BT T AL AOWREL, 7T 7 = L AR L OBEA DRI KR & KT
L, IRWEAIRIIAEMERD 7T 7 = T A, ADOEBUIARA K THH[1,2]. ZTHETIE, EICH
A NEAHIED 7 T 7 2 TN AR HE SN TV LR, BEHGERIIBNRNT Y K (=y ) #
BREOTRRE S L W|E SN, £, xRS EMEIBRER SN TND[2-7. LML, T34
AERIZ B WL BREORE L K&, A LERBICHT 2HABRIEO T Y X1 b, #4F
AT IS ST, RERBERO—>2 L LT, T3 ZERA~DIRERST S AR
BERZBTHUIRNEE - (FRREDFZTONLTD, LYARTZY —TEPRDLND.
Ni/C @M E il ELZE NENGE L [8-10], T /34 AR A~DEGENRE R 7T 7 = ANEREHT L L
THEHINTWDIN, 7T 7 2 0 REME DRI —= TN VT T 7 4ETRBIR 720,
30 LY R MEEOMENE S TV D. Fxld, THORY—=27 Lz Ni/lC BEEBZENEAT 55
EERAWCT 7720 fEEL 7T 7 2 EEBMOBEAZRIFHCB 2725 730 AEREZ BT L
LAY UL, B L0 /S LIeF ¥ ROVEOBHREY 7 T 7 = > O R O FEEL)S K #
Tholz. T TARIFRIL,ZOFEEZLETL2HME LT, B E T v RO NI OFE X224
ERITTEEL, FYRVHONIOT LT ha~vA 7 b—3 3 VB X Dk 2l A7z,

Fig. 1 1%, BEZENMELL 7= Ni(50nm)/C(4nm) 757257 /34 AD SEM 4% /~7. =L 7 ha~vA
T L—varyEB IR ORI, BZEE 1X10/3Pa LT, iR
W 2 43, INENMEEE 850°C, MNEARER 3 43 DS CHZZMEN
L7, Fx X0 Ni O AR TE o7z, Ln
L, L2 ba~vA 2l L—a a2 BlRolBl3F v v
EROMEWTI 5 = & 23y 72 (Fig. 1(a)D SEM B2 &) . 5
¥ RNERE T~ I DRIE Z I 7R o TSR, Fig. 1(b)ITR
TEICT T T2 N END Z N yinote. g7 Z
7 = VBB SN T D ERFEIL S — MREE RS 720

SLbAmot. e MEED KT URSBHERBBED | o "\ )
IZAIENI & COBEEOREBILNSLETHD EEZTNS, 2 i
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Formation of SiO2 film by ozone oxidation for graphene/Si solar cell application
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U 2 ® p-n#HEETRKBGEMO BRI HIGH S, EOEITEBNZIT 18.8%IZE L T\ AL 5
b 2121%, 57855 ﬁﬂﬁ&;ﬂfﬁ@rﬁik;@a_@:x NED U7 EOBBENES TS, T
T 7 xS v a b —fEEERK I BN O\ Ea 3 5121, Si0p 72 E X
yv&%Vayﬁmxa%@ﬁﬁ%@&%@%yj?k%7,7771y%5&k&77iyg
Bokaw b ERET SN 5BY RBFFEI, Si0 /Ny v R— 3 VIBEOERIEICER L, AV
Befbitz FV 5 2 &0 X0 BEHIE & Siol/Si Rkt oikFE 2 X5 HI TR 2> 72,

U a U HROBLEEZ 7 BRI L0 BRE L CBMKIC L DU E R 2o t2tk, AV VRE
FREVT 300 FEDOMBVE B Z /e o7z, 5 oy~45 RO A Y Vb E B 2o Tk R, =Y Y
A=A —IEIZ XV 15 55 OMETITK 2nm D SiIO ENE B D 2 &3y T=. i 7e Sio;
JEJE 13K 1.5nm & SR TWA 728, 5, 10, 155504 Y VB EIC K D Si0 D /8w 3 _—3 g Ui
B LT 77 = ISi v a y MR —[ERERURIGEMAFR L7z, 77 7 = CEmIE, Bl
DERBIEICGREN D D720, AWFFETI, 77 7 = v OEREREZR AT, Fig.l 1%, SiO & i
C % 1nm, Ni % 5nm B L 72 2 J8ED 500°C TOEZEMBIZ L VIER L7777 20D T~ 57
WARY MVERT., 7772 HEDG L 2D = BHERTE 572077 7 2 AT TE
TWBN, KMaHRD D =27 NKREL, FETEALTZ 7 AD—R U b S GENTNDHZ LN
Drolc. KM OENERDHRBIRNZD, 7T 7 = VEBEROFEIEDB AR THD &
EZTWD. 7z, Si0Si FFHES SIO EEDOFZEIZONWTHFHRDLIMERH D EEFEZ TN D.
D G

[1] K.S. Novoselovl et al., Science 306, 666(2004).
[2] Y.-M. Linetal., Science 327, 662 (2010).

[3] J. Yanetal., Nat. Nanotech. 7, 472 (2012) ).

[4] G. Edaetal., Nat. Nanotech. 3, 270 (2008) . s
[5] X.Miao etal., Nano Lett. 12, 2745 (2012). R
[6] X.Kongetal., RSC Adv. 874, 863 (2019). 1000 2000 3000
[7] Q. Gaoetal., Adv. Mater. Interfaces 9, 24 (2022). Shift Raman (cm™")

[8] Ma, Jetal. Nano Lett. 160, 76 (2018)

[9] X.Miaoetal. Nano Lett. 6, 2745 (2012)

Intensity (a.u.)
)
{
(%]
o
»-}

Fig. 1 Raman spectrum obtained on vaccuum-annealed

Ni/C films at 500°C
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BIETS 7z ohBREENALEZV YOI YFUT
Chemical etching of silicon with photochemically reduced graphene oxide
RABRL, CMN=/H #8 FHE B —H# R
Kyoto Univ., °Yuki Miura, Toru Utsunomiya, Takashi Ichii
E-mail: miura.yuki.88c@st.kyoto-u.ac.jp

VU 3 UREMMINTERRO—> L LTEBRBOREBEME ML LT X by F 7R
HHIN TS, Y= Tl IRICIRFEMEN T {7 7 = > (Graphene Oxide: GO) % ]
Wiy aromyFUo 7 eRELTERZL L, RRHCY A Ry F U7 BWELHE GO &
W7 V2 by F o 7 ORUCHEIZ DWW TIRAZ2 SRR SN TV D, AT & 1Al
WA KXY, = v F 2 7 ROSHI O 7280, RIFEMEHT IS 2 BTEME R & L Cigin S D HIE R
BfalciEH L7, GO ILmEZEERE T (10° PaLLT) CTEHZZ4ESL (Vacuum Ultra Violet: VUV) Y% i
422 & CHmIETAHEREN I - BBt L, GO — MENORIEXRMEMER S, ks 7
7 = iR IEIR (Reduced Graphene Oxide: rGO) & 725 2. AHFZETIE GO & rGO ZE & HEF L
TevVarvBlRiezrzy F o ZRICREL, =y F U 7E#E2 s 52 LT GO v— MMaNHEE
DTy F o TG 2 DB~

GO Z(100)E M D p B Si Hifk EIC A 2 — MEZHWTHER L2, ZOREBHI R ELRE T
TVUV ZRFT 252 LT, GO ZNEIL L. £ E 7 v LN bR b=y F 2 JHRIT
33°CT 32 fliRIET 5 2 & TR v F > 7 %4T->7-. Fig.(a,b) |2 v F > 7k OAFEIE
O AFM REBRG L @S T v 7 7 AV ERT. GO ZHEF L7z Si B RIL GO o — M A
BB & Lt LT 200 nm BREIELS 2o TH Y, v— MEEROERNRT v F U I PRSI

<. —J7 T rGO ZHEF L7z Si HA L rGO

T MR O SRR R IR & LR
LT 100nm FRERLS 72> TH Y, B
Ry F U TPIRES LT, FAUTK L
T, 1GO ¥— MHULEIIIEHIEED &
T200mm FEmLR->TEY, =y F
T DOEITHBENZ LR E N, 20
Z&MB VUV JEETIC K > T GO v—
MEANOBERBAER SN, 160 Y= w0l L el BT
MRz F o T alET LA L LT

Height /nm
=)
Height /nm
o

um
Fig. (a, b) AFM topographic images and height profile of the (a)

N >
HEL TV D LB BND. GO- and (b) rGO-deposited Si substrate after liquid-phase etching
23R at 33 °C for 32 min.

1) W, Kubota, et al., Langmuir 37, 9920 (2021).

2) Y. Tu et al., Carbon 119, 82 (2017).
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BOWICKZBBI 57z VEAD F—EV/RERL
Improvement of Doping Concentration in Multilayer Graphene Films by Thermal CVD
EHEIKRE 1 CM2)RE XK' L¥ fR:

Shibaura Inst. Tech. !, °(M2) Taisei Higashino !, Kazuyoshi Ueno *

E-mail: ueno@shibaura-it.ac.jp

[#5] BAERF T34 ZITHOSLNTWADE (Cu) TiE, BESICL 2 TA v E 7 X v AMEDNRE
INbD, INUGIZITW B R BA R o 5, %87 7 7 = (MLG : multi-layer graphene) Tl
BVEHABITRICE D RERNFEAL LV E 7 B ADHPET, L0 bEWA X7 X B
ERETE, MNMULBHIFE SN D[], B2, MLG EOH—M & s stk 2 o L= 0%] CVD ¥EI
X5 MLG iz HE /LT Y 75> (MoCls) A X —HL—3 3> K= 7 L, MLGINi /~A
TV MEED/Sy F T 7 T2t U RE O > 7 M X0 /Yo RetE z R L72[2],
AWFFETIZ, S BIC F—E VRO EAMSGE LEBEHMC LY, P 7RER L2 -
77

[32B2751%] 10mm X 10mm £ @ SiO, (100nm) /Si Jabz o, A%y & U w7 kv fillftd)s & L
T Ni (300nm) ZRRE L7z, Wiz, Jeicids L7zl CVD ERIC LV =& /) — L&kl E LT
900°CH# CVD %17V, Ni FIZ MLG A HERE L7z, & DMt A NEE 1lmm O F A H 7 /LN
{2 MoCls (0.0374g) . MoO3 (0.0073g) & & HITE AL, HT7 AENICRE LIk, EXFZHW
T 300°C T 30 43BN L MoCls A > &2 H L—3 3 » &AT o1, ABFFE T, B IC I 4 LK
ST AINH T AN BRIV E D ICH T AE OB EE Lz, S OICRROKMEE 2 4,
SMBEWEOLTCR—EL T L, 7 AT MVOZARIZ LY R—E U TR %7 i LT,

[ 5285 L] Fig. L ICBACVD . D T ~ 2 A7 b V& RT, MLG Ot %7 G/D X 3_ T
DY F LT 40 Btk & EVENE BN, Fig2 I R—E U ZRHiED T~ A7 ML ETRT,
EPAMUGEIC I VEGERTL Y G E—27 DY 7 FEBKEL o7, £7o, Fig2 123 X 9 ICHKM
BEOHEIMIGEN G B — 7 O E AR A~O > 7 NN LT BPAME O UE & M B DI XY |
ATENVNDA o Z—T1 b — b ORERELS 2D R—E U ZRESEMLIZEEZ BN,

G 1582 1605 . 1625 _— Stagel
— ' i 00000
20 _improvedsx TN | ZEEEER Go~lezsem
- \ 5 | 3 i —_——
3 o | Improved 2 X ; : —
% 2 : ; : O0000 Stage?
£ D E Improved 1% d H ____m G,~1605cm!
5 I Preva ——
1= £ | condition_+ | '
= \ i ; T —_— MLG
Nor&idop\‘ng —_— Gy~1582cm!
1000 1500 2000 2500 3000 1550 1600 1650 . Graphiene layer @ MoCl
Raman shift (cm) Raman shift (cm™?)
Fig.1. Raman spectra of CVD-MLG. Fig.2. Raman spectra before and after doping.

[ 3CHik] [1] J. Kang, et al., Nature Electronics 1 (2018) 46.
[2] K. Masukawa, K. Ueno, ADMETA Plus 2023 (Tokyo, 2023) 7-3.
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Sr 48 —HL—FLE-BEBY 57z oDER
Preparation of few layers graphene intercalated with Sr
HEXE' HEAXIEH® CHNER' MLEEF, BFs ‘BEAX—B'
Tokyo Univ. of Science’, Toyo Univ. Research Institute of Industrial Technology?
°Hideyuki Yoshikawa', Mariko Murayama'?, Xinwei Zhao', Taichiro Nishio®
E-mail: nishio@rs.tus.ac.jp

[+

i

<]

777 2%, BB ORERT 05 5 SR OBROFIROMEEZ L > TR Y EERTH D18,
BIREITRS RV, T, 77 7 = 2B s T 5 LIRS N B L W REMED R S
NTWb, £, ZEEREEE 7 7 2280, TABV&E (AM) 21 2 —JL— |
THZELILKVAVI DT T 774 MNaRUEEY (GIC) & e ~NBIREHRIREE (Te) 23 KIEIZ W
THZENMESNTWD, ZOXEHTT T 7 = DBIEEITRKEFRIEVNEZ G ATEY .
MROERNPEEND, LLRNL, ZRETAyF—hb—FahicZ@Eiidsgr 77
= OFERIGIN D 2Tz, D X9 ICHEA TV, Z 2 TARICBW T T V0 U LA R

(AE) ICEAL, BE7 7 7 2 A L CABIC L D4 v X —h L—v 3 U ERRT,

[ 28 & it R

F I ARWIIE TIEAARIEIZ TINEARFH] 168h T

St DA LB =T L— 3 LISTE B BRI g
Z. HOPG R &xHWTHi~Tz, TF~roaite

X BREHTEIC K D&MD 320C 2B AL %)

AT RIRIRLIE & SRR T2, SS0T, 3~ A

" o
5BV 7 LBl St L LIS i
BHZzeE AL, INEMEC 168h, INENMEE 320°C

TG A2 A v —h L — g o &1T

Raman intensity (arb.unit.)

- > = N o N =g T T T T T T T T T T T T T T T T T T T
2 ﬁ_o — O)uit*’l'o) Raman A7 }‘ /I/%//EIJ/:E L 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

=& 2 AR BT T1584 cm ™10 G /3 Wave number (1/cm)

731556 em-1ECL 7 b L. St Ick 5 Fe Fig.1 Raman spectra of C,SrC,, and few layer graphene
EUNEID . mWF v ) TIREZRET DM NGO N, BE—7DY T M 2D N RO
HWREIEE S 772 DA v Z— T —a VICROND AR BR TS v A — T L—a v

DR %R LT 5,
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BRFEHEEICEDIEEBN O Si EIR~AOEERE

Direct growth of BN thick film on Si substrate by atomic layer deposition
ERH, °FiEX B BEX A& BHF 8%
AIST, °Jun Usami, Yuki Okamoto, Takeshi Fujii
E-mail: t-fujii@aist.go.jp

IR, A RERTH#E (BN) EIEIE 2 KoM Bt O M & L TRKER SN TWD, £z, £
DR MEOBAE M HRES . TNDORMEEZ AL Si XR—AD F L U TFHEET A AR
MEMS 72 EITHAIATe Z & THIT NA A~DIEHABEIFRFTE 5, 2B DT /3, A TIEEMRIC
FEERMEBE~DORIENLETHY . SHIZ, EFRCHITITSi Z_X—R L L~ KRR 7 nt AT
ERITE L2 Z ERFE LV, £ 2T, ALy UROEEHIENE O SO R F EHEREE (ALD) 723 BN
TER[L20 DA MR SETETH L EFE 2D 2%, Al ALD 12X - T Si Hti FI2% 10nm DR 5
TIERAEE A F50 BN I R 2 DR Z BHEUIZ, BRSO BRE 21T o 72,

NI AR A 1T > 72 15 mm A O Si(001) Ak 2 Hv 7z, ALD IIERFZ W, Ao
U#H—H—& L TBClsy, HEDTVI—h—LLTNHs, v U7 HALLTAr ZH\W, ik
et & LC, Wi, BHEEEM. X— VB % BCls: 3scem, 7 sec, 10 sec, NH3: 70 sccm, 5 sec,
10sec & L, 200 VA 7 Vil &2 T o7z, £7o, BMUBHREZ 800°CH 6 1150°C £ TAL S, ik
D BN IEDOREIZ OV TR (IR) K OWE R E - BMEE (TEM) OFHliZ1T > 72,

ALD |2 T L7z BN D IR 227 hViEIK 112" T & 912 B-N A& O N fEE— R Th
% 1370 em FHEIZERVE — 7 B35 H AL, T TOIREET BN SR STV D 2 EDARIE I
oo Fo. TEM BIEORER, X 2@)I2R7 L 912 900°C TIEfbE#E T R b b b O OEfgMEN
o d 3 WoThICE L TV DIZxt L, 1100°C ClIIEF O @\ O BREE S R Sz, Z D
FEIZ X DB EOE VL, AT XX —I12 LD 2 R b MEE SN2 Th D L& %
bid, LEXY, ALDIZL 5T 20nm LA EDOER BN AR SN TS Z L 2B L. B
B RRESRIFOREIZ L0 . K0 EkiEO W ER O BN RO RS S 5,

(5% k]
[1] H. Park et al., Scientific Reports 7, 40091 (2017).
[2] N. Uene et al., Computational Materials Science 217, 111919 (2023).

121 4
ey [ 1150°C i
510 |
Sosl —
2 _F 11007 )

E I 1000
r900°C
- 800°C
I T '] T | L

4000 3000 2000 4 1000
wave number (cm )

1. BNJE®D IR 27 kL 2 BN EOWE TEM 4 Bl 2 (a)900°C. (a)1100°C
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MoS; BEHIEICRITF=E Y TToF) h—HDRH & RR
Selection of molybdenum precursors characteristic for MoS: layer number fine control.
ERIL P bAY T/89—YJa—2a X, EXRERRARBEIADE - MHTIREE 2

OINEF fhREL, EAR FHZ KR B (L@ b
Tokyo Electron Technology Solutions Limited !, National Institute for Materials Science ?,
°Yuki Ono?, Yoshiki Sakuma?, Takashi Matsumoto?, Hiroki Yamada*

E-mail: yuki.ono@tel.com

1. & - BB

0y 7T AD Lnm HARLIED F T oD 2 B L LT CFET OBFZERRR A D S 41T
B, A=V 7L DET v xR L XY U T BHENMET T 5 MEOMRK L L TER
EBBEA 1Nl F A ROMDC)B KR ERIEHZHED TN D, Fex L TMDC O K s Bl LS E B
FEAANT T EY 7T BOBEN TORERR OB T MOCVD #@EERE1T 5 & &
LI TFENFE T I ab—va VTR DT bIT o 72,
2. B -HR

MOCVD ¥EEFEER CTIEH 7 7 A 7 C mH (4 7 f 0.15°) D LIk FE e LTHS, £V 75
VJEEFE L C Mo(CO)s. M0O:Clp %t L C MoS, fili ik % 24T - 72[1-3], Wl T B 7= Hifg K A
A ML L TV HIREED D 28 H 3R L TV 2R E FE TR IR © 217 - 72,

FERITHE N A A ORBETITFE CRE 2 2R T R 23855 L 18 B 2N 2 ilikE
T %5 & Mo(CO)s i 1 & A ik T DR 2 @ H Ok bisE 225, MoOLl, TiX 18 H 24
mEET H2ET2BADOKEITME LD o7z, 1EHOREHERIL Mo(CO)s T 28 HDE
L HIZ3BHU EORRE MR LT,

Yal—varyTEH T 747 Clli& MoS, i ~D KB OF G B L CHENT 2
Wiz, ZORER, 7 74 T RETIIFEEHZI L BB A L0, KON MoS, i Tl
Mo(CO)s 72T T D FENTRE R R STz, ZAUTTEBROFEBRFER L AT 2D TH D,

FEROFEHNC OV TR AT 5,
Table: SEM image of MoS; by MOCVD.
EUITF RS 30minAREREIL RAA ARE)  |50~60minmE(1/EE2ERBI) 120minfER( 2 MERE)

AT Ky S Y
S
& i e e g ]
-0
A e )
B : Vo
ﬁdﬁﬁﬁﬁgﬁ

w 3 { St
11 layer
-3 layer

Mo(CO),

35006 UD

®Y 7T UEEBORHEDN EEHIEIC R & B2 5 2. MoOLCh 3R /L7 U I v MERIC K
0 1J& B Ol FER & <  Mo(CO)s 1% 2 J& H LARE bl db i R 2R TE 5 2 & il LTz,
[1] Pe/Af) o 265 77 DG B ik G afvafiliie (1 2016 4 9 H ) |, 13p-P5-52.

[2] /R f) Al o 26 79 S B ik A frafliies (1 2018 45 9 A) , 18p-PB3-77
[3] X . Yangetal ., Appl . Surf. Sci ., https://doi.org/10.1016/].apsusc.2023.157756

3. HEim
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BN ATEREEEZRAL: TaS, ERED SR

Synthesis of TaS:2 continuous thin films by chemical vapor deposition with
separated-flow system
RIKE, OM)IHE =7, WE B
Toho Univ. ,°Miu Ebashi!, Takashi Yanase!

E-mail: 6124002e@st.toho-u.ac.jp

[ 5] EBaR YA a4 RTMDC)ITERE(TaxX° Mo 72 £) & 1L 257 /(S,Se, Te) b
725D ZIROTHVERET, ZERRMEZ R T 2 ENBER STV, EOHTY TaS, X BRI
L, 1T-TaS; 13 180 K TaeB-flixRin 2 i = U Lnb | AL v F U 7T 310 ZA~DIEH
PEIFF SN TV D, EAKICIEE) — 2l /e = B4 % o v VA ST 2 WX H 5, A
ZECIL M AT BR%E L 7 iiis o0 B L R 28 35 (CVD) 24 i P & RV C TaS, MR D & il & il A 7=,
[52BR] Fig.l (ZAHFZE CHI L 72 it 3% 4o e =X

CVD EROMIERZ R LT\ 5, Fix olEm A%,

B — MFC L7
DEFRIE, JFEE Btz e 2l ol L, k& A /
[ | [ |
KEDPBERICHER L TWEZLich b, 0 = wre —H § W a@vurav
. sl . 8 . EO Ar —y
R BEHRES L0 r R Ay F I x—T g e .'TaCI " DD/D =
VERNT BIND, & BICAFRIOIBRE ., K >

ISR H AR v B a— & —flffl & T Fig.1 Schematic of CVD apparatus with separate-flow
B, BEREKRPARTH D, MUSSKMAEEH system.

I 2 LT FAA L DORE SRBEELHIHTE 5, AENIH A RIKITIIT HKFED 33 % 0.08
—0.16%. SR % 800-950 COHiPH THIlMEI L. piniefil 2 300 #UICEE L CHEBR 21T o7z, J&
BIZiZ et 7 7 A4 7 & iz,

[FE5E - B42] Fig.2 ICA B L 7 #EE O S P BEiMEE(OM) B &
R, EREOE R A MR TE DN, &AL ZARMIC
*f L CAL o el da(RAVER ) A Blag S dvfz, BUE IR
MIERL L. DA ORGSR L7 W2 BR > TERBR A 1T
STWD,

R E ZE L TARKTE D L 912 o723, ITHHE 2H
FROfEFZIRAE D 43T ITIEE > TRV, 1T FHOA I
FRAmEBER T s EZATHY, YHIL IT  Fig.2 OM image and photo (inset) of
AR T 2 B DA BaET 5, thin film.

[Z7% 3CHR]

[1] S. Djindjic Mijin et al., Phys. Rev. B, 103, 245133, 2021.

[2] Takashi Yanase et al., CrystEngComm, 26, 341, 2024.
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MOCVD % THUIE L f=mEC [ MoS, B EE D SHG #7A
Observation of SHG in highly oriented MoS2 monolayer films grown by MOCVD
BURKWIE', MMHE CMDEAK J]|AL EARM B8 2 iR ES!
Tsukuba Univ. !, NIMS. 2, °Asato Suzuki', Yoshiki Sakuma?, Michio Ikezawa!
E-mail: 2420177 @u.tsukuba.ac.jp

BRER YA A RIMDC)DFFRDT 34 A SO 72012, K v =~ EISHE S0
FERIHT -7 TMDC HEEZ 15 5 72O O IREAT A E & ST\ D, H&iIETld MOCVD {51 k%
C Y7747 LTOmBLN MoS, BB TR AIREIZ 72 > T X 72[1], AR o0 B ) o0 FHAfh (2 1
TG OB RPN EICHH SN TELR, ATEEAE T, L0 IRWER A T~ 25 720 O il 72
FiEE LT, EFHEMEE T CoE _EmdsAe (SHG) BN FEETH D, S, Fx IXEELA MoS,
HER A S de, H72 5 5 THUIKE S 4172 MoS; BB IRIZ D\ T SHG JIE 17V, fER A i L7z,

FWT23BHE, MOCVD VAT C i 7 7 A 7 Hfk BRI & 472 MoS, BB A Si0y/Si HiAk HIZHsA
BLIZbDThHD, FLYT 747 L—H =IO ORI (R 810 nm, /b AlEK) 100 fs,
M0 IR LA 82MHz, TR 1| mW) & EURMEE T & I R A 8 LR G 2 1A L, 80 f5 % L
VAR L o TRBIREICEN Lz, 34 L7 SHG TR UL v X&iE 0 | M H O ERR L E
BMmIET 2> T D, SRR E DL D, IR O FERIRE % 850°C & LT btk a) L. &
BRIRLEE 950°C TR S AV 72 BB O DWW TR 72, #BH ) XEHE R A A >« KR R A A U7 8 x££ <
ey, FEHOIEEWEMMEEZHF LT D Z ENEFRIPTEIZ LY 5> T b, SHG OFRE DR
IRIFPEDRERE 7 1 N S AERITIL & S LTz 6 [RIRIFR 722 X &2 Bl LU, SHG 2338 < 45 530 2 Jabid -
MRt A EA CIEFBMER (Sum ) % 2 RchIciR51 L SHG 38E 5Afi 2 47- (Fig.1), —>®
FEREET D &, QDFIX(b)D 10 53D 1 FRED SHG H8E Lo/, BENEITICL > TRELE
b L7z, BE< L2 A%HTIE MoS: BEA R L TV R Wb TlidZe < | fEda TREHE LTz KA A 27
STWHEOTHDZ LN, ZORTORMKFED DR S LTz, —J7, (b)DOFEF T SHG FRE A
<L RO S BV, K ERIIERNO L ZTHRI U TH Y | fEda T2 > T 5 & Sk
LTS EBEZBND, 2D X DI SHGHEMIIMNR R A A DOEFATICHBUE TH Y | kit TMDC
PEDEBINZMIT 72FHliEE LTERATH S Z LR,

0 0
a b
@ , ®)
1 1%x10¢ & 1 1%10° §
o o
£ 9 £ ®
=4 0 =, =. 0 +—
< 2x10% 5 < 2X10° 5
> o > o
-1 &) -1 O
-2 3x104 -2 3105
-2 -1 0 1 2 2 -1 0 1 2
X/um x/pm

Fig. 1 : SHG intensity map of MoS, monolayer (a): Grown at 850°C. The color scale is 0 - 3.5x10% ¢ps.
(b): Grown at 950°C. The color scale is 0 - 3.5%10° cps.

[1] /AR L : 58 84 RIS AWM ER =Sk ZEAiakmes (2023459 A)  19a-A202-8.
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EiE TEM &0 EE T — ') TE#(C & 5 R FERIEOH BT

Crystallinity evaluation of atomically layered films using fast Fourier transform
of cross-sectional TEM images

RIK I#k'. BPEWARTREER

oWk EE ', BE 2, EHK B’

Naoki Matsunaga', Takanori Shirokura? and Hitoshi Wakabayashi’
School of Engineering' and Institute of Innovative Research?, Tokyo Institute of Technology

E-mail: matsunaga.n.ab@m.titech.ac.jp

[#E] MoS, 2R&E LT 2EBGRF A 1L 2
A RIMDO)ET Y U a2 2 fb b F v %1
ELTOISHBHIRE SN TV D, ZEOREMmMEEFE
fid 2 FEE LT, TMDC ORENICHKT S
Raman t— 727 O EIEEWHM) A — AN HW S
N5, LinL, #EHZ AR T 2 b—0— L HELL
X ESOEBRITEN R 5 EEE B b v
AT BIZBWTEEMNORELZ T TANY
NVORHMEIZE B E 5 2 H[1,2], £z, ZEVA
T LTI IE B3 EHMEC 72 0 Rl S R 72 5

AAFZETIL, THUZR & 72 W RS R O R

Jilk & Ui TEM {80 FFT (Z X 5 RFli & #2252
T 5, ZAUTKY ., Wi TEM &Ik 2 HRO
7 LA A XD TMDC BREIZEBWT, T e
DY TNV OEMER IS EE S D,

[J53:] LRTORFZE B TRkl L 7= fbfa it o
B/2% 4L-MoS: % RE 7 by Ay XY v
JWETHE L, ZIZE10 MoS, IO KriEi TEM
G2 tm/» HIESRIZEI D L, FFT 21795, H1Y
HULMEZ TS LN D FFT 21T\ b A
N7 MV NG LTz, JAEEZERT MoS, DJEH]
R XS T 2 B — 7 Z2FE0 6 Ml G\ 7
vy kL7, ZOFHEIL Python 3.9.7 TIT o 72,

&ER] Figure 11277 XL 9 ISR SL I B S 2
A5 Z ETiMiicE &% 2 bivd, Figure 2
IO AT NV EZENEIVURT, I—T 7
4T 47 % Voigt AETITHO Z LT, I~
YT X0 AEERPEDSE O & FTE L 72 MoSs BB,
ARV AR 2 7~ L7,
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Figure 1: Conceptual diagrams of evaluation by FFT.
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Figure 2: Spectra obtained by FFT of cross-sectional TEM

images for different MoS, films.
[BHEE] ABFEIE. SCHR A IR AR Xonics -5

RAIAESL SR 3£ (JPI011438), & N JSPS FHAF

#(20H05880) DB A2 T T2 b D Th 5,

BE R
[1] N, Matsunaga, ef al., EDTM, 2J-4, (2024).
[2] Buscema, Michele, ef al., Nano research 7
(2014): 561-571.
[3] N, Van Velson, et al., Optics Express 28.23
(2020): 35272-35283.
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EECEBEMEZRAV-ERANE7 LERTFOBEER
Observation of short-period Moiré superlattices by piezoresponse force microscopy
AXI °MHHEP £X, PK KR ME X&

Nagoya Univ. °Kota Tanaka, Hao Ou, Taishi Takenobu
E-mail: takenobu@nagoya-u.jp

PR, R EMEIOREIC L VAL LET VBT FERRBREICRR SN D IEA PB4
%L BBLT DT, RERITEAZED TV D, FRIZ, B TOFEIELDPHGEICKE REEE
B2 27201, WO BRIZITEEEN 2B X 2 HEEZ L OFHI AR AR ThH v | iR 1 B
# (TEM) - E&R b o2 VBEE (STM) - EEISEBMEE (PFM) 72 & & W BB HE S
TW5, EORRERS SBLEFE S RE S D TEM X° STM I E N E Ve 7 LB (< 50
m: EEMET VKT OBRABEL T 0, EAREMEO—FETHY . REDEBILE S
B9 % PEM (T A I R WE 7 Vilks 1 (> 50 nm : REAWET VBIKT) OBRELARETH
%D, ZOREF, AB B LOBAFHEIC L V/E T D EMO6R PFM v 7)1 & L TR S, AA fiE
ERFRET DA RAL UPHE SN TND[2], HRAYIZ, ZHETO PFM BIRITREHET L
ARG ICBRE 4L, Fx Ot £ CREE Y VB FOMEFITR < [3]. & Do AR T
bole, £ TARPETIR, FERMEY VEKFIZER L, oEEOMINCIR Y AT,
THORY v —F AN KT AEREIE[4)IZ L 5T hBN EIZRA U8 WSe, Z/ERL L, BLIIZ1T-
Too ZORER, AT E —BT 2 REAW, KOEEEET Vg8l S 7 (Figs. 1,2), AATHE
JEZkFIRET D RAAL BRI R R E B0 | EEMTIE Ny MROET Vg8l
Ehiz, 22T, BRIFIC K0 BHEEEHENILS 5 AA T8 2T 572012 PEM 14 (Fig. 2) &
AFM (&) B (Fig. 3) OERZAT 7ok, FJEENC I 1T 5 PFM & 7 v ik m Ml & BRI ki
THZLENMBMEIRoTe, ThUE, RO PFMAE SN AA G R A A » LTRSS 2 & 2R d
Do i Tl YL EOWERRIZONT IV FEMICHBI L, ZOEESEORFIZOWTiEm T Do

Fig. 1 Long perlod moiré Fig. 2 Short-period moiré Short-period moiré (AFM)
: 8 i B [ - [] = .52 nm

) g

T !

< < 40
. <3

0

5 Ug 30

;’ ?:’ 4.20

Fig. 1 PFM imaging of long-period moiré superlattice.

Fig. 2 (a) PFM imaging, and (b) AFM imaging of short-period moir¢ superlattice.

[1] K. Uchida, et al., Phys. Rev. B, 90, 155451 (2014).,[2] X. Wang, et al., Nat. Nanotechnol. 17,367 (2022).,
[3] H. Ou, K. Tanaka, T. Takenobu ef al., submitted., [4] S. Masubuchi, et al., Sci. Rep., 12, 10936 (2022).
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BE 7Ot XWR % & C 1= MoS, D E HilfH
Strain Modulation of MoS: by Tuning the Transfer Process
ERTR' CEME X', M HE, LE &F!

AIST !, °Mitsuhiro Okada!, Yuki Okigawa!, Takatoshi Yamada'

E-mail: mi.okada@aist.go.jp

X U T BEEENOT- D BEHNT 5 FEXEEERO—EH e & LTaHiLTWh a1,
RA N Si MEHERT & L CTHEEZHED TN D MoS: 1L UDEBER L A Hva A RTHEM
\CEDBEERINNHRE SN TS [2, L2 L, BEBERBY A hva A FOFRRIMMEFES
MWW BEICEEZHERFT 2 Z ERRETH D, AR TIE, CVD EIZE Y AR L7Z MoS,
DYy MAEFEZRRTHZ LT, BEICEZHINT 2 HikE R L7zoTHET 5,

X112, et 20 E %2 /RT, Si0/Si K 12 CVD #TEK L2 MoS; EIZ PMMA % A E°
v a— kL, KOH KEWRIZIENT=, Si0/Si FtH» 5 PMMA/MoS, Ml % | ;’é flikcol
R HREIET - THID Si0y/Si HAR TV Eif 7=, 3B E ARG S H721%. 30 RO EZ2 %
WL Z AT o Tc, T OMBRIEO SN ERHMOETH D &5 % A5 ﬂiﬂuf’:?mmf; % IR (2
RAE D), 50C, 160°CD 3 5 & L7z, Raman A7 MVOE'BIOA E— 7 (LED T 7 F
HERF v U T EEERFHITE (3], AREHCEIIISN72E 4, Raman v v B 72 K HE
BrOA B —ZLEO Y7 N TR LT,

212, HARMFTHEEMAGIRD KD > T BFEIC BT D (wp, wy) 7R Y b 2R T, v )T H
FETREHE TR & R bid e o To, BIZOW T, BIROFE R 2 HKUE L LT, 50 CHEVTIE~0.2%
DJEREED . 160°CHMEATIZ~03% DB IRENHIMENTND Z ERHA LN E o7, 50°CHELT
%, PMMA DO#AKIZ LY MoS, DIIRZEAL & Z AU E D BB ECHM OB Z 0 | 5liRED
HENn-E2HN5, £72 160°CHETIE, PMMA OZMZIEIZFE, MoS, Il E RIS vz
WAET MoSy/ B DEEMEN M LT Z & T, BIBRENEIIES NIz B bND, T kX
DOHIENC K B EFEINE, 5% MoS, T3, ZADEALIZBWTERTREATH 5,

[1] S. E. Thompson et al., IEEE Electron Dev. Lett., 25, 191 (2004). [2] M. Hosseini et al., J. Phys. D: Appl.
Phys., 48, 375104 (2015). [3] A.-Y. Lu et al., Adv. Mater., 34, 2202911 (2022).
[FRE] ARFIEIT B ACEIHR LS B A I (7 F)22K 14570 OS5 1) C ol S i,

o R
N 5 &
w D N R s
Sample #3: 160 °C — g © =} =} T N
® Sample #1: RT I\ qe o
= ® Sample #2: 50 °C | 06 *"
. —_ ® Sample #3: 160 °C -
resh 555 T 405 .
KOH soluti Si0,/Si 3 &
S'OZ/S' PMMA =" o water [ Pampie w2 50°C \g, Ao O
c c
] o
m-5-G =A@ -
4 2 o
MoS Q -
: . 5% = 404 .
Sample #1: RT < AO° o
=)
L 1 1 1
As-  Spin- L 384 385 386 387 388
) . ' ! G [
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Figure 1. A schematic of the transfer process. Figure 2. (wg,, wy) plot of MoSz with various
annealing conditions. Stars are the mean of the

data.
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FERMEES S DFTIISERT HAEERMEL SnS BEEEOMHEIZEZ HRE
Effect of intrinsic defects caused by off-stoichiometry on the physical properties of SnS thin films
RiXK!, °D)FHL X—!, REHF KE, ik —E!, MR EX!
Tohoku Univ. !, °Taichi Nogami!, Daiki Motai', Issei Suzuki', Takahisa Omata'

E-mail: nogami.taichi.rl@dc.tohoku.ac.jp

JERFEIEZ AT 5 SnS 1T, KEFEMIIE L7 FREZ AT 5 2 &b, B LW IR B
MBS LTI ST D, RO XIGIZERN « BHIMEEICKREREBE 5252 L
— R A O BRI 0 S R O SnS D RO ERR T > XL — % 5 L 72 1
21,2, LovL, 73 AJS A L7z SnS JEEIIIE-# T CER S v, 2O LIz LIX
BB DR E <AL D, ARIFZETIX, SnS HIEF O &2 REEICHIE CX 5 MhiE 7
FAHEE LIZANy 2V 75 2O TER L7z SnS EEIZ W T, AP Emmf s & 0
FAUTEIR U 72 K a3 B0 - PRI B 2 D 58 i~ T,

X —77y MZ SnS BEfEAREZ V= RF =7 3% b v A28y ZIZ 50 (300°C D Si0x 47 A k-
Z SnS AHERE L7z, M ARE 90~105 CITIENT 5 Z & CA7-fi g K KU, RF ZFIA L Chit
W7 A~ w AR L, BTSSR R o~ & B LT,

3 HAL72 SnS HIEORREE /3% (S/(Snt+S)) 1EhisE 7 7 A~ DHHGRMIZ L Y 047 725 051 £ T
Z L. Wb p BUREMEA R LTz, Figure 112, EEEOR _*F
FEARTEIN DR O T=T 72 7 2 MEGL & | i sE DINENREE DRIfR &
R, FEBEICTED - 2T 7 & 7 FHERLE, RS R TIE
L 720 B FH 1 5~320meV T—E L /2o 72, ZHUTHE,
I T~10"° cm™ H o7 v U THEEIL, Hisi KB T TIX -
~10'5 em3 IZ 20k L7z (Figure 2), A RZEFL(Van)l XV T 7 & o7 04 04 050 051

sulfur fractions, S/(Sn+S)
74 L LT 2 EAIRmA RIS L D R SIVTE ) BEBIRIT o e sas seooRt
TOENF Y VTHEELOULSENE D, —FH T, EKIETT gﬁi%ff§§$§Wf@‘
&, WREEZEFL(Vs) & HZ A X T U FH A R (Sns) BERE LT,

w

a0

o
T

F

w

o

o
T

N

0

o
T

n

o

o
T

Acceptor level / meV
g
T
n

N
o
o

o 100
HERFHE TR, 7= VI p BRI H 5 556, 2 bidER ‘\Em‘g .
BURF—LT /T H E LTS Z L RESRLTEY 2], 5
CRLDORMHHIE LS = TIRVE Y ) TREL ot 8 F

HEHI SN D, Sns DT 7 & 7 Z HE(Sns”/Sns ™) D FHFA I 250-400 2 :: ——— - __ -
meV Th V., AFEOEREE BB Lt —%T 2, UboZ L 8. L

047 048 049 050 051

ND, BEINT-ESHEEO—EOLMIL, (b FERAEK AR sulfur fraction, S/(Sn+S)
-y ° 1 IR - - = Fags o Figure 2. {ES L 7= SnS #fED
WCEERT 72T R LTl EERLTWD, 2B, ¥ HIT B L ) R
RIGDICFERVRREIC B 2 DB OV T HET 5,

[1] Fan-Young Ran et al., Sci. Rep. 5, 10428(2015) [2] Julien Vidal et al., Appl. Phys. Lett., 100, 032104(2012)
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B 13%E/ h)aFF 4 FIRFIROD Janus b
Synthesis of Janus Layered Group 13 Monochalcogenide Atomic Layers
BEXRETL S0 |T, VLA KRy, L &R
Saitama Univ. ©Shouhei Yamaguchi, Hong En Lim, Keiji Ueno

E-mail: s.yamaguchi.308@ms.saitama-u.ac.jp

JE@dk 2 oo T B, ORrRRMWERREEIC X 0 FERZET D L) mnh | RS
FRE~DIGHANIFF STV D, 13EICH Ga & In, BRO 16 EA Va7t (S, Se, Te)
MO 13T ) a4 K (GaS, GaSe, GaTe, InSe) &. < MBS ATHEMEN IR &
N OMFEPTONTNDO, —J5 BIRBEIZE VT, TORAMENRE L ETIE D TROERE
FEEMAE RO B DLV XA (Janus) BIRWE & FEEAL, Janus (AT & X R R DMEZ R~ 2 & 2NT
FIFES TN D@D, ARBFFE TR 13 BT I alF A FEFREICOWT, REOA /L=
FUTREMD T 3 GERITEWRT D Janus (LA TV D, AlEllE, B &2 RIEEERE L C
Bk L7z GaSe @l (JEE 20 nm F2E) ZAs IR T THEL L 723 0BHZ DUy C Raman AX 7 |
NEREL, BEREITRICE VG ONTZ AT ML E DOHBRE 21T > 7,

PREmET 51X Gaussianl6W “C Hartree-Fock/6-31G &JEAIC TIT o 72, stRICHWEHEET V&
Fig. 1(a) (. #+% &N 72 Raman A7 kL% Fig. 1(b)\Z/R"d, H 7 2K I HEfiE S L 7= GaSe
W EECRF ORUEIE, F3E U 7ohilE 2 S TR FCalEl & 500 °C. 10 SyFINEVL TIT - 72, =
DRk SN 7z GaSe # D Raman A7 kL% Fig. 1 (c) (2R T, FiALalEtD A2 b idfliFess
GaSe, GaS Hiffifh, &2 W IIME DRML L7Z GaSiSerx DT~ AT ML TR DT, B
AT EAE I & X8 (Fig. 1(b), )T O @ T/RLI-E—7 OfLE) NEKT 5 Z B L7,
D ORERN D GaSe MK DS EIHIIC Janus (L STV 5 EHIRFTE 5, S %ITEEINE
Bk za iz L0 IEMERBRRFHR 217 5 & T, HE Janus Ga:SSe DA RS DIRR 21D 2,
(1) A. Gouskov et al., Prog. Crystal Growth and Charact., 5, 323-413 (1982).

(2) H. Suzuki et al., Nano Lett., 23, 4533-4540 (2023).
(3) M. Kaneda et al., ACS Nano, 18, 2772-2781 (2024).

(a) ) ©)

Aexe = 5%2 nm

Intensity [a.u.]
(
Intensity [counts]
=

J: S ,‘: Ga 0: Se — — 0 L L
50 150 250 350 50 150 250 350
Raman Shift [cm-'] Raman Shift [cm!]

Fig. 1 (a) Structural model of Janus Ga,SSe, (b) Calculated Raman spectrum of (a),
(¢) Raman spectrum of sulfurized GaSe.
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Charge transfer doping of MoS:z by in situ generation of dopant molecules
Tokyo Univ.!
°Guanting Liu!, Daisuke Kiriya!

E-mail: kiriya@g.ecc.u-tokyo.ac.jp

[Introduction] Atomically thin layered transition metal dichalcogenides (TMDCs) with 2D
semiconducting property attracted much attention in next-generation electronics and optoelectronics.[*2
The electronic properties of TMDCs can be modulated by interface engineering of chemical doping such as
the lone pair of triphenylphosphine (PPh3).Bl In this research, we achieved spontaneous n-doping on
single-layer MoS; through an in situ reduction of triphenylphosphine oxide (PPhz0) to PPhs.

[Experiment] The processes of reduction of PPhsO to PPhs is shown in Figure 1. A mixture of PPh3O,
HsPOs, and I, in toluene was added to a glass under nitrogen. After heating at 60 °C overnight, the
intermediate of PPhsl*-1~ was generated. PPhs can be synthesized through the quenching of superfluous
iodide ions by water. Photoluminescence and Raman spectra of single-layer MoS; were measured after 30
min immersion in the mixture of each step.

[Results and discussion] Compared to original single-layer MoS;, an increased PL intensity but almost
same emission peak (original/oxidation 1.8913/1.8930 eV) and Raman spectra were obtained as a result of
oxidation of MoS; by the intermediate of PPhsl*-I- or remaining l.. Interestingly after the addition of H,O
which quenching iodide ions, PPhs was generated. PL intensity decreased with an emission peak red-shift
from 1.8592 eV to 1.8375 eV, also in Raman spectrum, Azq peak shifted to a lower wavenumber due to the
suppression of vertical vibration mode at high electron concentrations, in addition, the full width at half

maximum (fwhm) of the A14 peak showed broadening from 4.3 to 16.4 cm™,

B i 0o
o 00 | O | {
1 | 500 \
—P~ 500 z
O & Bl |,
PPhsO PPhsl*-I- 300t Oxidation . =
200 5 "
@ 100 g ol
P H20 o LPLSpectra N ofPL Spectra
4 1415 16 17 18 19 2 21 1415 1.6 17 18 19 2 21
@ Energy (eV) in situ Energy (eV)
PPhs —Original Raman Spectra —Original Raman Spectra
~Oxidatio
A
RN, T -
g - L g- Ezg
™ B3e Bye  Bye o

It

I\t
MoS, X% XKIX
2
LA A A A A A A A A A A - B - =
Charge raneter E S S 350 360 370 380 390 400 410 420 350 360 370 380 390 400 410 420
from PPh; in to MoS; of MoS; channel T ‘Wavenumber (em™) ‘Wavenumber (em™)

Normalized Intensity (a.u.)

"
)
=
]
Normalized Intensity (a.u.)

Figure 1. The reaction processes of dopant and photophysical properties of MoS, monolayer.
[References] 1) B. Radisavljevic, A. Radenovic, J. Brivio, V. Giacornetti, A. Kis, Nat. Nanotechnol. 2011, 6,
147; 2) Z. Yin, H. Li, H. Li, L. Jiang, Y. Shi, Y. Sun, G. Lu, Q. Zhang, X. Chen, H. Zhang, ACS Nano 2012,
6, 74; 3) S. Jo, D. Kang, J. Shim, J. Jeon, M. H. Jeon, G. Yoo, J. Kim, J. Lee, G. Y. Yeom, S. Lee, H.-Y. Yu,
C. Choi, J.-H. Park, Adv. Mater. 2016, 28, 4824-4831.
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MoS—FET Z4 ALY FOEF T2 07 UG FREBERKEFHE
Dependence of Photocurrent of MoS:-FET on the amount of the adsorbed CuNPc¢
HALRZITHT !, RALKEEE ?, EERRAT® OmM %, /MVE 22 LiuHaotian’, BHE—H % Sushen

Chandra Devsharma?, ZHE %3, KHEBIL!
IMRAM, Tohoku Univ.!, Sci, Tohoku Univ.2, AIST?, °Tsuyoshi Takaoka', Gaku Kosuge?, Liu Haotian?,
Kazuki Kurosawa?, Sushen Chandra Devsharma?, Atsushi Ando® and Tadahiro Komeda'

E-mail: tsuyoshi.takaoka.bl@tohoku.ac.jp

L IO ZHhifbEY 77 (MoSy) G TeBRBeRS A Wy I A Nk, JirELr~u
DZRITCHER RGN TE T <SNERFELZ O LB EOERZHED TVD, i x
X, MoS, R FEHEN SR B ERIF ST VAL (MoS+-FET) ZAERK L., T ORMICHT 7
By =4y (CuNPe) #WE L, HENEZRH Lz & &OBERFEOELZBII LT,

2. B LR A TR LT ) 2 (gate) OREIT, FIEEEZ VT MoS, #8255 L, £ Dl
ilZ Aw/Ti B (source, drain) % 7%35 L CEAK L 72 Backgated MoS-FET % VM7, DGR 4E
HIRE LTH T AT omu I T ERG, RN ONEE ) 70 A —F—& W THA
LBy PV REICHE L, LT O FL A UEiRAHE L. (Figure 1 /),

3. FEHR L EER : MoS,-FET @ pristine £ D 1d-Vg 7’12 v b ( gate BHE~DOEIINELE (Vg |
%95 source-drain it (Id)) ZWEL7=DHIZ, Fa v X\—%FHNT L AL LT HAEE R
SHU. RERICKET 5 1d O ARE LTz, JERAHIIS U 1Id O8N Z B L7t oz Izx LT
Try FTHZ LAY HISEART PV EGDLZLENTED, ZD MoS, Il CuNPe 73 F
ERELT-OBIZ, HIEEART MV ERIE Lz (Figure 2 ), 5 RERIRICBIT 5 A~
RV DE, 36 L OLARINCAT - 72 CuPe 73 785K M & D ILE)» B MoS,-FET OOGISE ZFM L7z
Dy TITONWTERT D,

Light
sogurce CuNP¢ 2.6 nm
—— pristine
= =
[« 1] < =
T __ =
=
S D 21 CuNPc 20 nm
- o —— pristine
Ly 8_
| - L ® ¢
Mos,-FET (Il [ |w T, -,‘ |
= \ \/ SN ‘ v I,.,,I VW W N ‘._‘.‘"-_,"'; I. \“ e
% 700 800 900 1000

Wavelength (nm)

Figure 1. Schematic drawing of Figure 2. Photocurrent spectra of
photo-current experiment. MoS2-FET with CuNPc molecules.

[ AWF721%. JSPS BHiF#E: JP 23K23154 DB & TR [~T U 7 seim ) —F A 7 T |
H3¥ GREES IPMXPI1224NM0062 & JPMXP1224TU0052) DO XBEA T TUWET]
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Bi,Tes/CoFeB MR E > R—ILHRICE T E2RERBORE
Influence of interfacial layer on the inverse spin Hall effect of Bi>Tes/CoFeB
ERT, PYHsE, RiX:

OfHE EBF! MU HF'!, CzNRIY vq40—22 REEM? i #X
AIST !, NIMS?, Tohoku Univ.3
°Misako Morota', Shogo Hatayama', Wipakorn Jevasuwan?, Naoki Fukata?, and Yuta Saito!?

E-mail: misako.morota@aist.go.jp

BirTes[1]15° SboTes[2]7 £ D Te ZEIRAMEHT, MNAE BB AEREZ Lo Z &b, Eifis
DA A DENRIRBRPHFF S, REERENAC S ha =) AT, R EBT 5720
DAL PRE LTHER SN TWD, ZHb O EHE, Te THGE SAVZET /8 T, van der Waals
G LT Te-Te ¥ v v 7 AR ORHBIN R MEE LR D, Zh Rk e RlnE HIREEZ R~ T, —
JiC. ZORMIRBIIMKTEDREOFBELMLZT D, S DT, Te RERMEHI R i CoaRitE
el L IR LS < E%%Eﬁ@hé:&ﬁ%%#mﬁofwépk-%@tb\XEVﬁ&LT

ZOMEV T A R T AT OIIT A A EARmOEEZHIET A2 Z ENEETH DL, £
T CAMFZETIE, SRREMEIR CoFeB & JEIRFTEF BirTes DRIC Te Z @RI & L TR A L7-f sk
ZUERLL . BREEMESLIE (FMR) EAHWTAE VRV E L ZHIRIC L » THE S n-1E D) 2l
iE L72, CoFeB/Te/BirTe; DFfJEFEHIZR i #AML(L(Si0, (300 nm)) L 7= Si FAR BIC@E &~ 7% K
0y ANy Z ) T EERWTER L7z, BiTes ZFTEOREEIZKE L%, F—F ¥/ —H
CHEE D Te 2 MRE 3nm kM L, #ifi LT, CoFeB # /& Snm (2722 X 5 IZpE L7z, Stimic

e JE &AL TH BirTes DJEIRAEAEE D RFF SN TWND Z &IE XRD IZ L Y #EFE L7z, Fig.l IZ

YE#L 7= CoFeB/Te/BirTes flfE it & | Lk D= DI
A CoFeB/Te/Bi,Te;

CoFeB/Te —J&@#kl & CoFeB Hig#kEl > FMR 27 K
I RT, TRREEE & SRR EREHZ BV T, FMR A
A7 VRIS RSB OFETH D | SREEEE TR

H X7 R B A E R S IEREE S~ ALIA T (2 CoFeB/Te
EUR) ZRIck Y. BRI A Z L TRIBAH K
9%, Figl 76, X0 & @Rkl 523 KBTI CoFeB

HLTWDHD, ZERETCIIAE U EAENED L
TWD EHERI S D, Gl TIlE 2 O FMR 12 X - Tilkt L L ' ' L
WA SN RS R L e L, g 00 40 200 02004060
R Te DEE- A & L B RE~DHEE T 5, - Hees (T)

[11Y. Saito et al., Nanoscale 9 (2017) 15115.

