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[1] J. R. Sanchez-Valencia et al., Nature 512 (2014) 61-64

© 2025%F [CRAYEER 17-002 17



7a-P05-3 BIOEGAMELAKS LB RS BEFHE (2025 BHAZ KREF+Y /(R &F51Y)

Optimization of Growth Condition of Single-Walled Carbon Nanotubes
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Controlling the chirality distribution of single-walled carbon nanotubes (SWCNTSs) remains a major
challenge in nanotube synthesis, particularly with conventional chemical vapor deposition (CVD) methods
that use iron-group metals (e.g., Fe, Co) as catalysts. These metal nanoparticles tend to aggregate at high
synthesis temperatures, resulting in uneven catalyst sizes and, consequently, a broad distribution of SWCNT
chirality and diameters. In this study, we investigate Ru, a platinum-group metal with a high melting point
and excellent thermal stability, as an alternative catalyst for SWCNT synthesis.

Ru nanoparticles were deposited uniformly on SiO»/Si substrates using pulsed arc plasma deposition,
followed by CVD growth in a cold-wall reactor with ethanol feedstock. The ethanol pressure was fixed at
100 Pa, and an aluminum oxide (Al,O3) thin film was used as a catalyst support layer. Synthesized SWCNTs
were comprehensively characterized using Raman spectroscopy, TEM, and SEM. The size and amount of Ru
nanoparticles were evaluated by TEM and XPS.

The intensity ratio of G band to Si phonon peak (G/Si ratio) in Raman spectra for the synthesized
SWCNTs reached its maximum at 750°C, indicating that the SWCNT yield became the maximum at 750°C
(Figure 1). The G/D ratio slightly decreased with the temperature rise, which is different from the general

tendency. Raman analysis of radial breathing mode (RBM) peaks demonstrated that the diameter distribution

of SWCNTs was narrow, compared to 25 15%
N . a b
conventional iron-group catalysts (Figure 2). % 20 —( ) -% 10r ()
= [~ GS-
The SWCNT diameters were mainly £ 15F 2 ok
c w
distributed between 0.8 nm and 1.4 nm, and £ '0F § 55
== £ 50+
the average diameter became larger with the g %5} 0 st
3 4+
growth temperature rise. This work " 750 =5 40 = =50 -
highlights Ru's potential in achieving highly Temperature (*C) Temperature (°C)
uniform SWCNT production. Fig.1 Temperature dependence of (a) G/Si ratio and (b)
G/D ratio of SWCNTs grown with Ru catalysts.
References (a) Ex. 671nm Ex. 671nm (b)
wry A — | 800°C \
[1] T. Fujii et al., Diamond Related Mater., > : gooc| =
77, 97-101 (2017). > 2
. L e 750°c | 2 |750°C
doi: 10.1016/j.diamond.2017.06.009. ke &
= |8 700°C | = |700c 28
[2] T. Maruyama et al., Carbon, 115 (2017) - g - T i p

144-14 100 200 300 400 500 1300 1400 1500 1600 1700
—147. Raman Shift (cm ) Raman Shift (cm )

i: 10.1016/j. .2017.01.098.
doi /j-carbon ! ? Fig.2 Raman spectra of (a) RBM region and (b) high-

frequency region of SWCNTs grown with Ru catalysts.
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Optimization of N-type SWCNT Film Performance using Cationic Surfactants and Organic Solvents
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[1] H. Yamamoto et al. Appl Phys. Leit. 126,
063902 (2025).
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Multi-channel single-CNT devices via kite growth for transport studies under
environmental influences
UOsaka !, °Yuanjia Liu !, Taiki Inoue !, Yoshihiro Kobayashi !
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The electronic transport properties of carbon nanotubes (CNTs) are strongly influenced by their
surrounding environment, including the substrate, surface adsorbates, and fabrication residues. A
fundamental understanding of these effects is essential for the reliable integration of CNTs into
electronic devices. In particular, evaluating multiple devices with varying channel lengths, rather than a
single device, provides a more detailed picture of electron transport characteristics, including the
electron mean free path (MFP) [1]. Previous studies have investigated the influence of different
substrates, SiO. and AIN, by using multi-channel (a) \ |
devices fabricated from transferred single CNTs [2].

In this work, we employ an approach based on the
kite-growth mechanism [3], in which laminar flow
guides the growth of long, straight CNTs directly on
target substrates using nanodiamond particles as
growth seeds [4]. This method eliminates the need for
transfer, while avoiding metal contamination. This
method further allows CNTs to grow continuously 250
across different substrates—for instance, over
exfoliated hexagonal boron nitride (hBN) flakes
placed on a SiO»/Si substrate.

Long, straight CNTs were synthesized via a kite-

9

\
;

L1

Conductivity (kQ/pm)
s o ®

125 150 175 200 225 250 275 300
Temperature (K)

Resistance R (kQ)
=
w
o

growth process using ethanol as the carbon source and 100 . uok
nanodiamond particles as growth seeds [4]. Fig. (a) ; e 170K
shows typical CNT devices in which multiple 50 6 g =
electrodes with different channel lengths are ' 300 K

0.0 2.5 5.0 7.5 10.012.515.017.520.0

patterned on a long, aligned CNT grown directly on a Channel Length L (um)

SiO2/Si substrate. From resistance measurements at ()
different temperatures, the resistivity was extracted
and plotted in Fig. (b). A linear increase is observed
from ~4.5kQ/pm at 110K to ~11 kQ/pum at 300K,
corresponding to a mean free path of approximately
0.6 um at room temperature. This result is consistent
with values reported in earlier studies using
suspended and transferred CNTs [2], validating that pig (a) SEM image of multi-channel devices of a single
our simpler, transfer-free method yields comparable CNT grown on a SiO./Si substrate by kite growth. (b)
electronic quality. Fig. (c) shows devices in which a Channel-length-dependent resistance of the CNT devices
single CNT bridges both SiO: and exfoliated hBN measured at various temperatures. Inset: Temperature-
regions. Although some channels of the devices dependent conductivity of the CNT, extracted from length-
exhibit inconsistent resistance values, presumably dependent resistance measurements. (c) SEM image of
due to poor contact, the structure demonstrates the multi-channel devices of a single CNT bridging both hBN
feasibility of integrating a single CNT across different "4 Si0- regions.

substrate regions into multi-channel devices. This configuration is also well-suited for comparative
environmental measurements. Overall, this platform provides a practical and scalable route for exploring

environmental effects on one-dimensional electron transport.

[1] M. S. Purewal ef al., Phys. Rev. Lett. 98 (2007) 186808.[2] B. Chandra ez al., Phys. Rev. Lett. 107 (2011)
146601. [3] S. Huang et al., Nano Lett. 4 (2004) 1025. [4] Y. Liu et al., Carbon 214 (2023) 118309.

This work was partially supported by JSPS, KAKENHI, Nanofabrication Platform in Nanotechnology Open
Facilities, and Research Center for Ultra-High Voltage Electron Microscopy, Osaka University.

© 20255 [CHMERES 17-006 17



7a-P05-7

HEQOEICAYEERMUETRMERS HETFRE (2025 BRHARE RAF VIR &FVF1Y)

BEA—ARVF/Fa—T¢L
€454 FRASHFYJYL— FMEAED CO, B
CO: Sensing of Single-walled Carbon Nanotube and
Zeolitic Imidazolate Framework Composites
AXI ', AKBET 2, AKX PCNER’, LhAKBRD RX1E 4, A K CMS?
oBHHF} #E !, HP B 23, Hb #HilE 2 WE &, #r 8 RE S
Fac. Eng., Kyushu Univ. !, Grad. Sch. Eng., Kyushu Univ.2, )CNER, Kyushu Univ.?, Grad. Sch. Inf.
Sci. & Electr. Eng., Kyushu Univ.*, Center for Molecular Systems, Kyushu Univ.®
oTeru Nakamura!, Naoki Tanaka??, Koshin Tanaka?, Masafumi Inaba*, Tsuyohiko Fujigaya*5
E-mail: nakamura.teru.835@s.kyushu-u.ac.jp
(#E]
ﬂ@éht%/%ﬂ%ﬁ?ééﬁﬁ%ﬁ%@(M&O’ﬁ fy%/%;—f(@w)%@A
{t.L 7= CNT/MOF B A1RIZ. MOF Bk D @& 7 APEE - #REICE B 21532 2 LT #
x%yﬁ~ka&Eén1w6moﬁiﬁﬁ~ﬁyli~F7WﬁA@%ﬁ [, COxk v
-t LCOGHbHEINTVER], kL iz C, HEH—F
Y F ) F2—7 (SWONT) |2 ZIF-8 A3 —HEf & ¢ A ERL, @ why
COMUE I 5 P ML 2 R T IOEM B 2L T & %2, L2 LEM
fbx JiEZx 2 &, B EidfkR e LCGETH v, CO.& DHAIEA "

ERECHIIT 5 o ORI TRIARETH 5.2 CTATIR TR, @ o 0
Sl PO WAL MOF OB TIMES CORILC G2 3R, | oy

IR L 72, Bt GE A F AR FFO ZIF-8 (Fig.1a) ZHHEL L ot

ZIF-7T8

BEVWEIME= F v H 2 FD ZIF-78 (Fig. 1b) % HBOR & L OGEG,
F%CNTICHE L7z, Bon-EEEICowW T, M4 Xex L
7 AuY =% L., COMAE Hﬁ IIEPIE LR MIE T 5 Z &<, Bhz

2-nlm

Fig. 1 Chemical Structures
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Fig. 2 SEM image of (a) PBI-SWCNT/ZIF-8, and
(b) PBI-SWCNT/ZIF-78,
response signals.

and (c) Dynamic

[1]R. Sule, A. Mishra, Environ. Sci. Pollut. Res. 2020, 27, 16004. [2] T. Shi et al., Rev. Chem. Eng. 2023, 39,911.
[3] S. Homayoonnia, A. Phani, S. Kim, ACS Sens. 2022, 7, 3846.
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Performance improvement of “moisture-enabled electric generating paper” based on

carbon-nanotube-composite paper by impregnation with sodium dodecyl sulfate solution
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Fig. 1. Electromotive force obtained from samples.
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Study on improving conversion efficiency of integrated type of dye-sensitized solar cell with Hz/Ar
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K LUEEARR CNT A FRT 2, Zofth
\Z. DODMAC DR 02 KT VRS R U
7 A (SDS) & HW-4JER CNT HAMKEE
5, PR EZ A NS A ERTAT LA
T5HZ LT, 1O E LT, — &% DSSC
EVEMT 5, ZO—FREIH DSSC % ARFMRIN
BUFNICE B L, 73y, KERETTH

110CTY =— VLB Z 3 = & T, @RI
PR CNT HAROE DB A n Bl F—t°
YT HZENHKDL, BB
(1000W/m2) Z B L, P8k ST 2 —H 7 F
TAFERHNTIVEEEZRIE Lz, /SR E L
T, (RO DSSC & T KIEAMEREM E
WA BN (Fig.1), FERITFEERIC Tk~ 5,

BE R

(1] FF)NAR R, < 3 G AU RGO o5 BT
I, o—= h —HifiR, 2007.

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

[3] VB M, ZE8SESF I HES, 15p-P05-
12, 2025.

[4] Y. Amma, K. Miura, S. Nagata, et al., Sci.
Rep. 12, 21603, 2022.

BIEE

AWFFEOFITICHT- Y EELRTERLEZ WV
72N - Z2E= T U TV (BR) O H L G & AR
HABERICEHHR L BT S, £/, R — W
W (R B a—FR L —3 g TR
L EF%, RFZEO—HE61% JSPS BHFFE: - Priik
FORFZE (B4 (JP23K17814) B L UHZE TN
A A&A N L— (BR) AT B b i) B D Bh k&
AT FEhE Sz,

—Previous DSSC

—Integrated type of DSSC

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04
Voltage[V]

Fig.1. Current-voltage characteristics of
paper dye-sensitized solar cell.
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Thermoelectric performance of gels based on carbon nanotube dispersion

1 EXRET, 2 EX 1MS,

CRAR ', XX RiFd

1 Grad. School of Eng. Sci., Yokohama Nat’l Univ., 2 IMS, Yokohama Nat’l Univ.,
ONobuyasu Okubo', Takahide Oya'*

Email: okubo-nobuyasu-bv@ynu.jp

1. #HEER - HHN
IANXF—FEOET Y LRt S
DEBUCHIF T, AZ B R AL X — ICLHRT
LEANERBICEAT 2MAELPRE RFHEZBY
TWw3, LaL, HEFCHEAI N T»EEE
MEHIBI© Te R &RV EREEL O, &
RO & OELD 5, 2 D720, REM
Bhe LCLONT 25 EH S Tw %, 2303 ONT
BEOE =Ry ZEHPELRLEREEA L, X
LI p e n MOWEER ~OffH 2 A HET
HB-DTH 3, SROWE T, FEEM
Bl L CompeEtE%ZH > CNT & Frs o, B
X O % ORZIEY)IC B T 5 BNVEFREIEREIC O W
TR %, AREFFETHW S CNT & F a7,
FREDERED CNT & ol oA G DD 5
R BRI MBS 5 2 & TR ICESLT
% %, SEATWIECld S HEH D CNT & 78l o
HAGDLEIC L 27 MEEERL T 5, B
R 1E, TERSK 0.8nm @ 2 SO CNT & 2 ffl
B DA, EEE2-3nm D CNT & % v = Vg
TH 2R, s MFREETH Y, FHOH
B ET 5 2 & TYNMEDARETH %, HiflH]
¥ COWEITIE, TS LT MR
IR ], TONT OER] © 2 DIcfiniz HTHE
Bairo, F A0 ENER % Lz,
X b, 2T VDOBLEEDFIC O WTH
WAL 72,

2. EBRLER

ERKFR CNT & F a7 v ofF8lT L,
CNT & # DERICHE L 72 08 % Kb ol s
BB L 7258, BT 2 b DTH 35, Slali3Hr
71 INEA DRI 160 "CT/KENLER % L 7274,
HAE X, X HICHIBTIZREI 22 L TAR
vIOROEERPTER E NS Z LHERL -, T

D CNT t FuaZ i Z ofER o EGED
i 21T o 72, Z OfFRO—flE LT, RN
Te TOVEEIEYNC B B IR E R & R T o BfR
% Fig. 1 icmd, 777 706, AFETHLN
% CNT & F a7V Oz A R GRE
AT X LCRELZBER T (AY) %R
T L DBMERR I NIz, SRR IC TR B,

[K] 60 [mV]
- 2.0
40 15
AV
AT 5,
1.0
20
0 0.5
0 0.0

0 10 20 30 40
Time [min]

Fig. 1 Thermoelectric output characteristics of gel.

SE ST

[1]R. Ogawa, et al., Gels 10, 457 (2024).

[2] KAPRERE, KA, 2024 4E55 85 MG Y)Y
ST, 16p-A31-17,2024 4F 9 H.

e

AHFEDOZFITICH -V BERIEREZ W
iz, =T ) T AWK O & 7
HEBERIEHPBL EF3, /2, ¥F—TF 0w
W IEEBEN =R L —v g vICREHH
L LT3, Kiffgeo—Hi% ISPS BHFE - PR
IRFFZE (HH2F)(JP23K17814) 5 X N HE T N4
A &A b L— ¥ (RIS o B K % %
e X 7,
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Large-Area Development of Paper Dye-Sensitized Solar Cell Using CNT Composite Paper
% i#. KX Rl (REXRET)

OYi Kou, Takahide Oya (Yokohama National Univ.)

E-mail: kou-yi-zt@ynu.jp

[izT®iz]

WA BREEFIE~OBLREE 5T, K= r/L¥
— 72 EOFAEFMRET RNV —FHA~ORRLNETETE
F o TWDH, RBFFETIE, aFEHECKE B! (DSSC)
EMEEN D LW X A 7 DK EMICHE B3 5, DSSC
TIIAFZOBRER TS EFHA L CEZ LT, A
72 Cld. CNT A (CNTCP) & iEEns CNT &
WMoOEAMEIZ EMEAMmE LTRSS Z & T, K
O A N TCEREEICE LW “f DSSC” mEIAZ HEE L T
%, BIEIOEMEBI T, #& DSSC oMERes & &1 k-
SEDOIT, FIIVEMREOEMZRE L., iz v
EMEZEANT D, 22T, fk DSSC OoEALIzmT
UL, B VORI T BV AR L2 K
HEE Y 2 — VOB AR K TH D, # DSSC i3t
JVIEAE DIERIZHE, BRIHR IR G RRRE N A ©
KT B ENMENTWVWD,

REFEAGICIT RIS TESHERE 36 L O AR O
2O00FABHANGIL, ZNEIUFEDR B 5, B
e CIES BV OBRKEE (Voo) BME S, HAEE
O LRI TE 5T, BAMDONT o ARE N
AT RARVERR DR T 2B < ATRBMED B 5, W HIHERE
TIHEEER (Isc) OB FIAEN D0, NERHPT
BT DR B L TR T 0,

AHFFETIX, 26 O H MK DSSC IZIGH L,
ZNENOREE NSRRI E 2 2 B, BRI -
YEH 2 EMEDE N O W TRE E 1T 17,

(=8 51:]

CNT AT & O JFFIC L 0 $088 « ko TR
ARG 5, £9. FrEORED CNT 4R &8
NTBIREER L, 2T b 2 REAEDbERARET
%o BB EEAR ONT 28K &2 50 BEITIELVL .
BEEEIT O, TOH%, F X BT F1:0.16ml & #iK:1ml
ZA AL, 50 FET 10 0 FENEA L 72 28 S8R9 5, IRIZ,
DL IRD pH Z T-8 ITHHET 5, 7V T 0K & 4

JEI CNT iR 2 IR &bt T ORA R E AL
BEICHE LA, Bk LBV L 2RI L0 2 nE o
AR A sE, BETLH, INEEEAET S,

auFRLa bV v aETE F=hkYUL(ACN) H
2 60°C TR S5, BRICIEfE LTI-t. RSMETR
VxF L7 a—zBinL, 2 RHZICERSHE
B, SHIZRY 7 o fbe=LF o &BL, 80°CT
A 4 WERIT O 2 & CEMIRESD, O E
80CHA—7 12T ACN DKEBDAZHRIFE S D 2 &
T, B R D EMIKET D,

0 2 OB EMOMIC Z OEMIRZT F S, &
B TR EMER 2 7 Vb L, BRIORK DSSC %
B4 2, D%, BEAL— R MOEMELZ VT, #]
DSSC D KEfILT N4 A ZERT %5, BRI
(1000W/m*) & G L, BERANT A =2 =T FF A4V
Z W T IV R 2 58I L 7=, 2 OfER., B i o
VNS E o T, RS KOV SR IS R 72 2278 T
BTz, B L AETICOW IR TS T 5,

[3H%E]

AR OZFITICHT- Y EER TEREZWTZIEW
=ZE~ T U T IV(ER) O LG & 2R AR LS R
ML LTS, £/, PR— bW 720 B B =2 —R
L—a ZEHR L B D, AR —E i JSPS #
WFEE - BREgrO R 7 (35 35) (JP23K17814) 5 X OUET A
A A& A N L— (BR) ZEITEEfh ] B D Bhpk % 5% F FEhtE
S,

(25 CiR]
[1] TR R, 6o FR B AR R F it D Fo B Al 12, (3 —
T A —HhR) 2007
[2] T. Oya, et al., Carbon 46, pp. 169-171, 2008.
[3] 7& i, KRR, 55 72 (A RSB TR PTH

23, 15p-P05-9, 2025
[4] Chou, Jung-Chuan,

Photoenergy 2016.1 (2016): 6595639.

et al. International Journal of
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Examining p-n junction-type structure of transpiration-type thermoelectric power generation
paper based on CNT-composite paper

& MR, FA KK’

w3 w2 KX W

1 BEXET, 2 =E<T7U7I), 3 EEXIMN
Kazuhide Yakata!, Yuma Morita2, Koya Arai?, Takahide Oya'?
1 College of Eng. Sci., Yokohama Nat’l Univ., 2 Mitsubishi Materials, 3 IMS, Yokohama Nat’l Univ.

1. WREER- BB

ﬁlzw#~%ﬁﬁlzw# CA RS
% EAFE> I, HEHRIHI NS Z a@9&

b)i‘JF*M%lZ\/vﬂF~%HXD Hag 3 L)
Rl o EEFHZED TW 3, KiFFE T
BREAREY -y 78 ERFEL, BEME
ELTENREEZFFO KRV F T
2—7(CNT)IcEHL, 2N %2FHL =8
- BVERBORKEZHEL LTS,
CNT 34 FitE % Fomkl<cd 2 28
> AT =ATHDLEIL, BIATHKS C
CNEECH D, FZTHAIZ CNT LK
EEAL7Z'CNT #H5M2 -T2 2 ¢k
T CNT ol a8 ic+ 30, $7-,
CNT #EAMKDOITE K TME O —D2 23K T
HBHEVHIHEEREIL, BEEZEATE
EED SR DK FE T B B Kb BvE: FI
LCilEE EAHT, BRELEL L
W[ ZEHHBVEE R B R BF L 212,

S oME TIE pn FAREASKEH W
7= ZE B Bl S ﬁﬁwﬁﬁ%ﬁ5oﬂ~@
ﬁﬁfpn@ ZIT952ET.E6h3H
ﬁ@ﬁiﬁ% TZ 5,

2. EBHH

CNT #EHAHMITAMIE L IcH WO 5K
WEEZAHL CFR 32, #Kke Hi)E
CNT, 4##l & LT p % fiﬂmu
FUNEEF Y 7 L), n BERSy
DODMAC(/}‘T/I//ﬂ‘75?7‘/ﬂ/7/
oy L=7ul)) MZEAELEBERSEL
7B & . N T R B A 7 o8
»7%&&%@ T3, 2D 220K
BWET, BKkT 52 & CEAKE ES
T 5, FR L 2 EEMZ RIS BYR N I
Bl L, 7=y, KEBEET T 110°CT
T == VAR Z & T, ERIC n Y
]‘*“lﬁ/ﬁ%’ﬁ—‘iukﬁ’fé"%o u—@i?

I LT pn & i@Aﬁ%W%?é'WQL
EAHICEEL T, 2 o F—v v ke
@%ﬁﬁﬁ%ﬁ@%mmﬁéiimﬂﬁ?
% (Fig.1), 2o & &, HAKD EEHTIL,
BHEBRRIC X - TRD BT S 7=k 37K
¥3rzlicksarfbEic X o T, Kico
o TV THLVBENMETT 2, HE

%@L%&T%@ﬁﬁ%lb\pﬂﬁﬁf
IZIEFL. n BIE> <l %ﬁﬂﬁﬁéo;n
IC XY, XY KEREEH»ER TR

3, RO -0, p BIEAHK, ni@A
Mo EMAICE L, RO & CHlE
2119

Cooling eftect by

heat of vaporization
/
Seebeck effect \ ! Seebeck effect
\ /

p-type \.f n-type
= it

Fig. 1 p-n junction-type structure of transpiration-

type thermoelectric power generation paper.

3. EBRER

p BMEAH. n ESH, pn BERIES
MO FHERER A Table 1 1IC/R 9, p HEA
f & n BUEARUTIREZE 1o L CEEE ) 23
INE L, pn EABIE A TIIRE LEE
HFEE LTz, Tablel iIcX v, p MEEHKE
n MEAEKCRIEATEENBITHHELA
VW, pn EAMEARK TR EGDORE N 1E
Do Rbh b, ZOftFEMIc O W

X, EIC TR B,

Table 1 Experimental results.
(Ty: water temperature, T: right side, and
To: left side temperatures in air.)

To[’C]  Tul°’C] Tel[’C] V[uv]

p-type 24.4 23.7 24.1 18

n-type 24.1 22.9 23.0 5
p-n junction 244 24.0 23.8 78
S 30k

[1] T. Oya, et al., Carbon 46, 169 (2008).
[2] Y. Kamekawa, et al., Energies 16, 8032
(2023).

B (22

RIGE DZFITICH 72 0 BB 7277 v /- H AREL
HEMR) IS L BT 3, £ 72, KFE0—4
I JSPS BMAfF & - Bk kY BF 52 (W5 23F ) (P
23K17814) B X UPHZETFT N4 A& A P L —¥
(BR) AT 42 I B D Bh k% 32 W £ i X v 7z,
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Purification of Carbon Nanotubes Synthesized by Microwave-activated
Catalysts Selective Heating
BHAI!, BHAKERE? BHRKEFE® CMDBEF KB | 1P Abdi Karya', fJIIRF?
EXER, BAAXES Ahx—' BEEE' RHET XEEAR'
Dept. of Appl. Phys., Univ. of Fukui!, FIR, Univ. of Fukui?, HISAC, Univ. of Fukui?
°M. Fujiil, I P. Abdi Karya!, K. Nakagawa?, T. Iwamoto!, F. Nishimura®, R. Isimatsu’,
T. Nishiumi', T. Asano!?, S. Mitsudo!?
E-mail: mf251050@g.u-fukui.ac.jp

H—RrF ) Fa—7 (CNT) 1T 191 FFITREEFIC L > TRA S TLEE, £ O BiR
) - BB - BURRRIEIC LD ABTE WL MPRRN R O IRHETe B CHER 2B T B,
FRZ o 7P TR A Z VR0 ONT 3B AT & AR - ALV O S 2970 L, Bl
B A—/N—F x N H—7p PR F—T S ZA~DIEHDBEAL TV D, EKD CNT DE K
(ZIHMEFEEHAREE (CVD) BEICHWLNTE R, @il - MEZEZET 5720, KEAEED
HCHEN B D, Fixld, Jie HRRE LT FeAlO, i L JET T AT v 7 inb~ A 7 v BT
& o THRFRNOHETOKFZEL CNT OERIENIER L, ZOFELXILRSELZLITXV T
7 LA =)L T CNT DERUTHEI LTV 5B, ZOERETIE, v A 7 v EREHT &0 fidlios 7
(FeAlO) 2N IRHYICRUINE S v, RPN 2 mIES 2K T 2 Z Lick v 77 2 F v 7 O
S3fEF KOV CNT OAERDMERE S 11D, L L, BRI 4L7z CONT (SITAREER 3 255%8 L TR 1 |
VORI 22 R S5 BT R R E~DISHORE & 72> TV D, Al sy DI O—R & LT,
CNT R HIBFRICIHV T, A CNT EBICI D IAEND Z EWRBEN TN D,

AWFFETIR, TR Lok 7 DO Riy e E 2 B & LT, M2 B~ A 7 n k%
BIRAYICUS 2 MEEICE A L, MiHRKRETD TO~A 7 v BnELEE 2 3206 L 72, X 113,
JLERRT & SNEINBA S DT~ A 7 v JMEE D 22 K 557
KT COREBRSH (TG) OFRTHD, KMH CNT 100 1
T 20 wi%, SHEBINEVLELTIE 40 wiofiff DR BRI o 80F
DHERB ST DITH L~ A 7 v B INEVLEE T 60 wt%
DEEWD DML ST, ZHuL, ~A 7 aEnsflic
BIRAICU S, 18 & DORISHMEE S AUBEER 23
PR L E L DA, 0200 400 600 800

Temperature /°C
1. CNT & A %3 O LB &
B ET T~ A 7 oI L 5

A EERALER % O TG

Weight /%
(o))
(=]

40+ . .
-As-Obtained CNT

20k —External heating
Microwave heating

[1]S. Iijima, Nat., 354, 56-8 (1991).

[2] Xiangyu Jie, et al., Nat. Catal., 3, 902-12 (2020).

[3] IS, 5 85 IS WL 2 K TR A TR =
(2024 47) 18p-C43-1.
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BRELZARY FLRy bT—0FFSA4FEAVE
VA REEMBEESRE N —R T/ Fa— T OFE BRI
Dielectric Characterization of Carbon Nanotubes with Residual Catalysts
Using a Low-cost Vector Network Analyzer
BHAL |, BHKER
B AR, BEFHER |, BHXM L 1P Abdi Karya!, {F)IIRTE 2, BRFE—,
BmEEE |, RBEIT ', SLBREAH 1?
Fac. of Eng., Univ. of Fukui!, FIR Center, Univ. of Fukui?
°S. Nonomural, M. Fujil, Y. Terui!, I P. Abdi Karya', K. Nakagawa?, R. Ishimatsu’,
T. Nisiumi!, T. Asano'2, S. Mitsudo'2
E-mail: mf251033@g.u-fukui.ac.jp
H—=RrF /) Fa—7 (CNTs) (T, —RENALFZAMMEE (CVD) IZX > TERSNDD, ZDF
EIXEME 7 ONTs G H 25— C, REAEICBT HRFEICHRERH 5, £ 2 THA L, Jie bl
W Lo~ A 7 m EIE VR (FeAIOX) EBE T AT v 7 DIREMIN G~ A 7 w AT & 0 R <
CNTs LKFEAWETEHHIBITEH L, 77 LA —/L O CNTs BB L TV DR, LarL, 20
FE TR HAV7Z CNTs AR ITAREERL 7232 < 5% 2 T2 O S I MIERR E D 7 n B ANHETH 2,
CNTs OAGEUNIM BRI 22 FIETE T Tl <L WA T o — e, B2 7 V7 U EE T T O FR INESL R
REN—RANTHNLN TR Y T vt 2B THMBTTENRE L 725> T 5, AWFZETIE.CNTs
H O R 2 B RAI N LR BT 2 WRetE 2 a3 5 72, MllEE A &0 %72 5 CNTs Ao
W, VA 7 SRR (R 2.45 GHz fHI)IZ 361 2 7% FEARHME 2 229 SR g B B4 1 K 0 3l L 72,
EBRTIE, BELT TMoo & — FHRRZE LR GURIEH# 2.56 GHz, Q fH#) 4000) & BEfffi 72~
J MRy NU—=2 T FZ 4% ThH5 Lite VNA(50 kHz — 6.3 GHz)Z i [ L7281, CNTs Ak 0% EHR
K(tan 8)I% CNTs i) & WiiBh /X7 7 ¢ V&R 1:99 TRA L, ¥ 7 U —8ITEA L CTHEEER
ELEM, KL, A 7 AU LY AR LT ONTs O tan SIEOFER TH 5, 22T, 10 7 u¥e
I~ A 7 PEMEAE 25 e CNTs A 2 Ot e LT L, 772 F v 7 LIRAEL Ty TR
HIZKO~A 7 aBINE LB DZ & Th D, Ho T, A 7 VDI %95 CNTs
DI R ZEREDPHEINT D, T A 7 AEOEINIFEN, tan SOFIEDEINT 5 —T7 T, BENIEKR
THZ N, BEEHTZY O~ A 7 a I 0.03
DHER L, BRI T & CNTs #5533 —I2 504 L
TS Z DRI S5, ST LZAALEE L7z CNTs 4
) DFERHEIZONWTHHRET D TETH D,
[1] Xiangyu Jie, et al., Nat. Catal., 3, 902-12 (2020).
D] WIS, %8s s AmmEakFriimns OO } { 1
(2024 %) 18p-C43-1. [ ] ]

0.02F i

tan o

[3] AR D, BAMELRE 79 BIFERKE (2024 00 : é : AI, : é : é : 1'0
4E) 16pPS-111. s % - (1)
[4] Y.-H. Li, J.-T. Lue, J. Nanosci. Nanotechnol. 7, 1 CNTs kDY A7 V2% 4 5 tan &

3185-8 (2007).
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[HEBEZRAVEI—RUF/ Fa—THAREIZEITS
BRARRIEERHOREH () -HEEBBEROE-

Elongation condition of carbon nanotube yarn spun using gas discharge breakdown (1)
-Effect of addition of discharge electrode-
SEXBRIL OCMDEHF 8L M) EE L ik &
Mie Univ.1, °Ao Tamai!, Hiroki Mannaka?, Hideki Sato*

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

[IZUdicléfmic~ y MRICEE L2 —R > F 2 F2— 7 (CNT)ZJES L CREEICIREE T
LD EH A NRO CNT RBSAER S, ZOREZMETDLET 0T A MRO CNT BB S D,
DT 4T A NEERND I ETHESIZ CNT 28ikET 5 Z EMNARETH D, CNT OF7-7e kit
BEELTHIFFTE D[], LL, ZOHIEIC K> TERIE - CNT #4R0OF 1366k 30~40 mm
%%r“fz% D, ERLE LTUSHTAICTREL R0 Th Tz, & BRHRELDERILLEMRE(
DI=OIZIE, PRAREBRT D7 4 T A MLV ERT HLERDDH, AT, HEE
@%i%f&ﬁ‘é ZLET, 74T AV POEEE, BIOWRROIERN RO EZ AT,

[=BR5H:] 2\ CVD {ETAER LT CNT 2~ v MRIZERE, Zhz Figl OEMESE CRAE S
RSB Lz, ZOEMIY, AT L AREMR, 22727 (W (¢0.15 mm) 5
B L OB EM D 3 w5k D B EM, BELCNT ~ v hOKIKEE~DOBRE CAR IS
KA NIROD CNT HAEFE T 5 M SEHEEM TR ST D, CNT ~ v MXEMmR ORI 2 E
HLT, TNOLOEMEBET v o " —ICREHREZEHER L, Ar T A% 6.2 kPa £ THA%,
HEEMIT+50 V, fHBIEMIZ+I50 V OEMREEZEIN L, REEMIZEREFE-800V ZEIINL T
MEEFEASED, ZHICKVAERSNDZ A MR CNT HEZREEMTHEL, CNT 7 4 7 £
VNREREED, 0%k, HEEEIEL THEEMZREZIE, CNT 747 A2 ME&FHAT
CNT #A42F3 2, L EDOESCNT Hi#itE—>7 1 7 A 2 MED ANDOH A 7 0 &40 IR LT
CNT #R &4 U7, fEkiX, LitofESEmIT 1 ﬁ@%&fﬁoﬂ\tb: A% 2 NAEHREL
THW, TEREY L ZED X 2 MR CNT O EE AEREIC LT,

[ER] [UERELRAER, [URKEICERRE SN CNT < FIBIREL L7722 A MR CNT )
DIHEEMA~EE SN TEHD CNT 74 T AV FEFER LTZ, ZOIRKET, fHEEM A [nis S &
WD EREEDHTETCNT 74 7 A2 MRZEWRDY, R EKT 5[Fig2@)], =Dk, FEX
KB ERAESHE, ERENZCNT 7 4 7 A2 M, ITIB LA DR CHitEd 5 Z & T,
PARDIEFEIT D, Z OV A 7 NEEKERRY KT Z & T, RROEHNATETHD Z LN
S 7z[Fig.2(b), (©)]. AMFZETIE, “HOMEEM CAAICHEZ A S, [[HE « M A2 40 K
LATH Z &T, WRED G CNT#RBRZIEH S5 Z EMRAMEEIC/R Y, K 2% 50mm % 2 H#5%

DOIERLNFIEETH D 2 & DR I LT,
(R&E] ABFZEIIR 2R MBI (N0.22K04872) DBk %% 1 CTirbirz,
[&%&3Cik] [1] H. Hayama et al., Jpn. J. Appl. Phys., 62, SA1010 (2023). [2] ¥uifi fti, 71st. JSAP Spring Meeting 22p-P07-7 (2024).

Fig.1 Electrode configuration used Fig.2 Formation of CNT filaments by each gas discharge-collection cycle:
in this study. (a) first, (b) third and (c) sixth cycle. (Scale bars: 2.0 mm)
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SRBH—RUF/ Fa—TEFRII—F/ T74 1 —I2HITS
F/Fa—TRBERL
Increased Concentration of Iron-Filled Carbon Nanotubes in Polymer Nanofibers
ZEXRI OMNMD#K B2X, BHR 478, kK X
Mie Univ. °Kota Suzuki, Yuji Fujiwara, Hideki Sato

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

[FEBLICEN] S:NaD—RF ) F 2—7 (Fe@CNT)Z, CNT OZERNENEET U A
ZEANLTEEZED, BUVMEREZ RS, T0H, 7 LRV T ARACHER Y —/L Rig &~
DSBS D, Fe@CNT 2R ) ~— L EEbT 52 & T, @iEtEa a3+ 28 Y ~— 0|
DR CTE D, TOFEO—DLE LT, L7 huRAC=UFERRTFOND, ZOFER, &
B ANCEBEEZEIML, J AANLRY) v~ —RWikZHHESE52 6T, Rl~—F /774
N—(PNF)Z T D58 HFiETH D, FxiXZE T, Fe@CNT &4 7T 5 PNF OfERLZ 57
T& 7223, PNF TP Fe@CNT JRE DA ESiRETH -7, RIFFETIX, PNF D Fe@CNT &
JEEE ESEDLZEEZHNELT, =7 ha A=V ZICHWDERP OR U ~ —JRE 2 it
95 Z & T, PNF 10 Fe@CNT JEE D) A&k 7-,

(BRG] Fe@ONT 137 = v v Z FUEHI AW ZEA CVD IEIZ L 5 T 1 em A D SiO, HpR Ri24
% U7z, & ORREE TR 5x10° A/em? TH 72, Z D Fe@CNT % S {E1EAI(SDBS) % i KI5y
B EIIBERICERA UBE RSB Lz, 2SR Y E=LT7 L a—/L(PVA) Z AL, FESET
% Z L T Fe@CNT &4 PVA IR % 10 g fERL L7=, Z O O Fe@CNT B IX, Ao Rk b
DORREEES RS b, K 5x10° Kig TH D, WHET O PVA JREIIHIK L PVA OEELE
B2 DHI L THEL, PVARE 9 wt%~ 15 wi% DHEIPFHDOWEIR A FR L=, WKk E &R/ Ak S
83cm, HE1mm)&D7eRNo7o U I ZHEHEL, /7 AVZEELEA2S kKV)ZRIINT 5 Z & T,
J RNV S Fe@CNT A A U~ —Eik &t S8, B L7=&E@ =127 % Bl — MR PNF
EHERE S W72, 15 b7z PNF % &V BB (SEM) & SUBHIREV R /13 H(VSM) TREAT L 72,

[BRBLOBE] X112, PVARE 9 wt%DIEIR CTIERL L 7= PNF © SEM %% /<9, PVA RS
Z9wt%E T P76, WHEZ PNF B3 Goic, 774 N—FRI3H—ThH v, FHERIT PVA
T2 15 wt%D PNF |2 338 nm, PVA £ 9 wt%? PNF (% 166 nm T - 7=, [X 2 |2, PVA 2 15 wt%
&9 Wt% DR THEE L 72 PNF OB HIFR A2~ 7, PVA JREE 15 wt%® PNF & i L C, PVA B
JE 9 wt% D PNF TIXAEFIBALA 74 %la) E L7z, ZORERIE, WRPORY) ~—BEZ D S5
Z L T PNF OHMEREHT- 0 D Fe@CNT BN L= L 2R LTW5S, VU EOREENS, #
SRIRIE T DR Y ~—JREHIEA, PNF 10 Fe@CNT D EICHENTH D Z LRS-,

4+ 0.50

S g

g £ 025

E 3

e E of

i

g ooz b LS

© (a) 15/ wt%

=  _os0 i : H
X ] i ‘ f -10 -5 0 5 10
(N —— Q, Magnetic field [kOe]

Fig.1 SEM image of polymer nanofibers formed using Fig.2 Magnetization curves of polymer nanofibers
polymer solution with PVA concentration of 9 wt%. formed using polymer solution with PVA concentration
of (a) 15 wt% and (b) 9 wt%.
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ONT/ T35y ATy FEET/NM RIZ&k D THz/iBFNEERHE

Response Characteristics to THz and NIR Electromagnetic Waves for CNT/Graphene

Hybrid Structure
fEEXT, NIMS%, AX3 NEC, FRREHK® RXS KISTEC, NII® OfA B— ' AE ik
2, Ay HFES Hp BB4 KA EES, &k BES ZEH A5, FLFELS FES
A fTHECTS, B A, BHEl EX
Tokushima Univ. 1, NIMS 2, Kyushu Univ.3, NEC?, Tokyo Denki Univ.5, Chuo Univ.5, KISTEC’, NII®
°Junichi Fujikata?, Takuya Iwasaki?, Maki Nakatani®, Tomo Tanaka®*, Makoto Ogo®,
Yuma Yoshinaga®, Tsuyoshi Kubota®, Satoshi Moriyama®, Kou Li®, Yukio Kawano®#, Hiroki Ago®,
Ryota Yuge*
E-mail: fujikata.junichi@tokushima-u.ac.jp

777 2 IENTE T R R RO Z LD BETIRICB T D EE N E R T O
RESE L LTHIfFF STV S, P K 1550 nm | ﬂbf\_hiftﬂﬁﬁ% £ D ZAFIE %
HLTETWDLRA] THZ HICBWTUT T T A~ I K 5 BRI S5 & D | THz
Mg e LTH5 &Wf#%%nfwﬁmwmﬁﬁf%é —J, PEED—R S ) Fa—T
CNTIER—EL 72X PN BEZERT 22 L1280, BUEENHRICLY THz ZAFEE R
%6%5:kﬁﬁ%éﬂ1wémoL#L&ﬁ%\%E@EﬁZSMN&EEﬁ<\W%ﬁEﬁ
ms A —%ThHod I ENIGHERETH D,

AHFZETIL CNT (2L D THz ZEROEEBICEY . 777 = VTt Sh 2 EiRZA Lz 5|
AL NF— R UT T 7 2 [CNT A TV v REBEAFEHRET LT,

Fig l@IC/ER L7=F roWmX 2 /r~3, SERIOMETiE p 28K CNT K Lo — Mg &
L CHFEHERIEALD $E)IC L VW ALOsJE% 10nm /g L, & 5ICCVD 7' T 7 = V@ ARGk
KXOHEE L, /2. 777 =2V BI2IE CrIAU O 2 5 BE NS TR, 779728
A KL 5mm AR & LT,

Fig. 1(b)IZ 577 um I £ D THz I 2 e D 7' F 7 = V@ CHN SN -ZEER 2 ~T, VY —A
-RUA UEICHINT 2 8EEE AT D206, LRI R E 22BN EF 5 TEH Y, CNT g
JE DA HE L C 3HIRREE R THz SSRGS 417z, 72, 1550 nm R ICHB W T H [
ROZEIEDHER SN TEY . CNTEOS — MIRICE 57 7 7 = VB TOPELZBERRD
TUNCRHRICE D EEBEZHND,

HIEE « ARFZEIE ISPS BHIFE (JP22HO1555, 23K22825, 25K01289, 25H00738) ., A I BIAL, CFHE ARIM F3
(JPMXP1224NM5118, 24NM5392, JPMXP12240S1061) D484 %3 Tirbii-,
ZECHR [1] T. Iwasaki et al., Jpn. J. Appl. Phys. 63, 030903 (2024). [2] X. He et al., Nano Lett. 14, 3953 (2014).

(a) (®)
CVD graphene Cr/Au

0.25V

° ; \

- 1‘V g
B W
-3 L
10 100 1000
Time (s)
1. CVD 777 = VICNT fig THz {545 D (a) WimmlXl & (b) THz JSZ k.
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BEAREEZEAW=5R/ 14 FORSRIZLS
WEF/ -4V 0BFEELIVRREFFY FOERK

Synthesis of magnetic micro particles and carbon quantum dots

by pyrolysis with flavonoids of supercritical fluids
HEXKEBRAR'!, HHFEKXBNERC® Freelance scientist’
Toyo Univ. !, Toyo Univ BNERC. 2, Yuma kaizuka!, Shunji Kurosu? Toru Maekawa*?
E-mail: s4h202500018@toyo.jp, kurosuS49@toyo.jp
TR
RFEA N b (CQDs) 1%, FrREJZIEFH - BEMAY - B RORIELZ A L, K3 - munAE

HREAMEL VO TZBRBICE LWRRIC X Y | TFEER 2RO TV D, BERATRIL, iR,
EYRHE, R, BuREEN L Vo RRRMEEZA L TR0 . bW E oM. ME O
B, RSO, MEOEKRE, FFHIETF - LF - MERZESTZOSBFIZRB W T, < iKY
WHIHSNTWD, EARFRTHND 7 TR A4 R RS & L TASREA SN TN D
WETh o120, AREEED® S PFHi STV D,

AWFFETIL, RIBARE LT7 Z4R /A4 RO—FiTod % Naringenin % Ethanol 771§ & 1 CHif2L - i
JEDRHIRLT v o N — Tk 7 L — b & 3RIZE A L7, Ethanol DS LI ETH % 400°C, 14MPa
DB T T 2 R iE Lz, 0%, BiRE THEISE, WAMZEZREIL L7, B L7 100
nm mesh O 7 4 VX —THa L., R EMEEYZ 08 - B L7 (Fig. 1| 2), 2B L 7-f&Emix
Fig. 2 \ZRTY . A5 EHESNTWZDT, SEM & EDS ICTHIE L E A, NERICEE
AHEANTVD 13um T EDRFAHER TE 72, S HIZ, IEKTIE 310nm (IO R 2ROt %
WS 25L&, 430 nm ([ZHWEREZHFTHZ & 2R L7-, £7- Raman spectroscopy & X-ray
diffraction (Z X 2 FREHI L - T CQDs 78 A CHRRAIICTE R S 7z E R SN D RERNE DT, B
PEDFEASITBI L IR T v L N —IZAE L7l 7 L — P~ DREIC L > TE L L S HE
SNhD, FETLEET L — MBI & AR 2RISR 2 BIRN 22T ki D5
RIS D,

Fig.1 After filtration of the sample solution. Left side Fig.2 Attracted particles by a magnet.
Residue materials on a filter after dispersed in
ethanol. Right side filtrated solution.
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BMETS5 7z vEREBEMRICRIEYT
WBBE TS I774 I L—V 941 XDOEE
Effect of the pre-cursor graphite flake size on the fabrication of continuous monolayer
graphene oxide films
EHIKT ©OM2)RTHE 3£, Kanishka De Silva, H# HH
Graduate School of Engineering, Toyota Technological Institute, Nagoya
°Emi Maeda, Kanishka De Silva, Masamichi Yoshimura

E-mail: sd24445@toyota-ti.ac.jp

777 = AXmOIBRF(97.7%) & ¥ ¥ U T BEIEE(200,000 cm?/V - s)E RO Z LD, BHE
BIERLE AT A A~DOISABHE STV AI, 777 = v OREEFEE, @OILER &K= 2
FORNG ALFIIEE « BoUOFENRGEERTETH DL, ZOFEL 77774 Mg
b - AbF~ZH L TRk 7 7 = (GO) & 571, GO Zizsc LiE ol s 7 7 = > (1GO) & 15
5o L2rL GO RGO I, k& FRIGCIREMEFA S A EREIC L DMBR T T 7 = LITRR D %F
MaFFOLl, 22T, 7= A XDEIR DT T 7 74 <25, 25~53, 53~106, 106~250, >250 pwm)
D GO & 1GO ZER L 24 6 ORE R 2 7 L 7,

GO OEFKIZIE Hummers {EZ HWZB, 75 7 7 A4 K 1 g LIRMEE 60 mL & 4 gifd~ 2 T i
UU L% KT ThoL D EIRIMLANGIRGT 2, IRGW4A 200 mL m/KIZINZ ., e {b/k 3K
Z30mL N4 %, 20k, k% pH 51272 % £ CTHK TR 5, 55172 GO % Si0./Si %
W EZA Yy a— MEAFWTREE L | EAME - BMEISEM)IC X Vil 21T > 72,

Fig.1 12789 SEM %226, 7 L —27 A XDEWNZ L > THEIET 5 GO 7 L — 7 OThifE & HiE
WRBRINEIR D Z L DHER ST, Fig2 I2¥ A XL D GO 7 L — 7 [Hifl & BB R 4R,
ZOFRERNG JFE A ANKENE/LND GO T L—I BNREL b0, BERICT L—
JRENERD Z L TEBMONEML T LI ERNEZ LD, Y IR OBEKEEC LS
72 GO 7 L— 77 OFMfli, GO @ Raman 23 JEHIE., EEMIZHOWT HiEm T D.

120 . ‘ 100 ©
[Ew00 b % Lo &5
|- 807 g L
| & 60 . 18 5
o
@ 40 B — 8
' 20 | 170 2=
= 0 m . w1 m §' 60 E giﬂ
0 100 200 300 400 ¢

Fig.1. SEM images at >25 um (left) and <250 pm (right).

Graphite Flake Size (um)
Fig.2. GO flake area and monolayer coverage per graphite flake size.

2 3k

[1] B. T. Camic, et al., Mater. Lett., 311, 131632 (2022).

[2] K. Kanishka, et al., J. Phys. Chem., 125,7791-7798 (2021).
[3] W. S. Hummers Jr., et al., J. Am. Chem. Soc., 80, 1339 (1958).
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Effect of plasma treatment on iron azaphthalocyanine-supported carbon materials
ZE KRBT, “MDAL 7, XAEZ
Meijo Univ., °Tsukasa Irie, Takayuki Ohta

E-mail: 253427002@ccmailg.meijo-u.ac.jp

1. [ZIT®IT

PR M2 K BB D 28 K VL BT
WD &R AL RR R SRR O TR ME & 17 BT D
TENHBERRELE o TWND, TERIEL, Pt
R EOEEBPHNWONTE N HIANT
b5 ENDIFERERME DRI RKD B
nTnad,

AWFZETITASOMREM B L TEWEEE
= e 6 (oxygen reduction reaction: ORR) 4
HEOKT YT X 1o v 7 = (FeAzPo)IZ 1E
H U7e, il aprglny, mbRmfEsH 35
T ERLAVERE THhIUR, A S E LT
SRV IEMEENREL D, o, BEENEW
LB RBENDNE ST 0 i RE 3 M B35,
INHDZ NG, AEHEAM BT, ORR 1F
PEIZ R E B % RIF T, & 2°C, fiitH k4
e LTmWbRmfEL b ok 7 7 = v
(GO & —ExmIc L <fEbIhTWDH I —AR T
T I D—FTHDryF =77 v 7 (KB)
EERAWTHE LT, 70, k77 e v T
= HRERER B O b EE MO M A ) |k
T5HZEEEMIC, RRJET 7 A~ B OZhF
Ze T,

2. EBRGE
FNENEE:1/0.5 D FeAzPc/GO 5 #ik
& . FeAzPc/KB 73 ik % . Hzf8 S H T FeAzPc
/GO ¥y K & FeAzPc/KB ¥y RZERI L=, Z D
MERICKEILET T A~ % 120[min]RE L7, 7
7 A=%, EREIZJE KR 60Hz DAL
10kV ZHIINL THRASETZ, Ar/Hy(H, H AL
10%)IR& H A Z BEIZIEA L, T A EIT
2.5slm & L7z,

3. ERFER

Fig.1 |2 SEM %% /~r79, (a)FeAzPc/GO 1%
— MR, (b)FeAzPc/KB TR IK DI TH
% Z DB S, ENENDREME O
AL TWD Z e sz, £, 77
A<M %35 L, (c)FeAzPc/GO (F3— NIk
DFREERDB IR ST, A AN EL 7r o,
% D—J77C, (d)FeAzPc/KB GO ITHAE 7221k 1%

Rongmnoi,

Fig2 |27~ A7 MV R7, 1350cm™!
fHED D X2 R, sp? EDENS, 777
= UREROT v URmN O K, Bk
K577 7 REERT, £72, 1580cm™
FHED G N RIL, sp? fE A B —7R v O -k
EICHEINT %, FeAzPc/GO X, GO DJ T 7 =
v i— NOIFEND G NV RHENRKE L 72
SlEEZLND, TTRAVUHET L E, &
H5HH DAY RICxT D G /3 RORENK
XL o, UL, T ARSI Lo THERS
NTAKFIRAT 2 A VDI S, 8
DEATET-OTHDHEZZBND,

4. BEIER

[1] H. Yabu, K. Nakamura, Y. Matsuo, Y. Umejima,
H. Matsuyama, J. Nakamura, K. Ito, ACS Appl.
Energy Mater., 4 14380 (2021).

(No irradiation)

(c) FeAzPc/GO (irradiation) (d) FeAzPc/KB (irradiation)

Fig.1 SEM images.

its]

lizerd indensity[arb un
—
= —_—

Nomalizerd indensity]a

]

=

) / R ) = | L e

0 1200 1400 1600 1800 1000 1200 140D 1600 1800
Raman shift[cm™] Raman shiftfem "]

a) FeAzPc/GO(No irradiation) (b) FeAzPc/KB (No irradiation)

<~ =Nomalizerd indensity[arb units]

!

A i
LT AN
(] N _/‘«:4 :;,L : / : i%

260 1400 1600 1800 1000 1300 1400 1600 1800
Raman shift[em™] Raman shiftfem™]

(c) FeAzPc/GO (irradiation) (d) FeAzPc/KB (irradiation)

[arb units)

erd ind

malizerd indensity[arb units]

N

zNomali,
2
=1

Fig.2 Raman spectra.
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EFHEY 757 U R~ EIREEAHIC X 5
RALE Y 7F o F ) R DA R & BRefhigt S n

Synthesis and electrocatalytic evaluation of molybdenum carbide nanoparticles
synthesized by high temperature and high pressure treatment of organic molybdenum compounds

JeRBEAl t, AERBET 2 O M) i AR L, FuR BERE V% BAA B M BE R
Graduate school of chemical sciences Hokkaido Univ. !, Graduate school of engineering Hokkaido Univ. 2,
°Sota Sato', Hiroki Waizumi'?,Seiya Yokokura!?,Toshihiro Shimada!?

E-mail: satou.souta.k2@elms.hokudai.ac.jp

[#5] BE&RMBLIESICFEOEOfEEE U CAS SN TE Y, FRCEEEEITKIL (ORR)
IZBW OB ZEET 2MEE AT 5, LrL, 2 X MREL, HEEND72nWed, T
ERBOMER O T &> TnD, LEen> T, HEOREMEBITIERE 7T —~ Lo T
WD, ARFZETIE, BERAVIC @O IRBEEME O FTREME S TR STV A IRIEE Y 77 AR L
BT 77 R~ O R & BRI X 5 ARk & s LR 2 3 A T,

[EBR L] AT ) 75 Uk Threr@ a4 Vo= )E) 75 (V)Y 7 ) K
(Cp2MoClL) & 7 /L TR T TR Uy MRICERI L, 7 I NAZE AL, Zhvx &R
JERERH OB LT 2 T VIZARN, vV TF 7 v EVBRIE A5 E T 4.5GPa T, 400~700 °C
T 20 pHINEA L7, 20tk KRREATREZ IR L, SO 21T o7, WIT, GG
BIH )T T 4 A (S W) DIRETRICIN A EA > 7 B ERL LT, DA v 7 & Alls
B EIC@BA L, 0.1 M JKER(LA Y w7 AHT ORR flEERE 2 34 L 72,

URER - B2] R XEHT OfSR 2K 1IRd, RIEEV 77 Th D a-MoC. B-Mo,C DE
— 7 BHER SNz, X2 D STEM 225, «-MoC D(111), (200)fMFEIZAYS 325 7 Y o on
R I, a-MoC F /R ThHsH I EBRBEINT, 3 {X ORR ™ LSV (Linear Sweep
Voltammetry) Hift%z R~ LT\ 5, LSV IZEMO BN & —E OHE TELSERN 5, T DRI
T D ERARES 5, ERACIMICET DB (-t y MEM) TIEERIETRIGOHE
IR R END, Aoty NEMEEET S &, GaEHEL0.73 Vs RHE TH Y | iR K
eV 7T R EtERTh o7z, —FH T, A& Likd 5L, 0.17 V vs RHE OPEREZEDN &
oz, YEREZ M ESEH7-0ITid, BLEY 77 R OER LT D, RFE~ MY v 7R
ICHE > THDHRALE D 77 L OREOBMN AT EOHFRENEZ LD,

_ AR oo = a

e E " .,

: ] # !

i = | = = =B-Mo:C (i)

g. .?-,-1‘5 - ' — ks

< ® -20. . = =Pti§

5 c I

8t & 438 i

e € -30f _.—- - !

2 o ’ ®.

§ E-35; .

= O -40 " . . .
0.4 0.6 0.8 1.0
Potential (V vs. RHE)

20 (degree)
X1 KK XRD/$H—> X2 STEM {4 X3 ORRIZHT 5 LSV Hhf
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FEERAIZBITDFT/ Hh—RY - PRIy FUITOEREE
—fEIEDEANRBIRT Y F T ICE5EZ 2R EDREHE—

Fundamental characteristics of nanocarbon-assisted etching on semiconductor surface
- Elucidation of the effect of catalyst-film thickness on selective etching -
BRABELT  MDEBE®R, WAEt, FEME, FEEX
UOsaka °Naoki Kuwata, Seiya Yamamoto, Kouji Inagaki, Kenta Arima
E-mail: nkuwata@sie.prec.eng.osaka-u.ac.jp

CRT VAT F UL, BEROMBIENZEN LI EERREOMIIETHY, Ka A FpoF A=

T U —ICZR TSR A ERT D Z LN TE D, A ITBEIL, Ge EMmMIBITDIERT VA My F U 7 a2 R
FINCHHAE L CTEZ. L L, MIRICEE T2 EEEEROBRENRREETH D &V ) EICET L2729, #iizk

REBfRE L LCF ) =R UMEHCHER L2, £ LT, 7/ h—R o oftiEfEMIC L 0, $ih L7z Ge RS AR
MCERNICT y F o 7 END [F 2 A=Ay - TYA Ty F o 7] ZRHL, B LZ A LTz,
LrL, bEARNTH D, MIEEORERT v F o FREICE 2 DB OV T, REL I Hh o T,
FZTARBETIE, BARDBEEDT ) h—R e T =B L, T TR OBRERFE RS L.
FT, 7 MV VI T T2k oT, Ge REIZHEE OE (B 28 um, @80 pm) AT HL VR K
PRE— U BERLLUT=. RIZ, (k2 T 7 = »(Graphene Oxide: GO)AIKBI &2 T « A a— N4 A% 1 [, 5
[\, 10 [=], 20 [0] & 2500 L7=sRBt 2L L7=, RISV P A b &L, MIBICHERE Li=T ) I —R UEE £ Ge it

Braefiiz. 2ok, Wz 60 COBFIRFKRTIC 3 BRI L, EEMAE TN L) REMELBIE L.
MDHIZ, BRDEFKDOAE a3 — ML~ T, BEREICHRET 27/ h—FR U ReBE L, TOESZHEL

7=(Figl). AV v a— RMatk-> CTF /) B—RUBEREML TN D Z RS 5D. &;,Aﬁéf/w ANV
MR % HEAE L - BBt v F U IR S BB U= (Fig2). EHL7=F/ 11— T/H%F T ATy TFUITERSD
{RIFMEA Fig 3o, RIS E-> To v F o ZIRE B L TWAEET R

F@Z?ﬁ?%?ﬁ,@T/ﬁ%ﬁywﬁﬁﬁﬁﬂi5%%@??@@%%&iy?yf,@f/ﬁ~ﬁVT%
bhfb&w(k%ﬁ%ﬁ?®%f@f*’iéﬁﬁiy?yf@2@ﬁ®ﬁmﬁﬁﬁﬂﬁﬁ¢é.é%mmr
v F U TIRDIERIZIE, =y F L TRIORIRZ R IS FET 5 EBZ 0B Y THD. T7hbb, BR
Iy%/&&ﬁiﬁ%ﬂ%ﬁ%%ﬁ%?é_kf, T H =R s X 5I/?/7§%£DEE§’E$§%6’<‘:75§ s
5. ARy F 70, M HERS L 22 W0EEHE W TR L. WHE- T, =R RIS 5=
y?yﬁﬁWGWﬁﬁ%%WLtF%%ngmmﬁi.:@ié_,%/w Ry ORI E-T, =y F

VBN T A AR S, AEBRTHWE GO IXEREERNZ L, BEOHM & I Ge FH~
OEFLOBFERIIED T2 EFHEIND. AT, BEENNSWESIE, 7/ =R AINET D RFTR Mo

7B L E T W OMERIES RIS D, INDEBET H &, Figd TRONEMEZ ) F<HATES.
: 32.0 nm _ 150§ (a)
E 120
g_ 90
T 60
g
= 30
£ 0
. . : . : . . 0.0 nm - 0 5 10 15 20 25
Fig 1. Patterning with (a) 1 time, (b) 5 times, (¢)10 times, (d)20 times nanocarbon coating Catalyst film thickness [nm)]
0.0 nm = 61 (b)
g 50
i)
o 40
B 30
, .%‘3 20
-180.0 nm 0 5 10 15 20 25

Fig 2. Etching results with (a) 1 nm, (b) 5 nm, (c) 11 nm, (d) 22 nm catalyst thickness

References
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Fig 3. (a)Etching depths and (b)
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BHERZET 571 DXL
Demonstration of vertically aligned multilayer graphene
"SRR HEWME  CHRAE L KRER, HPE'
'Univ. of Tsukuba: K. Nozawa', T. Suemasu', and K. Toko'
E-Mail: nozawa.koki.td @alumni.tsukuba.ac.jp

[IZCHIZ] £/ T 7 = (Multilayer graphene: MLG) I35 W VEER - BMREEEZH L, Hix 70T /A A
~OICAPHRGSN TS, — T, ZINETHRESNTEZ MLG 1T, T~ CTEMRm IS AT 2B A A
RLCUW = (Fig. 1(a)) . IS, FAREEALM O MLG 2AFEB$IUE, =y Vo @O S TEICIR 5
B FRIBEREME DI BLSC | RN BB SR TR BT 17 OB~ LIS 3 288 REA B L T
BAZRE | FERIZZRWIS I ATREYED M D Z e i S (Fig. 1(b)) o LU, 777 =18 2 IRTTAIZR
R b 297 (002) LA 957280, XEFEAMR B MLG 252 IR A HIE 452 L IXREEThHh -7,

e LT FETITHERRIR BICHERE MR A G R T DIF TR A 1T o CETZ [1-4], ARFZETIE, MLG fk
RO THIBZ T3 5L T, SR ER A MLG D& A7 AT,

[RERAEK] Si0, BT AKAK L2 T HiE (Mo, Ta)
20 nm. filf4: 8 Ni g 100 nm &FEAE %3 (a-C)
J& 100 nm Z A7y 2 HEFETZ | Ar ZRPHSHT T 600 °C
(1 h) OEVLERZfEL | JE 23 #iaahk L7 (Fig. 2).
A em EREMIZIZ Raman 430615, XRD #I7E, TEM
BIEE W=, : st . :

Fig. 1. Schematic diagram of (a) horizontally aligned MLG
[$88-EE] Ni it =7 7% Raman A2 and (b) vertically aligned MLG.
SRinE, Mo FHiE, Ta FHi o7 L 3kic Layer exchange
MLG H3€® Raman A7 MUBHERIILTEY, &
RHEIZE D MLG O & MRS 17z (Fig. 3 (a)) .
LU, X #RIEHT (0-20) JE OfEF, Mo T #l = TiX
MLG (ZH2KT% 002 [FIHTE — 7 D3 ERESAUZ—F with underlayers(UL).
T, Ta FH# ETIEREY =738 oT2 (@ ' " T
(Fig. 3(b)), ZAuiE, MLG 2% Ta FHb BTl b ¥
EH AN EL TWDIEE/RIBT D, Ta FHLET
MLG 723 B R EL A L CODE R 572
(2, Wil TEM (KD 8L 22 21T 57 (Fig. 4),
EDX 76, BULE%E Ta FHIAST T AHAR B2
LENAFIEL TWDIE, MLG 2T A Elz—
FRIZIFAEL TV D ZEMHD (Fig. 4(a)) . o0 fifts:
MBI, Ta FHE EICHE ST MLG 235EDIZIE
W& T B 5 A BL A LT DRk MR &5 (Fig.
4(b)) . LLENS | THIEZZHF T o207
R FEO R TIERERN MLG O/ RRIZKREI LIz,
Ll & FIEITH L TH IS AT REtE AR A9 55 7T
HY, A RTIBRENEE 2 DD,

Ni removal

a-C

Si0, syp, U™ Sio, syp, SI0, syb,
Fig. 2 Schematic illustration of the sample preparation

2D

Ta UL

(- \ Mo UL A

M P B A PR e o,

20 30 40 50 60 20 30 40 50 60
Raman shift [cm™] 20 [deg.]

Fig.3 (a) Raman spectra and (b) XRD peaks of the Ta UL

and Mo UL samples.

(a)

Intensity [a.u.]
Intensity [a.u.]
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Fig.4 Cross-sectional TEM analysis of Ta UL sample.
(a) EDX mapping and (b) High-resolution lattice image of
the MLG/Ta interface.
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Direct CVD growth of ribbon-shaped graphene on sapphire
BEXET, MDXE 6%/, BHET FEX, /NE FE, JI& B, BLLE &
Kwansei Gakuin Univ., °Y. Ohara, K. Yokohira, T. Oda, Y. Kawai, H. Hibino
E-mail: hph97940 @kwansei.ac.jp

[1ZCHIZ)F7 =0 F JURA(GNR)E, EFPACIAD N RIZID AN Ry T2l 5 TEHTL
D5, WHERONER T S A AR EL T H 2480 T vD, GNR OEEEE LTI, SN L
DHERE ETOSFOEBGICELIET, SEXFRTEMRESINCODLN, IHLTy O, il
7 A BICHIE L TR 22 LKA L CIREECH D, Bx XN E T, ALEEMRE
(CVDYEIZED c Y 7 74T LTI IF7 2 RICBWTC, 97 2 DY T 7 AT DAT v 7 T
S UABSENTEER T 528 % R L Td, AFEER TIE, GNR ORLERICHIT, CVD #EE2 Hu
T c @Y T77ATHEROAT T ESN T 7L —NZ VRARD T T7 2 F B R LTS R
THET D,

[32B%] K&UE CVD £ HWT, 1500°CIIEAL T ¢ Y 7 7 A7 (¥ AR, a B 2°% 7
X177 m 51T 0.15°F 721 204 7) bk BT CH, 2B, Ar/H, (3.8 vol%) & ¥ U7 A
LLTTIT7 =AU,

[#E5] Fig. 113, c @Y7 747 (@ #7112 204 7)) bk BICRE L7227 T7 =0 O JF 1 7 BE %
BEAFMIZEDIEIRIG N AL THD, KD, 7T 7 2 BT 7 AT R DS T2 T LI AT
VT Ty NS TUR AR EL TODER DR TE D, ZiUE, 77720 BT 7 A EX0E
AT T TP TSN T 5282 /R CWD, Fi2, 777 2V ERICBWTH, 77
AT DAT»71E[1010] J7 AR > CTEARRRR AR L TR, T ENDOIVR AT T7 =
NFHWZHET D2 LTSI TS, ZORHEUL, Fig. 2 IR TERFFEOHIER R0 Hd
AT DI, AT TN PATR BRI BRSPS BLIIISND — 7, A7 > 7 IS HE 72 ML Tl
BERDAVL W DGRBS AL, L Lesn, Bl i CO R/ MR IREIL 10 nm 2 2 THRY,
FIRIZBITDBEBRMER RIS R vy 7O IMET RO T, X T, 37747 DA
Ty T Ty NGRS NI IR AR TT7 2 3L AR ICH D Z &2 MR L TRY, 4% ITUR
RIS L O S L ORISR T D,

02 04 06 08 10

Va(V)
®
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[10T0]
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[1120]

d
Fig. 1. AFM (a) height and (b) phase images of ribbon- Fig. 2. Optical microscopy image of a graphene
shaped graphene grown on c-plane sapphire. transistor and its electrical performance.
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SiC EARA Vv E—DL—varvl5 72 OkERBERED STM 812

STM observation of the dehydrogenation process in hydrogen-intercalated graphene on SiC
FHET |, JuKBEL 2
OBNHE ik, Evaryxx— T L MV varFuy B B, BR B2
National Inst. Tech., Ube College !, Kyushu Univ. 2
OShota Uchida', Anton Visikovskiy?, Sukran Kutlu?, Tomonori Ikari', Satoru Tanaka?
E-mail: ap50308us@ms.ube-k.ac.jp

1. FCBHIT

SIC LD Z7 5720y 77 —JEELT 6R3 @)L, KkFEA L Z—hL—aBLF HI) Iz
B 7 =22 T 4 VTR T 7 = (FSG) L 72 D, ZORMHERE (JFHTHY72 HD) 128\ Tr
77z Ry b 75>ff/ﬁ5zézhz.’> & ZHIEERE L72[1], STS I L 2 HEDHR, =xLF—F ¥ v

TREHS BIRBOBEBILAR D Hiviz, LinL7edbH, CVD R L7z 6R3 JEI% STM %
%’\Tﬁxlﬂ—é W“@k RIS RE DR SRR BIENNEEL 720, AL EREOM
FZBONIT D LRTERPoT, £ 2 TARIETIE, HUBRPBWIZ A TH D 2 LI
H L[2]. BEEZEHICBT 5 EEINEC X Y FSG/SIC A hs HKHE 2 il S, 6R3 Jg it
B4 it s STM/STS Z IWTAll~, Fy FOBETFUMEZH LT a2 e LT,
2. EBRGH

SiC(0001)E -~ CVD {£I2 XLV 6R3 B E X, D% HI 2179 Z & T, FSG =K L7, ¥
% L7= FSG %M@ B 2% FIZH T 800 CTHAEMET 5 Z LIz kv, RETHE L TW\WbHkEL
i < 7o, BBHE, KEE 7HRET(LEED)IC X 0 £ifi 0 F Wit A Ble2 L, EER b VR
EE(STM) & AR b o V43 Hl(STS) 2 W T mitinh & s TIRaE 2 8l L7,
3. EBRRER

4 112 FSG % 800°C TH#fi] 2 25t ¥ TMEA L 7B D STM 82 7~ 7, (a)(b) & HITIRE 0.2A 2
DRy MREES B2 6D, T ORIBITKRE D BEEL 6R3 JFITHEEE LIk TH D &
EZHIND, 4minfzIZiE Ny MREEED AN > T D, RIOFOOTRLIZKL D1, 5%, I
E#F”ﬁ’a’:i%%ﬁ‘ NI T 7 = Ry s EN s L bbb, YAIE. 77 7= Ky b STS

D EBFREDOEADEBEIZONTEICHERT Do

2% 3CHR]

[1] HPIE 5, 6 72 IS ESES

FEPANGHTHE, 152-K207-2 (2025)

[2] P. Nigge et al., Sci. Adv. 5, 5593
(2019).

30nm 30nm

(2)800°C, 2 min ()800°C, 4 min

Fig.1 STM images of the graphene surface after annealing
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Morphology control of graphene grown on SiC by CVD (1)
- Effects of surface pretreatment -
AKXBREI CM2)FIH BFE, 7Y by EYaI7R%X—, HY &

Kyushu Univ. Banri Wada, Anton Visikovskiy, Satoru Tanaka

E-mail: stanaka@nucl.kyushu-u.ac.jp

CVDIZL-TSIC RIZELTEZ 772Ny 77 (LLF GBL) 1X, KFEA L H—IL—
I UEMTZET, O TV —REX T 40 77T 720 bled. ZHUIEAGIRIEIZ X% GBL
EIXERY, MOEES—MERTZEND, TS ASHICEL TS, LLRRG, ki
D CoHyAr iEAE T A % AV TZ CVD REICB W T, R TH D SIC KT 7 4 1 ¥— 0l R0
WAL L, FERMIZGBL DE 7 4+ 1Y — I Z KFET 2 LN TH H. SIC ik
BHIOKFET y F o 7RI LY, EHRETEBINR AT v 7« 77 AMEEZ 577203, CVD #1H#)
IZHB T SIC ODRFRENE U D TR Z RE T DR A 572, £ 2 TR TIE, FFIC SiC #
WIREORFEZES ~, CVD KO SiIC RmKBIZER L, FITKET Yy F U VREOKER
JE73 GBL & 7 o 1 P —Z RIFT B OV TR E R T,

FEMRIZIE on-axis 6H-SiC(0001) % FHVY, LA FOO~@ D7+ AT GBL @ CVD lEx{To7-.
OKFEZ v F 7 HlAr JA T A+ 1370°C + 15 min@Ar ~Di&E#a : 1 min., @CVD Jf#E : CoHaAr
T A(CoHg : 119 pmol/L) + 0.5 atm. /X7 A —% & LT, OHJAriRE H A DKFERE (4%~100%)
Wz, FHmICIER - H BB (AFM), BT ~ o, X BOEE 3 i (XPS) & 7.

X 1(a)~(c)Z, H7e 2 K FE R FE (4%, 50%, 100%) CT= v F > 7 % Jiti L 7= SiC Hp 2k & L7- GBL
D AFM B Z =T @QO) TIEXEZ7 4+ r Y —RNRESEMLTWDED, () TEZyF U ITHDRT
v THEEDRFF STV D, ZHUE@)(b) DS (H2:4%, 50%)TiX SiC D AT » 77 v —pEHH)
AR THDH L EXLNDLN, BROAT v FELZERFT Lo AT v F 70—
372 <, RFMREEAT v 7 7a—KETHD. —FH, ©TIEAT v 7RERIRTH DI, 7
T ACEWEED SIC BN OND. 2O X IICGBLDET 1 P—HlEO-0I1I21E, AFETy
F U TREOKBRENEE THDLZ ERbrolz. YHITREAT v 7 7r—, SiC BOFEKIC
DWNWTHEL L, GBL E7 4 v U—HlfHlORREMER L OV < 43 R & OBRIZ OV T b
5.