Normalized d{/dH (arb. unit)

Fig.1 Ferromagnetic resonance spectra of

[2] M. Morota et al., Surfaces and Interfaces 51 (2024) the fabricated stacked samples.

1044386.
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DFAERVDIEFOT VBEEN L= NS ~DEFIREER
Electronic state modulation of MoS2 using monovalent benzyl viologen solution
BEX#BEs °% &% F R 8 =E AL N
The Univ. of Tokyo, °M. Xu, C. Li, G Liu, D. Kiriya
E-mail: kiriya@g.ecc.u-tokyo.ac.jp

Introduction

Two-dimensional (2D) semiconductors, typified by ultrathin layered transition metal dichalcogenides
(TMDCs), offer a unique combination of electronic, optical, and mechanical properties, thereby making
them promising alternatives for a variety of applications. In this regard, a wide range of molecular systems
have been used to functionalize 2D TMDCs via covalent as well as non-covalent interactions, due to the
incompatibility of TMDCs with current doping techniques such as ion implantation, diffusion, etc., which
can cause fatal flaws in the 2D crystal [1]. One of the strong molecular dopants is benzyl viologen (BV?),
which has higher reduction potentials above the Fermi level of most TMDCs, facilitating electron transfer
to them. Although BV? proved to be an effective dopant through the charge transfer accompanied by the
two-electron redox reductions (Fig. 1(a)) at the interface formed with TMDCs, the role and effect of BV* as
an intermediate product therein has not been investigated due to the difficulty of its mass production and
short lifetime as a highly reactive radical [2]. Therefore, this study focused on the interaction between BV*
and TMDCs (i.e., M0Sy), where a high-concentration BV* solution was successfully prepared via forced
electron supply achieved by electrochemical reaction (Fig. 1(b)), and simultaneously used for electronic
state modulation of MoS,. In addition, bulk MoS;-based metal-oxide-semiconductor field-effect transistors
(MOSFETSs) were also fabricated to verify the property change caused by BV* treatment.

Results and discussion

As shown in the cyclic voltammogram of Fig. 1(b), the cathodic peak (Epc) of BV?* was successfully
observed at -0.558 V (vs. Ag/AgCl), at which BV* was produced by the reductive reaction of BV?*to BV*.
At the same time, the reduction potential of BV?* to BV* was accordingly calculated to be -0.4935 V (vs.
Ag/AgCl). Furthermore, MOSFET-typed transistors based on bulk MoS; were also fabricated and thereby
the transfer characteristics after BV* immersion were evaluated to verify the effectiveness of BV* on the
electronic state modulation of TMDs. Additional results such as device performance (Fig. 1(c)) will be
presented during the forthcoming reporting session.

(a) (b) . (©)
Potentiostat
Colorless _ Reference Cyclic voltammogram of BV** Bulk Mo$S,
NN /R Working 09 -0.558 Ti/Au Ti/Au
V2 electrode~_
—efl+e T 08 | \\ // | Vps
Violet = = 2 -
R—\‘O—O\"—R/_\ Counter Z 04 — \ [ I
_ N { electrode g
v+ {12 S 4 =
e flre e sio, / L Ve
— | : T

Vo Potential [V]

Yellow = . B V2 e’. BV* | -0.429
o -~ P07 . —
R_N/\;>=<;> Y B T S W s J -

Fig. 1 (a) Two-electron redox reactions of benzyl viologen and the color dependence on valence, (b)
Experimental setup for the treatment of MoS,-based transistors and the cyclic voltammogram of BV?*, and
(c) Schematic diagram of a bulk MoS2-based MOSFET and its electrical characterization.
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Fig.1 Device structure in this work.
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RREMK!, PMEE2 RRIMKS ¥4 727 4 CRAER L, BHEE' FEEXAM?
EFERE L, BidRsk 2, A FBET S MAREF KBRS FLEL!
Tokyo Denki Univ.t, NIMS 2, Tokyo Univ. Tech.3, KIOXIA* °Naoki Kumagait, Haruki Sugino?,
Kentaro Uzawa!, Hirotaka Tsutsui!, Takuya Iwasaki?, Shu Nakaharai?, Takayuki Tsukagoshi*,
Katsuyoshi Komatsu*, Tadaomi Daibou?, and Satoshi Moriyama!

E-mail: 23kmj13@ms.dendai.ac.jp

JR 7 J@WE Cd H BB AR X A V27 A R(Transition metal dichalcogenides, TMDCs) % >
TR & T 3 AEHAPTHEER Z2HED TV D, B2 Mo (B 770) BIXOW (¥
T AT V) IO EILD TMDCs 1%, BN K& < B 2850 Bghk s 2 FFo &
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Fig.1: Optical microscope image of the typical MoTe; vertical devices.
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Environmental dependence of electrical properties in hBN/1L-MoTe: channel FETs
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Figure 1. The transfer characteristics in monolayer 2H-MoTe> channel FET Figure 2. Vowe and A Vi plotted as a

at Vsp=-0.5 V in (a) an atmosphere and (b) N2 ambient. function of pressure in the chamber.
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Enhanced MoS2 Memristor Emulating Synaptic Behavior through Contact Engineering
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The presence of hysteresis makes MoS; a promising candidate for memristors, suitable for neuromorphic

applications where the gate and drain terminals function as pre-
and postsynaptic terminals, with MoS; serving as the resistive
channel. Contact engineering, which tunes the Schottky barrier
through the bias-induced motion of defects, drives resistive
switching in MoS. memristors [1]. In this study, we investigated
the impact of inserting inorganic molecules, specifically AuCls, on
MoS,; MOSFET contacts to modulate their hysteresis. This was
achieved by tuning the Schottky barrier height originating from
the migration of defects, aiming to emulate synaptic behavior.
MoS; flakes were exfoliated onto a SiO; layer on a heavily doped
p-type silicon substrate, and two-terminal electrodes were
patterned via photolithography, followed by inorganic molecular
doping with AuCls on the source/drain regions through
drop-casting and annealing, with metal electrodes subsequently
deposited using Au and a lift-off process. Fig. 1 illustrates the top
and cross-sectional view of a MoS; memristor with AuCl; doping
under the metal contacts.

Fig. 2 (a) shows the drain current (lg)/ drain voltage (Va)
characteristics for different gate biases (Vg). The introduction of
AuCls lowered the Fermi level closer to the valence band and
increased the trapped states in the band gap of MoS;, resulting in
a pronounced hysteresis effect. The hysteresis effect is more
significant at negative gate voltages, indicating effective positive

charge traps. Fig 2 (b) represents the excited post synaptic current

P-substrate/ Back gate

Fig. 1 Top and cross-sectional view
of a fabricated MoS, memristor.
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Fig. 2 (a) I-V characteristics at
various gate bias Vy. (b) PSC versus
various Vgs pulse amplitude.

(PSC) versus various drain pulse amplitudes. PSC increases with positive Vgs pulses, accelerating with

larger amplitudes. After 50 pulses, PSC shows enhanced response to higher Vg, highlighting

memtransistor's ability in spike amplitude dependent plasticity (SADP).
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Floating gate FET based on MoS: with a TaO,/TaS; heterostructure
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N7 v TEEIXRWEEZEZOND, KRIZ, SiEF—FELT-10V G 10V ETEELfRSIL
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1. L. Liu et al., Nat. Nanotech., 16, 874-881 (2021)
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Figure 1. (a) Schematic of a floating gate memory with TaO,/TaS, heterostructure. (b) drain current-
floating gate voltage characteristic and (c) drain current-bag gate voltage characteristic of a flash memory
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HIRPUkEE~E 'y b5, NAFR—TRIOREZ R LTz, 28 RIEWEREFO®E » MEE L
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Figure 1. (a) Current-voltage characterisitcs, (b) endurance properties, and (c) retention properties of
VO,/VSes-based ReRAM. HRS and LRS stand for high and low resistance states.
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BER_EBF—EVVIZLB&R/MoS: ERICH 1T HEAMIEHR O R
Reduction of contact resistances in metal/MoS: junction by electric double layer doping
£ZXRI!, #ILKREE? OMNZEN At !, F IESK ', =gk ®E2 EA #E: Mg XE!
Nagoya Univ. !, Tokyo Metropolitan Univ. 2,
°Fumiya Minatogawa !, J. Mori!, T. Endo?, Y. Miyata?, T. Takenobu'

E-mail: takenobu@nagoya-u.jp

BEBERLA N2 F A R (TMDC) HEBIZIEMO ko -8k & L CifF S b 08, B2l
ISR OEAICIANT o R ERFETH D [1,2]0 — MRS, BEAEEHT (R) OB
iy F—E o 712k 0T 9 D, ZIRGTHEIEICER T 5 A 4 b= R F— DK TMDC HE
EZBT D R—E o 7R LTW5 [3], 2 CTH4 L, EE 2 AVW-EX _EHE Kr—r

I H Uiz, THETARFEL, WHEIRICOZAN S, Fox 235 R Y SEARET ORI A
HiE L7 iE e, EERME LT, ATFEICE W T TMDC EEBICHT 25 104/em? 28 25
R = I PBRICER I TE Y 4], Fi77e RAKBFE S L COREEMEEZ O TV 5,
AAFFETIE, RFIEIZ LD R I OMER L RHTE(LD A T = X L fEINCH L7z,

YA ANPKE < Wi ERO RN LI E S 2T AL ERAREEEZ MW TER S
MoS, HLE 5% V72, MoS, BB IT dry SR 5EIZ K U Si0, FAR A~ L | BiFE 213 PS-PMMA-

X0 P & oA A K TH D DEME-TFSI %, A EHZIE Ni/Au 2 V7=, FRiC,
TMDC & EBROMAXHLE N G- % 5 B8GR5 720t FreiiE 2 ER L (Fig. 1), W78
R XD TMDC OEFLFE LR OFHliZ#1T > 72, Fig.2 12779 X 912, TMDC O#Hi#i LW
RAZ R —E U ZIZ L0 110012 L, ER_EHE F—E v 71388 EM/TMDC [ D RAKHIZ
MO TR Z ENA B E g oTe, R TIE, FEIFRRMEIC L0 56 - BT oRE R

WD E, BRIEHE R 7B D RARBD A I = XL EELET 5,

Co "
Ionic liquid , 2
DEME * TFSI ~ 10 l08 o
/ 0w N- /O | —— contact resistance | =
L * N, N7 :
/NT/O\ ch/s\(o o’ FiC ’é\ 108 [ ‘—o—sheetreswtance MOS:‘,107 %
=4 8
7 s @
a 107 ,110° 9
&
e 10°] o' E
Nz
10° 10" =
(10%/em?) 2
n cm

2D [

Fig. 1 Device and ionic liquid structures Fig. 2 Contact resistance and sheet

resistance of MoS2 vs career density n,p
[1] P. -C. Shen et al., Nature, 593, 211 (2021).,

[2] W. H. Chang et al., Adv. Electron. Mater., 9, 2201091 (2023).,
[3] H. Gao et al., Nano Lett. 20, 4095 (2020)., [4] H. Ou et al., Phys. Rev. Mater., 6, 064005 (2022).
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BREBRFIADNLIATFHA FERAVW-BR-EBRALRTF
Electric double layer light-emitting devices of transition metal dichalcogenides
HKI!, #|ILKHE?

OCM)IWE £, FERX B, K} ER EE HE? EH XL MTE KE!
Nagoya Univ. !, Tokyo Metropolitan Univ. 2,
°Keisuke Yamada', R. Usami', K. Oi', T. Endo?, Y. Miyata?, T. Takenobu!
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Forxld, EBREEZMWER _EHE F—E 7280 pniEE &I L, BRI G2 5T
LR _HEEHtEFE T (Electric Double Layer Light-Emitting Device, EDLED) % #4484 A 1V
a7 A F (TMDC) HJEJE - Zff TMDC OfiNEES BEEE - 2fE TMDC O 7 7 7 /LU —/L A

(vdW) ~7 a7 SRk e TROTEERICB W TEBL Ln, REFIL, HEEM BN T
BTG, BMEZBAT AT OmD T IAREFHEETHY, "I EBm~DEE
FIIMZ L0 A 4> OFESINEL, FRFICESR “EHE F—E 2 712X 5 pn #EEDBEK S L, Bt
JERIICED EEZZONAH[1,2], L L7enG, BEHIREOA 4> OFHTLT LHIH
2725 TV, £ 2 CTARMSE TR, BIERMREO A 4 A2 G+ 5720, BR _EE F—
VU ZICBWTHA DA TH DA A OBENCHE ) BIRORMZ(L GREIGE) ICEH L, 5
TAZ B LR LT A a2 H D < T B REAN & 3 7,

CIRGEHEARIC AwNI B E7RAE L. 7R (PS-
PMMA-PS) & A A ik (DEME-TFSI) DIRAHK

FAVL a—hLi, Z0%., Fig 1 IGRT L5, & |
S TRICEE AR L . £ 4L OBBICEE S B

FERIZE L GRIEISZ) AE Li- Fig | OIEE LiHJI
Mz, EEOMERIIHVINEE, T B DML 51 1
DERTH Do 13 OIS T EEIS CTLL
TO=FEHOEEI ST OND @ (1) — AR a5 107 |
BHVERIEA . () BRI OKEZRE0b, (i) Bt
B, ()X~ OB BRI L 5 B6E 10°}
& E 2 B, FMEIEEIC IS\ CE 'R e i# T 21T
STAER, R WO NERMICER S N, g k— 107}
B 200 K A REHIEH ORI, (i) AR B % kX 400 dp'(fm 71000
une (s
CEEIS P ZRRERRLTED . MR TRE Fig. 1 Transient response of EDLED
MHIENE I FE DWW e B Bl IC DWW Calgim T 5
[1]7. Pu, T. Takenobu et. al., Adv. Mater., 29, 1606918 (2017).

250 @ | @ | iy

[2] D. Kozawa, T. Takenobu et. al., Appl. Phys. Lett., 109, 201107 (2016).
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AFIUETF VI FTUEBIE NS VO OR2DOREBH S
Photovoltaic properties of methylated germanane thin-film transistors
PRKBEL !, UREX2 OWAHE L, M /A& HMA B, Al kil AR B#L2
Osaka Univ.%, Gifu Univ.?, °K. Hachiya?, Y. Hiraoka!, H. Tabata!, M. Katayama?, O. Kubo??
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[wrzed ]

AR, FW®T A A0/NME BEE, K= 2 ME~DF
ERRMISEMLCE TRy, ekov ) avsr /i ny—7
PN 2T SFRBRT S A 20T 34 2 HFT B OYRER D3k
IATOI TS, TThH, ZHfbEY 77 R ED RIE
WEM L, ERNE ST PR E (FET) ONELHA B &
OISR S TN D, =7, P U a s ~=17 A (Ge)
DJFEAJE D & KT A T IVHZEDOFN - T35 Z & T,
N R¥ vy o7 BZENE, ¥ ) T7BEELZFHETE 50,

Foz 13 A F VIR LTz Ge 7R EL (GeCHa) (235 H L CTHIF vy
e miT-> T D (Fig.1) » GeCHsl3AY 1.8eV DEHN L R¥ ¥ 107 SR 1
Y FEEE, EABEIER 14x10° cm?Vs & BIEREIIC TR S h ’

top

Y Y Y Y'Y .
DO LLLL side
U e e |
¥:Ge #:C BH:H
Fig.1 Structural model of GeCHs.

CUBB, T 0> GeCHy Dy K& v F AR OETAM: & A
JIICHE LT 570, KBYEIIC > h =7 CORA 0T e LT
HENTVD, LIRTONSFYEISS T GeCH3 OB EIC el T
WS LAY, AT Y 3 v b — S & U2 GeCHg il w0 0 0 20 4
O)%E%ﬁ%&‘ﬁa:/)b \Tﬁ:%%??o f:%%&:/)b \T%%%:j‘ & ° ::ig.\/2 characteristic\slcoivljli/GeCH /Ti FET
[ Bt 2] P T
GeCH; DHEE{A T 5 CaGe, & CHsl, H.0 % 1:30:10 DE /L 0.0 P .
B 725 X OVME (CHON) (2%, ZEBRT. Wpr. 5 gqh v 10mWem’ |

WO FT7 AT %5 2 & T, CaGe, ® Ca2 ML . Ge J& oaf P 1
AT NIRRT D, ZEHBL, BHNIZ CeGHa ke, = 5 -0sf” .

B ) — LRI Y UCIEHIBEEIC £ o T SiOlSi HAR FloHE -08f A
FEEET, T~ EDN LHERE S GeCHs ThH D = L AR L -10f I Aoyl
ob, HHEEORLIE/EZNENY —A, FLAVE ot
. . e 70x10
fre LTy 77— NI FET Z21ERL L 7=, VIRiO#WE T, BZE Vos [V]
Fig. 3

FCIE p MEMEZ RTZ L2 HE L TV, R ez les-Vgs Characteristics of Ni/GeCHy/Ti FET.

PEDWEZIToT L ZAn R EZ R LT (Fig.2) . WIZZD

FET (ZxF L CLED |2 & ¥ #72 5RO YEHREH T TO lgs-Ves HIE

EAToTz, HIREE —EIC LI-HEDRER, & (625 nm) | #*
(525 nm) (ZHRTH (470 nm) EETOEMNRNE <, IR £

0_0‘ TTTT T T T I T I T I TS AT AT TI AT T
-0.5¢

of

25 mW/em’

AN TIHERTHS Lot (Fig.d) . £, HALED + | 75wt
DNHRE 2 AL SETHE (Fig.4) 21T-72L 2 A, KL 25} el
WNEEDZLICL 0 EENBRE L RDT L MR L, am0’t"" . | “ame
e N 0 20 40 60 80 "
ARFFEIE ISPS BHIFEY 21HO1813, AT MZAIFHRBLMEA . KBy T3k Ve V] 1omde
W DBk & 52 1 CTAT oL E Lz, Fig.4 Light power dependence of lgs-Vs.
References
[1] G. R. Bhimanapati et al., ACS nano, 12, 11509 (2015). [3] Y.Jing etal., J. Phys. Chem. Lett., 6, 4252 (2015).
[2] Z. Ni et al., Nano Lett., 12, 113 (2012). [4] S. Jiang et al., Nat. Commun., 5, 1 (2014).
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Al XBIZKBD—RoF/ Fa—7 - F/) hoFLN—DOHEMGER
Efficient AI-Assisted Fabrication of Carbon Nanotube-Based Nanocantilever
BHBE!, /K2 CHFF £, MU BXL AR EHLSH EL BY B X #5°
Hoh B!
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=Ry F ) Fa—7 (CNT) WOEINTZTFT ) AT—NDH L F L= (F ) F LR
—) 1. ERRESHOE T ZIGHR E TR I D RERIERABOTND, Ll 6k
ORGEEANTTIL, B > F LAN—Z T 5 - DI LB R BEMOR ECH— CNT OEFHBIEER & T
R T E RN LE L 7> TWN D,

Z ZCARFETIE, Z5D CNT _R—ADF ) v F L A—5RICHET 570, Al 24
WIER AR R T 51, EEFEE T2 AAEMHEH L CEKR EICT V& AICEE S HE
—@ CNT % SEM B L Vihl L, £ OEMARMELIET H, ZNEFEIZHE— CNT ZiEhi
L TH I A FUN—%BRT D OBEMAIE (x, y FEEROAE) 28T 5, ZofrE
T2 VT, EB #iB1Z X 2 B AL O BRI 43 7e CAD M 4 B BEIC/ERR T 2,

COW|EFEEZHOCTERERIZN A Lz, 7, @BErE 713U XL L LT Faster
R-CNN[2]Z A L, F=EHET VO T —4% & LT 2080 D H — CNT Z &1 1404 {H > SEM [H
BAaWER Lz, TT NVOFBE BT BITREFIEC L DERFEREZFEM 2L 25, H— CNT

DB CAD MEER E TO—EHDO T aw ANDTN 2 TRET Lz, Zhix, FEITT B
(BRI 0 K 12 e U CRIBIZ A S 2 R CTh D, E7o. H— CNT OHIERR
ik S AL7Z CNT D 90% T 200 nm & 72V | FEfGYA X (i 300nm, K lum) T+ EDL HO
Thd, TOME., 1 EOERT a2 T34 ELU DT o F L AA—DREEIZHRT LT,

ZDORWIEE & RITAREBE CTHAER A ER TE D CNT X—2ADF ) I F Lx—%EH
LIERKREDT7 4— VR v XOBRICEB L, N2t v 70 10T 73 ZAD%E L5
ZBUH LWATREMEA B b O TH D,

[1] Y. Tadokoro, K. Funayama, K. Kawano et al. Artificial-intelligence-assisted mass fabrication of
nanocantilevers from randomly positioned single carbon nanotubes. Microsyst. Nanoeng. 9, 32
(2023)

[2] S. Ren, K. He, R. Girshick, et al. Faster R-CNN: Towards real-time object detection with region
proposal networks. In Advances in Neural Information Processing System (2015)

[3] S. Ren, K. He, R. Girshick, et al. Faster R-CNN: Towards real-time object detection with region

proposal networks. In Advances in Neural Information Processing System (2015)
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h—RoF/Fa—-—JT0AHRE
Negative capacitance of MWCNT pellet
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ST o POEMLICEHO TICHERBEZM{ARIE, N7 oA X0EERbER L7 E
DICHABHIFTE 22 b, AMFEIGICHER Lz, AT, ZEI—FRrF /) Fa—
7 (MWCNT) D ESRPRHEORES K OEMEEEOREFREOBREZ B E L TEREZIT- T2,
[EBR T IE]

LRI =R T ) Fa—ThHRET L AL, <Ly FREEAE .2
BT, AOBHO B IEE S A OV Al B AT

F X X —NIZ AL, Cu EWEZ o7z, Figure 1 135 ¥ Cu
LR ERO BB R B ORI T 5, B0 Cu BRI 1% LGN
SR FHFTHY . CNT & Cu BIDBHEZ M5 = & Ak —

insulator
Figure1 & % >/ 3—PNEFDEXIX

Do K& I L OEZEH T CNT-Cu [HHERE, A0, AShidR
i S OVELIL A 7 A e AL S RIS O EBEORIEZTT -7,
[FER & B ER)

KRR EHZERTHB LSRR, BEPOLINRES AlftE R

X
>
IS
-
~
in

% Ui, figure2 32078 P 3510 C CNT-Cu IR, S 1 ’
BB KO 7 AERELSEERORRE R LEZREY  E,
57 Tl H(RWHRIE 1.7V), —OENG, AftERoRET
SEFN, ONT-Co FIBHEIC K & < IR{E T2 2 Lasbmo Mo e
o TRBDIEMND, h Y RABAENE LTV A Rl .

1

WTRERAMAEZRLTEBY, AMEEORAEITIT b Figure 2 1RIE 1.7V B 2 B &
YRNVERNEFE L TNDEEZOND, £z, ZMHKRE 1.7V BT DR E R Z s Lk
R m AL FROOEEBEM T LY RERIFER LT Lc, T72b b, REEEEEIC R
WTRE RIFERUC Ko THRfERF R O R WD b R VERBEEL TRBY . 20 Z &b bIREE
ISR 2AMAREEI P RVERICLDODTH D LER LT,

=g

BZEh AR BRI B W T AR R BUN S fuls, EARRIEREEY N SWIZ EEEEIC A B,
SEARBE PG AN A T AT IKFE LT, DFED, TNHEDNTA—F 2 B2 5 L TAMERD
RERLLTORE S ZHIETELWRMENRH D5, S BICRERZ A LoriAR, AR 5
WTHFERNRE K 2> TEY | FRERORW b R VBRAELEL TWDL 2 ENbhoT,
LIEDFERN S, b RNVERDOFENAMERIEED A = AL b TN EEZBND,
(3% 3THR)

(1) Yong Sun, Kenta Kirimoto, Hayami Hattori, Yuto Kitamura, Enda Fan, and Koichi Onishi: Electric field and

oxygen concentration-dependent transport properties of nano-graphene oxide, J. Appl. Phys. vol. 9, 095010 (2019)
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Physical and electrical properties of collapsed carbon nanotubes inside nonvolatile
memory resistors
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OTakahiro Morimoto!, Takatoshi Yamada!, Kaori Fujii', Kazufumi Kobashi',

E-mail: t-morimoto@aist.go.jp

JI—ARF ) Fa—7 (CNT) RV A R AEY FT (CRAM) [1,2)1E, AEV ELTOD
BIVEARREE (R - S E S IADIE - EE SARMIE - @OV ERIRRE D) LR ~O&
WRT b (B3R M - 27—k - BEFERER T o X L omictE) b, A
BRI ATV FEFTH D, —F T, CRAM OHHIELIF OMPREEREC . BM/CNT i D%
g L RIS L FEINTE Y, FrkEm LM 25 EHa# 2 I T 572012 b |
IEA T = X LOMFHDRD TS, #illl (55 71 BIFRFA#ERS) SR BICR
T, H& 1T 2D CRAM HFFIZHBT D EAMEED CNT MBIV T AL v 7 « N2 RAL LT2ET
DT LAWY Ui, AR TIL, 240 ONTIRIVEIS D R T 381k, IR R 7 BB RSB Re I
EHODICEE 1T O TETH D,

1 (a)ld CRAM HFFOREAMETH L, HFEMESENVRT LEEE L7- CNT © TEM £ Th
D, INETHENEDL LT, CNT BRFETHFTERBIIZL CNT IZEB VT HEt meV RED
THRNAF—F v v TRHL 70 & BN 2 LI K D REREDZIT CRAM O FeE A RS 5 9
X CHEHBERFRA Y MelpoTKhkD, £ T, H—0D CNT i#I/N YV RAEEDO B XUFHEZ T35
A2 SEMBIZ FToOYr—E v 71 L 2 BRUFHEM A2 3R A 7o, IV REZ M0 I LIET 559
T, CRAM & 7IZ81F 5 CNT &I/ KUV IO R A 72K T & | # I O &B 721k
AT ZEBHAGMNE oo, AGERHE T A 72 ONT RIS E O A R T & & b,
CRAM H T8IfF & OBMRMEIC DWW T b 21T 9 TE CTH D, Z ORI, ENLHFZEBT L8
TRV R — - PERERANHR G BRI
HE(NEDO) D Bl il 453 (JPNP21029)
DFERF OB DT,

[1] D. C. Gilmer et al,

Nanotechnology, 29, 134003 (2018)

[2] K. Hata, NT23, p103 (2023). [3]

1. (a) TEM image of the collapsed and stacked CNTs inside RRAGEZL b, 22p-32A-8 (2024)
the CRAM. (b) SEM and IV characteristics for individual
bundled collapsed CNT. The IV curves showed an apparent
change in lower resistance and metallic-like behaviors.
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JALDEN 2 EREEDOTERE S 57 2 ORR
Development of planar inductor with two-resistor structure without coil
ATKRTI, OM2)RXk k. EHF HT. BF EF R B
Kyushu Inst., “Hikaru Yasunaga, Hiroyuki Sakai, Masaya Shiraishi, and Yong Sun
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1. &

BRI EIE T 26, BEFOBEEEINME T2 2 &I K 0 IEGLO MG I A 03 g LA
ENER SN D, 8 ERIV/ARA A — LEBHV/RE VW /NS WA, BRIZIEICZ2 5, WMo, 4—
LERPRKEWVGE, REIFAICRD EEZILND, AT, ADOMRIEFF>% 8 —
RyF ) Fa—7MWCNT)OFIRIZH %, 2 HHT MWCNT/MWCNT #iE O R Eic Z2M a2 /E0 . b
VRIVERE RS D Z L T EAV/ARE NS, 20 2 BEEEORER A X7
2 AT OW T LT,

2. EBRGE

MWCNT #K%Z 7L A L~ Ly MO, Z0%~ Ly ORI —R 2 RRER O
TV BER Y AT, AR T T o0 Ly R EERLEZET v N —Z At MWCNT
ANy FRAPNE D OIS 2|WPUBELZ B LT, 7o, XPEMW o0 O REEd) %
Ha ORI 2 ISR N D, A VE—F AT F T4 T2 HOTHIEEIT - 72,

3. MRLEE

)

#
o

B 1(@IUZEGE/ A T A KO PR 2 2.5V IZ[EE Lo 5E | x10° , . 4
O, Bis d\CBYLRROBESKFEE R, Koy 0 = " et
7 — S IEMERSE R LTS, RS04 H UFOIE 57 .
BRI T, d ARE VAR RITIEIC AR Y ASngar 3t 6 &
U Ao, dAVNEVEE, LRI L DHEL R 25 6 o [Z
L. dV/dR > V/RZ&7- LI lo D AR ENREE LI L5 T e
2D, £, K IOITEGASA T A0V, ACH#KE 1~5 V . frequency (Hz)

(BT DA o F 7 H 2 ADRE PR Z RS, 100 Hz LT 3_ - L
DO TIZ10™* H, LA ETIX1I08 H oA v H 7 H R %2;5 ‘H‘
MFONT, ZORRED . A VOROTEERA L F 78 S ”
DFHEMEDVRIR S LT, R w

4. KW Lo

2 HEHIENC £ 1 % /5o 2 ST S I, 2 % R 2 9 O ety
PLOREREE LML 7 A% E 252 6T, Enbazc K1 HEREEEEL O DC A1 7

AZBITLHRE (@) &EA /5 7

EALSED T ENTE e, AMAREOAEMRITIL, 2 iz @iH &/x<b>@ﬂzﬁéﬁdzkf
THMERNDA—LEREL VD RELRTIUTR ST, PR VEROEAIZLY 2 aFEET
HENTET, o, AMERRIIA VAT BV ADFEEBER L, A VORVEERLA &
7 BTN ZADFEGRBEEND,

23k R. H. Fowler and L. W. Nordheim, Proc. R. Soc. Lond. A 119, 173 (1928).
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The influence of device fabrication process on the carbon nanotubes:
changes in G/D ratio in Raman spectra
ARIY, ERBZ LXREH?: CHL BE', BE X', @ &2 XF #Es"°
Dept. of Electronics, Nagoya Univ., AIST?, IMaSS, Nagoya Univ.?
©OHaruki Uchiyama?l, Dai Muto!, Hiromichi Kataura?, Yutaka Ohnot?

E-mail: yohno@nagoya-u.jp

S =R F ) F a—T (CNT)HEEE & T > P2 Z (TR OB oM i 2 i 2. 7 L

XTI NTLY ha= ASOIGANEPRE SN TS, i, {KXME(G/D H>300)0 - (K CNT
Sy B AR D BAN[L] 23N ST, TRTERIT & A TG/ID th D3 LW F3fEss S 7z,
AWFZETIE, T3 AMER T 1 2728 CNT @ GID W2 52 58 2 54 5.

Poly-L-lysine TIEAfi L 7= Si / SiO2 A % -8R CNT 43 80k (0.5 Yo — /L iz b U 7 2)ITIRIE L,
VG — 72 CNT B A Bl U 7=, & OFEF((L)Pristine) |2 % L TR OALER % 2 L E Ui L 7=
B E M fE L7z - ()7 V4 U Bk (MICROPOSIT, CD-26) =i, (3)H %A (MICROPOSIT,
Remover 1165)i=H, (4)4MREY, (5)7 4 kL 32 F(MICROPOSIT, S1813), (6)V 7 R A7 L
A M (KAYAKU Advanced Materials, Inc., LOR3A)&AG. #EH5), B)IZ~—2 1%, U L—/3—1165 %
HAWTL YR MERRE L. CNT OfEER ML T ~ > 2 JEHIE (532 nm, 10 kW/ecm?2) TEEAT L 7-.

Fig. 1(@)IC G E— 7 ETRIMIL LT T ~ vt AT Mz 7R3, GYD tb 28 OFBH)IT Xt
L, Ub— "= {22 L7=3BR)IL GY/D s 55 (288 L7=. —J57, LOR i L7=#kEH6) Tl

G*ID HA3 15 1T b L2, AFM CTREIRZHE L7z & 2 A, Fig. 1b)IZ =7 & 9 1Z30EHB)IE CNT

FICRIIROEN AR ENT-. LY A P a2 CNT @ GID B TFEEL 2 &0h, 7%
WEERET v APRHERERDEAPNLETH L.

[1] H. Kataura et al., The 66th FNTG general symposium, 3-2 (2024).
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Figure 1. (a) Raman spectra of CNT normalized by the intensity of the G* peak. The inset shows the G*/D

ratio after different processes. (b) AFM image of the CNT thin film.
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Oubutsu Univ. !, Oubutsu Central Research Lab. 2, °Taro Oubutsu?, Hanako Oubutsu?

E-mail: oubutsu@jsap.or.jp

AT LB, HAVIT2 BEHTER L T 72 &, MEII N T —TIER L THE#E T, T
FEEEDVD 1IN 77— F FINER SN E T, KFELEZOMBETFELEMH L T 72E 0, K
& TimesRoman Z A XXD 7 > b & LTERT A Z & 2HEE L £4,

*BHHCHA K7 BOREXSCHT BREEBRALON L, 7077 M BlT 5 2 L
RATRECT,

B : FLifEH D WX EIUCHET LR
M1 : AR (I LATIRee) 55 1 e
M2 : LR (I LRTIRRER) 55 2 P EsEs
D: L (Lmyaiee) (mEs
P: ANARZ DIITHEEN TV DHFFEH

v 77 Lefpl o OB)SARS L, (ML)ISAET- 2. - -
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Evaluation for responsiveness of gas sensor using carbon-nanotube-composite paper

with metal particle
BEXREL' =<3 TVUTIIL2 #HEKX INS® OXA{F ®A' HHk &th’ KX AlF'
Grad. School of Eng. Sci., Yokohama Nat’l Univ.', Mitsubishi Materials?, IMS, Yokohama Nat’l Univ.}
°Shuntaro Kubo', Koya Arai’, Takahide Oya'"

E-mail: kubo-shuntaro-zy@ynu.jp

1. IC®IC

T A o E AR E B T HKFEC, AMEIZ
H#CTh D BILELES—BILIRER EDR
BERMT 22 L T AXDORELEFEZSTD
HE BRI LTS, 2. FORENE
D AT DI H At WO E LR 5
ISEMENRD BN D,

B —iR ) 7 F 2 — 7 (Carbon Nanotube,
PLF CNDIIHEE D H AR S-S Z D
T ANZHK L CTEWERE 2R 02 ERm b
T HAB YL L CORBIZER M EE
S>TW5, LaL, CNT )/ 24— /L TH
ERTIEHBNIZS W EREE LTET BN
b, I T, AR TIXEGHE L L CiRE,
LM CHED N0k E CNT &2 A LT
CNT EEMRIZMH L= A OB E
HiZL 95,

ATEIEREBICIE, CNT EEH0 R 5k
2 & DINENEIC OV TS Lz, ARl 4 ekn
. ¥ ZnO OEINC L D CNT EEHDH
ASDISEME DG EAT > T2 DO THET 5.

2. EBRFBEROWER

CNT EAEMRITFARRIED ICTH W B D KE X
B AT FETERT 52, CNT 4Bkl
1X£J8 CNT TH 25 NC7000 & 0HElE LT
SDS. 7L S8R iE e —H U fsk o &
W5, ZOoDSEIREIRA L. SHOMM % H
WK A L 212 L 0 CNT #HA MO,
Hle AT O, D%, FRL7- CNT EHAKE
WY 2K E S0 H L AHERIC 1 BFRIR 32
& CHEEMAET S SDS #BET 5, =0
#%.Zn0 % W CERLL 7205k % CNT 4
I LT Aok ET 5,

TERL U720 A v ik & e e (S Bt L
WA Z WA S ERFUEOZE 2R ET D,

CNT BEEMAEE T AR Z LIC L
PUEZ b 0fERFig. 1) 5 ZnO ZRINT 25 2
& TH A P HROBTE T A JSEMEN LT
52 ENHERTE -, D= CNT HARKIC
EIRRIFEHTINT 5 Z L THADIGEMEICE
BhG2 HAOERMEEREmDDLZENTED
AREMEN DD E B Z DD, A HBITERHE A LL
DT ATOISEMEEAIZ O T HIRE 21T
Yo FEAIZOWTIT#REIC THET 5,

HEE
AWFZED 1% JSPS BHFE - HrikamrFE (Y
3F) (JP23K17814) DBhk % 5% F Ehiti S #v7-,
F72 ARBIZEDOZFATICH Y P R— b Zn
OB a—R L —3 g UI&EH L BT
%y

BE R

[1] O. K. Varghese, et al., Sensors and Actuators B
81, 32-41 (2001).

[2] T. Oya, et al., Carbon 46, 169-171 (2008).

[3] AR M, 25 71 [FEAEF PN,
22p-P07-15 (2024).
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Fig.1 Rate of resistance change of
carbon-nanotube-composite papers
with and without ZnO.
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Low-frequency Noise of MEMS Bolometer with Semi-conducting CNT Networks
BAESR . E&H: °|Ad MR &£F RE BO RELL B/ F!2
BA #®RIV2 & B2 BHl RK?
NEC!, AIST?, °Tomo Tanaka! 2, Masahiko Sano', Masataka Noguchit 2, Takashi Miyazaki' 2,

Toshie Miyamoto! 2, Megumi Kanaori?, Ryota Yuge' 2

E-mail: tomotanaka@nec.com

~A 7w A — RGN AR T A
A LELET2RTT VAU R GRKL
il CHEEE /R IRNR I A T D—D>TH D, Hhnr A
— Z AR el L To SRR, Japl & A2 T
AR BA I BEfoe S U D, SEOCE DN IROMIR 22 R
W2 EREN EF L ZNICE) R A —4
ML OESIEHIE b 2R 3 2 &L AR
AN EZFEHT 5, O DEEITAa A —
2RO HCHTIR E % 2 (Temperature  Coefficient
of Resistance : TCR)IZHR i S D, Fx 1T
AR L T RS TRl S 7o E R Ty —
R+ /) Fa—7CNT)Fy hU—7 NKE
72 TCR ZFfoZ L2 R LI, Zhz v
v A 7 mrARn X —Z BRI T LA DR
B AR L, EORERMELZRE LT
& 72, A lEl 2 OARJEBOHE S R A AT L 72,

HET ORI I, AT L 7R EERE & [
KEDHZE IR TEG (Test Element Group)@%
=, Fig. 1 NIZZ ORI R 279, BHZET
2 U —WIZ TEG s hictrHF v 7%
R L, B #RT L — FEPUCESICEE
ZHIN, BV FE T L a— MR OEMN Z 7
LY RT T THR L, AT FIVT T T A
WCHEE O EEUR A TIE LTz, 7 — R
P FE T L RRECEIED b O %%
E LTz, Fig. LITARM MRS OB A TR
T, —MEIIIZ MEMS AR = A — %1% 100 Hz Aifs

D7 L—hL—FTHOWLI, 2 Tl fllE
JE A PH 2 R AE U T, HET R P13 R BT B
BLERKEAIL, Uf HEEL R THD Z &
Worhole, S%OmLMmMEDM EiIZid, &
TCRAKIZ X 2R FIThnz ., L M5 ORI
HLEETHD ZEPREINT,

107 . .
N 3
= :
o .8 E
E 10 4
2 107 y
5 ~ ]
z 072V |
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a8 024V ]
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Fig. 1 Voltage noise power density and
measurement setup.
2% 3LiR
[1] T. Tanaka et al., Proc. SPIE 12534, 125341U
(2023).
[2] M, 55 71 E)S B AR B iGE
T2, 23p-32A-6 (2024).
(RTEE] ABFTE D 8013, Biferedi 7 25 S2h 9
% L AERELA T FEHEE R L (JPJ004596) O
XEEZTIZbDOTH D,
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Study on improving power generating efficiency of paper dye-sensitized solar cell

using n-type semiconducting carbon-nanotube-composite-paper

HEXREL | #EXIMS?, FK FE', XX RBIFE"?
Grad. School Eng. Sci., Yokohama Nat’l Univ.! , IMS, Yokohama Nat’l Univ.2 C. Shimizu!, T. Oya?

E-mail: shimizu-chihiro-rt@ynu.jp

1. #FsEER - BRY

BRBEMIRE~ DL B T A Al e 1L
F—NEHZEDTND, EOHTH KL
T« KR MOFIENEANITON TN D, K
WRFETIT AR = A b TYERIAIE S 70 KI5 &ML T
&b D EFEEORER (LT DSSC) WizEH
L. —RrF ) Fa—7CLUF CND) & #AE
OE7- DSSCHREZHIEEE LTW5D,

CNT |38k~ 7R 2 FE oML Ch D23, T
J R =)V T D p D AR T O S H 2 A B
Thb, I TARIFIEETIE, CNT DR
MEICH L VT LIREGEDE D Z & THY
DS 7e “CNT #HAEHKER” 25 L7z, CNT
IXEOEIZ LY GEAVEE, 8RS
RO, FRENOMWE 2R -7 CNT #
AR AR EME AMICHWS Z & THRELO
DSSC Z R4 2 Z L NA[RETH Y ( REED A
DI HET A ZAORBNHIRES D,

— A9 DSSC 1 n FMSEREM A VD
72 CNT #A#E n il R—E 0 7 2 03N
&5, LLATO@HEBITIIKERE T Y 7 2% FHu
7~ R—E o 7 %247 o TS, n B ErE7e &
DOIENR B >, T Z THEOMETIL, TR
4] 5Zic, BERmEIEHAITH LA TF L
CHIEATFUNLNT E= A= 11T R
(DODMAONC X % 44T, FivE W T
CNT HEAMAIERL, 7Ty « KEFFKT
T7 =—/ 1% Z & Tl CNT HEA KO /ER
#1T9, ZOFECLD n kit > Tn M
{EOEMIZEENRIAD DT, ZhEFIHL
7% DSSC OfERL L MERERH 2 B & L=,
2. EBOFH - R

CNT MR ZEIC LV ERT 5, #
7K. CNT, DODMAC DiREK % S5 /i d
% Z & CONT iR &2 ER T 5, ZhEhlic

B L V7 ik & RA L, Bk, v L
AT R0 EERAEER T 2, (ERE L 7o g (k)
CNT AW ARIMINEVYR NICELE L, 7 v
Ty KEBET T =— VA T - LT
n M N—vr 795, TivaeHk DSSC (THL A
AT, LIRS (1000W/m?2) 2 fR S L, =i
KRFG A —=2TFF 4P EHNT IV §it%x
WEL, fRELT ko n B K—v 7
Tk TRIERMERER LA LT
(Fig.1), FHett S OFEMRRFHI DU CIEaE I
THET D,

BE R

[1] TN R, i 3 G ARG 7B th oD d5c 8T %
fif», o—m A —HAR, 2007.

[2] T. Oya, et al., Carbon 46, 169, 2008.

[3] BIE fh, ISk ZaRTE <, 5p-PAL-15, 2017

[4] Y. Amma, et al., Sci Rep 12, 21603, 2022.

HiRE
AFTEOBATIZHTZ 0 HERITERZ W
W, 2T U TV (BR) O L
RLETD, £z, R —Fnz720nz (B ®2
Ja—R L —3 g A L BT 5, AT
O —HB 1L JSPS BhuF - Bk ER A AT 58 (B
3F) (JP23K17814) D Bk 2 52 1F il < 4v7,
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Fig.1 Current-voltage characteristics of

paper dye-sensitized solar cell
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Carbon nanotube/Graphene nanoribbon network for reservoir computing
AT KREREL', AT KNeumorph £ 4 —°HE @A FEX HE" AP BX
Kyushu Inst. Tech. LSSE. !, Kyushu Inst. Tech. Neumorph Center. 2
°Yuto Koga', Yuki Usami'?, Hirofumi Tanaka'?
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[#E] VIARN—ata—T 4 U 7ROE, V=@ E HNEMOELTH 21T 5 72
D, RO NTIRED Y AT L E BB N WO T ENMFFTCE 5, b TiE, Y
PR—EEMERRCTEBLTZA > ~T VT AU PR=PHE ST a1, RIFFE T,
T =R F ) Fa—TDWNT)E T 7 x2F ) URA(GNR)YDFR v U —7 % U PR
—Jg & LRI LTz, MIBEXFHEEZRT DWNT & ¥y 7 ¥ V5 TP B SRR
AT D GNREDIEAMIT Sl )1 % /R L, @iV RCHEREIC D728 5 L HIFF T & 5,
[5£8 5] GNR (X, 7 > ¥ v 7 Al poly[m-phenylenevinylene-co-(2,5-dioctoxy-p-
phenylenevinylene)] (PmPV)Z W27 2y 7YEIZ K D DWNT Z K@i mici v < 2 &
TER L 7=, ARF%ETiE, DWNT/GNR (PmPV #), DWNT/GNR (PmPV & V) V&R % ik
SRR RS — 0 0 16 BRRFER I T LT o VA ER LTz,

[R5 & B (ER L7V o 7 L OS2 AFM, SEMAZ W TITo7o & 2A, HEN
Inm LA F OBIRWE DR TE . DWNT 27 ¥ v 7 L7 GNR OARICHESh L7 (Fig. 1),
IV EHEI & FFT fifffr, U B —2 = iR O R 225 PmPV /7 DWNT/GNR 1> kU — 2 233
TR & SR R, ACARZE (Fig. 2) ZoR9 2 & &Rl L7, &I, FFT figfr
WCHWZ b D & RO 1 2 > TRIBAER S X7 21T 572, PmPV OAFFEIZ K0 Tk
FEMR 5% (Fig. 3) L7z, ZHUDHDOFERNS, PmPV A%y NU—Z7 NICHFEET HZ L
T, FXNTEAORAE, F LU CEIBARORE N E2 3B L, IMRC & LCEART
A ZONERIT S LTz,

B DWNT / GNR(with PmPV)
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2.0 )
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Figure 1. AFM image Figure 2. Lissajous plots Figure 3. Result of waveform

generation task
[Z% 3R] [1]T. Kotooka et al. Appl. Phys. Express 16, 014002 (2023).

[2] L. Bolin, (2016), (Master Thesis, Kyushu institute of technology)

© 20245 [CHMIEES 15-011 171


mailto:tanaka@brain.kyutech.jp

16a-A31-11

© 2024%F [SRYEES

A—ARoF/ Fa—TJEEREZAVEZRERERERD
KR < & 5 thRem L&A

Improvement of power generating efficiency of transpiration-type thermoelectric power
generation paper based on CNT-composite paper by controlling its liquid absorption ability
BEXEI' =<7 U7I/LL BEX INS, OfF %' #HH* i’ Kx RIFE"3

College Eng. Sci., Yokohama Nat’l Univ.!, Mitsubishi Materials?, IMS, Yokohama Nat’l Univ.>?
Kazuhide Yakata!, Koya Arai?, Takahide Oya!?

1. WERER-BHW

BT A LX—2BERLANLF — ICEH4
LEVEREIT, WEAIHINE oAk
WHERAD» S T AL F—Z O 5 &)
Rl EEFHEZED TW 5, KK T
IRE R =y Z{REE R, BEME
ELCENFEER ORI F
2—7(CNDIcEHL., 20z HH L7857
B EREOHFEFHEL LT3,
CNT 3% Btk 2 F oMkl ¢ b 3 28
FI)RT—=ATHLENE, BT C
ERNEECH B, FZTFAIZ CNT &t
A L7Z"CNT #HEM 2T 2 2L
T CNT O W I 2 R ZiIcd 20, F7-,
CNT HEMDOITTE K THME O —2 234 T
HBHEVWIHEEEDL L, k2 EATE
G IR DS 7K FE T 2 B KL 2 & Il
LCimEE2EA T, BRAESLEL L
W [ZRBUBVEE R A BR L 221, 72,
BEAEMRIIMEL - FEBTIEIC X » TRk DI
WRTIARETEEZI LBy oTWn5,
Z ZCHEoWE Tk, SHEOERy
ExHAGDOE TER L - ZB#EEOES
A O 7 KB BVEREROMRET 21T 9,
HE p Mo CNT HEMD 5 KOk
Wi WiEECERIS 5 2 & TR R pn
B o R PFCTE B,

2. EBH®E

CNT #EEHMITFHKIE Y iIcH v b 5K
WEEEFAL CERT 2, Mk HE
CNT. Z##l& L SDS(FF v i+
FU Y L) ERA LS EDEL 72 2 BUR
&L T RMKICAERE B 72 v TR
WRERET 5, MEXICX VKD EZIY B
WEh LI HARDESERTL X )
BT T L AT — T THRT S, K
ML7, ZHICX b 7L &L =Nk
T, F—7 v ORTOEEEE XTI
WokPEE 72 5, fEBLL -8 AH0CEI L T, —
Tl D B ST i DB R AR AN D #iK TR $
X9 IclEES % (Fig.1), 2oL &, Elok
o EEcix, BHERRICE > TFH L
FoNKBEHET S 2 ik 35BN
Y oT, KICEDIP>THWBETEN X b iEER
KR35, —J T ARBOKEIC i 5 b2 a3 4=

Chwizo, EE2iEE (EiR) © T MK
& W IRWDE UL mok{E] 2> 5 KK
fllc X VK RREEIERAIREIC R 5,
¥R, ATV RO B A —
7 Rzl D A CERLL - Ao d g & fli
HKITE L., [FRED HETHIE 21T 9,

Coaling effect by +
heat of vaperization

Seebeck effect ‘ ‘ Seebeck effect

-V +
Water temperature Water temperature
ovendry | heat press dry

Fig. 1 Double-stage structure of transpiration
type thermoelectric power generation paper

3. EBER

BTV A A= T VIR AT o EAIR
(No.1) & A — 7V HZ I D B % AT o 7 EAHK
(No.2), BAT L REZWED B % AT o 7 EEHK
(No.3) D % HE R & Tablel I</R 3,
#21K H7z Y O 1% No.1 Tlix 78uV/K,
No.2 Tli& 20uv /K& 72 o7z, Tablel IT X
D BT L R o — 7 VRO B TIER
2 aEENIRELCT AT LA A —-T
WolR L D ITAT o 72 “BMED 754 R H
BN BEL 2 bbb, Zofth
DEAFTOREROFEMICOWTIE, G
THET 5,

Table 1 Experimental results. (T1: right
side, and T2: left side temperatures in air.)

The number of papers T1[°C]  T2[°C] Vvl

/ Room temperature

No.1 208 218 78
No.2 207 208 2
No.3 208 208 6
S 3CHR

[1] T. Oya, et al., Carbon 46, 169 (2008).
(2] &JIl ft, 55 83 [EIGHWIBE R4
42, 22p-B203-8(2022).

HEE

AWFE D —FRiL JSPS FHFE: - BREKAIITFSE
(B %) (JP23K17814) @ Bl i % 32 \F T FE i
Iz,
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Development of In-situ Raman spectroscopy methods
for continuous synthesis of high-quality CNTs by floating catalyst vapor growth method
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Fig. 1 In-situ Raman spectroscopy system of flying CNTs Fig. 2 Raman spectra of flying CNTs
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Random network formation of carbon nanotubes suspended
between nano-pillars via kite-growth mechanism

Osaka Univ. !, °Yuanjia Liu !, Taiki Inoue !, Yoshihiro Kobayashi !
E-mail: liu.y@ap.eng.osaka-u.ac.jp

Carbon nanotube (CNT) networks have garnered considerable attention for their exceptional
electronic properties. The self-assembly of CNT networks presents promising prospects for artificial
neural networks, especially for physical reservoirs reliant on random networks [1]. Dai et al. have
previously demonstrated extensive CNT networks using chemical vapor deposition (CVD) techniques
[2], indicating controable fabrication potential. Additionally, kite-growth [3,4] is effective to elongate
the CNT array length suspended in the network [5], further propelling CNT networks in electronics.
This study aims to explore the fabrication of CNT random networks connecting between nano-pillars
with assistance of the kite growth process. By optimizing the pillar spacing on quartz substrates, we
achieve a balance between longer CNT spans driven by kite growth and shorter CNT spans resulting
from capture by closely spaced pillars. This approach streamlines synthesis while enhancing the
structural and electronic properties of the CNT networks.

The CNT networks were synthesized at 930°C via kite-growth mechanism, utilizing FeCls as the
catalyst precursor and ethanol as the carbon source. Figure 1 shows the resulting CNT networks on the
quartz substrate with pillars. A primary electron energy of 5 keV in scanning electron microscope (SEM)
was selected for enhanced visualization of bridging CNTs. At lower primary electron energies, the CNTs
on the substrate surface become very bright due to the influence of electron beam-induced current [6],
which interferes with observation. According to the kite growth mechanism, the convection effect
caused by the vertical temperature gradient lifts the CNTs on the pillars. Then, horizontal laminar flow
carries and aligns the growing CNTs. However, if the pillars are close enough, this can cause pertubation
of gas flow, leading to CNT oscillation. These pillars provide attachment points for the nearby oscillating
CNTs. Once in contact, van der Waals forces capture the CNTs, causing them to form bridging structures
regardless of the gas flow direction. Other CNTs that are not captured continue to follow the kite growth
mechanism, forming bridges along the gas flow direction. The length of the bridging structures depends
on the spacing between the pillars. If the spacing increases, the likelihood of CNTs being captured by
closely pillars decreases, making it harder for bridging CNTs longer than 10 um to form. On the other
hand, CNTs along the gas flow direction can still span much longer distances, such as 50 um or more,
as determined by the kite growth mechanism. By designing specific pillar spacings, CNT networks with
different structures can be easily achieved. This work paves the way for the application of random CNT
networks in the field of artificial intelligence, particularly in serving as physical reservoirs.
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Fig.1 SEM images of CNT networks taken under different viewing angles. (a) Oblique View. (b) Top
View. The white arrows indicate the direction of gas flow. Note that the black lines represent CNTs
attached to the substrate, while the white lines depict bridging CNTs.
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Liquid-phase synthesis of SWCNTs with Co and Ir catalysts
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[1] H. Gamo et al. Jpn. J. Appl. Phys. 46 (2007) 6339.

Fig. 1 (a) RBM region and (b) the high
frequency region of Raman spectra of SWCNTs

[2] K. Yamagiwa et al. Carbon 98 (2016) 225. grown at 700°C by LPS with Co catalysts. (c)
[3] T. Maruyama et al. Appl. Surf. Sci. 509(2020) 145340. TEM image of SWCNTSs grown at 700°Cby LPS
[4] T. Maruyama et al. in press, J. Nanoparticle Res. with Co catalysts deposited by 4 DPN.
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Effects of Y on Fe catalyst lifetime in carbon nanotube growth
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[#2] CNT (carbon nanotube) J%EIEFEIZIUNT Fe fillfiikAEIZEIANIC AL L TRV, K &
HATRE 1) B ORREfE 7 [ ~JER T 5, e ) ki r 2 BRI S Z L3 L <, 5 —E
REEIRGE T 5 & AR ISR A3 ONT R I3E Ik 32, ZhE ¢, MR HEM I, B o
WARF T AT T — (AG) BREWVGI PHERDIREAET L NG SN THD[1], &
FZETIE, Gd L0 b KERAG ZFFD Y O Fe fiitFH iy B WL R 2~ 7=,

[3=Bx] Sitk bicx 3y %Y 72k Y Si0, (20nm), AlLO; (3nm). Y (0.24nm) ., Fe (2.0nm)
LTz, CHy, ZIRFRE L, —/b R AFERASERE (CVD 15) C© CNT 28/ L7,
Fo, REREDTZDH0 L7t OE[REXY VT HAAr & EBITHE LT,

[FHRLEZ]  Figl |2 CNT OERE & CNT 7+ L 2 FEOBMERZRT, Y @A L T, i
Rl 2 R TIFIE LR 13 0.5mm ThoTo, —F, YEZEA LGS, ONT iR (T 6 FFH
FEEEKRE L. RS IX4mm ([Z#E Lz, 2D ORERN S Y EOBE AT S0 il i O R HUE
RN H D Lo To, EHICH0 a2 & BEIE 9 FERIFREEMEGE L R &13 9.5mm |25
L7z, HO IZZ 7 = ot v 246 LA, ONT i 18 FEfAE L 13.8mm & 72 > 72, Fig2 |2
Y EHO K7 a8 ALTAMLE CNT 74 VA MR, LEXED | Y BEAKRD
H,O, Fe RIRFAG AR E ORI ZEICH ST 2 Z LvbnroTz,

[2#%c#k]  [1] H. Sugime et al. Carbon 172, 772-780 (2021).
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Fig.1 Growth profiles of the CNT forests without Y, ) i = e
with Y, with Y and H-O, with Y and H,O and Fig.2 CNT forests grown (a) with a Y layer and
ferrocene. H>O, (b) with Y, H>O and ferrocene.
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Analysis of dissociation process of ethanol on Co catalysts
supported on Al2O3 and SiO: by in situ DRIFTS measurement
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ICDOWTHIRTWA, BRI FESTIE, ALOs & SiO IZHEFX L7~ Co it Ir filli T
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FEARAF D 3T 24TV, 0 fRARIE D ik 21T - 7=,
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OFES [FARIZVERL L DRIFTS JIE AW, 30EHE 300°C 225 700°C £ CTOIRFEHFAT 100°0C 2
EVWZHEZE T2, HEIREE CHIR L7242, =% 7 — /LT A% SPafitfa L. 10 77 ONT k%
ZiTo72, ZOM. 1432 &2 DRIFTS HIE #17\, HIKIC K D1V & bl L7=, CNT E% D
BT, T~ o0, XPS, TEMBZE 2 W TRl 21T - 7=,

FERLEEE
1(a). (b)IZ 300°CH 5 700°CDOEIREIZIS T
% Co/AlLO3 & Co/SiO2 D DRIFTS A2 hL%
F72. K 1(c). (d)IZ 700°C TD DRIFT HIEH Dk
B> TEM 4 7~7, Co/ALOs DA, BIRFEIC
BT 1576 & 1447 cn! 1 acetate (2 LAWY B —
7 NI BT DIZH L, ColSiOx DA 13 500°CLL
T 1750 em! (T acetaldehyde KD =27 36 o
Niz, ZNENORBHIIBWT, HHERDOY =
— 7 MBI IV LTRY, FRIAERY e
LY ) = NDOGRHENREIZ LV EDS S e
L BbinoTz, e e
TO0CCO) DRIFT WEGDRIZILT 2 sy (it el wensl o e o
HMEEAT T8 25 Gband E—ZAHEHEL. 00 for@ ColAbo, and @) Corsion
F7- TEM B H CNT R EL THD Z &R
R CcE e (K1), (d). BAEMND, ONT BRIZBWT, Co il L Co =% 7 — )LDy fiits
E AR DB HEEHRICH WD SRR L Y B2 Z ERBH LN E RS T,

AR
ARBFTED—EBIIRNIRFIIET T T 4 v THEHE, BWMKRFT ) ~T VT et 2 —, BX
OXRE~T VTN b —TF A 7 THE (FRFNTERT) O3RZ%=21T TT- 7,

2% Ik
(1] /NLAERRA 26 71 BUSH P SF 2R ES 22p-P07-1 (2024).

4000 3500 3000 2500 2000 1
Wavenumber [cm'

(72(?0

1500 1000 500

© 20245 [CHEMEBEZS 15-017 17.1



16p-A31-6 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

Thermal defect healing of various kinds of single-walled carbon nanotubes
in reactive environment
°Man Shen, Taiki Inoue, Yoshihiro Kobayashi
Department of Applied Physics, Osaka University, Osaka 565-0871, Japan

E-mail: shen.m@ap.eng.osaka-u.ac.jp

[Introduction] The extremely outstanding properties of single-walled carbon nanotubes (SWCNTs) have
attracted broad and extensive research interest since the discovery of them. However, the performances of
as-synthesized SWCNTs are usually lower than our expectations because of the defects. To extract full
potential of SWCNTs, defect healing is highly demanded. In the past research, we had achieved the defect
healing at relatively low temperature on our as-synthesized SWCNTs from nanodiamond (ND) with the
assistance of CoH,, CO; and the combination of CoH» and CO; [1-3]. However, the amount of the SWCNTs
grown on the substrate is too small. For practical applications, large-scale repair experiments are necessary.
Here we employ our defect healing methods on super-growth CNTs (SG-CNT) which is a kind of commercial
SWCNTs and compare the healing effect on different types of SWCNTs, including SG-CNTs and as-
synthesized SWCNTs from ND (ND-CNTs). The results show that our defect healing methods, when applied
to SG-CNTs, has completely different effects than ND-CNTs, which provides new experimental evidence for
studying the defect healing mechanism of SWCNTs.

[Experiment] SG-CNTs powder (ZEONANO®SG101) with average diameter around 3—5 nm, /g/Ip around
2.5 was purchased from Zeon Nano Technology Co., Ltd and used with no further treatment [4]. ND-CNTs
with diameter 1-2 nm, /c/Ip around 9 were grown from ND on Si substrate [1-3]. As shown in Fig. 1 (a), in
two-stage defect healing, SG-CNTs were firstly heated in 0.5% CO» under 950 °C for 1 min, then heated in
0.4% C,H; for 60 min at 1000 °C and repeat. As comparison, SG-CNTs were also heated in 0.5 % CO at
950 °C for 1 min. Defects in CNTs were analyzed by Raman spectroscopy based on the intensity ratio of the
G-band to the D-band Ig/Ip with an excitation wavelength Acx of 633 nm. Thermogravimetric analysis (TGA)
with sample mass ranged from 0.5-1.5 mg was carried out with 200 sccm air flowing using a heating rate of
5 °C/min from room temperature to 800 °C.

[Result and discussion] Fig. 1 (b) shows the TGA of SG-CNTs after different heat treatments. The peak
temperatures (7peak) in the derivative thermogravimetric (DTG) can be used to analyze the oxidation stability
and quality of the CNTs. Generally, the higher Tpeax, the higher the quality of the CNTs. From Fig. 1(b), we
can see that after heat treatment in CO; and after the first two-stage defect healing, the T,eac decreased,
indicating that the quality of SG-CNTs decreased after heat treatment in CO; and the first two-stage defect
healing, implying an increase in impurity and defect content. However, when the sample, which had already
undergone the first two-stage defect healing, was healed again, the Tpeak increased and became higher than
that of pristine SG-CNTs. This indicates that the second two-stage defect healing improved the quality of
SG-CNTs, reducing the impurity and defect content. This is different from the results we previously obtained
from ND-CNTs [2,3]. Fig. 1 (¢), (d) compares the changes in the Ic/Ip of ND-CNTs, the Ig/Ip of SG-CNTs,
the Theak of SG-CNTs as the number of defect healing increases. The different diameters of ND-CNTs and
SG-CNTs may be the reason for the different result, since small diameter SWCNTs are usually more sensitive
and active than large diameter SWCNTs.

[References]

[1] M. Wang et al., Appl. Phys. Express 16, 015002 (2023). [2] M. Shen et al., 65th FNTG, 2P-9 (2023).
[3]M. Shen et al., 71st JSAP Spring Meeting, 22p-PO7-11 (2024). [4] K. Hata et al., Science 306,1362 (2004).
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Fig.1 (a) Temperature-time schematic diagram of two-stage defect healing. (b) TGA of SG-CNTs after
different heat treatments. Inset: DTG of SG-CNTs after different heat treatment respectively. (¢c) Changes
in Ig/Ip of ND-CNTs (above graph). (d) Changes in /6/Ip of SG-CNTs (bottom, left, black axis) and Tpeax
of SG-CNTs (bottom, right, blue axis).
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Analyze of correlation between chiral angle and G band intensity of single-walled
carbon nanotube by STM-TERS
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WG —R T ) F2—7(SWCNT)IL, 72 1 ey RESEICHKRT 2 S ESERET
YiE% 6>, SWCNT O&EZ L, A TR E LENL 777 =0F 73— FDOBE T DI
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3 CINE Tl JEDBEHFERIUT K - TE DOZEM /3 FREDEL um FREEIZTHIR STz,
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STM DJF 1/ fRFEBIZZIZ L B SWCNT D7 A T NMAEEOFRIE, OOT H, KKaOFHmIZNZ T,
TERS (2 X » TIREMEH A m 2R e TG T 5 2 LA TE 5, ZHETIZ, STM-TERS (ZX
V. SWCNT DOEFIRRESLKIMEZE nm OZE e T~ b LT & 2R3, UL, JEfofifne
LV THITE ATREZR STM ORI AEN SN TE LT 4 D SWCNT DO F A Z VAREIZ DWW T
i SN T I oTz, £ 2T AWFZETIL, STM & TERS % & % & F 72 SWCNT [TV TR,
B A Z RS L Raman 736, FFIC G /X2 ROIREE A ) 27— )L DZE 53 fRE CRRAT L 7=,

7T AT 7 A 3= LI T L7z SWCNT & &A% T, Gk L7c Au(111) 558k B4k S
2% Z LT, SWCNT & Au(111)FEARIZAHE ST, 1ADIZ STM OJR - fifEBEZRIc L v, £ 30
ARONERD SWCNT IZHOWTAATEE L TG L. NATEREDN E 020 A 7 & FFE
L7ze 2B SWCNT IZDWT TERS IEZATo72 L 2 A, G-/ RO L G+D/N ROFR
FELEDS, T A TIOVAD 15-20 FEAHETRE K220 30 EAHETIE, /hE< /D2 LW HEMITL
7 (Fig.1), ZOfERIL. I A TAARKENE XIT, GV G- o+

400

Chiral index
RO HRS 2 7 7/ EFREERD NS D1 200w

HEEZ LB, RICED, G-& Gy NORMEL & o e
T, SWCNT DA A F VAR A TE 5 2 EAVRBR E T, chiral index
[1] A. Jorio et al., Phil. Trans. R. Soc. Lond. A 362, 2311 (2004). 201 6

intensity (a.u.)

approach

retrac

[2] M. Liao et al., Nano Lett. 16, 4040(2016). Fig. 1 STM-TER spectra of (upper)
[3] S. Chaunchaiyakul et al., Carbon 99, 642 (2016). (6,5) and (lower) (6,4) SWCNT.
[4] J. Jiang et al., Phys. Rev. B 72 235408 (2005)
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BEA—ARUF/Far—TORRICHT HSHEFTIRHD
HE R R O Bl B i
One-by-one tracking of kinetic effects from multifunctional gas feedstock
on the growth of single-walled carbon nanotubes
RAI OXiZ BE, M2)E=® BEX, hll X
Univ. of Tokyo, Keigo Otsuka, Shunta Horisawa, Shigeo Maruyama

E-mail: otsuka@photon.t.u-tokyo.ac.jp

PR — R F ) Fa—7 (CNT) 1E, vV a bR TF v xR B L TOETE
BANEAET L], 731 AZBWTER 2R ECEROT VA EZIEHT 5720100 BED
PREINE RN EE2FRETH 0 Al 2 O CNT OEERE~DOBLAE £ > TV 5[2], IilrF 4 1%
AV —RIRBICTH AT X ) — LRI RB A AT A & & biC Mﬁi#%m*%m@%
SHEREZFFH Z & it&%@fﬂﬁﬁmﬂ7/zf&méM6_t%@b@CNT_ﬂbfﬁ%
L72[8l =& /— /& AH ) —)VDIRE T AT XU 8K CNT Zi8IRERK L7z & W 5 WS BI[4]
ZERUHICEE, —ROT V3 — I OWTHBE~D R FEMAG - BREFENOEEIL, S IO
ESC CNT OFE FHEE ~DIRTEEZ BfR T 5 Z & DB R G AN IZ R AR & B 2 5, RAFFET
X, CNT Bk DA & 7 — VIR IRFBMAG L — MO E RIS 2 2 8% 1 R LT,
AR - DT L 3 — Ly T - fREE T T R AR IC BT A T LA AL T 5,

T X )= EFEE LzER CNT O&RHIZ, Fig. 1la 2" 9 X D12 A ¥/ — V% IR EIZERM
L. [RNLARZ U o 7 FHEBNCS & - TR OFEFSER 2RI BHE L7z (Fig. 1b), A%/ —/L®
IR U T RENBET 27217 T<, CNTICL 2Tk #2) R LS ANED D 2
ERbhotz, =T, T~ AT R h CNT R 5 IR FBIFRFORIEZ 525 & (Fig. 1c) .
AL ) —=)VTRFEPRE LTHHEEEL TWAD Z &b nd, Figure 1be 72BN D 1HERE 25D
CNTIZOWTHEFHT D2 LT, AX ) — /T L DRBMAR L FRE L WY T 2 HERED BB
%, HEGRE T VB O AT IV TR L7z (Fig. 1d), AFEBTIL, )8 CNT & J4E(K CNT
DFEEETT 5 L & HIT, 2CH-13CH0H [S]°A Z v A BN T8 EIFE T+ 52 &
T, SR ETOT v a— oy OWE - fiRBEY 0 A kiR LTV <,

(@) % 3cm (c) S-CNT 1 (d,
4 | 5 7 5 i3 W
2 a0
o8RRI . g
ethanol Time E ﬁ 10
o c
(b) 100F o g £
—_ 3o 3= =
£ R — _Z 0.5
3 o 3 (=%
= s-CNT #2 / = . 3
& Sor / & SONTHL £ g 00
L] S 13C EtOH 2 Individual
E /g 5 scem (3 : Aygrage
~ 0 1 1 1-’C‘ Etof‘ . -0.5[{= Fitting 1 1
0 10 1500 1550 1600 0 2 4 6 8
T|me (min) Raman shift (cm™1) Methanol flow rate (sccm)

Figure 1 (a) Flow rate of methanol and ethanol during the growth of CNTs. (b) Representative growth
curves of semiconducting CNTs. (c) G-mode Raman spectra of the nanotube parts grown from isotopically
engineered methanol and ethanol. (d) Relative change of effective carbon supply rates and growth rates as a
function of methanol flow rates for many CNTs. Fitting is based on the kinetic model proposed in ref. [3].

[1] C. Qiu et al., Science 355, 271 (2017). [2] B. I. Yakobson et al., Sci. Adv. 8, eadd4627 (2022).
[3] K. Otsuka et al., ACS Nano 16, 5627 (2022). [4] L. Ding et al., Nano Lett. 9, 800 (2009).
[6] K& fh, 25 84 [ais FH B Pk F iRk 22, 22a-A306-2 (2023).
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F D15 XAFS HIFEIZ & 2 Ni fillilEm S D
BEA—ARVF/Fara—TBREA D =X LDOEH

Elucidation of growth mechanism of single-walled carbon nanotubes

from Ni catalysts by in situ XAFS measurement

BWKREI, FWKF/ <782 OKE ®th', #&F BE' FE BE". BUIE Zif,
Al B2
Meijo Univ.!, Meijo Nanomaterial Res. Center?
OShinya Mizuno', Shusaku Karasawa!, Takahiro Saida'2, Shigeya Naritsuka!,
Takahiro Maruyama'-?
E-mail: takamaru@meijo-u.ac.jp

XU I

HE D —R T/ F2—T7(SWCNDIL, HERMECTH 2 B3 EEHIEN e S Tnenizo,
FEAERHEA TR, HEEFIEOEBICIE, SWONT O A = X LAOFANEETH Y |
FDTDITIE, EFDOGRIEIZ LD SWCONT ARFFOMIEOIREZH LT 5 Z DM ETH D,
Fx TN ET, IBTEOFBETEOSI N TE ., SEEERE T CORIENATHEZ X BRI
PO E(XAFS)HEIZAE H L, SWCNT O ESRME T TOART » RHIEZ1TV Co filifitd
SWOCNT & DAL PIRIEZ TR C & 7=, AENEFE Ukt TH 5 Ni fillfi 2 Hv 7z SWCNT
R D2 DY XAFS JIE# 17, SWCNT IR IZIS 1T 5 Ni filliE O fiiOR 78 2 53471 L7z,

ERFIE

MEER = 7L « NAKF & TV R E MK L, IBRE - BERR L7 b O - IEL
TRy FE2ERL, XAFS HIEMAOREE Lz, AilkBl2 XAFS HIEHA E— LT 4 VICHRE S
7= CVD B/LNIZED ), %% U 7 A2 & LT Ar/Ha(3%)% 1000 scem B A LT 750C % TH-
BEIT-oT=D 5, At/Hy % No/CoHa(3%)ZHI D 2 CNT B 21T - 72, ZOMIC 1 53482 Ni K
WD XAFS I &#1T-7=, WEIZH VB 7 u hardtr Z—o BLIUS2 IZBW T 7=,
F£7-. CONT itk ikl %2 Raman, TEM % W TRl 24T - 7=,

EREEBE

XAFS HIE®Z OFRELD 7~ 3 HHlER L O
TEM BEZEOFER NS, SWCNT D RLE D R
iz, E1(a), OICHIEF B L CNTEREF D
XANES A7 FVZ79, Ni filfi i3 H5-06 B 46
725 450°C £ Tl NiO <° NiOOH (ZUTV VIREET H
SN, LV EIRICRD &I EILSE
Fx. NIALOSZITWARY RV DR E D & #
M. BEEEA LT Ni & Al BORES O o

xp [E]

xu [E]

RS- [1], F£7-. CNTHERIIG#% . ¥z 8330 8340 8350 8360 8370 8330 8340 8350 8360 8370

E vV
. NIALOS ISV E & 788 > C VN2 78, R Energy (V] nergy feV]
MR < 725 & Ni it 3 BrY KRB IS 1 (a) F-RBF D Ni K-XANES 2= 72 b L
Too M BIX &V BRI 2 B F 2 TR A AT (b) SWCNT i EH @ XANES 22 } L
VY, Co DGR & DR BT 9,

HEE

BIFTE DT BHFE A2 (B) 19H02563. &Ik KFF / ~TFT U T AR 24—, B
FOBE~T V) T b —F A 7 THEE (O TRERIFGEET) OXEE =T Tt 7=,

BE IR
[1] S. Yoshioka et al, J. Phys. Chem. C, 125, 5269 (2021).
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Ir BE O Co itz AW BB — R T ) Fa—THRRICBITS
Ny 77 RBIBEZDRROEN

Differences in the effects of buffer layers on single-walled carbon nanotube growth
with Ir and Co catalysts

AWRET, ZWKT /<72, SERSLKRER® CUA B!, FH BL Y,

FIL #E—3, B EIRY, L &R
Meijo Univ.!, Meijo Nanomaterial Res. Center?, Univ. of Hyogo®
© (M1) Mao Yotsumoto', Takahiro Saida'2, Yuichi Haruyama?, Shigeya Naritsuka',
Takahiro Maruyama'-
E-mail: takamaru@meijo-u.ac.jp

1. #=s

Y@ H—RF ) Fa—7 (SWONT) OFEENCIE, BBART /KT 2 M V723K
MR (CVD) IERIAS HWLN TS, oL, @R TSWCNT EZ1TH 720, LIZ LItk
BHERT - DUFEECF A FHAEDNRIN CTHBLITENIE Z o T L 9, £ 2 T, filflt & JEAR o B bt
HEBLE LTy 77 BEEATDHZ ENRRALNTND[L], FTxIXINET, Ir & Co &l
WCHWT, Bix 7283y 7 7 @8 A LT SWCNT f%E 21TV, /Ny 7 7 & L filiB DL A5 1T
X0 Bl ESRESC ONT RN LT 5 Z & 2 L C&72[2], ABFZE TIL, Si0y/Si F&
M LY ALOs, MgO D& /3 7 7 J& EIZHERE S 172 Ir 38 L OY Co filft 2 VT SWCNT ik E %
TV, Ny 7 7@ ONT OREHERICE 2 58 L Z DRI OV TR,

2. EBRFHE

Si0x/Si FMKIZ RF @A A X ZEEEIZL W N> 7 7 & (ALOs, MgO) % [/E 20 nm HEFE S+
Db, WVAT =0T A< H o EZHANT, %3y 7 78 LI I, Co filifi:% 8 pulse JHEARE
L7z, 2B OHEMITH L, Ir it DS A sRIRE 600~850°C “EtOH 1 40 Pa,/ 5l & FFfH] 10
min T, Co fillitDILE . MEIRE 450~800°C ~EtOH /T 100 Pa,/ % FEREfH 10 min O T, =
—/L K7 4—)L CVD & % FH T SWCNT R Z21T - 72, i D728, Si0y/Si Hai b1z & filit
ZEEHRE LN W T, FfROEREIT- 7, IEZOREE 7~ v ih & ERRE
FPEMREE(SEM)IC X 0 3 L 7=,

3' ﬁ%&%g 40 -9-Co/AI203
SWCNT i EEDOFEE L LTI~ A7 LD G band B — 35 & enirisio2
7 & Si E—7 OmER (G/Si k) &Mz, Figl ITks CNT o 2
R &N %) 572 Ir/Si0; & Co/ALOs DARAEDHITHT 5 G/Si @, |
W DR RR R AEME 2 R T, Ir M IRIR © D SWONT e fas Cas |
IEFITA72< 800 CHHA D &L RIMITHEENSEIM LT, Cofit 10}
BEOLGA | ARIRO AR &L Ir it X » $2< . 700°C T G/Si s ﬁ I
R ERST=0, FNLLEOIRE CIIkEENEMIIHED L, S0 .S, Qe- &
Fig2 (a), (D)4 S0 CR b R RA S 5o RO OWTE SEM (2 ° ° © ey 5
2T, EbLbEERLR L2 SWONT OENBIZ SN2, 2 Fig 1 Temperature dependence of
SORMIER TR 5 R EREX A R TEE, BL0% Ny 7 7 BA G mtio (red: ISiOs, blue:
RREERI T2 52 5 AROBECICB LT, 4 A #HA1T ). COARO).

5 o . — Ir/Si02, G/Si=36.31 (b) Co/AI203, G/Si=11.03
B ATIEO EIAAIAT )~ T ) T AR e .

L H— B LOSHE~T U TSR Y —F A T
THEE (O FRERETERN D3Rz 3T T L
72, (B
[1] C. Mattevi et al., J. Phys. Chem. C 112, 12207 (2008). ML e R ...
[2] PUARTLSRAD, 55 71 RGP ARG Fig 2 SEM image of SWCNTs grown under the optimal

22p-P07-2. growth conditions: (a) Ir/SiO2 (850°C), (b) Co/Al203
(700°C).
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Ry FA—F—R—ZABWEBRFERT v ILIZLS
MR EEE X REREDRER
Exploration of New Superhard Carbon Allotropes by a Bond-Order-Based
Machine-Learning Interatomic Potential
RRAL!, EMRESMEE2 CO)/E MBE L, AM B2 X BE', Al EX!
Univ. of Tokyo !, Shinshu Univ 2, °lkuma Kohata!, Kaoru Hisama?, Keigo Otsuka?,
and Shigeo Maruyamat E-mail: kohata@photon.t.u-tokyo.ac.jp

RFERBIRITITT ) =R F A VB RICREEND L) BRI EE L OREL
BOHDMERBR O T2 Bl R BRI FE R AR R T 2B BE AN TDIL TS, T TH Vickers
fill 275 40 GPa LA L D[RRI EM BE & FEZAL TR Y | BIHIM o a—TF ¢ 7l LToIRH
WHIFF S LTV D TR R R OPRRIT B R A H R T RSB BB (DFT) 2 -V T T T
D8, REWRRICE L CEIHE I A RN bRy 7 705, DFT OFHHE = 2 N & KRS 5 Fik
E LT, B ERAIART v LBER STV DR, NT A —=FENRL KRBT O@EmOHE
WFEEET N TIEL OFET =2 PNSET, #EmdEBIER T L TLE D 2 EMHEERRICEN,
THIB L 72 %, RBFIETIIAR Y R — 4 =15 < MBI 2 B 8 £ 7 VSl AA T 2 &
T, BEFOET NI bDEDFET =2 NI A=Z N0 ARG DT 31X — 2 HEiERIC
HETX DM ERT vy VEBRE Lz, ZOFRFBRT > v v /L% T, random structure
search (RSS)? 1T 95 Z & T, 12000 fHl > AT E M 2 £ LTz, SOt | By, B0
L E TR O [ R AR % T2 i WL LTz, 2 O30S TR O [RFE A TH V) | 42 13E 1% Samara
Carbon Allotrope Database® |2 %4% X 4L TR WK DRI HEE Th - 7= (Fig. 1), T 45 OfE B3
HE LT AR T v VBRI LORMOIE DR ENELZ TR TEHZ 2R L TEY,
A FEY FIZRS T A FE Y v ZHREROBREMEM B OBRICBISAN I s 5,

SF

- Known allotropes — Unknown allotropes
Diamond Lonsdaleite Z-carbon
. s 3o ¢
g '....
M-carbon -
[ .
PoPS 828

Fig. 1 Known and unknown superhard carbon allotropes found by the RSS. Diamond, Lonsdaleite,

Z-carbon"’, M-carbonS, bct-C46, and S-carbon’ are shown as examples of the found known allotropes.

[1] Tersoff, Phys. Rev. B, 37, 6991 (1988). [2] Packard and Needs, J. Phys. Condens. Matter, 23, 053201 (2011). [3]
Hoffman, et al., Angew. Chem. Int. Ed 55, 10962 (2016). [4] Amsler, et al., Phys. Rev. Lett. 108, 065501 (2012). [5] Li,
et al., Phys. Rev. Lett. 102, 175506 (2009). [6] Umemoto, et. al., Phys. Rev. Lett. 104, 125504 (2010). [7] He, et. al.,

Solid State Commun. 152, 1560-1563 (2012).
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BERMEEREICK D ONT 74 LR FORIERFEME
Thermal resistance of CNT forests measured by transient thermal response
MEXEE! CEDE! PHHZ' HLRE!
Shizuoka Univ. !, Yamato Watanabe!, Takayuki Nakano', Yoku Inoue!

E-mail: watanabe.yamato@cnt.eng.shizuoka.ac.jp

[#2] CNT 74 L 2 MI@EWEMRENE & kM2 F50 2 & s & BSRE M EHTIM)~ )i H 23
FFESNTW5S, CNT # TIM & L TRET S, FMOBRERIIMA R EREIEZZE T L2 &
MEETHD, LOLRNBDL, CNT 74 LA M EBJE & AR FE5E U7 B0 Jm O CNT
HOBRIEREFEIZ BT DGR e, E 2T EAVGERIEIC LY, BY.CNT 74+ LA RO
BB LA R L7z,

[ZE2BR] SiFk BicA Xy X U U ZIRIZE Y, Fe/ ALO;s /SiO, JEZTERK L. (LFXAHHERE(CVD)
B X0 B 22 b ST TRRDIESO ONT 74 VA MEAK LEZ, £DO% CNT 7 4+ LA
% Fb s & B L, A BRI IERERE 2 JIE Uiz, 15 DAzl AR 2 A 5 L TR
MEREICAE L, AT v THEEZEHR R L CREFOBMESTZ /S o 72,

[# 2 & E22] Fig.l (CE S5 950 um O CNT 7 # L A s OEWEER M Z RT, HND AT v T
5. FEBMEH A G AT RELOBRPTED 3.33 em®K/W EHEE SN D, Fig2 IZ CNT 74 LA b
D7+ LA NREEBIRPIOBRE RT, 74 LA NRBSHEINT 5 OIS TR LT,
R 2B, 7 4 LA RO CNT 7 4 LA FO~ 7 o RBYRERNE T LTV D
TEERLTWD, ZhE, ONT 74 LA RRRULT 21EE | ARITEBOE A LEYRE
ZAHWHP L TNDZ LR LTS EBZ6NL[1], /2. 7'ry SOl X0 FmedEsins
0.5~1 en?K/W FREE & LFES b b,

3.0 T T T T T

2.5 - i
2.0 -
1.5F -
1.0 = -

05 * -

Thermal resistance (cmZK W)

Heat capacitance [Ws /K]

4 0.0

1 1 1 1 1
0 200 400 600 800 1000

Thermal resistance [szK W] CNT height (um)

Fig.1 Thermal structure function of the CNT Fig.2 Relationship between thermal resistance
forest with a height of 950 um. and CNT forest length.

&R [1] K. Nishita et al. Carbon 218, 118749 (2024).
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TIMFIAIZFIF=CNT 24 LR DT 1 ILLYE
CNT forest film for thermal interface materials
HEXRE L CANKE! PHEZ FLE!

Shizuoka Univ. 1, °Tomoki Okumura?, Takayuki Nakano?, Yoku Inoue!

E-mail: okumura@cnt.eng.shizuoka.ac.jp

[#E] . BHV AT LAO—lEa 5 BREMEHTIM)O @R LA RO Bt T D, L
L. WHTIM THLHBMRE 7 ) — ZI@EIR T CHEENEMET T2, 22T, MWEMRERL X
Wk 2 OO EAME TH D CNT 7 4 L 2 M TIM ~OJEHR I ST\ 5, KBTI
FHEEZME L, CNT 74 LA MZE D ¥— MR TIM OFERZ1TU N BUR, @S EIFGA 2 D 5 & f5ids
L 72 BRGTRHn 2 1T > 7=,

[3=8R] Si Stk Bl Ay Z U 72 XY FelALOs/SIO, DB A TERL LT-, CoHa & [RFEJR &
L. BV ARHERE (B CVD IS CrndihnZ(110°C/min)[1] &£ U8 STEP ¥4[2]ic L ¥ | £ & 120 um,
B 140 mglem® D @R T 4 LA D& TR LTz, AR 2 BT PVDC(10 pm) &2 R v F L
EEIE T CRESEHZ ETTIM Z/ERL7-, HYLCNT 7 4+ LA kL O CNT-TIM O s
PEZIE L, BUSIERIUC AT 5 2 & CRMERPTA RFE S o 72,

[R5 & 22] Fig.1 |2 CNT/PVDC/CNT Sl oW SEM 14 % 7~4, CNT O E#RME B2 bh
FUITCONT 7+ LA R L THAE LTV 5, #5650 PVDC JE1E CNT IIZIADS > TE 5T,
CNT 3 PVDC NEIIZIRA L TS EE X Hivd, Fig.2 IZ CNT-TIM OERHiE &R A ~7, 0.1
cm? KIW & TER OGN BN 7=, 1.2cm2 KIW FEEE £ CEVE RO/ S VEENR H D Z D% mH
BOKREBRBREBENROND, ZORAT vy 7HEELY | BIRK O HIZ & O Z &
CNT-TIM OEERFTAEH T 5 & 0.97 cm?KIW & RAE S Bz, ZOFEHRN 5 PVDC J& 1 LBk
BEL 72 o CWRNZ Lo Tz, CNT BIIC—H PVDC RMTET 5 & TRRI DA, BAF2REW
CNT/CNT #A5 W56 TWb B b D,

4 |
05 0.1 E_ E
;) i
T ool I
g oo1p | E
3 £ CNT-TIM |
‘um: C |<:>
T 0_0012 1 I 1 ! |
0.0 0.5 1.0 1.5 2.0
o 2N Thermal resistance Ry, [chK/W]
Fig1 SEM image of the CNT/PVDC/CNT structure, £19:2 _ Fhermal - structurefunction of the

[2%&30#R]
[1] H. Inoue et al. Carbon 158, 662-671(2020). [2] A. Kawabata et al. Carbon 52, 110117(2013).
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H—RoF/ Fa—T0OF—TREIZE T S EEEILE & Bl BE BT
Enhancing thermal stability of doped carbon nanotubes via complex chemistry
HPAXBREL !, MRXEREISEYE? EEBF/#3 REKREYS AKRLI S, fRXRER °
O(M2) STIRFEEMR 1, /MNERRF 2, IBBEE >4, FFtiSEdd 3, AMBIEL 12, AHER 125, BREF 2
Kobe Univ. !, Res. Ctr. Membrane & Film Tech., Kobe Univ. 2, AIST?,

Univ. Tsukuba*, Kyushu Univ.5, Ctr. Environ. Mgmt., Kobe Univ.*
°K. Kawasaki!, Y. Koshibal%, Q. Wei*4, K. Akaike?, M. Funahashi', K. Ishida'-*5, S. Horike!-?3¢

E-mail: horike@crystal.kobe-u.ac.jp

1. IRES

H—RoF ) Fa—7 (CNT) OFT /34 Ais
ALl F—=8r 725255y U 7 ORI
EI0, ZEDOLRENEMET DI ENRAIR ER
Do TN AIIBRENREIZH A LD T2, R—
FARBE D MMV | T IC RE RPN EHE TH 5,

YT N—T1XZNE T, CNT O K—7RHE
Z [%+v ) 7HEANSIE CNT & F OB RAE
DF=DITRE LA T DR B8 K] &%
DL ENM A R4 4 i EE & L C HSAB (Hard
and Soft Acid and Base) H|DOF M2+ L T
X720, CNT IZVEA SN EMRITE nm (27
D IERENLT B0 D, [EPWA A2 ] &
I END, DRI, WAEA A bIRERIC [HR
SANITEEER L L COREMENS S, (it
BPLn Blcoen b L PREND,

Aal, CNT @ p B F—Z KRBT, T
=B ER T BRI R
— X2 M&RTEA L7z CNT O 72 & NS T
=F O SIZET A EEMRE [b5mE ]

BPSI-, TOS-, TCNQ* W3 L7=34 . 100°C
BT BENRT A= OLITRENT R
— IR I N o=, —J. Cl. NOs .
BOB~. CH3COO~ &\ 7-fi\\N T = A L 3
L7285 B RN /RNT A —H B R—T/iD
AL U WS T =2 v DAL E )G Ui
B 72 M B DIE W D3ER 8O B AT, FFIZ, HNOs

RF—t > 7. NOs % TFSINICEH#: L7854
1 DL B SERE MR T 2 RN
LEMEDORBUZ L) LT,

LT, p B ONT (2B DALFMHEE I H D
S LBEMFBOAYNEZ R LTZ, £/, F—7
RrZECBI Aot L LTOA
F R TFED A REME AR R LT,

HEE AL —EBIL, IST S X 280F, JST-
ASTEP . BHfF 2 92 D 4% 2 52 1 C ki
nE L7,

SE ik

1) Kawasaki et al., Commun. Mater. 5,21 (2024).

2) Eckstein et al., ACS Nano 11, 10401 (2017).

Z b £IZ, HSAB HIOAEZREE LIz O Tt
595, o, ROy o2 —T=Fr T 4

ERODPOVEDIZEIRS D [ A ] ick — . B @ B
S TREMER LICOR ol R b2, @O0 ‘\&""’9 3 *?? “ ??‘3 ﬁ& "'

2 RR7E SR NN OB OW W
T =D FHEEZETIETHE —— : :
(B3LYP/6-31G+(d,p) GD3) IZ CTH M L 7=, CNT High (hard) Chemical hardness (eV) Small (soft)
ﬁ jﬂ% (H%E’”e‘o Hm) %701:1 l\ :/@?jf f: hag (b) 7.0 60
TCNQ IIEICIRIET A Z L TR—E 7 Lz, ol lso s
A F UM BT - TIE, ik R—7 CNT & :g) 50} {2
%V F v A4 (Li-BOB, Li-TFSI, Li-TOS, Li- ¢ 4of |3
NFSD) O 7 & F ARMKICIRIER, f2E ST, % 30 oo
F—7 CNT % 100°C TRED b, B—~y g 20 E
258 (9) BLOETEE (o) ozfbzspd L[] oz
i, 7 = RIS U iiBwE 2 ek L7z, I . S
3. {ERLER L © §9° & X F w

LERE L BT = AL OMENSORES] o 4
1% CI" < NO3 < BOB~ < CH;COO~ < TFSI~ < SO4*~
<NFSI-<BPSI"<TOS <TCNQ* & 72 o 7= (Fig.
la), WD K= 7 HlZHWHETH,
oI L, S ITIEFZOEERD L2 &
O, pM =t iR s (Fig 1b),

R—E2 720 ONT IZIZIEERT (h—/L) R .
PNEAN S, EOMEEMNE LT R—E 74 %%0 02 04 o6 08 10720 60 10 14
BT =4 NhETH, £7-. 4 4 AH Time held at 100 °C (x10° h)
PT84, Li HERO T =F o 3 E+ F;Sg.é}ga) Chemficelll Pla.rdriess v(;lrizitﬁq?; ?f)anio(? Sspegiei

8 o . Srsg anges of electrical conductivity (o) and Seebec
:?3? j_H g %:%\ %_j gfﬁ}? g%ﬂig R%FSIVC@F%H ”;f EE f:oefﬁciengt (S) before and after doping. (c¢) Temporal

< ! changes of o of HNOs-doped CNT films before and after
AT, FEFAIZER & 220 TFSI-, SO42-, NFSI-, Li-TFSI treatment.

"

¢ ¢q>

< HNO,;-doped
O HNO;-doped &
¢ Li-TFSI-treated

by

HEFE o(x10°Scm )
N
o

©
&
©
<
©
(o
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Anomalous changes of Raman spectrum in soft-anion coordinated
p-type carbon nanotubes
AFABREL!, MPALRRIEE? ELW/H#3 EXREE Y AXRET 5, AR KR+ ©
OM2) SATIRHEMR |, FERSRIETF |, /NERT 12, HEIE >, FHBIES 12, AHEE 125, BREF 1236
Kobe Univ. !, Res. Ctr. Membrane & Film Tech., Kobe Univ. 2, AIST?,
Univ. Tsukuba*, Kyushu Univ. 5, Ctr. Environ. Mgmt., Kobe Univ.¢
°K. Kawasaki'!, M. Nishinaka!, Y. Koshiba'2, Q. Wei**, M. Funahashi'2, K. Ishida'?>, S. Horike!»»%
E-mail: horike@crystal.kobe-u.ac.jp

1. IRES

H—RoF ) Fa—7 (CNT) IZEmn v U
TRBEEDIZN ALY F—E 7 X DM (p
B ) 225 Z b, F T VA
HROAERZR L ~DOICHANYREI TS,

YT N—F1T N E T, R—=7REDZE
TEME RIS TEE S 7 3 A 2 S oo BB 72 B
RERETHLHLEDOERDE & AL R—F
ST ONT OZEMZ LT DR E LT
Hard and Soft Acid and Base (HSAB HI|) ®F%h
PEERHTEE I TOEENEIEL LT
DAL EOF A Z#RE L&z,

BRI, HNOs IZfRFEN S 7 1 F U BEIE CONT
ICEBEDR—IL F—7NAETHLH DD,
NOs D X 9 RN T =4 & ORI 2 E
PEIZZ L2 &, TFSIED X 9 7285 v T =
F o A~OBEHIZ LY | ZER T ER IS TR
Wbl R—7REE2ZTE/LRETHD I &
FHRHELTEE,

A[a, HNO3; K—7 CNT {22\, TSFIL 7
=AU A~OBEBIHE R T AR B
DA Z BRI L 7= D TG T 5,

2. EBRAE

HJE CNT O B2l (BE~30 um) % iR
EIZXY = 7 L7, ¥4 CNT 5% Li-TFSI
DOT7E N WRIZIRIET HZ LT NOy /D
TFSI-~DWeEA A R E AT > T, FALERR]
BIZTT~ 2 A7 bV (BhE#E 532 nm)
PEETHELEBIC, B—_Xy 72 (S &
HER (o) ZHETDHZLET, F—78ELET
< AT MVOELOFERE A TR,

3. fEREEE

HNO; F—7" CNT D T~ o A7 hLiL

ARALERfE & Peiis LT B L7e > 7228, HNO;

R —7 %I TESI~D A A L 5t i LT-354 .

G FE—7 OEEHT 7 FB XA
N VAR OB 728D R S v (Fig.
la), #lc Gy FIRIEIEWHE Lz, R—E
WO HNOs JEE (0-13M) EviEE, 2o
ZbidECThH - 7= (Fig. 1b), £/, KR KN—7
B Li-TFSI W2 DA TIE, 29 LA
LIZR OGN o7, cBX NS & G RE
— BT D & 0h3~5200S em! DLk
S 3~+17 pV KT LUF O R — 7RIS TR
REBEEY T FRAELDZ ERERENTZ
(Fig. 1c, d),

PlbEXv. S~ 27 MLOEbIZHR—L

R—=7DHTFL, [F—V =77 kK
T = EAE DB IT A U DA I I
ELDHD] EFE XD, BIANCLY F—7K
REZMH SE 76 AT FAARER R—7 0k
BBOLDO~NERST-Z LG RS DEA
WCEBAARAWZ2 D TIER<, £72532mm I
BIF5 CNT OWEIF—E LT Lo
722 b il L — Y R BT AW
OB LD LD THRWE SR 5,
FREEEHO A = XL HOWTITEHO 4R
T & 53 TS WWT =F & CNT & D&
WA BEAERIC £ % sp? IREOIREMNH] 20 &
ODHER & FEEL TV D, oy FREIOIHNIL
¥ U7 OFBELEZIHIL 5 5, FEEE. TFSI-
Btk D CNT BT, HNOs R— 7% Otk
IR 10%H8Nd 5 —F ., SITEbERE
AN = N SR Ny =t a1 s/ (VA N
THX v U T7BEENN L L REEN S 5.
ek, BRI PIZIIT D CNT ~DOEALHIN
WCRED T~ AT MBI RE S TE
7203, AR CAELNT-MAIL, =B 7 &
AT HEMSE LT a e X & L TCERT
HZETHLMNI R 258 L2 TV 5,
R AW O—EBIX. JSTA-STEP, FHF#
FHEOFEEZZ T CEBEINE LT,
SE R
1) Kawasaki et al., Commun. Mater. 5, 21 (2024).
(a) (b)

1500 —as-prepared 2000 —as-prepared

-HNO;-doped || G* —0.1M G*
—HNOQO;-doped &
O Li-TFSl-treated o
>, 1000 g
2 2 4000
g &
£ 500 £
D
0.0 0.0
1300 1400 1500 1600 1700 1800 1500 1550 1600 1650
Raman shift (cm") Raman shift (cm™')
() (d)
1586 1586
} + o 4OM
71584 } "_1584
E
T8 aon” /‘{’ =5 /i*’
8 5@' 1582 | 13M 8 @1582 _— As-prepared
= +
RS ox
| 1580 B Yp020M | 1580 i
U 4 u vl ¢
v\As-prepareoi 0.0-20M
1578 L L . 1578 L v v

00 20 40 60 80 D0 10 20 30 40 50 60
BEFE o (x10°S cm™) HE—_y2{RE S (uV K1)
Fig.1 Raman spectra of (a) as-prepared, HNOs-doped (13
M), and HNOs-doped (13 M) and Li-TFSI-treated CNT
films, and (b) HNOs-doped (0—13 M) and Li-TFSI-treated
CNT films. G*-band frequencies according to (c) electrical
conductivity (o) and (d) Seebeck coefficient ().
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Hh—ARoF/ Fa—TEMAEICLZERLERLROMSE
Highly Polarized Thermal Emitter with an Aligned Carbon Nanotube Film
on Silicon Chips
BX' SM4RK? BAXREYFAZIRPFREVE—S
O(DC)REFIR—EA', Andrea Zacheo', 7&E#If ', Shengjie Yu?, Jacques Doumani?, /MAESE
2, AIHE—ERZ thFEZ?

Keio Univ.,! Rice Univ.,> Center for Spintronics Research Network, Keio Univ.?

°Shinichiro Matano,' Andrea Zacheo,' Yui Shimura,! Shengjie Yu,> Jacques Doumani,” Natsumi
Komatsu,” Junichiro Kono,> and Hideyuki Maki'"
E-mail: maki@appi.keio.ac.jp

Rt a2 DT85, TEERZRICH ) b B TR D38 £ TIEIA < VWS Tl b | RGN
WD @Ot E LT, U arFy FICERBARETH LT/ I —R Mk v
BT NAANERE SN TND 2 RKIFETIE, T/ =R MECHDLI =R T ) Fa—
T (CNT)EL A2 VT, T/ 2R 2 A A T2 T 72 I VIR G T /3 A A (Fig. 1a) % B
L. miRGEDOREBSLIRABRR T2 Z LICHP L7z 3, CNT ERMIEIL, CNT 2A@E&E - mid
LIRS L7 SR CTH D . ONT O X 7 m e BGEIMMER, ~ 7 o RIERETHEILL T D
T =R MEICH D 4, ONT BLMIRZERET /N A A Tld, Fig. 1b O XL 9 ([ZHRAMEIK TR
D ENBHIS I, SONDRIIEIIL, Fig 1lc DIREFHETR OGN D L 212, EWRELEZR
L7, £ LT, RWFBEICERT 5T 2 B-ET A AL, ek &3R80 | REEDLP)2) 0.9 £ T
EH L, ONT Bl B2 A L7 MR3Ear35 2 LTS LTz, CNT B RIEEEIRIE,
WA THMF LV~ 7 F 7 L _X T arF oy BIERBTE HAEEEZHO TEBY |
RIS HEMT ~OF 5N S D, AFFEO—IL, ISTA-STEP, Kt SAEHESE, GTIE,
SPRING, JSPSPIRE 71 7' A, BHffE:, At hm=7 ARy FU—2Z7 g, NIMS B L
7Ty N7 4 — A, BR WHEEEE, 7 AV VESFFERME, Robert A. Welch I, Z2FHF}
FRFFER, JST CREST, 7 A A K Carbon Hub DX iR %% \T TITb b D TH D,

L PE:
[1] S. Matano et al., ACS Materials Lett. 2022, 4, 626—633.
[2] S. Matano et al., Nano Lett. 2023, 23, 9817-9824.
[3] A. Zacheo et al., ACS Nano, published on June 3, 2024.
[4] X. He et al., Nat. Nanotechnol. 2016, 11, 633-638.

(a)
(d)
10 F
0 ; os i";""'f"s'h'éiiéh'd'e'é'r'ﬁé}"
: .
\ o 0.6 o0, On-substrate max
4 | O -
&0 1 D04
f «
o » ° L] o
4 02 7.Suspended para. O On-sub. para.
— 315 0 T. Suspende‘d perp. D‘On—sub. perp‘.
Si Nano trench A 2I70d 101 54101 1012 5+1012
ngle (deg) Intensity (a.u.)

Fig. 1 (a) A schematic image of polarized thermal emission from a suspended aligned CNT film. (b) An infrared
image of the thermal emission from the electrically-driven aligned CNT film. (c) Polarization property of
thermal radiation from the suspended aligned CNT film device. (d) Polarization degree of the thermal radiation
from the on-substrate and suspended devices.
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Development of novel carbon nanotube hydrogels using tannic acid

1 BEXET, 2 #HEX IMS,

ORAR BB, KX Ml 2

1 Yokohama Nat’l Univ., 2 IMS, Yokohama Nat’l Univ., °Nobuyasu Okubo', Takahide Oya'~

Email: okubo-nobuyasu-bv@ynu.jp

1. HIEEER - HBY

H—=RVF /) Fa—7@LT CNDIFEN
BEMRR R P B8, BRFFE R &R FF o T
270 A Bics OSBRI I T
WAYETH B, Lo L, CNT R0 EEH
WKXoTAYIEMELTLE ) RO D
X%, it & OFEELE > T b,
% 2T, BFOWEIC ONT 2032
THEHAMBZERE L, CNT D252 % 5
LW IHWIEBITOAT WS, AKIFFETlE, #ite
CNT OEEMEZER T 2 hofliARA I N
70 FeraicBdL <, FiEMElofhs X
O VEED A = X LfFH%Z HIE L CTw
3, ZDOt FuZ At CNT DEE L EE D
RKEIICIKFLTWR LEZLNTED
(Fig.1). BIfE CNT [FELEKT 0.8 nm @ CNT &
IO T EEI CO 7 ML 2 TER L Tw 512,
SRlOWMETIE, Frz KR L7 ONT & 08K
oA GDLRICXLZ 7LD THET 2,

2. EERRLER
SERET 2 HH e Fr iz, SGI01-
CNT(Ef£2nm-3nm)& X v = VE(CKE X 2.5
nm FEE)IC X 5 CNT Ko BUR o FaEEH Ic A
INntz, FALTFEE LT, ERORAW %
BEEEL, Z D 60 "CTEAT 2 TH
% (Fig2)e O MIA[HETH Y, T A%
NBEZ W IET 5 2 L TIMEDARETH 5,
MELDIREE & F LD BHR Z T~ 2 =01,
A REce Fa s volflzit 572, 2D
R BT THRE I N Twi e Fasriic
e, ZFafbic b8 7 CNT 4B o #2EE 13
Hic i g L o 72, 2T31E(6,5)CNT
CG300-CNT I =T SG101 D & 2547 400

o TnE0EeEZLND , AFIET
AU L7z %2 v = VB X 2 CNT &
F a7 OeERHEICBE L CRE 21T - 72, 55l
IZFEEIC TR R B,

~ ~@»
[ EQI] | SO0
~ et b v W
> N | peel oft’
__ _ ‘heaing " cel ol s a
PPO® ., O® @
OO >R
{fL
SG101 .
é; nm
(I n
) @213 mm
«— m-inleraction —2mm
0.3 nm ( ()I
OOOOT

Fig.1 Network structure of CNT and tannic acid.

Fig.2 CNT hydrogel.
3. ZE .
[1] FrEFR, K&MIR, 2019 455 80 BISHY Y2
R FAlTRRIE 2, 21a-PB1-11,2019 4F 9 A.
[2] R. Ogawa, et al., "Development of new carbon nanotube

hydrogels," Pacifichem 2021, 3589404, Dec., 2021.