Fig. 1 AFM images of the sample etched by (a) 4% (b) 50% (c) 100% H: prior to CVD.
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BEFRUEICE DT 57z 0 OBEEFE D2 FEHZEEH (2)
Molecular dynamics of thermal property control
in electron-irradiated graphene (2)
BRAKBET, OFWL #%F, XH KR
Dept. of Physics and Electronics, Osaka Met. Univ.
°Ryohei Higashiyama and Masaaki Yasuda
E-mail: yasuda.masaaki@omu.ac.jp
ELDIZ F/ MEHIMES I L0 MR 21T O 2N ARETH D, Fx I T 7 =kt
BB RE ZFH U BRI O FTREME 2 0 F B )7y I 2 b—3a VIR VR L Tk
7212l AWMIETIE 2087 T 7 = ATK T DE A BN K VB S 7z 22 LR RGO 4ME 72 &%
BURFEIC KAE TR HOW T, BVREER | 7 4 ) o OARERES B4 B BER DR 2 iR L 72,
V3ial—valrETI HFENFEYIal—y g ilidAd—7 Y —A 32— KD Lammps
RV, BRREHIC X 5 EIEMNHICL Y —EOHIE THREMICREZELIEL ST 7 =
UHEEEZ Y I 2 b= a VIRV EBIL, BONTEEL R E L TEYRERRT + ) D4
R OBGERFEE T, 77 7 2 v O—EFEBA~OBTHRFZHEE L, TOHRIZT + /
URENTEAT O BEIA R E LTc, 7T 7 = OWHIC 300K OBIAZRE LEM S, Z2ALRMES
BB L > TT+ /) UHITHE L DB DUV T L7,

FENTAER:  13nmXbnm O 87 T 7 =) VARAIK L, —EREK O BRI 10% O 2R AEEE
IR LK% Fig.l O d, EEO7+ ) v OREEE & BRSOV TEEO A |IZ L 5
FALZ AT LIZii R 2 Fig2 (O d, REOIBKICE Y 74 7 U ERIC&mBERRAC >~ S L
TWo, ZHUIRBHEIC L > T EEZHBET 2T O A TEICEE S22 L2k, 2
REVT Db SN/l Th D & TIREND,
[1] &l 2022 45 55 83 [B] IS B2 IR =, 22p-C102-4.
[2] FLth: 2024 4 25 85 [a] IS B2 FKFSEINGHTHS, 17a-P01-34.

w/ cross-linking ~—=—=— w/o cross-linking
_________ -3 50
12 40
N
4 T :
g £30
>
4 (&) r
[
1R 3 20r .
(on
_____ 1 8 t .
: : 1g & 10F,7 e Z0 N\
Fig.1: Bilayer graphene | L’ ZA '
structure with 10% cross- L - 0 ! L =
. . o] © < N o
linking between layers. 2 2 2 =g r K M r
Density of States Wave vector

Fig.2: Phonon density of states and dispersion of upper layer
with and without cross-linking.
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Morphology control of graphene grown on SiC by CVD (2)

- Effects of nitrogen annealing -

Sukran Kutlu, Anton Visikovskiy, Satoru Tanaka
Kyushu University, Applied Quantum Physics and Nuclear Engineering
E-mail: sukranalver@gmail.com

1. Introduction

A carbon layer, known as the graphene buffer layer
(GBL), is initially formed on the SiC(0001) substrate and
can be transformed to quasi-free standing graphene by hy-
drogenation [1]. The GBL is generally formed by the surface
decomposition of SiC [2], typically exhibiting significantly
undulated morphologies and non-uniform thickness. To ad-
dress these issues, we have been attempting buffer layer
growth using CVD with C.Ha gas. While we have succeeded
in achieving uniform-thick GBL growth, the surface mor-
phology still requires improvement.

In this study, aiming to achieve superior BGL morphol-
ogy, we seek to understand the growth mechanisms by in-
vestigating the initial stages of BGL growth and the pretreat-
ment of the SiC surface prior to CVD. In particular, we ex-
amine nitrogen gas treatment, which is expected to inhibit
surface roughening.

2. Experimental

GBL growth was conducted on the on-axis 6H-
SiC(0001) substrate using a custom-designed chemical va-
por deposition (CVD) system equipped with infrared (IR) ra-
diation heating. The growth process consisted of three main
stages: i) hydrogen etching, ii) annealing in Ar/N., and iii)
CVD growth, all at 1370°C. After i) the SiC surface exhibits
uniform step/terrace structures. Followed by ii), an anneal-
ing process in Ar/N, gas at various N, concentrations
(0%~15%).

All samples were evaluated by atomic force microscopy
(AFM), Raman spectroscopy, and X-ray photoelectron spec-
troscopy (XPS).

3. Results and discussion

Figures 1 AFM images of the sample (a)annealed in
Ar(without Ny) and (b) Ar/N,, followed by BLG

Figure 1(a) shows the AFM image of the sample an-
nealed in Ar (without N2), followed by GBL growth. The en-
tire surface is covered with GBL, as confirmed by Raman
spectroscopy. Regions of monolayer (IML) graphene are
also present, likely due to unoptimized growth time. Note the
wondering steps and island-like features. Such features are
typically seen under different growth conditions and are es-
sentially attributed to SiC growth occurring prior to GBL for-
mation.

Figure 1(b) presents the AFM image of the sample
grown under identical conditions, except that the annealing
was performed in an Ar/Nz atmosphere (N2 = 0.08%). The
corresponding Raman spectrum exhibits characteristic fea-
tures of GBL, including a pronounced 2D peak, suggesting
an increased growth rate compared to the Ar-only case. This
enhancement may be attributed to nitrogen atoms interacting
with SiC step edges, thereby suppressing the step-flow
growth of SiC, as observed in Figure 1(a). Nevertheless,
faint branch-like features can be seen emerging from the step
edges. The incorporation of nitrogen atoms into the SiC sur-
face was subsequently confirmed by X-ray photoelectron
spectroscopy (XPS). While the specific chemical bonding
states of nitrogen remain to be elucidated, the presence of
nitrogen is unambiguously supported by the XPS data.

3. Summary

In an effort to improve the surface morphology of GBL
grown by CVD, particular attention was paid to the step
structures on the SiC surface. Under standard CVD condi-
tions, the regular periodic step/terrace morphology is dis-
rupted, leading to irregular or meandering steps as a result of
non-ideal step-flow growth. We found that nitrogen can in-
teract with SiC step edges prior to CVD growth, effectively
hindering step-flow growth and thereby preserving straight
step structures.
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Effect of K concentration on electrical properties for stacked graphene
EHH, BX?, RFHHEES #BX
Ol 8, /NIl 18— 2, FHA HFES, T8 =ES, B2 BREY @A ¥, LA BEF'
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[1Z T iZ] HPHT A-BN LIS SN T 7 = 3@ W BEIE NS STV 523, HPHT -
BN OKE S 3 mm THY, VoA F7—)LTOT A ZAFEMICIT#ESTERWY, /T 72
T A ZAOECITIE, R T S, A THH S5 SiO MR ETH 7 T 7 = v O BB E LA
PEND, S0 FICHE Y T 7 =2 U 2FEET 5 2 L TBBIEOLENRE SN TWD D, FHx ik
AV L (K) ZRNMUTREE YT 7 = COBEERINZ SiO; ik ETERH L 2, AT

L 2 FEEEOPEFE O KOH AR5, 20Wt%)Z LV, HE /7 7 = ~D K %bm%ﬂﬁﬁﬂ%%ﬁ?ﬁ: 3>o
tté.ﬁxﬂitﬂ& LT, 7V =T DOfEV 77 = &2l Lic, 7~ Uitk BUE X k&
FIE(SR-XPS), BA— A RREIC L VFEE Y 7 7 = U ERHME LT,

[EZRFEBIORKR] PMMA Z2FH L72U = v MRS T, AR EICHEE Y 77 = 2]
L7z, PMMA/EIE 7 7 7 = % KOH /KIEIRIZE I, K IRNZ{ToTz, 7~ ahiEB L,
SR-XPS (SPring-8, BL23SU) (Z & W ¥l 21T o7, A— AZhRBAEX, WEMRED =D
250°C T2 FEHOBMLIR L 7=, EZ2H (2x102 Pa) =i CTHHE L7,

Kz &L, 722X hLvd D Ny ROV —27 ETHEINETX 1(a)]. K iHINTD 7
77 2 D RGTERD 72N T & DR S A7, SR-XPS T Cls AT MVITKRE 28 ki 7e
<[ 1(b)] KIZERKT 5 B —27 (K2p)23 i S 4u[IX 1(b)yff A K], KOH ¥HE DRI,
K/C 288800 L7=[X 1(c)], KOH IRIRIREA B2 T/ 77 2 h O K BEZHIECE -2 L Z2/RI2
LTW5, K IINZ LY A= UAREITENLRICEIL L, 2HXx VT RT» =78 s 77
= U TCIFIEA, K IfEE 77 7 = 0 CIEE T TH D 2 EDBER SNz, A— VR RHEN 515
ONT-ETBEE T, KEEKRIINEREZ 7 72 CdEBEKRNEE 7 72 L0 b En
BERL, FEEZ T 7 = P OERE KRN EFORELERZ EE 2 55D,
[BEE ] ABF7E D —01% . JSPS BHIFE: 20H02191,22H01534,24K01407,23K22804 DBk & 5% 1T THT - 7=,
[Z2Z3C#R] "K. Uemura et al., Jpn. J. Appl. Phys. 57, 030311 (2018)., 2 T. Yamada et al, Mater. Res. Exp. 6,

055009 (2019)., ¥ T. Yamada et at submitted.
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Work function of H-intercalated multilayer graphene on SiC(0001)
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ESM kL F—REEHE T/ T 7 = 2/8iIC £l
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IO NHREL IeoTz,

ZHIET H R LOFRHI T T 7 =i~ A T A
ICHEL CWZDIZH LLH H Y OFFTIEE A
ERLHEEL QNN THD, 2072 H
HYORHIEENEZTHL YT 7 = NN D
B AABNEE A EEDL T, Lo TR
MEF—EL T,

N R s S B N = 2 5 T
—a b a—EE AN T, £7-. BHF
# (21H01768, 21H01394, 23K20960) D 4% %
—EZ T T2,

[1] ARfh, IE#)F2 2025 4, 15p-P05-14.
[2] C. Riedl, et al., Phys. Rev. Lett. PRL 103,

246804 (2009).
[3] https://azuma.nims.go.]p.

4.9

44 r

39 r

LR BI% (eV)

34 1 1 1
0 2 4 6
757 v oEK(E)

X 2. LR D 7T 7 = BRI, BN
H® Y ORER, AN H 7 LORER[2],
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AR E IR ) 7Bk 7 7 7 = e Fu 7 v ol
Synthesis of reduced graphene oxide hydrogel for organic dye adsorption
BHATKRT!, 5—F I VR 2 (M2) KRB R A |, Kanishka De Silva', Ha Thiic Chi Nhan2, Lé Hon Nhién?, #543HER !
Toyota Technological Institute.!, Ho Chi Minh City University of Science?,
°Kota Amano!, Kanishka De Silva!, Ha Thic Chi Nhan2, Lé Hon Nhién? and Masamichi Yoshimura!

E-mail: sd24405@toyota-ti.ac.jp

P, TNV VEEREIC RS D YR O FFEILRIT Y, 7 —& I 2 BRhB)R A F L 7 V—5D
AHEIBHT L D RBEIG QR L 7o TV D, PeRBRFIEDOHT T, WEETR S IL Vst T
BY ., ZliCTERREBOBRIL S 7 7 = (GO REM & LTHERE SN TS, £/2, GO #iET
L7zt 77 7 = (RGO) CIXRE B RREOBREIC LY, REANBEREPER DO E
TMOMAMERANEE D | — Yk CREMEREN M E35[1], L2yL, RGO 1% GO & #7021 Bk
WTHLI, 777 2 — MatOBUKMHEAHAEMCEI D KT TEREL, WERENMET T
HEWOIMBEND DL, £ T, AW TIL— MALOEZR Y 2B T2z > — MK T3
MMETHRGO & R a2 G L, WER &L L7,

Hummers JE CTERK L7 1g D GO % 200mL OKIZAE S, 1h@EHAI LT, D%, NH;
KW Z pH=11 LT, 1 HEFFE L EBEAZFEIL LT, & I NH3 KERZ 2.5wt%lZ72 5 £ T
MMZL 90CT3h MEAL 7212, TS &0 PSR 2 ETHHF L, RGO & Fr 7 z137-[2],

Fig. 1 12 RGO & GO @ XRD [Al{fi/R% — %7, 1EILHEIZ GO OAFIEZ 7737 (001) i O[B4 £
D7 1(10.48~14.04°) & RGO DAFAEZ R T (002)E DRI — 27 OBl Z 8 Lz, (001)E—72
D7 M GO OJEMEEEED 0.84 nm 225 0.63 nm [T/ L7722 EE R LTS, ZbHb GO
& RGO WRIELT-EWEN G LN LB Z b5, 7o, WEFERIL RhB KEKIZ GO Fik - RGO
B3R« RGO & RuZ L&z 5 2 & TiTdi 15 min FISIRE Z AL L, WOLERIE 21T - 72, %
WENSFR LA REE Fig. 2 177, 24 h THEREDRRKIZEL TS Z ERHRTE
Do EHIZ, GO & H#E L T RGO MR TIINAERENMET L TWSH25, RGO b R/l 582.6

[mg/g] & KX 7eWAEREZ R LTZ,
]/

~
=3
S

=
S
S

[ ]
(001) (002) | o RGO b Fu 4L

3
1=
S

'S
o
S

w
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S
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GO ¥k
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o o
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Fig.1 GO, RGO ¢ XRD [El4fj /X4 — > Fig. 2 GO, RGO D5 % &

[1] X. Hu et al., Colloid Surf. A-Physicochem. Eng. Asp., 643, 1-2 (2022).

=}

[2] H. N. Le et al., RSC Adv., 14, 3 (2024).
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SICETSTzVDNERDR FS VPR A EERR L GEFEE

Fabrication and Transport Characterization of Graphene Field-Effect Transistors
on SiC
FRABEME' AKRI? NIMS® CM)®E XK' M)FfHE HE?2 &8 BJ°
#0 W3, HYP 152, ®H &8’
Univ. Tsukuba !, Kyushu Univ.2, NIMS? °Tianchen Huang'!, Banri Wada?, Kenji Watanabe?,
Takashi Taniguchi®, Satoru Tanaka?, Akinobu Kanda !
E-mail: s2420206@u.tsukuba.ac.jp

HFRcHW 7772 OBBEIEIBREORELZZ T THELRST VDT, 7772073 A
DODBEELZ 7T 7 x U RARFFORBENEIZE ST 27 DIZIT LRPMETH D, FlZIE, FIEE
THOLND YT 7= EhBN T R v F (NaMh) 5 2 & THMEBIESISER T 2/ ER
M DAL & ZBHIE TE | HEREIOEWBEIE NGO D Z LR sh7z[1], —5 T, B
PSS D FETIERENTT T 7 = CTELETANAATERM S 7 7 = ZEORBEELGS
DIT—MRICHEE L S D, AT, SiC BIZCVD fESNTZT T 7 = AR LT, HEfEr 7
T2 A LTUTON DB AN L, BEIEZUET 222 AN E T2,
WFHEE 172 SiIC0001) M EIZ CVDIEIC LW Ny 7 7 —J@ &R Licth, KEA 52 —7
L=y a VSRV ENTCHE S 7 7 =2 LT, by T =k Y—=R - N A VEllz
Bt L. N7 U URIMEELTNT D, R Y ) T EBEORBMOID . RNT7EhER U3 hBN
Z— Mk e LCRIFIL, SiC & BN T/ 7 7 = 2WNafkd 5 2 LT, 7231 AJERkR D
HHEH & O ZLIET 5, £, 77 7 = v L EMREOEMBIZ T 5720, 77 7=
O D ERSEM S Sy VarZ s MEEEZEHT 511,
FEE Fig. 1 ZAMIRICBWTRALEZ T 720 b T PR X OREERTH S, hBN DE TIC
T 72 Wb, WE—VBRETH NIV YT T T4 —LEFRY YT 77 4 —THEEERL
T BUERAIELTC BT VA ZITB VT, 77— b OR/ME 500 nm, AZES HEREE 150 nm %
ERLTERY, 5% OBESFIERAMR (1m0 72 RN THEIR OfEZIZE -T2, Fig. 2 [ZEfE 7 >~
YA L OEMED SEM 1§ % R~
[1] L. Wang et al., Science 342, 614-617 (2013).

T . B AA’ cross-sectional view
op view ! gate

! SiC
! gate source hBN drain

f graphene
. 1:1 sic
drain i hBN source

______________________________ BB’ cross-sectional view

t )
e Resist

1
1
1:1
i hBN
: graphene
1

SiC

Fig. 1 Schematic of the graphene transistor structure designed in this Fig. 2 SEM image of the electrode structure in
study. a fabricated prototype transistor.
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T32z0/F )/ AR—HEEBRIZEIT 5 EB/REREED
AR—YH L XEHR
Spacer size effects on stability for suspended structures
of graphene/nanospacer stacking films
BRABET ' BRAKER 2 O5EFzN', THE FH/ LRE' KEZhE? PMHER'
UOsaka Eng.!, UOsaka SANKEN? ©Shinnosuke Yoshida', Mingda Ding', Taiki Inoue’,
Hirotaka OKkita?, Yoshihiro Kobayashi'

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

[EE] 77972 (Gn)ERINCT /A=Y 2B ALIZL B T7 =03, B RIEEEEOfE R K0 JE 4E A
TERMES I, g ST 7 2> ORI DR DR S ND, AR—YLLTT /I HXAYEUR
(ND)Zf# i L7-Gr/NDFE B2 35\ T, NDIREEBEDS/ NSWEGA . B T OGrE R 382 il L 7o B4
WG ETE T HZEDAMD Y L2l — 3 a A ZEDRSIVTND[ 1], Fo, RIROKZ7eND T, ZEEEE
DIERLAHS FTREZND B EEEE D LA K L. NDOMEES FE DA ThAUEREE N TR SN2 Eb ST
%, F & 1IXGr/NDFEE D J& [ ~D A A RS AN L S, JE M s R[]0 B % 2 1 F /e — N
JERINFRIEARE L, 7T 7 2 O/ a=I RS HE2#ED TE T, BB OAE B TIE2Br 77
T AZBWINDIFAD R ZRUTZ[3], T /A RIS I ISR 72 8 T~ DA A AR AR E A SCND H
KDWMLAANRT MARII D T2 | & T ERBED X D72 D95 R ARG FE COZERBREIE DT RN L L2 5,
ZDT=DINTRIBED KEZNDDOE AR [ RIZD, MDY 22— a O EBRIMGEL, BfRETH
RS NTZRIE D /NSIENDIZERE SN CUND, 2 CARBFSE Cld i m B s TERIS RO K&
NDIZEB W TMDY 22— a3 DO B P2 EE LT,
[Z2BR] A—H BN TBFEE TE RS 7=ND(Detonation Nanodiamond: D-ND)& & il & [E1E TA
%S 417-ND (High-Pressure High-Temperature Nanodiamond: HPHT-ND)% V7=, #i{§ ECVDZ' 77 =
DUy MEEE NDTH ) — )L IR DRy 7 v ANEIZ LD B ALY . Gr/ND/Grid & K 2 /E fl
L7~ FEEBIINDD A 15 U TGr/D-ND/Gr, Gr/HPHT-ND/Gr& FE#d %, {ERLL 7- 8 oo 2
TR 2 R - ) B SR (AFM)IZ LV EEm L 7=,
[RER] X 1ZGr/D-ND/Grd> AFM{& & Wi (X 27537, [X]1(b) O Wi (K76 56 0 7 2R A Al i S R S
720 X21ZGr/HPHT-ND/Grd> AFM& L Wi X 27~ 3, [XI2(b) D Wi 47253000 nmiZ 357225 AV VR C
DLEREE D RSNz, F72, K1(c)D>DNDOKIFED10~20 nm THAHGr/D-ND/Grd 54 . NDF
BEAS300 nmRE (272D & B O Grid T &l UZEEAE & 1 R S 72y, — 7 TND DB 80~
100 nm C&H5Gr/HPHT-ND/Gr ClZ, NDfE]23600 nmPL_EEEINL COCHLZRBIBEDO RN AliETHH L
DHEREZITZ(K2(c))o ZAUTRIRD KEIANDE WA ZE T, RE B LB E N RSN 2%
RLTEY, MDY 2 —a OfERE—ET 5, 5%, AR GBELI=NDZ W =i iE 2 EPEDOND
B A R AE A ZERICHNTL . MDY 22— a DY WA iGE 5, ZORs Ra2 i A4 ik ik
I LT 7 e VRIS i ZeND YA X 5 FE DRt a6 5,
(BBE] AWFZEO—ITRFE . KK 7+ b= 2o 2 — DBk A2 T CEMSNE L, FEBRITEL.
~ T VT WSESR) Y —F A 7 TR I LR (ARIMIZ S KR T e i2 & E L,
[£% 3CHR] [1] M. Ding et al., Carbon 229 (2024)119464. [2]J. Kim et al., Phys. Rev. Appl. 13(2020)014066.
[3] & flL 2025)5 B /BT 15a-K207-7

(a) (b) A A . (b) ¢ c

[

1 1 1
0 1000 2000 3000
) D Position [nm] D

M\

1 1 1
1000 2000 3000
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6|18 nm

L
0 400 800 1200
Position [nm] Position [nm]

Fig. 1 (a) AFM image of Gr/D-ND/Gr. Fig. 2 (a) AFM image of G/HPHT-ND/Gr.
(b), (c) cross-sectional view along the white lines.  (b), (¢) cross-sectional view along the white lines.
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PET D4 VWLANEEL-p B F—T=ZBHEEI/57z00
KNy FRIZE TS ERERFE
Electromagnetic interference shielding property
of p-type doped three-layer stacked graphene on PET in K band
FFEKREI !, AGCH#KXE1t:?
OM2) =& ErL!, =MA EX'"™ MDBXR #H{K', ED REF'!, FAE BN, ® B!
Aoyama Gakuin Univ.!, AGC Inc.%, °Kosei Tomizawa!, Ryota Okuda'*
Yasunari Hashimoto', Takeshi Watanabe!, Ryosuke Suga', and Shinji Koh!
E-mail: tkosei@ee.aoyama.ac.jp

BN EENE L mOIEHME A>T 7 = 1%, TCF (transparent conductive film) & L CTImibfi
BT T FWNR EADISHPBEF SN TN D, A IZINETIZ, T RAERA~ZE T 77 =
BERE L, pil R—E 7 %0 LERMEEMEZA ES® 25 2 & C, AERICK T 2B A MR L
72N B T-10 dBO B ERANERE 2 MR8 L TV DR RRETIX, K0 IAFHEERE LTl
M 72 E~DFEEZBEL, 7T 7 = WG T D HEMEZPETY 4 LA & L, AIEDGEESR L&
BAERN RO 21T > 72, T, Fig.l (@I~ T X 2pi¥ v V7 F—v 7 & L 723fEfEE
7' 7 x> (T3LG) BLUPETY 4 /L L% 1->DUnite L, UnitdOFEfE &l & @R L OVER
WEREBE D AN 21TV, 1EB72EMI (electromagnetic interference) +—/V K ~ODILH & #FT L7z,

F 4 1%, CVD (chemical vapor deposition) £z HV T80 X80 mm*DHfg /7 7 =  ZAAEHL L |
Layer-by-layeriEZ N CHE /' 7 7 = U 28BS ¢ 5 2 L TR 7 7 7 = 2{FR L, PET”
4V BITERE U=, & D%, TFSA (Bis(trifluoromethanesulfonyl)amide) % A& 22— 45 Z &
T1UnitZ fER L7z, HIZ, 1Unita2M#ER S Z & C2Unit, 3K ENRD Z & T3Unit2 {FR L7z, 550
nm|Z 3517 D A EEEIL, PETHKRT90.7%, 1UnitT82.4%, 2UnitT68.3%. 3Unit T56.3% % 7
L7 £7-. AHEZERE (Fig.l (b)) ZHAWVWTKANY R (18-26.5GHz) (2B HS/8T A —X% ZH{IE
L7z Fig2lTK Ny RIZEIT 2 Sy D ARy it 2 7797, 26 GHzIZ 31T % S»11X1Unit T-7.9 dB,
2UnitT-11.7dB., 3Unit T-15.0dB®H 5 Z L B ynoie, £ho, HHZERIEE FWTZHIE % O [=]
BETNVEME LI 2 b—a VIR EIT o7 L 2A FRE S KL< —8T 2R/ GO,
—HEOMFHI LY, 7T 7 =2 DZEb, p M F—E 2 7B L OUntOFEREIC & - T, "It
PERE R OV IR RE 2RI L, 77 7 = &2 W72 I T A 2R ORREHESH A 1572,

@ PYTe 5

I I ----- Sim. I
} .
(v PET only
Cunit 2Unit “3unit nl
.
(b) - | :
Lensantenna Mt =0 1Unit

——
""" 2Unit
Rl S =
Port1 Port2 SUnit
.20 . ! : - - : :
18 19 20 21 22 23 24 25 26
VNA (Vector Network Analyzer) Freaquency [GHz]|

Fig.1: (a) Structure of 1Unit, 2Unit, and 3Unit Fig.2: The EMI shielding properties. Experimentally
(b) Schematic diagram of measurement system measured values are solid lines, and simulated results
are dotted lines.

[1] S. Kosuga, et al., AIP Adv. 11, 035136 (2021).
[2] R. Okuda, et al., ACS Appl. Eng. Mater. 3,857-866 (2025).
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SiC £ 7 FET pH & VIZBIT 5 CIA 4 D%
Influence of CI ions on an epitaxial graphene FET pH sensor on SiC substrate
mERRE, ¥ RF, G A, X¥F KH
Tokushima Univ., °Kouji Ueno, Chikato Furukawa, Yasuhide Ohno

E-mail: k_ueno@ee.tokushima-u.ac.jp

I 5 0
777 2 AFRF 1V ESDORES O ZIRTHMEFTH Y | =07 |

pH%4ﬁyty%®MﬂkLT%ﬁénIﬂ&%@4ﬁ 5

VAT B - L IR E AR o S 08 T 7fjﬁf

HETHD, 777 =B pHICKIST 28 A& LT, 7/ 09 . .

57 = VD RIS BTG A, FERN D4 6 “PH” 12

21':/@%2@3@&_0\/ YCiEbED 5}7‘1‘7\1}) éﬂ(jb Eﬁ‘ H; q%e Fig. 1: pH dependence of the voltage
PED S pH LAFT U DEZE 3T LB DD, AT at Dirac point in carbonate buffer.
ZETIE, B SIC E=v XXy LT T 7 = v N

72, pH LAt A 4 L (CHDEBIZ DWW CEHli 21T > 72, e
ERF =07 f

777 =13 10 mm 4 O SiC Hibfiz VT, SiC By fig Eﬂﬂ_ H
ECERLE, 7972 OfRicy) arya hT— Lk
J%L\Ewb%@&Lnggaﬁﬁﬁﬁémwko% “96 .
HRIZIEL CrOFEZ T 5728 1ﬂ&%~m4®%@ pH
MR & 1 mM~100 nM @ NaCl & vz, E£7-, IRAW Fig. 2: pH dependence of the voltage
mmmﬂml@w@ﬁ@m&%%F@Nmn%m%koyU: at Dirac point in mixed solution.
YELAT—VNICERZ L, SiC BV 72D R 0%
A -7 — NEE R A RE LT,

ERER 07

=2
Fig. 1 [3&E R PE ST 57— NEIEVaw)D pH AT § 08
WThHd, 7772 3KEAF M) KRB A A

_e®
R’

I 24.2 mV/decade

. -09 L L
(OH)IZSUE L TWD K 9ICR A %, Fig 2 ITRATARICE 8 6 4 2
F % pHKIFETH D, 1ZIEF L pH THHIZHEDHT CI* concentration [M]
Vone D> 7 MBI S AL, 7 MERIL HYE OH 721 Tl Fig. 3: Sensitivity to CI"ions.

WEDLRNZ EN o7z, Fig 3 3L A 4RI T 5

Vone THY | LA A 13 p R—T52FRTHZ 03 mnotc, UbEXY, pHEVY
(CBWTIHERNOMDA A DRBEZRE L0 LB TE RN 2 LR gl
[1]S. Angizi et al., Langmuir, 37, 12163-12178 (2021)
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T35 7z /HfosZrosO2 AT ROEEICL HEEEBRHERUR IS VPR 4
Low-Voltage Operation FETs Utilizing Graphene/ Hfo.sZro.sO0: Heterostructure
KERIK-TIT' KRIX-:F/##t?

OM)EH BX 2 it BA', RE |22 H&x B, it —%"2, &E @l '"2
!Graduate School of Engineering, Osaka Inst. Tech., 2 NMRC, Osaka Inst. Tech.
OHiroshi Takase?, Masato Kikuchi!, Yoshiyuki Harada!?, AKira Fujimoto'?,
Kazuto Koike!?, Nobuya Hiroshiba'?
E-mail: nobuya.hiroshiba@oit.ac.jp
XEDIZ
2 MIEEBFRTHDL7 77 =10F, @mWF v U 7BEIED DT v XA EIOGEMM & L TH
FFSATEZ[L, 2], RO CMOS Efi OFERR AT T, 77 7 = F v 3V & fliflid 27—
NAZ 7 EMRO THETH D, AWFZETIE, FORANICAE VISH S I8 2, =ik E(high-k)
MR DBEFHEME % © D Hfo.sZro.sO(HZOWCHE H L2, ABERTIX, 20O/ T 7 x>k HZO %#
B, KEEBRE PIRE/R 7T 7 = > FET(GFET)D/ER « Bl 21T~ 7-.

EREER
n W Si HepR BTkt 2 —o y R ANy AL Q‘S ‘é‘g
(FTS i£)T HZO ZplEE L, 600°C CHMLRE % IGULETIE Oy (WS SRETIL  GRREe-uan
70 XRD WEIC L BB B TH B f
Orthorhombic D FETR Zfgsd L1z, 7 & b, ‘8."{ .' "
PUMALAN w7

IPA (2 CHeMR &S Wi tkic /7 7 = %

. ) X1 257 =x2FET{Efl7 ot *
H:5 « BRI L7-. GFET OfER 71+ 2 - x

ZRVICRT. 20%, 74 NIV T T T4 Ofl-;
Tut AL o TEMEKL, BET v \_ﬁiw
TIWCTCH TR T -7, ¥ 212, HZO EiT = 0.12
TERLL 72 GFET @ In-Vo $#E 2 7R3 Vps i & 5 008
ERANPMER S HL, 0.5 V (I CEMHE ggi
JETER T & 2. Si0, RIZYER L 7= GFET & .02
e, BRSNS T AU~ T R L -15 -1 -0.5 i/G?V] 05 1 15

722 &M HZO BTV T 72 n BN
—7ENTNDZ LRI, AFERT
IX GFET OEXHFHESC T~ A7 ML E Si0, EO LD & HZO ED b O TR « i 217D .
L Z BN

[1] K. S. Novoselov et al., “Electric field effect in atomically thin carbon films”, Science, 2004, 306,

2 7' 7 x/HZO/M-Si FET & Ip-Vg ¥k

666-669.
[2] A. K. Geim et al., “The rise of graphene”, Nature Materials, 2007, 6, 183-191.
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AV UBIEEIZE BT 5Tz U/Si KIEE D Sio, hHEBDO R & 5F il
Characterization of ozone-oxidized SiO: for interlayer films in graphene/Si solar cells
IEXBRE CMDARES, MDHFLE, M)AKZT, M2)PRELRE, N\HZER, REAMA,
Subagyo Agus
Graduate School of IST, Hokkaido Univ., °Y. Kimura, K. Inoue, K. Yagi, K. Nakane, E. Hatta, K.
Sueoka and A. Subagyo,

E-mail: kimura.yuto.c7@elms.hokudai.ac.jp; agus_subagyo@ist.hokudai.ac.jp

WARAME L OVRIHGEIL C 97.7% 0 @@= H L, @EREEMEE Sxy ) 7BEE R L
DENT-HNEZET DT 72 0F, AP LARBOBREMOMRE B LTl X
M, KGECH v F A7V —2 g E~DICAPHIHEINTWD[1-3]. 797/ arys
v b —EEERKBEE M OFBIHBMIS AICB N T, IBEINZ 2010 4T 1L.5%DERNERTH -
Tein, V77972 ~OXx VT R—V 7, @r o7 7= 0l, 777z arsof
Mg OB 72 812 & 0 BUE £ TICEBDEN 158%F Tl L L7-[4-6]. FHEE LTy arH
RIS HIO, 72 ERH Y, T L ORESCEE OHIENEE TH 5. Fox i, KIEFKD AI6E
MO EREEE LV b EESIEN BAF7e 4> bk E A2 1.5nm F25E O Sio, H g Oz 3R
HTCT T 7z ary KGEMA~OICH BB TH D Z & 2HiE Lz[7]. ARUF5Eo HIL,
SiO, 1 JE DFALZ XPS JEIC L VEHMEIL, 7T 7 = VU EME EERE ST 2 & X0 Si0, DIt
PN, ZnonT 772/ ) a RGEMOREICE X DEBELPONITLHZETH L.

Si FR A GRS LT-OLHR T vigaE AW CTHARBLIEOREZ B Z 722, Y7 U —F
—HEE 2 D CIHMARIE 300°C, A AUERFERY 5,10,15,30,60 43 DSME TR 72 5 Si0, A
R Uiz BEIX ) 7Y A—=2 2 W TRl L7205, 2nm LLF O & U 2 U LIEO AL Z XPS
BIEC X VRN L7z, X 11E Si2p @ XPS A7 ML ZERT . XPS A7 hUIZ L O BEH L7
EiL, BREEL, 4 BBt 5min, 10min, 15min DOJETZENEH 09nm, 1.2nm, 1.3nm, 1.5nm
ThHY, &V UBALIEIZA A —F — OFBLIEE ORI ATRET, I TR TE 5 Z &35
o>l BT F XA ROEFITONTHERLEICILHT 21T ERETH L Z L b ahoTe.

i & LT SiOy iE 1.5nm 23 TH H729[8], 1.5nm D SiOy A V(LI Z W T/ Z
Tz aryay M —[ERERRIGEM A ER L.

77 = I Si0; AV VEMEIE BICEBRE S, B T ] sibuk
& DFEFE DI &K 7. Ni(Snm)/C(2nm) D — Jig B fih i 2 i o | /
Si0; A UL LA L, 450C, 500°C, 600°CDIREE Qzon 15 min.
THBALTY 7 7 =V B R L. WP ROMBNRET 3

b KBFBEMAFEE R L, 1.5nm @ SiO, 4 U ER{LIEZ 600C 2 |

B BIHEMERHT 5 2 L iDinote. 7T 7= ES  § $i0,

L OKB I DR DOFERIC DUV T H BT 5. = bsi0s
References: [1] K. S. Novoselov1 ef al., Science 306, 666 (2004). | ! 1 l § S0

[2] A. C. Ferrari et al., Nature Nanotech 8, 235 (2013). [3] M. J. m
Large ef al., Langmuir 33, 12038 (2017). [4] X. Li et al., Adv. ot o o 8 B
Matter. 22, 2743 (2010). [5] J. Ma et al., Sol. Energy 160, 76 Binding Energy (eV)

(2018). [6] Y. Song et al., Nano Lett. 15,2104 (2015). [7] 5Bk
N 2L Y ;&,ﬁé’;‘g JE= SN SECY

o, 85l JSMPERE R MORARR, Bk 2024 4 9 oxidized Si substrates with various

H. [8].C.Gong et al.,]J. Phys. Chem. C 117, 23000 (2013). time

Fig. 1 Si2p XPS spectra of ozone
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ELNi N2 —=VICB s BERAREAVTHER SN 747
EREEEIV IS5 7 oNEREE
Electrical properties of transfer-free graphene on sapphire substrates
formed via the agglomeration phenomenon along the thick Ni pattern

CHMEMEE., ARRIE, ZHEA, INEE EHEIEXS)
O N. Sasada, T. Kubo, M. Miyoshi, T. Egawa (Nagoya Inst. of Tech.)
E-mail: n.sasada.877@stn.nitech.ac.jp

1. IIC®IZ

I NE TG B 2 S S e B e C 2 O BT/ RENERT,
WA ZETEE T Y =257 = kg i A
BERCE D 2 L2 LEM, £, 557U —
777 2ROV FET #/E8 L, 77— MEIEICX
HRUAVEROER MR LB, 512, T
R L2 B NI Y — W CaREEL > b
O—VTBRIL T, T 72 EE TN RS
—VIEREFRHZED s Z & BLOEE Ni /8
= HBCED T 7 = NSNS 2 &
g8 L7=Bl, 7=, milElO#ME TILEIC EB @K TE
AR um T DRI 70 A~ 2 B AT+ 5 B Ni Fig. 1 Top view image of Fig. 2 Distribution of G peaks

B BT UL U TS LT 78, Al the Ni pattern between Ni patterns

25y IR O AR LR N S 5 — | R -
T e, BB 727 T 7 = U (Figd ok Fig2 RORATR LR TY7 S 70 RO
BT ENM) &l L BAHE 02 T >  WIEORWS T T = EEIT S L IR LT,
EOTEDRER A HES S, Z DED T~ AT FV % Fig. 3 1Z7~7, Fig. 3

; IZBWT.G /N RE DAY RO E— 7 M (16/Ip)
2. RRIE . 13 THYH, G FE2D AN RO —7 @
P77 AT ERECT ENT 7 AR =R @O 05 11 Th a2 BRECHESIED L
BEO N RANOHS 2 WG aC/Ni (520 5o il sn T g 2 L Bipnot, 20/
nm)/Sapphire Z % L 72, a-C 3O Ni OFMEIZIX 57 = b (Figl DARMOGEHR) OB
PAPD (Pulse Arc Plasma Deposition) 35 X (N EB 7575 & BHIE L2 Figd (ORT, 75 7 = LB it
CRENICT, Totk, 2277 PEHICED N xompia i Ui & 2B 2 ST £ 0 b BHED
W= OFREA 5.0um 7205 LIV TY A NE S T
FAWT Ni ¥ — 2 O 21T > 7=, Big#, Ni(350
nm)& ANy XL VT hATFHI L TAN—RE G .
EHT D NI N2 —HBR LTZ, £D% 1000°CT

Intensity[arb. unit
IdfmA/mm]

20 RO T == EITH T LITE 5T Ni RNF— b
RS T 7 = U RERR LTz, Bk LT 7 = : =
BEDREFRIE R T~ LI K 0 A L7, % ot R
D, 777 = EICHER EICERE T 72O OE Fig. 3 Raman spectrum of Fig. 4 I-V characteristics
WIERL D726 10 43 DOXEFERALE T Ni /N ¥ — o & [& graphene near the Ni pattern
- 1% — (S 1) -
fé;;%; S e LT INDOORREREZ, BUES T 7 = &R EIC

i 5 FET ODERZEDH T 5,
BE R

1] K. Banno, et al. APL 103, 082112 (2013).