4. BEE

AWFFEDFITICH -V BELACERLEZ W
iz, ZEST Y TAWR) D FH LK I
WL S5, /2. RIFZEO—ERIL ISPS B
WEE - PREREIBTIE (B 2F)(JP23K17814) D BhAL %
ZF Eh Tz,
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CNT ZEEARICERBI S E-#IEL— FOER
Conductive sheet with electrically aligned CNTs
AMKE Ok R—ER, ARE SE HP EE BE @X PF EE RKEHMt
Kyushu Univ., ©Soichiro Ichiki, Yoshihiko Kubota, Naoki Tanaka,
Masafumi Inaba, Michihiko Nakano, Junya Suehiro
E-mail: inaba@ees.kyushu-u.ac.jp

=T/ Fa—7 (CNT) IImEREEME, SEVMERE, MR SEN MY
EH LT MBI TH D, Bx T ONT ZF M S RAEEME Y — POEREBF LT D, K
W TIE. CNT ORAEEE SIS, EWIIEED BB CEEI LIBE > — F OFERIZ OV T
RIS

HJE CNT (SWCNT)Z ¥ —IZ0 S 57-DIZ, SWCNT 227 v a iV ALz, Zivk
poly dimethyl siloxane (PDMS)HHUZHRAN « L L, —BLE L CT7 m AL A% RE L, CONT &K
e Uiz, Fepk LTI 2 PRSI & IR & AT AR BRI A TS, BEAICL 27 4 7 —ik
BEONRZMIET 2 7 DICEMmZ P S o OEEEEZEI L B —% —CHEE -k STy
— MRV TG, 10 S HEERE 22535 5.0 kVep, 60 Hz OFEEZFIINL, ZDO%, EIC

B L7zt —%— (BEIRE :100°C) TMEALZRN S, & HIT 50 4rMllElR & BERMAE1T - 72,

B 1IN T OWED BB R 2 s, SR OB MO Bk, — &
10 BRI DWW SR O MIINIZ K 5, BERIINZR LO%E . CNT O3 HURER RAF CTH 5728

BERIRD L 9 TG IR TERD o, EEZHM L7256, v — MES TGS 20K
HIEZTER L TN D 2 EAVRS T, X 2 ITERAIN LIc Yo 7V & B Bl e B4
THY . CNT DRN T — MNELFG A —EHITHEI L TN D T LEARENTVD, CNT O+
DIEREE 100 um F2E ThH o7, ¥ — MOEBEMEIZHOWTIBIHIC TR A B R T 5,

[1] M. Inaba, et al., Diam. Relat. Mater. 146, 111246 (2024).

n' 4 " Q" : " “ . = 200 um
M 1EEZEIML TWanwy — MER)EEELHIM Lz — b 2 BERMLEZY— b R
(5 ) D i e B S R (FIHLET) G EEAEEE (PIHLET)

© 20245 [CHMIEES 15-033 17.1
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EZILYSUERAW:-CVD#EICKSZECNT EAD SICaA—F4 27
Coating SiC on multi-walled CNTs by using CVD with Vinylsilane
BHAMIK., HRAEHEDSvIRY - FENRAVA RT3 HILK?2 BEARIERAEH
OXE EAL 152 R LR B—2 B8t Kt i EXS
S WM, RIR Eif 2, TR KR
Aichi Inst. Tech.!, Japan Advanced Chemicals Ltd.?, Koatsu Gas Kogyo Co. Ltd.?
°Naoto Ohshima?, Yuki Tsuchiizu?, Kenichi Uehara?, Shinya Fukuchi 2, Yasuo Nakai ®,
Keishiro Goshima?, Shigeo Yasuhara?, Wakana Takeuchci!
E-mail: v24711lvv@aitech.ac.jp

[LZUDIZ ) =R F ) F2a—T7 (CNTIZZ T 7 = &R e -T2, Thbar L@l iR
HD%%JE CNT LIRS, 28 CNT 1B, &7 A~ MEE, bRz e, -2l E5inE
PR OMWEEA L, B, IT, i, &7 A AR REFE A SRR RFIEN TS, LL,

CNT IFEEIRPHA, @i TIERmEL, HIELoT DIENALI TWARLZ N E TR 4 1, [FEERIC
TT7 2 NETER T —R T )75 — ML T, IRAEZAFE(SIC)a—T > 7T Eh L C& 7=,

FIT, AWFZETIEZESE CNT IS SIC a—T (L Va2 Z AL LT-.

[ EBR ST 1E]12 8 CNT 1%, fillid B A E S 7= Si0lfSi Fatl i, 72T L (CoH)ZFEHT 2T, B
72, FElE TRV R AR (BA CVD)IZLV R ESE b0 & L7z, CNT 0E X3 0.3 mm THS.

SIC 22— 713, FEHALL T =L T & 2 scem, U7 H AEL T Ar it & 200-800 scecm,

%R 600-1000°C, f% &)+ 71 0.35-1.37 Torr, K& FEHE 60 min DS TEL CVD ICE i EEL7-. =
—T A7 HIED CNT (%, EERE BHMBI(SEM)IZZE DB SIC DAEEBIE L.

[FE 3 LB EEFig. 1 B L O L (D)ICZNENSIC 2—F 1 > 7 HiODZE CNT & Ar:570 sccm
TSICa—7 (7 L7228 CNT ® SEM B %/~ ¥ . il mits C CNT O EALLI 37 nm 7> 5 214 nm
L0, CNT R4 ES L HICSiICRa—TF 1 7 Ei-. Fig. 2 IZIEE H1HTO SiC-CNTs DIE
A%~ ArB70 scem OFEHIRMmMUTLE 2 HEREDY 0.10 pm LU R~ & 28I Liz23,
Ar:800 sccm OFEHIES 0.10 mm L TH B 010 ym FREThH o7, 2 XV, AriiaEz i
SHDHIET, ZECNTOIVIERE~SICEa—TFT 4 VT A[ETH D Z ERBR I .

[Z% k] [1]B. Frank et al., Chem. Mater., 22, 15 (2010). [2]K. Ono et al., Jpn. J. Appl. Phys., 62,

SAL017 (2023).
€ 0.30} ) s CNTs
\‘;O 25l SiC coated CNTSs]
=Y Ar flow
= 570sccm
= 800sccm

0.00 0.10 0.20 0.30
Depth from surface (mm)

Fig. 1. SEM image (a) 0.8mm CNTs, (b) SiC Fig. 2. Depth and SiC-CNTs

coated CNTs (Ar:570sccm) diameter variation

© 20245 [CHMIEES 15-034 17.1
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KEiEZ AL ONT/TR: DBIEESMHAE OB IERED S8
Resin structure classification of CNT/epoxy resin composites using Kmeans
I¥RKE OCM)ER ®IE B B, FH XF
Kogakuin Univ., °Tenma Hiraishi, Tomoe Yayama, Fumiko Akagi

E-mail: cm23058@ns.kogakuin.ac.jp

1. IT®Iic

FHZEMCEM D AN THESCT 7y MOFIRENE & S, @liE7 e Eom ISR ED R 5T
W5, I—RrT 7’“:%7(CNT Carbon Nanotube)i, AL/ FHRMEZ RO b, BIllEERETE L
T-HEERELE LT, iz ”“/\%T@/ﬁﬁ?mﬂ;ﬁﬁénﬂ\%.6[1] L7>L CNT (39~ COAfifE {23 AEfodk:
FREAIZES L TR, thoWEI6 U T EEAASEMEL | BilE & OREHEEHIMEN S W ) BIER H 5
[2], St VA g % 7 IC i CNT/EHER EIZIT B, (b7 a-oRdmBafR 7 & OBy
TRIRIEZBAL NI D Z EMRAIRTH DY, FN OO0,

ABFFE T, CNT & =R 45 ﬁﬁ@f&fﬁﬁﬁw EDOFCTHTRF URHEOSEICE B L ORI %
BHOMNCTHZEZHE LIz, 0702, CNT/REF RS R A 2 L~V TET UL L, 4y F8)
7% (MD : Molecular Dynamics) 7% v \Tﬁﬁ%ﬁ?fﬁﬁ&%ﬁﬁ%ﬂ%&bk@ Z LT, BisEHo—oT
5D K FEE VTG DR R T T, K HEREE L. 7 T AX ) T TED—>TH Y, Ll
PEDERWT =2y M7=, T =2 ORHE S — 2 T T HETH 5,

2. BEEFABIOHE

AMTETIX, =70V —AMD =— KD LAMMPS Z i\ 7[3], CNT &IOS EET /v & LCTHAL
HEIE 6 DD R S O(7 0)HE CNT 1 A L5 1.16 g/cm3 DE A
Tz ) —IVA DT LY m—T JUDGEBA)24 S3f-7% V=,
TR X, CNT OS50 DGEBA DEEAERE L T
22769 X 22769 X 25278 A & L7~

FUEET /UL, CNT & DGEBA & HIT/KHaD 720 defect free
E7 /b, CNT DREF T 1 D% K SH7- defect ©7 /L, CNT
REEERIC DGEBAL 4> Z#k& L= bond &7 /L 2 ERk LBk L
7=, HiZ, DGEBA @7%0)%7/1/?6&@)42: L CRfH L7, Fig.1
s defect_free ETVOYHEIEED 3 I Th 5,

HIRBEE P CROE/ME 2 RO GHEFIRILL T E Lie, £ 1
?%5%1 @%ﬂﬂ;ﬁ%ﬁ%@#ﬁj@ﬁx Ef_:séoo KjL @%iﬁf%%%g :t%g ps =X
WAL L7-t%, 300 K 3" DiREEZ T C 10 ps LT D iy 1 - initi
AR L . 300K £C Fioled = 5T 220 ps AL rﬁ:gdgl' Initial structure of defect_free
LTz, 7o, WEMEDIIOSE 2072 357012, [ALF i
JIET 5 Al DFH R A, T o7, BIIEORE/PETIEICIT K SEEZ AW T, /T T /10 DGEBA DO
DR, JRONCNT & DR~~~
3. FHEMER

DGEBA OIEIEMFADMER, DGEBA ORBHOYTALHIAS D FTANZRHEAEN D Z L vbiro7z, Fig. 2 13,
BFIEET /UZOUV T CNT & DGEBA @EE%E CRAL T L, D 55 CNT (W7 L—7 N DGEBA

DOHSHOFTA VI D ﬁﬁ@iﬁc%zk&)ff%f%é Gibr

45000 OFTHUEAS Y I OfEREIY DGEBA Wi TR 34
@ 40000 e BICNmE, EziBMaE i) > QO A i
35000 (%ﬂ%h inward & outward &ﬁ”é)\ Wﬁlﬂ% &%lﬁ%
> 30000 DNRAE L QU DA (opposite) Tév 5, [V defect free
© 25000 & defect £ /L id bond £ /2L~ C outward 7320 V2
o i:ig EWbID, FOFER., DGEBA il R aaEIFEEE DSy
E 10000 FNIRL 22D, —F5, bond EF /LTI inward 3%
= 5000 <\ MmO RFEFIEEED 3 L 70 b, FT2.
0 defect free €7 /LITHBWT, CNT BN ET D
defect free defect bond DGEBA M#% defect, bond E7/L LV $/0 7L 727,
e v % A%, CNT Hﬁﬂi'ﬁ@@ﬁ@@ﬁ LR DOHMZL ST
Fea g LA, DGEBADRHESH MV L2 = LA 72
L S e i < o S
inward M outward B opposite BETHR
Fig. 2 : Relation between number of molecules in the 2 '
| vicinity of CNT and bending directions at both [ KMorietal, Seke-Kakou, 30,6 (2015) 251-2%;
ends of DGEBA for CNT/DGEBA models [ /IEIRON )y AAREMIY K 39,6 (2013)240-247,

Bl LAMMPSMoleular D}Amcs&nulaor(m imvwvlammps ory);
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[18a-A37-1~11117.2 057 x>

[18a-A37-1]

ESIEERALBEPTEANA ZFF v TOERICAEITEZAEEILO—-R/T ST VBREDE
B ¥ 5T

OFRFXE BEURFE. &8 B2 (1.5%KEI)

[18a-A37-2]
BERT VT FAQRRBICETTETZ 7 TV /AgT /) 714 VIEGEDER
OhE B, B XML B RE . &5 (1.5F2KET)

[18a-A37-3]
J27 T VDKNY RICEIT 5 BRERS LT

BE BN REEA EF B AR ERL BEIRE. BE RN EEI(1.5FAE
T. 2. AGCHKR=4)

[18a-A37-4]

BEGETICEITST 57 - REtEREOEE A

OB mM—". &4 BEth'. &AE X®2 BH B2 LT —83 )E &' @8 /" (1.=ILk. 2.
BIKR. 3.5RK)

[18a-A37-5]
Controlled n-type doping in graphene using a photobase generator andpolyethylene oxide
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BRACERRGENT A T v 7 ORI T 72
SHHEN T —R/T T 7 = RBBOIER & T

Preparation and Evaluation of Porous Cellulose/Graphene Layered Film
for Electrochemiluminescence Immunoassay biochip
FERET OM2)AR LHE, EI BIE, & T
Aoyama Gakuin Univ., OT. Ishizuka, T. Watanabe, S. Koh

E-mail: toat@ee.aoyama.ac.jp

HIE 777 3@m0F v ) TEESC, KPNEHEEOENIFEEZ A L TRV EIEERE LT
DICHABHH SN TN D, Bxld, 777 = ORFEAEEZTENT 2 L TY T 7 = U NVERILFH
3t (ECL: Electrochemiluminescence) 74T DI R BICH 595 Z & &2 LTV AU stk 2 Ml &
7@ ECL S0~ T 51213, 79 7 = VEMICHEZEELT 20BN D 5, £ 2T, HiF KL
LCA L 7a~ NECHH SN ZIEE Lo —RIZER L, AFETIE. 3 KToEE26T5%
EtEra—ARET AT/ (MCE : Mixed Cellulose Ester) &% CVD 7' 7 = DI G HFER LY
RS A E EL T AEE L L. MCE/Z 5 7 = U REfEIED ECL Sy S5 ira{To Z L 2 HiE L=,

fbFEARREE (CVD) ZHWT Cu Bl BICHB 7 7 v 2L, AET 7V 7r—&—% v
TMCE AR 777 = RICBAA LTc, £O%, iz yF o7 L, AWCr T EAHET T ZAFEM FITERS
L MCE/7' 7 7 = V&% ERL L 7= (Fig. 1a), MCE RIXZILE Th 570, JIEHRPHIN AR ANRE L
TLEIREERDH D, ZNE T2, MCEIRO FOHE Y 7 7 = NN BAETRNWE S RIE %
Bz, MCE £ % LB % [F4E L7-, Fig. 1 |2 MCE &4 EHE3 2% D MCE/ 7' T 7 = &% R
9, JEMERTIEZFLEREEIC K 0 S EBEL ST MCE s A < ﬁzé@ Ixt L, JEMERIOEDBEL S
72< 720 iEW{E L7, Fig. 2 |2 MCE BEO LAy & FEIERERR /3 SEM 82 7~k 3, FEEAGE RSy MCE
JER AN 1T D ALOELITH 200 nm L 72 >7-, — Eﬂ“ﬁ’%ﬁ . ZAVERED A 20 nm LT
DEREDON & T2 5T, Z OEME AT ECL JIE Ok - % BTy ﬁz)x%%ﬁiﬁuﬁ“é & IE RPN TRIEH
LT, T 72 SN D Z &7 IBIRDIRBZ S Z ENTELLEEZBND (Fig. 3 inset),

WIZ, MAMRIRMESUR (CEA) 27 VB E LT, MCE/Z 7 7 = U FEE % H T ECL &0
Z1To72, £9 MCE Lizfiesiik & L TH CEA il % [EE L L7-t%. CEA % & TelAk. Ru(bpy)s ik
Pt CEA $uikZ Gz MCE RICHE F LS E G IR L TR L7z, MR 10 mM O B 7 e enT
XY (TPrA) %&¢2 0.15M @ PBS % M\ C ECL ERIEA1T>7-, MCE EIZEKR SNt KA v
FRIGEEE A RIEER, S 72 Ru(bpy)s (2K D30 1.1 V AT CEIRl S, MCE/Z T 7 = U HbE N
ECL ST oEMmE L THRET 5 Z &2V RSz (Fig. 3), AWETIlX, BET 7V r—%—% A
WT MCE % CVD 77 7 = o BIZ8AR L, BRICEE T35 Z LICpksh L7z, £72, MCE 5% 4 L,
BB ~DWEIRIFFE L < 2 & TMCE/ Y T 7 = U@ A FV 7= ECL )& 5 HTI2 A L7~ MCE
fiZ EfET 2 2 £, MCE/Z 7 7 = UHEBIED ASA T T H~OF I FETHDL 2D,

(b)

L | 3

R abs tait X e o
'lcm =G o B> ;,‘“‘._ 2 m u:.‘»_»\}_ o 2pm 0 02 04 06 08 1 12 14
. TR eMTan e ) Potential vs. Ag/AgCl [V]

Fig. 1 Photographs of MCE/graphene  Fig. 2 SEM images of MCE surface ~ Fig. 3 ECL-potential curve

(a)

ECL Intensity [a.u.]

(a) before and (b) after compression. (a) before and (b) after compression.  and an optical image of ECL.

[1] T. Watanabe et al., Electrochemistry Communications, 138 (2022) 10729
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BRT7 VT FADIERICAF=757 0 /AeF /) T4 VEEEREOER
Fabrication of Graphene/Ag-Nanowires Composite Films for Transparent Antenna
FEXREI ONE B M), &E XM M), &2 RHE ®HEZ
College of Science and Engineering, Aoyama Gakuin University
°Ren Kojima, Yamato Shinada, Takeshi Watanabe, and Shinji Koh
E-mail: ren_kojima@ee.aoyama.ac.jp

MERUE IS O A BN T T FRERSHEIN L TR Y | SMIEBLE L RWER T 7 A
ENTWD, BxlTonETICHEBEE XY V7 F—E U 72k > To— MEHT 80 Q/sq. T T
PUL LT T 7 = 2 BWMEHZ LT T v 7 T2 ER L | 208 EEFEA L2, £/, 38
FELIZCVD /T 7 2 ~"DA B =T L—a ik, o— MEFIZ 40 Qsq. £ TR T &4

LTS Ll ERMICIE S 5705 o — MEFUREALETH D, 7T 7= & Ag T/
A (AgNW) OEERITIZ ORERH Y | KRG EER L L THEHZED TV D
A TIXBHT T F~DISHEBRINC Y T 7 = & AgNW OEESIEZVERL L % OB KR,
B L ORI OV TR 21T - 7=,

AgNW ZHHH T ZAHM EIZAE > a— K L7ZFEMRIZ CVD (chemical vapor deposition) 2 C/E
LIV T7 72 BT LTI 77 = /AgNW EEBELZGT-, Table 1 I277 7 = VG RHIE D
AR & van der Pauw 15 & W2 — MEFLORIER R EZ RS, 77 7 = L /AgNW HAE K
DFHEWHRIT 85.3% (550 nm) & EWBIAMEEZ A L Tz, AgNW BIRD > — MEHIA 13 Q/sqiZxf
LT, 777 /AgNW BEABED > — MEHIA 9.9 Q/sq. F TR T LIZEHIZS T 7 = )% AgNW
MICEER AR LB THDHEEZ WD, Fig2 IZ7 77 =0, 777 /AgNW BT
% 2D B'—7 & G = EOHRZ R HAEKIC Lo T 7~ B 7 (LB R AR 2
K v UTEEMICS 7 L TWDZ 2D, AgNW LIZ/ 7 7 2 V2 GE9T52 LT/ T 7
VDIEMEERDIEME I, AgNW D7 T 7 2 U ~BFOBEINEL TS Z ERbhotz,

2720
2710 L ® Graphene/AgNW
o Graphene
= 2700
= .-
5
Fig 1. Photograph of AgNW and graphene—AgN'W E 2690 06% .-
hybrid films on a quartz glass = “040, & ez
8 2680 | "V Te ol Lo-
Tablel. Transmittance values 02%
i 2670 7
at 550 nm versus sheet resistance SO 7 £ (<102 cm?)
Sheet resistance Optical transmittance 2660 i l ‘ J
Q/sq. nm) [% } )
[¥/sq.] (550 nm) [%] 1575 1580 1585 1590 1595 1600 1605 1610
AgNW 13 89.3 G shift [em']
Fig 2. Correlation between the shifts of
Graphene/AgNW 9.9 85.3 the graphene G and 2D Raman peaks

[1]S. Kosuga et al., AIP Adv. 11, 035136 (2021).
[2] BUFFEEIZD>, 19p-p01-36, £ 84 [BIIE MBS AT 2, 2023 4
[3] M.-S. Lee et al., Nano Lett., 13, 6, 2814-2821 (2013).
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75 72O KNV RIZBT 5 BE BB M
Evaluation of radio wave transmission characteristics of graphene in K band
FEREL!, AGCHASH? O(MD)E®RE BHL !, RHE EK?

EE fiE KH ER? B S, A8 BT, ® B!

Aoyama Gakuin Univ. !, AGC Inc. 2, °Kosei Tomizawa!, Ryota Okuda?, Kazuhiko Niwano?,
Naoto Oota?, Takeshi Watanabe!, Ryosuke Suga!, Shinji Koh!
E-mail: tkosei@ee.aoyama.ac.jp

BENTEENE L SOEHMN AR>S T 7 = 2O T, TCF (transparent conductive film) & L T
DOFE 2 DISHRE R TON TN D, BESLT Y V7 =712k, EMEE MR L CEENE
%ﬁiéﬁ?‘: 777z ERANT, U ERICE T%)Ei;ﬁ"?ftm”’?T YT ORGSR FETRE LTO

PERERTAM 24T > C& 7=, AMFFETIE, KN R (18~26.5GHz) ([ZRBIF DM A4 7T 7 = OEWNH
WEFE A I35 Z & T, EMI (electromagnetic interference) > —/V RIGH O A[REME 2 PR L 7=,

AWEIL, BHHEZERE (Figl) ZHWTS/NT A—% (Sp, Sip) ZHIE L., &, KHERIZ
B LT, BBV A XL, BEOT N—F v —H A ALULTHLILENH 5%, 70<70 mm?> D
' 7 = % CVD (chemical vapor deposition) {ETIER L7z, FHlICHWZ7 77 = 0%, (1) B
J§ 72 7 = >, (2)Layer-by-layer i C() & fbJg &7 3 EHE Y 7 7 =, 3)TFSA
(Bis(trifluoromethanesulfonyl)amide) ZQ)Z&EAM L7z p WX ¥ V7 =¥/ 3 @fEE s/ 7 7 =
DIFEHETHD, ZNOIFEDT T T2 %Y —FTA LT AR EIT/ER L7=, Fig. 2 12 K
N RIZBT 2EER, KEREZRT, TOREK, KERIID-3)TH LWELITRV, iR
IE)-G)YDFFITHA L, G)NE K /N2 RERTHIEEN 20 FTHDHZ ERnbhotz, £,
HEROFMMAEE TV (Fig.3) ZHELVIalb—a VT 2T 25, FEREE X<
*ﬁﬁ‘éﬁ%#%%ﬂto UEDRERLY, 77720 DZBEESx v V7 R—E 72k 58
EROM EIZ L ERERIEREN M ET 5 2 ERH LN E R oT,

—Glass
—SLGraphene (Pristine) / Glass
—3LGraphene (Pristine) / Glass
—3LGraphene (TFSA) /Glass

Glass Graphene %0

Lens Antenna Lens Antenna

Portl Port2

Transmittace [%]

Fig.1: Schematic diagram of measurement ‘ ‘ ‘ ‘
S Stem' 18 20 22 24 26
Y Frequency [GHz]
—Glass
—SLGraphene(Pristine) / Glass

Glass

—3LGraphene(Pristine) / Glass

o —3LGraphene (TFSA) /Glass
50

Fig.3: Equivalent circuit model of 0
measurement system

Portl Port2

Graphene

Reflectance [%)]

18 20 22 24 26

Frequency [GHz]

Fig.2: Transmittance and reflectance of
K-band radio waves calculated from S-parameters.

[1] R. Okuda, K. Niwano, K. Hatada, K. Kokubu, K. Kokubu, R. Suga, T. Watanabe, and S.
Koh, Sci. Rep. 13, 13878 (2023).

[2] S. Kosuga, S. Nagata, S. Kuromatsu, R. Suga, T. Watanabe, O. Hashimoto, and S. Koh, AIP
Adv. 11, 035136 (2021).
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BERIBETICRITE7 T 7= -REFEREOREESFH
Measurement of Electromotive Force at Graphene — Water Interface
under Temperature Controlled Space
RAEKR', TR BRKS
COEEF Mi— !, EAEM, AEH LH, BN B2 UT —S, ANE B, ME /!
Tohoku Univ.!, NITech.%, Osaka Univ.?
°Koichi Takano', Naoya Iwamoto', Mitsuhiro Honda?, Masaki TanemuraZ, Ichiro Yamashita®,
Atsuki Komiya', and Takeru Okada’
E-mail: koichi.takano.t8 @dc.tohoku.ac.jp

[F7ER] loT HTOMERIC L VREFICHREIND BV —OEMB 2T 5 & TRl S,
TR & BRI % (o T B A TREZ2 IR B L EE I 3 8. - B v —TF A 2D ZAER(ED
B CHREMEZF 2B A DD, ZHE TITEREIDKOFEHEIZK L TR ITHEINT 5 Z &7
Do TNDM, ka8 % RITT LB 2 SNEIRENE T CRIES N2 BMEREZIXZE I N
T KB EE S TRENEEE /) & BMER OB I IR ST\ e o T, & 2 TARIFZET
X FEBRR T T A IR I 2 IS S LIRENC L DB DB O RRRE A 1T - 72,

[EBR L] (LFERHABEIC L > THRE LSRR LT 7 7 = &2 0T AER BTG L7 T
7 x bl e Em A 75E LTc, PDMS BOFEKT v 72 v, fUKESEH o U — 3 — L iR
T FEERZERINICERE LTz, [EIRZEMIZ T 0 7T MMZE D7 40— RNy ZHIENC X 0 IREEN
—EERDEITHIE LT, YV VR T B TRENICKIREZRINL 77 7 = il A
CToEBEZFHIIL 72,

[(RREEBR] 777 = CRBIAAIZAE UM S T2 0 OELE ) (EMF) (13882 tiE K
FHEZ R L, ERZERNOREIZL > TEOHENRR L Z LN LN o7 (Fig 1) o IRE
DSEVME EFTEIT K2 EMF OHINERIZRE <, 400 mm/s, 35°C @ EMF (X[AfE, 25°C TO
fEICHA 2 (FRRERE VR L o7z, ZOREICHONT, <A 7 BifiENICB T D iBNE Bk
O TS TIRA ITEL P D JEIRICER T 5 L B2 b D0, 2 OEBIWFR CIXIRO R

NREFEBELUKENEWVITE, FmEMEH T E 0.6 —
BB E < 725, 25 °C /05 35 °C ORI TAD osi- | 3§ B -
FEPEIE 0.89~0.72 g/(m ) E TEALT % 7= DG i~ DB EQ“ /ﬁ .
BREMA RN ARENMKC ARG THE D 2T oo
ERLTVD, ZOZLE, 7T 7 = Bk R EC 2 oar i% i
5155 BN I 1, HlR Rk Bk B 25 (L L {l o
INEERERTHY | WRIRIEET A ADKEIE 0 100200 300 400 500
ICHRER MR L VR Do Fig. 1. Depenfilzv;zr:fff;nl\ﬁ; on flow

speed at different temperatures.
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Controlled n-type doping in graphene using a photobase generator and

polyethylene oxide blends

FEXSHE LA 20 7 K3 (D) LRI 2, AR IES Y, WERKT, JExRIET 3, f#EE 2
AIST !, Univ. Tsukuba %, Kobe Univ. %, °Yuqing Wang >, Masatou Ishihara !, Kazuhiro
Kirihara !, Shohei Horike 3, Qingshuo Wei !

E-mail: gingshuo.wei@aist.go.ip

Achieving stable n-type doping in graphene is a critical challenge in materials science, which
is essential for various device applications. Our recent research has successfully maintained
stable n-type doping in graphene for over two months using a photobase generator, specifically
2-(9-oxoxanthen-2-yl)propionic acid 1,5,7-triazabicyclo[4.4.0]dec-5-ene (PBG), under UV
light. The UV irradiation induces a photodecarboxylation reaction at the interface between PBG
and graphene, yielding a strong base—1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) [1-3]. This
base donates electrons to graphene, prompting a transition from p-type to n-type[4]. However,
the small size of PBG molecules complicates achieving uniform dispersion on the graphene
surface through spin-coating, leading to PBG aggregation and a thicker layer postdrying.
Though this does not hinder n-type doping, it can cause PBG crystallization depending on
ambient temperature and humidity, affecting the film's uniformity and transparency.

Integrating PBG into polyethylene oxide (PEO) films minimizes PBG crystallization,
simplifying controlled spin coating[5]. Hybridizing PBG with PEO effectively reduces PBG
crystallization on the graphene surface, thus mitigating its detrimental effects on reactivity and
transmittance. Crucially, varying the PBG concentration within the PEO matrix allows for
precise control over the time required to transition graphene from p-type to n-type doping. Our
innovative hybrid approach provides enhanced control over doping transitions, resulting in
optimized graphene-based devices with sustainable functionalities. In particular, the method
demonstrated long-term stability of more than 160 days, making it viable for practical
applications in thermoelectric devices and other areas. This represents a significant
advancement over previous methods in terms of cost, scalability, and stability.

[1] Wei et al., ACS Appl. Mater. Interfaces 2016, 8, 2054

[2] Wei et al., J. Phys. Chem. C. 2018, 122, 15922

[3] Lyu et al., Org. Electron. 2020, 78, 105615

[4] Kirihara et al., ACS Appl. Mater. Interfaces 2024, 16(1),1198.
[5] Wang et al., Diamond Relat. Mater 2024, in press.
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Reduced Cobalt-Phthalocyanine Covalently Functionalized Graphene Oxide for Fast,
Sensitive, and Reproducible Ammonia Sensors.
Fac. of Eng., The Univ. of Tokyo', °(M2) Yuxiang Shen', Ryo Toyoshima', Ken Uchida’
E-mail: shen@ssn.t.u-tokyo.ac.jp
Introduction: Molecular sensors are considered as key devices to solve future healthcare problems in society.
Sensors detecting low-weight molecules consistently struggle to unite high sensitivity, stability, and reproducibility
[1]. Previous studies on porphyrin-functionalized graphene sensors have demonstrated high sensitivity, though
they also reveal a notable drawback; slow to response and recovery [2]. In this study, we successfully fabricated
graphene sensors functionalized covalently with cobalt (II) 2,9,16,23-tetra(carboxy)phthalocyanine (CoTCPc).
This strategy resolved several issues: 1) it prevented agglomeration problems, 2) it ensured high stability even at
high operating temperatures, resulting in fast response and recovery from high temperature operation.
Method: A CVD monolayer graphene on a 90 mm Si/SiO2 substrate (Graphenea, https://www.graphenea.com)
was subjected to annealing under N2 atmosphere to eliminate surface impurities. It was then cleaned in acetone
and 2-propanol. Subsequently, the cleaned graphene was exposed to UV/Os treatment for various durations to
introduce controlled surface oxidation. Next, the ozone-treated graphene (OG) was covalently functionalized with
CoTCPc (PCFG) and then reduced by hydrazine ammonia solution to obtain r-PCFG. Electrodes were formed by
electron beam evaporation of 5-nm Cr/50-nm Au with a metal mask patterned in inter-digital electrode (IDE). The
sensing response is defined as AR/R, where R is the resistance of the sensor under the base gas.
Results and Discussion: [nitially, the surface structure was investigated. Raman spectroscopy of PCFG showed
several new peaks around 1500 cm™, corresponding to the porphyrin skeletal vibrational mode. FTIR spectra
showed characteristic peaks in the 1700-1300 cm™ region, including C=C and C-N stretching vibrations. Mass
spectroscopy showed the appearance of (m/z=29 and 30) formyl cations and formaldehyde cations originating
from porphyrin pyrolysis and the cleavage of carboxyl substituents. In sensing performance tests, we found that
this sensor maintained its performance after 100 days of continuous operation at 473K with no agglomeration
observed and <5% degradation. This is a significant improvement over traditional metal-organic sensor systems.
In addition, the sensor exhibited a rapid response time of 30 sec and a recovery time of approximately 5 min when
exposed to ammonia. The limit of detection (LOD) for ammonia was as low as 54 ppb, and we also detected the
response to 200 ppb ammonia: its response still showed 2 times of the 3o value. Importantly, this device was not
affected by humidity levels below 60% RH or the presence of hydrogen, demonstrating its high selectivity for
ammonia. Using on neural-network-potential (NNP)-based molecular dvnamic simulations [3], we obtained the
thermodynamically stable structure: the covalently bonded CoTCPc is parallel to the surface of GFET. 96% of the
time, ammonia was tightly adsorbed on the cobalt, indicating that cobalt is the main reason for the excellent
performance. Additionally, the total energy change of -37 eV, that is the energy decrease after the ammonia
adsorption process in a system including 98 NH3 molecules, demonstrated a strong adsorption tendency of NH3.
Finally, we found that the value of the self-diffusion coefficients in n-n interaction system Drx (~107 m?/s) was
three orders of magnitude higher than that of the covalent system Dco (~1071% m?/s) and Di.r increased drastically
with increasing temperature (D3oox: Dsoox=1:100).
Conclusion: A stable ammonia sensor with <5% degradation after 100 days at 473K was fabricated via covalent
modification. It exhibited fast response (>30— lmin), recovery (>60—>5min), high sensitivity (LOD=54ppb), and
was unaffected by humidity <60% RH and H2. Simulations revealed adsorption process parameters.
Acknowledge: This work was partly supported by JST CREST Grant Numbers JPMJCR1912 and JPMJCR22C4, JST COI-
NEXT Grant Number JPMJPF2202, and JSPS KAKENHI Grant Numbers 22KJ0891, 19H00756, and 18H05423.
Reference
[1] N. Alzate-Carvajal et al., ACS Omega, 5, 21320-21329 (2020).  [3] S. Takamoto et al., Nat. Commun., 13, 2991 (2022).
[2] K. Sawada et al., Jpn. J. Appl. Phys., 59, SGGGO09 (2020).
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ime (min) Fig. 2 Limit of detection (LOD) for NH3, Fig. 3 Simulation result: the possibility
Fig. 1 Responses to 4-ppm ammonia taken on (inset) and selectivity of the device (4ppm of adsorption with target gas, energy
different days, showing the excellent stability NHs, 200ppm Ha, air with 60%RH) changes, and self-diffusion coefficients
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RETFTCTOBRRILERRHICAIT
Coo48NL7=EMJ 57y FET DR
Development of Co-phthalocyanine-modified graphene FETs for nitrogen dioxide detection in ambient air
EREREIX CMDXRIE fu%F KR EE HE &KX, £8 &5, @ R=
Tokyo Univ. of Agri. and Tech. °K. Kikawada, N. Yazawa, R. Nakanishi, T. Ikuta, and K. Maehashi
E-mail: s249939u@st.go.tuat.ac.jp

KREFICHET D MLEHE (NOy) I U & LIEAEWE L, KRIGUSCIBIER &\ o 728
BB DRI & 72 57217 T2 < | parts-per-billion (ppb) L /L DR EJEE T & AMA~DE K7
FREZRH S VAT PFET D, LEER> T 26 OWE Z > R E BRI 2 5o
feNLIE, BA - ROUBHBOEBUIMLEARF R TH D, € 2 TARIFETIE, KK FCHEWE%
BEENOHSITRH TE DT A ZAOFEEZAHE L, _RIHMEBTHL 77 7= BLUY
FEDS T L RERIICHEAFRRRGE 7 X a7 = UEERIZHER L,

IXCOIZ CVDIEIC KV BEED Y T 7 = 2GR L, B (Cr/Au) 2375748 STz Si/SiO2 Fak b
ICHRBE L C/ 77 = VERIR ST U AZ (FET) 21ER L7, ®IZ, N E B E L TY
77 x & Co 7X4ny T = CEML, ERTBLOREZEHRE N CTONARENE
1T 72, Fig. 1(@lZ,Co 7 ¥ u v 7 = &hi 77 7 = > FET Z W T2 #2850 K T D NO, (1~800
ppb) DO REREZ R T, NOy DB AICEVMBERMED IEF B 7 FOABIISHIZZ &b,
B Eh L7z & W2 5, Fig. 1(b)IT, Co 7 &% 1 37 = AMEMT A 212xt LT bt (SO
R T EHEANLTERE R T, ZORELD | BT ORE OO T 251 L g LT, NO,
IR TE 5 Z £ 5, Fig. 102, BEZETLRE T (0~40%) 2BV T, NO, #H
MNIHT DT 4T v I RA Y NEEORKY 7 V&R (AVi) 2037, ZORERLIY | BE 40%5R
BTFICBWTHFIOUSBEEME T LTS Z ERN00bd, Ziud, KKUZE TN DK FH Co 7
Zuy T = OWEYA MR LTS Z &0, KE NO A BUS U CHERE « BEASER N ERL S L
HTLT NOIREMETLEZ ENRRZEEZ BND, LLRRL, AFETIER L7 Co
7EuYT = NEMI 7T 7 = > FET X, ED 0~40%DHiFH O KK HFIZIHBVT NO, & @I
MHTEL B2 6ND,

(a) (b) (c)
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Back-gate * ¥ Dirac-point@vacuum i'u?q & *‘99'5 ::39;5 & § §§ & (0%)  (5%) (25%) (40%)
N & & Ny YQ‘\‘Q ~ 'bq,

introduced in dry air atmosphere. (b) Comparison of the Dirac-point voltage shifts when each gas molecule
was introduced into the Co-phthalocyanine-modified graphene FETs. (c) Relative humidity dependence

of the maximum Dirac-point voltage shifts (A V.4 ) in the Co-phthalocyanine-modified graphene FETs.
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PAdIEIS T Y -5z F/)RUIZKBKFRH ROV
H: gas sensing by Pd modified zigzag graphene nano-ribbons
FoUYEmB'. BREIZ (B F7RALR?®
R T, GRA R, EYh BAZ HE BHC, TR #S Ol MM
Anritsu ARL!?, Keio Univ.2, ASMS Co., Ltd.3
T. Yokosawa!, M. Kamada?, T. Tanaka?, K. Tagami®, M. Usami®, °T. Matsui!

E-mail: Tomohiro.Matsui@anritsu.com

57 2 ANIRBNLU T YT (22)dmE T —LF 7 (ac)ii iV V) 2 FEEAD St & DAL S 503, 2z Ui
TIXTT7 2 DAN=T1 DXREDME AL TS T2 2z itk BE (ZES) & L THIGL D JRTERE IR B S HHBLL |
PSR ac B IIRESER DML RS, Fex 130 T7T7 =% S RA A — /LT KRBT O
EOTRIRSITE 22 SR DI T U[1-4], 757 = D F (ke ZES (23F B LI 5E 2 T
WD, RAFFETIX, Ho TAE Y ~DRERZRIEZ T, 2~4 @O I W7 7572 +F /UK (ZGNR)
RFDFRY NI —IREETHDLY TV T TT 2o F ) Ay 2(2zGNM)% Pd TIERRL . D Hy I AR
R R RRAI L 7=, "n 1

ZGNR X° zGNM (Z Pd ZEHUNBMC LV B LZ 1 nm JET &
RELEZA, VR OWNRI( S VI FE ) iT~010 nm @D Pd
F LA CTHEFEDONDLDIZH LT, VAR DTl Pd 23
Uil IR > CITARS — AT HTED pinoTc, T L&
e T Pd S oIRANE, TR HRE T RLF— R
HTEATRELTERY, Pd WA IZB 2% B R LS
JEL72, —J7 Ho AR5 Pd &£ zGNR ZF D&

B EBERERCRIELIZEZA, Hy WAFIE T TIEr T
Tz AR AR —=T SN, FAOEFBED LX), =
ST RBIOM AR ORI ChS, SOz 0 O,

R H DAJEICHBIL  Hy DR RA 3452 0.1Pa(=1  Figure: Time evolution of the resistance
DO o, £ REDRARN, 1, LA O SOAMSt the Hs g insalaon
b Hy H AT Lo CHEFL IR S . Ho B HH PR S Sdhayy atmospheric pressure for a device with 16

of 2-layers zGNRs. The H, concentration

0.01% (= 100 ppm)&720(IXI(b)). HIEBREEIZ L~ This A% was controlled by the partial pressure of
o . H, for the measurement in vacuum, while
SALPRECEILDIEN 52720 ZGNR K2 2GNM ~D -y mas flow rate of Ha, keeping total
Pd &AL . Hy HAEDIEIZANWT . VT 7= D f@sksos Mmass flow rate to be 500 scem, for the

measurement in atmospheric pressure.
gL, ZES, IRE T ADNFIEH Lo o1 5. The unit is converted into ppm.
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[1] T. Matsui et al., J. Phys. Chem. C 123, 22665 (2019). [2] T. Yokosawa et al., e-J. Surf. Sci. Nanotech.
20, 139 (2022). [3] A.E.B. Amend et al., e-J. Surf. Sci. Nanotech. 16, 72 (2018). [4] T. Ochi et al., Carbon
203, 727 (2023). [5] R. Kumar et al., Sens. Actuators B 209, 919 (2015).
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Experimental and simulation of suspended graphene surface acoustic
wave skin gas sensor for effective detection of acetone gas molecules
Univ. of Tokyo !, (P) Sankar Ganesh Ramaraj {, H. Zhou !, H. Yamahara !, H. Tabata !
*E-mail: ramaraj@g.ecc.u-tokyo.ac.ip

Rapid detection of volatile organic compounds (VOCSs) from skin ducts as biomarkers leads
to early diagnosis of disease in human beings [1]. The skin emits gas molecules such as acetone, NHs,
H.S, and VOCs which are considered primary and key biomarker gases in the detection and diagnosis
of numerous diseases like diabetes, asthma, renal disease, halitosis, and lung cancer [2]. Recently,
graphene has attracted much attention as a promising material in the detection of toxic gases due to its
excellent physical and chemical properties such as large young modulus (~1500 GPa), elasticity,
single-atom thickness, and large surface area. These properties drive graphene as an ideal material for
the Surface Acoustic Wave sensor (SAW) [3]. Herein, we report the experimental and simulation of a
suspended chemical vapour deposition (CVD) grown graphene SAW (SG-SAW) sensor operating
with love mode to detect acetone gas in a real time atmosphere.

The schematic illustration in Figure 1(a) depicts a suspended graphene configuration on
pillar-structured SiOy, and the associated Raman spectra in Figure 1(b) showcase a notable downshift
in the G-Band peak at 1593 cm-1 concerning the height of the pillars. This downshift is attributed to
the weakened influence of charge impurities from the substrate on the suspended graphene.
Additionally, the shift in the G-band frequency suggests a decrease in charge transfer between the
substrate and graphene. Figure 1(c) presents the center frequency response plots of the SG-SAW
sensor in response to acetone gas molecules. The sensor exhibits a rapid positive shift in the center
frequency upon exposure to acetone, indicating a change in Young's modulus as gas molecules are
adsorbed onto the graphene surface. These findings collectively suggest that the SG-SAW sensor is
capable of detecting a broad range of acetone concentrations, ranging from 1 ppb to 1 ppm. The
suspended graphene configuration proves advantageous for enhancing sensitivity by mitigating the
impact of charge impurities from the substrate. The simulation results indicated that love wave
interaction with SiO, micropillars and graphene produces dips in the transmission spectra. These dips
correspond to the excitation of flexural and torsional resonance modes of the pillars. These resonance
modes enhanced the gas sensitivity in our device.

:ﬁ::lmmewnh garphene (b) (C) N = Graphend

4um ,'. 1‘. 4— 10ppb
1 - N

(a)

u)
:

Graphene

Intensity (a.
S
>
S,, Intensity (dB)
>
£ d

Si0, thin film/Pillars

0 i o f okl &

130.792 130.794 130796 130.798 130.800
Raman shift(cm™) Frequency(MHz)

Figure 1 (a) Schematic illustration of SG-SAW sensor, (b) Raman analysis of Suspended graphene,
(c) Gas sensing analysis of SG_SAW sensor toward different concentrations of acetone gas molecules.
Acknowledgments: This research was supported by the Institute for Al and Beyond for the University of
Tokyo, JST, CREST Grant Number JPMJCR2202, Japan, AMED under Grant Number JP22zf01270086,
JSPS KAKENHI Grant Number JP20H05651, JP22K 18804, JP23H04099.Reference [1]. S.I. Hwang et
al., ACS Sens. 2021, 6, 3, 871-880. [2] J.E. Lee etal., ACS Appl. Mater. Interfaces 2020, 12, 35688—35697.
[3] Zhou et al., Nanoscale Adv., 2023,5, 6999-7008.
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15 pm BRY 1 X Type-1l BE&F/J 5 7 = UFRIMERBF[ORR

Development of 15 pm pixel-sized Type-1I superlattice/graphene infrared photodetectors
ZEBRGAaL, OBE B, IRA BE, BNl 2 M HE
Mitsubishi Electric Corp.,
°Shoichiro Fukushima, Masaaki Shimatani, Manabu Iwakawa, and Shinpei Ogawa
E-mail: Fukushima.Shoichiro@cb.MitsubishiElectric.co.jp

[Fi] FexiZTIOEr — MIRERA WY T 7 = RSO BRIECRET 217> CTE 72 19,
ZIVETIZ, Type-ll 81 (T2SL) #E&E LI/ 7 7 = VERIR N TV ORAZ R ORNTA 4 — RE
L, H - RIEERI A SEE IR FTRECH D 2 L 2R L 710, REFSETIEA A—T &
i AT T m AR E L, K2 A MEERERE LT, BEY A XER/AMRA A=V TE
Wit & 72 % 15 um F T/ LIZRHERIZ DWW TIRE T 5,

[1E#L] Figure 1(a) (258 1 O K OV F PSS A2 ~3, n B GaSb Fk LIk L7z
InAs/InGaSb T2SL k2, 7T A~ (b FKAHARIE A VT TEOS-SiO: #fif%k/E 4 Al L 7=, WIZ,
RUA U EmE LT Cr HN Au 2 A8y Rl LT, F7-, MEICkId 5 CFs F A% -
FOGHEA ooy F o 7RISk, 757 = o -T2SL #A M2 AR LTz, & BI2, (bR
RIETER LT 77 2 0285 LTz, w&ZIZ 02 A% AW ISHEA ﬂ‘/Iy%/& IZdo
THWTHTEZER LTz, OO 15um A3 A X352 LT, ARIMEO NSk 2 HilfR L
TWb, 777 OFMIZET 2 RINMRHTEREZ i3 2 72012, T2SL B IZEHEEMmA
L. 777 <y kONkxE 2 A0 LT[RV A XDFE - HERL L 72 (Figure 1(b)),
[FFf] 1% 10°Pa, 77KICEZEHH LT=, 850K DRAT 4 T A v T 7L R 3-5um K&
O 8-12 pm ZZNLNHEE T DN RN T 4 )V B G ORI Z -V T, FRAR
SR & Rl BRI~ DI EFVE 2 5 L 7=,

(@) Va K
L

(b) Va la .

Cr/Au Electrode -
Graphene

n-GaShb 525 ym

Fig. 1: Schematic illustrations and light microscopy images of 15 pum pixel-sized InAs/InGaSb type-II

superlattice/graphene diode (a) and type-II superlattice diode (b) based infrared photodetectors. Scale bar: 10 um.

[ZE3Cik]
1) M. Shimatani et al., AIP Adv. 6 (3), 035113 (2016). 2) S. Fukushima et al., Appl. Phys. Lett. 113, 061102 (2018). 3)
M. Shimatani et al., Appl. Phys. Exp. 12 (2), 025001 (2019). 4) S. Ogawa et al., Opt. Eng. 58, 057106 (2019). 5) S.
Fukushima et al., Opt. Lett. 44 (10), 2598 (2019). 6) M. Shimatani et al., Appl. Phys. Exp. 12 (12), 122010 (2019). 7)
&, 5 83 [BlS WL EkE 2. 22p-B202-5, 2022/9/22, 8) & Efth. 5 70 S AWK
ZREEN I ZS . 17p-B309-13, 2023/3/17, 9) S. Fukushima et al., Symposium T6.3 The 84" JSAP Autumn Meeting
2023, 21p-A305-3, September 21, 2023. 10) S. Fukushima et al., Optica Open, Preprint (2023).

(REE] AWTIEIE, BIRTEEAR T 25 F2ht 5 L R ORBEEATH FEHEE R EE TPI004596 0D 3t %% 1 7=
HLDOTT,
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TJ32zo4 A= 0E—ML :
T30k — FFAF—FIZE T HREEOHEERE
Uniformity improvement in graphene image sensors:
investigation of the interfacial layer of graphene photogated diode pixels
=EEHKASH
CIEH mE, R B8, BNl 2 DI HE
Mitsubishi Electric Corp.
°Masaaki Shimatani, Shoichiro Fukushima, Manabu Iwakawa, and Shinpei Ogawa
E-mail: Shimatani.Masaaki@bk.MitsubishiElectric.co.jp

[(&F] Fxlx, 75— "R DEICH LY 77 = %5 — K% A 4 — F(GPD: Graphene
Photogated Diode)fi# i +0% WiFEfEiE & LT, VGA 7 4+ —~ v FORIMRA A —TF DB LW
ANA A=Y SINEHEB LT, KA~y DT T T2 A A= FIZEWT, H
T OB —MENRETH 5, A, GPDHEED 7T 7 ~ v PEERES R 2 R EL ST D201
RHEEZEA L, OFESCEEE 2 el b 35 2 & T WMo AR LIZ0 THRET D,

[E80775] Fig. 1 IR mE 2435 GPD 7 LA O X% 7~9, InSb _BIZJRFEHEREZ A
C HfO, S 8 % Ak L. TEOS-SiOy. Cr/Au A AL L. iz 850> TEOS-Si0, & 77 A~
ToF ULV LT, 20 EE, FEEOREEN 0-4nm L7 5 Koo v TF o V%R
LT, D%, Cul LICE LT CVD BBV 7 7 = V&G N2 —=2 735 Z & TGPD
T ARGz, BIEITIRE 77 K OEZERAITN CEM L, JEPRITEE 3-5 um OEVEJRA L
A CHENAETRFRRITHRE L, NS T L ONRE /\ﬁiﬁE(NETD)%éﬂ?ﬁ L7

[ 5] Fig. 2 1Tk~ 7285 > HEO, il % iV 7= GPD ISR 1) %, BilisE T & =&/ N NETD
Thd, BEO0mm (I77 A~z v F o 7Ick Dﬁﬁ%ﬁlm IZPRESNIETH D, Fig2 &
VIR 1-3 nm (23 TH/s NETD 1L ImK BAF & 720 | R 2 nm Thz/s NETD 1% 0.41 mK Th
ST, PlEX Y REEE LT nm @ HO, 2 W5 Z & T, NETD O KiE2 & #ENARETH D,

Graphene/Al,O5 or HfO,/InSh 100.0
< 10.0
E
)
m
= 1.0
CriAu
* Graphene
TEos-Si-!;‘I / I_I' 0.1
- 0 1 2 3 4
InSb Al0; or HfO: = HfO, thickness (nm)
Fig. 1 Schematic diagrams of the graphene Fig. 2 Minimum NETD performance for devices
photogated diode array with interfacial layer. with HfO2 films of various thicknesses.

(iEE] ABFIRIX. BHREEd T 25 3 5 2 A PRBE BT FCHELE T TPJ004596 D 3 ik % 52\ ) 7=
HLDOTh D,

[ 3CHk] D M. Shimatani et al., AIP Adv. 6 (3), 035113 (2016). ? S. Fukushima et al., Appl. Phys.
Lett. 113, 061102 (2018). ¥ M. Shimatani et al., Appl. Phys. Exp. 12 (2), 025001 (2019). ¥ S. Fukushima et
al., Opt. Lett. 44 (10), 2598 (2019). 9 M. Shimatani et al., Appl. Phys. Lett. 117, 173102 (2020).9 M.
Shimatani et al., J. Opt. Soc. Am. B 40 (9), 2349-2355 (2023). 7 SRR, 570005 A BLHS A F T
AR, 17p-B309-19, 202343 H 17H. 8 WEREEAt., Z71EDGS AW P2 F RS, 24a-
32A-3, 202443 H24H.9 RIS E R, FHT1ENSHY IR P2 ETHEES . 24a-32A-4, 2024473
H24H.
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18p-A37-1 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

BIRLF—AFVRBHEICLKEITI T ADRERFF—EVY
Heteroatom doping into single-layer graphene by high-energy ion irradiation
EFRERINARAEEE . BXRFHOUARARME 2 FHEXES, AMXFE4 RLEXES

CH# TERYL AH T2 KO FiECc EE gt K& 'S FE #H°
QST 1, JAEA 2, Nagoya Univ. 3, Kyushu Univ. 4, Tohoku Univ. ®> °Shiro Entani?, Mitsunori Honda?,
Masaki Mizuguchi?, Hideo Watanabe*, Takeshi Ohshima'®, Makoto Kohda'®
E-mail: Entani.shiro@qst.go.jp

7772 NFAE CHELOER TH D A U-UER BN S, EEEERA B 5% v
V7 BEEZRTZ LD, L7 ha=J ARAE Y hr =7 A~DIGHNPIfF ST D,
ZOEIRTT T2 E2FI LD E L ZRTERME~DORBEALEMETF F— o 772 80
T RGN L0, ERECYEMEE ORI FTREIC /e 5 Z ESHEH I TWD, AT
IRt & B & OBGHEBIC I EREA T RNV X —F LD NI A DT RLF
—DEAF L E—LERE L, FAFA 42000 R NX (1512 L - TGS O
AL SELH LD RITEHMBIOAIRZ R A TVWS[1,2], ABFETIE, KCUY T 7 = DO~TF o
E~OE RN —FEA A E—LBHICL DV T T = o ~DIFFE R—E T &tT o7,

SiOp oM FIC/ER L 7= 77 7 = > i _EIZ 100nm @ KCI 2 fURE L 7=, BEZEdicis W ClRA~T 1
REICE T FLF—D Ni A 4 (3.0 MeV Ni*, B & 10%-10% ions/em?) Z#MS T2 2 & T, K
DD VRFIEOH T T 7 = VEIREF R LT, A AV IRENC LD 7T 7 = OB FIREE
JF-REE D2 2 BEM T < 243 60 XPS, XAFS 72 B X V3l L7z, A A WREHE, QST Ml
A F U RREEEE (TIARA) 3 X OYLINK
05 T I IV T EME LT, Cl
K it XAFS 35 J. TN XPS 12 KEK PF-BL27A
IRV THIE LTz,

1(a)-(c)Z 10 ions/cm? A A4 > FR &t 2800 ohoton anergy (G
%o KCZ57 x> (BHH%IC KCl & s/(b)

IR E2) O EXAFS A7 kL% R, %ZW\/‘\/\/\
BRI TR D IR KR RS
)~ L TWb Z b, K 1(d) ® Have mumbor (&)
PREVEITHS Z LRFRINT, Fig.1. (a) Cl K-edge EXAFS, (b) k3-weighted (k) and (c)

XANES, XPS Db BHETHEZD  Fourier transformation spectra of 10 ions/cm?-irradiated

LA A VRECEEN ST 7 = ks KCligraphene/SiO,. The simulated curves (dotted line) are
also indicated. (d) The model of the atomic structure of
Cl-doped graphene using the simulation.