B — g% 5.0 pm TYERL L 7250k o S AL B
AT SEM g % Fig. 1 1259, M7 < —kRIC [
B HA DB NI NS =2 THDH NI/ = 2] M. Miyoshi, et al. MRX 2, 015602 (2015).

(FEifghde) & Ni g —rDFEFEC, 797 x0R [3] M. Miyoshi, et al. APL 107, 073102 (2015).
Bk ST\, Fig.2 1o, /3% — 2 M@% 5.0 um T Et] T. Kubo, et al. APEX 14, 116503 (2021).
[

e o . e 1 M. Miyoshi, et al. APL 110, 013103 (2017).
U 72t — < USRI - |
PERLU 723880 Ni 287 — U R D T~ o EllEL 6] MK, fl, &5 71 B RMBAR RS2, 22p-P07-30 (2024).
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SICUE—FIERFX VILHERDEERIE
Structural Verification of SiC Remote Epitaxial Growth
A—LAtXEtt |, BEXBEERFFE? OFK ', # HiE', =50 &E ',
B R, R B2
ROHM Co., Ltd. !, Shimane Univ. 2, °Mitsuru Morimoto!, Takuji Maekawa',
Yoshinori Miyamae', Ken Nakahara!, Hiroyuki Kageshima?

E-mail: mitsuru.morimoto@mnf.rohm.co.jp

() 79720780 2D MEtZ WY B— b X % o — 111, FIBEATREZAnhl M s
ERAAEMRFETHD, LnLERD, RESPHBED A N =X LNAHMTHDL Z LN, #EHE
FIACTOREL 7o o TWD, RIFFETIE, SiIC ST —F A ZHERE L TEEFAIL TS
4H-SIC DFEEET V& VT, U E— b= R & FIBEHIBIT 2 A U =X & Ofifi % 55— #E
BZ X 0Tz,

[5ik] ABFFROFE I, FEiIEED PHASEORIZFIM Lz, #HHETT LV ORESEITL
To#EY Thsb, £9, 77722 13X13/SiC0001)6y 3 X6y 3R30° [3]A—/R—k/LET L%
L, SiC&m(0001) BiZ7 T 7 =% ABRE[4|SEz, €D EIZ, me 4 F v Ee LT
SiC2 JBZElE S, HIERIEET /L E Lo, 7o, stREAME LT, FEEAEDOD v A 71X
25Ry, k FUXTHORE L, 77 v T AT N AHENERZBET 5720, rev-vdW-DF2(B86r)[5]
AR LTz,

[#55R] 4H-SiICEM : 4J8)— 77 7 = L (AB FEJ8)—SiC(m B X ¥ 2 v V& : 2 @)D 72 D Fb)E
Q2,188 JR )& x5 & LC, Ml batfa29m Lz, R, 77 7= @air L THEKRD
TRt Z B SN I XX VEEAT DY E— P ERIENRNLT D I L AR TE T,
SHICH/ELNY E— P EHIEE S &1, 45U T ET A RS 2 U VAR S 72(0~0.5 nm
FT0.0l nm A RBEDO TR L XF—EA BN E L BLVEBTRT Z EICL VB 2 HH6| LTk
B, ER—7r5 7= BREY, VYT B ARy VEROBE O TRNEL, =
XU LB ANHIBERTRE R 2 & AR T ARE RN DT,

AMWFFED—EBIL, HPCI > A7 LF| SRR EEREE 75 + hp240342 , hp250203) %38 U T, KPR
FEHET D A —/N—a B a— 4 SQUID ORIFEEIROfEH 252 1) Fhi L7,

[2%5 3Cik]
1]1Y. Kim, et al. Nature 544, 340 (2017)

2] https://azuma.nims.go.jp/

4] W. Norimatsu, et al. J. Phys. D: Appl. Phys. 47, 094017 (2014)

[
[
[3] K. V. Emtseyv, et al. Phys. Rev. B 77, 155303 (2008)
[
[5] I. Hamada, Phys. Rev. B 91, 119902 (2015)

[

6] A. Shrestha, et al. Langmuir 39, 5514 (2023)
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DeepMD % H 72 U &— b = EIREFIBE DOFEHE
Simulation of remote epitaxial film removal using DeepMD
A—L#RR |, KRXZE?2 OfK g, HFX &' A0 HE' =A1 HE
hR B, EH HIE?

Rohm Co., Ltd.!, Osaka Univ. %, °Shuto Araki', Mitsuru Morimoto', Takuji Maekawa!',
Yoshinori Miyamae!, Ken Nakahara!, Shigenobu Ogata®

E-mail: shuto.araki@rohm.co.jp

(5 5] T4, 777 =002 RaMBtE AW £— b & F o —0Iz L0, FEfEnfEse
B 21520 FIEMER SN TWD, L LN D, TOHEEA D =X MR & L TR
T <, FEREZRHBEHAN OWESTIZIZE - TR\, & 2 TARBZETIX, §—FHEH RO 2%
LoD KHM ARG FEINF Y I 2 b —Y a VA AREICT D, RESE X— 2D FE DeepMD

(Deep Potential Molecular Dynamics) % % Z & C, RIBED A 1 = X L ZHERIICHHAE L, EH
RISES T2 2B E LTCHEAEZIT- T,

[J79:] AAFFE Tk DeepMD-Kit1 2 F|H L T, 4H-SiC K N/ T 7 = D=a—F )%y hU—7
RT v Y VARG L T2, DeepMD-Kit TIZ, ik LK 2 HV 72 Phase/0BNZ K % DFT #+5 T
7ZSICBLOI I 72007 —4% (RAAE, =X —, /), EUVTN) b e, =2—T )b
Xy NI =0 &flioTENLOMGRAETE LW, BELERT vy VERWTH TEI)Y

(MD) ¥ = b—3 3 U&7V, HIEEERR O 2 %k L7,

RESR] 1B LR T v v L2V MD 2 2 L—3 2 VICT4H-SiIC V) &— F = @//'
7 = VRE/SIC VT EMUEN D 72 RGBT A R EME AR L, TORE, KEHED
J& TR AS DFT I KX DS i bt & MO TR 5 Z L 2R Lz, 61, VE—h
TEPBIIENEMZ CHBE I 2L —2a v B LIz L 25, RbEAOFHWI T 7 EE
T 72Ny 7y —ORETRIBEN AT D2 EBP LN ERoT,

AAFFED—EBIL HPCIL & A 7 L F| R BEGREEE 5 hp240342, hp250203) %3 U T, KRR
MMET B A — =23 Vo — % SQUID Dt HRER DSR2 52 1) ki L=,

(2% 3R]
[11Y. Kim, et al. Nature 544, 340(2017)
[2] https://docs.deepmodeling.com/
[3] https://azuma.nims.go.jp/
[4] H. Wang, et al. Computer Physics Communications 228 (2018)
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T32x0/he/T357 1 EERICEITS
T3 XEVHRICK HAEBEDR L
Plasmon-Enhanced Optical Transparency in Graphene/Ag/Graphene Composite Film
FEXREI OCM)/ME 5, M)BEKR EEE, M)hE &KX, BED RIE, B'7=
College of Science and Engineering, Aoyama Gakuin University
°Ren Kojima, Shiguma Aoki, Kintaro Nakazawa, Takeshi Watanabe, and Shinji Koh
E-mail: ren_kojima@ee.aoyama.ac.jp

ZWPEERL (TCFs) (X, K@, 71 A7 LA 2 EOSERR B TS TnD, 1T
777203 @My U T BEIE, el FelktE & i 2 72 2 ot BN Ch 5, Tk
FINETIT, FEEEX YU T R—Er 72k v — MEHL 80 Q/sq.0 7 T 7 = BT 7
ZAER L7228, ERMRICIZE 5 2 RIS E kO b o0, AR TIXFEREXRUREZHE ) Ag
WA 7T 7 2 TCTERATREED 7T 7 = Ay 7T 7 = (GIAg/G) &L L, KiKhin->
IR TCF & L CorREtEZ e Lc, 21Uk, &R L iFEERDOZER (dielectric-metal-
dielectric : DMD) #EIZEB W THESINTWA T T XE U RIC K D FEEO R LR FEEL OB
SPHFSNOMETH Y . FEBRIC Ag HIK & Hlk U CORE RO RIFR B MABIEL ST,

Hg 77 7 = R LERAEEREE (CVD) TR - #8554, 77 7 = B2 5 nm JED Ag i
HEZEREETHRL, SOICHOHE YT 7 = 25 LT G/AgG BAERIL-, S5,
bis(trifluoromethanesulfonyl)amine (TFSA) ik A L T, EXHD VT 7 = PRI F—' 7
Z i U7, Fig.1 (a), (b0 AEH T AFEMW D Ag L G/Ag/G DT Wit %R, Agh VT 7
= VTR Z & THIEOYERIEAE L Bk L7z, Fig2 [OEHEBARY hvERT, Ag &7
T 7 = THEe 2 & THMARSERERR (400-600 nm) OWINNEE L, A7 MVITEHEALLTZ, Zh

XV, AMRYEEIEER (550nm) 1 67.6%00 5 88.0%IZHEMN L, & HIZTFSA R—E 72k - T
RT 90.8%E THIM L7z, ZAUTEAENOX v U 7 AR Lo TIREISh, 777 =003k
EOMBEERZRDIEEZEZ TS, R—E 7% G/Ag/G D> — MEHLIX, Ag HIEO iR
HEYEIC LV 130 Q/sq. 7278, HERESME DB bIc X0 & IR TTRE TH D, 2O DREREN D,
G/Ag/G T RIP DE O e FE I 2 W, TE DR TCF E LTHAETHDL Z L E R LTz,

(b) Ag (a) G/Ag/G 100
90 W \een e

80 r

70

——G/Ag/G (pristine)
---G/Ag/G (TFSA doped)

60

Transmittance [%]

50

Fig.1 The optical images of (a) Ag (S5nm) and
(b) graphene/Ag (5 nm)/graphene films. 40

300 400 500 600 700 800 900 1000
[1]S. Kosuga et al., AIP. Adv. 11, 035136 (2021). Wavelength [nm]

o Fig.2 Optical transmittance spectra.
[2] C. Guillén et al., Opt. Commun. 282, 574 (2009).
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ERT iZZ2RAWL=L—YEBEY 5 7 = VO RMaS HEki
Visualizing Defect Mapping of Laser-Induced Graphene with ERT
REEMXE!, EV9y FEIRKZESIHNAURK? BERXES

OB |, AHEHK |, Tirawat Nontiwantok?,
Winadda Wongwiriyapan?, A{RE3, $£HE!
Tokyo Univ. of Sci. !, King Mongkut’s Institute of Technology Ladkrabang 2, Gifu Univ. 3,
°Keiya Minakawa!, Yuki Kimura!, Tirawat Nontiwantok?,
Winadda Wongwiriyapan?, Osamu Kubo?, Takashi Ikuno!

E-mail: tikuno@rs.tus.ac.jp

T =R ERIE, xR T S ASOISHADBIIRF SN TE Y, FOMREIXKIEERE R O X E
WCRELSEIFT D, Bexid, em A—FXDH—R>F /) F 22— (carbon nanotube: CNT) 5|2 %t
LT, #URHE A O EIREEE®RD O N ORI &2 F A — & TRk lie e E SRt £/ 7
7 4 (electrical resistance tomography: ERT) JE% @A L, KaoAh & e cridifb L7z b2 2
FCONT H#BCE S EZ Y TTWER, VT 7 2037 LR VT LT S ARLEEEER - ~DJ%
HANRAENDMEICH 0 3, Z O KRG TR STV, 2 2 CAFZETIE, Kk
AR ATRE 72 L —WEEiEL 77 7 = > (laser-induced graphene: LIG) O Ry K Bfasr A5 O "I 1AL O FERE %
HHE L7z,

WERDFHMTIETH D 7~ L IECEARE THMSIE, Kk &R 57201
I T e — T HENERET DNERD Y, KO AEALIIIR D005 &0 D BREN &
L. X ZTARMIZETIE, 24k T CONT #IRICwEH L T& 72 ERT ¥4 em A—4# @ LIG IZJSH L,
RMaoA0 e Fo A — 2 TRt 35 2 & iz,

CO, L— (7] :48W, E/EHEE : 11.2cm/s) ZHNTHRY A I F7 0L EIZEEZ 14 mm
OO LIG ZERL L, 3REHE I 8 BwMIERL L7=(K 1a). = L C, REH.L B A7 3.5 mm
DOALELZ, B 1L.Smm OMFEOROEW &R~ A7 ZE X,
BREREREG T T XA~ (1) 40 W, FREFEH : 8 min, T X :
7255) AMWTT T X~ WS L=, BEBEEMRE BB 20 mA %
FIn] UBMEN 2 HE L2, 55N BALT — 4 h IS % H i
W= 7 L T R AT L0 BT & ATRUE LT MERIENE 21 o

1b ([ ZEHER R A 79, CONT i & [[IERIZ, LIG 123 LT
ERT {£Z4 M % 2 & TOWMPIoMiz b T 72, LIG (Z/ER L
7=k MalE, FERERRE L CIE 2N 2.3 mm OFEMIE D Ka & L TR
fbsire. R~ A 27 OB A fEE X 0 SRl Szl & L
T, 77 A~ WEIC X D KRIBIEREFZ, LIG NEICE T T X<
BOGL, HEXY BEWEIROEEBRBMET LB OND. Y
H I3 HE FECRELOFEIZ DWW Tk R 5.

[1] K. Minakawa, et al., £ 71 EUS B 2RSS (2024). Figure 1. (a) Top view of
[2] K. Minakawa, et al., 67th FNTG (2024). sample. (b) Reconstructed
[3] K. Novoselov, et al., Nature 490, 192-200 (2012). image using ERT.
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NbSe: &M CVD FiRFH & #ERM K DIERS
Correlation between CVD growth conditions and crystal shape of NbSe: thin film
ik EREF CM)MK #F R RS, K E
National Defense Academy, °Shogo Masegi, Yasushi Ishiguro, Takashi Tachiki
E-mail: em63049@nda.ac.jp

[IZU®DIZ] =L vfb=F4T (NbSer) 1T ENZ RTEBRSRY A WV a7 F A K (TMD)
D—2TH Y | WHFITMO ZRTTWE & FERIZIEE (Rooth) HHEM O —RTWE & o~T 1
AR EIC L RBT DRRLEFYMENER SN TND, Fix b, NbSey DMIRET /A A~
DISHIZAT T ALFERAEE (CVD) EIZ K D B A~DOMIEIZE Y #HA TV 5, NbSe 1R S
THTIE CTRET DREROR S =M, NAK., B2 Sfs TRRIEL Ty Yot
FHELEL, 20Ty POREOEWE IKITWEE DL OOMIEICKRE SEET L2 L03m
HAILTWD [1, 2], & 2 TABIIETIL, NbSer D CVD R4 & F BT 5 bR ORI,

EJ R aOL7/i ¥ EaNe

[325720775] Fig. 112 CVD & OBEINEX 2/~ 3, Nb OE{b#) NbOx & NaCl #iEA L7-HRB &
O Se My K& B IRFEXIFNICIKD X 5 1ZF%E L, FIE Si/SiOr Fofk & v iz, InEdE Ar B8 L O
Hy Z —EDEL T L, EWE T, |iRE CTARMGA L THERZRY L7,

[ 285 ] 1R U 7= 3UBl O B MRS & Fig. 2R, 13025 10 [um] FEEED =MAIRRO b
DONFER LICEEER SN, ZOZABRObLDE2ESBR T —T~A 70T FI74%
(EPMA) TRE/OHT L7=E ZANb:Se=1:1.6 ORI TH D Z RSN, TOREIDZ
~ U ARY R VORIERE R % Fig. 2(b)I2/R T, NbSer IZHFA D B —7 Eae (250[cm']), Aig (227[cm’'])
REIB LT 4/ O ZREEL (197 [em!]) 12X 28— NBHlSN=Z &b, R ED =1/
FER D H DW Se KM% 5 AT2 2H-NbSe, T 5 Z & 3Mifgsd S 7z, Z @ 2H-NbSex D il L FAK D
SATITIC S804 L. B DT I b O fE T 28 S R S v, INEAGRARIC K - TRERR
RO bR D Z LNy oT,

(a) (b)
NbOx+NaCl 4% .
furnace ~ Se powder powder £
Ar/H, | 400°C ~950°C £
[ z
quartz tube Si/Si02 130 150 B 20 330
Raman Shift [em™]
Fig.1 Schematic illustration of the CVD Fig. 2(a) SEM image of the growth film, and (b) Raman
process. spectrum of the growth film. The dotted lines show the fitting
curves by Lorentzian function.
(&% k]

[1]S. Park et al., ACS Nano 2020, 14, 8784—8792. [2] W. Fu et al., ACS Nano 2023, 17, 16348-16368.
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MoO; FED T JLILAEIZ & B MoTe EED S & F D EREHE
Growth of MoTe: films by tellurization of MoQ3 films and its electrical properties
ik BREF CM)HR E—8 BR RS AKX B
National Defense Academy, ° Yuichiro Isaka, Yasushi Ishiguro, Takashi Tachiki

E-mail: em63010@nda.ac.jp

[1IZU»IZ] R TETWED—>THDH T AT 75 (MoTey) 1T AEVED 2H A7 & 2

EBMED 1T HEM O = 3L F—[REEEDS /NS W2 DIZHZE(L AR L7z A€ VISHR, 2H fHITH)E
EHEERR ORI 5704 T b Ly hr =g AGB~OIGAREREREN TV,

Z D MoTe; DL FEAEE (CVD) {EIC X DRI, ZN 2o B A/ERT 5 2 & 235
D—=DTH Y, THE TITHREIRESCREM Z BT 5 2 & THAED 50 2 FERHRE ST
% [1,2]. AEFAIZ=ZRIEE Y 772 (Mo0s) %7 L b LT MoTe: A 1T 5 BR D Te JR
BIFOMAREIZ L T, lET 2 MoTe: IEOHDEWEZFR~7-. E72piR L7 MoTe; IEO &<
Ze iEAm L7z

[528%] SiOu/Si Ko 1T MoOs [EZ HRPUMBE A IC LV B L, Z D% Fig. 1 O X 5 IZEKUFW

WZHER & Te Rz 5% & LMLV L 72, Te B3 R1T 0.1~0.5 [g] CA X THEMi L7, & 72 LI 45
B L C, BEF v o =N TERIFEM 21T - 72

[R2R & B3] Te ByoR 0.3 [g] TNEVE OO A BAMEIE % Fig. 2Ry, 2 T X D
B 2 VBRI & ORI HERE S 4L, Te YR B2 #1097 & B 2 W BEI O I FE A IR 28 2 A1 28 B &
2. OB B VEER L B E N E T T v v Ay MVIBlIE R AT o AR % Fig. 20T
Bl 2 VBEIE Tl 2H-MoTe IZRFA OB —2  (FE1Z 173, 233 [em!]) 238U &7z, — 5 TRV ViER
T 1T -MoTex IZHFAE D E— 2 (T 163, 259 [em™']) BNEHIESNTZ. ZDZ &b, BT S Te
WRE (Te DYE) ZHIIT 5 Z & T MoTe, DT HHZHIEITE 5 2 L AVRE S Lz,

(&% k] [1] L. Zhou, et al., J. Am. Chem. Soc., 137, 11892, (2015). [2] X. Zhang, et al., ACS Appl.
Mater. Interfaces, 11, 12777, (2019).

(a) (b)
Furnace Quartz F
Tube el
Ar/Ha ~450°C  600°C =
Tepowder " o0
= L—J Substrate g £
50 um 'S‘ Au Ag Ag Dark
j — area
100 200 300 400
Raman shift [cm ]
Fig. 1 Schematic illustration of the CVD Fig. 2 (a) Optical microscope image of the MoOs film after the CVD
process. process, and (b) raman spectra of the MoOs film after CVD process.
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Au/Si0, RED W HIRFRILIZ & 5 WS, EIEEERE

Direct growth of WS: thin film by sulfurization of W thin film at Au/SiO: interface
BEXREILI OHMx F& L¥ EFS, YL Ry
Saitama Univ. ©Chika Akimoto, Keiji Ueno, Hong En Lim

E-mail: c.akimoto.005@ms.saitama-u.ac.jp

EBRERAA AN AT FTA RO—FTHD Mifbs v T AT 2 (WS) IE. N Ry v 7% f
L. Blif7p s8Rt 219720, BRSIE N T PR X (FET) ~OJSHAPHFFS R TW5, #it
KOTNA AT D TIL, FAE DR ER A R S g BEmazFR L D, 2o
YA lIX FET ERURFC . 74 LU X ORI X HTHRCEIEOSIFEDORENRET, 7/
A AVEREAME T T 223 & 50, ARBFZETIX, T Si0x/Si BRI W, Au DJIET W K [T
Au FEEZERLL . FALZITV. AWSIO) ORIC WS, A2 BHRE S5 Z L2k Y ., SR
SR O FEBL O e i 2R TR A 2 B A T

Fig. 1(a) \ZHifb L7Z B, Fig. 1(b) |2 Au A FRE L=tk ONFHMSIGE T, b0
NS Au EIRZERE L@, Bk B3 T X NOEBERBIR TE T, £70, HiK
DT~ AT kL Fig. 1(c) TIE. 352 em! & 417 ecm! OFEFTICE— 7 R TE . WSy K
T ARE) By B — R & BEF AL RS Ay £— ROXMEDE —KLTnd, 2oz
N, Au R L AR & O R TCRGE L7EEES WS, ThDH 2 ENEIES N, S 62, EHAD
e W EREEZRE L, R L7 WS, EEDOELOBHRIZOWTHREZIT> 72, Fig. 1(d) IZ W
L WS, EIEOBEAORGRE vy N LEKERT, ZOKL, W EEE WS, HEIEOER
TEBIBRICH D Z & ot

a c 2
Aexe = 532 nm E'y (352) d )
=
) c 15
> P
® b7y
B g
10 ym 2>
b _ § Ay (417) =
{ ! = & 5 8
- 2 @
U :
250 300 350 400 450 0 5 10 15 20
Raman shift/ cm-! W Thickness / nm

Fig. 1 Optical micrographs of the sulfurized sample obtained (a) before and (b) after Au removal. (¢)
Raman spectrum of the WS, thin film. (d) Correlation between thickness of the W and WS, thin films.

[11Y. Liu et al., Nature, 557, 696-700 (2018). [2]Y. Jung et al., Nano Lett., 14, 6844 (2014).
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BRILBHEOERIEEL-AHS FIRAE

Growth of organic thin films on the layer numbers of layered semiconducting materials
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BRAEBLA BV A R(IMD)E GBS DA TV v RaT o i, 8R4k
RE DN LV ER STV D[], Fox D7 L—7 Tl 4 BEHO HJE TMD W/H & A%
SR DONY RT T A AL MZOWTHEE LT,

ARIFFE T, A IO R A TR 5 72 I 1 M D BE SR (AFM) & F O CRIFSE & i
Wi, BB IOV FOIRET— R MR 272087 ~ ot iz, Fig 1124 954
7 = 6T F D e O ARMAG O —l 2 779, FeAR D 5751 2 Rk U TRUR O B E 2 R S 1L
RTWZ LB D, iz, T L7 BEICEF LICRESBII STV D, Fric, BRIRO Bt
EOWED FHO 7 b— 7 GBI AT T 5 2 L 2 L Lo, [AEROMIL, WSy ik
THHER SN, Flo, WEMEDRGTIEII S FOEKE L — F 2K LIESEIC L0 BFICEN
Do —H. XA EUP)SFOGEICITHRROEEIT RS T, L0 EEENEVESE LS
& D, Flo, BHRUEEBICES LI RIIBIZE S o T,

777x& 6T 31TONAT7Y v R opum 5 10 15
EETIX, F—Er 7395 kv ERY -
BT U REFED)DORMEN LT 5
EDOHENR RSN TND[3], AWFFETIL,

20.8 nm

HiJE MoS, 12 oW T FET Z2{Ef LA & 150
e, A A TR m ETA5ERH 5

LR Ui, BT, 6T 4 TI0 —
REAREROEND TMD FER~D R —t

LI RNRI R NE T 124\ PR o0
ENTWVAR, 2T, WS Ll 0.0
RAPEOIABI & BRAES DT A ED THRE  gig 1 6T 23 735 U7 MoS, 7 L— 7 3BHD AFM {2

THFETH S,

[1] S. K. Obaidulla ef al., Nanoscale Horiz. Sci. 92 (2017) 176.

[2] K. Osada et al., Jpn. J. Appl. Phys. 55 (2016) 065201.
[3] T.-J. Ha et al., Appl. Phys. Lett. 101 (2012) 033309.
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Forster Resonance Energy Transfer between Rhodamine 6G and MoS:2 Nanosheets Synthesized
with Green Tea Extract
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1. Introduction

In recent years, Molybdenum disulfide (MoS>) has gained
attention for its potential applications in optoelectronic
and thin-film devices due to its direct bandgap (~1.9 eV)
and strong photoluminescence in few-layer form [1].
While liquid-phase exfoliation (LPE) is a scalable method
for producing MoS; nanosheets, it often uses toxic
solvents. Water-based LPE using polyphenol-rich green
tea (GT) extract as surfactant offers a sustainable way to
exfoliate and stabilize MoS, nanosheets [2]. Here, we use
GT extract and bath sonication to synthesize stable MoS,
nanosheets and examine their Forster Resonance Energy
Transfer (FRET) with Rhodamine 6G (R6G), a widely
used dye known for its high quantum yield and
photostability. FRET is a key tool in bioimaging, optical
sensing, and lasing systems [3]. It involves non-radiative
energy transfer from a fluorescent donor to an acceptor
via dipole—dipole interaction. Our results show a very
high FRET efficiency between the R6G and MoS;
nanosheets synthesized through the green route.

2. Results and Discussion

We performed Raman spectroscopy of the exfoliated
MoS:; to confirm the formation of nanosheets. The result,
shown in Fig. 1, exhibits two prominent peaks
corresponding to the in-plane E'5, and out-of-plane Aj,
vibrational modes. The observed peak-separation of
approximately 22 cm™' indicates the formation of few-
layer MoS;, as this value lies between that of monolayer
(19-20 cm™") and bulk MoS; (>26 cm™) [4].

In the FRET study, MoS, nanosheets act as energy
donors and R6G as acceptors. The spectral overlap
integral J is calculated as 2.503x10'2 nm*M ! cm™!, with
aRoof 11.79 A. When excited at 330 nm, the steady-state
fluorescence spectra (in Fig. 2 (a)) show that increasing
R6G concentration (10—50 pM) quenches MoS; emission
(420450 nm) while enhancing the R6G emission (around
580 nm band). This occurs due to spectral overlap
between MoS; emission and R6G absorption (450-560
nm), indicating efficient energy transfer through the
FRET process. The consistent decrease in MoS;
fluorescence (without peak shift) and increase in R6G
emission with increasing R6G concentration strongly
supports this energy transfer. Additionally, the donor—
acceptor distance decreases with increasing R6G
concentration (shown in Fig. 2(b)), demonstrating
FRET’s potential for developing novel lasing systems,
nanoscale sensors and fluorescence-tunable light sources.

Bulk MoS,
MoS,/GT

Intensity (a.u)

300 350 400 450 500
Raman Shift (cm™)

Fig. 1: Raman spectra of exfoliated MoS: and its bulk form.
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Fig. 2: (a) Fluorescence spectra of MoS:2 nanosheets with increasing
R6G concentrations. (b) Energy transfer efficiency and donor-
acceptor distance vs. R6G concentration (10-50 uM).

3. Conclusions

MoS; nanosheets have been synthesized using GT extract
through a green LPE method. These nanosheets act as
effective FRET donor to R6G, confirmed by reduced
MoS; fluorescence and enhanced R6G emission with
increasing R6G concentration. The Forster distance and
spectral overlap obtained by analysing the FRET data
support this interaction, highlighting the system’s
potential for developing eco-friendly FRET-based lasers
and optical sensors with novel functionalities.
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Contact Engineering of 2D Materials using Sub-nm-thick Triphenylphosphine
Molecular Layer
The University of Tokyo!, “Puneet Jain' and Daisuke Kiriya',

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

Transition metal dichalcogenides (TMDs) are class of materials with general formula MX,, where M is
transition metal element from group IV, V, and VI; and X is a chalcogen. As the thickness of TMD decreases
from bulk to monolayer, two-dimensional (2D) TMDs exhibits a series of specific properties. Among all
TMDs, molybdenum disulfide (MoS;) is highly studied.! In this present work, we have selected MoS; ML.

Despite having so many advantages of 2D materials, the metal/2D material contact resistance is the key
issue for practical applications of 2D materials. The reason for high contact resistance is strong Fermi level

pinning between the metal electrode and 2D material, which causes a

. . . Electrod
large Schottky barrier height.? In this present work, we try to extract the e
. ) ) . PPha...r 1
Schottky barrier height between metal and MoS; monolayer by inserting T
an insulating layer of an asymmetrical polar molecule, Si0,/Si Sub.

triphenylphosphine (PPhs), between metal and 2D material. (i.e., Fig. 1: Schematic of the device
metal/PPhs/MoS, ML), and tried to measure transfer characteristics by ~ used in this work, with PPh;
between electrodes and MoS,

lowering the measuring temperature from 300 to 120 K.

-4
This is because, Schottky barrier height depends on 10 — 4
temperature using Thermionic Emission equation: 10 o
1.5 i
@sz Aln(le_/T ) e 10-8 -
AT-1 (1) -~ 4
24 00 UM vl Unr R
where, is @ is Schottky barrier height, k£ is Boltzmann Y00k = 300K _
Az}, 20K 4 240K ;
constant, /ps is device drain current, and T is temperature 10 i Bk v AK
(in K). PPh3 has been chosen, as it has been proved by us 1014 : . — : '
-100 -80 -60 -40 -20 0 20
earlier, that PPh; can lead MoS, ML to heavily doped Vs (V)

state, if used for channel doping.’ Fig. 1 shows the  jg, 2: Transfer characteristics of devices w/ PPhs

under-metal (solid curves) and w/o PPhs under-

metal (empty curves), by varying the

the transfer characteristics of devices w/ and w/o PPh;  measurement temperature. Inset shows Jow at Vgs
of 30 V, by varying measuring temperature.

schematic of the structure, used in this work. Fig. 2 shows

under-metal. It is seen from the inset of Fig. 2 that ON
current (/oy) of a device, depends on the temperature for the devices w/ PPh; under-metal (and shows metallic
behaviour with increasing temperature), but for devices w/ PPhs under-metal, /oy does not show much

temperature dependence. More results will be discussed in the meeting.

1. C.Huo, Z. Yan, X. Song, and H. Zeng, Sci. Bull., 60, 1994 (2015).
2. L.W.W.Fang, Z. Zhang, R. Zhao, J. Pan, M. Li, L. Shi, T. C. Chong, and Y. C. Yeo, J. Appl. Phys., 108, 053708 (2010).
3. P Jain, S. Yotsuya, T. Hung, K. Nagashio, D. Kiriya, ACS Appl. Electron. Mater., 7(6) 2298 (2025).
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Investigation of Structural Modulation in Two-Demensional semiconductors with organic polymer enwrapment
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[bi C® ‘C] =} /1/1:9 (IT’7FH) @%@%E XA Hhra (a) 2H phase 1T phase 1T’ phase
. . = . . . . K, | P—R—
7F 4 F(TMDO) i, BT €Y H— LR OFEHA RS ;ﬁ SN TSy
é n\ %%%Ik‘tf@ 5:‘\/\‘\ /f XF[;}EH 0)@3‘){—?\ 7\)) % EE E %%@ VC U s g +gEnergy 0 °+Relaxat|on g y (’
emonducti Metalllc 4 ::

B3, ITHIEHN I RN CH 5 720, WA o Motal o Cralsogen | =
EHET 570101k, REEHTH 5 FREHE ML (0) () »
TH-1T'HE D T AN ¥ —[BEEZ B Z 5 720 DF 53 H ‘/ﬁx ﬁ&fz% —
v 75 % (Fig.lab), 4 1t Oy WL & fHEA ) < — (poly-L- metastable v imadaton  PLL enwrapment

2H stable
Fig.1 (a) Lattice structures of semiconducting 2H, metallic
1T and topological 1T’ phases of MoSe:. (b) Energy barrier
of 2H, 1T and 1T’ phase. (c) Schematic images of UVO
irradiation and polymer enwrapment.

lysine: PLL) 78 % fla &b e =i > 27 — 7 Tk T
FICE 5T MoS, D 1T H~DMHIRFE 2 EAEL T3P, L
L2 b, K VEZALF—T ITHBELET % MoSe,
© WSe, TIZRFEITH 5, £ 2 TAWIETIZ, O & PLL R EFE% HIC, S L — ¥ — W57 Lo
SRR 2 AT 5 Z & T, MoSe, TD 2H fH 2 b DREEZICOWTHRAEZ B T o oD THEZ T 5
(Fig.1c),

(BB R USR] BiRIEEE 1< X v St L IcisE L 72 % )8

—
(=2
~

MoSe; ® 7 = v 53 K DHEEFER % Fig.2(a, b) IR 3, Oz & PLL E: 4 ) M

WER TR Y ITALTDI< VY A2Z P kb, 2HKEED MoSe, §]$%k/

ICHKT % A, BB — 2 315N 72—/ T, 105 cm™}, 220 cm ™ fif ; I e
50 150 250 50 150 250

ﬁ‘ 2 5 mW L — “B_"‘EB%TVC iﬁ%; AS ? 7:!: 7]’ D 7:_ 2 B — ﬁ 7“{ 25 mW Raman shift (cm™) Raman shift (cm™")
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L—H¥—HH Bl 2hbor—270E T 1T #ED MoSe, 1T

HET 2 v—2sfEL —ET 5, IMA T, Os{LBE & PLL #EER%ZIC
25 mW L — — % bulk 2K ICIBET L 72 754 2IC B 1T 2 {5ERE
VB X o TH VA T EK L. ERENEBS RS 7
(FngC) FoH%, T=— VMBI X o TAY A7 IZEEL 72, MR
DR IE Oz L8 & PLL 78, L — % —W4HC X 2 %8 MoSe, D
2H 2 & O e iiEZe . B X CBYLEIC X 2 RIE o T EgN: %

~,
(o] O LB L HHEK ) ~ — R ICH

SREE L — W — MRS & fiti L 72 % J& MoSe,
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1E-03
<1E04
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5 1.E-07
3
S 1E08
4
5 1E09
1E-10
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Fig.2 (a,b) Raman spectra of MoSe, multilayer in
case of 2.5 mW and 25 mW laser irradiation. (c)
Transfer characteristics of MoSe, bulk device.

ZHWT, 2HHH2b D

WSROI R I N, FERYHIZ, MoS,° WSe, 72 &' D572 2 TMDC TORER D MMA . Oz JLHE & HHE

RY = —EDS 72 o THERD A 7 = X L2 -
(=% 3]

[1] Xiaofeng Qian et al. Sci. 346, 1344-1347 (2014).
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Synthesis of Janus Ga2SSe and investigation of its Raman spectra
by first-principle calculations
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JEK 2 ot T EIR. EORFRBEEREEIC LV NS 2 LW D mn b FERFE SR E~DISH
PR EN TV D, BIREB RIS A a7 T A RUSMI G, IR 13 1RE / 1v=a 7T A K (GaS, GaSe, GaTe,
InSe) 22OV ThH, HL<DLLIHFREMEN RTINS O ThILTNnHD, —F, BRWEIZBWT, £0
BT EAER L ETE D TROFRMEM A FF O DILY X X (Janus) BIRWE &ML, Janus {LATE X2 5
PWHEZRT I EPITFERERILES N TNDED, EEK 13 RE /) Va7 T A NICITEBEORER Y 2 A THAHE
L. B\ =— L7 EOSMBILERIC X W IS L 27~ d . Fox l3EiR 13 1RE / b= 7o RIEFEEHZ OV T,
7T AW VIR WEVLEE D 12 % Janus (L& ATV A 03, Janus (L OIRERIZ IV T HEEZ LA Z 361
NEINTVWDG, 4EX, GaS, GaSe DEFEEAR U % A 75 JL O Janus Ga,SSe @ Raman AX7 kL& H—5
BREHRLIZ L W skeD, GaSe M2 fit o5 25 FH S N CHIEL L 72508k Raman A7 b L & DR 21T - 72,

55— R BRE A Quantum Espresso® % HW 7z, FHRICHW-EEREAR Y ¥ A 7 OMEET V& Fig 1(a) (2, &t
B &7z GaS, GaSe, Janus Ga;SSe ® Raman A7 kL% ZZ4 Fig. 1(b)—(d) (2~ d, HimFHEORER, Janus
GaxSSe Tl Fig. 1(d) FEBIZAT L OIZ, WTNORERY 4 7 TH 250cm™ HIICEA DO — 27 8385
Z Lo ls, £z Fig. 1(d) EENIZRT XL 912, BEFHS T D 370 )CINEATIZ T v o A7 M VITE{RITEL
AT 390 °CCLLEDMBNZ KW BT 2 Z LRI BN R oTe, TOEL LI AR FUIE GaS & GaSe DHZR

DIREEOH D LT O MNTERR D Z &6, GaSe HIEE A Janus (L ENTWD Z EDRHIFFTE 5,

(2% i)
(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).
(4) C.L.Wuetal., Nanoscale, 17, 7801-7812 (2025).
(5) P. Giannozzi et al., J. Phys.-Condens. Matter, 29, 465901 (2017).

(b) (c) (d)
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Fig. 1 (a): Structural models of GaCh (Ch =S, Se), (b) and (c): calculated Raman spectra of GaS and GaSe,
(d): calculated Raman spectra of Janus Ga,SSe, and measured spectra of GaSe annealed at different temperatures

in sulfur atmosphere.
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Interconversion of layered 1T'-MoTe2 and wired MosTes nanoribbons
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6 HEDBERTHE (M : Mo,W) & L7 (Ch:S,Se,Te) Ok SN EBERZ A 11
TrA R, ARSI MChy THE S, 2H B0 1T HE 72 SR PAIEE IC L > TR 2B g%
FFOZ LR BINTWDHO. T4, TOHERDEKIubE LT, (b5 MeChs TR SN L BB B
TN a A RRERBEZEDTEY, 20 1 WtEIC L50MEe, 2R REEREN LT H
TH 2B G OMIAN IR STV 5@, EEERITEHE D HHERL S 5 SRR O HI 2 kf
TOHRE L VIERD D7, AFFETIE, BARLFMKRTOT =— VABA{T S5 Z L1 X > T Fig.

a IR T RO REIRIEEZFFD 1T -MoTe, 7/ U AR L HLIRIEIED MosTes 7~/ U A8 - DRJITIE
ZAMHEBIZOWTIHES{T- 7~

Si04/Si FE#_E 1T°-MoTer i EFD 650 “CTD T =—/Liii# O W RS 2L % Fig. 1b (257
T7AN=ROEDNODEEERFy NI =7 ThDHZ EIZEDLY T, REREWITHA
HIRWA, T 2 NEIE TIX Fig. 1c T K OICARY MANRKELS Eb oz, 7 =— L]
IZ1Z 1T-MoTe, D A E— K (79, 110, 128, 163,259 cm!) E— 27 NHEN L DITxE L, 7 =—/L1%IC
1% MosTes £ D B — 2 23 155 cm! (Te JL 7 D i sM#HE) & 244 cm™ (Mo [T DB T7 Al DR E)) |
B, BIREED 1T -MoTe, 7> HFRIRERE 2 Ff> MogTes ICHEE LT- 2 & MHGR SNz, —FF, T
JLIVIEBHRUE T MoeTes 2 500 CLULETIMES % &, FiR L7z MogTes DT~ B — 27 HMH R, 1T-
MoTe, ~Ef3 5 2 & D3R S 47z,

Aexe = 532 nm
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Fig. 1a. Structural models, b. optical micrographs, and c. Raman spectra of 1T'-MoTe, and MosTes.

(1) K. K. Kim et al., ACS Nano, 2015, 9, 6, 6548-6554. (2) H. E. Lim et al., Nano Lett., 2021, 21, 1,
243-249. (3) 7 AHE TEKE 13D, 2024 FEHIGWY), 22p-P07-43.
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Synthesis of 1T-MoS: by caffeine intercalation
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R (TMDCs) O—HToH v | @FITESIFCLE RGN TH 5 2H i QH-MoS.) % &
Do —H. BBMEDO ITHEE (1T-MoS2) HFEL. TOEmWESISEMEZIED Lo B
MBS LTCOIGHABNER S T05, 1T-MoSlE, Mo, S #& ikl UF v Lt KT
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LS OBES, AFE - REERETHOERICH S ER EOREMHEORENR DS, £ T
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[FER & EZ] X 1IXER LBl o TEM BT, RHBI RS R T 7, £,
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BWTERNEUTZ, ZNENCEICHSH 1T & 2H O XRD ¥ —ZHEEIL T D, S5
2, BBHEARTD 7~ o AT R WZEBWTE, 1T-MoS; & 2H-MoS: @ ' — 27 23l F 81| S 4 7-
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002 100103 110 006 J Js Bef:fe washing
| | 1
Before washing ‘ 1 5 El, LA gM 18
| ‘ M’: /J\] \ ) b/ ' 7\ ‘/M\w
| , j\ﬂ- aa, N W
L flth, W ) W L,
I [, | I M"‘M A I W V ! o
— |1 I, ' i )
5 [/ \ ] T“ij L I 1T-MoS,(Ref)
< Sihlpapeirrni’ ‘@ / \\ J\\ | \\
£ \ sl Voo
< ) ) M\ € A / /o /A
£ | After washing with HGI W : U 2 AN
£ j‘i. || ‘\‘ M \ J\‘ 2H-MoS,(Ref)
| Y ' \ Al
| w VAVANEEN
W' MWWO'J | . Y N
10 20 30 40 50 60 100 200 300 400 500

Raman spectra(cm ™)

20 (deg)
Fig.1. TEM image of the Fig.2. XRD patterns of the MoS: Fig.3. Raman spectra of the MoS»
synthesized MoS; samples.  samples before and after HCl washing.  samples before HCI washing.

[1]M. Lietal., ACS Appl. Mater. Interfaces, 14,16338 (2022). [2]Z.J.Yang et al., Chem. Mater., 36,4829 (2024).
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Exploring the moiré exciton states in twisted WSe: trilayer
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E-mail: sakumura.ryo.44i@st.kyoto-u.ac.jp

A, HEBESEA A hvarF A Fexnae 77 v T A7 =V ATRHELZAL~T i
WICBE T 209008, #T L WO RE LR O R S FEHEED T b, 2D XS5BT 7 VT
VT =N ANL~TafEETIE, BT LTSRS T, 20 X o TR S Wik 1
e o TN AET LERET vy e LTI, BALAD bnzilier (=7 LR 7) i3, ¥
rXIC(0D) DETF “HERR & L CHRES 5 720, B REPE IR~ ICH I T
w3 [1-3], =T, ETVIIRTOEAICIE., XVEFEVETLET vy ARRkd b5,

ZZTAMRATE.LVECET LR T Vo Y AR IN S RN WSe, Z@REE 2 FRIL |
B E N5 €T L ORI oW i<~ 7z, Fig.1 %, 8 AL ¥ —1pW, KE 635nm @
i & v, 5 K oEIRCHIE L 72 FE(PL) A =27 P A %RT, HiF WSe, ISR T 28
PINEE - & fr S - i thsk 3~ 2 FOOLaHIK (1.6~1.7 eV)AShic, % DT F v ¥ —flic e 7 L Jil
Ry ichkdzeErbns, EROBWFL Y — 2 (1.5~1.6 eV) 238l * 72 [4], Fig.1 AKX
. AN — 22 R LHIEINEF Y — 27 (P1:1.55 eV, P2:1.64 eV) DiEEIc>WwT, 7
gy b LERERT, M ATty

— 2 P2 122w Tid, 40 pW F TOJE 7 —C 20 ~
RFEIBEEAEIA L 2 D IH LT, (KT A% noeSeS =
—floFI e —2 Pl conTR, ST —2 T O] 1w 2

10 pW 2182 2 & LRI ASHAIT B IR 2 B S £

BHE AL, T URMETE, BeRTHIAL 2 10 Power (4
REETH D, Z OREBD SR, sy £ P2

—CHIFIT 2 C LA E B[], 2O Ehb, o

RN WSe; —E@i&EIC X 5, €7 LR T-Hk

DFEEHBBHEINTWBE I L ERLTWS, 0 15 16 1.7 1.8
[1]1 K. L. Seyler et al., Nature 567, 66 (2019). Fig.l LM ngzeg}%;;\%c:g I B 3
[2] K. Shinokita ef al., Nano Lett. 21, 5938 (2021). 2~y b (GEAR:PL(L55 eV), P2(1.64

eV)DHEXE — 7 DFIRS/ T —KTFIHE)
[3] H. Wang, et al., Nat. Commun.15, 4905 (2024).

[4] Z. Li et al., Phys. Rev. B 106, 045411 (2022).
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GeS ICH T 2 BRBEBFBEER L > 7 FERORER
Shift Current Generation Induced by Electric-Field-Driven Ferroelectric
Phase Transition in 2D GeS
RERRFE = AANF-HTEPRER OWE t® ¥ E—, #H —&
Institute of Advanced Energy, Kyoto Univ. °Kai Matsuura, Shinichiro Matano, and Kazunari Matsuda

E-mail: matsuura.kai.54j@st.kyoto-u.ac.jp

VLA, ZER RN PR PE SR L 7= R G 2 Fe O MR B 1 5. S ZSBREIZNIR 2N TEH T h
Twd, BT, v 7 PERBEHBEIKDO~NY —fMHICERS 2 F R P arzoged e LTl
b, MERD p-n AT ANA A TREBNELR, NV FXy vy 728228 CHBERER &2
WwE I T2 [1], 2O X5 BRRERIMEO—2 & LT IV-VIED “RICIEIR B GeS

EZiFohd, GeS IFHMNICHBER T2 Z &AM LNTE Y, MAENECH W RIEIE R

(X ~ 10 nm/V) ZF0 Z & BHEFRIIC THI S T3 [2], GeS LHHBIOILEYITH 5 GeSe
X, Hilk - WET CRIBFEHNLETH 2 b 00, JNRESIC X o THFAEME~ DML 25T
IndoePREINTHD [3], 207D, Hilzl V7 HEENHREZRIMEIE LT
Kootk GeS icEH L 7=,

A7 CiE, A XV EOoRZHE - F AL vD GeS 7L —2 2w T, ¥ 7 FEROFK
BUcBdd 23l 21T o7z, 9 FRICE W IMNBMEEZZL 5035, KR TIcE T2
BILZME L 72558 % Fig.l o ARICR S, ZOfEHR, KWEE (<15 V) HIIfEE TR, 0V
TOERAARNEBERPIZTEAEBH I TRV LT, mWBIE (15 V) HINfEE <1k
2 BRI BRI T 2 B IR 2 28Il 2 7z (Fig. 1), F2[FEIFRIC, KPTo 28
AT B S, FEEDOZCICHE: S ERBEREICRE REAELTw 2 2 LRk Ih
Too TNHDFERD S GeS ICEBWCEBEHN 05—

‘ ® Spontaneous photocurrent‘

TOR—Y v I X o T, MRS Y K .

BAAS & WABI~EBT 5 < L TEBKIEER o] tL e o
FtEsTn, 7 PERARBL T B L HAD e

N5, B, BIEE AL vEGUREICHLTY S | 2 = i

EREIEIE 2D CHY . B F A4 v Ol A ,
ErERWREICT 3 T LT, EBEBIMEIE LT e . [ = ]

0
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[1] S. M. Young and Rappe, Phys. Rev. Lett, 109, 0 5 10 15 20 2(5)30 35 40 45 50
744Y%

116601 (2012).

Fig.1 GeS ® BRERDOBEMEN (F
[2] A. M. Cook et al., Nat. Commun, 8, 14176 (2017).

AKX BEEMEDO OV D E X7
[3] Z. Guan et al., ACS Nano, 16, 1308 (2022). S ZDIEDEN)
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Strain Enhanced Indirect-gap Transition of Few-layer Molybdenum Disulfide on
Patterned Polymer Substrate
Univ. of Tokyo, “Po-Han Chen, Daisuke Kiriya

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

[Introduction] Molybdenum disulfide (MoS>) has attracted scientists recently owing to its direct bandgap in
monolayer form, which enables potential applications in light emitting and energy harvesting of 2D materials.
However, the direct-gap characteristic is exclusive to unstrained monolayer MoS;, while bilayer and
multilayer exhibits indirect bandgap transitions. Moreover, a stable method to obtain large-scale monolayer
MoS; remains elusive, restricting implementations of MoS; in applicable devices. In parallel to efforts on
large-scale monolayer growth, research was conducted to enhance indirect-gap transition by strengthening
electron-phonon coupling. In 2020, Zhou et al. demonstrated that multilayer MoS, with a bubble-like

morphology on SiO» substrates exhibited strong

indirect  transitions due to strain-induced
enhancement on electron—phonon coupling.! This

work highlighted strain engineering as a promising

approach for enabling optoelectronic functionality

pm

in multilayer MoS,. In this study, we aimed to

~——— Monolayer@SiO,
—— Few-layer@SiO,
Few-layer@PS

d ~———Few-layer MoS,@SiO,
( ) ~——Few-layer MoS,@PS

induce strain on multilayer MoS, by employing

patterned polymer substrate, where strain will be % ‘g
g s
localized in the patterned region. - -
[Experiment and Results] Patterned substrate was " ™ gidg @ty 2% 2 %0 Begylev) T

prepared by spin-coating polystyrene (PS) onto SiO;

substrate. Inhomogeneous solvent distribution and

Fig. 1. (a) AFM image of MoS,@PS sample and (b)
line profile of MoS; on patterned area. (c) PL spectra
and (d) Raman spectra of MoS, on SiO» and PS

. . . . ) ) substrate were compared.
swift solid-gas phase separation during spin-coating

led to the formation of surface patterns (Fig. 1a-b). MoS; flakes were then mechanically exfoliated on to
patterned PS substrate. After that, Photoluminescence (PL) spectra and Raman spectra of few-layer MoS; on
SiO, and PS substrate were compared. PL spectra of few-layer MoS,@PS sample showed strong
enhancement on I peak, which corresponds to indirect-gap transition (Fig. 1c¢). The phenomenon was found
attributed to enhanced electron-phonon coupling in the strained MoS,.! For Raman spectra, A1, peak of MoS,
upshifted on PS substrate (Fig. 1d). This may be contributed from the absence of electron doping from SiO»
substrate. In conclusion, this work utilizes localized strain induced by PS substrate to enhance the indirect-
gap transition in few-layer MoS,, suggesting the potential effect of strain engineering on multilayer MoS»
for optoelectronic applications.

[Reference] [1] Phys. Rev. Mater: 4, 074006 (2020).
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BRRIGEN L) 77 vERBR IS v V22D BV -V )
N-type doping of MoS2 MOSFET via Enzymatic Reaction

WARBRE, OhH RESE, /MK 3ER, 3 BF, WA T
The Univ. of Tokyo, ©Natsumi Ishida, Takashi Kobayashi, Huiqin Liu, and Daisuke Kiriya
E-mail: kiriya@g.ecc.u-tokyo.ac.jp

> - 5= g = pmen \
[T ®iz] JRF(CONH))IFEP DZEFEELE L TIAS AVb i\@'[ CO(NH,),+H,0 "85 2NH3+C02]

THEY, WP EITEPICE EN 0RO LT —BIC X
DK S L, T 2 =T (NHe) A ER S5 (Fig1), — 5 T,
NH; (% "R e -8 A B o “ kT Y 77 > MoSoIZxf L n i K —
BT ERMLNTWD, RIFETIE, 2 ORERKGZFIH
L. RFEL U LT —BORAKER) HIHAT D NH; 2 MoS2 124
A SHEDHZ LT, MoS2 D n il R—¥"0 7 % Wik L 7= (Fig.2).
T/, EEERENC S 2D & NHy QAN ER, HHEO pH 23 L5
L. 7 VD BB B EIZ & > TUIAFICR D Z &
WD, FATHFFETIL, pH ORENTIL U TIRFEOMAKGMEEL VLT
HNH; ORELIRET LNV Ial—rva it vlEsn
TWAIN ZoXH7eMEE2FHA L, NHl3ickbdnfl F—v o7 Fig. 1. Schematic of Urea-Urease Reaction
Z MoSy; DELRSMELE LT+ 5Z & T, EEHEMO KL relevant to nitrogen fertilization.

MF727 4 — Ry ZHIOEE S L TORHABHIRF SIS,

NH,+ H" == NH,"

[EZBRFHERUHRER] P A Si/SIO) FRLIED JEMR EiZ, MoS, &1 H H OH
WRAOFIBHELT &0 RIBE L 7=tk BMEHE L7 (Fig2). THUTx H-N-H H-N-C-N-H

L. R#E - U L7 —BKER & IRFKREERIZZ I E I MoS, 73 e
A A 3WFIRIRIT L ALERAIE O SR IZF 1T DARERHE( -Ve) \J/éﬁ/// ‘
DOifER % Fig.3(a). Fig.3(b)IZ”7, Fig3(a)TIdA 7 B O Si0, ~"MoS; y

ﬁiiﬁ%:fﬁ N M(‘)Sz D n 'Y l\“—t:/fﬁiﬁ Eﬁhj:o —F5T. IR L Source 4 Drain
FARIBEDARIR LT BE R TR T b - .
7=(Fig3(b)). LA EOFERENS, U L7 —BICERRISIC L 5T Si
R X A7- NH 28 MoS, ICE 28 L. n B R—v' 4%  Fig. 2. Schematic of n-type doping of MoS;
LR TR, via lone-pair electrons donation from NH3 and urea.

> -6 L] L] L] L] L _— -6

(a) < 1° (b)) & 1.

o 107 P 10

& 108 o 108
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Fig. 3. Comparison of conductive characteristics by different methods; treatment with
(a) urea and urease aqueous solution, and (b) urea aqueous solution.

[£&®] RFEL VLT =B OREKEEOBESE S THRAET D NH; 28 MoS: IZ n Bl R—E > 7425 2
EERMERR LT, T, M. AERICE T 2bFRISEBELEEORIENCSHT 2 A TH Y | REIG
BEIRIT NS A~OREANFFIN D, BEYHIT, BEREE2HWTZIRFBONMAKDSIZI D AT D NH; O
FEAIREE, pH, SUGKARIC X 0 JH3 L7ZFED MoS, DELXFFEIC DWW CH#mz T 5 FETH D,

[Z£ 3R] [1]Arthur V. Straube, S. Winkelmann, C. Schétte, and F. Héfling, /. Phys. Chem. Lett. 2021,
12(40) 9888.
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MoS:IZ#EA LE-ERBERXLEMWITL S pHKEFER F—E L Tl

pH-dependent doping control of MoS: with heterocyclic compounds
RRBRERE ofi KRR, IMAFER, HABTHEH
Univ. of Tokyo oT. Suzuki, T. Kobayashi and D. Kiriya
E-mail: kiriva@g.ecc.u-tokyo.ac.jip
[iZC®ic] i, ZFbEY 77> (MoS:) X, 7

No Interaction Accepter
F ) A — L OFBREERCEER & LR BESh TR N ”
0. EOBNET - AN S F— B 7R & — (j;)
BHSAEMED B LRI IVEE > TV 5, ZHE TORF = HE
RTHE, BB - ZERR L EMORORE g igéfxi
—EV/FERERTHY . HE~OTEAE R 2 |
HEDZ LS BB TH - 12, 5 |7 B o
AR T, BERALEYW THDHF /U Sk LE 6 = m
TR AT S 2 & T, RSHEBE (HOMO) X o]~
DIRARZEBIE (LUMO) AKX < A F 45 Ktk 99 & 112
2 LT, COBEECOELERAL, pH IKELT " qunoine  1.Mo5, Quat:

MoS:~DFETFRLFHEZEI 0 EZ D L 57, AR Fig. 1 Conduction band (CB) and valence band
RELISEMEZ 2 7o F—Y U ZHIEA B THDH Z &% (VB) of 1L-MoS, and HOMO/LUMO energy
R LT (B 1), ZHU, MoS: & HH THD= 5L g§;£2£?WMeam Quinoline-H-
— WAL 2 ORI X VS 28T e —F L

LTHETHDLLEEZDBND,

[EBIFER O R] M- B Y 8 b
(a) (b)
o 5 D

MoS:% SiOa/p*-Si A i _E~H55 L 7=, i\ T, s e )
S s ias ) PR
X/ U rEEART D HMEERIC TRIELEE A B auinelie sluion 3 e
J& MoS: EizATvy, 74 ML x>y A (PL) e’ z {97 e
SHIT = . N " ~sio [ Sio; | é Reversablel l
ZHIE LTz, I, [Fl—DW T afgih St T = = /R 7
OFRITIRIE L, HEPL ZHE L7 (X 2(a), ‘ E ’

2O TRV ERPEALER ] D —EDO#EEZ R U
PV ET2REERVIRL, K20b)Z 1[HA & 2
B HCELNEZNZND PL A<2 FLE T Fig. 2 (a) Schematic images of doping (b) PL intensity for
\ - L doped samples of 1L-MoS,

T, MEX U WHR & B LT EEYESRE T T
(T PLBEDOHEMB L UPL =7 by TORmERAF—MA~DT 7 bBHEGER SNz, SbIT, #
O PRI TREES 5 2 & T, PLFREME T MR R o7z, ZORRIE, £/ Vo7 n
FALE BT 7 R AR O FTHY 7R PLISE DR S D,

[£&®] MoS: EDF 7 U %, RO pH IS U TRIENRZ L LTz, ZOZ(RIEATHR Th
D.pHIZE D F—Er ZHIENRETH D Z & 2m LT\ D, FBRY HIT0 T O R/ F—HE(L
BALD A T =KX L[ BE MoS (24 % #El e EBR AT Ofam &2 TEL T D,

Acid solution 15 16 17 18 19 2 21 22
pH<5
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Electrochemically Synthesized Viologen Radical for Degenerated Doping of MOSFETs

Univ. of Tokyo “Huiqin Liu, Guanting Liu, Daisuke Kiriya

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

[Introduction] Two-dimensional inorganic materials (2D inorganic
materials) have attracted significant attention due to their thin crystal
structure and unique physical properties ['1. To realize high-performance
2D semiconductor devices, the development of stable and controllable
doping methods has become a critical challenge. Viologen molecules, a
class of redox-active compounds, can undergo stepwise reduction and
oxidation, enabling redox-tunable electronic states (Fig. 1). Notably,

their radical cation form (V**) contains an unpaired electron, offering

R= benzyl,
methyl,

V2+

Fig. 1 Redox scheme of the
viologen (V), from divalent (2+)
to neutral (0) forms.

moderate electron donation ability and reversible transitions between oxidation states. Previously, the benzyl

viologen radical (BV**) shows electron transfer ability for conducting polymers 21, suggesting viologen

radicals as potential dopants for 2D materials. Furthermore, their — '° o7 om — Ve
redox-switchable nature offers a promising route for achieving = A :::ﬁo (EC synthesis)
reversible and externally tunable doping. However, the research of Tgm- / ——

radical state
radical-based doping strategies for 2D materials remain limited. In go.s _—
this study, we electrochemically synthesized a viologen radical with < /\
alkyl side chains and evaluated its doping effect in a metal-oxide- 2

semiconductor field-effect-transistor (MOSFET).

[Experiments and Results] We aim to generate heptyl viologen

300 400 500 600 700 800
Wavelength (nm)

Fig. 2 Solution UV-Vis absorption
(in acetonitrile) of HV?*, HV*e (EC

molecule (HV**) as a target molecule. The HV molecule exhibits two svnthesis) and HVC.

electron-transfer systems, involving its divalent (HV?"), monovalent
(HV*e), and neutral (HV?) forms (Fig. 1). To synthesize HV*e, we
employed an electrochemical (EC) method using heptyl viologen
diperchlorate as the precursor and water as the solvent. The generation
of radical species was confirmed by UV—Vis absorption spectroscopy,
which showed characteristic peaks corresponding to radical (Fig. 2).
Then the doping effect of the radical was investigated on MoS;
MOSFETs (as shown in Fig. 3). After a treatment of the solution of
HV*e, the gate dependence of the drain current was significantly

reduced within the same V range, and the on-current increased by

1074
107°
108y
107§
~ 1074
< 1074
=107
10714
10712
10_13] original
10_141 ——— immediately after doping
107151 — 100 °C for 30 min after doping
-30 -20 -10 10 20 30

0
Vy (V)

Fig. 3 Transfer characteristic curves
of a MoS; device before and after
HV* radical doping and after
thermal treatment.

approximately three orders of magnitude. These changes in the transfer characteristics indicate a strong n-

type doping effect induced by the HV*e radicals. Furthermore, after thermal annealing at 100 °C for 30

minutes, the doping effect was largely retained, demonstrating that the radical species exhibits relatively good

air stability under mild thermal conditions.

[References] 1. S. Wang, X. Liu, P. Zhou. Adv. Mater. 2022, 34, 2106886.
2. T. Tam, T. Lin. M. Omer, X. Wang, J. Xu. J. Mater. Chem. A. 2020, 8, 18916-18924.
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Voltage-Regulated Reconfigurable p- and n-type WSe: Field-effect Transistor
oGuanting Liu', Daisuke Kiriya' (Univ. of Tokyo')

[Purpose] Transition-metal dichalcogenides (TMDs) have garnered significant attention due to their unique electronic,
optical, and mechanical properties, holding immense potential for applications in semiconductor devices, flexible
electronics, and beyond.!'?! Unlike silicon, 2D semiconductors lack simple doping methods for monolithic integration of
n- and p-type channels, hindering integrated circuit fabrication. This absence of easy, scalable techniques to create
adjacent n-p regions is a major obstacle for advancing 2D electronics. To address these challenges, We demonstrate
reversible voltage-regulated redox molecular doping of few-layer WSez, enabling reconfigurable channel polarity
between n-type and p-type. This polarity switching arises from the redox of molecules, specifically the oxidation of redox-
active molecules (RAM) to a p-type dication (RAM?") and its subsequent reduction back to neutral (RAM?). This work
enables reconfigurable channel polarity between n-type and p-type through the oxidation and reduction of RAM,
overcoming the challenge of effective doping in traditional 2D semiconductors for building complementary logic circuits.
[Experiment] A solution of the RAM and electrolyte in acetonitrile was drop-casted onto the surface of WSe2 FETs. An
Ag/AgCl electrode served as the reference electrode. After measuring the initial l¢-Va characteristics of the pristine device,
a voltage of 0.5V was applied to oxidize the RAM, establishing an oxidized state of the system. Subsequently, a voltage
of -0.3V was applied to reduce the RAM (Figure 1).

[Results and discussion] The dication of the RAM was electrosynthesized in-situ on the surface of WSe» via a two-
electron oxidation process. Upon application of an oxidation potential of 0.5V, this dication reacted with electrolyte ions
to form RAM?', resulting in p-type semiconductor characteristics. Subsequently, applying a reduction potential of -0.3V
initiated the reduction of RAM?*, leading to n-type semiconductor characteristics. Reconfigurable doping of WSe> FETs
between p-type and n-type regimes was accomplished through the voltage-dependent redox behavior of surface-adsorbed
RAMs. Given the insights gained from our work on voltage-regulated redox of molecular doping, further investigations

into the potential of substitutional doping are warranted.

Reference electrode

Ag/AgCl 10°®
Worklr;:il\e/ctrode 7 _Orlglnal
s /W Oxidation 10" E— Oxidation
s o [~ Reduction
L si | L_____si | 10
Reference electrode 9
Ag/AgCl —~ "
05V < 10
" Working electrode vw
R’lM[m /w Reduction -0 10-10
10™
[0] 10-12
RAM? — RAM2+
) n-type p-type
QA A A A A AN 10'13.1...1...1...1...1.
P S @ ¢ ¢ ¢ ¢ & -40 20 0 20 40
VissV)
D GS

Figure 1. Reconfigurable doping of few-layer WSe2 FET channels via voltage-regulated molecular dopants.
[References] 1) A. Kis et al., Nat. Nanotechnol. 2011, 6, 147; 2) A. Liu, Y.-Y Noh et al. Materials Science & Engineering
R, 2025, 7163, 100893.
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F—REHEICK S NS BIRICH 1T 5/ - EEEBOELBIBEOHR
Study on Mechanism of Indirect -Direct Transition in MoS2 thin films by first-principles calculation
RBRAMZAT' (M) FH BE' FE FR' &KX BN
Dept. of Engineering, Osaka Metropolitan Univ. !, °S. Hirai!, I. Terada', M.-T. Suzuki’
E-mail: ss25567q@st.omu.ac.jp

X C®IT
ERERAA AN T A R (TMD) 134T Db FFEOMAE DI Lo Thx itz Fo
FREMEICTH D Z L THMHLR TN D, R MoS, ITHLE CIXERGER, Ll ECHEsER L, N
v FHOBBEENKE S BT 5Fig)Z ETHEREZEDTEV[1,2], HEL RomBIlc v
R¥v v 7PN/ NS VWEBEERLERTHLZENDERIR N T UV AZ~DISH I ST
W5, Loy L OWHERIBNC TR L U CREEDR L3, AMFZE TIUS I Mg 72 Pl o 25
—#x & LT Fig 1 R L2 BBAEE OB b O S A & R 3 5 720 | B HUEOBLED & iim
Do
ﬁ%&@%ﬁ

— R RIS IE S — R R R ) 7 — ¥ Quantum ESPRESSO. A %NV = =M O #5211
WANNIER9O % FV 7o, &7 Ol & BRSO BIRMEZ TR 5720, U == %2 VT Mo
D d PUEIZOWTERFT 2T 572 FRIZFHR L7(Fig2). SO L CREL#uE
(dg2, dyy, dy ) DFFHIRRE VN BIEAY ROEBPRE L HNICH DH0E (dye_y2, dey)lF
RPN ESWVMEHIANC S D Z L 3D, TEFHICIT 2EE R OZEIE Z AUz & v
BHT& 5%, L2l Fig2 DRI TRLIZE ) REFEDRILZ OIS T E ST, Z oMo
TUPMEEFITRBIT BB A OBDORERER L 72> TN D,

bulk monolayer

monolayer

Fig.1 Band structure of MoS2 bulk and Fig.2 MoS2 band structure weighed Mo d,z(red), dy,, dy,(green)

monolayer considering spin orbit coupling and d

L Z-DYN

[1] A. Splendiani et al Nano Letters 10, 1271 (2010)

xy> x2_y2z (blue) for monolayer and 6-layers

[2] T,Li et al Journal of Physical Chemistry C 111, 16192 (2007)

[3]1A. Rai et al Crystals 8,316 (2018)
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WSe, Fo ALD EHicfiJ 7= UV-O: RBLEZE7=—LIic Lk 3

REE~D Se REEA

Introduction of Se defects on the surface by UV-Os; exposure and vacuum
annealing to realize ALD on WSe:
FTEKRL HEKR? OFA B!, AH @4, W BFE2 v—%— 7Va—i-1, HK !
ChibaUniv.!, Yokohama National Univ.2, “Riku Enomoto', Kensho Matsuda', Mengnan Ke?,
Kriiger Peter !, Nobuyuki Aoki'

E-mail: n-aoki@faculty.chiba-u.

BREBLA AN TTFA F(TMDO)IE, v R¥ v v FRESHTIEL ~ L0 Itk
TH Y., 1ERDOFEERZHEZ 2 KIAEEFEME E LTlIff s hTws. LarL, TMDC EHilE
LS RETE Y 7Y v 7R A7z, R EHERE (ALD)IC X % mahE % (high-k) i
TR oD 3 i T KL S R & v 5 BV DS TETE S 5.

Tac DN —71%, p B TMDC TH % WSe, Kifi 2 i TD UV-O3 WHIC X W eEH 35 2 & T,
C DR % fFR L, high-k BEOEE B % 1T > T & 72,

AMETHIFTIETRMEZIT, ZOAA=ZXLEZHOLICT 5 Z & 2ikA7. BARICIE,
WSe, EDMBIRREZFER T % 720, XPS 27 F VHllE %17 - 72. Fig.1(a), 1(b) ¥ % 1% N FEMK
Xt L CRILER, UV-Os LR 10 47, UV-Os LB IC 22 7 = — 1 (180 °C, 3 i) %17 o 712D
AEHC BT 5 Se-3d BL U W-Af D XPS A7 b THBL.W-O—7,Se-O =7 BZNZ i
UV-O3 AL I CTBIHI X 7223 Se-O ©— 7 IZEZET = — A E TR > Tns. W-O v
— 7 DD b UV-O3 LERE TIEAI 5% D W L3 CCTnwb 2 b b.

X olT, HEEL 72 WSea ficxt L, 40 3@ UV-03 15—

. (b)
LEE % 17\, ALD © ALO; % Al L ¥ — I il ¢ & C R
W3 Z &% AFM TR L 7-. (Figl(c) )

%3, XPS Tt L 723kHE CVD KR L /5T
b, FEEES L E_T CVD 7 u & 2 iz W-0 #E &0
ZERIN T LAY D 5. 0% 0, FIHEE &
I3t L CiE UV-O LB % 10 47f & b & UV-O Lt
fil% 40 r LIER L7z, 72, UV-Os LB ICEZE T =
— VIR 2 T o 7o & % 5 TR WG DR~
HOHBICOWTHHMT 2 TETH 5. ! N
ARERARTL 2 by () OXBEZITH e
b T

42 40 3@ m 34 32
Binding Enemy [V]

Figl. (a) Se-3d spectra
and (b) W-4f spectra
of CVD-WSe:
substrate before, 10
min O3 exposure, and
vacuum annealing
after O3 exposure.
(c) AFM images after
ALD growth with
40min O3 exposure.
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MoS:/WSe AT OEEDIIURHK - T+ ML RyEVXEA
Raman, Photoluminescence, and AFM Studies of M0S2/WSe: Heterostructures
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HEDTND, Fixld, £ HIZ TMDC & LTHLINTWD ZAMLEY 77 (MoSy) e —
L ALS v T AT (WSer) Wl & 72 D ~T B G 2 ERL L, 2 OWEEHEIC OV TR,

2. EERITIE ¢ SiOy/Si A EIZBERRAYRIBEER | ZHRE L 72 BUE O FIE 2R MoS:38 KL U WSeD
Wil A A 2 T EE W TERD Z 21280, MoSy/WSea~7 2 iE1E 2 /ER L, MoS/WSex~7 1
WEDO T~ ke 7+ hVIFx v A (PL) OBPEEITS 72,

3. FEF & B %2 Figurel(b)iZ
RLTZE D2, MoS:& WSeD
KIEEZ N E D TMDC (ZFF
BT~ AT ML BB
H L7z, MoS:& WSexDZE

Raman Spectra

(b)

IR SR 72 B — 7 NELHT & ——— —
4 1) 2. - -1 T T T T
A 5EE (M0S2:360-430 cm! 700 300 100 100

WSe: 230-280 cm!) DR % 7t Raman Shift (enr

ROl N I ’ @ :-‘
(Figurel(d), (c)) 7>5H. MoS:

& WSe: D~ v fEIIC B8 T

T E— 7 ENED LT

W5 Z &b D, PL ORIER

200 6

400

100 N [ 200

50 100

B b, ~F RAERICHNT, : ‘ ;
HBIE DI — 7 =R F MSEENEE____souEES

— AL NER S -, Fo AJ Figure 1 (a) Optical image of MoS2/WSe; hetero structure. (b)
Raman spectra at MoS,, WSe,, and hetero region. (c) Raman intensity
mapping image of Raman intensity of the region 230-280 cm™ and (d)
of the region 360-430 cm.
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Electrode Metal Dependence of Photocurrent Characteristics of Methylated Germanane

B RBE AR C(MD)TREF ¥, Mg KF, Ak #
Gifu Univ. Grad. Sch., Akira Nishino, Daichi Kato, Osamu Kubo
[T ®IT]

“HWiAbE Y 7T AREBENDIEBERBERE V254 K (TMDC)
i&ﬁﬁ@ BT T A AMB OB E L THEESNTWS, L
—%IZ TMDC IR B E N & < 72 <, ZJEiiis CIpagEpml
5@5 W, Fr~=1 L (Ge) X—AD RITME N THIC
BRTE D 2 EnME SN, RIFFETIL. Ge DA JE DO % A
FOLFE TR LT A F AL v~TF > (GeCHs) (K1) 127 EH L7=,
GeCH:IIH 1.8eV DEBENY R¥ v v 72 FOWU-0 | Al GiEg
TONEB UV EOHRFHRICE L TWHEEZLND, £/, 1EAL T
BEIENT U a2 OF 30 5 TH D 14,000 cm¥Vs & Bl FHIPIE U Fig.1 Structure model of GeCH
TRV, HZ2BH LB ERNOE RPN TE 5, Fx i3l

10x10-7 = Red Light

ATDISFIEIF 2 T GeCHs OIS ERFEIC OV T L7, 78 o
A ARERL b JOISERFEICIT GeCHs & BEMRA R DG Sl DR <o

BB BT S LEbNS, %2 CAWETIL. GeCH: MBI 7% E;ﬂﬂvam
B9 D EARA RO Z 2 2 CH BRI 21T - 72, ol M M W

[H%ﬁg] 7.5x10° rime [5]— Red Light

GeCH>DRIBEA T8 % CaGea & CHBL, HaO, WD CHON ZRA oo m
ébﬁ\iﬁftaﬁﬁﬁL\ﬁﬁ#é:k?G&m%X%ﬁko E
BoNTEERZEE (=% /7 —) RTEERINC LY 5 - # .
FMIS L/?L\_o Z O HGRE Si02/Si BARICH T A2 b T%H MRS 0 g M0 600

BB & 7875 L C GeCHs D 2 Wi -7 /NA A& AERLL 7=, iR Fig.2 Time response during light
%E@ém L BHBROAE LT S &by 57200, BilME, Nii  Mroiion Erltied view o !
%—"%*@@ 2 *i*EODT/\/( A %ME% L. {’E‘I e %‘TTO 72 715%% Lo (a) Bi electrode  (b) Ni electrode
MORFREISE ZRE LIz & 2 A, Bi BGT /A A TIERERIEE &

ﬁﬁ?i“?oﬁ>fciﬁ§’/“§75§ ?ﬁ’“(% = (K 2@AK 1, =), b IO B GeCh Bi GeCHs

B U LD B EASNER ST v ) T AL | zeev, OS5

f&l?‘%‘>7¢ Nar T 0 TR E, ERSINTEE NN _;:>
/7%%& MHEAE S 5 2 SICRET 57 4 AT 4 gy sy | [ R Ve
RICEDHDEEZBND, —FF. Ni BT A A TR, 220G Bz | ©
EOHBBINE N (K 2b), THDOIEEOENE, &Jf L8 N GeCH N GeCHy
ROTEARHIAEL DV a v Mr—RlEE S (SBH) OEWIZLD L XN
EZLNG, Bi & Ni OEEKIIZNZN 43eV, 53¢V THY . | | | 55 N=
G&&@h%%&ﬁ S OB ENTI 246V, 4.0eV ERFR SN s | [
TV 7, BACKH LT, AFEEK /NS Bi ©J57% SBH 23 D

INEL 72D, FTo, BUT PSR THOLTD 7 = VI = xLX —fHE Fig.3 Band diagrams of metal-
’C“@«{kﬁg%ﬂrﬁﬁd‘ X < :J’%?/\ L/7L\_ <D E@,?‘U)@@J X ﬁ:%%’sﬂiﬁﬁ) .semlconductorjun(.:tlon
NELBBMRLETND EEXOND (M3@), JORR, F7 @B O Nideod
MWy a sy MR —[EREEAZ D B9 <20 Bl CIRRBRINEN XEMIZ o7t B2 bd, £
7= Ni BT /34 A TIEL SBH 8K E W (X 3(b) 728, HBHICL TRy UTBHARLTH Y =
v bR —FEEEA R DB DT, RIRRISENHICSWEZZbN D, ok, ARSI IEFLITE
MEBICEDOTA—I v 7 REGITRo TV Do), BT 2\PUI/ NS nEEZIBNRD,

[1] E. Bianco, et al., ACS Nano 7, 4414 (2013). [2]Y. Jing, et al., Phys. Chem. Lett., 6, 4252 (2015).