(a) (c)

Intensity (arb.unit)

DFEE D sp? C=C 725 sp® C-C ~ L4k
LRFEN F—7 SN Z &R mhol,
[1] S. Entani, et al., RSC Adv. 6, 68525 (2016). [2] S. Entani, et al., Nanotech. 31, 125705 (2020).

© 2024%F [CRAYEER 15-114 17.2



18p-A37-2 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

mEY 7 7 A T ERELIZEE CVD RE L7 7 7 = OB R
Evaluation of crystal orientation of low-pressure CVD grown graphene on m-plane sapphire substrate
RWAEIT ! O F5R!, W BX, Kl EE!

Meijo Univ. !, °Shigeya Naritsuka!, Yuta Yanase!, Takahiro Maruyama,

E-mail: narit@meijo-u.ac.jp

FLDIT : 7T 7 = AIRBERBENS R DIRFBED ZIRTTHMEN CThH D | B TZERH - AR
MWEAT DT 0kA 2 H~OISHABBRF S TWD, 777 OfFEGEE LT, 774
TR EA~D 7T 7 20 CVD ICXDEH#EMEDN, MEOZWT nt A TH LG 2 M5
ERLSTNANAAPERTELFEE L THEASNTWA[]L, &6, mEt 7 74 7 HEKEHW
et BREERFHELHEOND 2 ENMESNTWD 2, A TR, mEY 7 71 75
W E~CVD K L1277 7 = OFEFPEIC DOV TR AT O THE T 5,

EBRHECVD RICRY miEit 7 7 A TER LIS T 7 = 2Rz U AR IREENE 1200°C,
FRERERI 150min & U, RFFELE LTI 3-~FH 2 AW, 797 =0 OBLmMEE X in-
plane [FIHTHIEIZ & 0 FF4h L 72,

FER: 7772 QO)EHTR LY 7 7 A 7 (22-40)EIFTIZBI T 5 in-plane ¢ A F ¥ L HIE DfE R
2 1R, MK miEy 7 7 A 7 ETRHE CVD lRIZ L 57 T 7 = T RAFICEIA L
TWLZ e, ZNENOE—7 ORI EHBERIT. 77 7200 V7 74 7 (22-
40) L T2 TWDZ ENGMD, Fl-, 7772 DQ0)EHTE— 713 60° fHIZHIL, 6 [HIxFrE
EEFO6 BRIV 77 7 2 MR EN TS Z E BT D 2 RN 00D, —J7 K212,
ATV 7 8 OEMEE X S EHWTHIE L= T 7 = Q0)EHTE— 27 £ in-plane [A]
PRET a7 7 A NVErRT, ROEPNMET—2Tho, P —L o YBHucks27 v 7
A THRREDODT, 74T 47D, BT E—2® FWHM 1% 0.012° &R b, 1
DTRMBEL 77 7z PmEt 7 7 A 7ERECT7 7 0T AT — LB X —LTNEH T L
o ino Tz,

[1] Yuki Ueda et al., Appl. Phys. Lett. 115, 013103 (2019). [2] Yoshikazu Kawai et al., Jpn. J. Appl. Phys. 62,
085503 (2023).
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18p-A37-3 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

HPPS 75 X2I2& b aVEREAD
g o) —EEI S 7z VER
Catalyst-free directly graphene growth on Si substrate by using of HPPS plasma
ERABRL:, ERXIL? #IX® RRILY OV T5/089—YYa—3vX#K)*
OM2) XA M R EH2 AH XE? K &1
Fukuoka Univ. !, Fukuoka Inst. of Technol.?, Tokyo Electron Technology Solutions Ltd.3,
°Yuto Oishit, Masanori Shinohara?!, Fumihiko Maeda?, Takashi Matsumoto®

E-mail: sinohara@fukuoka-u.ac.jp

7T 7 = VTR R IVED & R B CORKR(LS)A B LTS EIRF S LT D, Si
OB E LTHED 7T 7 = 37 ) —ToORRENRRD s, AWFE CIIMRIERE O 7 §E
WRENT T A~ AOEREIRICER L, 77 A~EE L CRBE Y 7 X~ BN ER AR KE
ISV AR Ry B T (HPPS)D 7T A~ B L7z,

F v =% 1X104Pa fREEICIHZER| & LIz, T ¥ /3 —WIZAF L /(CeHg) L KFEZEAL
THENZ1L3PAICHEL, T N—RNICHE LT —R ¥ —5 MMT 850 V DL 2RO E
JitEEE (500 Hz Of# 3 LA #T 20 ps M) 2 fiis LTI A~ Ak L7z, BB Si Fitk
(I & B L OB 2@ EMB AT L. BRRE I A n A—F TE=F— LTz, AF
VIR BUBRIZ 2 BEREPEEHLIEEEZ L TEBY . 2l 1% 95 £ <MArEbE LI
UE, 3 DOV EBURBAER TE D AREENH D720, FEHIH W, lEE, v —3F T~
43I & OE Rk R A A R B - BRI (FE-SEM) . %1858 T BEMBE(TEM) 2 W CRME 21T - 7=,

800 °C & 600 °COIMIRIE TR SHTIRICBNT, IV AT MANL T T 7 20—
AT 74—/ (CNWs) TELHI S5 D, G 2D /N RAHERR T & 7=, RIZ FE-SEM % W TS
[ DBERAAT > T AERITX 11RT X 912, 800 °CCOFEMIRIE DY 7 /L Tlidk CNWs D k2381
HI AL, 600°CHOH DIFIE L NRIRKRR TH D Z ENBRITE 72, %E % TEMIZ L W%
Lzl ZA, M2D X5z, BB EIc%fg 7 2 7 = (Multi-Layer Graphene (MLG))723 k=
LTV Z &l TET,

ARFFE D%, B AEHIR LSRR 72 2 (23K03770), & K 2% O RFZE8 R (GR2305) D42 Bl
G CHEM Sz,

(a)800 °C (b)600 °C

Fig. 1: SEM images of film surface grown at 800  Fig. 2: TEM image of the sample of Fig. 1(b)
degree C (a) and that at 600 degree C (b).
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Ar-H,;BEHRERALV-CW &Ik B AgSBEEADT ST CVD B &
CVD Growth of Graphene on silver foil using Ar and H, mixture gas

FEIXT CMM)SESH X, #TE XE
Fukuoka Inst. of Tech., °(M1) Hikaru Iwatani, Fumihiko Maeda
E-mail: mam24101@bene.fit.ac.jp

FUIELRMELE LTS A2 o ~OIEHAPED G TWD 23, KR ORLIZE > T
BN LR T2 2L NETH D, FD720, T EIE LT 22 E 72 il CHm
ZRET DL HBTHRREIC YT 7= U EBET HENED HILTWD [1, 2] 8, v~ A7 R
—IZ L > THER HHGHIEIT X 2 W AMEZ Wz 0D slREO#EIXIE EA E, 2
ZTC, =X )= VERWECODIEICE DY T 7 = RO ZBE L, Z vk CHRER~
DI T 7 VEEENAIRETH S [3] 2 L &g & &b, BOEmWAKIEN miE b2 HE
LTWDHZ EEWLMNT LIz, AENE, FiZ Wz OVD Bk (4] TEZICTH D & DD
Hol-Z et EEILDOEHEZSL -0, X U THAE LT Ar KFIRETAZ N
HZETT T 7 2 URERATKRFBIRINMD G- 2 % B MEE LTz,

FERIZIT R S 30 um OERFEE V2, ¥ U7 HA L LT Ar 72013 Ar EKSE (3%)
DIRE T A&\ (200scem) . RERIREICENER — ERFE T =— NV LT7ctk, =% ) —b
(Iscem) ZMAG L7z, AREIREEIL 900°CCTRE 643, £/ 25Torr & L7z, EHIZZ O
D DECRIREE, BEZEEE . RN, WEIFERE DR EE L, R R R B LT,

XX UT HAN Ar OG5 & Are KFEDOIRAE T ADLEITONWT, %O MR 72687
FEH O ICFBAMEE G A F 1 FH Fig 1 (a), (OIRT, Ar Z2 V=358 13RS L S
T DM, Ar - KFIREH A ZHOTZ5E TR N B GYED & 5 255 OMERH L
M =472, Fig. 1(b) THIFRNBIZR S Z OFERIT, SREFEHODOKFBIENEZ > TWVDHD, F
1 DMEFHNC AL — T o 2 T2 D KRB AR A53 723853 7> DERD BB Z > THIE & 72>
EEZLND, T T, TH )= WHEERTOT =— LR Z 3 005 3045 L. I
DIES) % 500°CE THERF LT & 2 A, ZOMEND Lic, 2D 3 DO THlE LTI
BE LT~ AT MLk Fig.2 10737, KEBEEZEATHZET, VI 7 2 HFED D,
G,2D N> ROEKROFRENRE 2 . MO LY 512 2D/G /3y REensdeE L=, LA
FORERIT, KEOUGIRRE A SWE L TEBEEZIH L2 L 2R LTy, v U7
T ANDIKFWIN T 77 = > OEWERICEH THDHZ EER LTINS,

Z:3E 3CHik: [1] B. Kiraly et al., Nature Commun. 4, 2804 (2013). [2] S. Grandthyll, et al., Phys.
Stat. Solidi B 252, 1695 (2015). [3] ‘&4%, RiH, % 84 [FIH A PSS, 19p-
P01-23 (2023). [4] M. E. Ayhan, Phys. Stat. Solidi (RPL) 7, 201308159 (2013).

(a) : I hv=532nm
D
e @
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> N AI""H2
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» W e N
(b) g ° -

' £ S — "*.

a.; i e ‘.. g; -E \,MM\W#/ Ar+H,

! 4 i = \ .

) ' L 2 ' \‘*‘«-—M...“Jr—v-""/\—wn\-"-»_%

ot 8
e &
g B {’}gsr‘? y Ar
¢ ‘_‘ : {;{q [ ! T T T T T T
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Fig. 1 Optical microscope images the

Fig. 2 Raman sepctra captured
growth using Ar(a) and Ar+Hy(b).

after CVD growth.
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NbC DEAMRBIZEYER LT 57z VIZEH1T 53 Nb-C HEEH
Strong Nb-C interaction in graphene grown by thermal decomposition of NbC
£XBEL', FXSRt?2 BREREIS OfR EH' Fk £E2 FL M1
Nagoya Univ. !, NUSR. 2, Waseda Univ. 3, °Yuanzhi Ni', Takahiro Ito?, Wataru Norimatsu3

E-mail: ni.yuanzhi.w6@s.mail.nagoya-u.ac.jp

[BR] 777 =03, RERTDEORME FRICES L “koacmETH Y | HizEf o
K BSIZBWTT 4 T v 7 a— 2 LHEN AN Raefo, —JF, A4S TR L7- NbC
L IXBECT AT 7 a—BNEETDIT 4T v 7 P8R TH 5D, T ZTNbC I,
FIK LLF OB mE ZR9 2 &0V STV B[], 35 5 NaCl #1249 %5 NbC D(111)
Fmix, =BEXHEZ A L 3.16 A O Nb-Nb 5l (-[HEEBE A2 FF>, D728, #& 7 E$3.08A D
4H-SiC BfEmEER B2 77 7 = VINDC/SIC ~T o o B2 &% 3 v WG 2RI ¢ & 5 & Hifs
SIND, & ZTARMIETIE, SIiC EEM E NbC HREOEG I LY 775 7 = L /NbC/SIC ~7 1
HEZER L, ZoREOEIREBEZ T,

[ZB 5] NoC E/ERT, LA L—W —HEfE (PLD) 512 X 0 ZEHRIEE 1000°C T T
> 72, NbC HE/ERLF DM & LT, 5%5 mm® ? on-axis 4H-SiC(0001) Hifk oL 2 V=, 155
7= NbC A Ar H 1750°CT 10 pMINEA L, RE~D T T 7 = ME 1T -7, {ERL
ToRBHIR LT R BMEEAFMBIZE, 7~ o tillliE. X BOEE 9 bhXPS)HlE .,
% 75 B - BEIER(TEM) L5236 L OV FE 0 R L #E 153 Je(ARPES)HIIE 21T - 7=, BB IKREZ 5%

\ZHRfiEd 5 72912, ABINIT 7’1 75 A& W= —RE N REFE AT T,

[ﬁ%}m@mlk\&77I/mw&cﬁﬂ@mM%ﬁmM@%r¢‘mcﬁﬁt_\
3ERED YT 7 2 UoRBE S, A LCEFREITRENS, NbC & SiC O FALEfRIT
[T01]xoc//[1100]sic 3 & D11 1)noc//(000T)sic Tdb 5 = & 0345373 7=, Figure 2(@)l, 77 7 = > D
K ST T S 72 ARPES B4/~ , KHICkEB KORKHITRT L 512, 22 hK-0.4
eV BELOKI30eV OT 4 T v 7 ZRXAVX—%FFOT 4 T v/ a—rRgllani, 7=
RERAF KL TCT 4 T v 7 2R A F—PNERE R AT LE L TNDZ EiE, 77
Tz UNEFRF—TENTNAZLEZERLTVS, BECHRESNTWIRES GREE
%~7éht777;/®r47/71zw% 1359-1.6 eV (ZAVUTEFHEER 5.5x 10 em

X d %) THH[R]1Z EB, NbC L777I/iﬁﬁ%&f”7b> nLvwaslizEmnz &
DIRIE I NS, Figure 2(b)Z1X, 2 87 T 7 = 2 /NbC ~T i 63 58— R E /N REHA
DIEFREZRLTWND, KD, -03eVEBBLI23eVDT 4T v 7 TRNLF—%FEOME/ N\
RABIE S, ERFERZEHAICESHRE LTS Z E08ghotz, -23eV O/ KD
@%ﬁ%mﬁbtﬁ% 7771/¢® %ﬂM£W%@&%wWEW%%%O &MLy

-7,

Fig. 1 TEM image and electron diffraction pattern Tao 0 i
of the graphene/NbC/SiC heterostructure. R}

[1] D. Yan, et al. Phys. Rev. B 102, 205117 (2020). Fig. 2 (a) ARPES image and (b) DFT band
[2] Philip. R, et al. Phys. Rev. Lett 125,176403(2020). structure of graphene/NbC/SiC heterostructure.
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HEFHEAIEUNRETSATICEDT 57 DEEHIH LT
Structure Control and Analysis of Graphene
by Photoemission-assisted Townsend Discharge Plasma
AHEEY, AK? ERAKE, EEXIYH04 OB4)ER L, (B3)NE BEX 1, (B3)FA &
12, (B2)hE F&, (B2)H+ B, (B2)f L 1# ', R EH B M4 EHR 71
NIT, Ariake College!, Kyushu Univ.2, Fukuoka Univ.3, Saga Univ.%, °AKkito Fukuda!, Haruhiro Naito',
Hiroya Noda!?, Mahiro Koga', Tsubasa Demura', Hikaru Nishiyama', Masanori Shinohara3,
Kazutoshi Takahashi*, Susumu Takabayashi'*

*E-mail: stak@ariake-nct.ac.jp

JT7 2%, spt IRB DR NI — 21285 ZIRGTCHIEME Th b, mx v T BEIECT A YT P
LR BARMESTE H S TE TS, RO ORI, SO0, ST 5% 3
T BT0I2IE, 2 DR T AL OB I A RO BND, ULt BBWE ChoIlh
b BEED BRI S T7 =0 DR IS LS T2 FE 2R AR 28N 85 5,
Fo 2 1T OB HIE AT Y Nk TE ST A~ (PATD) %

FAWT AR TR — A RIS L5757 = o O R ) ) Aoprapared ‘GT 3
EMFILTE T, PATD [ 3HMR A~ BAT L OEBRIRIC a E
LS NAHE T AN A — L CHEAS AT | 558 a E
WSS OB ESHBILISTES, PATD IXGERONGE ]
EFFIN TV DZ T B NIFEDHY 10,000 £5OEFIANFFE - D L E
NDT=8  EB TR F—F IR L7 A A R e 72D, ] ]

COISCLT, IFT R P Ol e Bz L ]
fELT2D, g g ]

Figure (2, Ar Z Ayt & 100 scem 72477 800 Pa 5 PH S 2> E
O PATD ZEVAERLT=/' 57 =[S0, DT AU MVET & 3 k %
+. Figure HLEAIOAIMATRT, D AURICHBL B ot N
TGAVRBRESEN TODIER DD, 24U 0.1 mC 4377 - (e)1mC E

\F PATD #LEEA4T9 & Figure (b)IZRT LHIZHT NI D v
R723a R L7z, Figure ()R T 1 mC 53 DMK TiE, D SR
IRESHEL, 23D G ASURNRIZ DU RBHTZICBNT, : D’
PATD LY, 77 = ORI E HIE 23 AT RE THHZ
EDRIEEND, Y HIFAREI O N EF AT MRS ZZ A 1200 1400 1600 1800
Raman Shift (cm )
T, PATD LR DT 7 = U i~ DB OV Tl T 5.
AR AMFIEIE. BilmOAHE)(2024M-435) & 5 1 TN L7z,
‘ as-prepared, after PATD treatments
23 3CHK: S. Ogawa et al., J. Phys. Chem. Lett. 11, 9159 (2020);
with (b) 0.1 mC and (c) 1 mC at 300 V
S. Ogawa et al., Jpn. J. Appl. Phys. 52, 110122 (2013); S.

) ) and 800 Pa in a 100-sccm Ar flow.
Takabayashi et al., Diam. Relat. Mater. 22, 118 (2012).

Figure. Raman spectra of graphene: (a)

© 2024%F ISRYMEZ S 15-120

SEE5EIEAYBEEMFRMBESR BRETRE (2024 REAVEEN2RIFRFV/FI1Y)

17.2



18p-A37-7 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

BEITI 7T VDEBRARY FLIZEITS
ERSROMBHT & T )L = ERIFIE
Analysis of screening effect and Fermi level control in optical absorption of
multilayer graphene
BRABETL !, FAIWLK? OKEFHER', #H/ LRIE', CHEKX? IHRESR'
Osaka Univ. !, Okayama Univ. 2, ©T. Mizuno', T. Inoue!, Y. NishinaZ, Y. Kobayashi'

E-mail: mizuno@ap.eng.osaka-u.ac.jp

[ECDI)HEES 77 =03, MBS B OB HIREZR D | BAEANIIZAE IR C— EDWSLE AR T
(1], T NAZA~DJERAPFFEND, B TIEWOLE RGN EN RS/ D, SHICEBEOHE S
F7 2Tl RSB AN DR =2 E0 T 2 VUENL Ep N T 4T 7 3553 7Rl 2SR
B HESAL, BRI LR D2 b D, 2T, Fox iﬂ%@n‘%ﬂ% Sy BUAEAERFL
FWRSECTHLELE Y T 7 = [2]1D 7 /L IHENHIENC LD 252 > O FR AR 2 HE 8 T4, Rifla]
DOARFEHZ[3] T, FE CIIMEBR A DOHDELE Y T 7 = OWERZH R TV Z @R CARY—7e 7 =
IVRIERL DN R R E IS B D 2 LA R LT, ARBFZE T, N R EES EDrude AR IC LD/ S RN E
BoOET ST BEOERGREZ R LTI 77 2 OWINASRT MUVINLT 2 VIR 25
IR LTz, ZDORER, 287 T7 =0 DR R EFEEHEE DRI A~G- 2 D58 DT LT,
[ZEBRI AL o — N CIRRA Je R BICBAT LB LY T 7 = Sy B A BVLELL | BLE 57 =
IR LT, BEIFAE a— el > CTHEIL 7=, A4 7 a2 E R LT AR — MU O E S
BHERNT D AB(FETNCEN S T 7 = WD 7 = VIYERL 2 LT, 757 = D JEENITE IR 1]
MEREHL ., B EILT~ 0 IR 532 nm)Z AV TR LT-, WIN AT LT 7 —) 28
BaARA D EECTRIE LT, B OB RS I B vV 7B IR B OX ) T B n Sk
BIELEICIE T HEEL, i H OX ¥V 7 HEE%En; = niexp {0.34(i — 1)/A}. i/ B O 7 = /L INERL
Er() & Ep(i) = hvp\/n_nikw:o EHTRATIRIAED DT = /LIHERL D KI40% IR T D F TOERETHY
Er(1), AU RNIBRBICH 5T DAL E T 4T 42 T /8T A= 2 L TRIAR T MV EfRIT LT,
[FERIKICELE Y 77 2> DK BT TORINANRT NV EZDT 49T 4 72 EORD T Er(1) D —
NEFEMAEIEZ R, Er()IE1.6 VTHR/INEZROFET D7 — MMM DR D 7= B S 07— B
JEV e —59 %, Lol B PR TT o LIHERLDN0 eVERD/RW DT, K ENHT = /L3 Eu%ﬁél
L THY, 38R RIS LIRS DR =7 2 HIE TE TRV EE X BND, K(b) ()
%Eﬂbﬂﬁf&:iﬁﬂffbﬁ:ﬁ%f;é@i&@%’7}%7‘?%:%:?5w‘ZoWXXA"%/%%@?w?W/&“%ﬁ%ﬁ
b, 45587 77 =2 ([X(b) TITfRHT THRBAILDIERTR 25 < (4=0.81 nm) | BUHI ST AT MU+
iﬁ"\/vﬂ?‘%:%ﬁdw?ﬁ“éo ZHUTKIU, 1B T7 =2 (IR (c) TR 2346< (4=0.41 nm) , A~k
T =R —IUZEAEIRIF LR, ZDZEDDIERIL AT BT R B SR R A 52 )
BZEWNG DD, 1‘%&72)%%(@%771%777:/75\E>I(b)é:ﬂ%@jﬂ£fﬁﬂﬁbtﬁfﬁ§§&77/ T
DIV FERE RS L ORRE X (AR T, JEEE IO ELE RITE FLTERY, o mIcABREELL
TNWDEZZLND, T, GLE RN ER R DD LD END, EL%7‘37:‘/@AB$§)§
757 22 JOBBERD R TRNZ LD 00D, PLEOFERIT, 7 = VIVERFIEI S HE 721 Tldzze<, &l
J&7' 57 = CIRHHR D) — IR I E G DT\ N2 B Th DT LA R L TG,
HIRE  AHFGED— BRI L . I KT 4 b= Ao H—D AR I L0 Ei L=,
[1]K. Fai et al., Phys. Rev. Lett. 101(2008)196405. [2] S. Latil et al., Phys. Rev. B 76(2007)201402. [3] 7K
Bpfth, 202440 A ELSA2 22p-P07-32 [4] J. Kim et al., Phys. Rev. Applied 13(2020) 014066
2 50

1.0 o) .
—_ a E Q 0.440F — Raw data d ® Screening length
% 0.9 E )32123-:?@.’;;% Mﬁ.\‘? _‘E 0.430L: ( = Fitting T @, 4 Number of layers 0
N & e = U, e -
= Soossf Vy=18V. A7 e s [ & N=45 E(1)= 046ev| ES1.5F ®
Tz 08F go.ogz-“:_':*"""f‘ .= o8v £ 0.420 " T'= 0.07eV,A=081mm = . " %
s Zo0gsfil i £ 430 ®
w7k TR 03 04 05 06 07 08  Tqob. o A4 =
° YI'[ 0.3 04 05 06 07 08 2 e 5
> Photon energy [eV] o 0.110 > . -, Sy 420 8
2 o6} 9 (c) = seta L, E
e . 8 O_1OOW Sosl . At A 102
Fad ‘\_\‘ -
5 - 5 1 E-(1)= 055eV o ISR §
& 0.5 @ 0.090 r=o043eV,A=041mm| ¢ -
1 L 1 L 1 << 0.080L— 1 ] 1 ] ] 0.0 1 1 1 0
04 0.0 1.0 2.0 03 04 05 06 0.7 08 06 07 08 09 1.0
Photon energy [eV] Turbostratic ratio [%]

Gate voltage [V]
Fig. (a) Gate voltage dependence of absorption spectra and Er(1). (b)(c) Fitting of absorption spectra from
random stacking graphene. (d)Stacking structure dependence of 4 and N in multilayer graphene.
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BEMSIT U LBHETICKDIST70D
X ) 7 F— 722/ 5 5T
Evaluation of Spatial Distribution of Career Doping in Graphene
Using Raman Microscope and Machine Learning

HIEK |, NIMS?, JAEA®, JST & 2A8F 4, AISTS, I K ® °#ifkbE 2, HRESEF "

BEREL , SARHt Y, REEEM S, WAXKBRES, MEEAN', KHELE

Tokyo Univ. of Science.', NIMS.Z, JAEA®, JST PRESTO", AIST?, Tokyo Inst. of Tech.’®
ORiku Gotoh'?, Asako Yoshinari'?, Takuya Iwasaki’, Seiya Suzuki’*, Yasunobu Ando™>®,

Tarojiro Matsumura®, Masato Kotsugi', Naoka Nagamura'**
E-mail: 8223531@ed.tus.ac.jp

757 = ATRKESND ZRTURFEM NIRRT S A A0 LT R
EEDTWD, LINLREFET A ZA TR, BECERERED., RFETF vV EE
Fi o« JERR & OFUEIRTEDS, T34 RBFEICBEE ICRET D, 20 X9 R EERED
FHANZ X, AT AR D ZER 340 0~ & B E e VTG NS DL 5 BRI e A
Thb, M7~ o EITR BRI A<IEH I TWD A, RTZbE# x5
BT RZEM SRR THE T D &, AT MAVKEDBER L, ©—2 T 1 v T 4 VTR
HHCHER R 2 253 5, Fexld, T~ o~y BV 7T =200 O R 7 fdh
ZHE LT, 7B Y —2 7 10 v 7 1 7Ry r—3 EMPeaks 1D 7 < L 43
T =D EED TS, FilENIEZEMSHED ¥ — 7 RESRT N6 L7 7
L A7 Y @RI OV T L72P, ARBFE T, MM o e —r 7
N RN 2 & R — 7 B D22y AR T 2 Ik L 7=,

TI7T7 2B RIRNT Y @ ®..
ALEEF DT T 7 = U F v R . o
V14 i R DS T T — o
(Fig.1(a)) DEEM 7 ~ B &2 1T N ™
Stk I A, BN LHENSIC A
SRT1 pmBEIChE>TY *l-'. : e Sl
T77 2GR FOE—I (L& '
DAEREANC 7 R LT Fig.1 (a) Optical microscope image (top) and Raman

. - N mapping image of G-band peak position(down) in a
(Fig 'l(b?) o AL HOH DL Graphene device structure. (b) Pin-point spectra of G-
XPS BLHITH @t S=®, @M band Raman spectra.

MBI T T 2 ~DF—) K=
(2 K-> TAEL D EMBEEEE O L2 RR L TN D,

i HiZ. EMPeaks Offtfr 7 /b 3 U X 550 BARI 22 B BLREAT 00 B BN DU T HfEIT
TLHTETH D,

[ 2% CHk] [1] T. Matsumura, et al., Sci. Tech. Adv. Mat., 20, 733 (2019).

[2] EMPeaks(PyPI) : https://pypi.org/project/EMPeaks/ [3] & 70 [0l ) EE 52 F 240
FIEHZ [17a-PB02-5] [4] N. Nagamura et al. Appl. Phys. Lett. 102, 241604 (2013)., Carbon
152, 680 (2019). [5] K. Nagashio et al. Japan. J. Appl. Phys. 50, 070108 (2011).

A Near-electroderegion  ®  Far-electrodere
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737z 0N LEKRALKAFTODEF O RILHRDER
Modulation of Quantum Tunneling effect of Isotope Hydrogen ion through Graphene
RFA#E, BRK?2 EX? OREA W' KBHEX' F2mMF' W A Din?, EARZ"®
JAEA, Osaka Univ. %, Univ. of Tokyo 3 °Satoshi Yasuda!, Masahiro Yano', Tomo-o Terasawal, W. A.
Difio?, Katsuyuki Fukutani !

E-mail: yasuda.satoshi@jaea.go.jp

[Fam] FEARFEDO)NEL, 8E - G EL o &iitAdb, X7 7 A S—OfsilEREom ., BEKFEE
BEER L OBFE, BERALA OREHCLBEOMEI CH 5, BEAFIIKF L EHAEE DTS 70t A
AR TCHRIEIN DN, ZOHEI R MIELS, TRTRAIZEH > TWDONRBIRTH S, ZD7
D KT A N TORERAKZEOEMEEZMSTTH 2 SIFEERREE 2> TS, Fx T hE Tl
PAEIRE 7T 7 = DOAT aiEN G R HEMA G L, BRUL PR K o TKERNLARD >
BEMERE 2 RRGE L C & 72, ZOMER, KBRNAEA AN 1VIRTEO VT 7 = o8& b3R5
RICKVFRT D &0 A OEEEIZI Y FMEOSBEREN BT 202 LM LT, !
Z DIKFERINAR O 53 BERE % HIAH L e RBRICFIF 3~ 2 7= 0l2id, &1 b RVRICEELY 5.2 5
HEHAF 25 E L, TR DN 0BEREIC 5 2 DR A FHFMICHEET 2 2 ENEE LR D, AHIFET
X, HUNBEOMIZIER L, 62 0BEReIC 5 2 2 BRI DWW TRRGEETT - T2,
[EBR] BMICIZ, 7T 7 = (Gr) B2 Pd E(10nm) Z 7% 75 L 7= PAGr & Pt F / ki F 23 1 — AR
FPBHTHE: L7z PYC Z W o, 2L b B A & 0 M E I CdH 5 Nafion FBEIZAE D 175 Z & T
BRALFIIEREME LT, ZORIGHRDOT /— RIZ Hy & Dy DIRAE T A MAGT 5 &, KFER
BRI E D HTE DA AU BERT D, ZHHAFNTT T 728D “550 12T 56
. BY — FTRBRERISICE Y pFICBERIUBIEESND, ZOHAZBEET X545 &
ORI L. FUINEE OfREDS H/D 43 BEGEIC 5- 2 2 22T DOV TRkl 21T - 72 (Fig. 1(a)).
[#E58] PAGr A T / — K& Y — RITHWZIRFICBIER S vz H/D 23 BfERE % Fig. 1(b)IZRT,
PdGr RN T / — FOE, K 1@IIZRTH8Y  PANSRIENTA AN 77 2 2 dm L
C Nafion I D08, 2 OBE TIEm W BERE
WRBETL2008BE SN, —FH T, 44Dk

10 F 25mA
AT B N Y — B OBE THEAMEREITA X < g o
FR5 LR LR ST, OB, A F .ﬁ j
L RBET BBEAT L L ORI, FINS 3 sl
NAEDORBEOKE SHBELTNEZ L% ol L Cagde

. § Pd Gr Nafion
AT 5, Lk HUNEEOBMEN & hoRrr Anode

7 Sl D 45 BIERE |7 B %S TR L . .. .
AR D53 BERE WEGALZcwmLE, Fig.1 (a) Schematic illustration of PdGr anode and
(b) H/D separation factor at PdGr anode and PdGr

D'S. Yasuda et al., ACS Nano, 16, 14362 (2022). cathode, respectively.
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BRI TERMLEEI 2 RYEAEZEHITD2EBI/ 57 v DEFIHE
Electronic properties of bilayer graphene with asymmetric tensile strain
PURKIE HL 32P, Nadia Sultana, & #M, CHAHE T
Univ. Tsukuba, Mina Maruyama, Nadia Sultana, Yanlin Gao, “Susumu Okada

E-mail: sokada@comas-tsukuba.jp

7T 7 2RI T 7 = EROE YV, SMNBESSCEMEANCE ARET D Z L3
6n1m50%xﬁ\mﬂ@%z%ﬁ?7ly?mﬁﬁﬁ%mm:;5%@*@%%@%%@
SNd, £72, ABC BV 7 7 = VR TIEL, BT L 2R EEMEREN EHR I D[1],
BHICED IO OEFREBERICH LT, ERICLD 777 = v OEERH G ST
Wb, 777z DEFRIFA—EANIK L THFI TH L DIk LT, EFHEACK LT
FENRNA N THDR], ZDOZEE. VT 7 2 U ERANBEBRRICL VA=V EEATD L,
JEE CRR DT EROERANYREND, T TAREETIE., 20X ) RILF~T o i
DZEMN L BFYMEOMRAZ B L, BENBEEHmAZ MW T L TE TR KT EREL A
TH27 77 > DL EFIRBOMBIT 21T > T2,

ZIZTIE, PR FEREATH T T 7 2 BT, BAERD S~T6% MR SN T T
T UBRESINIZ 2T T 7 = STHER Lic, MERE(LE T2 8 T A, IR F IR T H
FEREXEHE OIRFRLR OB Z T E AV EZIT W EBRALNC R o T, i, B3 HE
SN T T 72BN, BFICHT A CIAODRT oy WDl 7T 7 = AT
TELSBRD LS BRICKBITDEMOBERMET 4 T v 7 KD ETETOALREL D,
BUIRIRWNZ &2, 77 7 = VENICBIT 2% v U 7 050 AmE, JERIOIR BN 58 < A7
LT ENABMNTIR 0T, TR AA BEEBICE N TE v U 7 oMo Tha < AB
72BN ORERFIRICB N TEL OX v U 7 ofingFiLsns (Fig 1),

Fig. 1 Isosurfaces of accumulated and depleted charge density by forming bilayer graphene with 17x17
(top layer) and 18x18 (bottom layer) supercells. Yellow and green surfaces indicate the region where
electrons decrease and increase, respectively.

2 BTN
[1] N. Sultana, M. Maruyama, Y. Gao, and S. Okada, Jpn. J. Appl. Phys. 62, 075001 (2023).
[2] N. Sultana, M. Maruyama, Y. Gao, and S. Okada, Appl. Phys. Express 17, 035001 (2024).
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CUYYT 35220 7/ A9 P2 0BRGMMEESE
Unconventional thermal conductivity of zigzag graphene nano-meshes
FToUvBRXSH SinERPIgEAT CfE W, W3 AWM
Advanced Research Laboratory, Anritsu corporation, °Takamoto Yokosawa and Tomohiro Matsui

E-mail: Takamoto.Yokosawa@anritsu.com

7T 7 DY T W (2z) S TlEAN = ARFREDRIIL TV D 2 & T, N b—[RHGEL A I &
N2V REEFIREN BN D, 2O 2z TS izt 2 A r— s cid, 7 b
& ZES B WM LT Hi B OB R SN D  ARMSE Tl zz 77 7 = ) 7 U AR U (ZGNR)R,
Oy NI —IHETHD 2277720 7 Ay a ZGNM)D 7 + ) ikl LT, VR
Rr)ZWE LT, KFES T A~y F U 72l THAMM LT 5 Z & T, JRFARAT—/LTENO[I].
MO sp A TR S T[4l zz SEF O D, 7T 7 = ZIX SIO, EOZEEERR T T = v

KIXT7 v VB IZ LD 7T 7 = v G-band EL D L —H — XU —{KIFMED B R D T2,

HIJIEIiT“ Z. SiOp HARIZPRFF E 417z (supported) ZGNM [5]°KE M > B ¥ 228 7= (suspended) zGNM
[6] D x DV R AMBWYKAFMEZ S L=, AL zGNM (2R3 5 5 W 207 & [RIREIC, 3B 745
ED k ~DE5EHEDHTZH, ZGNR % ~7- zGNR-array e
(ZGNRA)D k b L7z, £FFITHONTT T 7= DFE f (a) ZGNM
% 2~4J8 L 5~10 8 THHE L7 k O WIKTEME 2 27, :
ZGNM @ x (£ zGNRA LV & 2-3 5L ER&E WA, Zhix

2-4 5-10MLs ]
© @ supported

),

O @ suspended ]

S
510— %{ _
ZGNM @ « b ZGNRA & [FEROIE W O — W) Bkt 2 §% 3
BAGELCHA LD EEALNS, REHETHE  Z o m@ee 5 ° ° ]
1HO7: 22 W 153 DR DRI L TR, 50 ldete 20 f
AE ORIE DGR, supported ZGNM TILak B JE S (2K % S —— -
53 K 1L WSS LGS 5 78, suspended ZGNM D4y, 48 & 2._“” ZGNRA - % 5&"“:”3';;532:5ng
DI F I & Tl & W BB B B3 8 5 b 00,510 F 2k gi.o. . ]
JBOJE & TIE WITIRAE LA L 355 o e, — 7, 1 ,pﬁzgé ]

o
O

" " PR P S S T
50 100 150
ZGNRA TITHEBRDOF K ST, k ITWITKE SR, 22 Nanoribbon width W (nm)

T WFROHEI S SATHIET] TR STV D K D78 Figure 1: W dependence of « obtained
U AR OPARAIZHE D « OO DBR S 2 & 3% for (a) zGNM and (b) ZzGNRA. The « of
T2, AEORE D, =AU OR8] T '_[he ZGNM less .than 4 MLs thick is
" e _ N N inversely proportional to W, while that
WELY b 225 THD 2L DFHBRENEEZBND, of the zGNRA seems be independent of
MZTABLLTTIEA vy 2 BEIZT 252 L TH 23858 W, although the number of suspended
LCWAA[EEMEN S 5, ZGNRA less than 4 MLs is limited.

[1] T. Matsui et al., J. Phys. Chem. C, 123, 22665 (2019). [2] T. Yokosawa, et al., e-J. Surf. Sci. Nanotech.,
20, 139 (2022). [3] A. E. B. Amend et al., e-J. Surf. Sci. Nanotech., 16, 72 (2018). [4] T. Ochi et al., Carbon,
203, 727 (2023). [5] HI% i, Z 70 S BELE R RF IR S, 15a-PA01-24 (2023). [6] 1%
fth, %5 84 At M BRFA SRk ZR 2R 22, 22p-C501-4 (2023). [7] M. H. Bae et al., Nat. Commun. 4,
1734 (2013). [8] A.D. Liao et al., Phys. Rev. Lett., 106, 256801 (2011).
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VIWIE 2 F S —I2& 35 7 7 o 7EREMoS, DEREE X 5 = X Ly

OteAr B!, BF 2E. "B M\ NF HEH2L WX L2 OHEE. 2/ RTLo Oy 7
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OM2)FRFE KMl #8112, iR BEXRT2 (1.BBAKIETL. 2.BBAMREL)

[19a-A31-5]
AR =47y b2 AW RNy ZETER LICHISBEDHS 7 Z—ILIC K B IRESNE
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CVD synthesis of isolated pentagonal h-BN single crystals

OkKamal Prasad Sharma’2, Takahiro Maruyama®2 (1.Meijo Univ., 2.Nanomat. Res. Center)
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MoS, D Si ZAR L CVD BIRFL R [ 17 7= BIBR A/ A3 78 & B A DR E
Coating of MoS: precursor / catalyst solutions on Si substrate for selective CVD growth
BINKFEL, EMRZIFES?, “MDBER BN, D EAHR 12
Shinshu Univ. !, Shinshu Univ. IFES 2, °“Ryunosuke Nishimura' , Kentaro Watanabe'

E-mail: kentaro watanabe@shinshu-u.ac.jp

[TFE] ERDE ST P AXFET)DO R D Ed b - IREEE L - 7 VX T T 31 2Mb%
SR 2 7238 LR LS U C, JEBIRME OS2 B8 LTI U ZIRGEHM BN H S v T
%, BRAER LA 1V a4 R(TMDs) ({b% 2 MXo; M=Mo,W ; X =8, Se, Te)ld/N> R¥ v v 7
D Eg=1~2¢eV OERI-ERTH Y, BEEZESHIEIZT 5 &\ REEDNHERER A - B HEE
BN CHE T D 12 D RIS A B DM T o 51EDy, BIRFEIED MoS, 13MEFERICETE T
WETBEINEEZAT 5720, @il - AT 3O FET F % RAMEOEEGEMTH 5,
B D REIED 5 BALFEA R (CVD)EIT KRR OSSN BN E S IZEON D TETHY |
UTAED CVD AREHIF OMERRIZ X 0 #55S KR 100 pm F2E O HJE TMDs M3 515 X 9 12725 72[1],
ZDO—FT, CVDIEIZBWTHT A AFSULIC LB 2RISR E SN IR TH Y . 5
TV A ERERE TMDs BRI O /NS 255 AR T 5[2], FET F ¥ RAMEL D Zhkfm 5 C
HDEFEIRIRCTERY — 27 BWRAEL Iov/lorr e BNHACEFERF O WM EE 1038 K) L, £7- FET
EREEEOSEED b TR D, Lo GRRAEICBW T ORI 2 a8 £ 2R W AEA 15512
1%, R EORESETER YA N OZERIHIEMEOUENME TH D,
AW IR EIE & LT Si i EO&R~ A 7 ZAEIERIDIED, BUKME/BUKME 2 — b
FEAHE RTRE 7R AUBEIA/Na AR EBARIEBINCE H L. MoS, @ CVD FEW 1 kil &2 7-,

[3=28% - F5R - BE] MoS, i K 121E 3-Zone BIRIF~— A DT CVD #iE(H 1E) % =, CVD
R OREHESAE 2 DL FIR T, BRR 5 PHA T 1000°C TR L 72 p-Si(111)FEH(2x6em?) % 4 #4212
SEIL, FIVEIUTE: DI OFTEMA MoOs 7 > & = T IRk F L Ok Efitllt NaCl KIA#KE 2 T o
WA LT R RS & BIBRA DR E RE~ T P LIZ®E T 2 v 7 R— h &L CVD #EN
DN Zone [ZHELE L 1Pa F2JE £ TEHZEHER L. 0.50 SLM D Ar ¥ U 7 U A% L CEZEE %
200 Pa (Zf& > 7=[Fig.1], IZ A OBEE AR, T 5l O pl B BLS 2 Z 112 41 130°C,770°CIZ AN
BPRAE L, T D 4 55%ICHRO Y — %K) 527°CE TIEBEAE L C CVD lE 21T\, Fid & 5k
DOIMEERLE D 60 BRI TOMBEZKE T LHEE & ERE2m LT, & Si R EICkE L
MoS; f L, JEFTAEE CRE AR « FE AL KL FE 2 37l L, Raman Shift O v — 7 =05
MoS, fitidis DB & 7 L7-[4]. FE%. BB MoO; 7 o & = 7 IRiEE L OV E Al NaCl /KIRiE
Z @A LT EARIZ B W TEE O MoS, fEMER S O N5 2 & IWIRIEEE O ¥ 72 2 Jo i < e
BONBHE TR 5 2 LD IWIREAAIEICEBT D CVD R OmER[Fig.2]8 L OHER A r— o~
7 a7 A NEEI[Fig 1123 C& 7o, BREIEBIRMICE L TiE, AR IR B~ Au 5572
FEIZL D CVD iR & b HBRET L7, MoSy fiti gt D G il B LTk, RS &2 I 4
B CREER EICKRIE TG T AERIER Y —F T A LK T AFEROFIFIC L D Na filftinis
EDI BT o T2, KOG MHIE, MoS, fd i ORI A « BRI >V TS

BRRETT 5,
(8] AUFZ2IIRMIFE: BRI FE(B)[20H02632] 3 L OSCERR 28 il 7e B F ¥ D B A2 1) 7=,
535 TR

[1] K. Fujii, et al., M-2-03, SSDM2023 (2023.9). [2] P. K. Mohapatra, et al., Adv. Mater. Interf. 7, 2001549 (2020).
[3] Shisheng Li, et al., Nanoscale. 11, 16122 (2019). [4] X. Zhang, et al., Chem. Soc. Rev. 44,2757 (2015).

.-0 o Sulfur o .0 5

ey 74
/ M
( 1 1 1
] NaCl .
y]OO_;
PSR (R

Fig. 1 Array of SiO2 / Si substrates for MoS2 CVD growth Fig. 2 Optical microscope image of CVD-grown
which are coated sequentially by MoOs ammonia solution few-layer MoS: film and its Raman spectrum.
and NaClaq at different concentrations.

Intensity [cps]
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VI TEZ XS —(2& 58774 7EIRL NoS, DEAREM A H =X L
Mechanism of In-plane Alignment of MoS2 on Sapphire Substrate by vdW Epitaxy
MR RRILI bR T/R09—Y ) a—2 3 VAW
OlEAM Fi#t', EF #{E' &R #'/5F HE’ BFx &L’

NIMS?, Tokyo Electron Technology Solutions Ltd.?
°Y. Sakumat, T. Hiroto!, J. Naral, Y. Ono?, T. Matsumoto?

E-mail: SAKUMA.Yoshiki@nims.go.jp

[(TTHIZ] MoS:i2fiFE I 5 TMDC B A RkO Y V[ T VP AZ DOF v pp kL E
L CHIHT 51213, BB ESEEMEOBLS D AR (GB: grain boundary) D224 < 42 L3
FCTH Y, BT EEITHIE Sz S SIEZ2 K 7 = EICA 7 —F TV T & 2 i
Bt a4 5, Fx T2 ET. MOCVD R TMDC iz L, CEYy 774 7 LT
BLIM D MoS; B OE K 2 HiE L CE 2[1], Sllx, Y7 7 A 7R LD HJE MoS, O ki & m
ECTEPEIZRE LT, van der Waals (vdW) T E X &3 — DB SN D A = X L EiEim T D,

[FR L Z5] 1@)i%. CH¥ 7 7 A 7 &M I 950°C, 50 Torr DA T T MoO,Cly & H,S % fif
S THIE L 72 MoS, g5 % SiOo/Si LIZHA G L, 26 I Y 7L, mNELm M4 4D-STEM T
A LA R TTH D, BLENT 2 um MEEEETITUV. 02 nm IS 2B FE— 2% 10nm By FTERL
THEOLNTZRE 4 OB FRRETRZ — U i U, BELLT ORlERMA 2RO & [ ORI DL
AT A TRH TN ALIZEL R LTV 5D, E 72 6k & JRIE Mo-S OFE A 1A 2% 180° s L7-fHIk T 5,

Z DR R A A OfENTIZIE, “Friedel Rl (23S < B RIPTREOIEIFMEZFIA Lz, KD
INZREOTEIE N EFANERTH Y . s N A A OO RER S Cuvb, MOCVD D
MoS; A ELEFE TiE, X 1(b)D AFM D X 9 72 K& X 0.1~0.2 um O =ATE K A A > OE R A #& Tl
Mz 72 2 2%, X 1(a)iZ i3 coalescence DIRHFCTH 5 GB [ iinfElkid A 72 < . seamless stitching 231 A/ 72
ZEWbnD, TexldEls, YT 7 AT EO MoS, DR EAIICIXEEME CRNEE LR Z VG
G LA BRI - THRLAMED M) B L @R R 5 & H— AT 5 87 % in-plane

XRD THEBIL7Z(M2), 2N bDfEREZ S L2 vdW T B X X —DHENELH A = X L& ELEZT 5,

10% : : . .
Tg=975°C
1020 | 70 min |
—_ ___J\_kFully-covered ML ,JI 60 min
5 10" e
=) 500nm (ti 50 min
- > 12
= = 10 40 min
g T—» a: [-1-120] 2 M‘»JU WU
T ‘ g 103 LA 30 min |
= [-1-120] —— = T Y~ vv—-’i'*va e et ‘
h 20 min
= 104MMWWMWWWW
}iEﬁEEﬁ: EAEE L & A E I SRR A1 B rotated domains 10 min
- MUMWUM
B s W WU TERER (B RELT) 10755
O] mmdEs: @HEEEL o
[0 @ memcHLTEAEE (deg)
Fig. 1: (a) Orientation map by 4D-STEM on MoS; Fig. 2: Evolution of in-plane XRD ¢-scans on
continuous layer grown at 950°C. {11-20} planes of monolayer MoS; with
(b) AFM image of MoS; isolated domains varying coverages. The samples were grown
on sapphire grown at 950°C for 30 min. at 975°C under different growth durations.

[1] AR fth: %65 84 S HMBL SRS (202349 A) , 19a-A202-8.
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WS: thin film deposition by Atomic Layer Deposition using Organic Precursors

HEEE . ETHZEH 2,

BIIRA ABksh>, BEHES, BEXERX .

B 4, MR

=+ 14
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(L.LBAXET, 2.5#EH XS, 3.HIK, 48X MREL)
°H. Yokota ', H. Machida?, M. Ishikawa?, H. Sudoh?, H. Wakabayashi?,
N. Sawamoto'#, R. Yokogawa'*, and A. Ogura'*
(1. School of Science and Technology, Meiji Univ., 2. Gas-phase Growth Ltd., 3. Tokyo Tech,
4. Meiji Renewable Energy Laboratory, Meiji Univ.)
E-mail: ce241045@meiji.ac.jp

B WX o 7 AT (WS)IRRFE R 2 RotkE
%%@%E&%ﬁw:&f4hﬂMmﬁﬂf%@\
XYV TBEELAL, BRISUT Y Ry
v IREACT HEE DD IRHIRASBERT S A 28
BHE LCHEEEN TV D, RS, HELLTO WS, X
KA LS OF ¥ 2B E LTHETH DH[1], =
IE T, T I RIR MRS AT RE 7 3 HLFURE 2 BRSE L
MOCVD FifE%1T > T&72[2], AMFFETIE, i@ﬁ
Py — PR SBRHIEE S By ALD A AT 52 &
BT,

EBR - W HIBZIA L LT n-BuNC-W(CO)s, S HifBiR{A L
L CT(t-C4Ho)Sz & VN, MR EE 370°CTH 7 7 A4 7
FERR(0001) 112 WS, A ALD BRI U 7=, AAEEED
JFUBMIERG 1S 4G 25 B+ b +W fi5 25 o+
Ry W& LA 7 e UTRRIZ S 4G 25 #0547
57123, ZhE 3 VA IZ~T YA I AToT2, Bk
HBE U 7o M0, iR EE - BRMEBE(TEM), 7 ~ > o3 k(b

P R:355nm) (Z X VRHME L7z, £ D&, Ti/Au £7=
X Bi & WS, EEIZ 60nm 78745 L. -V Bk 235 L
71.0

R VT ATHEREIC3 A2, S5HA T
7HA 27V TALD S L7z WS, D 7 < o A
7 hV% Fig. 1 1Z/RT, 356 e T5(2 2LAM)E —
R K& OENIRENE )T — R, 417 em! ITEICH 7 7
A 7 FEHR(0001) D B — 7 K ONEAMEE (A1) E— R
Bl STz, BRL2 DO HGE L ALD Y1 7 VD
BAtR % Fig. 2 \Znd, WA 7 AVEOHINT L > T
BENKEL R TWDHZ L LEBEIINZHER L
oo T2 5T A TS THA 7 MTEBNT, K
EZDIEMONDRKREL 2o TWNDEZ ENLBO—FMN
Mtk L TWa EEX BID, UL EDORERD S | ALD
IR AT H Z & T, YA 7 VBT k- Tz 21k
SHDHZENTET,

2LAMY/EY,, Ay, /c-sapphire 7 cycle
—5 cycle

’;\ —3 cycle
£
£
w
=
8 J
: J\’\,_/\
(=

325 350 375 400 425 450
Raman shift (cm™)

Fig. 1 Raman spectra of E'5; and A1, modes for WS; with
different number of ALD cycles.
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—:::61-
w
-4
g ®
60 |
=
2 O
£
&
59 . s s
3 5 7

ALD Cycle number

Fig. 2 Relation of the Raman peak shift to the number of
ALD cycles.

BEE ¢ AMFFEIL. SCHRFEE AR Xeonies FHERA]
AP FZETPO11438) DB 2% T - b D TH D,

BEZ IR :
[1] M.-Y. Li et al., Proc. IEEE Symp. on VLSI Tech. and
Cir., p.290 (2022).
[2] K. Cho et al., Jpn. J. Appl. Phys. 62, SG1048 (2023).

] VEEE AN fth, 571 BUS A EAETE RIS
24a-3 1B-4, (2024).
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RINY B ) U TEIZ K B MoTe: $ R Ll g1 D #2 5d
Investigation of MoTe:2 composition ratio control
by sputtering method
O XA BRI &L MR BE L2
(1. B KEI, 2. BAXK MREL)

OD. Nakanishi', R. Yokogawa' 2, and A. Ogura'-2

(1. Meiji Univ., 2. MREL)
E-mail: ce231056(@meiji.ac.jp

[Frim lngwM%)77/mMﬂm) — :
KBIRE T Y S ICEN Ay RE ¢ v 7 - o L Mo3d
(HJE: 1.02 eV, ZJ8: 0.88 eV)[1]0% % U 7 1 Mo 30572 f {1
BE[2]72 & DM B EFT /34 A0 KHSE] ot § %
fi&ﬁé’i R COISHBHIRFE TS, ——MoOs 7/ \

CCREROH MR ITHEZRL, EHhbh 1
@{E' BETH D, ILFIZHN S TWVAD AR b A Y NN\
7 T OEMFE T AT R EES R B z;s z.;,s 7’7 2;8 : 22,3
i’%{éﬁ{fﬁ‘ﬁ‘éﬁ— E"ﬂ 7 f)‘i\ &/‘7 li\ kﬁ*ﬁ ° 1&(& * Binding Energy (eV)
AR N FR 2 RBCE H ANy Z Y
TIHEICEH LTS, L, KESRME(ER) Fig. 1 XPS spectrum of Mo 3d (RT, 100 W).
TDOANyZ Y TIEIZ X ARIETIE Mo 12
*F L Te ORARKSWENZ /2D . MoTe, ERUZIX
BIMOEIRBULVEE N VNETH D EHE ST
WA3], FA/RNy XU — L Mo/Te fHR%EE
DORR LB BN/ > TE BT, MoTep D AN

2 TR L im0 tin g 5, d AN
LenRimn AR COMT A e
% 57 U v 7R A Rt Uk & iR SR ; " Binding Energy &V) ;

»

Intensity (a.u.)

a Te 3d5/2

O raw
Fit.
Te 3d5/2
——TeO 3d5/2 g
Te0: 3452 [

Intensity (a.u.)

ZRRET L7,

[EBRFHE] RF A Xy X U 7RI kD Fig. 2 XPS spectrum of Te 3d5/2 (RT, 100 W).
(001)Si AR EIT MoTe, ZH#EFE L 70, £z, # 25
—7y MZIE, BERER MoTe, ¥ —7% > & H
W7, FEHUEE A SRR E L, RF NU—% ‘% 2r ®
50, 100, 150, 200 W & 2L 72, £7-, [T S15 | -
13K 10 nm ITEEE L., Ar M= L TiE, 9 % *
scem [ZREE LTz, 2B OFEHE X #6E = 1r
57\ Sk (XPS: X- ray Photoelectron Spectroscopy) 0.5 i ; . i

TR VEHE L7, 45 %Wh;‘n B AT LD 0 50 100 150 200 250
ﬁ*a R & %‘757@ BT D F R AR H A MoTe, sputter power (W)
FREHZF1F D Te/Mo bz B L7z,

(ﬁd:f'f'% #Z%2] XPS CTHIE L7= 100 W CTIER Fig. 3 Sputter power dependence of

L 72 MoTey ® Mo 3d J£E A2 ~L% Fig. Te/Mo ratio with power.
1, Te 3d5/2 S -2~ 7 b /L% Fig. 212779 [B8EE] AHFZEIE . STHRRYA YA Xonics

£ INLDONBEF ALY PMTE > THEH b s R
L7z Te/Mo o RF /30U —{&fF% Fig. 3 [T BRI HR B TPO011438 OFRERZITTD

T, MR, RF XU —%Zb3 % 2 & TR @;‘%éo

DRI TRETH D = & MR LTz, S DIC, [253C#R] .

Z % Z T —100W (2T Te/Mo ML 2254;} Lezama et al, 2D materials 2, 021002
Eam kAL T 2 ICHERbIE3< 2 B .

i%ﬁﬂ%igft;f\gﬂm&@?ﬁ%%;;; 72%&?2 [2] W. Zheng et al., Nano Lett. 20, 5807 (2020).

Z LTk BE Te 2EEETICEWLEL A 1T [3] S. Hatayama et al., J. Master. Chem. C 10, 10627
52 EMTEDADRMEMEEROM 2Ry (2022).
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SE85MISAYBESMERMERR

R 2 —27 o &AW ANy ZETERLL 72 HES; RO
H,S 7 =—NVIC & A hE

Improvement of film quality by H:S annealing for HfS: film prepared by sputtering method using powder target

OFJII K— W L WA E#IL )] B ME BEE
(1. AR RE T, 2. ERBF. 3. BIK MREL)
OT. Ishikawa', K. Hori'2, N. Okada?, R. Yokogawa'3, A. Ogura'-?
(1. Meiji Univ., 2. AIST, 3. Meiji Renewable Energy Laboratory)
E-mail: ce241047@meiji.ac.jp

LR EBEBIAINaFFAF (TMD) X
KR EAT A ZA~DIEHARBE ST
HRTERYE CHDH, PTH HIS, IXEE
FTRBENENOK 12eV O Ry v T2 H
D7g BT v 2B EEE LT 72k
HEHFLTWD, — T, ZNETHEEY 7
v MW ANy ZIEIC X DB IR EE T,
T2 TR HES, #—7 > FE WD Z & TA
Ny BB KB HES, i Z S LTV 51,
Ala), ARy ZIECTREUE L 7= HES, 54 h-BN {#
%%H%%@ LT HS FFR T =—352 ¢k
ThEE @&%ﬁ%;éhtwfﬁiﬁé
%@.ﬁﬁHFﬂ \Z X > CTHARBLIE A PR
L 7= Si Htr EICHIEE 99.9% D ¥y A HES, % % —
Ty MHWERF 72 hr ARy &)
T2 LD HES A B L 72 (RF /X7 — : 100
W. HEHUEE :300°C, Fv »/3—WN Ar /£ -
0.5 Pa, HEKFR : 1000 s5), ARIEZR T v o /3—
MHEY U7 | Rl —F v > /3= T

v _—3 g UEE LT h-BN Z[F— AR IR EE

BRIERERT 200 s, [ER S —4 > b &z AR
o ZECHERE U730 2 (R U 7=, ORI D H
L. 100kPa ® H,S Cliti/z S 4L/ 7 =—/VIF
T 800°C, 40 /[ 7 =— VAFR 24T > 7=, b5
FEAIREEOFMIZ X Al-Ko X #7(1486.6 V)%
= X B 50 JEE(XPS), FildbiR e D
21X UV L—H (b & 355 nm)&x HW\ e
~ Utk E V=,
R : h-BN Sy o _— g UL oRBH TR
?Jv VNI BEY H LT ER NG iR b
TL. HfS; MR Sz )vo 72, h-BN /Xy
/«~Va/ki07*—wL@LtH$ﬁ%
D HfAf B L S2p HE T AT MvEZENE
AU Fig1 (2”7, HES; O HERR TE, B —
7 THIFE & ARRHREE MRS X 0 & U 7= S/HF i
2.001 TH Y AbFERPIMEE —EL TW5D,
HoS 7 =— /L D72 Gk CIE S/HF BRI 1.53 T
HO[1]. HoS 7 =—/LC S KB &b HliE
TETCWAZENDND, h-BN /Sy o_—
3 DOHHRED HoS FHEADT =— VO
M2 LD HIS KD T~ AT VDAL %
Fig2 IZ"d, EH6H 340 em! {112 Ay &

— RH2K, 260 cm™ {13712 B, E— REHED B —
I RINVHER S NI, HoS FRHA THOT =— /v %
179 2 & TT < AT RV O NG D D
U BB SEES S X 37z, DL XY A HIS,
H—rFy bR WE ARy ZIETRHREL -
HfS, % h-BN 7% 3 _X— 5 A 5@ LT HaS
KR TOT =— VLB L 0 e %2 3 T
XAHZ LEMER LT,

()

0 raw data

— fitting
Hf-S

— Hf-O

__Intensity (arb. unit)

(b)

Intensity (arb. unit)

166 164 162 160 158
Binding Energy (eV)

Fig. 1 XPS spectra of (a) Hf4f and (b) S2p for HfS,
H,S annealing through h-BN passivation film.

H2s7 =—L7s L
®H257 Yz

Intensity (arb. unit)

200 250 300 350 400
Raman Shift (cm )

Fig. 2 Raman spectra of HfS, w/ and w/o H,S
annealing.

BREE  AMFIEIL. STHFL A AR Xonics 435
RAIAEHLS S TP011438 DB ZZ T -6 D
Thd,

BE 3k -
(11 A1 K— fill, 2023 FEFKISH(19p-A202-14).

[2] M. Mattinen et al., Chem. Mater. 31, 5713 (2019).
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RIRTZLIRVOBRERBIBOEDIRS < VU AEL SIS EH
Growth mechanism of segregated germanene revealed by in-situ Raman spectroscopy
FRFABEEE L RREB?2 JFCC OFF Mgl 12 BE K&t KEF BX' /M2 FH2 2H R

#1, & EE' PR FAT, #HK mWth
JAEAL, 1S, Univ. of Tokyo?, JFCC?, °Tomoo Terasawa'?, Daiki Katsube®, Masahiro Yano!, Takahiro
Ozawa?, Yasutaka Tsuda?, Akitaka Yoshigoe?, Hidehito Asaoka?, and Seiya Suzuki®

E-mail: terasawa.tomoo@jaea.go.jp

[Fein] Ge R DB D N= T DD e D 7~ K 0%, 23.9meV DRy RE Y » 7 L
T4 BROD Wi SE S FEFR A Pl &2 TEB Y [C. C. Liu, et al., Phys. Rev. B 84, 195430 (2011)]. ¥ttt LL
D NERT S AR E U CAREEMT ORI 3K D HIL TV 5, IR 5 1% Ge(111)FERIC 5 L
7= Ag MR DO IMENC 1T 5 Ag IR I ~RHT L 72 Ge [ 1-0 B D 7 b~ 3 v O &S L= [J.
Yuhara, et al., ACS Nano, 12, 11632 (2018)], AFiEIZ, T~ DT~ AT FARBIIE
T I WFETH S 728 [S. Suzuki, et al., Adv. Funct. Mater. 31 2007038 (2021)]. B L7 ARk Tk
EE x5, UL, Ag IRZEE~FIT L7Z Ge 23 EDIRE T A~ R BT 5008 o
T R OFERIIRMEIH Th o 7o, £ Z TR TILRIT 7V~ 1 v ORI DR O 7=
AEHAHNRTE & 2 O 7 ~ V43 HeikE LN X MOETE 1/ JEE(XPS) I L v BlE2 L 7=,

[F258] Ge(111)EMICTE 1 B — L F85TE T Ag % 150 nm 7835 L, RAPEE I EZ2H#(<10° Pa)
TArZ/Ry &Y 7 & S00°CHEMZ K- TiFHHE L7, T D%, R 473 nm TOZ DY
T~ UHGELYERIE A SIS 500°CIZ FE L 72, 500°CH 5 300 CICHmHA L7, B &
OYEH LRI =R B 300°CIZFR L 72 BE AU THT o 720 sUBHEEE 13U B 3 CHIE L7,

[%%] ﬁ’%%ﬂf:ij—?yz&y I\/I/(Ag EE%@/{ . —RT-‘-S(‘)O(‘ S‘D -Ge (TO) '
- NN . _ 0 P —— 500C->300C <
v 7 7T vy RERE)% Figure (2759, 500°C (BE4R) 600 L—— RT->300C

TlE Ge R FITHFED Ge-Ge #h & & Fi-FIC KA
FHIZHHET D 7o [FFiEMh, 55 84 IS Bk
FRiEATa 2 19a-A202-2 (2023)] Ge kD v— 7 1%

BRI SN2 poTo, ZOREE 300°CITHAEIT S & ol VMWIM’ v Tlr,m,l.,m% W
(FRBR), 7L~ 2 v OENEE(0TO) B L UNESME

HF(TO) 7 + / ANZHRT 25 B — 27 23160 cmt 36 X e’ '
U260 e IZBLHl = 47z, 377205 500°C 2~ & 300°C
SOWEHFEZ 7 Vo~ 2 SR LT, il 5 300C
(INEL L 72 30BHE R TIE sp® A L7- Ge ORfEE:
(TO)7 # / VZHRT 2 B — 27 73 300 emMffilriZBfll S 4, F b~ R HRO E— 7 138 S
o tn, T 300°CICEIT D spi-Ge &AL R L DI A~DRERORN EEZ 7T, Y HIT
SPring-8BL23SU (Z851F %5 & D5 XPS D b GO TR 7 /v~ R v DR w3 2.

400 +
Germanene(oTO) & ® Germanene(iTO)

200

Intensity (arb. units)

100 200 300 400

Raman shift (cm™)
Figure. Raman spectra of Ag surface on

Ge (111) substrate at high temperatures.
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CVD synthesis of isolated pentagonal h-BN single crystals
Meijo Univ., °Kamal P. Sharma, Takahiro Maruyama

E-mail: kamalprasads@gmail.com

Hexagonal boron nitride (h-BN), a structural analogue of graphene, is a wide bandgap 2D insulating
layered material, consisting of alternating sp>~bonded boron and nitrogen atoms [1]. h-BN shows appealing
properties such as thermally stable in air up to 800°C, chemical inertness, stable thermal conductivity, and
superior elastic properties, and hence has drawn significant attention as a promising material in frontier
applications [2]. Although chemical vapor deposition (CVD) technique has developed as the most scalable
process to synthesize h-BN on transition metals, the formation of various polygonal-shaped single domain is
unclear and are still limited to few microns in their edge length [3, 4]. In this research, we investigated the
isolated pentagonal h-BN crystals in single crystallinity prospective.

For h-BN crystals synthesis, bare Cu foils

c  Eagmapping
(

FWHM 14 cm)

were heated at 26 °C/min to 1050 °C with 100

sccm Ar in horizontal tubular furnace. After

annealing the Cu foil for 30 min with 100 sccm
Ar, ammonia borate (AB) was evaporated with
100:2 mixtures of Ar and H,. To grow h-BN, 2

mg of AB was heated for various growth

intervals with different supply rate to study the

il ¢ 0.51/ nm
—

morphological transition and rapidly cooled Figure 1. (a) FESEM, (b) AFM, (¢) Raman mapping (E, vibration
o ) ) mode), and (d) TEM images of typical pentagonal h-BN crystals
down within 30 min. As synthesized h-BN grown for 38 min with AB heated for 60-65°C. (e) shows SAED

crystals were analyzed by optical microscopy taken around 1-4 spot in (d) and (f) shows HRTEM image on edge.

(OM), Raman spectroscopy, FESEM, XPS, AFM, EBSD, and HRTEM.

Pentagonal shaped (most dominance) along with regular triangular shaped h-BN crystals (Fig. 1(a))
were grown for 38 min with AB heated for 60-65°C. Fig. b-d shows the uniformity of pentagonal crystal
with sharp and step edges comprising longer and shorter arms respectively. It is believed that merging of
small triangular h-BN crystals in different fashion produced most of polygonal h-BN crystals and could be
polycrystalline®*. SAED were taken from 1-4 of an isolated pentagonal crystal shows no distinct difference
in crystallographic orientations (see Fig. (e)) and HRTEM image shows its high crystallinity.

This work was supported in part by Private University Research Branding Project and Nanotechnology platform

program from the Ministry of Education, Culture, Sports, Science and Technology (MEXT), Japan.
References
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CVD REIZHT5 Cu(111). LD hBN BDOEFR Y1 X EBROBRHFR
Theoretical study on critical size and shape of hBN island on Cu(111) in CVD growth

EHEXEE B AT

Shimane Uniyv.

oM2) 5F B, B fE2

ORyo Imamura, Hiroyuki Kageshima

E-mail: n23m202@matsu.shimane-u.ac.jp

KHEFED hBN % CVD iz TIERKT 5 2 &1,
a R b EEEISHOm THEN LWV E
ICREEAZ 2 TR Y . 2ol ERARD 5T
%o ZDT-HITH ., BN ORI EA =X
DEffER I A — )V T L NZ LTz, £ 2 T,
Fxld~ 7 v 2 AT, hBN B2 AFMICK
XLV BEODLIRES, DEVERAYA X 1,
L. I a T, MO R ORI TE
RO E S E Y T CTIEZ T > 72, A |l D
HRTIX, 7'm s T L3y —Y PHASE/O[1]
% v, vdW-DF2-B86r ILEE%IZ £S5 < vander
Waals fifi IE 25 & L 7256 — R EHHIC L » T
IR REWwE T 52].

£7°, Cu(111) 6x6 ET /O LI~ 72
RO HE hBN BAEE L., R=R/L¥—
BRFE L7 RIS, Z O R 2 T35 2 & T
=R X —ICkT by U DES &
Ty VTRV DTFEZERT eg. ey &n D
EAEFHME RN Lz, £ OfElE, B-rich
DFENENEI, 1.02e¢V, 1.41eV, -0.02eV
C.N-rich DA NZIZE4.1.91eV.0.52eV,
-0.0leV ThH 5,

Eg. ENs & ZHWAHAZET, By YD =
4% (TB)., N = v Y O=MJF (IN) ThLEh
@ B-rich & N-rich O35 O T R/ F—7)3
B LD DY A X, SF0 I, #THITHZ
EMTED, Fx NEDTALFERT v v LD
ZMEFICBWT, TB & TN @ I, (% B-rich ®
WAENBNFENELI., 20nm & 27nm T, N-rich ®

900

800 | TB (B-rich)
700 L TB (N-rich)
> 500 | —— TN (B-rich)
é e TN (N-rich)
b}
= 400
[<F)
.E 300
s 200 -
E
o 100 /7
L
100 A\
-200

0 21) 1;0 (;0 E;O 1(;0 léO 1;10 160
[ (nm)

1. BT RV X—% =7 hBN 5D —0 D

ES 1 O E L TTPRILEK B L Hao

BITTNZENTB & IN 2K L TWD, EfT

B-rich {2, AHRIZ N-rich |25 59 5,

BB MNENEIN 73 0m & 20 nm & 72o7 (¥
1), EBRCTII AR T vy v E b DHIRELR
Z6NDlD . bENRDIZHIEITE, £ D
e x OFERITZEBMEIZT E 20, Ll
IO DFHBEFERNS MEERT v p L
DOFIFHT TN OF N RNV F—HIZLETT
T KL FETINOFNRAREE LLT W
EMIND, FEBRD CVD ETiX, ZAFEO
hBN N TE 52 ERHMEINTEY 3], Fx
DFEREZRL LAEDLED L ERTRZTWD
DIXTINTHDLEEZLND,

—J5C, #H L7z Cu(111) ko hBN &i3HR
M7 Em TIE 22 <. TN ZBRWT R— 2RIz
FoTWbZ R LL (M2), LT, Z
DIEVICE ST, BIRFFAD g, DTN D
EW O BB B B T2 W D4 hBN &
DT RN F—TTHRHEE —F LTV D &
RS2 W2 ERghoT=, E D ITEN/NE
WD IR NREVBRGETH D | i EZD
B &@imT 570l I 7nkt~ra0
2ODWRENRMETHDHEEZEZBND,

Z LC. BEdhE 72 hBN fEdh 21525 729121,
N =y VDO =ADERI A X2 RELTD
FOBRMERMNZHRT ZENEETH D,

AWFFRO—EIL, BEL O, K FYE
T A—R—a L ¥ a—XZHANTirbhi,
F7-. B (21H01768, 21H01394) D 4E %

—H =z 7,

(1] https://azuma.nims.go.jp.

[2] R. Imamura and H. Kageshima, Jpn. J. Appl.
Phys. 63, 04SP39 (2024).

[3] T. A. Chen, et al., Nature 579, 219 (2020).

TB d=1.023A TN d=0441A

s d o/ﬁ‘&@ 5

©00000C)0O0DO0O0OC 0 00 0 ¢
») 00000 000O0O0 > © 0 00

hexagon d=1.068 A

2. Cu(111) EDOAREER10fHDOKE D TB,
TN X OVSATEE (hexagon) OAIHEIX, 41,
Cu KENHHxRbIEWEF &b ITWVEFO
FREEC, REVDOREAZRLTWD, F. k.
SREDEKITENEI Cu, BN JiiTZ2R LT
W5,
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GaS/GaSe AT OET / RIL FDOEE
Growth technique of GaS/GaSe heterostructure nanobelt

NTT ¥t EHeRt, OFEMk BX, BR £, AR F%
NTT Basic Research Lab., °Yukihiro Endo, Yoshiaki Sekine, Yoshitaka Taniyasu
E-mail: yukihiro.endo@ntt.com

M-V & 15448 (GaS, GaSe, InS, InSe) X R~ ki N> R v » 72 H 3 5[1-3],
HT A A IS NZIEAT v RS E RN OMESI N EE CTh 523, TNI-VIRE & 8RO 7611 %
DIRNA], Bl Fox ITI-VIER A -8R O b db AR IE B IR 2 A B4R U iR (MOC VD) i
WX VRN L, & DICHI-VIFRF & -8R )~ k& B C il Vapor-Liquid-Solid (VLS)%E (2
EVERTEDZ L 2ME L TEZ[6-7], AW TIEL, GafilfiZffliad5 S & Se oG] v %
ZAZ £ % GaS/GaSe ~T BAFIED T )~V bR AR, E O~T v S ORI A 7

GaS/GaSe F/ ~UL ~MEH 7 7 A T HA EIZ MOCVD ¥EIC LV K Uiz, JFEHZIZ U =F v
U A(TEG) L YT F A AT 4 K(DES)H LT F Lt L (DESe) &SIV -, F v U7 H AT
I Ar W7z, AREIRE 690°CIZEBW\ T, GasS D JEEHDES + TEG) % 30 454 (step 1), ¥kIZ GaSe
DJ7EHDESe + TEG) % 1 43 fitha(step 2). H%IC GaS DJFEHDES + TEG) % 30 43 fi#a L 7= (step 3).
stepl 75 step2 ~DY) Y B z TlE GaS 7> 5 GaSe (2. step2 75 step3 ~DY) Y % z TlE GaSe 75
GaS IZH A (LS E TV D,

F AL b ONFEAMEHE & X 1@ T, Ga iR R OEIT HINCAE T D Z &b, T
J o9V R ORREF T EARE G TH D, T/~ FOMEELERRD D, KT~ —h
— CRINETT ~ o RIEEZ1T - 72[X 1(b)]. Region1 Ti%, Ga-S HikdD AiE— FDE—7
MBI & A7z, Region 2 TiX, Ga-S B XL Ga-Se KD A E— RIZM X, GaSxSerx bk
WZAEL D Ga-X (X: S, Se)HKD AE— RO E—7 BREHI S 7=, Region3 TiX, Ga-S HED A,
FT—ROE—27 ORBUIENTWDER, TDOE— 7 (L&l Region2 & DREFTTL Y R 7 b
LTWD, ZAUINT B R E COREFEALDRELZZ BN, 2D L)b, Region1 & Region
3 Tl GaS 23k, Region 2 Tl GaSsSerx ian 23l L 72 GaS/GaS«Se1x/GaS ~7 m i 3k L
TWBZ ENS05, Region2 (ZIEHT 5 &, step2 TIE S FEZMLKE L TRz b b 597,
TV M S IV IAE N TRAZER L T D, ZOFKIL, DES a5 - Ga il
WIZERF LTV D ST/ L MERICEHET 2, TRDBYIPAN—GRIZEIDZbDEEZ B
%, —Ji. Region3 DT~ B —271L GaS KD AL E"— 27 DHTH Y . Se DIRIEITBIA Sz
N,

PLEXY ., B VLS slEICL D
GaS/GaSe 7~/ ~b F DR FRIZIUV T, Se FLAK
1% Se JREHIERG RIC K W filfEIRTRECTH D — . S
FHAR OHIBEN I S JFUBHit AR B2 2 T Ga filiit +— Ga catalyst .
PICY PA—RRTERAT LS EARLBET Q
DU DD Z LNy InoT, iz, Se TIXY 5
PN =R OENBR S 2o 7B, Region 34 \&
ARECRREEIZ 3 THRAR Ga ~ Se DESHRFE D oS 2
Rz BN bRHHEIND, :

Region 3
Gas

Region 2

Gas,Se;

Region 1
GaS

1

Region 2
Gas,Se;

Raman intensity (a. u.)
|

1

[1] Z. Zhang et al., ACS Nano 13, 13486 (2019).

[2] C. S. Jung et al., ACS Nano 9, 9585 (2015).

[3] S. Demirci et al., PRB. 95, 115409 (2017).

[4] M. S. Claro et al., Adv. Funct. Mater. 33, 2211871 (2023).
[5] Y. Endo et al., J. Cryst. Growth 631, 127612 (2024).

[6] Akl 55 83 [Pk F HAlTkIH <. 21a-C202-5.

|

120 160 200
Raman shift (cm-")

Fig. 1 (a) Optical microscope image and (b)

[7] Seiift. 55 70 [EISHAE RS . 16a-B414-5, Raman spectra of GaS/GaSxSe1x/GaS
[8] H. Suzuki et al., JJAP. 13, 417 (1974). heterostructure nanobelt.

© 2024%F [CRAYEER 15-135 17.3



19a-A31-10 BIEEGAYEL AR LB RS HEFBE (2024 KHAVLIEN22B&AV 1Y)

MoS; E~D AN BBRIERKET STz 0F/ VRVOREAER
On-surface synthesis of graphene nanoribbons on Ag(111) thin film grown on MoS:
FRFOHE" Ok Hith' XF X!

JAEA 1, °Seiya Suzuki', Masahiro Yano!

E-mail: suzuki.seiya3S@jaea.go.jp and seiya09417@gmail.com

UREFBEDOEFNFICED AR RE Yy vy TN ST 7 20F 7 UR(GNR)IE, 7T 7
= DX ¥ v T U A fRRT D8 BCh D, REESG CTHER S D GNR 1L, BiIERAS
T OREEZ R L TY R UIESCT y UHEL 7 L~V CTHITTE 5, GNR O R E G HERIL
Ag(111)7¢ E O HFERFRHR AN TH 54, TEMTITERERNE 2 A MR 2ENH D,

AT TlE, FIEEERE L7228 MoS, LiZ Ag AL CARA N7 =—/L9 52 LT, Ag
DNHALIZEBLA L, GNR OERKEMR E L TRIHTE 5 Z &2 A L72(K 1a), b DI~
VAR MVITRT X D12, G(~1610 cm!), D(~1345cm™), Radial breathing like mode(RBLM,
~395cm™) 72 E ORHEIN /e B — 27 v GNR FIERDBIEE Sz, M 112800 CTHAA M7 =—/L L
72 MoS; | Ag WD Wi S X G AL(IPF)~ » 7 Th D, Ag B5ERIC[INFAIZEMm L TWAD Z &
Noynnd, K 1de i£ MoS, & 27T 7 7 A4 FNHOPG) LD Ag OIS CTH L, RL7 7T
NT =V ZARKETH, HOPG ETIET o H LRz 508, MoS, ETIE120° o875 6 )7
P(Z TN R AL ERNCENT 5 Z &3 gmo iz, T MIBEMEIAFM)IC L 0 ZENH O Ag
DOREEEZBILZE L, HOPG ki Ag RLRICHERE T2 23(X 1g). MoS: = TiE Ag 3@\ ik
R T ENG ol (K 1), FEFETIE MoS, 28 Ag OELAPEIC RIF T B 2w T 5,

(a) MoS,(5) Ag(IEiO nm) GNR-.(b)§ D| G
Y

Al,0,4(0001) = Al,0,(0001) = Al,0,(0001) e

MoS, N E#xE AgE&E&7=—I/IL GNREBEEHK solgamllgosohift1(i?nq1) 2000

(c)

== SIS
(d °° (e) °° - ':-"‘o P r O
L ZRT A RERERE
A2 o 950 2007
[nm](‘\“ // Wat /ﬁv\j [nm]T\ //‘«1\\ ] \ /ﬁ\\\{
WARAY ™~ \ | Y
0.00 \J \ \\'u" 0.00 \" \ 1%
On Mos, On HOPG Ag 6 nm/MoS, Ag 6 nm/HOPG

1. (a) GNR B DO (b)yBK L72 GNR DT~ AT kL ()R A T ==L D MoS,
| Ag ¥ IPF ~ » 7 (d,e) MoS, 33 L TVHOPG _E Ag(111)JERR DGR SX (f,g) MoS, 3 &2 OV HOPG
ED Ag6nm EERGRA N T =— L L)D AFM 4
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Na filsfEIC K 55 5774 FEMIEEW LrCs(Ln = Sm, Eu, Yb) DERL
Synthesis of graphitic intercalation compounds LnCs (Ln = Sm, Eu, Yb)
by the Na-catalyzed method
BB, 1 L5 -Ov0?2 OFRBE, BAWME'. RBBA L RHFE' FERRZ'
KR, NIBETR "2
AIST', IMRA JAPAN? °Akira Iyo', Hiroshi Fujihisa', Yoshito Gotoh', Shigeyuki Ishida',
Hiroshi Eisaki', Hiraku Ogino', Kenji Kawashima'~
E-mail: iyo-akira@aist.go.jp

77774 NEREAEWGIC)X, 77 7 7 A4 FOEMICH A R0 T84 v 2 — T b—
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A Al Na fitiiiika 7 o 5% 7 A RUn)idA > 2 —H L—3 3 > iz GIC(LnCe) DA RRIZiE FH L
720 LnCe B HITIE, TAVE TG VA RIEIENEH S TE 2, T b D FIETIE. 350C

TR LA E VO R O S BLERE VB L35, Fio, REAHT ZGIC BAETRT W
EOMBENRH Y | B)—Ta VI REERIENE CH -7, £79. FIHAREZR A2 TO Ln 1IZxH LT,
Na%ﬁ%%%WkAibﬂ%é&ﬁ%&%%fmtx%imbto%®%%\%ﬁ@LWMMZ
Sm, Eu, YD) TiZH D DD, ZN 6D/ L7 3 B 2 SR O EHICAKR TE 5 Z L2 EiELT-
(EgDoé%K\NakC@ﬁﬁKi@iﬁLtﬁﬁ*%%Nwmﬁ\WﬁKiDLn&ﬁELT
LnCe BT 2 Z & bR Lo, AMFEIX, Na iiEONHAMEZ R & & HIZ LnCe DREAFEIC
T 7o AR A 5 < 2 & T B IREMM B E~OIER O WREZ L O TH S,

Lanthanides (Ln)
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Fig. 1 LnCs (Ln=Sm, Eu, Yb) sintered pellets synthesized using the Na catalyzed method and their

temperature dependent resistivity.
[1] A. Iyo et al., Advanced Materials 35 (2023) 2209964, https://doi.org/10.1002/adma.202209964.
[2] A. Iyo et al., Carbon 215 (2023) 118381, https://doi.org/10.1016/j.carbon.2023.118381.
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ZREHERRMEDAIATORBEICE T H/ LI REBH T/ X EH
Bulk photovoltaic effect device in the artificial hetero-interface using 2D magnetic materials
EBREIRXNF—BEBIPHRF OHE F—, & B4 0B0 —&K
Institute of Advanced Energy, Kyoto Univ. “Shuichi Asada, Keisuke Shinokita and Kazunari Matsuda
E-mail: asada.shuichi.68u@st.kyoto-u.ac.jp

T, 7 N & MR D ZE R S R E O RRAVICE R U7z, BRI E N BRLENEZFIH Lz
KBGERT /S A ZADEEME - SISO N HIER 2D T D, 7 MERIE, 2~V 7 eiE S &S
I EENBGD 1> THY . EF OB EF I FRINMHICL > TEL D FARE U 1722%)
RITERT 2720, 7RO pn $26 LI1THER D N2 R¥ v v FEO N WBEE R ERIIFRF S D,
D7 NEROMEIZIBN T, ZEH R FRIE DML 72 IR TTEIRE D N T~7T e fEiE R iz B0
T, EBRICY 7 NERPBAET D Z ENHE S NZ[1], ZAUTFFE DA TR 2 [RER FE % FF oW
BAERET 22 LT ~7 o E RIS T D 22 e BRI S — il oD 85 i e R IE O A LT HE IR U SRR A3
NHZEICERLTWS, L, ¥ 7 MEREZS T MR U h LR RTRET 5 BRI EBA
CRNT, 22 - B SRS FRE OB TZ RIS I U B ORI T S TRy,

Z 2 ORI CIE, 22 - B BCER R FAE DS R LCARAL 7= R & L CL RIE R & SO B R
RO EDETH D MoSo/CrPSs ~7T fiEZ/ER L (Fig. 1 #iAK) . JCEEHFHEZ Gie T A A Ff
PEZTRART2, CrPSs 1@ WW 2R L ENE THI O 1L 2 IR FEEIL TH U [2], MoS, L2 AL THEET 5
Z LT, ORI CEMIIFMES I Y T NEROBEN TR S D, FEEEIZ, MoSy/CrPSs ~7 1 ik
FNA A —HP—ZBE L, ZONEBIFEDOIRERGEEZFEMCHE Lz, T OREE, Fig. 1 125
T L IR CRM R B REROZ(ENBR S -, 7 MERIE. v ) 7T BBEOREL ST
TIRERAFEDR N ERFHNTI Y [3], ZOENPLHMAR S 7 MERTE T CIXERER LT TE
PRI BREROE b Z R LTz 40K 138 L& CrPSs DREKFHIREIRE & 58 L T\ D Z &b (4],
CtPSs DR BREMEM O RBICHk L=k Tchs oLy 160 ,
REIND, ZAUEL, 7 NERISIZ T E & ~ ®e @
FEIEAL B IEE & ZER] TO R F— N RO IETFRME
wHkE Lic 7 s BIR[51 2810 L2/ R ©
bbH, S BIT, IMNBESHRFMEZRET 5 Z & T, CrPSq
DOREHIR IR < KAF L7z B R EROZL 3B S,
INEEMT TS
1] T. Akamatsu et al., Science, 372, 68 (2021).
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2] 1. Son et al., ACS Nano, 15, 16904 (2021). Temperature (K)

[
[
[3] M.Nakamura et al., Appl. Phys. Lett., 113,232901 (2018).  Fig.1 MoSy/CrPSs ~7 RAIET /S A A D4
[4] J. Lee et al., ACS Nano, 11, 10935 (2017). L IF 1T 2 M- A (AL - F%E
[

5] H. Wang, and X. Qian, NPJ Comput. Mater., 6,199 (2020).  BILOWEMRAANE, Ty © BEARRRR L)
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Gate control of spin injection polarity in 2D semiconductor transistors
E#B' COHMA BF', LE EFB' SH #BE'
National Institute of Advanced Industrial Science and Technology (AIST)',
°Akiko Ueda', Yukie Kitaoka', Hiroshi Imamura!

E-mail: ueda-akiko@aist.go.jp

BEBREES A Va2l T A RIMDC)Y-EARO BUERI L, BREI G E, N RS
DK NL—E KNL—ICER L TEFEReWiEE2rd, £, ACVEEMEEERICLY, A
COBHBMEENL—OBHBELZBLTHET S Z EAMFFCE, ZOMEEHW A fr=
JAPRBEISNTVD, LnLRnb, AP O R B AR S TWD D0, 2 RITHE
R ~DFEIER NS DA AENTH E Y i ST,

2IRTCIEIRE ~@ B ERHE, 2 Bou R~ Efil L TV o556, EBOT vy Vil a v h¥—
PEREAE AL S 4L, BIRITEMO =y PE N L TN D, AR TIE, vay hF—a %7 ki
BRI TWLGED T PR DA AN BB T 572012, AVCVHHEZEONY
7 MEBHFBRABLORT Y o FBRAEZA NV RY 7 MBS I 2 L—F—%EkL, v 12l
—Ya rEITRo T[],
FER D XD 72 GREEIEREM & N> 77— NEME LD )72 MoS, D A B MOSFET 5 2 %,
MR D~V 2 VT 4 A OIREHDIE(E) & 7 =)V S TRV F —(Ep)D#E % AEyy = 10 eV
WZEEL, 1/ VT 4 AU DRERDEE)) ZEL ST, ARO X HIT, AV IEARERIL
F— NBEVINES TELT D, B, KEDEE, FUoFABRIZE-T~A VT 4 AE N
FITMoS; ~AEUEAEND, —F. E\~Epin 7 =)V I R VX —FEOSRE, 7 — FEBEDE
BICE > T, AEVEADHER~Y 2 U T 4 AL x4/%¢5 EM DA T,

1

z 0.8}
. 06}
Air =
FM FM + 04
P X =)
/O MoS2 = ozt
Y 6 T ool
I <—
2 = 0.2}
] -0.4+
Metal gate o6 ‘ ‘ ‘ ‘ ‘
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jl, as a function of gate voltage Vg. J3(yy is a
!

Fig. 1: Simulation model and the spin injection efﬁc1ency,
majority-spin (minority-spin) current. The magnetization of contact is set to parallel. We set the Schottky
barrier height to 300 meV and the channel length to 30nm. Vas=1V and spin relaxation time is 40 ps [1].

[1]Akiko Ueda, Yukie Kitaoka, and Hiroshi Imamura, IMMM, Vol. 600, 172099 (2024).
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BFEEREIZ TisC.Tx MXene ZA LV
BEILXOITILEM I+ FEAA— RO

Development of thin flexible organic photodiode
with TizC2Tx MXene electron transport layer
BRI, BAWMHER? CEaK &, XH# BEE? #A mz!
Univ. of Tokyo', Japan Material Technologies Corporation? °Kosei Sasaki!,
Hirotaka Ooi?, Tomoyuki Yokota!,

E-mail: sasaki@ntech.t.u-tokyo.ac.jp

[iZU®IiZ] B + F %A A4 — ROPD)IE, 7 L ¥ 7 VHM IR o' 2 % Fu e
THZLENTEDD, HBICEREMITERZLEDTEDLNNAFTHF U A—H IR ED~NVATT T
NAAZASNDIEHAPPHEINTWD[], RO 7+ FA A — FOETELEEICIT, BILTsn
ZnO)E7R EZHWTWDHA, e RREN 180CEEHBRTHDL Z ENMEE 2> Tz, K
WFFETIE, TisCoTx MXene 0 HUIRZ E 1 HkE E L CTHWD Z LT, IR L& > 7 VR Bz
120CLA FOIKIR 7 1 A T OPD 2 /Ef+ 25 Z Lz L7,

[EZBRFE] X la IC/ER L 20 A E O ML 7 L %2 7L OPD OF A Az RwT, £9°,

LSRR EIEIC L > TRIE L7280 LR (1 um) BICRE PO TNy 7 7 —f& &
LT SU-8 Z R L7z, D FIZ ITO &4 pl L, 1TO B - IZ IE Lk g & L C PEDOT:PSS
BAE Y a— METHKIE L, K2, i&MEE & LT PMDPP3T & PCoBM ZiRA L7IZiRRZ A Y
Ya— RTHIEL, 7L ~T afiEE Ik Lz, £0%, B 1EHiEE L LT TisCTx MXene 43
Bika A a— N TR L, EMEM & U TR 224G TR L7z, eickfibfg & LTS
UL (1 um)Z R L7 (1% 1b),

[RER] X 1c IC/ERL L 72 ART 3o 2O J-V Bk & 1000 [0k 0 3 Uk FRER (#4%: 3
mm) & O J-V R % 7R3 /ERLL 72 OPD 1, -2 V O BREN B E D BR I KF B IR FE A3 2.0 X 100 AJem?,
B ED 1.3 X103A/cm? & WD FEZ R L7z, F72 1000 [EOiF% b2 E L TEfEL, B
TR+ JEFEIRE FEIXHIHIME D 135%, 89% & MEFF L. @ WA Z EME D HERR C& 72,

[BiEE] ARFZ213 ISPS BHFE JP23H00173 DI 25 F 7= 6 DT,

[£&%3Ci#R] [1] T. Yokota, Advanced Materials, 33, 2004416 (2021).
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10 —
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1 (a) Device structure (b) Optical image of the device (c) J-V characteristics
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The improvement of WSe; p-FET by applying sputtered Pt electrodes
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:ﬁi*%%%%*»@CWB%ﬁKﬁp@
FET ORI EDBMATH LN, a4 7 ME
I CA B HERERE D K Mo UENL IR J:Z)fB%Tﬁ’L
BEA~DT =) LLE = Z(FLP)S K& 72
METH D, BRAIATX 2LEREROTT
B BB E VDI Pt (~5.7 eV) TH 5 23,
RS 1768°C & i<, ANy HKERBH7A
B COHMEENRARETHD. ZDTd—IZ
WICMBE~D R HEE AR K E W 1. Pt OFE TR
7875 Tl% Chhowalla & 723Hi§ WSe, @D p Al
X7 NEHELTWDN2 ARy X TiELvy
A@ﬂ/&7F%% @%ﬁfwé ST H
Ty Z ANFIZIIRE T ¥ RV ER SN DT
@Em@2/&7F%%izﬁf%é BT,
HE MoS, LIZA /Ry Z 2K SbyTes ZHEFE L
BT vdW a2 % 7 MBS SRS STz 3.
AWFZETIX, Pt BRHERHICB VT ANy X
(QAM-4-ST, ULVAC Corp.) % i H L, HiJE WSe,
~DaAHFY Fﬁﬁi%%iﬁﬁﬁ“é Flo ANy H
Pt B & WO, JERRIZ K DM E) N—E > 7
%rﬁﬂyf/\j’)‘li, k7 /7 NEWE 2 A T2
(AR R U5 £2]

90-nm SiOa/n"-Si FEAR b\ Z HEMHIEE L 7= H)E
WSe, ZH551%, Pt EMA A L T Ig-Vog HIE &
IToTft R % Fig. 112”7, [A U PtEMTHE
THRZERE CIMmBMEICE £ > T D DIzxt L,
ARy B CIE n BUBW NS K E Hfll S vz p Al
Rtz oR LTz,

WSes (Z A/ K OVEEFHRZRFEIZE Y 1 nm D
Pt ZHEFE L, BIBETOT~ U HMEEIT-T-
(Fig.2a). B HARETIIWSe, DT~ E—7
NHHBEICHER TX 53, ANy X2 TEEE—7 0%
HR L7z, —J T, {&iR PL(Fig. 2b) Ci Pt AN
v ZH%TH WSer DE— 7 iR T, KBl
WS e—27 3B b/, Z
~ K ONPL OFER NS, ARy Z 2K D WSe,
WZRFEDNEN STV D 03, ﬁ’f&%%iﬁ&i%é
FEHFEF SN TR Y, Pt & ORWFEAEIERIC
DT IRENVD IS STV AIRIETH D é:iﬁ{ﬁl
IND. Fig. 1 [IZBWTA/ Ny & T n BIERN
Ml S =@ s, A%y % Pt BRE RO
WSer [ZKIEEANKEZ W20, @E Omt =
27 NTCER =y varyZ s MR LTH
HAREMENRZ 2 HID.

%I, h-BN by 77— R &2 ERLL 7%, =
A MNEEICA Y UMb A EA L 38
WSey 7 2 7 VT — b TS A AD I-Vyg Filh %
Fig. 3 (Z"7. &Y Uiz X 54 EiRdEm
L, WOxIZLDpBlR— o 7 Cray hd—
FEEENE S 700 % 7 MEFIOAEAD L2720
LEZHND. Pt EME WOx R Z Al
Kbl 7t AORELICE Y S 655
PEA D WIRFCTE 5.

BTN
1 Z.H. Ni, et al., ACS Nano 2, 1033 (2008).
2Y. Wang, et al., Nature 610, 61 (2022).

3 W.H. Chang, et al., Adv Electron Mater 9, 2201091 (2023).
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Fig. 1 I¢-Vug curves of  Fig. 2 (a) Raman and (b) PL spectrum of 1L-
WSe; with sputtered 1-nm Pt.

WSe;, FET with Pt contact.

Fig. 3 1s-Vi curves before/after
ozone oxidation.
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SRR TR L D n BiAbE Y 77 EIROER L n F v
TV TFT O iaPERE LIRS
Fabrication of n-type MoS» by atomic hydrogenation and TFT application
BRED oM2ZE fTE, ¥ Wik, tH IE#E, HK HHME
Nihon Univ., oLi Kecheng, Xu Chenghao, Tsuchida Masamichi, Kousaku Shimizu
E-mail: cika23003@g.nihon-u.ac.jp

i BHO) 0, BIRMEICH 26T U 77 2 (MoSy) 1TEB AR LA hrarr A
R (TMDCs) ®—2& L THEHZHED TN D, MoS 1Tl &, HEEE, CVD iEZ V556
X, BRSSO 0 ADEERCTH D8, YHFETIX, KEMBICERNT 2 L2 E LTAR Y
Z Y 7UET MoS, A ERLL CTvD, RIEIOWMAE[]TIX, #ESEESE A 0.1%RES £
NTNHZ e, FEMERTHLZEE2WME L, SOICEFEHFE LY, RiEER
MoS; HEHIZE D AN fER, B THE LICE T T 7 e S XA AT 52 & %W
ST L7z, Al p B MoS, - IRKEMHET 5 Z LI12 k0 n AL SR 2 ST
Do
[ 2Br0515]

ANy B Y U ZIEICE Y 100W T 20nm OFifbE Y 77 2 HERE LTz, # v T AT U UA
YEHAWER Y FUA VIETHRARKEBUIEEZITo 72, BT v 2 SNICKEN A ZEA
L. 1600°CIZHNERNS T T AT v U A ¥ CKRFEBGIE L, I FRAKFBEAER LT, &
D%, 200°CT 1 KR O T =— L &21T o7,

[FER K OB L

KFACERI T RS 12min TYT o7z (3R 1), AR U7 AIRIER L A M L 727
— & LR L RIEM S 2R ERE A A, n BT e o T R RN R K R TRED Rz A
TR TR FITEFICIR D IAENTBRERLEE L TKRERY | T=—N%T5H T & TKM

ERL. BHALBRESND EEL TS, 10" e
r Oxidization + 200°C
10|
#F 1 n’ MoS, TFT DF5E % 10°
BEE  [om¥/Vs] 61.26 S ol
£ Hydrogenation
SS i  [mV/dec] 288.28 St
107X
LEVWE [V] 0.734 | |
ON/OFF  [&Eikt] 9.95x10* 0. 2 0 2 & b
Gate Voltage [V]
- X1 nZl p BUKeE TFT Ofm gt
275 SRR

[1] 75K BHEZ FE, p B LE Y 77> TFT OR{LT =— VALEC X 2 RriEdcE,
S I BT e 22 (2024)
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ARFP A FERVETERAT) LBEKRFSE
Study of nonvolatile memory using sumanene molecules and structure dependence
REBHKRE' ClE B—', RAR Fa' BAR X3}, Bk BN, &I BF,
= 23, BT @8, "N RE, =B B!
Tokyo City University. !, °Ryoichi Kawai', Yoshiharu Kirihara!, Eito Ashihara!, Ryosuke Katsumata!, Reika Fujie!,
Sorato Mikawa!, Hiroshi Nohira!, Ryousuke Ishikawa', Yuichiro Mitani'
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IZEDIC AR UITRE L KE TR SN D BHIR O SLIEEE 2 5% 1 (CaHn) Thd, VEDS T2 M
W2 b—va QR 0EREETC, EBIX AT T 7 2 /A~ R 7T 7 x-Sl Al DfEfERE %
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ZDOATVEMEN, AR Lo TRZENDIHLDONHLN TR, £ TCARIFETIIA~ R 2 R0
72 MIM (Metal-Insulator-Metal) A2 TN HERT N4 22 /ERL L . A~ R U D P L2 ZTHE TH S
1=V HIE 238 L CERIICIH BT 5,

EBRAHE /772 EBCVDIEICLY Cu RICHRIEEZITW, BBV 7 7 = U EERT 5, ZhvE n'-Si B
FICEEBE L, 20 LMD MV A0 E ST AR UBRREER Lz ECAY Va— &2El Lz, &5
IZENCVDIEIC K AHE 7 7 2 v EG L CAY R U 1527 7 7 = 0 CHRIAR, BiEAEICLVIE
3%, ARFIEICEIT DT A ZAOHEAEEZK 1| FOMAKINIRT, BB KRS WS, /7972
DOREIL T < i IRIC L VR LTV 3,

RERB LU 113, NI/ T T2 /A~ )T T 7 = n'-Si/ Al OFEERMSIEZ/ERI L, Ni B L
HAXPES HI/E % Efii L7 R TH D, AR UL CHBEAEZFFORILKETH D Z Enn, T3 AERIRIC
C-H A EHERTEINTT AL AMERL T 0t ZBIC AT R DEET DR T A D L EZ 5, 1
NOEEEEZER L 72% TH HAXPES HIEIC L D CHBG AR TE 5, Z2hb, AR UNT A AE
BB EFIE L TWA EHEETE S, B LT3 20 IV RIER R 2K 2 17T, 2 OFEHEIE 100°C - B
[ 7.9 X 10%cm? D5 CRIE 2 £l 5, X 2@1T AVT T 7 = /A~ 3|7 T 7 = > nt-Si/Al, X 2(a)ix Al
T 72T 7 x-Sl Al OFEETHIEZFE LTz, fERNO. AV T T 2 VAR T T 7 = /nt-Si/
Al OB ICBWTEBRI-EEIAA v F o 72 EZ L TWD 2 LN 5D, FEE- B AA v F o 7
IZ& o T, HWIT 2 HifEFEEE D ON-OFF k. (owlorr) %15 HIVTWD &53700 5, ARRIE T EN L 72 &5 | #iH
TIE, 777 = 2 JE@i#EEDN ON-OFF R —HiIERIHICE BB NTND, —F TAY R 2EiEE7 & ON-
OFF ItV “HHERRE 2L CW\D, ZI0b, AV & L TEESEIBICSMEIL 21T 2 2 ATREM: & Fik
DTWDEEZD, Tl b, AR TR 7T 7 OBMICET 2 EREPIEILAAS v TF o T %
ADHERNE LS 25, ABEETIEEISIHMOBET IV lEEITHY & &bz, BB A B =X LI
DN Tagam LT <,

BEE AR —ERIE, WA TR T BE RN BT IE o X — DR AT T2 b O T, B IR,
KA MY SPring-8 ¢ BLO9XU % F\ T B B FF 98 & o 2 — D 7KFR(JASRI, Proposal No. 2024A1595,
2024A1651) 12X > CFEITENFE L=,

ZZ Wk 1) S. Higashibayashi and H. Sakurai, Chem. Lett. 40 [2], 122 (2011). 2) M. Maruyama and S. Okada, ACS Appl.
Nano Mater. 4 [3], 3007 (2021). 3) E. Ashihara, R. Kawai, R. Ishikawa and Y. Mitani, Jpn. J. Appl. Phys. 63 [4], 04SP35
(2024). 4) R. Kwai, E. Ashihara, R. Ishikawa and Y. Mitani, Jpn. J. Appl. Phys. 63 [4], 04SP05 (2024).
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> bk 4008 E 10-3 L Areapz’.7.9>< 105cm? + 30 E % 10_3 [ 130 E
- 3 o 2o E Lo foena, O E Al Q
b ' C,H,, S04l HER 6 SR G raphene Temp:100°C Z
9 sumanene Al : : Areai7.9x10%cm? O
£ : 107 ?ON-DFFraﬁo:l 1075¢ ";\ISl

108 N ; n 50 108 ! : i =0
290 286 282 -50 25 00 25 50 -50 -25 00 25 50
Binding Energy (eV) Voltage [V] Voltage [V]

X 2 HAXPES FIEDFER, %"%ﬁci "t 1 BoFey MILVEE, RoFey M, FEETO ON-
Ew?«?:\ BFRRILT SA AERED Cls  OFF b (Iovlorr) e @)AF RV H Y, )ATXU 2L,
AT KT A,
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BEE WSe: EMERARFAOEREEETIEA
High current density in electric double layer light-emitting devices of WSe, monolayers
BRI, WIKE’ #IKE’
D)X ER', PR KR, HIL’ =k WE’, EB X’ NE KE'
Nagoya Univ. ', Tokyo Tech %, Tokyo Metropolitan Univ.*
°Koshi Oi', H. Ou', J. Pu’, T. Endo’, Y. Miyata®, T. Takenobu'

E-mail: takenobu@nagoya-u.jp

VI RILHE DBEBEIE L A T2 F A FEERE (TMDC : MX2, M=MoorW, X=SorSe) |
JAT 3OS AT 2 HEERANEEERTH Y | IEFICLERIRE T DSBS 5D Rk O
FIMELTH D, YT 7 N—T 15 AR LB 2 A - B B %6 5% (EDLED)
ZBA%E L. BRI X 5 R & A2 @mE L T& 7Z[1-5], EDLED ({7258 7-Hid &
10%em? Z M2 DB R— B0 71 L DRIRBUE A/ 72203, FUIN AT RE 72 FEE 1 X T ARE O R
{LBRTEALNC LV HIR S 4L, L——F 1 £ CHRIME X 72 R ERE E O FEBUIREECH - 7o, BIE,
HiJg TMDC F&JE3HE 136 1T D KEWE L, Fox n

R L7 310kA/em® TH Y | TR 2 EERNDBFE I
THRETH D, £ TANZETIX, BREDT T ik
BZ L 0 g o On 2 A, k& cEMN 2B R D
BERMERE SN OREEEB Y ER D mE LR E
TETEANZHREE L 7=,

BARMIZIE, |RICBWTEFICEBELEIINL,

CEBICERKT S pn A AR Licik, sy Tl Photo of IL-WSe; EL

O
5.5}
&
—
—
Q
Q
p—
O

(=)

[R5 L2 8 RO 7 XEBIRIE (200K ) BT §

ETHEIL, A4V EBELLE, ZOL)RRRT < This work
WL & RIRIC 2 ST (K 18V) 2EM 2

L. Wk EL OB (Fig 1) L EIMAEEICEIEL: 3 ($IEDLED

BHGEOTM (Fig.2) ZHEhL, WESNHETO 5

4 TMDC BRI o BTl b BBERERE O o
B (680 kA/em?) Z FEEL L 7=, S Cldm B RN Voltage (V)
DI IT S UNT b 3T 5, Fig.2: I-V characteristics of 1L-WSe»

1] J. Pu, T. Takenobu et. al., Adv. Mater., 29, 1606918 (2017).
2] J. Pu, Y. Miyata, T. Takenobu et. al., Adv. Mater., 33, 2100601, (2021).

[1]
[2]
[3] H. Ou, K. Oi, Y. Miyata, T. Takenobu et al., ACS Nano, 15, 12911 — 12921 (2021).
[4] J. Pu, Y. Miyata, T. Takenobu et. al., Adv. Mater., 34, 2203250 (2022).

[5]

5] N. Wada, T. Takenobu, Y. Miyata et. al., Adv. Funct. Mater., 32, 2203602 (2022).
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927z /TMD/ 977 2 ERICBII32 AV REHRB F  RLHE
Spin-Conserving Resonant Tunneling in Graphene/TMD/Graphene Junction
RREWHL, PS>
ONME=F L, BWEEKX?Y, MEFFHEFL RES ! EE2ET2 Aa0OM2 TAEL BHERE!
I1S, Univ. of Tokyo?, NIMS?
OlJimpei Kawase!, Yuta Seo!, Momoko Onodera?, Yijin Zhang?, Kenji Watanabe?,
Takashi Taniguchi?, Rai Moriya?!, and Tomoki Machida!