[3] C. Livache, et al, Appl. Phys. Lett., 115, 052106 (2019). [4] SERfGE, fh, 2023 FERKTRS AL 21a-A202-7.
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Polarization-Induced 2DEG and 2DHG Probed by Terahertz Spectroscopy
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Chang?, Joseph Dill?, Jimy Encomendero?, Debdeep Jena?, Huili Grace Xing?, Jia Wang?, Haitao Wang?,
Hiroshi Amano®, Makoto Nakajima!

! The University of Osaka,

2 Cornell University,

3 Nagoya University

E-mail: verdad.agulto.ile@osaka-u.ac.jp

1. Introduction

High-electron-mobility transistors (HEMTs) based on
AIN quantum well (QW) structures feature a GaN QW lay-
er between AIN buffer and barrier layers [1]. A
two-dimensional electron gas (2DEG) is induced by the
strong polarization discontinuity at the AIN/GaN interface
and is effectively confined within the GaN QW due to the
large band offsets. AIN/GaN/AIN HEMTs typically exhibit
limited Hall mobilities of ~800 cm?/V-s, smaller compared
to conventional AlGaN/GaN HEMTs which achieve high
room-temperature 2DEG mobilities of ~1500 cm?/V-s. This
limitation is attributed to interface roughness scattering and
possible Coulomb drag from a two-dimensional hole gas
(2DHG) likely present at the GaN/AIN buffer interface [2].

In this work, we employ terahertz (THz) spectroscopy
to investigate the presence of a 2DHG channel buried under
the 2DEG channel in AIN/GaN/AIN QW structures. THz
spectroscopy has been useful in probing the carrier
transport properties of wide-bandgap semiconductors in a
non-contact manner [3-5].

2. Results

The schematic of the AIN/GaN/AIN QW structure is
shown in Fig. 1(a). The heterostructure was grown by mo-
lecular beam epitaxy. According to Hall-effect measure-
ments, this sample exhibits n-type conductivity, with sheet
carrier density and Hall mobility of 1.43x10'* cm™ and 443
cm?/V-s, respectively. The same measurement is not able to
probe the buried 2DHG channel, if present. Since electrons
and holes have distinct momentum relaxation times falling
in the THz and far-infrared regions, respectively, we em-
ployed a combination of THz time-domain spectroscopy
(THz-TDS) and Fourier transform infrared (FTIR) spec-
troscopy to decouple the spectral responses of both carrier
types. Control samples with only 2DEG or 2DHG were
also studied.

The results of the THz transmittance measurements are
presented as extinction spectra (1-Transmittance) in Fig.
1(b). The sample exhibits a sharp extinction drop below 3
THz followed by a gradual decline at higher frequencies.
Comparing these trends with the spectral responses of the
control samples, the higher extinction at lower frequencies
is consistent with the 2DEG response and attributed to the
free-carrier absorption by electrons, which have scattering
times of ~150 fs. On the other hand, the extinction at higher
frequencies is predominantly due to the free-carrier re-

sponse of holes with scattering times of ~15 fs, consistent
with the 2DHG. The special THz extinction characteristics
of the AIN/GaN/AIN QW structure indicate contributions
from two carrier types and validate the presence of 2DHG.
Individual transport parameters for each carrier type were
extracted using the Drude model and will be detailed in the
presentation.

(a) b
2-nm GaN ()1025”.'...,;..‘.a.|..._
4-nm AIN F 3
———————————————— 2DEG 10k Measured| o
20-nm GaN E:. 3 — ngG E
7777777777777777 2DHG = 4 .- 2DHG |
170-nm IBL < 3
§ 10 3
500-nm B F 3
AIN buffer £ 107k E
i F —
Bulk AIN 10°F E
substrate " F ! | | | 3

Ll - Ll L - Ll L
0

2 4 6 8
Frequency (THz)
Fig. 1. (a) Cross-sectional schematic of the heterostructure sample.
IBL: impurity blocking layer used to enhance 2DHG conductivity
[6]. (b) Terahertz extinction spectrum analyzed using the Drude
model. Individual contributions from the 2DEG and 2DHG chan-
nels are shown.

-
o

3. Conclusions

THz spectroscopy provides experimental confirmation
of the coexistence of 2DEG and 2DHG channels in
AIN/GaN/AIN QW structures.
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Spatial distribution of exciton fluorescence in monolayer Mo$S,
Suspended Structures
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v FPEENOME Rty — 7 m T o%EMamTcd by, FLils ez v VfhED T
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Absorption wavelength control of black phosphorus/plasmonic nanogratings by carrier
density
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[RYV /7 I XE=v 7 F 7#+F] Fig. 1(@)IFRiEHRELRY V277 A€ =v 7 F 7 ¥F(PNG) L
IR L& TH 5 34, filEl, PNG D77 XEVHIBERY VORE T 7 XEVRHEA L, FFED
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FORMET 7 AT HIBORAENPERIND Z ENOWIEENR Y7 b5 L &R LEES,
[(RY > oXv U 7HEEEM] 4R WEREOZE(bEEZHRT 5 A HEME LT, BV roxy
UTEEIZXT AR Y7 M EMGE LT, BIEIOF v U 7EE 3.0x 108 em2 % 1.0 x 10" ecm 2 (ZHN
SHGHE OB Z it Lo % Fig. 10T, BY OX v VT EEMEZENIEL52 & T
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Fig.1 (a) Schematics of monolayer BP on PNG. (b) Absorbance spectra comparison with carrier density difference.
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Cs/O2 & MoS: R DIEKEENVE T it & Toa KRB OA#MT
Analysis of Photon-Enhanced Thermionic Emission and Adsorption State on
Cs/O2 Adsorbed MoS: Surfaces
FBRBRET Owig Hdk, KE AR
Shizuoka Univ. °Rikiya Matsushima, Akihisa Ogino
E-mail: matsushima.rikiya.21@shizuoka.ac.jp

[iZC®iZ] —mibE Y 75 2 (M0Sy)iE 1.2~1.8 eV D A[EHEIRIC 7= D3 R¥ v v T & Fo
ZEnD, NEEVE R ES ORIREME & SRR IR STV D, JESHAREVE R o)
Flzid, =X v ZEHEITE T A(Cs) & BEFR () 2 W UMEFRBIB A KT 2 2 L B3FTH D
R, DA FBIBURIEZ RIT R EIRABIC K > TR T 5, AL T, MoSa/n-Si & n-Si D 304
BB B KOBE A RIEL, BEYFry— Ry ¥y va~vET V(MRMIZ LY
WA Gy DR & B DR BE A AF M 2 BT L. K1 D Cs/O WA RREDRIEAR By & Lz,

[EBRF ] EZ CVD 1512 X Y n-Si & 112 MoS; 26 L. MoSa/n-Si = v # Z/EfL L 7=,
ERLL 7o X o H T FZERERN T Cs B8 LN 02 243 H4 105 Pa TG L, = » ¥ K| Cs &
O DIWEE Z TR LTz, SEWEROIME ., = v ZIRE Te =ik 5 5K/min T770K £ T
AR L., =3I v ZRiE~O LED K0 RK OA I I 2 Bt ER 2 0E L,

[FEREE2] X 12 Cs/O; & W5 S 7= MoSy/n-
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R 300 400 500 600 700 800
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(b) | Cs/O, co-adsorption at 200 °C
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WD EBEXBID, BT R F =DM BN S J s ]
SR L C, W SRIE MoS, £ 1f € 0501, n-Si & 5 |
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[23%3HR] [1] K. Namura, et al., Jpn. J. Appl. Phys. 63, Fig.1 Thermionic emission current and
051002 (2024). [2] Y. Goto and A. Ogino, Jpn. J. Appl. MRM fitting from Cs/O; adsorbed
Phys. 62, 075503 (2023). () MoSy/n-Si emitter and (b) n-Si

emitter.
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CNT-Modified Transition Metal Dichalcogenide Memristors for Brain-Inspired
Nociceptive Emulation
IGraduate School of Arts and Science, The University of Tokyo, Tokyo, Japan
‘Durgadevi Elamaran', Masahiro Sakai' and Daisuke Kiriya'

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

A nociceptor is a specialized type of sensory receptor found in neurons that detects harmful or noxious
stimuli and quickly alerts the central nervous system to trigger an immediate motor response in both the
human body and humanoid robots. In this work, we present a novel memristive device based on a hybrid
structure of carbon nanotubes (CNTs) and molybdenum disulfide (MoS,), engineered to mimic the
fundamental characteristics of biological nociceptors. The CNT— modified 2D material based memristor
exhibits tunable resistance states, strong nonlinearity, and robust hysteresis, enabling the emulation of key
nociceptive features such as, threshold, no adaptation and sensitization. In this CNT-2D material-based
memristor, carbon nanotubes (CNTs) are sparsely distributed over the 2D material channel and function as
localized charge trap sites. When an external bias is applied, carriers become trapped or detrapped at these
CNT locations, thereby modulating the local charge distribution in the 2D material (e.g., MoS», WSe») and
altering the overall device resistance. This interface-driven trapping mechanism allows for controllable, non-
volatile switching behavior, without relying on filamentary conduction paths. For device fabrication, 2D
material flakes were mechanically exfoliated onto a SiO; layer on a heavily doped p-type silicon substrate.
Two-terminal Ti/Au electrodes were patterned using standard photolithography, followed by metal deposition
and lift-off. A diluted CNT solution was then drop-cast onto the 2D material channel for 1 minute and dried
using a nitrogen (N2) blow, enabling the formation of localized trap sites. Fig. 1(a) illustrates the schematic
of the fabricated CNT-MoS; memristor, where a noxious stimulus is applied as voltage pulses at the drain
terminal, and the output current response is measured at the same terminal. Figs. 1(b) and 1(c) show the AFM
images of the MoS, monolayer before and after CNT doping, respectively. After doping with the diluted CNT
solution, the CNTs are well dispersed across the MoS, channel, serving as effective trap centers that enable

memristive hysteresis and facilitate nociceptive behavior emulation.
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Fig. 1 (a) Schematic illustration of the CNT-2D modified material-based nociceptor. (b)AFM image of
an exfoliated MoS, monolayer prior to CNT doping. (c) After doping with a diluted CNT solution.
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BAETI D LENYI7FBETIREMEF v
BARAVDERIS VU OCRRZETEZIERT) O ADIER

Hysteresis Reduction in Layered Material Channel Field-Effect Transistors
with Gallium Sulfide as Buffer Layer

BEKRET O#4 & VLA woIy, LB %A
Saitama Univ. °Rei Shiina, Hong En Lim, Keiji Ueno
E-mail: shiina.r.495@ms.saitama-u.ac.jp
[Fiw] 7Bl T MoS, 2L D gk -5k 2 WD ESRNENT A% (FET) TiL, 7
— MBS Si0, R HOM-CMEE R LD YV T oo F 2> TRRENEME T 95

ZENMEERD. FATHRIZEN T, Ny 77l TRk E Tho GaS VA ZET,
h-BN % W26 LRERICBENE DR _ERFRD LN, [RIFFIZEAT Y AO R KINNHERS
7o D ERT U ADOHIRIE, GaS /Ny 7 7 EH O E K ML EEBR N7y IR 585 26
TV, BRI Tl GaS DIESEEATI L ADBUREFIRDEEHIT, T =— VAL E1TH
ZETEAT UV ADIRI A X 7.
[328%] [FET {ERL] MMHMEEL 7= GaS Wi %, BRI ATF Lt v —he T Si0, (285
nm) /p"*Si FEMR BICHRE L, ZORESE BB IVIIE L. 2D GaS R, B
BEL7= MoS, R % XYZ AT — U AWTIRE LTz, Hi N CTTAN VT TT 4202 ) 72k
V&AL C FET (Fig. 1) Z1ERLL, BT B 22« R8N CEOEMERE &1 T-o7-.
[Riis 7 =— VALER] GaS WA ZHs G LI, ERLTMLRBDEMMZ 400 £721% 500 °C,
it #5181% 180 °CC 10 2y FEMEAL 7= (Fig. 2).
[KR-BE] REFEDS —NEE AR, TRERIZIBITDMIBH D EIER L X G )6
EEE (Va) Z3RD, TOEZBEELEZE (Vadiff) EL, EATVZAOIEEEL TH. /EiY
L7- FET OBMEELZE (Vadiff) (V) & GaS DJEX (nm) DBR%E Fig. 3 (2”9, GaS 23EWIE
E, BEEEEPE KT HIEN nholz. £, iE T =— VLI L > TERXAT YT AN K EL
KL TWD., ZRHDRERNS, eAT U AT
Ga$ /37 7 JBF 1 F OO 1 F7 DB A Bl * GaS/MoS:
FOHDTHLZENHENIT ST, * GaS(S annealing,400 °C)/MoS:

_ . R ® GaS(S annealing,500 °C)/MoS;
[(ZECR] 1) HPREE, HERFRFPE LT

50 s
FHFIERHME LRm S (2023). el )
40 . .
35 - o
g 30 B 00y
?‘5 25 B ®
F20 b, )
15 . . .
) 10 . ¢ ¢ ..
Fig. 1 Schematic diagram of FET 51 e ° e« °
0 1 1 1 1 1 1 1
N2 Shoat  GaS/SiOwSi substrates 0 10 20 30 40 50 60 70 80
=) Thickness of GaS (nm)
. _W_W
quartz tube Fig. 3 Plot of threshold voltage difference
Fig. 2 S annealing furnace (V,,diff) (V) vs. thickness of GaS (nm)
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MoS: EN—RUF/ Fa—T%FvRILETDHFETEHARE YD
ISERED LR
Gas response comparison of FETs with MoS: and carbon nanotube channels
UMK, ERSHR 2, CREEE B3, EE JiE2 I FE? LA &5 2

Kyushu Univ.!, AIST?, °Masafumi Inaba', Mitsuhiro Okada?, Yuki Okigawa?, Takatoshi Yamada?
E-mail: inaba@ees.kyushu-u.ac.jp

“HAEEY 7T (MoSy) B —Rr T ) F 2 —T(CNT) & W o T ARIR e EHE, & O 2
FEOBSNH A Y E LTOIABRMFIN TS, 21D OMEHT NO» 7 ATk L TRE
BT ZENDNo TS, —fRIZ, KK TiE MoS: it n A, CONT (XM OFEEZ R L, Th
ZHNOy T A~DIREFE _ot ) L%b‘ﬂ_éé}f(?ﬂﬁ{m?%ﬁ{ﬁﬂéﬂé AHFIETIE, T HD NOy H A
JSE AR L, WEOT ASEOR A RET I 2L Lz,

MoS; 1% MoO», S ZJFEFE L, KBr & ilRARER & L THIZ 72 CVD £ T Si0/Si K2 &AL L,
RO Si02/Si FM LGS 7 + NV V7T 7 ¢ L IRBUNESE & F\ O CEM (Ti/Au, 5/50nm) %
i L72[1], CNT (ZFRNZ/ ¥ —=2 7 L7z Cr BMR(100 nm) E1Z, FEKBEMEIC IV D EELE
S 72[2], ONT JEERHEE 99% D & D& Nz, Wi#F DT A 22kt L, Ny FeimsEs &
D LR &6 U, No AR 1 ppm NOy A % 2h 15% L7,

X 112(a)MoS»-FET & (b) CNT-FET 0 NO, H ABRFEW] = & O Ins-Vas Btk O B b 2 w4, H
ABEFER(0 min), MoSy (% n A, CNT [LilifitDREZ /R L7Z, Z 2T, MoSx-FET DJ&& 1L
60min & 120min (XXX E/L > TV D, 1ppmNO, AT & BWEDOT/NA AL E Vas>0V D

RSB W CEREOBEE 2D AR STz, 2, NOy 7 A1X MoS; 38 LT CNT
FmClE72 <, FNEHI MoSy/Ti, CNT/Cr DFEHR =

VAT MIBWT, BEFICT b5y g v b —[ERE (a)1.4 ——
B AR SEBEN DB = L &R LTVWSB], 124 — 10min
Eo, EEHDD LS IBEOELEFMELE 0]/ —120mn
L = 7%, CNTFET T Vas < 0 V OEAZ I 5 08
BT LEVIEBARCE DO L, Mosr 8]
FET CTIIE A8 T, 12 A ELED 0.2,

RINBDoTe, T/ MEBERO T ASE L, Kl 00 ]
DKM T A3 1-D3WeFE L, BARENEILT 5 2 -30 -20 -10V o(v) 10 20 30
CICRORAETHZ LD, AFETHWZLEY () ©s

EZEAE A/ N E VY MoSy 1, KFfansbiaunZ & 348
S5, CNT-FET Tif, CNT/CNT 2% 7 R7p &,
K RKGUAN DI A SBFIET S, LEW
B 7 BB SIS, Y HIXE VRIS E R

—— Omin

© 2025% ISRYEES

DIz ifim 2.
SE Xk
[1] M. Okada et al., ACS Appl. Electron. Mater., 7, 3590 0 - - -
-20 -10 0 10 20
(2025). Ves(V)

[2] M. Inaba et al., AIP Adv. 14, 035140 (2024).
[3] S. Nakahara et al., AIP Adv. 12, 125302 (2022).
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Fig. 1. Ips-Vgs characteristics of (a) MoS,-FET
(b) CNT-FET during 1-ppm-NO> exposure.
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Doping-dependent valley polarization induced by Mott transition
in WSe2/WS:2 moiré superlattice
Kyoto Univ. !, °Zhiwei Li!, Kazunari Matsuda'!, NIMS?, Takashi Taniguchi? and Kenji Watanabe?
E-mail: li.zhiwei.54s@st.Kyoto-u.ac.jp

The stacking of monolayer metal dichalcogenides (MX,: M=Mo, W, X=S, Se) with slight lattice
mismatch, creates a periodic moiré potential capable of confining electron-hole pairs (excitons). Among
these heterostructures, the combination of WSe/WS, system exhibits the intriguing electronic properties
arising from strong electron-electron interaction by moiré flat minibands, effectively described by Hubbard
model [1]. These distinctive properties facilitate the exploration of many-body phenomena, including Mott
transitions [2]. Such rich physics highlights the potential application of WSe»/WS; system for tunable
electronic and optical devices. The valley polarization of interlayer excitons has drawn significant attention
due to its controllability through external electric- and magnetic-fields. Previous study has reported drastic
changes in valley polarization of WSe»/WS, heterostructure during the doping process [3]. Nevertheless,
the underlying mechanisms governing valley polarization during the Mott transition remain elusive. The
understanding of these mechanisms is essential for controlling of novel excitonic many-body states.

Here, we investigate the change of valley polarization in WSe»/WS; system associated with the Mott
transition via doping process. Figure 1a shows the two-dimensional photoluminescence (PL) of moiré
exciton peak in WSe»/WS; heterostructure with R-type stacking. The significant blueshift of 10 meV at
electron-doped region (filling factor n, n=1) was observed (Fig. 1(a)), which is well consistent with the
previous report [3]. The polarization- and time-resolved PL spectroscopy were carried out for investigation.
We found enhancement in the degree of circular polarization (DOCP), which reached up from 15% at n=0
to 50% at n=1, in Fig. 1(b). The increased DOCP indicates strong exciton correlation at the electron doping,
which could be ascribed to the suppression of valley scattering. Moreover, the valley splitting observed at
n>1 in Fig. 1(¢) occurred even in the absence of the external magnetic field. We attributed this behavior to
the fact that, at n>1, the newly doped electrons populate both the —K and Q valleys, breaking the valley
symmetry and inducing the splitting.

Our work establishes WSe>/WS, moiré n=-1 n=0 n=13  n=1
(b) 05 —o—WS5e,/WS,

heterostructure as a tunable testbed for
controlling the valley polarization through
the Mott transitions by the doping process.
Moreover, the valley splitting without the

-4 -2 0
Voltage (V)
(C) 200 —Co.

—— Cross.

external magnetic field is also observed in

the heterostructure system, which could

Gate Voltage (V)

contribute to the direct implications for

5
i
&
u.)
&
o

designing the new generation quantum =N I
devices. £ Emo

E 50
References .
[1] B. Gao et al" Nat. Comm. 15’ 2305 125 130 1.35 140 145 1.50 125 1..30 1..35 1.110 1.:15 1.50
(2024) Photon Enerav (eV) Photon Energy (eV)
[2] Y. Shimazaki et al., Nature 580, 472 Figure 1. (a) Voltage-dependent PL spectra for R-stacked
(2020). WSe,/WS, device, (b) Voltage-dependent DOCP of
[3] Z. Lian et al., Naz. Phys. 20, 34 (2024). WSe»/WS, moiré exciton, (c) Valley splitting at n>1.
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ZRTHERRYE CrPS. 2B T3/ AREHDHE
Bulk photovoltaic effect in 2D magnetic layered materials CrPS4
RBXE IRLX—BIPHAM' EIHRMARKEAN VE - HHEIEE
°giE F—', BR¥ R—H' #EE BIL A0 M2 8@ —/»'
Institute of Advanced Energy, Kyoto Univ.}, National Institute for Material Science?
°Shuichi Asada?, Shinichiro Matano?, Kenji Watanabe?, Takashi Taniguchi?, and Kazunari Matsuda*

E-mail: asada.shuichi.68u@st.kyoto-u.ac.jp

WA, ¥ 7 MR & MR D ZE W SRR E ORISR Lz, BRIDLEENBRGECZ AR L
Te KBS T A A OBZER M « ICHOWmE N HER Z#HEHTW5H, 7 MERIL, V7 KEE
EFHEN D IERIENEBRD 1 > TH Y . EFOEBBEAKOEF PN L >TELD FARr DT
NIRRT 5720, %%@pﬂﬁékuﬁﬁbﬂyP#%y7mﬁ6hﬁwﬁmﬁfkk#%ﬁé
N5, BITITHEMEYE Tk, R B FRMEORAVTE R L7z SV 7 S )23 3 7 MG & [FIRFIC
AT HZEBRBESNELL, LnLAaeBnb, 20X REEREICE T 5 EMEORGR & Fi vy
HHEE SN BNV TUIRE FIC B STV, 2D K5 2aiF%extge & LT, CrPSy |3k
WE L L TIEZER P THIRINZEE TH Y [2], FEM L MO FZNETHWEE L TEREEZED T
WAI[3],

Z 2 CARRIFE T, IRTEICRBIMERE IR E Td D CrPSy @ T /31 A 2R L, Mk Bis it 2 &
TSI T A ARFEE T2, Fig.l OFAKIZ R T X512, CPS, IV T 7 = VBB Ta s ¥
NEEYD . TAA AEEEERLLTZ, 20 CrPSs g T A AZkk4 72 BEAFIINL, & OEi-EEFF
PEDEALZFEMNCHIE LTc, ZOREE, Fig. LIZRT L9215 VUL EDOEEBEL T A AZEII L2
HHE L7z Bi-EERETIX, BEORTIHFMICL Y RERe AT Y U 225, IERERIED BTN
BRI =T, TITEY REZQREERFTIE, EXTY
VAR T DR D EOAREICBLI STV D, N

T, BERINC X 2H @I E (SHG) 50

BIED S, SEE L FERIFIEOZIC L BRI S N, = E e

DT Lt OISy OIBEEINC L 2 RFEEBS L v
FRENBMAL O L. FEEOELLEbIE Y
RO b . S RENRO%E | ——gg'
SIS S, 2B ORMIC OV TR T 5. w0V
[1] S.Asada et al., Nat. Commun., 16, 4827 (2025). 50 25 0 25 50

Vol \%
[2] J. Son et al., ACS Nano, 15, 16904 (2021). oltage (V)

[3] F. Yao etal., Nat. Nanotechnol., 20, 609 (2025).
[4] Y. Bao etal., Nano Lett., 19, 5019 (2019).

Fig. 1 CrPS, BT /NNA RADZHMEBEICH TR E
FR-BESE AR : 759 A2 E)
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In-situ REREIZEK D MoS: DEF * £FEVEDEER

/% Modulation of the electronic and optical properties of MoS;
'ﬁ?ﬁ%ﬂm* by in-situ sulfur vapor deposition

FEBAREL !, BHABREFI? CPOFE 17!, EX B!, 7R BIFX 8# M2
Hosei Univ. !, National Defense Acad. 2, °Takumi Yoshida!, Hideki Hamamoto', Yasushi Ishiguro?, Kazuyuki Takai!

E-mail: takai@hosei.ac.jp

THUEEY 7T (MoSy) IFRHEICEERE (IL-MoSy) #1535 Z ENTE LN, ZTORRETEL D
Wi ZZ LB P GARE LTI 72 TR TS ARERZ IR T S E 5720, WS omMEIciEd=
NEFE > TWVD[1]. AHFFETIE 1L-MoS, Z EZENME L in-situ T %G LIZBEOBESIZEE, PL -
Raman A7 N VOEFRZTN, BREAFICE D 1L-MoS, DE T« HFEMIE~DRBEZFHE L 7.

Si0, (285 nm) / Si Kt BIZEBEBHIEIC &> T IL-MoS, 2157-1%, BFRY V7T 7 4 LEZEAREIC
- 7T FET #1& (1L-MoS:,FET) Z/ES L7-. 1L-MoS:FET T /3A A & EH2EF v /R —PNIZH D 11
49 x 10*Pa AT EF CEZEHR LT-DOHIZ280°CT 12 h BT =— V2B 27/ -7=. BAH AL IL-
MOS;FET T3 ZA~NEBELSIREENTE 2B 2R >7-DO BT in-situ THREREZBZ R\, BFOEREE
EREZ B ZIoTo. D%, Rk & BEXUREEREZHEV IR LB I 2oz, £72510 1L-MoS,
ZREICEZET =—)b, 3hHi#&7%% L PL * Raman A7 NV Z&HIE L7z,

Fig.1 ([ZHiE7RA501 (0 h) & OBMEBIEE AV EBEE 4 @Eﬁiﬁm%ﬁf’ﬁf&ﬁ PEZ g . WA
RFR DN & & H 12 AV 1R LR & (2 fafifi ) 2 7~ 9723, EEIL LR o7z, AVmy DHERIT

A=V R=E 7% ERL, MHEELHROE S R—E 7 @ﬁﬁp(ﬁ%ﬂ*ﬂ LTW5.

F1g2 I MERhE RO PL B— 27 A"OEIA A%/ A L KRBEIC EE;E@“Z.) Raman v°—727 O%|A LA/ E'
OB Z/RT. MEAEICID AY/ATINL, LA/EWTED Lz, BiFD A/ A OHEIMTA—
I R=E 7 HaEWRL, EXUEEENEORRE —HLTWnD. if_ Raman A7 hVIZHEIT S LA/
E'ORMIF RS L D REOWD 2 RB L TRV, ZiIEKOE T N— B2 Rz
oS- EZOND. —F, REKEREDO 1L-MoS; T D2l & O IRE 22 FLIEE ~
W R 52 B ATREMEIN B B [2]. WRHEARERED 1L-MoS, IBE &k 2 2 (b S 7228, &5:0F (25°C, 200 °C)
IXIRRE DAV Z2s Lz, 2T 1L-MoS; FDZERL &V ) REICHEH LIZKKaY A K TORETH
5 7o DIEHEALFREE DMK <, BB CTHMBELEILBENET T L 2RB L TV D. Y HOFEEK T
WARBRED 1L-MoS, iR E S 4 2L S BOBEKBEE R E-RICONWT LN THTETHH.
[1] T. Yanase et al., ACS Appl. Nano Mater. 3, 10462—-10469 (2020)., [2] T. Yoshida et al., JSAP 72nd Spring Meeting (2025).

6 18 0.1
T —
SR y 2 & Sulfur
E — = ; 005 F deposition
=
< 2 r 16 = =
el
=5
0 L L 0 0 1 1
0 2 4 0.3 0.5 0.7 0.9
Deposition time (h) AV/A
Fig.1 Sulfur deposition time Fig.2 LA/ E' vs A’/ A before / after
dependence of AVty and u Sulfur deposition at 25 °C (closed)

and 200 °C (open)
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MoTe: ZRAWV=AEY, LI R TNA REELRFEEDHE
Structural Optimization of Memory and Selector Devices Based on MoTe:
HRERKAE UNIMS?, RRIHAES, OFEHAM !, BHER !, SBHER2 RIIER?
EAET 2, A0E 2, hIE G, HLE 2, FLEL!

Tokyo Denki Univ. !, NIMS 2, Tokyo Univ. Tech.?, °Kentaro Uzawa!, Hirotaka Tsutsui',
Takuya Iwasaki?, Ryoma Hayakawa?, Kenji Watanabe?, Takashi Taniguchi?,

Shu Nakaharai®, Yutaka Wakayama?, Satoshi Moriyama!

E-mail: 24kmj04@ms.dendai.ac.jp

I, ZRTM B HWe AT U 73 ZADHFFFRBPIERITHE I N TV D, K2, BB
J& A A J1/v33 74 R(Transition metal dichalcogenides, TMDCs)(Z, & T #PE 1 K & < F7p 2k ah il
EEFFOLWIHIRMEZ A LTV, TOMEEEZFRIH LIHEELT SA 2 & LTOHNER
SNTVWA[L2], "ilEFH 41X, TMDC ®—>TdH 5 2H-MoTex & 77 7 7 A N(Gr) CHEEAIA AL TZJR
TREEEBER T ICBW T L7 ZEHERRELT 5 2 & 2#E L72[3], 4El. 2H-MoTe,(2H) %
1TMM@UUT%&LAtE%FﬁF%L wff%)%¥&bf%¢?é EEFFEL, X

BT, Ml Bl CH DA ER UV FE0-BN)E AWV TR ERE#EICBT 2% sl Es
Fh LR R 2 AT D,

B RIBE R X 0 AR 2 B L CL R A 8552 AV CR bR & 7ERL L 72 [4],
Fig.1()iZiE, 1T2HNTHEE#EOFXX B LN OBIRELREZ2 7R, A T 2AZHMT 5
AR PUIRIEIZER L, SV TARANA 7 AL 0 mIRPURRE~ E KD A€ ) BER R ST,
F 7. Fig1(b)IZiX, Gr2H/Gr FE#EOHRAXE L O OBIREBEFEZ RS, BEEZAAL —7
T5HE, BIRBFFED LEWETRBMIZEN - 328 27U O ARHENBIHI S v, ik <
LI HFETE L TOBMENEBR ST, E T, Fig.] 1278 L2 ORI Z T, £
NENOEE%Z h-BN 2 W CHETEEOSEZE L 7R T OBXGERHEIC OV TCERT 5.
ARFFEDO—EBIL, SR ARIM 2 (25NMS5301) DK% %) CEli Sz, ARIFZED &
I%. JSPS BFEr JP23K21066 DBILZZ T 7= D TH 5,

1 0_2 T T T T T T T T T T T T T T
a b) oaf
@) 107} T ] (®)
4 0.3F i
1075 o2} T 1
g 10 E 01t l _
g 107 = ool 4~ b
£ 107 S o1l T ]
—8 >
© 107 1T"-MoTe, O—021 Graphite
1 079 3 2H-MoTe, E —03k 2H-MoTe,
1 0_10 L 1T>-MoTe, ] 04l / Graphite
1 O—l 1 1 1 L I I I —0.5 L L
-6 -4 -2 0 2 4 6 —4 —3 —2 —1 3 4
Voltage (V) Voltage (V)

Fig.1 Schematic diagrams and I-V curves of the devices: (a)1T’/2H/1T’ (b)Gr/2H/Gr
[1] K. A. N. Duerloo and E. J. Reed, ACS NANO, 10, 289, 2016. [2]F. Zhang, et al, Nature Materials, 18,
55,2019. [3] REAEACML, 2024 4225 85 [BlS BRI A HE 2, 17a-P01-58. [4]T. Iwasaki,
et al, ACS Appl. Mater. Interfaces, 12, 8533, 2020.
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WSe2 EA®D F6-TCNNQ BEEIC & 5 F 75— k FET OFtEm L
Performance enhancement of dual-gate FET using F6-TCNNQ monolayer on WSe2
FEKRT |, EXEE 2, REZEARE °, O H @4, O Mt |, #HF XE !,

Fl %L EAATE AR B BX !

Chiba Univ.!, Yokohama National Univ. 2, Science Tokyo Univ.>, °Kensho Matsuda’, Yuto Noguchi',

Taiki Seto', Mengnan Ke?, Shohei Kumagai®, Toshihiro Okamoto®, Nobuyuki Aoki!
E-mail: n-aoki@faculty.chiba-u.jp

BRI A N7 T A F (IMDC) 1T RIERWETHY, N FE¥y v T2 oRHEKTH
5. BIRWE Th D72 T v XA RIS, HERO =T HER CIXE TR 2 EREE 1 L 5w
EREAHF SN TS, LA L TMDC 26T 5 R—E > 7 HIERHE T EHEREE (ALD) (2 X 2 i
PRI IS STV R o Te. THVE TOMFE L U WSey £~ F6-TCNNQ RIZ L > T WSer (2%}
THEMBENC LD p i K=" 7R, WSe, E~D F6-TCNNQ BB IHmAREAT & ALD ¥ — FJg &
LCOIERICOWTHEET-oCT&. FEINLOHEMEZIGHL, WSe, E~ F6-TCNNQ HJE[E % ik
52 L TWSelxt LT p M F—E 2 7 %9795 & & HIT, F6-TCNNQ HLENE FIZ ALD 12 & - Tifafx
WERE 24T D Z IR DT 27 V7 — FFET 2B S8, L LR 5 SiO, RIZBWTER LT A
AATCHSTTOTa v AREITTHICLER ST AT U RAENRE L, S5y 7 57— MNPk
HHELTCLE EVHIEEZZ TV (Fig. 1). —F TR A 77— vt RXE2HW\5 & HHE
EEOFREGYC L0 BN 2 R Emxh 3 253 T2 0 WS R B o 72, & 2 TARIFETIEA
v 77—~ LThBNZHWZT 27 /W7 — K FET Z{EfL L, 7 =7 /L% — k FET OFEdkE L Sio,
FIT/ER U7z FET & OEIC K0 KA LD RRIB R 2R ATz, A TR I A 8T A7 7 — % DOAHE
PR E 7 v A2 & o TEAER 7R WSeo/F6-TCNNQ S D EEHLUZ DWW T bk A 7z,

RNy 77— ML, EAEBEC L > TR LN BN EBED WSe, & RFA R T AT 7
—ICLoTHES Y. TORRIA N T AT 7 =7 u AT Lo THE Lo AERE 4 7+ ) 81
MeEDO a2 7 hE—REHWTEREL, PYAulZ L > T sd &

10° V-1V T

FRA2ERLL7=. Zo k57 FET #BHox L, EZEERFENT 109 | DF6-TCNNQALIR &
F6-TCNNQ #ffh % 160 °C 20 3NV L CTHEFE S &, [H—EWN TR 107 F
108

FEAHERF L7z WSe flifi BICHIE L72. Z D% in situ TEZET
== TR EE YR LAT S 2 & CHERE DN EE G o
2. ZHICE VY —EOE F6-TCNNQ By 1% ALD 10|

V= RFEE LTHWT ALOs IR L, 77— MéEkE & L7z 0L e
Wb LT, 72707 — MEEEZER L7z, ARBFZEIEHER B0 60 40 20 0 20 40
T L7 har(BR)OIEEZ T T T b,

1Al

d
-
o

o

Fig. 1 Back-gate characteristics of WSes-
FET on SiO,. (DPristine, @after
[1] L. Wang, et al., Science, 342, pp.614 (2013). deposition of F6-TCNNQ, @after ALO;
deposition via F6-TCNNQ monolayer, @
after top-gate fabrication.
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MoTe, ZAWEERECE T/ ADR A v F U &M
Characterization of switching response of MoTe:-based resistive switching devices
RREMKE, NIMS, RRERIMKSF® OFHgE' FE2LKH', B&EHIE2 BIER?
EBER 2 A0M 2 PIES HFLEL JUEL!