727 2 v ORNEN A e VluEHAFH (SOC) IEHTE 213 /hNEw, —J7, K& 7% SOC%f
TEEBBREBEAAINTITFAFN(TMD) & 79 7 2 v e T2 L, EEMRICXY 779 7 = vic SOC
DFE I, B LT\ 7 7 2 vdD Dirac NV FRRC VRT3, KiftgE<cix, 7777 =~ /TMD
ST 7 v b aESERERLL, HESEE SOC Ik h XA v 3L 72 Dirac NV FED 2 v v #{%
ffl7zae—L v MR Y AL ZEBHHIL 72,

7972w,/ TMD,/ 27’97 2V VAN EAIIBNT, 14K DRBEFTCr Aoy 272y
ZBMELZ, P vAAa vy B 2R, VAL FLA VYO Y FRRET B HICT 24 HED
ETIHEZAFICETEY -2 %/RT, Dirac NV FORE Y HRICEK LT, by AAsyravyxs 4
VADE =732 RICHHLTBIEI I N,

FYAASY VR RV ADE— BRI al—vavTie, ¥ VT DOFYIAFIERTR
CYBRMRETAEAL, RELAVEATHRIEBN AV DO - ENRRLR L LPRREBINZ. D
2b, EEOMETHONZY -2 IZAC Y 2RET IEHFDGEDATH 5 Z L BHLD TR o7,

IO, C—IMEDT Ay T4V I b, TOT A4 RICET 20EFHIKL SOC OiEE % 8.49 meV
ERED o7z, TNFEITHEOHMNEERIEIC X 2R L FAFOETH 5.

LEX Y, AiFgE-clifiiEsik SOC 12 X 3 Dirac MY FDO R V438l % 2 v VRSB + v 3 uhiR
Zl U CRHii 5 2 LTI L =,

(b)

Bottom Gr

o 2 2

1§——a—t———0g
10 Ayz = Ag = 6.0 meV _:",-'

6 = 1.09°

[e]

(o))
(sM) Ap/IP
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24 & & % /J
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250X :
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Figure 1. (a) Schematic of proximity effect in graphene/TMD heterojunction. (b) Schematic of
graphene/TMD/graphene junction for coherent resonant tunneling measurement. (¢) Mechanism of spin-conserved
coherent resonant tunneling. (d)Measured differential tunneling conductance of fabricated device. (e) Calculated
spin-conserving resonant peaks. Red (blue) points denote resonant condition where up (down) spin is conserved. (f)
Band alignment when spin-conserving resonant condition is satisfied, and peaks appear.
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hBN EIZEEARL L 7= WS/WSe, AT OEED BREBEF
Interlayer excitons in WS2/WSe2 heterobilayers grown on hexagonal boron nitride
#HAKE', YHEE? COHB/H ML & X&' $FE BN
B2 EF2 A0 M2 dtd B2 ER BR!
Tokyo Metro. Univ. !, NIMS?, °Yui Tamogami', Wenjin Zhang?, Yusuke Nakanishi?,
Kenji Watanabe?, Takashi Taniguchi?, Ryo Kitaura?, Yasumitsu Miyata!

E-mail: tamogami-yui@ed.tmu.ac.jp

EBRERYA IV A4 ROMD)OERE~T e & X, 7 LART V2 Y VISR S 7 fib
L OFEABEIME L VIFEER 2RO TOWD[1], 20X 5727 VbR Tk, ko —
SRR DRI L 0 ZDORNANT MABRKELS BT B0, EiE el o/ERI I EE 7
Lo T D, EROBIE TR, RICEFETHER L e~T e Ea gL LTEY., 20
VERGEFR THEA S 4D 4778 O R A3 & b 1 DO F I RIE T BT DWW TUIRTE AR 72
BRE, — T, A LUV TER T T 7 7 4 bR RER 7 F#ENOBN) LICEREARK L2
TMD %, BFEANHHISND Z ENMBENTWD[2], AWFFETIX, hBN E~DOEEARKIC
% WS2/WSe, —JE~7 a2 i1 O VERL & KR TORNEFFEIC OV THET 2,

LM EEE VT hBN Ei2 WS, 26

ML, HHGRIERESRE AT WS, 11 2 ws, wse,  C| X%
WSe, % i S 72, 7.3 K CORRREIC LY y O D\ aw
15 IS HEICHIE.00 W) TRIIHE 1= cou_ O ntariayer - o
ok 2 DRI — 2 (X) 2% 1.32 eV 2] gciton - <
WENF(Fig. 1c), 7, ELHMEORINFE 0o e

_S 2
VN B E— 7 (X, Xa) 28 L — I8 o 3 76 W
BSALE, TS 2 A L0 3 MR oy £ 26w
FRE—DFT VRT ¥ v VTR S Uik ¥y s 026 nW
BIC L 2R L MR T & B3], BRIENC LiC I _.

T 0.09 nW

Xy =7 IR EREICH LCT— 7 b @W 95 9se 98 N

12 1.3 14 15 16

L. TOY 7 FRITFEATHIE4] LV 1HTLLER Energy (eV)

U 120 meVIpW & 72 o7, Zhuk, JgREh  Fig. 1 Schematics of (a) the type-II band

P OBRNIERT = & C. 758 FE A alignme.nt and (b) ato.mi(-: structure of WS,/WSe,
heterobilayer. (c) Excitation power dependence of

LTZ EFIRT & D0 ARCRIE, TMD £ 7 L PL spectra of WS»/WSe; heterobilayer on hBN.

FOERIZEBIT S hBN LE#EAROA A%

REL TS,

[1] R. Xiong et al., Science 380, 860 (2023), [2] Y. Kobayashi et al., ACS Nano 9, 4056 (2015), [3] H. Park

et al., Nat. Phys. 19, 1286 (2023), [4] X. Sun et al., Nature 610, 478 (2022)
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WSe; LD ALD ERIZEITT- UV-O: REBLEZ7=_—J)LIZEL S
BREAD Se RREA

Introduction of Se defects on the surface by UV-O3 exposure and vacuum annealing to
realize ALD on WSe:
FERXLOME Rth LIRS KB, 1 BELEKR Mz’
ChibaUniv.!, °©Takuya Kojima!, Daisuke Horiba!, Mengnan Ke', and Nobuyuki Aoki!
E-mail: n-aoki@faculty.chiba-u.jp

1. 1IXU®ic

QDIRTE D —FETH HEBEE LA IV
2 F A F (TMDC) 1%, FERE 2T %2
AL, WREAAFERF vy 2B E LTH
FFSALTUVN D, GERD 3R IE B RET BT
FERCE W M o EERBE S AR X
b —J7, TMDC [ZREICAKEA TR
RNy, GEKrmaA AR (high-k) ik fE DTERL
T SN T & 2R BHERETE(ALD) 12 &
HIRIENINEECTH D FENEMINLTND.
TMDC FE~® ALD OFEBUZH W72 FEE O
SEAZIENT T, UV-05 T L AREKEIC

s ZER LTWD. BATHFZEIIC L % &,

$okE D WSes Al filZxf LIIEAVL 7223 & UV-05
BT HHET, WSe, HIEN 18T o1l

S WO BRTEKTE D LilE ST,

WSes fii g £l 7S WO IZ52RICEDbILD &
BER—IL =Y 7Ly, F— L EE
WAEEZ RS b L& TW 5.

AT TIE, WSer iEF &2 NEVET 12 UV-
O3 Rl 247\ BilaRe R0 (269~ % FET %F
PEOE LA FI~T=. X BEF 00K 03 2
BB |~ ALD Fii#% O 5 1R ) B4
BAFMYB OB L&D, KEkE & ALD
~DOHENEIZ DN TERT D.

2. B

38 D WSe IZHEMAOFIBEA 1TV, EEUTT
~ UHGEL GBI IV B L., T8 Cr/Pd
(5/10 nm) OEMRFEE 4TV % Si0, (300
nm) /Si Stk B2, FIEEL 722 S 30 nm O
h-BN & 3JE WSer &2 R A h T A7 7 —ik
21 FHWTEDL EFCHE L. £k,

WSe, 112 Pt/Au (10/30 nm) TR 2 BV f+1F T
FET Z{ERLL7=. {ERIT/NA 2% UV-0; %
i& (Filgen, UV253S)% F\ T 5 /04812 Os %%
L, EZ27 =—/L (~10*Pa, 180 “C, 180 min)
D& T FET FrtEafih a2 £ L7z, 7z,

(LA R (CVD) S 7= B WSe, (2% L
T O3 BEBEEATV, XN EFDILEE (HA
T+, JPS-9030) % F T WSe, fx K Mg 28
%5 0 BBEROKMIEZAT T2, S BIZ
AFM Z£7& (FSM Precision , FM-Nanoview 1000)
Z T WSe, 7L 7 il & A RFH O3 2R
#% D ALD it D AFM B &8 LT-.

3. HMR-BE

Fig. (a, b)lT O3 &FE% 0, 3, 63 04, I HIT
Oy BBHRICELET =— LB 4T - -1 DIEE
HECTh A, BRI Oy RETHIETEHY
BIROMINAINZ, 4 BN LB E)
FEEDE MRS, O3 58 63 0k DIs
BERED pr T VT D, REHBITET

D WO I LTWARNE D EEE LT,
Fig. (c, d)iE, CVD plidz &7 WSey it D A
BRIk U CARERER, Os &% 60 /014, ZeiEtk
ICHEZET =— )L &2 T - 721% D Se, W O XPS A
R MVERLTED, O3 ZBEX1TH & Se-0
E— 27 () 59 eV)D R S 7o, HET =
—L1E1L Se-O B°— 7 N4 2AEF RS
Ni=. —JT Se-W E'— 27 (55.5 eV)ITEZ2T
== NRIZHEEOETR RN WE, O
& 412 Se 3B L T Se K B S Tn
HIZEDURMEEIND. Fig (e, DNITAREETE, O;
7% 20 70212 ALO; & 10 nm fi)g SH 7% 0
AFM 8% 7R L TR Y g2 Kiglom E L
2NN D . L L — Mol R 4
Tl <, BIFECIEXER D TRAMLIE L W
z5.

4. FEWm

3B WSe iIZxt L C O3 328 & HZET =— )L &
FIRT60MRZAITITH) Z LT, pMF—t
VIRNERA T, FET $#Em B HERR S 1
72. F72 XPS A7 FnD O EFER LT
Se 1FHEZZT =— /L9 BETHiEEL Se KaD
FERRIN R ST, O3 ZEEL I ALO; & B fs
S5 LMD ER RS, S0 RiE
{b&21TH 2 & T, KRIEEANINTZ WSe, i
Mg %> — RE L LT, high-k BB EHEC
ALD FRJEEH 3k 2 alREME SRR S 7=,
E 3 o
AWFRIZHER L7 b RO XEE %
FCB I b,

BEIR

[1] M. Yamamoto et al., Nano Lett., 16,2720 (2016).

[2] L. Wang, et al., Science, 342, 614 (2013).
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Fig. Transfer curves of Trilayer WSe>-FETdevice with
(@) O3 exposure and vacuum annealing and (b) mobility.
(c) Se-3d and (d) W-4f spectrum of monolayer CVD-
WSe, substrate of pristine, after 60 min Oz exposure,
and vacuum annealing. AFM images after ALD at O3
exposure time of (e) 0 min and (f) 20 min.
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k> 2RI)V FET ARIREY —XA#MBD CVT SkICH T SExHElEER
Selection of transport agents for CVT synthesis for tunnel FET source material
VHRK= 7, 2l E KRBT, CMDEZ LA !, AP 2, PURIAC |, SAEEA T, LR 2, R %!

'UTokyo, 2Saitama Univ., °T. Sugiyama!, S. Morito?,

T. Nishimura', K. Kanahashi!, K. Ueno?, K. Nagashio'

E-mail: sugiyama-toshinaril110@g.ecc.u-tokyo.ac.jp

(E)

FHAR ) 70 FUEI 2 B 08 T RE 7 — RITHRHE W
7= b AV FET X, MOSFET R ® 60 mV/dec
ZTEZFTAL Y a FRA VI BHE X
N2 S, LA L, 2D-TFET @ Y — Ak
TlE, 10° cm?® BEOERE F — 7o 5
7205, F—v v ZHlH KL 7R 720, B
e X 3 mEigEfe-e, RgERcETF—7&
7z R SRS & %\ 72 proof-of-concept” I #4
FoTW3, ZOL)aER”»D, 2D-TFET H
Y — ZM BB K — FIc Xk B F v ) TEE
D 7E B X OCH NI RaE S E T & .

T4, PNiligica vy &2+ 280 % WSes-
TFET © CMOS bz Hf5 L T %, Nb &ffa P*
Y — ZHEENC X 0 N B TFET #$(ii5 L 7225, N*
BUAE AR X, 1980 AEARICAL A 5AHEEIE(CVT)IC
X0 10" e FEE D Re F— 7" WSe, fitift DR
HUARDH 2 H DD, BT D FEfTHIFE T, AR
B 05%D Re F—7ICBNWT, v+ ) 7THEIX
6.3X10"7 cm™ LARWEICH F o T 23, K
72Tl WSex % CVT THIK T % Rkl i &
HL, fXFloEnIc k3 F % ) 7THEEOZAL
AR —VEEIC X DR, EY) Al Al o
T 7=,

[(BRRUEE]

Fig. 1 (a)Ic A% THV: 72 CVT &K D% %
T AR EIE Rel% THE— L, BnkfFle LT
B Se, I, SeCly @ 3fEFEZHAVERKEI T
WSe, ZHH L 7. JEkl & ik o LR a2k o

FKErA S L 2B @i nTid, SEERF
v V) TEREHIE D 72912, Fig. I(b)IcR$ X 9 ic
CFs IC X BTBRKF 2 E R L 72 F — L N =R
~DML%Z{T->7~.

T3, BEEH D Rel%-WSe, itk & Pristine
WSe, ik} DKiR(4 K)PL HIE 21T - 7. HIE L
72 PL A2 b V% Fig. 2 IZ/"3. PLE—7 D
SRIEE S Pristine, DL WnkAl, % Se, SeCly fiiik
FONEICE < 72 Y, — i IcE R OB
W — ZHRE IR T B 2 L5, SeCly Bk
FROCEZABSRD ¥+ ) TEERE N LD
FHIN3B.

RICHE—=VHIEZIT, F % ) TEEZEH
L7, Fig 3 ICHEH L% ) 7THEEZRT. &
—WEBDOMEZ 2L, Fx )V THRETFTHE
EERMER L., ¥x ) THEEOFMEREIL PL A
7 MADLDFREE —EL, SeCl kA,
Se, LEEFIDIEIC ¥ v ) THEERE L, SeCly
R OFEICIE 15X 10%em? & o072, X o
T SeCly ik H % Fl W72 &4 Re ¥ — 7ICHRD
THDTERREINT.

P 2D-TFET ® ¥V — A EHT 1 102 em 3 FRSE
DF v ) TEESLIETH Y, SeCly ik % F
WT Re DfAAREZESP T Z L ICk T, HEE
DF v ) TEEZZERLTE ZAHEERD 5.
[ 30k
[1] C.A. Koval et al., J. Electroanal. Chem., 234, 113, 1987.

[2] R. Mukherjee et al., Phys. Rev. Appl., 12, 034011, 2017.
[3]1J. B. Legma et al., J. Cryst. Growth, 130, 253, 1993.

1020
T=4K 3 &
o I
~f S €
St 2 o o
ol g = ol SeCl, Agent
~— 5] >10
: > = .8 ® Se Excess
iB%Se, I,, SeCl, 21 14 16 18 20 7
(b) g : Pristine 1, g
_E, L Re1% (I, Agent) 1 L 1018
=t Re1% (Se Excess) | g I, Agent®
Rel1% (SeCI4 Agent)l E
; . o
Energy (eV) Transfer Agent

Fig. 1 (a)#i%fl % F v 72CVTA KD
U, (b)TEARALEE U 7= 35 F o —
NN —F 84 AR,

© 2024%F [CRAYEER

Fig. 2 Pristine WSe, & & #iiik 7] % v
72Rel% F — 7WSe, PLA X7 kv,
AR E — 27 OXHELA 7 — VLR,

15-149

Fig. 3 & — VR RGE 2 & 5 L 72 4%
ikl % V72 WSe, D ¥ v U 7T H &
DI,
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BXRHBIE M0S, D ToF-SIMS [C KD Nb AFENES— 1435

Evaluation of Nb Impurity Uniformity in Monolayer MoS; Transfer Film Using ToF-SIMS

VHUR T, 28 EORBE, o MD) R —48t 1, Pt

JAc !, eAE R, BEY OEE] 2 R S

"UTokyo, 2Saitama Univ., °I. Tanaka!, T. Nishimura!, K. Kanahashi', K. Ueno?, K. Nagashio!
E-mail: tanaka-itsuki803@g.ecc.u-tokyo.ac.jp

(2]

MoS; DXIMRETT 4 RIGHD -0 1213,
KB N — vy 2B R AR CTH 5.
LS %R (CVT) 1©X % Nb F— 7 MoS,
13NV 7 ERATREDD Nb DSBS F I &E L
T Mo ¥4 +%iEffad 2 2 LT p iRk
TH5b. ZD PNV EEEIE, VAV FET O
v —AMEe, BEET N 2B 5 pRlay
27 PECHHHINTWED, IE7L—72
DAMYIREIZ S D 2 ICBAL CTid 2 o EEEIC
LD O Tamam S LTy, 4al, XPS I X
D RIE L 72 1.24% D Nb JRED PN 2§
fa> D RIEE - 55 L2 g 7 L — 2 @ PL HIE
KBV, K10k 0 HEEL 7~
IC B 59 Nb AHER R D v — 27 3K
LB ERONE RS, TEHEET L
— 7T Nb IBERKZESDL 2 L2 RE
LT3, REBIED > ppm OHRHERE % o
GP#lF3% L L T Time of Flight-Secondary Ion
Mass Spectrometry (ToF-SIMS) 235 b, Hef Fic
KIS U 7= B rh o AR o & 25T
il TNzl —JT, CVT 5
BEE L7280+ um MOBE 7L — 7 ICB0nT,
K% SEE 25 ToF-SIMS #lEiZchET
fThohT o,

AffF4E T ld ToF-SIMS (PHI TRIFT V nanoTOF)
DIEHEHE 7 L — 7 ~O#In Ik 2 et L, K
HY DR RN X 27205 b HiE MoS, R

MR D — 1t 2T 2 2 L 2 HIN L L7z,

(BRRUVEE]
NN 73T — TR, B X SREERERIC X
D 100 pm FEE D 7 L — 7 % Si0y/Si Feti b iz
B L7z. ToF-SIMS HIE X Bis>' 4 4 v Z R\

KT 47— FCTHJE L XPSHIERD SV T
IR L THT o 72, RTALEREE L o HIE (X 2 a) Tl
92.06 @ C7Hs, 92.98 @ CHOs & 93.07 @ C7Ho 23
KIICHE LT3 Z AR N, HEY
FAREIC AL B 728 2 RITMELO RE W 22tk %

a3 % 720 ORMHHFE DRI S AIHETH 5.

Lo L, ABYIOELEIC X > THiLE 2MoH D
E— 7 I BNb'E—7 & m/z=929]1 THEICH
2579, IEMERNb 17 ¥ P BIRTETE o,
Z ZC, HIEHTIC Arr A8y 2 &fTH 2 LT,
J8 L N7 DOEHFICH LT MoH D ¥ — 27 X T
BHYIC — 7 OWHKEIERL 72(X2b). iIn5H
B4 XL Ch EmiHiiic o7& 2w v b
BEOLND Z LN h o7, XPSHIERD L
27 ® Nb/Mo 717 v + He» & Nb DRI (R 5K
Ko, M1ICPLZRLEZL—27 D NbiEE
ZEHHE L7 HEND F—7 MoS 13T 72 0.2%
13 ED NbIEEZA{LIC X Y PLIIRASK & K &1L
TR o7-. Nb F—7 WSe, TlZZ D
X9 BREFHIBEINTEST, MoS:; WD Nb
R FIcRrE BB ch 5 LI X 5.
HE7L—-71C8 2% No"OA A=Y v 7%
To72& A, Nb IZHNTEH—ICHMLTWD
TERbhro/z(H3). 72, S FERICE N
T Art A%y ZFFEIC X 5 depthprofile % 3K & 72
LZA(X4), NbiEEOBES HFEKFEEE 7L

— BT DX ~NE W DD o T,

7L — 7 BOEEANTDOEIF CVT E DI/

HIITO Nb ZBXIRE DE VD72 Nb EED

B fmrE Lz E2bNS.
(&3]

[1] Azimkhan, K. et al., Adv. Mater., 2020, 32: 2005159.

[2] Desai, S.B. et al., Adv. Mater., 2016, 28: 4053.

—10f — | @  92Mmo* Before € Nb ratio (%)
H] Pristine E] Sputtering g — >
A Nb:0.93% | & S3nthes 52mn - re o1 225 ﬁllﬁ%.'_
_..? ) Nb:1.13% 4:.' Organic Nb*,**MoH § 2 === i—gi;,}--
) (7] 1 - e 0]
S 06 S 0o H
g £ (Rt 5 4 1.36%
£ = L124-mamv ¥ LM
B 04 g (b) After S
= = e,
g 02 £ E3. HENb-MoS,» B4, /8L2Nb-Mos,D
i ° ToF-SIMSA X =V & NbREE AR5
(=] 2 BNp*
Z 00 | FLRANE R
14 16 18 20 22 T L S
Photon Energy (eV) 92 m/z 93

1. BEENb-MoS,DPLANY kI

®2. EENb-MoS,D ToF-SIMSZA~R % kL
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—ERYEH 4B MoS: DiEE B UL

Structural and material properties evaluation of double-folded four-layer MoS:
RAR#BRE L KHE
CHUAMAE !, EEME 2 EEMKE AAHEH
Univ. Tokyo', Tokyo Metro. Univ.?
©OS. Yotsuya!, T. Endo?, Y. Miyata® and D. Kiriya!
E-mail: kiriva@g.ecc.u-tokyo.ac.jp

[ITU®IZ] “ockErofEEIcIL, S E2MEOBIIC L2 BHERH Y | A O
WX VOB FRER Z E M BIEENEE > T 5, BIFEEICHW LA fEE AR, HE
L7248 IR B A AR BIC LV BB T2 b D Th D, RIRIOARFEITHENT, Fx 1TEK
FUTTERL S 12 W O EB) 2/ LT HJE MoSy & 1 2 0 B:de Z & T2 Y —JF MoS, #1& & JERL
TED T EERELE[1], ARETIE., HE MoS: ~JEI Y BAFILELEA T2 LT, 48
MoS; IEZ TR TE D Z L DHER CTE L OWMET 5, ZOMRITUBOMREEZEZ DT L TH
JEI DB 5D D EEAFFOMIEN B CTE 2 /Rt A "2 LT 5, £72, Fig. 1@~ T L 91
PFOWFICEBEOTD, KJEITIH Y B TER->TEBY TV EBH L I—T7 LIEETHY .,
W OB FIETITIER LR WSR2 000, FrRZDMERBLOLG L R D ietEn & 5,

[EBRFEROFER] (LFRARE S B2 B8 MoS: ~FEIRIC K 5910 AL Z 2 1T 9
Z LT, 48 MoS: ZERL L 7= (Fig. 1(b))e AfrOQE@QIE—EH & E RO ZRT, 1M
JIBEMEE (AFM)IC LV BIERT 5 &0 BARoWmE & 2 BT 0 B E 7 48 MoSy DI D DR
S Tam &5 Z & AfiERd L7z (Fig. 1(c)), F72.
Fig. 1(0)® 1 J&. 2 JE(1 AT 0 B E 72 HiE MoSy). @) s, v Dol fldd monceyr s
4 J& MoS, (2%} L T Photoluminescence (PL) & Raman o Eaz
DDA RV ERIE LT (Fig. 1(d),(e)), 2 JE. 4
J& MoS, ® PL D A2~ JVIZHEEE MoS, IZHiA D
MHEEBEH KO — 7 TR INT, £
Raman 53 2317 5 MoS; DIREIET— K Th D Ely
& Ay O —7 BRI E B OEMZTE LT
—7 WIEBHOIK L, BRICH T 5 ioass S /\ | o
INThoTe, FEREV ., BJEOSEREFH AN KR s, s,
D MoSz 12t L THIVY, D F 0 EFIERREAS AV i &

S HE ] 3 No indirect peaks /\\‘ﬂ\ %/
7 \ .
2o TN DT, B D 4 8 MoS: AT 5 2.8nm \.

1L-MoS;

PL Intensity (a.u.)

Raman Intensity (a.u.)

E0bE< o TR Y, BEBIROREHEOM 7 ¢ T e e i
MR TERVOTIERWNEEZ X D, Fig. 1 (a) Schematic image of double folding

W BT ELEEBIC L VIR ST, BA kg Process of monolayer MoS2. (b) Optical

: microscope images of the double-folded four-
L7227Ds DRI ST AP B2 G R OMPEIZ DWW T layer MoSa. (c) AFM observation image of
DHER TNV EEZ TN, double—fo?ded four-layer  MoS2.  (d)

o Photoluminescence and (e) Raman spectra of
[Z%3CHR] [1]S. Yotsuya, eral., 55 71 PSR 1L-MoS,, folded 2L-MoS: and double-folded

£ 22p-P07-51. 4L-MoS:.
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19p-A31-14 HESEISAMEE AHE LIRS WRTFHE (2024 KHEAVLEN2RIFEA VS 1Y)

Electrostatic properties of boron nitride nanotubes

University of Tsukuba, °Nadia Sultana, Yanlin Gao, Mina Maruyama, Susumu Okada
E-mail: nsultana@comas-tsukuba.jp

Two-dimensional materials such as graphene, hexagonal boron nitride (hBN), and transition metal
dichalcogenides (TMDs) are gaining a lot of attention due to their distinct properties and potential to create
new compounds, enabled by weak van der Waals interactions and boundary conditions [1]. For instance, the
bilayer hBN with the AB stacking arrangement demonstrates dielectric properties owing to the asymmetric
atomic arrangement between the layers [2]. A tubular structure also provides asymmetry in terms of the atomic
arrangement leading to unique electrostatic properties of BN nanotubes. Although the electronic structure of
BN nanotubes is well established, the electrostatic properties are uncertain regarding the circumference and
radial atomic arrangements. Therefore, in this work, we aim to elucidate the electrostatic properties of BN

nanotubes using the density functional theory.

Figs. 1(a) and 1(b) show the color and (b)
contour plots of the -electrostatic
potential of (5,5) and (6,6) BN
nanotubes, respectively. Here, we
found the potential difference between
the inner and outer vacuum is sensitive
to the tube diameter. The potential
difference of (5,5) nanotube is larger © 02 S—
than that of (6,6) nanotube owing to .0.3L an""
the confinement effect of the tube -0.4+ ..
diameter. Furthermore, the potential § -0.5¢ .
difference decreases with increasing < 23: )
the tube diameter with odd and even -0.8-
-0.9=

dependence regarding the tube indexes 6 8 10 12 14 16 18 20
[Fig. 1(c)]. We also demonstrated that Index (n,n)
Fig. 1: Color and contour plots of the electrostatic potential

of (a) (5,5) and (b) (6,6) BN nanotubes. Red indicates the

the electrostatic potential outside the
nanotubes is sensitive to the tube index
. . higher potential, and blue indicates the lower potential. (c)
and inter-wall atomic arrangements.
The potential difference between the inner and outer vacuum
of BN nanotubes as a function of its index (n, n).

References
[1] N. Hamada, et al. Phys. Rev. Lett. 68,1579 (1992).
[2] K. Yasuda, et al. Science 372, 1458 (2021).
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FFr—tE5FiES MoS: [ H T HBERGEBBEDER
Layer number dependence of transport in donor molecule/MoS; heterostructure
RABR#SE, ol =£F, K& X%, LF i, AE 1E
The Univ. of Tokyo, °K. Matsuyama, H. Okuma, K. Ueno and D. Kiriya
E-mail: kiriya@g.ecc.u-tokyo.ac.jp
[IZCwIZ] 2%k T / v — MROBEHA-ERME TH 2 BB B /L 27 ) A R(IMDO)IE, 7

Ly hu=g ARF ARk OB E L CHER ST Benzyl viologen (BV)
0B T ARHECIEORIBICE F— Y SRIRTA o B s g
ThHY, TO—-FEL LT IMDUS FRITOREERBEIE i g,
EAERAFIA L F—E s 7R TG, PTh, BT 6TMMMJM%;;%%Q

HHe % FF oAy 1 benzyl viologen (BV)IE MoS, IZ#:A S ® %

2 RIIRER F  GB~ REEC & B 1, 2 e e ok
D—FT, R—=Er 7 OERPNRES OFERC, #2457 743k BV molecules.

LIRS L TRBICRETRER L. EMBEIOHG0F H Y MBI ET FEITKAR L LT
B 5Tl ARIFZE T, BV 0 72845 S 172 MoS, 7 /31 A& %t5 & LC(Fig. 1), Bk
K OBEGHRAFPEC DWW TRERIE 2R T2 D THRET 5,

[SE8RJ7ik - R R ]2 JE, 3 &, bulk MoS; & T /L & LIz —/L/3—F /3 Z|ZE N E~6 mg/mL
D BV iz R L, 2K-300 K O#iFH T 4 bii7-HIE 3 £ O Hall 20 RMIE 2 Fhi LTz, #2671
BT LF v U TIRE n 8B LOBEEOREKGFES Figure 2 I2R7” T, O F#EAICESET R
—EU NI, 2T N ATIH 300K TEX v U TIEEMR ~8x 108 em2)Z /R LiZ—J7, 250
K-50 K OFUH CITRER TICON TR v U 7IREMET Lz, 2 OBAIFEEICE D & 3 HRE
L. BV 23 1/MoS: D R—E v ZHRERTFH A AT 2 2 AR SNz, &2, 2@ -3 )8
Ll EZ R & U CRERIEHIZE TN A — VR FUIE O BEAE IS RIS R R 72 2 28 8h AVRIE & L7 (Fig.
3)e M HIE, BB ORI OWT S B 24TV, BB CREGIKEYE O BLE ) B R OB TIRAEIC
OWNWT XV EEMCH#ERT 5, [Z2ECk] [1] K. Matsuyama ef al., ACS Appl. Mater: Interfaces, 14, 8163-
8170 (2022). [#H&E] ABFZED IR (22KJ2628,23H01798) . IST (AIFEAUMFFE 4SS, ALCA-
Next) O3FRIZTIHEM Sz,

9x10™ ‘ ‘ 1000
(a) 75F = t‘ /,' 4 (b)
8x10"| o 15 dw‘? i Bulk / 2001
00 000 6 o0 ° 7
7x10"} %o 4 F . [ o / -
g . Y ~ = 50F owf { / 1 &
£ 6x10"°F Q 3 /
3 o {10 3 < L SN =
< 5x10%| ¢ < < m < 100
° ¢ & / !
4x10°} ° ° - s 7
o o0 ©w00 © 00° 7 L 50
3x10"f ‘ ‘ 0 d 2L
1 10 100 0 o ) .
T(K) 0 2 4 6 01 2 3 4 5 6 7
B(T) B(T)

Fig. 2 Temperature dependence of carrier
concentration » and Hall mobility zman in
BV-doped bilayer (2L-) MoS..

Fig. 3 Layer number dependence of (a) magnetoresistance (MR)
and (b) Hall resistance at 2K.
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hBN &k Lt 28 NbxMo1.xS2/MoS; EIRAA T O{E &N EFHERTE
Electrical transport properties of multilayer NbxMo01-xS2/MoS2
in-plane heterostructures on hBN substrate
#IIKE !, PMHEE2 XTI,
CMOEIm WAL L0 KL W MEL PE BAL BB BE A0 M2
RY R#i° EH #Hx!
Tokyo Metro. Univ.t, NIMS?, Tokyo univ.?
S. Shotal, S. Yamaguchi?, T. Endo?, Y. Nakanishi?, K. Watanabe?, T. Taniguchi?,
K. Nagashio?, Y. Miyata®,
E-mail: shotatoida@gmail.com

BEBEIEL A a7 S A RIMD)DOENA~T afidid, £ o “RTHECHERMIEL Y, (KE
JEEE b R VESIR R T DAL (TFET) OISR EIRF STV 5, JefTii%E Tk, TFET
I & B L ALFSAE R (CVD) TERL L 72 2 /8 NbxM01.+S2/M0S; THI N~T 1 i1t D &5 - B 5 R
PERHRE SNTWD[L], LavL, ¥V 3 e EOREHI I 1T 2 TMDER LS i D AR —E
0 EOEERMEII SIS TR, SR 5MERR ED7-DIs, K0 IEEOFHE
PR HA B COEIERE O BRPNLEE T H 5, AWFZETIZ, AN sEAR 7 3R (hBN)EEK LIZHEE S
722 & NDb«MO01.xS2/M0S; T N~ T 1 A 1 D i 18 74 2 5~ 72 [2]

U B B8 NbxM01xS, 7 L — 7 Z Rl L. £ Db CVD IZ LY MoS, kR S
T NbxM014S2/M0S; HIN~T G2 FRL U 72, BVRIPERIIE 2RI L7z BT A B FERNIT &
HNA~T s, BN (i) . 77 7 74 & (5 — MEMR) ONEE TR S8 U 2 iR
HRH L, I InfAu B4 755 L 7= (Fig.1a), Figure 1b |Z 40 K IZ8 ) 5 H DO BB L LD &

NEEEAEE R, MoS; ~DET R—TIREDNCHE, i34 7 AUOBFROHI,
F O EF S EEHT O A (NDR trend) 2381 X7z, Z ORI, NbkM01xS2 & MoS; Df# T Type I
26 Type Nl DN RT T A4 A hA~EEBRB L, WA T ATy R~ RETRAEMN L7z
ZLETHATE D, BRTIEH, Y=
F B & hBN EOE FiEREIC o
TO XV FEMBRENT IOV THE T D,

[1] H. Ogura, et al., ACS Nano,17,7, 654

hBN SiO, G: graphite o :
(2023), [2] S. Toida, et al., ACS Nano,17,7, ? 2 -1 0
Voltage (V)

654 (2023), [3] H. Naito, et al., Nanoscale

Adv., 5, 5115 (2022). Fig.1 (a) Schematics image of the multilayer NbxMo01.4xS2/MoS;
in-plane heterostructure. (b) Gate-voltage-dependent diode
properties of the multilayer NbyMo1.xS2/MoS; in-plane

heterostructure on hBN at 40 K.
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FIVRSFORMULEIZ K HEE MoS, DRI EER)
Degenerately doped monolayer MoS: using surface treatment by Amine based molecule
RABE#E C/vFk S, Jain Puneet, R4 THEH

Univ. of Tokyo. °T. Kobayashi, P. Jain, D. Kiriya
E-mail: kiriya@g.ecc.u-tokyo.ac.jp

[iIxU®IZ)ER-A4E V271 R(TMDC: Transition metal Dichalcogenide)iZ4>3 %> 0.7 nm F2
EDRHTHY 230, FEEREAZRTERME L L TboTwd, BRI L~
THHEPSZ T ) TR RPN E T, S FERICED LY 7 nm JEONERT /S A 2D
R L LTHIfF ST 5, — 5T @JB/TMDC R4 U 2RI 7 /31 A PERE 2 HHE 5
D720, ZOMRRPBREBEOBRBETH D, T, &B/TMDC M0 F AT 2 FIENEE S N,
B RHT O W Sz, LasL, 9723 TMDC OFm LMD &6 IR BAE
MT 20372 8 FAFEHOHMGIC AR R b2, AKX T, TMDC O—FETH 2L MoS, &
KR, Fr FNVEORR DT S A A(Figla)ZER L, LB R EFFOT I VR FRAEE L,
F ¥ FNVEDENI LD F—E 2 7 OB OV TR LD THRET D,

[EZBRFERCRER] 7 7 A YIHEKIC CVD iR SN HE MoS: 12X L, PMMA % T
SiOy/Si HARITHAE: L7z, &lie L TEAVAZEEKE L, DUSMEA A=y F o 7ic kv F—k&
WECTF ¥ INREDRRDTNA AL LT, 7 I VR FEE0IRICT A A& RIE S,
EHRT 0 —THRISE T, ERREREND, F v RARD 540 pm OFR, AREERHEIT n BLOMEIRH
R & 7~ L72(Fig.1b), £72, K& F CHRET 2 & | BRI f A7 B2 L 72 (Fig.2),

(2] 7TIVRLTFERHOZERLEIZ LY 5-40 pum OFPHTF v X LEICEL 59, n il
DOMEIREARET 2 a8 U7z, 2 B IR FHE, R SIS O F M 2 AV T
F ¥ RNVERT ¥ FMEN F—E U T2 5B OV TREEZT D TETH D,

(&3]
[1] Po-Hsun Ho, et al. ACS Nano 2023, 17, 3, 2653-2660.

(@) (®)  Chanel width 50 ym
Device structure {0 10—
107 107 /
Bi unit: pm - _ 107} ] 2 107
RS = o2 ~ B . .
1L MoS, = 10 . z 10° Original
g 10°F 3 g 10° 1
é 10} , 4 3 1071 Treated ]
102" 1077 S
10 "Solid: Treated ;0 i 107 33 hin air
L =40, 30, 20, 10, 5 .| Dotted: Original = MM Y |
-30 =20 =10 O 10 20 30 -30 -20 -10 0 10 20 30
Gate voltage (V) Gate voltage (V)
Fig.1 (a) Schematic image of the device structure. Fig.2 Transfer characteristic curves
(b) Transfer characteristic curves for various for Checking the air stability.

channel lengths.
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© 2024%F [SRYEES

MoS, ZEIRD WU F LIZFH T F-FFRIEDRE
Device Structure Analysis for Light Absorption Enhancement of Multilayer MoS2
RAEMAL OCP)EAEL MEAZEZE ! RCAST, UTokyo.!, °Myeongok Kim!, Yoshitaka Okada!

E-mail: Kim@mbe.rcast.u-tokyo.ac.jp

[IZFUDIZ] EWERIURE s mNF v U 7
BENE A F> TMDC 1%, KE5EOSEHRIN)E
ELTHEMEZFE T2 L0000, ZEEOLA T
MBEEBRL L 22 5720 b —Z VO NIRRT
HIRE S 20 D, F Z TANIZE TIEfEE MoS;
% e K B e A 1S 12 38 1 A eI o) iz
[A]1F C back mirror & anti-reflection coating ™ #x
SETRA T SR A Y e

[ 5iE] MoS, % )& 5o S I = % transfer
matrix method (TMM) TiH&E L7-, FHEICHW
72 MoS, DR IL st A28 & ) o 7 TR
NAFETH D 20 nm Z4E L7z 2, £7.20 nm
MoS,/ 200 nm metal ##%i& T4 812 X 2 & %h
RAEMIE L. £ O L2 anti-reflection (AR)
coating D IRJE D Fe b #1T > 72, Fiz.
Fabry-Pérot Zh512 L 2 S ash B 2 50~
% 7= %, 20 nm MoS2/Si02/200 nm metal 1% 12
BT B EHHE H1T - 72, back mirror metal 1213 Ag,
Au, Mo, Pd %, anti-reflection coating (ZiZ SiO;
&I, AT BRI B YRR
AM1.5G FESfIF 2487 L, 300-800 nm fiElik D
TR 25 Ll L7,

[FE5LE5] —f%IZ metal Z back mirror
WD Z & THIKD MoS, X 0 & IR
/AL ENTE, FRITAg ZHWTEGAIC
EWIEWI R 3G B D 2 & 235 - 7= (Fig.
1), F72 MoSa/SiO/Ag HiE TlE, SiO; DIEE
0-1000 nm & & (2 MoS, DIEWRIN RS R4
5 H DD Si02 D372 MEIE KV m W IERIGER 1T
B not-, Lol Si0O % MoS, D FER
WZHBLE L AR J8 & L CTHW =854, Fabry-Pérot
RN LD . MoS; DL K L (Fig. 2.
(@)). #FiZ SiO, DIEE A 80 nm DIRF|Z B

N
N

100
—Ag

. ——Pd

A
80 [ Mo A //\
\
60

40

Absorption (%)

20

| | | |
0
300 400 500 600 700 800

Photon wavelength (nm)

Figure 1. Absorption by 20 nm thick MoS;
with different back mirror metal layer

R RIZ 72 5 7=(Fig. 2 (b)), Z % MoS, %
JERERAR CTHIRF SN DB ED 3 5L 1
AT %, M T Fig. 2 () T % 912 AR &
D 2 & TR mBUHRR MR S du, ik
WERBEERT 2R bET b D,

[E & %] 80 nm Si02/20 nm M0S,/200 nm Ag
OREETIT, AMLEG FRERF D LRI EE 3,
MoS, % JE IR HLA & bl LT 3 LA BHERT 5
Z gl

1) Jariwala et al., ACS Photonics, 4 (2017).

2)Kim & Okada JSAP 84" Autumn meeting

19p-A202-8

[BtEE] A6F7E 0 —EB1% ISPS FHAFFE: 23K26135
DI ZE=Z T b D TH D,

N
i
[

250

500

SiO2 thickness (nm)

-
©
T T

750

MoS2 only: 6.87 mA/cm?

100

SI0,/MoS,/Ag e —sMCE
2 2 80 _MoSZ/Ag
MoSzlAg —Sio 2/MoS 2/Ag

60:—/\/\/\

LT

Reflection (%)

L |

| I | L

(%) uondiosqy
Photocurrent density (mA/cm*)
N
o

-
o]
o

1000 . >
300 400 500 600 700 800

Photon wavelength (nm)

(a)

250
SiO2 thickness (nm)

s
500 750 1000 490 500 600 700 800

Photon wavelength (nm)

(b) (c)

Figure 2. (a) Absorption and (b) photocurrent density under AM1.5 G in 300-800 nm range by 20 nm
thick MoS; when top SiO; thickness is varied. (c) Comparison of reflection of different structures.
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[20a-A31-2]
Quasi-one-dimensional moiré in large-angle twisted bilayer WTe,

Oxiaohan Yang?, Limi Chen?, Yijin Zhang', Kohei Aso?, Wataru Yamamori3, Rai Moriya', Kenji
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Watanabe?, Takashi Taniguchi®, Shota Okazaki®, Takao Sasagawa®, Kenichi Kawaguchi?,
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Fujitsu Ltd., 3.RIKEN Center for Emergent Matter Science (CEMS), 4.Research Center for
Electronic and Optical Materials, NIMS, 5.Research Center for Materials Nanoarchitectonics,
NIMS, 6.Laboratory for Materials and Structures, TIT)

[20a-A31-9]
Y X ATMDD ZEREIR /N — Z— >V FEDREH

o= &2 ®HF2 BAMETA & B2 A B3 2 mek #E" 2 (1.RILARI. 2.8
FERM R Z B FHITFR)



tyiary 2024 FE35EICHAYMEZEMETEMBER

[20a-A31-10]

WeTeg R FRESRN\ D ERBIRFHEA & EFRFE

OD)E# &g, i BN B Ue2, FT> 7> 223, M kB2 & ME. ki M4 5E R
—ER3. =M #H7R (1LEIIAIE, 2.AIST. 3. HILKE. 4.FRAEH)

[20a-A31-11]
RAHBREEMoS,H AR R iEiE D FhiE 741 T

OMNEM L1 AR A Ek S BA BwE 5B #EN. SEBZ. #R g 2| FE
(1. FRAEIE)




20a-A31-1 HESEIAMEL AT LHAAS BATHE 2024 KRA LEN2RBEAVS 1Y)

SICEMRLEICEERE L= WS/T 57 2 AT OREDOEERT
Interface and Surface Analysis of WS,/Graphene Heterostructures on SiC substrate
NTT Prtef 2 EREBH O/MIl &REL, Ufuk Erkilic, Shengnan Wang, &4 F#

NTT BRL OYui Ogawa, Ufuk Erkilic, Shengnan Wang, Yoshitaka Taniyasu*

E-mail: yui.ogawa@ntt.com

AR T ANA 2D X 57 B E RO - ERECOERBEE 29, B 5 FE KT
YIE(2D WE) kA GbEi~T ufEOICHMEH I T3, 2D WE D~ T o it o FHl
BT R BE- IR TR S T B B A, T4 ZSHICH T T RERELeEE R ~T n i}
MO HE R BN EEIC L 2 ~T o fEOFRRE T D, 754 Z{EREAT O/ 1T,
T == NVEOEH T o v A EEMEECHRIREICG X 2 BN EE TH 5, £ 2 TR
ZE T RARY ZAREAE L T 5 SiCHMR EIcEEREEIC X Y Zhifb % v 727 v (WSy)/
777 zv~TakEe R L Kl REEEICNST 27 = - VOB -0 TilET b,

BRI X O ESLL 728 v 7 7 JE/4H-SiC(0001) et Al ifl & k= i&im L <8722 7 7 = v ki,
WOs & S Z ikl & L 72 b A5 IR (CVD)E TRAEIC T WS, Z R & # 72, 20k, BEEE
T WS 7' 7 7 = v~T o &% R E2%(UHV)F (5.0x10 ° Torr LA F)300°CT7 =— L,
S YT (LEED) (ZEif) B X OERER b v A A BEMEE (STM) (BK) 1< TEHMi L 7z,

T == VHEID WSY 7T 7 = v ~T affiEd LEED ¥4 — v Tld, WS, 7777 =~ - SiC ©[n|
sz nzn@lillsh, WS 132777 = v
IC 0°F LU 30° DT LICEAK R L T b
e otz (K@), —H. 7 =—1ik
D LEED »*% — v (H(b) Tl REHIT
NIV T 74 P2 —=vPRHN, 777
VISIC HARE TiX6v3 x 6v3 TR 23
XT3 Z EARBINS, STM BIEEKIC
BT WS, DTG (BT E$L 0.32nm) 23
30 1 2 BN (Vip= 15V, It =250 pA) T
ET VB TORMAEMEL-L A, T
——JLHETIE 1.2 nm & WS/ 7 77 =D 0°
R0 £ 7 LG Fic—8 L (K(c)., 7=
—At%13 1.8 nm LR B ET LIRS
Bg I N7z (K(d) . REOFHEKIC XY 7
77zt SiC B M HAER %A
L. WS,/SIC B D E 7 L BIE 7235 & .

N Fig. (a), (b) LEED pattens and (c), (d) STM topography
N7ceFA b, LEED N X — v DZAL L jmages of WSy/graphene heterostructure on the SiC

LEMT 2ERTH -7, M EOsERIT. substrate. (a) and (c) were taken from as-grown sample,
and (b) and (d) were taken after UHV annealing. A red

' g 'S5 v ~T oS ) and (€) .
SICHMRKMA WS 77 7 = v ~Talld oo (b) indicates (6v/3 x 6v/3)R30° reconstruction. In
TELNREEICE VT UHV 7 =— 1 the STM images in (c) and (d), WS; lattice is marked by
Y 5T 257 = VISIC Rl % ik5E T 2k pink and moiré superlattice are marked by green and light

blue lines respectively.
KON HEITT 2 2 L RRBL TS,
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EAEYVARFWe: [THEIT58—RTET7 LORREI
Quasi-one-dimensional moiré in large-angle twisted bilayer WTe:
RARER, JREEIRMK? RIKS YigE
O WME', B BXRZL & EM' B4&E EFL LUFE EC FAE
E® ®BFY A0 @/ #1 KB BN (UE) BEFL XB BX? BH k&'
IIS Univ. Tokyo ', JAIST 2, Tokyo Tech. 3, NIMS*

OXiaohan Yang!, Limi Chen?, Yijin Zhang', Kohei Aso?, Wataru Yamamori,

Rai Moriya', Kenji Watanabe®, Takashi Taniguchi®, Takao Sasagawa’®,

Yukiko Yamada-Takamura?, Yoshifumi Oshima?, Tomoki Machida'

E-mail: yangxh@iis.u-tokyo.ac.jp

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.

(a) > 4 (C) ©0 000 © ooTeoVV (e) 200 I
°Te ;g A A A °o° o° 0o"o °o c’ooo c:°
. °o"o °o° fo-oo?o o° =150 b
! { / > 4 C ooo oo ooq:?o?od-b LZ’o\ﬂ E
I b ﬁ i p b°°°°°°°°°° g 8100 i
a P X 3 A Q ©00000000®0 §
(2]
- ~ e |
(b) o e e &P o %0
o Stk L
l_;\?o‘\%\o& ¢ :; A
b 58 60 62
Twist angle (deg)
a axis

>4
000 080 @%@ e, T - =
57° 58° 59° 60° 61° 62° 63°
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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fRICHRME IC X 5 MFHE SnS BEOEEMHEH L F X [ VEOBIRZE BB
Observation of phase transformation and domain wall dynamics of ferroelectric SnS thin film by POM
WR=7 V7 OHHE s, A & R RS, e BF, BY 2l
UTokyo OS. Kitamura, R. Nanae, T. Nishimura, K. Kanahashi & K. Nagashio
Email: kitamura-satsuki697@g.ecc.u-tokyo.ac.jp

(5]

2 RICIERAEL SnS 12, M1 DX HICERT
LE TR ORFEE o HoMic, SRt & LTtk
IS 2 HEAE p MMM EROEEAIC X
DIZH & 2 HELE DIEAEE fHSFET 5. 4
1E, ZE R PR O A2 B3 % pAHICBE L <,
AL NI INR A ERE LY, R N A4 v o
FHEEZWHLIC L CTE L GRFEB N A4 v DR
FENIEECTH 2 23, D afH & 7 0 BEFEEMED
HET 2% 2 ) —FE (T, BEmmIc i3 =R E
mk%ﬁéhfwé@éﬂ}%ﬁ%uiﬁﬁﬁﬁ
EEoTWwin, 72, atlr b g~ EHL

FRE (Tap) & v > 72 SnS DR DB S Z L\,

20 nm T2 D SnS # &k O R JCHAMEBIZ IC B
WL, BB KRR O KT 0 E
IC X VEREEE F A A4 vEE R BIR & 5P KT
TlE, MEAZ T — I & OREEEHEE T SnS HiEx
BaEEL, ML F A4 VEEDQ B2 E) % B
42z EHME L.

(K55 U5 %]

PVD K EI1C X - T Mica ZHH FIC/E X ~20 nm
D SnS #KE X ¢ h-BN %##d 7%, fmCoamss
THEL 25 500°C £ T 10°C/min THIEL
500°C T 2 pfRFF L 2RI CHEE CHEIL 72, K
2(a) DERIC 40°C TR S L7z F A 4 v 23500°C T
HA L, Col, FiSTEROMEED 87 EdH 90
FEiCHEmL 722 &0, [t g HICHE
REL - LM Cc& 5. —J, 40°C TCwmHlT5L
FAA VIZHEHBEL, FX A4 VEEOBE), MOTE

X1 2 (a) 40°C

B’ a ;
T, = 602°C
IC RERE “/»3
! a00°C =
#E HE é

HAEN 87 EICRKES 2R LZ. T T T,
20°C T DHEHE®D RGB 6BV &5 F A4 v
DREZMEL 702K 2(0b)TH 3. 450~500°C
HECHEVE S FAL v REXBFREICKR 2D
DRI NI, 2% 0, fERAS L2 &%
RELTW3, X o T 450~500°C T alf Wiz
BLTwd R Ezbh, "A7HROES
HICHRIE 472 Twp=600°C X U b 100°C LA K>
Dol RiCF2) —RHEICOWTEZ
3. SnS # 50°CHHRTT=—L L, EEHTI~V
HEZEITo72& 25, atl e pAH DM O NIRE)
TH B 185cmt D v — ZAREE SR A R VR L
72(K3). ¥—27@EDEL WD pHOMEEE
B3 —HT,300°C TOT =— ik hFHUY
— VERENRT CRIREE 22 2 L2, HHEIdIC
PHPEHCHELZZ ERBINS, PVD HE
KD HELE B O TE UM X A< & - 72 23,
400°C D RIRE I T, K€ o A ITTERK X
hfmf%éﬂ*ﬂﬂwﬁﬁm%b<in4y

BEICKX DEAINDZBICIVEBRLESZ L 2R
%LTm%'T@ﬁ“ﬁHE AR 7~ v
HIE % 2 OgEI%R %ﬁ%ﬁﬁ?%%y#%a

L RIARFF O R M BEMEEEEIC X Y, ofp MR
B F A4 vEEQEZ L B O BT L
72, T~ vakikhy @tzﬁﬂi%fﬂ&é\b%é z

& T T DEERIE D AIREIC 72 5.