Tokyo Denki Univ. !, NIMS 2, Tokyo Univ. Tech.® °Hirotaka Tsutsui !, Kentaro Uzawa !, Takuya
Iwasaki?, Ryoma Hayakawa?, Kenji Watanabe?, Takashi Taniguchi?, Shu Nakaharai®, Yutaka
Wakayama?, Satoshi Moriyama®

E-mail: 24kmj26@ms.dendai.ac.jp

IR, R EMENCh 2 BB GRX A 1V =57 F A R(Transition metal dichalcogenides, TMDCs)
DT NA AEHITEEREE > TS [1-3], Fx X, TMDC O—>Th %5 MoTe, % [F Ui
TREMEICHD 7T 774~ (Gr) TERAAATHAEG A A » F 2 TR 2B T LY
ZEWENRFEBLT 5 Z L AW Lis [4], AL #ilE & RO R FEfEEiEE 07T S A2 ERL
FDAAL v F U TIEERE LT LIZD T, TOMRERET D,

JREMEITH D MoTea, 777 74 bOMY L EREEMBIEOERIT, BB RIBEL &L OR
V~w—R& TV KT ARG EEZ Wi [5], Fig.l(a)IZfEE i OXIX & O O E it E
JERFEZ . Fig. (D) A A F o ZISE R E ORIER R 2R3, HUNEEDOZITBHE L THIERR
RO 10ps LFTIRE LTS Z & ZffEad LT, sl CIISZ AR Z . MoTex iZ7— &
JEFINZ ATRE & U727 A A ERLL . 2 OBEKBEREIC OV T hEm T D,

AWFTED—ERIX, SRS ARIM FH3 (25NM5392) D K4 %521 C e S iz, ARBFZED—H
IX. JSPS FHifFE JP23K21066 MBIk A ZIJ 7= b D TH 5,

(a) _1 0 T T T T T T (b) _300 T T T
H I —2.7
—0.8 7}’_—\ —400 - ——EE
Graphite(TE) ——BR 08
~—06F T 2H-MoTe, {1 . —500
< i N
E Graphite(BE) < 29
=041 1 #5600 | i
fia e
—0.2 —700 - 41—3.0
00} —800 - g 1-31
0 —1 —2 -3 —4 -5 0 200 400 600 800 1000
BEWN) BRI (us)

Fig.1 (a) Schematic of the device structure and I-V curves.
(b) Device pulse response.
[1] Y.-C. Lin, et al., Nature Nanotechnology 9, 391 (2014). [2] K.-A.N. Duerloo and E. J. Reed, ACS Nano
10, 289 (2016). [3] F. Zhang et al., Nature Materials 18, 55 (2019). [4] REAE LML, 2024 4E%55 85 [Al)
WP TR IR AR 22, 17a-P01-58. [S]T. Iwasaki, et al, ACS Appl. Mater. Interfaces, 12, 8533, 2020.
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MoS, EEE(CAHELIZ UV D DR E SO XFIGHE
Development of UV tape transfer of MoS, for fabrication of transistors
hXBHEHET !, HEET 2, hkRiEifkt ® ORAN X!, EH B, e 5, A B,

AH 512 #H =2, S8 g3
Kyushu Univ. ?, Nitto Denko ® “Nanaka Hasegawa, ? Satoru Fukamachi,  Maki Nakatani,?
Aika Uchida,? Satoshi Honda,” Atsushi Yasui,” Hiroki Ago?
E-mail: ago.hiroki.974@m.kyushu-u.ac.jp

(8] RERPEEOF v IR E U TTWILEY IFT> (MoS,) Z(EUSHETIBEREREST
HILAGFA R (TMD) HSEBESN TS, KEFE®D TMD (35T 7+« PER L ICERSNZH, T/C
+ ZISFADIZHIC(E SiO, BRI LFTILERR EANDEENNETHD. L<ALSNTNS
PMMA 12 EDBED FERER & U TESESAE. TMD IBHABENYT L, BDFRAENES S, B9
FRECBHEBENNEBETT S RAF VIR EANDEENHE, REDREND >, —A. TMD
RSOSRBAICHNTIE. EEBIBDRERIC TMD FrRILIIA-—SEZ T TRHENMET I3, &
WSIRENZ < RESNTW D,

R, B4 (F UV HDBEHC K> THBINAKELLEITZT—FICEBL. 5T >&FF. H
DENRICEETES UV T—TEESTOTADEL TS [1]. AT TIE. MoS, DERE (CHF
{EUIE W ST EHRETOCRAZRTITDEEEIC. BHEEREDI A -7 T2 1z8. EMEE UV
F—TJTHEELUTMOS, DSOS RAIRERT D EZHHTDTIHRE T D,

(fEREER] MoS2008EfE(E CVD JAICK>TH I 747 c @ERLEICER U [2]. D MoS:2
PEIE(IC UV F—TZD T, UV X EEEFMBE U2, /KB T MoS2%H T 7 1 ZERN S RIBE
Uiz (B 1(a)). ©DE. UV T—F/MoS2% Si0, BEARICAR DT, MR LIBH ST —TDHEFIBEL
1zo UV 77— T DA DERE(LZIT D IFER. HFIEMIRERR T 99% U L DIEET MoS2%#n
BIRTENTEZ, =BIC. 1(b,0)ITTRI KLDIC. T—TEEUE MoS20FKE (L. PMMA Tz
BUREBEDLDEFRENMBD TLRNC ENER TS,

RIC. CHEEUE MoS20Cx LT, €BEME UV T—TTEHESEIBCET. T—THEEDHCK
DTTNARERI B ExAP Tz, TORR. K 1(d)ITRI KD MoS, DN\ IHF— KRS
AIHERT B ENTETZ, ATOTR(E MoS, F v RIVICIEBBEESZITHRAVNT ENS. van
der Waals >0 MERODTERDBVRIENEIFTET DI EEZI TS,

AAFRTRHWNZ UV T—T (WM (CERTH D . GERFICEWEENTET. T—TDEMAEICK
DT WS2t° hBN DEREETE D ENS. TR ZERAVWZBERATOEES /1 DB HIR
VERFER(CI2D EHAFEN S,

i 2 : !AR_a': 0.99 nm | . 200 um
Figure 1. (a) Photograph showing the delamination of a CVD-MoS, sheet from sapphire surface. AFM
images of MoS, transferred by the UV tape (b) and PMMA (c). (d) Optical images of MoS,-FETs fabricated

by transferring metal electrodes by the different UV tape.

[1] M. Nakatani et al., Nature Electron. 7, 119 (2024)
[2] K. Suenaga et al., ACS Nano, 12, 10032 (2018)
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TaS: EICA YV VEREBRE L= TaO [EE S — FEBEF LT D
MoS: FET D EXT') L R4
Hysteresis properties of MoS: FETs with TaO, gate dielectrics grown on TaS;
EEXREL, HEXREI?, CM)ERBEXRER' AR L£HEFL LWEARA'
Kansai Univ. !, Saitama Univ.2, °Yutaro Sahashi !, Mitsuru Inada’, Keiji Ueno%, Mahito Yamamoto!

E-mail: k650665@Xkansai-u.ac.jp

el v 2 E 20 L EOEWEEBREZGT D 0D, R FERERDR N T oA L
(FEDNZEBIT D7 — FiFERA~DISHNHFF SN TS, 2 E TIZIE, TaS: & KABIEL 77 X
~W kT 5 2 & TRLIE TaO A 77— REER S 325 MoS2 FET 2MERIEZN TR Y 12, IKEE
BEICINZ ., RIS T D 8 AT U ANRIEFIT/NI N ERRENTWD, —F, Fxix
TaS: % A4 Wb L CIEEL L 7= TaOx 2 VT MoS: FET Z/ERL L TV | WEDOHIEFREEIC 1V
UIFOREEEEZ RS LTV D 3, AR TIX, TaSe DAY VLI K-> TH Bz TaO &7
— NEHEEIKL T 5 MoS: FET Db 27 U o R R % 3141 L 7=,

TaS:2 (F/V 7 B gL 2> 6 Si/Si02(90 nm)FAR EICHEMHIBE L 7=, 74 N U Y 7T 7 ¢ — L PN
EAKAEIZL - T TaSy BT — b & 722 Ni(20 nm)/Au(100 nm)EMRE L L7k, 4 o FRAKH
T250°C., 5 RIS 2 Z & C TaSe FMIZ TaO: IEAE TR LTz, WIS, BUFEH IS B h kB L 7=
Mﬁﬁwwwm&ich74%5bmmmmmmwmm%%%¢5;&f\y%x-Pv4y%
% VERL U 7= (Fig. 1a), 1EHL L 72 MoS: FET ORI =R, EZEH(~102 Pa), KT TIT- 72,

Figure 1b 127" 9K 912, TaO: & 7 — MNFEIKE 35 MoS: FET IIXINFHE Y D A7 U v 2%
RLTZ, 2O AT YT AL S0 27— bﬁaﬁﬁik LGB ICBEAONDE AT U TR &Lk
JTH Y TaO/MoS2 AL <> Mo S2 2 [ |1 Z Té%ﬁb7/7uﬁé%®fi@wkﬁz%ﬂéo
WEOHIETIE, ANy ZRlE L7z Tax0s 27— FaF@Eik & L7z ZnO FET (28 TRIER D [ RFETH
FY DO RAT U ANBRIENTEY . ZiuE Ta0s EFICIFEET DR KN ~7 — MERIC X
STEBH LI LI TELEEEZEZLNTVD Y, LER-S> T, TaSe 24 Y VL7 & T
JER L7z TaOx FIZ AL RIEBFE L, EDF — NEEZEIINT 5 Z & TR XM MoS2/TaOx
FETICBEI L, — 7 CEEEA 4 1% TaO: /TaSe FEAHTICBENIT 5 2 & T TaO: WICER N
ENE AT U ANELT-EEZ B (Fig le), 4 H O TIX, [REBIED S — F 2% v v
HEARAF IR R E b ST 5,

(1) Chamlagain et al., 2D Mater., 4, 031002 (2017), (2) Takeuchi et al., Nanotechnology, 33, 375204 (2022),
QYEREM, 5 71 BUS AW B S KPS, 22p-P07-61, (4) Pillai et al., ACS Appl. Mater.
Interfaces, 9, 1609 (2017)

(@) ®) o ()
Source Drain Vg=1V
Gate MoS,

O

-
s
MoS: 50000

Ta0,/Tas,

Drain current (A)

MoS,

p*-Si 1013 ’ - -
-05 0.0 05 1.0
Gate voltage (V) il

Figure 1. (a) Schematic image of a MoS2 FET with a TaOx gate dielectric. (b) Transfer curve of the MoS:
FET. The red arrows indicate the gate sweep directions. The inset shows the optical image of the device. (c)
Drift of oxygen vacancies and oxygen ions in TaOx under gating.
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Observation of Shift Current in Bulk GeSe during Antiferroelectric to
Ferroelectric Phase Transition

Institute of Advanced Energy, Kyoto University, °Joanne Martinez, Shinichiro Matano,
and Kazunari Matsuda

E-mail: joanne.martinez.74f@st.kyoto-u.ac.jp

Recently, the bulk photovoltaic effects have intensively been studied in two-dimensional materials
for emerging solar cell devices without the requirement of p-n junction. The group IV
monochalcogenides MX (M=Ge, Sn, X=S, Se) have gained much attention due to the non-
centrosymmetry in their monolayer form, in which a large bulk photovoltaic effects such as shift current
are theoretically expected [1]. Recently, it has been reported that GeSe shows anti-ferroelectricity (AFE)
and ferroelectricity (FE), and an AFE-FE phase transition that can be induced by an electric field [2].
Therefore, it is expected that it is possible to observe the shift current in the GeSe due to the breaking
of its centrosymmetry by an electric field [3].

In this work, we have studied the electric field

—_
D
~
N

induced current-voltage (I-V) characteristics of bulk ! ‘:ﬁ -

-

N
T

GeSe devices under the light illumination. Figure la

shows the current-voltage characteristics under varying

—10mV

—1v

—10V |
15V

Current (pnA)

|
N
T

the sweep-voltage. In the application of lower voltage

AFE (+FE 20V
(< 10 V), the current-voltage curve shows the almost it = 5V |
—_—e —30V
linear behaviors, however the nonlinear large-hysteresis -30 20 -10 0 10 20 30
Voltage (V)
are clearly observed. These results suggest that the (b) 07 Vi, = 13 V(~1.6 V/um)
electric-field induced AFE-FE transition. Figure 1b P .
< 05f
shows the spontaneous photocurrent at 0 V as a function < 4l AFEGFD)
C =S
of applied voltages. Above higher applied voltage (> 12 % 05F WS
8 0.2} °°o %, 9,
V), the significant increases of spontaneous current as Soile ©°
<
. ) Q@ oof
shift current are clearly observed. Furthermore, we will _Z? _
S, . ) X , \'cﬁ‘gggm .
also discuss the results of second harmonic generation 0 5 10 15 20 25 30
Voltage (V)

(SHQ), reflecting the breaking of inversion symmetry
Figure 1. (a) I-V curve hysteresis loops with

applying the various bias-voltages. (b)
Shift current measurements with /-V curve

in GeSe devices by applying the bias-voltage.
[1] R. Rampi et al., npj Comput. Mater. 3, 54 (2017).

[2] Z. Gaun et al., ACS Nano, 16, 1308 (2022).
[3] Y. Zhang et al., Appl. Phys. Lett., 120, 013103 (2022).
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BRERY A WL T T A FOEFEE L REM

Gold-Mediated Exfoliation of Transition Metal Dichalcogenides and Residue Evaluation
FEXXME', CM)pH BR! M) PL#E' ONHEE' BFARMEHZ'
Chiba Univ. !, °Yusuke Nakamura !, Yusuke Nakayama !, Yanjun Heng ', Nobuyuki Aoki !

E-mail: n-aoki@faculty.chiba-u.jp

7772 OHBEIEE Y, ZTNE CEEEELRME O Rtk ERERINTE . 2
U1 JE A van der Waals JJIC - THEE L TR Y, ME AWK T Y TRy REET-720.
FD=8, B HWER L COFFEREMNAJRE L 72 0, van der Waals ~7 A& & U 9 71 7= 72 &
A, KR& 70T A AMEEDRIE SV TE T2, KRS, MoS: X° WSe, L W o e BB BIR X A v a s
F A R(IMDO)IX, T /34 AD & 572 DML & FTREIC 9 2 R 8 AR R & U ClrEE R &
NTW5, BEITES 1 nm [SRi7Z2WIEMIRE S 2550, £ ORRRMEENSIE T /3 X
R, BTN AL LTHMRENED LTV S,

TMDC O#iJE % 15 2 HIEICIE, 7 — 7 % A 7o BRI P KA R I(CVD), ARy &
U ZERENRH Y, FrICHEMABE IR SMEOEN SN GEOND HIEL LTRSS mb T
. L, BREYOESC, fimO/NS S, 7T HEROGHERE O SR & ORMBEND,
TN AOBEFELIZIETE L TUvie .

ZOFRRE L TERINTZOREHBEHETH 5. £(Au)lt TMDC O IV a7 VU EA(FFZ S)
2k U CHRUEIFMEZ B 0, 40-50 keal/mol R OfE A TR CHI AR 2R L[1], ZAUTi@EE o
HIBERA E L CTHWHILS Si0, & TMDC Db DL HKE V. 2D Z &0, HEROHEMCHIEE L
VLS FTVRSHEBAGEON, £, LT —72EOMERRB TS Z LT, M EICERE
FRUEDFRD DB,

AHFFETIL, TMDC D 5 H MoS: ZXIZUZ L, S E Y O RWEHIBEEOMSNL &, RifiOF%E%
FERICES T 7 ZA0RB LY, HBOENTHEOT A A~ E e Lz, £, —ikH
IR ECE T E— L RERETITON D &OREE G Ay FEBTRETL LT, 7
o 2 DAL FTREN e & b it LTz,

[1] Evangelina Pensa et al. Acc. Chem. Res. 2012, 45, 1183-1192

1. Exfoliated MoS; using adhesive tape. 2. Deposited gold and attached thermal release tape, 3. Attached the thermal release tape
then peeled it off. t0 a 5i0; substrate.

4. Heated the substrate to release 5. Immersed in etchant. 6. ML-Ma5; remained.
the thermal release tape.

Thermal Release Tape
1 ML-Mos,
ML-MoS, =
56, sio,

Fig.1 Process flow Fig.2 ML-MoS>
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L ENMRELGRY T —HEICLS
BEHD—RUF/Fa—T0 0. HRGEDERE
High sensitivity of CO: gas response by polymer-wrapped
single-walled carbon nanotubes without the need for semi-metallic separation
AKBRL !, AKX I’CNER? AKX R{E % AKX CMS*
OM2) E+ #fE: A EH 2 FHE BXC Hra BEL
Graduate School of Engineering, Kyushu Univ.t, I>’CNER, Kyushu Univ.?,
Graduate School of Information Science and Electrical Engineering, Kyushu Univ.3,
Center for Molecular Systems, Kyushu Univ.?,
OKoshin Tanaka!, Naoki Tanakal 2, Masafumi Inaba®, Tsuyohiko Fujigaya® 24
E-mail: tanaka.koshin.616@s.kyushu-u.ac.jp
(=]

B —AR T/ F 2 —7 (SWCNT) (I, J-8 A L m Wt RER 2 AT S RFMEITH Y |
COz WAEIZ L » TEXIEHOZ A R THEN G, Bz CO MmpEr e LTiER Sh oM, 1¢
Fe. CO B D BBIEAL D T- DI -ERE SWCNT OfIH A RET S T & 7203, RV BERERSC
JEMERBMEDS R & ST & 2l

Z ZTAMZE T, PRI 21T CO INBREE DN L2 [ 5 Fik& LT, SWCNT &
HA~DOR Y ~—#EICH R Lic, AU ~— 8 1E. SWCNT O43 Al & L ThRET 27210 T <,
R Y = — G IO COp SR HY 22 AH BAE FIRAL DA 5> SWCNT D FE-4 P28 5 D il 37123
FTE5, AWETIE, RU~v—L L THRIRVAAIFXY—L (PBl) ARV E=rtrY N

(PVP) ZMWWT, R U ~—#f SWCNT Z/FR L, Zh 5D COJRERE (A LR) (2o
WT, CO Wi zEEh s X OV FMEDBLE D Rkl L 72D THET 5,
[=5]

PBI & OV PVP VAIRIC & 0 5 I3k L 7= SWCNT %95 2 & ¢, AU ~—478 SWCNT %

572 (IE : 10.55+1.15 pm) .

[ Rk L OB ]
N - J—. IR A JHI == Ay 0002 : : . r . T T
CO; %ﬁﬂﬁ% 2 kA ERE ﬁfn LB EN G, sowia o r ™ =
SWCNT J TX PVP-SWCNT & Frii LC PBI-SWCNT & o = o :

0.0005 C
0

AR/Ro

PEWETZE bR Z R LTs (Fig. 1), COWefiisgss: = ° _
IRHEDFER NS COMERT v LA bl L R e o
72L& 25, PBIREIC Lo T COMARDLIEMDN M p—rrrrrrrrrer s
FMICIET 5 2 L S Bk ipote, ZOREE g e TOHOWONT mmmm {UCH O _
M. PBI DT < UHEEICIES < COBRMENISE =~ 0 e e
BEHINCEEL TWDH EEXLNDE, £/, & B e [ R
— oy JAREIELZ L 0 (PBI UV PVP-SWCNT (3, A aasasansanssase nmassnanans
BN E 0 AR Ui, p ECHEIORNL, n g ol PVPSWONT s i h e
WL SRS Z L Db, CO om0 ———
HERENECTHND Z EBRHLNC 5T, FRlT, 0 g o
PBI B £ 5 CO ATt DR EALICM A, CO2 7> Fig. 1 Dynamic response signals of
5DOEAHERIBRBIER L7 Z & BISEIRER  polymer-coated SWCNT for CO; (100 ppm) /
FOBERTHLEZEZDILD, N2 (100%).

[ZE&30G#]
[1] M.Y. Faizah et al., Int. J. Eng. Technol. 2007, 4, 106. [2] C. Guo, Patrick R. L. Malenfant et al., ACS
Sens. 2020, 5, 2136. [3] M.A. Abdulhamid et al., Applied Materials Today 2022, 26, 101271.

AR/Ro

AR/Rg
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Evaluation for responsiveness of hydrogen gas sensor using carbon-nanotube-composite-paper

with different surface areas

BEXEIL' =<7V 7I2 H#BEKX INS

Bl XK', #H RK?

i B2 KX HIE "
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1. BFgEER - BHY

A" LR 2 BT 5 KEC, MR
F#Th b _BILEZRS —BILRBFEORR
R L A& D224 Tl 2R AT 2 51 5 5 E
ERIEZLTWD, ZDT=DH A I idmk
ETHDHIERNENENZ EBRROBND,

H—RrF ) Fa—7 (LLF CNT) 1345E
DA A LG L, Z DRPENRENIZ kﬁﬁ%
NTWDL, ZDoH AL L TORH
&Hﬁ%iofméoL#LCNTmf/x&
— LD ERE L THRWIZ W & S RIRED
b5, T, AFRETITEAMEE LT
< Tl THRNRLTWVEE CNT LA L
CNT #EEMRIAZBR L=, AFETIETNn%E
R LA O L AL T 5,

INE TORETH AL Y OEBRATREM
S LTV BB A ElXFmEAE DE
2 L DINEME DR AT > 72D THET 5,

2. ERFEROHKRE
CNT@AﬁiﬁﬁWD’mené%F%
EIZFATEFIETERS %, CNT 8K
%ECNTT%%I«W%O&Aﬁﬁ&LT%
T VKRS R U w7 A (SDS). VT ERR
WZiF=2—0 Y ko E W%, 2058k
ZIRAL, K, AT L ARA—7 T CNT
BWAEMMDIHK, HRE1T5, TO%., fER L
CNT #HAEMAE Y 22 K& 20 H LBk
R UToo ERL U 72 At o D 2 T S
Bt LU A & i A S EHBUE O 21 & JlE 5
Do
PERITLIITEE LT L A2 VLT
723, @ﬁ%fiﬁ@ﬁ% W%&<Lfm
7o ZHUTKE U THRATHIIEW D DO T, TL

PTRRAZEE TS L THEZERNET S
ZEMDbMo TG (Figl), ZDi,
FEOENE T HEE L TOEIIA TR, 2
FLRAEF—T oD oD HIETHBREIET-
CNT #EAMAEER L7-, /R L7 CNT 4
MAELRD EA—T VHBICAEETHZ LT
JEE % 1.76 fFIZYERTHZ LTk Lz, K
F ASDIEEMEE U TG T~ 5%,

HEE

AWFTEDOFATIZH =0 AR — bWz
A ARG R L B 5, 72, ARFgE
O —#ix JSPS FHuF#E - Bk W oF 58 (85
3)JP23K17814) BINHET A A& A b
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81, 32-41 (2001).

[2] T. Oya, et al., Carbon 46, 169-171 (2008).
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7,2024 .,

[4] Y. Kamekawa, et al., Energies 16, 8032 (2023).

Fig.1. SEM images of samples. (Left) Thin
thickness sample and (Right) Thick sample
with internal space. (cross-sectional view.)
(From Ref. [4] under License CC BY 4.0.)
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Surface cleaning of carbon nanotubes via electrochemical gas evolution reactions
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J1—RF ) F 2—T7(CNT)HEE b 7 2 ¥ 2 X (TET) L m W BB CHE MO ikt 2 2. 7 L
FUTNTLY hr=d ASOIEHABIFES TS, L, CNT REIZEET 2 08HA L
AN EDOT ut AN, TFT OBKEMEEZ LIS D0, FOBRENRRAIRTHD. &
T, HHEAR Y ~—0OFREFHEZR Yitrium oxide coating and decoating J5[1]% V7= S miEEA] - L
VA MNEBEOBREEZRE LE02], ZOFETIH200°C DLEOBULENLETH Y, BAfEDK
WEMEZHWZ 7 LR T T N, ZTEANRETH D, = 2 CARFETIE, IR CHEE
HE72 ONT EmEifF 7 m A & LT, BRULFHN ARBAERISE AW HFEZRET 5.

PRI A R RAEIC L 0 AR L 72 BE CNT vl (LU, As-deposited CNT) &, KT vV
) U DA (SDS) KREHKIZIRIE S, Rl ARG ZWE S, £01%, 0.1 Mk
UL (KC) K<, 3 BiCR(EBIEM: CNT, <Mt - 2B Pt)’?fﬁﬁb\f EIEAZEINL,
IKOBLIFIRIZ L DT A (BB ETIIKHK) 2AEIE. £/, CNT REOEXLFHICE %
ST 5 72, KCIKRIRIZ 0.1mM 7 =237 Ak U 7 A (Ka[Fe(CN)o]) ZIMLTH A 27 U
v 7RIV H /% U — (CV) ZATo7-.

FTP, BAESELHAFEIZ LD CNT OEL(LA 7l L7z, As-deposited CNT (Z%f L T+0.8V

(BAFFRAE) B L O2.0VOKFERAE) 2221 60 FPRIEIIN L7=% 0 7 ~ > A7 kL% Fig. 1(a)
\Z7”"7. G/D Hld, As-deposited CNT T 14, FRFRALP%E T3, KFELHE T IS5 Tholz. ZOf
RlL. BEERAEIZ L > TONT IZKRMNEASILD— T, KFRAETITHBERI RSN Z L%
RLTWA. £77,SDS &7 SH7= CNT 2k L CT-1.4V TKFEREEIT-T-L 25, Ki[Fe(CN)s]
Z R\ CV IEIZ B TR LR JT B O BN 2N X A 7= (Fig. 1(b)). Z AU, CNT Fifin» & SDS
NhrEEN, EXCFEOEMEESINT-Z L 2R LTEY, RAFES ONT IZKIFEZEAETITR
HEMEA 2 BREFREZRBES FIETHDH Z L AR L TV 5.

[1]Z. Ma, et al., ACS Appl. Mater. Interfaces 11, 11736 (2019).
[2] H. Uchiyama et al., The 72nd JSAP Spring Meeting 2025, 14p-K207-20 (2025).

(a) (b)
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g 101 =1 ‘E 10 b
2 =
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Sosk . _aftero, evol 3 °r Hy evolution
=
2z | A afterH, evol After
‘» -10 .
s 00 As-depo. C.-NT | | : H, evoILIJt|0n
== 200 7" 1400 1600 0.0 0.1 .02 0.3 04
Raman shift (cm™) Potential (V vs Ag/AgCl)

Figure 1. (a) Raman spectra of CNT thin films before treatment, after hydrogen evolution, and after oxygen

evolution. (b) Cyclic voltammograms of CNT thin films before and after hydrogen evolution treatment.
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Fig.1 Difference in sheet resistivity of CNT-
composite paper under dry and wet conditions
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[1] T. Oya, et al., Carbon 46,169, 2008.

[2] A& fh, #ESEAfEE 34, 17, 1980.
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Structural and gas sensing characteristics of single-walled carbon nanotube thin film
formed by electro-spray deposition
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[1] X. Fu et al., Chem. Eur. J. €202501144 (2025)
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Investigation of new n-type conversion method for CNT-composite thread
composing Peltier thread
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Efficient thermal defect healing of commercially available single-walled carbon nanotubes
using a CO;-assisted multiple-cycle approach
°Man Shen, Taiki Inoue, Yoshihiro Kobayashi
UOsaka
E-mail: shen.m@ap.eng.osaka-u.ac.jp
[Introduction] Carbon nanotubes (CNTs) exhibit exceptional physical and chemical properties, positioning
them as promising candidates for a variety of advanced applications. However, structural defects introduced
during synthesis or subsequent processing remain a significant obstacle to fully realizing their potential in
practical devices. Conventional defect healing methods typically require extremely high temperatures—often
exceeding 1800 °C—which can induce coalescence between individual nanotubes and result in undesirable
structural changes. In our previous work, we developed a multiple-cycle defect healing process that enables
effective healing of lab-grown CNTs at a much lower temperature of 1000 °C, thereby minimizing the risk
of coalescence.[1,2] In this study, we focus on eDIPS 2.0, a commercially available CNT material with high
initial quality, and investigate the effects of multiple-cycle defect healing on its structural properties.
Furthermore, we demonstrate that the introduction of CO: during the healing cycles can further enhance the
efficiency of defect healing.
[Experiment] Commercially available eDIPS 2.0 CNTs were purchased from Meijo Nano Carbon and used
without further purification. The eDIPS CNTs were synthesized via floating catalyst chemical vapor
deposition and have a typical diameter of 2—3 nm. For comparison, nanodiamond-grown CNTs (ND-CNTs),
with an average diameter of approximately 1.2 nm, were synthesized on silicon substrates as previously
described [1,2]. eDIPS CNTs exhibit superior structural quality due to their high crystallinity but contain
higher levels of metal impurities originating from the catalyst. ND-CNTs, on the other hand, are metal-free
because of their catalyst-free growth process but exhibit lower structural quality. These contrasting properties
make ND-CNTs a suitable material for studying the fundamental effects of defect healing, while eDIPS CNTs
serve as a reference material for evaluating the efficiency of the healing process in high-quality CNTs. The
eDIPS 2.0 samples underwent a previously reported multi-cycle defect healing treatment [1,2], whereas the
ND-CNTs were used to investigate the influence of CO: during similar healing cycles. For the CO--assisted
treatment, ND-CNTs were first annealed at 950 °C for 1 minute under varying CO: concentrations (0.3% to
1.5%), followed by C:H:-assisted defect healing. Defect densities in the CNTs were evaluated by Raman
spectroscopy using the intensity ratio of the G-band to the D-band (/g/Ip) with an excitation wavelength (Aex)
of 633 nm. Thermogravimetric analysis (TGA) was performed on samples weighing 0.5-1.5 mg under a
200 sccm flow of dry air, with a heating rate of 5 °C/min from room temperature up to 1000 °C.
[Results and Discussion]
As shown in Figure 1(a), the Raman spectra of @ eoeszo ho=ez3nm ) epipsz0 _
eDIPS 2.0 CNTs before and after multiple-cycle - o | b E— e
defect healing demonstrate a significant | o b
improvement in structural quality, with the Ic/Ip

|
|
C,H, 3rd (exposed in air) 130+ 21 {

Normalized intensity (a.u.
Weight (%)

ratio increasing from 89 to 100, 144, and 130 wk

after the first, second, and third healing cycles, 20l

respectively. Additionally, Figure 1(b) shows that pristine 89420 L N
the TGA curves of eDIPS 2.0 CNTs shift toward 200 400 600 800 1000 2001400 1600 1800 300 200 500 500 700 300 900 1000
higher temperatures after healing, further « ,, Raman shif (e @, Temperature (°0)
indicating enhanced structural stability and e b 2F G e roane cefectheaing

confirming that the quality of eDIPS 2.0 CNTs is o1
markedly improved by multiple-cycle defect
healing. Figure 1(c) presents the evolution ofthe ¢ . 1/ | | 250 /I _ _ _ wiouco,
normalized Ic/Ip ratio for both ND-CNTs and : ) % b
eDIPS CNTs after each healing cycle, where 08

normalization to the pristine value is used to N N B A
account for the different initial qualities of the mosrefcsiectesine ermitpeee Ratio of CO, (%)

two CNT types. The healing efficiency of eDIPS .

is lower than that of ND-CNTs, which may be  Figure 1. (a) Raman spectra of eDIPS 2.0 CNTs
attributed to the larger diameter of eDIPS. Figure ~ before and after each cycle of multiple-cycle defect
l(d) summarizes the Ig/Ip ratios of ND-CNTs healing. (b) TGA curves of eDIPS 2.0 CNTs before
healed under various CO; concentrations, and after defect healing. (c) Changes in the normalized
revealing that a CO» concentration of 0.5% is  Ic/Ip ratios for ND-CNTs and eDIPS after each cycle
optimal for improving healing efficiency; lower  of multiple-cycle defect healing. (d) Summary of the
concentrations are insufficient to enhance defect  J/Ip ratios for ND-CNTs as a function of CO:
healing, while higher concentrations result in  concentration.

excessive etching, thereby decreasing the /c/Ip

ratio. In summary, similar to ND-CNTs, multiple-cycle defect healing is remarkably effective for healing
commercially available eDIPS CNTs, which can produce in large scale. In addition, we found that slight
addition of CO; can promote the defect healing process significantly.
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Fig.1. Iron phthalocyanine (FePc) and substitution sites of nitrogen atoms.
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19,2023.

[3] Y. Amma, et al., Sci. Rep. 12, 21603, 2022.
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AMFFEDOZITICH =D EER ZE LA W=7
W, ZET U T AR OF IS &
AAXERIZEHR L EF5, £72, - —F
WP WEERD B a2 —R L —3 g R
L5, ABFZED—ER81E JSPS BHif# -
PR AIFZE (2 (JP23K17814) 3 L O E T
N A& A N L— V(R FEATEE b BE D Bk
BT e S T,

70

601
501
401
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Ip [MA]

| GateV
20 — L0V -0.5V

10| 05V — -1.0v
— 0.0V

0 | | I ‘
0.0 0.2 0.4 0.6 0.8 1.0
Vp [V]

Fig.1 characteristics of produced n-type
paper transistors
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BHEZMIKICEK S ONT T4 LR FERKE BIEHETE

Synthesis of CNT forests via solution-based catalyst formation and thermal resistance
measurements
BEXERTI AL KE. PH Bz, HFL B
Shizuoka Univ., Yoshinao Murakami, Takayuki Nakano, Yoku Inoue

E-mail: murakami.yoshinao@cnt.eng.shizuoka.ac.jp

(8] #—ArF/ Fa—7 (CNT) [ E@mWEMAEM: &Rt 4 A L, B mEME (TIM) 72
E~DISHABIFF SN TWD, FRZ, KiFE® IR EE A~ O {8 72 i B FIE O BT X E A I m
THECH D, AT, ABE R X ORI O F R CEIRHBAME TR L, (bR
£ (CVD) IZXY CNT Z &2 7 nt A2t Lz, S b2, &b/ CNT J& O BMKHTREA
LTV TIM G O AT ErE 2 Mgt L7z,

[3=BR] AL Si BLO Al Z VT, B EICET YA ECLYVTAI =LA YT
RET R (AIP) (0.1W%T ¥ /) — VIR & AW CT V2 T &L LTz, = D%, FiEek (30 mM,
TH ) — )V AR UARERE & L, B ke L CAE Y 32— ME (400 rppm, 100s) & T
Ay 7 a— MEEZMRF L7z, CVD G TITRFR L LT CoH2 Z AV, Hay CO2. Ar & & b (2fit
#5 LT 620°CT CNT &k L7z, AEFK% 10~60 /AL ST CNT B2k &8z, £D
#%. BiR L7z CNT 74 LA R OEZR I E OBIRHT 2 W ERISEIEIZ LV E Lz, CNT 74+ L
A MNERZ2A—/LV R L—MIEY 25CICEEL, 74 VA b Elid e —2 2N T 5 —I A
K SiF v 7T L VB L T, IBME IR OMHREZIE LTz, Z0%, fohizh L ByiE %
A BRI A U CRB O BT 2 R b o 7,

RIS i bl A a— M0 7 v J g & g 2 B AR L C CNT Gk L 73kt %
Fig.1 12/~ & &9 50 um, B &% 56.51 um/cm2 D CNT 7 # L A b8 —FRIZREE L T\ 5, Fig.2
WCAIERICT ¢y 73— MEZR Y 7V T8 L AlE 2 T2 L CTE R L7z CNT @ SEM % 7R
I, Si HROHLA & FRRRITK 50 um @ CNT 7 4 L A MBS FICRET 5 2 &b ho Tz,
CNT/AICNT A 2D\ TIE A7 M O ZBEHTF L OV CNT & 2R, @i & OREflEKPi 72 2o
ARG i

Fig. 1 SEM image of a CNT forest grown on Fig. 2 SEM image of CNT forests grown on
a Si substrate using spin-coated iron catalysts. both sides of a Al substrate.