[ 30k

[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!
Nagoya Univ:., NIMS?, OE. Kano!, T. Yasuno?, X. Yang?, Y. Sakuma?, N. Ikarashi*

E-mail: kano@imass.nagoya-u.ac.jp

[FTOIC] ZHUEE U 77 2 MoS, 2 IRIAFETOF ¥ R A8 K e L THIW S T2
B, KIaD DI W EE IR O BIEE AT OB R A ED ST\ b, AREBRTIL,
MOCVDZ FHWN =W 7 7 A 7 Hib | TOMoS, T B & ¥ ¥ LK F 2O\ T, Rk
EDPMoSMEDBLMMEIC G- X DB MIAT 5 Z L2 BRuE L, ZA5aaME & B i
(2T MoS, i L D TEM - « Wr i i s T 217 - 72,

[5£8R] BiJEMoS, % ¥ 7 7 A 7 (0001) FeHg _EIZMOCVDIE TRl L 7o, JEHRIEE
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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RUYT—X 2 o TRFEHICKBINTIBEREICET S5
Study on the generation of bubble structure depending on
polymer stamp pressing conditions
FRABE! ODAR K#', K S, FH £, BK AE BB BN
5H BZ', KRN B, B FX
Univ. of Tsukuba! °Daichi Kokubo!, Ayumi Shimizu', Kou Aoyagi!, Hiroyuki Mogi!,
Yusuke Arashida', Shoji Yoshida!, Osamu Takeuchi', Hidemi Shigekawa'

E-mail: mogi.hiroyuki.fp@u.tsukuba.ac.jp, https://dora.bk.tsukuba.ac.jp/

RMART A 2O B E LTHER SN TWOEBSRY A Va5 A4 K (TMD) Y8k L
DJERYVE 2 R, BE~BUFUR 2 R E R LIDER T 2 FE & U TR RIBEE AN A <
WHILTWD, HBAHIEERE I3RS L BB EEO — o0 b 5, Rs5ETlx, TMD L
WA a— LR v—2— M AR CRETO2XLERH Y . A0 HE TMD &G4
TOREMDS B D, —T7 . WG IO R IR S FICHEE 21T 5 729D, TMD OG54 ) 27
MMEWEE 2 HID, 5 &AMV KT 2 & CTRMA~T oS 0L BEEZ R TE 508,
Z DR, BREIZELSSAMMDBA CIAD D Z LI O NNTUEEDNERIND Z LR H 5,
ZOMEIIFHATICH D, b LAY ORAET D0 ALRIERIEDORAITER L TEY
TNA ZADOMREZHESEDREMENH D, FATHIFETIZ, BRIRZEE AR ORiER ) ~— 2 ¥
YT ERWTE =7y MPEEICE A G AL, (KE TR Y ~— G217 Z &L THEE %
HEBRT 2 SFIE RS S 4TV D [Iwasaki, T et al , ACS Appl. Mater. Interfaces 2020, 12, 8533], —77 C.
28 o7 e UTCHGIC AN T 2B E WD & | BRGREO M LR ORTENFHE L &
WHERH L EEZ BND,

AWFZETIE, KR ) ~— 22 ATV AR Z N A 2 F ORI LA i 2 & TREMCEmIC
Ko AL TR fEICHIE TS 2
ETCmmFRED R — L THh)— T AZ
THERRETHZ EH A Lz, KIZ

R R DIT, G2 ~104Pa FRIZDH
e AIATY Z S L0 . FRFARAMA
(R T 2 T UG 2 Wl L. AN

\

DHFELGLZFHm TE D, YHIT AT NVED Turb

urpo
R — 7120 ) A — VA 1E D F AR 5 pump E:::)
AR B AERRE LB RT A= L L E
THRLNTRR DT 5. pump

1 Vacuum transfer unit
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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

TS5 72T ULOETAHT 7 T AT— LR TIRICHEHT. F5i70 T TR L R R R
EFUEEALTEBY ., BEET T~y (THz) EHEE 7R & ~OIS 208 AT T
WALl REHIZR K TMEI CTH D 7T 7 = ANTITEA R FIERH DR, FnFn—E—45E
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>%<
DT T 727 b—7 BERICE DA 2 FERINCHER L WD, LNPLIOFELZTS 772
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,

14000

15000 , ‘ 6000 :
D |[—Au cleavage] G ——Taps cleavage 12000 |
5000 f 10000 |
510000 3 3
= £ 4000 S 8000 —
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2 3 @ Au cleavage
g 5 3000 5 6000
£ 5000 £ o | E .
4000 f

2000 D 1
2000 |

0 : : : 1000 : : :
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Raman shift (cm’1) Raman shift (cm'1) D G 2D
Raman modes

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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20a-A31-9 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

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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20a-A31-10 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

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 [
= [ — ‘upper part
_E‘ — ‘middle part’
g = ’lower part’
o
= { \
c \}
/ \N

600 620 640 660 680 700 720 740

wave length (nm)

Fig.1 Fluorescence microscope Fig2 Comparison of PL spectra within a

image of suspended MoS; suspended structure
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20p-A31-1 $ESEIGAMEL AUELMHES BETHE (2024 KAV LEN2RIBEA VS 1Y)

FERVBEEZILZAWV-YARY FRFEEEERE
Fabrication of suspended 2D materials using plasticized polyvinyl chloride
RRKFPEERNTHRR |, ME - RIS
ONEFIFHTF . RE P, KLY, FAH, BBEFL A0E’ FF5XF WERE'
Institute of Industrial Science, University of Tokyo!, NIMS?
°Momoko Onodera, Manabu Ataka, Yijin Zhang, Rai Moriya, Kenji Watanabe, Takashi Taniguchi,

Hiroshi Toshiyoshi, and Tomoki Machida

E-mail: monodera@iis.u-tokyo.ac.jp

TIRTCIEIRYVE A SRR HAR B S YR A b D HAR B~ HET TS 2 & TH R RIRRE
DR T JEEE A ERTE D, P ARy MG ITIR T8 ORI R 2903 5 ECIER
ICEETHY ., EEREETEE AT Ay FEE 2 ER T 2 OB R EEN S,
AFEFTIE, EAR Ve =1 (PVC) % HIW T SiOy/Si Hubi 8% BRF7-J& 2 (T2 O NN FE ik
FICHRE S 2 FIEERANT 5, 8 PVC 2 W25 L &R T PVC 20 S ISR T8 D4 % Hak
ICWEETZENTED (RTA4VV—R), Ko THERICHFANCIRET 20BN 2L, JJTER
WEENDDESZENTE D, o, S ALY FEEERICHHML L2 PVC IO A Z TR L,
R TR B~ DR E &R RE L LTz,

(a) (b) Graphene

Graphene

(c) (d)

Graphene Graphene

Fig. 1: Photographs and schematics of suspended van der Waals heterostructures.

@ “ ionic liquid ®)

ny (x10™) cm”
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ionic  TLG
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R (kQ)

50, 02

Si

h-BN/graphene _@_ 3 2 1 0 1 2 3
Ve (V)

Fig. 2: Suspended h-BN/TLG device fabricated by this method.

groove

[1] Momoko Onodera, Manabu Ataka, Yijin Zhang, Rai Moriya, Kenji Watanabe, Takashi Taniguchi,

Hiroshi Toshiyoshi, and Tomoki Machida. under review
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20p-A31-2 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

EEHEAFM ZFIFA LT= CVD B RHE WSe, D AR MasE

Assessing point defects in CVD-grown monolayer WSe2 using conductive AFM
I KRHET, OFH KX EHE MEEH Bx'
Tokyo Metro. Univ'., °Yuta sawai', Takahiko Endo', Yasumitsu Miyata'

E-mail: sawai-yuta@ed.tmu.ac.jp

BESRYA V37T A FOMD)E, £ D "R & BN 7B RS R L0 . R
ONEARAELE LTI ZED TV D, T OMPMEOBRAR & IS ZENT, KM% E O E & & I
HERFRE L 72> T D, —fRIZ, TMD IZIX, B o VIR A e 8 G ie 25D M
KREGDFAE LK 1a), ZRHIE F—_0 b F % U THEL, FIRHNE RS, B g0
Bj—MEoFER & 72 H[1,2], T, SRKOEERFGE & LT, EEMER1 7) BE48E (C-AFM)
ERIH LIFe 8@ ShCaz[2-4], L L. REto&EfEEREI O ARSI mT 7o i EHIAR 721
TS Td D, AWFZETIX, CVD TR L7 HiJE WSe, 2 X512, C-AFM ZFIH L 72 SR FaOFF
M HR Y AHLATE,

HiJE WSex 1, CVDIEIC L > T/ T 774 b RBICESESR LB 7777 A b &EEEe
ONZEEZFIM L, C-AFM JIE Z1T->72(X 1a), X 1b ([ZHE WSe, DEFHGEOFIZ/~7, D
UEFCIX, FERAE KT D (A A) A 8X10° fE/em2 DB CIEET 5 Z L Bl S iz, Z o
TP IT ST e TR STz CVD R BB WS, DR MafEk & b O fefE & e 5[2], i
EOENMIESB AP OX ¥ v TWHEN 2 L7 HIBT & 2 K b U RV TN ST Y [4].
AEHZ BT D BRI MAIT AR FITIBA LTSRS TH D Z ENRBIND, o, G5

THHRAE L. 2 DKM EA 3X 100 fH/em? LA IS5 2 & ASHER S 7= (K 1c), Zh 6 Dk
xR OHIELNE & OAEBIBIR ORI AT 7= BRI 2 2 L HIfFE N D,

a b, PA C PA
Conductive Tip 100 m s 100§
| i 1L-WSe, |
= 3 AARARS 0 0
I Graphite
= -100 -100

Figure 1. (a) Schematic of conductive AFM of monolayer WSe, containing impurity metal atoms (red,
blue) as point defects. (b,c) Current images of monolayer WSe, grown on graphite with different growth
conditions.

[1] W. Zhou et al., Nano Left. 13, 2615-2622 (2013)., [2] R. Rosenberger et al., ACS Nano 12, 1793-1800
(2018)., [3] K. Xu et al., ACS Nano 17, 24743-24752 (2023)., [4] T. Vu et al., ACS Nano 17, 15648-15655
(2023)., [5] Y. Kobayashi et al., ACS Nano 9, 4056-4063 (2015).
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20p-A31-3 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

VA HEREIZHE LT-BE MoSe DRILHFIE
Photoluminescence properties of monolayer MoSe2 grown on mica substrate
IR, PHEE ORE ME! &R X&' ES BT A0 @2 FH #HxE!
Tokyo Metropolitan Univ.l, NIMS 2, ©Takahiko Endo?, Wenjin Zhang,

Kenji Watanabe?, Takashi Taniguchi?, Yasumitsu Miyatat

E-mail: t.endo.phys.se.tmu@outlook.jp

BEREBAA I3 FA K (TMD) X, T0O “RThEE SN E8 AR L 0 | tdibfRo
BT NA ZASOISAPHFEIN TN D, TOAROFHEZTERT 572912, TMD & ER O A
EROBRITEELRRETH D, FrC, YU a B LR ST, BTEAL R—E U 7Ick
D TMD, EFHEE, FBERE. v v TN SICARE—ERBINS, £72, 20X 97 RY
—MEIX T T 7 7 A4 RN EEAR 7 H#E(hBN) e & O W72 FR ECIImfl ST d Z &3
HINTWD[, 77774 FRhBN LRERDJEIRME L LT, v 7 (ER) HFESERD L
[T UIE TMD ORRICFI STV [2, 3], v A W Hb & TMD O EAEANTEE N, Lo L7
N, v A B EITHE L7z TMD OFIERFEIC SN TIHIZ E A CH BN TR o T, KEFET
1T, ~ A BRES BIT R L 72 B8 MoSer DFEERFIE A2~ 72,

HE MoSe2 I LA EEEZHWT, ~A 4, U =3 hBN K EIC&R L=, Figure 1
1T, B EOHE MoSer BifGdh DB 72 B E AT BB L7280 v — 7 3L F— LBl o
BtR 2R, B2 EICBI L CiE, ~ 4 F LREHIR 1.56

eV & hBN Fofitin vV ay Fofis kT —7 : : i
O B/AE, ZOFRRIT, v A DEKTIE, BN s : Mica |
& BRI RO AR L ) R OMAISICBER S 2 60 _
ASREVZ EEFBLTV S, —F, HlliE~4 = sioysi

71 EREETIE 40~70 meV ORNZIL < 594 LTc, T OHE E > 1 |
EORE DI E LTit, ~A 7 LORE RS 40 heN @
MoSe, DK[fa78 ENREIF HIVD, ZHORERIL, ~A D 15 155 182 156 1%a
ETofiiMRE., B L OESE TMD O I m) T 72 E Peak energy (eV)

ARSI D ItF I N D, Figure 1. (@) PL peak energy vs.

[1] Y. Kobayashi, et al., ACS Nano 9, 4056 (2015) FWHM map of monolayer MoSe;
[2] J. Xia, et al., Nanoscale 6, 8949 (2014) grown on mica, SiO; and hBN
substrates.

[3] M. Okada, et al., ACS Nano 16, 13069 (2022)
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20p-A31-4 EESEGANELARELABRS BATHE (2024 £RAYLED2RBEA S 1)

hBN EiR E¥ X X WSSe/WSe: AT AZBORAIFE
Photoluminescence properties of Janus WSSe/WSe:z heterobilayers on hBN substrate

#MII K |, FIEKT 2, ®ALK AIMR?, KOKUSAI ELECTRIC(#)*, ¥ #4485

OMDNIT fR Y, BB ST, M TS 234 FOK MRS 2% THEF ML S, EEE M
B B S BE S AD S, g REE2 Jb RS BEH HfE

Tokyo Metro. Univ.t, Tohoku Univ.2, AIMR Tohoku Univ.}, KOKUSAI ELECTRIC CORP.4, NIMS®
T. Ogawal, W. Zhang?, H. Nakajo?34, S. Aoki??, Y. Urano®, T. Endo?,
Y. Nakanishi!, K. Watanabe®, T. Taniguchi®, T. Kato?3, R. Kitaura®, and Y. Miyata!

E-mail: ogawa-tomoya@ed.tmu.ac.jp

TMD £7 VB F1E, JAHIART v v M HkT 2 A& B L 0 | IEER
ZHEOTND, —RIZ, BT VB FITEEOXMEMREIC IV IER a8, Z<fik, Fx D
7W%7?@wwﬂfyﬁ%ﬁﬁ%ﬂ%Lt%?v%%%@ﬁ@ﬂ%%bkmo:@i@fm
Bl 21X 8 WSe, DI RE DT L 2 FHF A RE - ICEHR T D Z & T, ¥ X A WSSe/WSe; ~7 11
“EuET 5 (Figure 1a,b), =2 T, ¥X A WSSe & WSe, DI ARIEA LY, ZO~T 1 _E
T VBT L 725, LOLARRD, BT TIE, BIEDIROVIELC AT MO RE—
L0 ZORRONZAISE DR S GE T H o 72 [1], EABEMB L LT, SiOl/Si ik - To
JRFEH LD A TR =8 F RN ET D, ZOMEERT D720, AR T, AN
TihEAF T FRMOBN)Z IR E L THY, rEA2EZMH L2 EFNICEBE R XA
WSSe/WSe, & D&k & Bl 21T > 72,

Figure 1¢ 12 8.4 K |23 % ¥ X X WSSe/WSe, > 2 ¢

S Q Q Q Q Q ©

FHART PNVORIE AT —REEZ R T AR Y

NRU—TIL, 163 eV HTicE—27 %Z/RL, 6 meV ZW
FROMREFF23 2O —27 T7 4 v N TEIZ i
BT =BT 5L, F—27137m— ML,
[FIRFIZ 1.65 eV FHTIHi7c e B — 7 BB L7, =
NHOE—7 1%, WSe 38 LU X 2 WSSe Tl 04 4w
HENT BT LRT v v v L OREE % -] 1557180, ;l'fin;;s;‘(ebf’e i'se
BT OFRIETH D Z LARREND, BRTIE Figure 1. Structural model of (a) the Janus

JFEAEHIZRBIT D EROES., B — 7 OEJR WSSe/WSe; heterobilayer and (b) the moiré

CoN TR S, superlattice. (c) Photoluminescence (PL)
spectra of the Janus WSSe/WSe;
heterobilayer fabricated on hBN at 8.4 K.

s d

Normalized PL intensity (a.u.)

[1] W. Zhang et al., Small Struct., 5, 2300514 (2024)
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20p-A31-5 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

BMFEBUE—FF—EVJICKPEE NS, DX+ ) 7L
& XU h-BN hEEIC & HERR
Carrier Modulation of Monolayer MoS; by Remote Ferroelectric Doping and
the Screening Effect Induced by h-BN Spacer Layers
UmfEREL', BRKI?% RXIRE® O HE' BHE &4 &E BA? T BK?
W ®2 H/L RE2L RIL EZ?L M BB WA —RP ER E—&
Ritsumeikan Univ. !, Osaka Univ.?, Kyoto Univ.3,
°Kaipeng Rong?, Ryosuke Noro?, Hayato Nishigaki?, Mingda Ding?, Yao Yao?, Taiki Inoue?, Ryuji
Katayama?, Yoshihiro Kobayashi?, Kazunari Matsuda?, Shinichiro Mouri'

E-mail: gr0466er@ed.ritsumei.ac.jp

MoS: IZHREMREBR®E L A Va7 A FIMDs)#ERE LT, WAL - BF7 /51 A~DIE AR S 1
T3, TMDs 7 /5 ABRRICEIT 5% v U TERHTFIEC OV T, NbJFT F—s30 MIJ, fEFER—E U 72], B
FOBFHES —T 1 LT3R L Bka RFENREI N, AR TIE, B2 DE I D h-BN FIE2HH L, 78
BEERICL DY E—F F—E U VEERRET D, x OWISEIE, WFE F— o VY FEL R RS EHOSR
FiEEHIET 5L L h-BNHEBAEAT L2 LISk o THEMoS ¥ v U 7THEELY U £ — F CEHMARIE S
AThetk 2R L, h-BN JBEARDEAIZ L DR & ~72,

ABFIETIE, TR I IBEPRAYRIBE L 72 1L-MoSo/h-BN % Ji IFIZ 43 i S s & 7z MgO:LiNbOs FiAl BIZHRE LTz,
o 7L ORI Figure 1 D X 9 IR EN 5, RIZ, IL-MoS: DF ¥ U THEEEFHRAL1-012, 74 A Ixy
o2 (PL) WIEETT/ > 72, Figure2 1Z, EMAIEGMB A AL Rup) & FIAIEIIMR 0000000030 300 58 30 3 38 38 4 n
RAA Y (Rpown) £ MoSa ® U A TN (r, ~1.84 V) LEhEEFIEE (x, ~1.88 m
eV) @ PLIBEELL L | h-BN P& DIE A & OUAFENMEA 7~ L7z, Mass action law 12 X %

Ly & kORI F Y U TEEICHHTLZENMBNTND, 1o T, ZOf ‘} ‘} ‘} ‘} ‘}

Figure 1 Schematic image of samples

S h-BN JE 78 20 nm A0 & X (RO L 2 EER Y E— N F— Ly 6

BN B3, h-BN OELBHETIZON TEDOIENRIFEL 2D L E2RBLTNWD, R

Down|{ F

ll*i | o

| . RUp

F 7o, BB 2R L, h-BN OF BRI %2 5 8 L 72 3D Thomas-Fermi
ETNMAVEROVTCHE CHE T 5, AFETOY E— h F—E U 7#RIL. h-BN

HIEJE2Y 10 nm LA EOEALTHRESNTEY . LLATICHE S 7-#0 h-BN HE 0 10 20 30 40 50 60 OnSiO,
h-BN thicknes (nm)

L/I,
S = N W A WU

&S LT b R NVEBMBEIC LD Y F— b K to:/yx[s] LIBRBDAT=ALT Figure 2 It/Ix plots corresponding to

E : é né%ﬁf:fcﬁ U %\— }\ F‘_ t0y7“$¥£ & %‘2_ 6“50 d]ff‘erent h_BN th]CkneSS

= 3TN
[1] B. Radisavljevic et al., Nat. Mater. 12, 815-820 (2013). [3] L. Lv et al., Nat. Commun. 10, 3331 (2019).
[2] S. Mouri et al., Nano Lett. 13 (12), 5944-5948 (2013). [4] L. Li et al., Nano Lett. 12(1), 218-223 (2015).
[517J. Jang et al., Sci. Adv. 8, eabn3181(2022).
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In-situ-ALD-Al,Os# L= SVA Z i L= PVD-MoS, &
PVD-MoS: film with SVA through in-situ-ALD-AIl203 film
BT KA, OFE 8 M £F Wk 4l RE BTX EXKE

Tokyo Institute of Technology, °Shunsuke Nozawa, Shungo Okamura, Naoki Matsunaga,

Keita Kurohara and Hitoshi Wakabayashi, E-mail: nozawa.s.ac@m.titech.ac.jp

[(#=] T o 2% OWHHE T2 ST
U arOBEEITKTT 570, Kt
FET D#ii=72F ¥ R/AEE LT MoS, A
HEHINTWHE, FET OfERITITZD ki
High-k 2 HEFET 2 M EE01 & 53 MoS;
5% HERE A 12 ex-situ T ALOs ZHERET 5 &
MoS; DR FE AL S TEEN ST 5
RN H DB, 2 Z TARBIETIT MoS, %
ARy AR X0 HERE U724 in-situ T Al,O3
5% ALD {512 & 0 Bl L 73k & ex-situ (2
X0 [FIRRIZERIEE L 72 MoS; Bk St o Hrii
Z L. in-situ OAMEZ A LT,

[FE:] A%y ZiEIC LY SiO, (700 nm)/n-Si
FER EIZ 1.3 nm D MoS, & i L=, =D
# in-situ T ALD {£IZ L ¥ AlLOs (3 nm) Z HE
FEL72, ALOs IED L HEiEFHS T 7 =
— JL(Sulfur Vapor Anneal)/3 T& 5 Z L3 5
eI o TN T2 DBL 40 55 700°CT SVA
AT o7z, FTRERIZ, MoS, A% 12 AlOs
FEDOHERE 21T 5 £ TIZ 1 BRI TS L 7=,
FEFOFHAMI in-plane X-ray diffraction (XRD)
W2 X VIT o7,

[#&5] Figure 1 (2 MoS; [li£® in-plane XRD (Z
L HIELZQ00) D — 7 2Rd, £,
Z DT —X 5 Scherrer O A& W TRD 72
M7 v A %A X% Table 1 |Z7”97, in-situ @
J70s ex-situ KO bHEMES NS TLA v
YA ZANPRKREWVERDI-ST, DFE D MoS;
EDORE N EmL I olz b T2 5D,

[#E] MoS, i 2 /% % #1Z in-situ T ALD
1B LV High-k A BUET 1% 5 2% ex-situ
£V b MoS; DIFENEWZ &R B & 72
STz, ARIO T rt 2T XY iR IED &
Z MWz FET OFERZAT 5 TPETH D,

[BBE] AAFZED—EBIT., SCERRF A AR
X-nics B A AN AL B R S 3 (0PS011438),
o O} JSPS Mk (20H05880) DB % % 5% 1 7=
HLDOTH D,

in-situ

X-ray intensity [a.u.]

ex-situ

peak position
of (100) plane

31 32 33 34 35
20, [deq]

Figure 1: In-plane XRD patterns around (100)
plane of 1.3-nm MoS; films after deposition of
Al>Os film and SVA.

Table 1: Peak position, FWHM and grain size
determined from in-plane XRD patterns.

26, peak FWHM | Grain size
[deg] [deg] [nm]
in-situ 33.0 1.32 6.2
ex-situ 33.0 1.43 5.7
(%3]

[1] Kentaro Matsuura, et al., Jpn. J. Appl. Phys.,
59, 080906 (2020).

[2] Haruki Tanigawa, et al., Jpn. J. Appl. Phys., 59,
SMMCO1 (2020).

[3] Masaya Hamada, et al., Jpn. J. Appl. Phys., 59,
105501 (2020).

[4] Shinya Imai, et al., EDTM, pp.316-318 (2023).
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WSe: EIZH T3 F6-TCNNQ E 9 F &4 5% 54

Evaluation of F6-TCNNQ monolayer deposition on WSe2
FEXBR |, RIT KBt 2 OtaH @4 /NE it LEO ML,
W FELEABTLEAR 8L EK e
ChibaUniv.!, TokyoTech?,°Kensho Matsuda', Takuya Kojima', Yuto Noguchi!,
Mengnan Ke!, Shohei Kumagai?, Toshihiro Okamoto?, Nobuyuki Aoki!
E-mail: n-aoki@faculty.chiba-u.jp

1. IXC®IC
BBRERSA a4 R(TMDC)IE —
WIEIME TH Y, N RX v v T &2 o
YERTHD., BIKMECTHDHT-DmET v
FIVN AT 9] < =R I B AR T LI FEL A B
e E I X A mEREAHIFI A TW
5. 2L TMDC (Zk9 5 R—¥ v 7 ik
TN SN TELT, Fricpickir 52
B2 NEEERE L oz p Bl R—E
FEOHSL L, R—Y o itk bar s
Bt OEwEN R L o> T2, 2R E T
e X v, WSes b~ F6-TCNNQ FifiElz &
ST WSe i3T5 pH K—E 7% L K
VXIVERIZL B a2 NEMEOUEN
REN TS, L LEFOEZEDTISA A
VERLZ BN TIE F6-TCNNQ DR ER I IL &

ETHDHHDDFMN R ENT W T-.

K=V N ORE— T+ U 7
DEN A, FET MEREICwE LY 525 2
LT b, & ZTARWIETIX, F6-TCNNQ
PRI D MR E 2, = Dk DEZET =— )L
R, Rl 7 E 2T A —&2 b U7z iR,
WZOWT, R B EE(AFM)IC & 5 %
HEEE L FET FrEREN A2 © & 12, F6-TCNNQ
WA BIERICOWTEmT 5.

2. EB

MO FIBE I K-> THE LT EE D WSe,
W LTV 7 ) —= 7 ST O RHNTE
HibaX o7z, TO®REZEERFNT F6-
TCNNQ % 160°C 20 43 JN#A U H-3E S, [6]—
BND WSer fEfmICx LT L7=. DR
WSe, 18D FEHGRE 2 — EIREICHERF T2 2
T, BRI OBEBRMEAHEEL TV D.
F D% L 72 WSex fbidblxt L CTHEZET =
— )L E2LT\, B2 T = — L1 TORLBR L
DIEALIZHOWNT AFM Z W CRER LT~

3. ®WR--BE

Fig. 1(a)l%, F6-TCNNQ % 160°C T 20 43 IN#k
L -8 X1, WSey Kot 2 150°C T 40 ZyfEFF L
HE LB AFM B CThbH. 74 7 n
77 ANVFIORT L 91T, F6-TCNNQ 73
SN TWDESY & AR S TV WERY D
XDOEFT0.6nmEETH Y, RIS F
NHE CEEIRICKIEE N Tnb EE 2 bR
b, —HTIoA4 a7 7 A NERIRT LD

To72%D AFMBTH 5. () H(b)y~DE
LIZEB T 5 &Y —Mnm E LTy
HILENBMERTE., — T4 T n7y
ANVIZEHRT D E 1~1.50m FEEE DU TR
Sh, EHMIZOW TS ENLETHDH Z
EWNIRIBENT-.

Fig. 1(c)lE, (b)iZxf L T& 512200°C 1hE 22
T ==V E{ToH%D AFM B TH 5. (¢)T
VI 2 1283 > TR WA ZENT NG
A2l snz. —FTHOFNlESNT
VN B BEIR O S C Wi B LTV A T
B, F6-TCNNQ I B s ~C D e i & 2 A 89
L EOTRIZEY, HyTET 100%DH
BERAEHEL THELZED TN D.

4, KE

WSe, EIZA%fEE L 7= F6-TCNNQ (2% L TE22
T ==L EATH 2L TN LY om k
DHER SN TR, BT Eaa kBl TE 51
REMEDVRIBEEN TS, —HTHEZET =— )L
WX THZIEENTLE D US>V T
F6-TCNNQ Ak BEER M TR & 2 FHE 5 2
LRONRDTE-HEBICHRET 2 Z LItk
TWETZXHOTIERNEEZBND.

HeE
ARFZEIT R L7 ha v (BR)DOXEE =T
TAThiT.

BE 3R

[1T L. Wang, et al., Science, 342, pp.614 (2013).

[2] K. Matsuyama, et al., ACS Appl. Mater.
Interfaces, 14, pp.8163-8170 (2022).

Fig. 1. lum X lum AFM images of F6-TCNNQ on

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

- B S N - - WSe;. F6-TCNNQ deposition conditions; Fo6-
&Y’EI%H)% C;it;g :CCII: \\ g) ﬁ%gf;jzj Z)?%J:g Ei %g&j\;?}é ' TCNNQ sublimati%n qtl])60°C for 20 min and WSe;
SO OE S 15 nm BETH Y, JBH substrate 150°C 40 min. (a) As deposited. (b) After
LUK D F6-TCNNQIZ DWW TIEAS T80 & 9 vacuum annealmga at 180°C for 1h. (c) After vacuum
IC L CHRBE S VA BE T AR S hTe. Fig.  @nmealing at 200 Cfor Ih for (b).

1)L, @IZXLT180C I1hEZET =— L%
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S585EI LAY EE

TR B R O ST EALRE BE R AR T TR

The analytical method for evaluation of interface state density of 2D semiconductor
channel materials
JUER RO ERIARTARE (MR 8, R 1
Univ. of Tsukuba, °Sato Masaru and Ryu Hasunuma
E-mail: s2420293@u.tsukuba.ac.jp

HIEARE T OMHIEIC L 0 BHEEIC R DT
X RVEh R BT 5 720 RO EE R
BraFyxned 22 ENERSNTND

TRTTEERM BN, BRI 5

B L OMITHARE Z R, S
MBFEL RN ERMIFF SN D0, FERRIX
WNRFET D 2 B Sh TV

PER D R T /N A A TS i UL %
ST 2B, Hi-Lo C-V IER—#II AV 5
NTWDLA, R ERITZDOHEIITED
222 JBINIED B IR N T DI D T IEN VBT
%o AT ZIRITEIRE B O S i L5
A EBINET 2 HEEBER LD TH
T D,

LRI S LTz J71EClE, SUSiOx F D Sio,
FIZ RO EERE AR L. 2 O BICHEH
L7c Y — R &Rl LT R LA v EiRE S
L7 FET W5, T ADA v « F7
IRHE A V0 IR 72 DI Si R (N 7 A —
) I/ VVABELREIINT S, A REETIX

BN XY U T RHRA L, 47 IkEE

TIEZOXF Y VTRV —RIZRE-S>TNL, #

WEL72 RLA VEMICITELH 2 E R L, F
Y ARNEMNET=L—T D, T/ ABRF
REBIZR ST EDXR Y U T OF ¥ R~D
WAL, Y —AERICBITH a2 7 MEb
BLOF v 3 UEHL L 7 — ML & &

WeFE DRFEHMCRIINDITEBIG L V2
by —H. 7RI oT-EFITIAOH
PLA s, SUEENL I S e v U T
S E 402 BRO PR Sy 030 o T2 IR E# T
RILSNDMEBR L 72D, T v FVEMIT
FEREBFRITIS U TELT 5D T, A IkEE
BLOA 7RETOT ¥ RVEN ORFFZE{L
0 SEHERL D D O i HIBAR O R E S A F
BboZenTE, RumEMLOT LT —75
MERRDLZENTEDHEEZLND, F
7o, BAEADORE I BWEEE DR N
AIEETH D Z ENWIFFSN S,
KFVETIIEARIC A IREE TOBMELL
LA 7 IREE T OBMEL DR ER D% FEIC
FEEN A0 2 F T D720, F v RS
Larvgy MEFLAZTE AT/ T5HZ
EMROBEND, DD, BT ¥ RO
Y — AHEFED K ENT S 2% D LB
HD, HONE, HOHNL DI OB
DEP BT LT ) 2 T2 T 20BN H
5.
YHITHER RS ED, RET D,
AWFFEIL T AR 7 v 75 2
B A E el (Beyond 5G) JEaH3 )
BLO FOREAIE R GRBRIER) | ©
IR AR CEITE NI,
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BREETILT =) LEDEERIEIZ & 5 EES

Thickness control of layered germanium arsenide film via thermal oxidation
EMKRI, EMX ESHHE 2 CERSK!, HLEz ' BEER"
Shinshu Univ. !, Shinshu Univ. RISM 2 °Ayuta Hasumi', Noriyuki Urakami'?, Yoshio Hashimoto'*

E-mail: urakami@shinshu-u.ac.jp

T~ =17 5(Ge) & & F(As) DAL F BRI L(VIV)S 1 DILAYI(GeAs) X, ZE LG IRME T
b EINERJ/IRELH ) p AEERTH H[1], £D7, HERIEIZEET 2 LH 2R FIED
SEENTWR W TR ITEWEIC B W TH MBI A2 5 2 9 5[2], L2, GeAs I 100 nm
LLFIZHEIRAbIZ T2 2 L2 L0 AT OGRS 72 N A3 R S 5 (3], BRI OGS 123V T
WEALAKFEKIZE D GeAs DL EMKIZ K D2 DOFLIERRE DR TER TRRAZIRE L, 0O
fib P 2 B L SR WG FIEIC OW TS L2[4], LasL, #ER(E L 72BR o g il
e A ETE P, BB HEAL TORIBNZIZ R E Th oo, A®E T, Al L7z TR TR
FEPK FICBWT GeAs ZNEL L REFRL AT 5 F CHIBY LML O RS 72 @A SV TRt
L7,

GeAs EOERUZIT, FEARFEEZ W o B KHAEIE L A2 VN2 [2,3, 4], 1FRE L7 GeAs % 4
T ATEREICEEEL, 74 NIV YT T 74007 AT TRRIZE D &0 "S- EMmEZ EHN S
M > TG L, ERLL 722 I3 IR L7l bk FKIC AN TR m 2 (b L, Mikic X
> THEWZBRET D Z & T GeAs A EF(L Lz, 2O TRIZE - T GeAs & Au FBMOEERES
53 % JEIEIHER L7208 & F v x VO ilsb 2 EBL L7 (K1 /),

Z D%, GeAs A FEFEFIHA F I\ T 350 °C T RN LR 2 AL S, fik
WXV BBALIEDBREZIT 5 LMD RO 2 KB LT2(K 1 £), 2O TRERIZBWT, F¥ /b
EROREIE DWW AE S HEAKPTIO KiF eI o3, 5705 GaAs OFERRLENTE L TH
HATHdZERENTZ(IX2),

(R AMFFEO—E6I%, A P RELI I (M23 BB 114) 0488 251 THEME S,

[1]S. Yang, et al., Advanced Functional Materials 28, 1707379 (2018). [2] Y. Suzuki, et al., Materials Letters
283, 128748 (2021).[3] S. Kagami et al., CrystEngComm 24, 4085 (2022). [4] SERAK i, % 71 [B]&
e B iesEs PR, 23p-31B-14.

H,0, oxidation Thermal oxidation . 10°
160 T T = 2
T LOF 2-4anm/sec 1 [ 4-7nm/hour ] bt
% 120 1r b a 10%
9 100F 1t . = t
2 sof 1 F . £
E 60 Z
2 o J F 1 ® 10% —
}'E ol \ 'g Bpccamm=- (Y SRR - JR
20} 1t ] o
% 10 200 g 2 1075 50 100 150
Time(s) Time(h) Thickness(nm)
Figl Film thickness depending on H>O; and Fig.2 Film thickness dependence of
thermal oxidation times. resistivity before and after oxidation.
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ZRERER NbS: DEZHHREREEE
NbS:2 as a TMDC metal with a high effective work function
ERn fmyERmRtE 42—, HaX? BHEX MREL?
°fF EHE L2 5k X8, AR FR, /ME EE 2 HH E!
AIST SFRC !, Meiji Univ. 2, MREL? °K. Hori"> 2, W. H. Chang!, T. Irisawa!, A. Ogura*3, N. Okada!
E-mail: hori-koki@aist.go.jp

[ 2] BUEROEBRESEH LIS T A R (TMDC) 1L, ¥R FEDOES Tk v U 7B
AL, 5 CMOS OF v rAMELE LTHIFF S TWA, UL, 18l k7 > 2 & o Ekrelt
Wik, Y—RA /KL A Y (S/D) fiToar¥ 7 METUREASLETH D, Fxld, TMDC T+ *
JVIETF D Z 7 " fEFE LT, B0 TMDC IZEB LTEY . 2 ETIZ, Nb % 600°CLL ED
H,S BVLEE$ 2% Z & T, “IRITEIREE D NbS 2 CT&E 5 Z LA /R LTV D[], FH—JRHHE
MO, NbS2 23 WSey &E~T o fffEtiEx k45 2 & T, [Kikbta v %7 FoOETRTHIS T
W21, B, Frald, WSex T ¥ R/UIZxF LT, NbS, Z SIDH D= % 7 Mfkte LTHIHT S
Z & T, WSer-pFET O A &AM L35 Z & 28 LTV D [1], ZOtEgem EOERX A/ 58T
T D20, AAFFETIE, BRI (Si02) /Si JEM 12 NbS, &2 HoS BVLHEIZ X v sk L T, MOS
Xy NUHEER L, 7T v MY REE Ve 205 NbS, DFEMEFEEL (eWF) Zii~<7,

[3257] SiO: (5 ¢ = 24-98 nm)/n-Si (~5 Q-cm)FEAK -~ Nb (=3 nm)Z ZEE TR L, HS &
P T OBVILER  (J£77: 50 kPa, ZVILFRRER]: 10 min, ZVLERIEE: T, = 800 °C) 12 LV NbS, & /Ei
L7z, 7~V HUELYEIEIZ LD NS, OffdatE 235l L. WKIZ, NbS; LIZZ&ETET Au i (1=50
nm) ZEHELTMOS ¥ ¥ "o 2E L, HE-EE (C-V) FED Ve LV eWF ZH L7z,

[FE2R]1Si0, EONb X HS & T 52 8 T NDS, D E,E— F (330em™) & A — K (385cmr
) &R L7z (Figl), Z® NbS; ZEMIZHAWZ ¥ /3 &7 Tl NbS, DFEE % 5-20nm TAL X
HTH, Ve BELO, FHEERICBIT S COEITENEN—EDEEZ R LTz, ZiUX, NbS 23,
FERBRONEEME U THEEL VWD ZEE2RL TS, £72, Ty /302D Si0) FHEK
fFPEL D . NbS, D eWF (4.8 eV Zor L7z (Fig. 2), ZOffiX, AuBEMO eWF=4.6eV LV L
<LV NbS: I Au LV b EVMEFREBA AL TWD, —F ., NbS: DEA DOHFEHIT~6.2eV THY
[2]. SiO; D NbS; D MOS & ¥ /S Z OfES L3t Ly, Z OB, WSe, ED NbS, 73 B 4T
PR E AR LTS 1] & VRO, Si0, 0D NbSy S FRARAG A2 i B 12 72 » TUNVR W AT REME A2 5
ZTWA,

ZDO LX) IREWMEFERE D TR TEIREJE T WSer-pFET O % 7 Mtk LTHETH D,
ZHIVETIZT, NbSy; > Z 7 D WSer-pFET Tl miVMEFEH (~5.0-53eV) ZHFHNi 2%
7 E0G, AVBRNE LTS ZENGNoTWD[1], Ni 2% 7 FOBAIZIE, Ni/WSe, Ff ©
T I LN WSe, DI v RX v v ZTIFICE = 73175 2 & T, EfLERES I Em < 7R
STEY ., NbSyYWSe, 41 TlL. vander Waals 2/ L7z~T o252+ 52T, 7213 L
SN T RERESL, Ni 2227 B LD S IEARERES SMER L TWnb EE 25,

[F&®] R EIREETH D NbS, (FEER{LIE LT 4.8 eV OFE eWF Z/Rk L7, NbS, I
TMDC F % /v pFET [flif D2 > % 7 pkkE LTI T& 5,

1

= EoNDS) 1 1 Ay(NDS,)
= - 05 .
- | Sy S @ - T, *----
d \/ o |
> 1 1 —
g Lo 205 .. ° AU
g L = T NS
= 1 1 .
E 1 1 -1r e
< 1 - AN
g i as-deposited LN
g : ‘ -15 ¢
1 L Ll LI} _2 L L
100 200 300 400 500 0 50 100
Raman shift (cm?) Si0, thickness (nm)

Fig.1 Raman spectra of Nb on SiO; after annealing Fig.2 The flat-band voltage Va of the NbS; as a
at 800 °C in H,S atmospheres. function of the SiO; thickness.

[Be] AMFFED—HBi%, JST-MIRAI (JPMIMI22708192), FHiff#E (JP23K26151)D Bk % 5% 1) T Eiti Sz,

(Z5 k] [1] 98 =l fih, 2 71 USRS RPN E, 252-71B-9 (2024). [2] X. Ding et. al., Phys.
Rev. Applied. 12, 064061 (2019). [3] D. S. Schulman et. al.,, Chem. Soc. Rev. 47, 3037 (2018).
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TMDC EE ® In-situ-ALD-Al O3 A/ \—R R E AR EREFH

TMDC crystallinity on substrate temperature in in-situ-ALD-Al203 cover formation
RIK A wkin#, MARE RREK FRULE HERE ogFf, EXE
°Taiga Fuse, N. Matsunaga, S. Okamura, K. Kurohara, S. Ito, S. Nozawa, T. Shirokura and
H. Wakabayashi, Tokyo Institute of Technology, E-mail: fuse.t.ad@m.titech.ac.jp

[#82] EBE&ESZ A =/ F 4 F(TMDC)
IR BV T H EWBEIE 2 RFo 720, Uit
RPER L LTI ST B, —5 AlLOs
HFEBE O KR THW BN D R 18 HeE i 1
(ALD) Tl H:0 7 U h—H#—(Z k. » T TMDC
AT 52 L PAmEIRTWaE, 22T
in-situ-ALD (2 X % Al,O3 1 /S —EEIZ DWW T
TMDC [BZ O FENGR AR 2 T4 L 7=,

[ 5] Si02(700 nm)/n-Si Ktk iz, 1.2-nm J&
D MoS;, 5% RF /XU —50 W, FEMIEE 450°C,

J£73 055 Pa TD A/ XL K0 st L7214,

45-nm JED ALO; &% R U AF LTI =
L(TMA) & H0 % 5 in-situ-ALD 12 &k 0 5
MR 150-350°C CTHERE L 7=, = Z T 150°C A&
Tl <> 350°C L Tid, ALD-ALOs 37 =1
KX VFBERNHT D EEEE L B,

[#ER] Fig. LicT7~ o iEIc LV HIE L
MoS; {5 e — 27 O PAEIE D Al,Oz FREIR K
FEVEZ R, F7- Table 112, KIREIZHBIT S
PAENE OFEMERZEZ T, ZNDDORELYD .
250°C L L CHAEIEA DT 5 Z &3 bh s,
T BN L DA L= a3 DR
BB EZEAIIZ 720 . MoS; IRE MR EL7-7=
HEEZHND, —JF, 250°C Kiili T HEME
AR C X | RFIZ 150°C CHAENR O - & FEvE
RAENKD/NSIL DT ENbND, T,
IRAL T Ho0 12 K 5 MoS, IR L2 ik &
Niztzb &2 56, Z 2T, 150°C £l T
X TMA D3R SN2 & D ALOs D fE
BREIL L CHBERNBEE IR T 5708
MoS; i€ EToD ALD-Al,O3 FRE D HEHE E 1%
150°C FREN#EYI Th L EE X LD,

[#5S IM0S, I 12 ALOs B4 HEFRE 3 2 [,
FEAIRE 3 150°C D & X2/ X MoS, D
PAEIEAG DV, A% It TMDC #EEC
DOWNTH [FEMA DB SN D N EHET D,

18

12 points in a wafer —— Average

16+

14t

121

MoS, Raman FWHM [cm™1]

10

150 200 250 300 _ 350
Substrate temparature [°C]

Fig. 1: PVD MoS; film full-width half maximum
of the Raman spectrum on substrate temperature.

Table 1: Standard deviation values of MoS; film
FWHM for each substrate temperature from Fig. 1.

Temperature | Standard deviation
[°C] [cm]
150 0.399
200 0.748
250 1.030
300 1.230
350 0.642

[B&E] ARFFED —#51T X-nics F-E AR L
ST Rl # ¥ (IPS011438) & (Y JSPS B #F #
(20H05880) DBk A 5 1 F 7=,

[2%Z 3R]

[1] W. Zhang, et al.: Nano Res.,7(12), 1731 (2014).

[2] J.G. Song, et al.: ACS Appl. Mater. Interfaces,
8, 41, 28130 (2016).

[3] S. Kim, et al.: Sci. Rep, 12, 5124 (2022).

[4] M.D. Groner, et al.: Thin Solid Films, 413, 1-2,
186 (2002).

[5] R. Zhang, et al.: Surf. and Coat. Tech., 401,
126215 (2020).
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BRNGHEEEZETIVXANSe AAANTAORDIRILE—HE
EFIRE
Energetics and electronic structures of corrugated in-plane heterostructures of Janus
WSSe
FURAHE OHRILER, BH B & #BK
Univ. Tsukuba, , °Mina Maruyama, Susumu Okada, Yanlin Gao

E-mail: mmaruyama@comas-tsukuba.jp

EReE AN AeEY (TMD) 1%, EBeRR L IV alF Vb ZJRFEOR
TEMETHDH, TMD OFE FIREIIHEMREFRICKSF L2 2R 2 e n, EICKD
TMD ZDOEIRIEDHIEAE H S TWD [1], M2 T, TMD OEFAE ST 8 O @\ O FdktEix, >
TR0 BA IR EO RPN EEREL A RTREE L. TS KD E HIREO AT ERIIC T
E3INTND [2], RBFETIE, BENBEEFEGRICE S B FHEFHEFEEZ AN T, K@ TR
T 70 S S A 5 v X A WSSe N7 & DT 31 L X —i & B IREOMI & 1772
=7,

(X (b)1Z B A E 2 A9 5 7 X A WSSe [ N~T 2 G D T 1)L — 0 32 BEAR T 2 oR T,
HROPWM S, FMAUD Se. 7D 0 = 12° OER RS TR VF—ICLETH D Z L2 B
(2 LTz, M5, iR DAMADS Se, PRI Se DREEIL, HRMAENRKE L RDHICON T RLF—
NS REE It & 70 %, RS2 A5 Y X 2 WSSe HNA~T 2 iEEOBEIRREIL, JRFTHY
IREIEITRAF LTI Bl Z R~ T Z 2B 60T LT,

[1]7Y. Gao and S. Okada, Appl. Phys. Express 16, 075004 (2023).
[2]Y. Gao, et al. Jpn. J. Appl. Phys. 62, 015001 (2023).

(@) (b)

Energy (eV/W atom)
o
o
o

20 10 0 10 20
0 (deg)

L HRHEE A AT T X A WSSe HINAT B HRED) S LHEE, (b) T %L F— ol
ML, i, . REIIRHE, ¥l 2r T RAT U EET,
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CVD-monolayer MoS; MIS F¥/\> 2 I2H T 5 EMBHEO M IRIKFHE
Dependence of contact electrode shape on Ti/A-BN/CVD-monolayer MoS: interface
FEX-I!, EE#BIKXLOBMA X&', 2F HELEA HRELER @2’ & TH!
Chiba Univ. !, Tokyo Metropolitan Univ.2, ©Daiki Tsuruoka!, Takahiko Endo?, Yasumitsu MiyataZ,
Nobuyuki Aoki!, Mengnang Ke!,

E-mail: mke@chiba-u.jp

1. IC®Ic ‘

VAR, 2 U 2 v e VT2 B8R T R R
FAT =V TORADETEY LU
DABTIMEE L CEBESRY A Lo
7 A R(TMDC)2’ 21T 6 415 . TMDC 1% 2
WIEHERTH 0 T ¥ R & I <
X5 EMD FET & L CORFZENIER I2R%
ATH B L L7 & MIS S OWF5EIx
LIR35S 2 ke R D 2 D
MIS ¥ S Z OREDH L X238 5.4
X2 WIEM BT H U WM &Gt A
FFOZ EMBILL bl TV D HERIR DS
F AL AR U F(-BN)E n BIERKTH
D, TMDC OH T bMFEI N TWDHFHEMM T
HD 20TV 7T > (MoS)IZ & - T CVD-
monolayer MoS, MIS & ¥ /3 & 2 /EfL | $2
fili 4 JB D AR 21T K D FREAR EFFEIC OV
T ifim - BT 5.

2. EB
TERNALA YT EENLT LT —/L(IPA)
W THeE Lo T AHMR B ERR Y
VTZT7 4 —%HWTY 7o Bottom /X
X — v % i B L(R=15 um, r=7.5,10,12.5
um),EB 7535 % T Bottom #EABR(Cr/Au:10
nm/20 nm)Z {ERL L 7. KIZ h-BN % AR H]
HELZ L > CTHE L EBRICERE L%, 77—
2 &K DA HFRHE 2 B0 BR< 72 DIZ ArH T A
FHR FIZ TIRE T =—/1(500 °C,60 min)%
{To7=.ZD% CVD BIEIC LD HF 6o
JED MoS, & h-BN R U AFLvmFih
YPDMS)L A ERIIEAT = ) — )b -
T e B—ARR—FPC)T 4 VM LEHWTR
74 N7 A7 7 —[4] L Bottom & F(ZF
JEIHZELTERY VT T77 4 —I2C
M D Top /X% — % il L(R=15 um),EB
#KA5\2 T Top FEM(Ti/Au:10 nm/50 nm) % {E Y
L7 Z Dk EZEHIC CHEREORIEZAT
VD, E BICEZE T =— /(250 C,60 min)% 1T
S 7 t&IF CHIE 21T > 72

3. MER-BE

Fig.1(d)-(DIT 4 7 /3 A AT DN TEZERIC
THEZEITS TR TH D AT 3 AMIC
DUWTHR D & depletion FEIZHH 5 ) e R BN
BHIENTZ.NHOHERNELTEXLNLD
b DI, « MIS FLfI 7S MoSy/Hfl B S i 5338
HCRRRE LT D72 Bk B H sk o R
WENEEICLVEFRE= 73T 5]
HEMECTH 720, - MoS, HE Diffafxik & LT
DFERBDOENH D Z ENRBEZHND.Z
NHEZBREST R av 7 Z U AEITEDY
KT NA ADFEENFEEZRD L S & Lz
W=7 5 L& S DOITIFEET 505, 8k
FOr7 bR RmEMEEICLD

HDOLMETE TV W RAEENEEIC X
AaL R A — I N LTI en
DI OWNWTIIRE A R BHR N E 2 515 4
ZIEBETICTRELEMSESHOOTATH
S22 =780 MIS e T TooN
VRIMEEIGETE o120 7p EDESR
NETFTHND.

4. \H%ﬁ

4 [81}X Ti/h-BN/CVD-monolayer MoS, MIS ¢
YN 2 AR 2 b Ol AR O M
EIESEDLZ LT T AL RIZEDL S 72
BTAENH T2 6 ENDE NI OV TEREIT 7.
DT NAATIE, a v Z 7 % AEEZHN
Te R YERE EE OWE E TITITEL R o7z
P TRFERE L TIT o 7o E TG ZZ R,
v IR OB A BRI T D LTI,
I B A — 7 ) CVD-monolayer
MoS; ICTEHI TETWVWAHZ Emb,ZNbHD
M DOEWNZ DWW TCHRRF L, E 07 etk
AL 72 DNERREFT L TV BLER D 5.

5  #iEe

AWFZE1% ISPS B JP23K 13361, L= L
7 hwar (BR) RS R M O H AR
DBV IEBh R D P & T T 5.

6.

BE 3R
[1] Jia, X, et al. ACS Applied Materials &
Interfaces 16.13 (2024): 16544-16552. [2] Gaur, A, et
al. 2D Materials 6.3 (2019): 035035. [3] Takenaka, M.,
et al. 2016 IEEE International Electron Devices
Meeting (IEDM). IEEE, (2016). [4] T. Iwasaki et al.
ACS appl. Mater. Interface, 8533-8538 (2020)
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Fig.1 (a)Process Flow, (b)Schematic 3D image of
devices, (c)optical image of devices. And
differences in capacitance characteristics
between devices. (d)-(f)
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REICADT=HD WTe2 T/ 74 ¥ D& B K& U1 RERTT

Synthesis and performance evaluation of WTe2 nanowires

for thermoelectric applications
JRBRIE !, JEXRBRT ? OCMOME B, #E i 2, MR EE 2, BA HE
CSE.!&, Eng.2 Hokkaido Univ., °Wataru Ise!, Seiya Yokokura'2, Hiroki Waizumi'?, Toshihiro Shimada!~

E-mail: ise.wataru.p4@elms.hokudai.ac.jp

[({#5] ABELHIIAT I LT — L BRIV —2MAICERTE 2N THY . ABIESS
T ECRAET HREAEZFIH L CRET L2 L TREDHRTAZHL, 7V -z LXx
—HEHRHT I ENATRER T, BREREOBLENDHIfFE LTV D, BEAXHWE T LA

BAVEMEHI R b D MBI E < . ZESRO M LA REEFE S ST, REFETIEET

FREFUEBERX A AN FA FIZERBL, 7/ UAVIRO WTex, & WTei6Seps DK 7
Ir, BNVEEMERE 2 FEAm L 72,

[EBR] VLAY —< /R L 0 RIRD WisOx T/ U A ¥ %2 A L, NaBHs, Te, Se & &b

ICHEZEFCE U AT AERTMAT 52 LIk 0, WTenSex T/ VA Y217, =itk
I3 XRD, TEM I X W AEERENT L. R—AHE, B—y ZREREIC X0 PR L 7=,

[RER - BZ] TEMBIZTRIK 25 nm OF /U A

S N2 WTeNw
YW L=, XRD 13T/ U4 FREOE—2 5178 S = N
—RTohdHILZRL, A XDREFIThIn
T LR SN (Figurel), WT vAvo S
LR S 7= (Figurel), WTei6Seos/ VA ¥ > Wer.Seos NW
XRD % (002) HOE—ZIZFAHTEY, Se A A2 g
B LR OFFER R S, T U4 YR
XRD(2 0 =23.1° T A LN DK Te DFRENSH O WTez
L7725, Se ZIRMT HZ & Thy U 7IRENBINL, - : - : :
10 20 30 40 50 60
AUTENE =y ZREOMEME N L7z (Table 1), 26/ degree
BONTZREIO MR FIERE L RV, BEIENE Figurel XRD of nanowire samples
W2 EMBEY)R R—E U 72TV, Ty U TREY and WTe; crystals

IS D Z LI Ko TEEMERED A BT T & D,

Table 1 Thermoelectric performance of samples

Seebeck coefficient Mobility Carrier concentration Power factor
sample (LV/K) (cm?/Vs) (cm®) (W/mK?)
WTe» 192.7 5.28 X103 2.07X10'° 6.51 X107
WTe1.65€0.4 175.5 278 X103 4,72 X106 6.47X107

[1] Zhang, Q.H, et al., Adv. Eng. Mater., 18, 194-213, 2016
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