© 20255 [CHMEES 17-091 17.1
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ZREX VIV THRELTEBELETSRAFyI0DIZLS
h—RoF/ Fa—TFE
CNT Growth by CVD, Using Waste Plastic as Carbon Source and Air as Carrier Gas
REALET, O53 KA, B H+ #iE OGRS Hat £5H #
Tokyo Univ. of Science, °K. Takanashi, Y. Tanaka, S. Hattori, T. Ikuno

E-mail: tikuno@rs.tus.ac.jp

AFRTITAERK 800 H ho DT T AF w7 BNy ENTEY, £0 5 baRLWEICER
ENTVDEIEITH 25%ICE->TND., T THRAIIFETSTAF v 7ICER L, Blifas
7T ATF v 7 @I 72 T T3 — R O RPRE~EHA L, 230D & T S A AT 8
FTNAANT v TP A I NTHIEEBIBEL TS, ZRETERAIL, R R ELTT T
AF v T R L CERERILKFBTA, it L7 xnky, ¥ UTHALELT
At/Ha(3%) % VM2 CONT Bl 21TV, PE ZJFEHZ L7236 Tlidk CNT ~DOZE#HR E LT
10%%EK L. I 22T ekt RaX MR 272012, 1EROF v U7 TADOREL
LCHEXICHER L2, L2 LZERITIL CVD I2L 5 ONT EDORIC=y F v > b & LTIEH
T2 0, HoO BEENTWNDID, IEROFEMEDIER TR ZL B2 N5, AIFSET
%, ARERICBT OMBERNT T ATF v 7 ZFEE L7 CVD IC X D ONT fRICH 2 55
BA T,

PE~L vk, 7xutr 2t BRI ICEE L 50kPa
FEREE DX EZE T 800°CE THIE L CNT Ok #1717, B
Z OFE ArHy(3%), Ny, BZERDOWT I E XX U T A
& L THUYY 300 scem OJii g Tt Lt 72, S RZERUE N, &
KRIEFRAL, O DEIENENEI2,3,4%I725 K 5 IZF
LRI L=, 5 5472 CNT 1% SEM(Carl Zeiss, GeminiSEM )
ERWCEZ LY U 7 HAOE NS X5 28536 LT, (b)

Fig 1@IZ N, Z % ¥ U 7 H A L L THWTHEE SH72 CNT T o 7 T T ]
O SEM Fif§ & 5. FEJEAE 268 nm O CNT R LT & | ! I _
B2 LGS Fig oI ARZERICET 5 0 Hax 5 , | i i
5 ONT OFEJEBEE RS, 0 EIA78 4%/ % L § 0 i
BA8 69.6 nm TN L7=. & BITICRIF 0.1% 05 3.0%~E 8 L 4

$ o 1 2 3 4

TL Fx VT HAD O EIGH CNT DULEFR L TEEIS
%2%5%5‘2 P 7§§§7\7Z)>o 7 Fig..l (a) SEM image ofCN".fs u.sing I\I.z as
carrier gas. (b)O; concentration in carrier
%/l Hix (0)) 73§%E‘IE'B‘I\$G:I§‘ e % %;@3’ CNT [Ef%i)"}éﬂj'ﬁ‘ AHA gas vs average diameter of CNT.
T = XD C il 24T 9 .
HEE - ADFFEIL, JSPS BHFE 22K04880 35 & UNHURBLR K AR BT FEHEME B DBIAIC £V SN2 b D TH .
[1] AHFE T IRF v I noh—RrF ) Fa—T~OEEREMEORIE 1—Ro T ) Fa—T OREUE FrHL -
A & EREIE RS, KRNt iR, p6o

2] EWFE T ITRAF v INOH—R T ) Fa—T~OERFAN —ARF ) Fa—T7 OWSEER LIGH, IR
A, RSty —= A — AR, 2025, p42
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Z D15 XAFS BIFEIZ & B Fe NS DBEREH—R T/ Fa—THER
BEOER : FEPOX VI T7HAOEE

In situ XAFS analysis of growth process of single-walled carbon nanotubes
with Fe catalyst: effect of carrier gas during heating
BWPKRET ', FWKF/ < T8 OBAN IBFE' KF R F@E BE"? BIE 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

ZUHIZ HED—FRr T /) F2—T7SWCNDITT L7 hu=7 A8kt E L COIHAREIR SR
TWAWETHD, L, ERTOMBURRER ED A B =X LIRBATHY . 29 Lizan
SWCNT O§1EHIE % KEE & UISHA~OIEIT & 7> T, SWCNT OAERKEREOEIIZIE, Y
TNEALTOBEEEIT) ZTOHMENMAL 725, Brld, THE TRHREILEDLFIRESH
AT & O FEAT 23 AT RE 72 X BRI HIAE & (XAFS)HIEIZ A B L. SWCNT R E F O ik -1 k3~
5. DY XAFS YIEZIT-> T&E 72, RIRIOIGWTFETIE, RFEWRELTTEF LY, X UT
TA L LT AtHy &2 HWTZBRD Fe SO FARRBIZ OWTHRE L72[1], AEl. Fx U T T AIZ
Ar/Oz, B3 LW Hz & v, SWCNT BEHIZI 1T 5 Fe fillio{La2IRkEE & SWONT ik I2 b 7257
WA e LT,

ERGE MBI, TAIFRAT Y — fKEIRE - BEL THEONTEmREIE L,
Fe fitfiopr - 23R S =@ HREI 2 ERL L 72, ARBlZ Wby v rm hr ittt Z—or
— A7 A BLIIS2 [T & L7- CVD ZEENICERY fHiF, ¥+ U7 AL LT Ar/O, % 1000 sccm
AL, 800°CE THIE LTz, FIR%E. % U 7 H A% 18T No/CH2 1000 scem 2 A L, SWCNT
R EIT o T2 SHRFE LTV SWCNT AR HITH 143 Z &1 Fe K Wi XAFS HIE 21T - 7,
X¥ U T AT Hy & W2 HE & RO FINETTT o 7o, £ 70 iR % OFEF2 Raman 43 9%, SEM,
TEM ¥ X T XRD % AV CEHi 247 - 7=,

FEREEZE Raman 70 GHIE. 38 X OV SEM, TEM #1427
5. XAFS HIEH OREHT SWONT 23z L TWnd Z &R
R T X7, K 1(a), OIZF ¥ U T HAIZ Ar/O, & iz
REOD ST D XANES A2 hL, 35 L TN SWONT it i :E;»%;
D XAFS A~ k)LD EXAFS k) 54 547~ RSF % 200°C
TNEINRT, K 1@ 6, FIRBAIGERIT v -Fe 03 (23T f//fmr
WMEERREETTH D . FIRTICIT D Fe il Mli%kic kK & s
REALITIRNZ ERb ol MGG, 7TEF LAk U
FREAZ B LERDN R T - IR L, (REOHEIT & & b IZ&R

(a) 800°C

(b) Fe-C Fe-Fe

WEX

.T.{Ks(x)k}[a.u.]

n
N
L

F

P
7140 1 2 3
Radial distance [A]

1 Fx¥VTHRAO, V- L &

© 2025% ISRYEES

Fe MBS N7, EHD XRD T4 Fe & FesC 28
TFAELTEY ., FesC O SWCNT O RLEAZREFRT 5
LEZOND, —FH, F¥ U T AR HH, ZHWESHEE.,
FHiEH, SWONT il & 648 Fe OEIGNEL 2oz,
SWCNT AR EDIEWIZOWNT, B HFELIHET D,

D(a) FiRFFD XANES A7 bk,
(b) SWCNT Ji 1 RSF

Xy U T H A K DR A X &

WEE AR, BT ESAETZE (B) 19H02563, &K F /) ~F UV T At 24—, B
FOHE~T VT LMY b —F A 7 THE (5O TREIERT) OXEA2Z T TR -7,

SE R
[1] JEMfth, 2025 FICHYERERETF

17-093

liegiE 2 14p-K207-6.
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Hh—RoF/ Fa—TJMEIYFUIOETFRERFELAEEHE
Electronic-type dependence and interfacial dynamics in CNT catalytic etching
BRI, WIXK? &KX OKE BE' Al Ex'»

Univ. of Tokyo !, Zhejiang Univ. 2, Nagoya Univ. 3, °Keigo Otsuka!, Shigeo Maruyama'-??
E-mail: otsuka@photon.t-u.tokyo.ac.jp

YK —RF ) Fa—7 (CNT) 1E. ¥V a b kT v 268 e L COELE
RBOEATH(1], BT M ATBWTUEERRRECEIRO T VA MEEE 5572 012iX, X5
BEFANT & 3047 L€, N TOARE L ONEBIHEMT G EE L 705, FERCNT b2 o b T L
LT, CNT OEFHEIZESE, H0 X O I T A D ZZFIH L2 &R~ » F 0 7 O
EREV[2], Ty T U REEIE, DT NEBERIEEDRE G T DG E T 2 — 7 DRk 1
WY SR 28 B AEMET A RSIC KA TX 560D, W 2K T v F o 7Rk
(B HEERTENE) N onTa, £-Fkxid, BEOMEET v F o 7 CTIEIfliEn S IER K
FOBEET 2 BN LEITH Y, RSN ERERETHREZEL Z L ZHLMNI LT
3], 2F V., ARZOBRAELE LTl RESEEZFICET L NEFEE LTH, fil
e F o T OB REERGEESCRE LA T I 7 A2 WD THRETT2EBRZND D,

FT, B~ CNT O E#HELS IOz v F U 7HEZ EET 572012, INZALARKE T 5 CNT
WK L CRIMAR T XY 72170 (M 1a), G0 7~ o~y B 71 (M 1b) 726 CNT RO
eI 2180 L7, X 1c ([ZHR) 72 CNT OEBRFEZ 7, FERO 58T % 25D CNT IZ%F L
TYTol2L 24 (¥ 1d), B L kR ONT T v F o VIl EICBHE R 208 70 <L 15 380 F
DZEDNRE TV D Hfiltt > 5 721 L FX BRI TH D, REROEWEZT o 7Lk T
LR STz, £72. ERICBITDE - = F U JHEDORGRNL, 7B AOXFRT 47
AZADORED R S NT2T2, CNT =y VORI OV TES T A r Y I alb—va Uk
{Tolz, Ly F U IRy VIBIRNR2D 7T 7 =0 L3RI, CNT = v Tk
By F U ISR ERbhoTz, Thbb, =y F U VIR EOERRMZEim T
LB B AN TR LR BIREREI OO OEN Y — L& L THERTE 5[4],

Ag(a.u)

| th | tchi | th | idling |
(a) i grow i etching | grow! i idling i 160004 0
Ar/H, (buffer gas)

E1s75

| cthanol | - !
ethanol
100 1 r ' 1.01 £ 0.87 (s.d.)
(c) i 10 1
E ' 5 in H;0 (5.8 Pa)
= Feel m-SWCNTs
£ P 2
2 50 4 /' s-SWCNT E 0
- ' K] 30 0.84 + 0.97 (s.d.)
= ag
g L 3
“ P e ( 20
A G S 4 in H20 (5.8 Pa)
! T A me 10 1
04 ¢ /- TrSWIONT ] s-SWCNTs
T T T T T 0 =
0 5 10 15 20 4 -1 0 1 2 3 4 5

Time (min) Etching rate (um/min)

Figure 1 (a) Supply pattern of different gas species during CNT growth. (b) Raman mapping image used for
growth process reconstruction. (c) Typical length evolution of semiconducting and metallic CNTs. (d)
Histograms of etching rates for metallic (upper) and semiconducting SWCNTs (lower) under water vapor.

[1] C. Qiu et al., Science 355, 271 (2017). [2] Z. Wang et al., J. Phys. Chem. C 121, 27655 (2017).
[3] K. Otsuka et al., ACS Nano 16, 5627 (2022). [4] K. Otsuka, S. Maruyama, Carbon, online (2025).
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ZREBELIC K SFBHE ONT ZAL= MENS Ko A — 2 OFREEL

High Responsivity Semiconducting CNT MEMS Bolometer by Structure Optimization
BAES ! EHLH? CHP Bl &£F ®EL BO #EL2
BA #®I'2 & &H? BHl JEX!?
NEC!, AIST?, °Tomo Tanaka! 2, Masahiko Sano!, Masataka Noguchi® 2,

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

E-mail: tomotanaka@nec.com

~ A 7 mRe A— 2 BERAERR HER L, A
WA LE LT 2R T VAL b RS e &
fifi CHEE R INRIRHER O~ TH D, A A
— 2 NG LT3t EE, B & R T
SEVBMII T BfGE S 4L D o OCHE DN IROMER % RN
T2 EMMEN B L, ZRICHED Ae A =25
DESENECE GAH T Z & TORIMRASS
SR EREINT 5, EODREITR A — 2 b
O HK P IE FE 4% i (Temperature  Coefficient of
Resistance : TCR)IZi®R< s D, Fox 13
WK — R ) ) F2a—T7(CNT) %> U
— 7 NREMR TCR > Z L& LM, =
xRN~ A 7 mRn A — 2 RGRA
BT LA OFER T ot 2R L TX, 40
E 57 DK R E DT Oz S O RLE
LIZOWTHET 5,

fERD CNT MEMS AR A — & Tlk, HF 1K
Piz T 5 12O 26N 72 ERRAL IR & T
A LTy ZAUTTRIMRIBIER OIE T & 44
WTWW e, & TR T BT HiT, fiEk
ZEBOE FIZH 2 ZNEEERTHZ L &
L7, Fig. 1 @IcZ® SEM B % Rd, 2%
JEIEIFAERDE 1 20 & OBl 2 bR & |
HFNE IR B OMEEZ D, B Ic&Eh S
ZHEBOIELE W LR R AR T D720 FiIAT
FOFRTERELTORRE A LI L=, Fig. 1
O ZEDFERZ T, I IVUEEIZEIINE

JEICRRIE IS E 2ok LTz, 725 2 2B 2K
952 & T L5 FORE R BRI N,
ARG B AT B R 2 ke L T <,

(b)

Double structure

Single structure

Normalized responsivity (A.U.)

3]
wn
onjes uoneoiydwe Ayaisuodsay

I R V1 R O
Bias voltage (V)
Fig. 1 (a)SEM image of fabricated CNT MEMS
bolometer. (b) Voltage dependence of responsivity.
2% 3LiR
[1] T. Tanaka et al., Proc. SPIE 12534, 125341U
(2023).
(BEE] ARFTE O —ER13, Byt 7% Sk 9
% AR AT FEHEE S EZ (JPI004596)
XEEZTIZHDOTH D,
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XTHEMA - A3 T4 ZHETHERR FTOEXDORIK
Development of optical post-processing to control nanostructures with laser
ERBSTRI', RX? RRERERMX® OfAK X', & AH2 AR KE° FH E'
AIST STRI!, Kyoto Univ.2, TUS?3, °Daichi Suzuki', Zhirui Liu?, Taishi Nishihara3, Nao Terasaki'

E-mail: daichi.suzuki@aist.go.ijp

=R F ) Fa—7 (CNT) 13F ) A7 —nOBEFH UIAD R H K LRt 2 A
THZEMB R T DAL B —FEADISHABHIRE SN TS DD, FRERNLZEOEN
TeWNEZIEN LIZ BT 3 AXRTZEFEAICE > Ty, ZOERAbZLTRFRA I 28 A
BN DORBINC D D, HFBEBICEEZELOTAHT 7y MRS D X512, ONT [ZEMRE
& AT VT 1) FOFT /HEEIKF L TEEROANV Py v TENEET D720, =L
7 ha=7 AT T ZOF  EEOHIENEE L 725, LM L5, BUEOHIEHINT
{23 %AT 246 E LT ONT ZBLIN L3 2 5o, AR DA 7 V7 1 2f5E L TREEK - 7B
T DEMANTAAAE LR T2d, T/ WEIEH SR ORI 25D LTz CNT 7 /3 AFTRIEFEB ST
WRWDORHRTH D,

Z ZTEHAIIIINITT AT 2R A M7 e A &R L, &R A flAE AT
REZR/NT A —Z WS L — =R A M B ITREEE L. CNT DR - IR EEZ R+ 5 2 &
THIREHNZ L D CNT OJRFTRIBLIAEIE « 271 Z U 7 ¢ BN T %SGk, BAEICdsk L2 e
H) - BRINERGHEEZRBL LI ZATH D, AMLEMIIIEROHIE AN & B 8% DR 2
N7 e ATH /) HEEEHIET 2HEMTCTH D0, L—F—ZWRE L2 E5 O H 0 RFT 2l A -
AT VT AHHHRTREE WO ME—ME 2T 5, £DTD, KRFTZiENT 2L TCONT AT 5
BTCOHA T VT ¢ OBPUHHEC, B - B A 2RI HIE L 72 B\ERER O EBNHIRES
ND, M TIEBIE LR A 7 n 20BN A, 2 E TICH 2 PR L TE 7R
N7 rtv R ERHT L7200 L—F— T L Vo ZHEIRREICOWL TR T 5,

(a) b) _(©) 400

Laser polarization CNT alignment
direction direction

75 Perpendicular

" Pristine CNT ,’ 50

E l' :“@'{‘:‘v
g
i (. | ‘

Parallel

25

Transmittance (%)

i /(non-aligned) p’

0.5 25 4.5
Frequency (THz)

Fig. 1. (a) Typical alignment image of the optical post processing. When we irradiate a laser to CNTs, only the CNTs that are parallel to the
laser polarization absorb the laser energy and are preferentially ablated. As a result, aligned-CNTs are formed that are aligned perpendicular
to the laser polarization. (b) Composite structure with different alignment assembled on a microscale. CNTs that integrates different
nanostructures were realized by changing the laser conditions. (c) Optical properties of the laser-aligned CNTs. The anisotropy of the optical
properties along the CNT alignment were confirmed.
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Towards chirality selective growth of SWCNTSs synthesis by ACCVD
Meijo Univ., °’Kamal P. Sharma, Takahiro Maruyama

E-mail: kamalprasads@gmail.com

Single-walled carbon nanotubes (SWCNTs) are comprised of fore frontier applications due to their superior chemical,
electrical and optical properties (1). Chirality-controlled SWCNT synthesis is progressing very rapidly to surpass the post-
growth treatment process (2) and bimetallic catalysts were realized as the best alternative to do so. In this research, we utilize

the FeCo (3:1)-NPs towards the chirality selective growth of SWCNTs.

An ultrahigh vacuum (UHV) chemical vapor deposition (CVD) system with Diameter (nm)
163 121 09 080 068 060 053
anozzle in the proximity of substrate though which ethanol is supplied as a chemical RBM/500°C) : CoNPs
: 500°C 10 Pa 1h
vapor was used as a growth chamber as reported elsewhere (3). Simultaneously a ]\  2: 532nm
~ LA P e SAANIN
deposited Fe and Co onto SiO,/Si (>75 at% Fe, confirmed by XPS core level scan, i
and EDS analysis) with separate target, and a single target (mixed 3:1 composition £ /\ [ 2:671nm
N A A Y v\—\»/"\/\w
of Fe and Co by ball milling) were utilized as growth substrates and compared the /\ ‘

results with identical fraction of Co and Fe only onto SiO,/Si. 10! Pa ethanol vapor

: 200°¢ FeCo(3:1)-NP
b RBM/SIOO C 50%“3(10")Pa 1sh

over the 10" Pa base pressure was utilized for 60 min to grow SWCNTs at elevated

temperatures. As synthesized SWCNTs under our optimized condition were

Intensity (a. u.)

analyzed by Raman spectroscopy, FESEM, HRTEM, and XPS.

Figure 1 show Raman spectra of radial breathing mode (RBM) of SWCNTs

grown for 60 min at 500°C by using (a) Co, and (b) FeCo (3:1) NPs as a catalyst,

FeCo(3:1)-NPs
800°C10-"Pa1h

A:671 nm
Sy -

0
==
=l
(-2
[—
g
@

and (¢) RBM of SWCNTs grown at 800°C with single target based FeCo(3:1) NPs

with identical growth parameters. Wide range of RBM observed with Co-NPs get

Intensity (a. u.)

narrowed down to 1-1.5 nm range at 500°C with change in the catalyst NPs which A:532nm

is further tuned towards chirality selected growth with increasing in the growth
A: 488 nm

temperature 8000C as seen in Figure 1. Note, on employing only Fe-NPs of

i i H i H
250 300 350 400 450

Raman Shift (cm")

A
150 200

equivalent fraction onto SiO,/Si, we were unable to produce SWCNTs. Other details
Figure 1. Raman spectrum of as

will be discussed during conference.
grown SWCNTs onto SiOy/Si

This work was partly supported by the Meijo University Nanomaterial
samples taken around RBM region

Research Center. Part of this work was supported by JSPS KAKENHI Grant
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pn- RF—THBEH—R>F/ Fa—TREZRAL:
BRERELTHRTFORR

Construction of lateral thermoelectric devices using
pn-doped single-walled carbon nanotube films
AKBEL L, I’CNER?, ARV A& S, ERHE Y, LK CMS®
Omch B2, RN BB FE ETY Bk BES Era BIEL2S
Grad. Sch. Eng., Kyushu Univ.}, I>°CNER?, Inf. Sci. & Electr. Eng., Kyushu Univ.,
AIST#, Center for Molecular Systems, Kyushu University®
ONaoki Tanaka!?, Yuichiro Kurokawa3, Masayuki Murata?, Tsuyohiko Fujigayal2®

E-mail: tanaka.naoki.468@m.kyushu-u.ac.jp

1. #E

By 7P RICEDSSBELWE Y 2 —/E, o BBEICROND K HIT, BVEMEHIR L
TEGR & v U TR S Th D THEREVEZLL) N—KkiITh o, LnL, ZOHKTIE
H I DmE EDT=DITE Y 2 — L O KB oBEAEHT O HE N A3 8 T%hiﬁb\@?ﬁfﬂﬂif%éo 73
”’C %“blu Zxt U CHRELICEFI TS TRABNVGE 254 ) 13, ISTEARIC 70 B L 72 Zh o (R EEAL C

. BERBIOEROIY M LERZ RO TEEE N EN D #ARIIA R 2<Mzx bh

5 &#% EOEVELEB RN SN TV D[L,2], L L, BEMATEHCR TR 22 il i i iE & o
ML SNBSS DB & RRBR IR RO R BE SR S U BE L T2 D T2 O FEPEITITZ Ly,

ZOXEIBEFOL L, AR TIE, pHE n T EZETLHE—0O pn- R—THE I —HR T
J Fa2—7 (pn- F—7 SWCNT) &z VT, BIREVEIEER T ORI L, £ DOEERX
= ALIZOWTRHI L 72D TS T 5,

2. FEB

SWCNT i (p %, ®80mm, 30 ym /&) (IZxf LT~ A7 ZfiL, RV ZF LA I (5wt%)
DK ) —IIRIK e A7 L —8Aid5H Z & T.opn- F—7 SWCNT % ERL L 7=, pn- K—7" SWCNT
JED p B & n BIEO ESsiic 7 e —7 #@EE L, Y —A A —F —%& AW TR ICEE N Z
el xoREENZRE L (Fig. 1a),

3 MREBLUEBE

pn- K—=7" SWCNT fii% 50 COEEIZ
RELZE Z A, IATMIC 1.8 mV O
BINBAET DL ERHLNZR -T2
(Fig. 1b), 7' a—7 M OHE NI [ OIRE
231 CThHY , pHEH O —~y 7175
(41.3 PVIK) & n BB —~» 7 455K
(=32.1 uVIK) 7 5L EE ) O Blgm i 2 5
H45L.0077mV ThHo7-, ZDEIX - ' 0 200 400 600 800 1000
SR L Kok < BA = bne by PIF—TSWONTH curent (1)
DIMEAIC L DRETITRNZ LBMDS Fig. 1. (a)pn-doped SWCNT film. (b) Voltage output
Moty — 7T, AR L =IEDIEEZ  (open circles) and power output (filled circles) for the
(26 °C) DOz WS L. HfE L 325 pn-doped SWCNT film as a function of the current
BN —F L, 2D M, KELIT output at AT = 26 °C.
HELE 5 1) D ERG A Z % Lfﬁlﬁﬁiﬁémﬂmﬂéﬁ’*”?ﬂ M LD RETHZENHL NIRRT,
AFERTIE BT 2IL—va VEHETEDA N =X LT OWN TR T 5,

235 3CHK ¢ [1] M. R. Scudder, B. He, Y. Wang, A. Rai, D. G. Cahill, W. Windl, J. P. Heremans, and J. E.
Goldberger, Energy Environ. Sci. 14, 4009 (2021). [2] K. Uchida and J. P. Heremans, Joule 6, 2240 (2022).

N
[3)]
o
o

1.8 mVvV

w B
o o
o o

N
o
o
Power output [nW]

Voltage [mV]

o

(3}
-
o
o
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R 5 5 1825 IR D R AR A 5L P A
Evaluation of electrocatalytic activity of carbon-based composite films

Off/F FRsL ' BRA !
UEB R PAEGREPRRESAEER. NEFHHIEEHE 3-7-2
2EBKRERA QO -F/ T/ A0—WREY 2 —, INEHTRHET 3-11-15

Dept. Chem. Sci. and Technol., Hosei Univ. !, Research Center for Micro-Nano Technol., Hosei Univ. ?
°Hironori Ogata'? and Kosuke Fujikura'
E-mail: hogata@hosei.ac.jp
BEORFESF, AR CIREICE L v 2 v F =i i3, AT 5 o4 v ¥ — R HbBRI

LEDEREDRRT L L CTIEH I T3, MEEICE W TR, BT 2 2 RFEITHIG
(ORR). WE#EFEESIG(OER), KEFAESIGHER) BAEEAKEH 2 Rz T e BHbN T3
2. TS DRIEEMEET 5 720 I (T TEMAEE & L CEifli oY 72 5B (Pr. RuO,, 1rO,5%)
BRETHD, TOARLEFOHFEL MRS 5720, FHCRKFE R — 2 DEMAHEIEH T
T3, FE, HEA—FR Y F ) F2—7(SWNTs) & 7 7 — L v (Ceo) DIE AN TR D Pt
2 Ruf#iiL v & N7z ORR, OER, HER M#GEEZ R L, RIEFHLXETH 2 2 L @& T
7, gk, XD E OIS & AT b o 2B OFEEZ B LT, 77 —LvE
KO7 77—V viEEk e SWNTs O AHE 2 FLikic X W ERL, Z o EMAREETE IO wT
ARIHNCH T %, ATEIE 2 13, SWNTSs o F&E il e 2s R AR TG R 1< 5 2. 5 B>
WTHRE 21T o 7B, 2 OfES, SWNTSs H O il o F& i il 2342 &l o HER fildtis 1
B R G2 Tnb e yh ot AWIETIE. 77— L VB IORMMBESEZE L H W
carbon nanowalls(CNWs)%, D+ /7 h—K v MEl kL L-EAEBEAERL, Z0%&
FEMAEE RIS O W TN 2R IC O W TlE T 2, FEfll AR ICOWTIIYHBE T 5,

Fig. 1 (a)SEM image of Cso/CNWs composite film.

[1] Rui Gao et .al., J. Am. Chem. Soc. 2019,141,11658-11666.
[2] Chiang et. al., J. Org. Chem. 1994,59, 3960-3968
[3] &R Jethfth. 55 72 [BIG A BRSBTS T AR5 (15p-P05-6).
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HWEEBH—RUF/ Fa—TJICAEIIT
BEA—ROF c— S OEHEER
Highly efficient synthesis of long linear carbon chains inside small-diameter SWCNTSs
LWARETL', BEXT/ TTH? BRKREH?
BFrER' B ER' FH BLK':, FH F° KA X' 8B HFE' Ol BEE"
Meijo Univ.!, Meijo Nanomaterial Res. Center?, Nagoya Univ.>
Haruma Sunako!, Chen Zhao!, Takahiro Saida'=, Shu Morita3, Minoru Osada?,
Xinluo Zhao', “Takahiro Maruyama'-
E-mail: takamaru@meijo-u.ac.jp

ZUDIT ZHORBIR TN —IRICRICE 72 > T2 F#H I —AR > F =—> (Long Linear Carbon
Chain: LLCC) 1%, BN/-HMABRESCEWIMEZE T 5 Z LN THEINTVED, KRAHPTRE
EIRTZD, TOMIEDZL AT LT, TFE, KA T COWMERHE A 7z T, LLCC %74
—ARrF /) Fa—7 (CNT) IZNETLZLBRALNTND, L, BEOREDL I
JELLE® CNT |2 LLCC #WNa L7t DT, Hgh—ARrF /) F2—7(SWCNT)~? LLCC @
WEIR S IZFEBLS N0 o T, i, A2 L7 SWCNT ZINELELS 5 FiE2 v
T, LLCC@SWCNT OABNHwEIND L1272 -72[1-3], L L, LLCC b ZEkd 5 &
SINDHER 0.8nm BE DM SWCNT ~DOWNalE, gk Th o KkFERER Y A 2 (ConHo) &
IRBEVICH W ENME—TH Y [1], e SWCNT F~DOHNa LLCC O X 5725 mE E{LNE
FNTWDI3], AT, WELFRZH WD AT ARIRHOR Y A REZHIET 2 2 & T,
HEE SWCNT N LLCC D @ zhZR ARk 2 ik A 7=,

ERFE ~XV o TT I HMEBEEITY, RUVA CEAEAT Y URREERLZ[1], hLr A
R AW TR 21T > 7205, KRR 2B DALBLZ i L 7-fEE SWOCNT SIRA L, EEK
AR EENT 80°C T 24 BRfIfRE D, SWCNT WNIZAR Y A 2N &, &5, BEZEHT 700C,
4 B RAMRIBENIZ X 2 BV 217V, SWCNT NIZ LLCC Z IR LTz, VERL U 7= 3kl 2 4648 ]
YN ER, BT~ ORI KVFHMEL, 2, ~FH o HFORY A PRED LLCC AR
NG 2 D BTV TN T,

FERLEBR ~XVUFORY A RENBEINT S
i, KU A WNELEZOREID T~ AT hLHO
P N2 REENKE 20, NERY A BN
L2 EmNbinotz, WERY A OB &V RE
Z FAVNT SWCNT NIZ LLCC i 21T -T2 2A, T~
VAT NV L Ny REREED G /N2 REREE A2 %
LH00RE560, EFETLLCC MR ENTNS Z & 1400 1600 1800 2000
BWbhotz, 72, WEMEZORED RBM E—27 O Raman Shift [cm ]

7~ v7 Fvb, LLCC [T EICES 0.8 nm LLFD o R LA e o

SWCNT ([ZHE & TV e, MifE SWCNT IZNE S L7 £%§$§?§§i?ii?fﬁ

LLCC & L TlE, MmEOHREFICLT, RbEEET

LLCC@SWCNT BB TE 7B 2 6N5, SHIT, LAY RBEL G /N ROMEL (I/6 H)
DN T R X — (A FE AT & 2 A, ARA b SWONT OB T T /g lesig K E 720,
SWCNT & LLCC D TR /X —BEIMEL TWA Z & a2rRdiERN™ ST,

PEE A —FIECRE~T UV 7w b —F A 7 T RHE (O TRSRgERT) OXiEE
2T TUT o T2,

BE IR

[1] W. Chang et al. Carbon 183 (2021) 571.

[2] Y. Chen et al. ACS Nano 19 (2025) 12146.

[3] B.W. Zhang et al. ACS Nano 19 (2025) 12996.

Exc. 671 nm L

O < 0.8 M 355 o6 ne'ok oi on e ) mmp

Intensity [a.u.]
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452 x>/SiC(0001)RAIZH+D - RTEIEHEDOIRK
Formation of 2D Iron Oxide at the Graphene/SiC(0001) Interface
MHEE Y, #BMIIK? RFIHEES XY /K5, BEXS
O RAHR 12, FE ME 4 WA R=4 B8 "2 FE FES R M
NIMS !, Tokyo Metro. Univ.Z, JAEA3, Univ. of Tokyo?, Nagoya Univ.5, Waseda Univ.®
°Ryotaro Sakakibaral2, Tomo-o Terasawa’*, Taizo Kawauchi‘, Katsuyuki Fukutani**, Takahiro
Ito®, and Wataru Norimatsu®

E-mail: SAKAKIBARA.Ryotaro@nims.go.jp

SiC(0001) K I DBV RIZ X VBT 2 IRFIRFE (Ny 77 —J@) I3 LThoeEa 1 o2 —
HL—hrFT5H2ELT, Ny T77—@DOI 77 AR D[], ZDEE, MxHFEILr 77z
/SIC FH T RITANTESNT D Z N b TS, &IFTIE, ZOAf vy H—hL—a ik
HEH LIz, 7797 = /SIC I HB T 28 Rt &M O A TER(L L TWH[2l, 29 Lk
HEOHF T, Fe, Co. Ni7Zg EOEBERN G725 _IRTALEMOERIT., BHEMECA Y b e
=7 ZH OB THBRZE, LrL, ZHHDILHRILSINC ERBGITINT D7D, Bj—TaA
VHA— =g VIR SN TE T, AT, Rl A VA —h L—v 3 VR R R
L7ekER, 777 7 = »/SiC e BT 5 %) —7e “IRGTELERDTE R L= D THIE T 53],

4H-SiC(0001) Hifk i A 2 Ar ZPH& T T 1500-1600°C TNEVGT 2 Z L T, REITH —7 v 7

7—RBEFER LTz, 2Oy 77y —JBOEREIEZH nm O Fe A EZE4KE L, #k2 —EKR
KRG LT, BBEEZEH T 660-710°C TMEN L 72, & 572384 Raman 23, X #6HE
. (XPS)., AEAFZEEBMEE (STEM), 5 XK O Méssbauer 4372 12 L - TR L 7=,

BV OFEHTF1T % Raman B L N XPS 227 MAnb Ny 7 7 —J@ORHER ST
7 ALEMEEE LT, T OREIOWHE STEM #5386 L OVE = /L X —#H K5 (EELS) JIED
fER% Figure 1 \OR" T, 77 7 =& SiC RO R HEIZBWT 3 J8 OB S A EHRICES] L T
L2 EN0ND, ZOREDOHS THERINAIZERFG L7z EELS A2 hMLTIE, Fe BLT 0O D
W EGIZ B — 7 DAL BN Z &b FUrIZIZ IR OBEER ST L T D Z E NEfiE S5,
Méssbauer 73 JEHIE S L 0 FUBFOREKURFNE 2 90~ 7o 5, i 0 kot bk L= Tl e %
AR5, 100 K ~WE U 72 BRI SR~ & BRI 35 2 & DRI ST,

EELS |5

o
@,
comsuerons Fe|<
N

c

P 520 620 720

Electron incidence: [1120]gc Energy loss (eV)

Figure 1. Cross-sectional STEM image of graphene/2D iron oxide/SiC. EELS spectrum selectively
acquired from the interface region is shown on the right side.

[1] C. Riedl, et al., Phys. Rev. Lett. 103, 246804 (2009), [2] Z. Y. Al Balushi, ef al., Nat. Mater. 15, 1166
(2016), B. Pecz, et al., Adv. Mater. 33, €2006660 (2021), [3] R. Sakakibara, et al., to be submitted.
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T3 7z VBBHRDRTYTNRUFUTIHT 1y T7—RBOEE
The effect of buffer layer on step bunching during graphene growth
A—LkXatt !, BREI? Ok =&, all HhiE', R BE', dFE @' T M2
ROHM Co., Ltd. !, Waseda Univ. 2, °Keiju Sato', Takuji Maekawa?, Yoshiaki Oku?, Ken Nakahara?,

Wataru Norimatsu?
E-mail: keiju.sato@rohm.co.jp

[F&] LAY EEEER LTI 7 2 20 LR EZIT) VE— h= X% — (RE)
PERENTOD[1], 777 = ATEALEISHROFEEZ b7omne), KR Lz e F vy
IR (Z ) ZFBEL, BRE2BFAIHAT 22 BB TH L, Lo T, a2 ~OHIEDWIFE
TE %, FFIT SIC O RE D6y, MR BICY T 7 = o ZEHENER T 5 SiC O IHEI A2 FIET
o, 127201, SiIC TEEOBFIIT VN AT v 77 a—RETOILEND Y, ZDT2D—K
FOIZIE FHIJEH & LT 4° offraxis FRIEE DA 7 HADEH S5 [2], F72 SiC 7341 A DIFFEMED
BLENG, TEEDOAT v 7@ SiEnm A —F —LUFICH A D BB H DH[3], &> TRE D R
RHTT T o AT HR ETREOEEER O ENEEND, — T, SIC B iED 7 1
AP, AT v TN F 7 (SB) EMHEN LD REDIFALBENT BRI L > TREIIKE
RFEMSDAT v TRIET D, £ T TAMETIE, A7 ER ETO SB 245277 7 = pllix
FEORFIE AT T, BRI, SBHIflE & LTy 7 7 —@a iRk S8 5 TR & EEHE T
R T I7 720 ZMESEDTRENGID, 2 step IEEFAFE LT2[4), 4B, INEUZ X D RETEIED
PRI L OV Y 7 7 — @ D SB Ml A R & E EAYICHHA L 7o R &2 s+ 2,

[3=Bk5ik] SiCrystal #HBUERES, 4° off-axis 4H-SiC(000)Fetk % V=, F£7-, Y—F B T
SR-1800RS % W\ CTHARDIMEAEAT 572, 2 step IETIE, BAEFTON Y 7 7 —EE (step 1)
BIZ Ar RRUEF T 77 = iR (step 2) ZATo72, o —fkA97e5kM: (standard) & LT Ar
RAPOHB TN LI TV B L., ThTh 7 77 = VIR Z 1800°C & L, PrEFEF
A& 0-20 min TEALSHTo, R FABEREEL LT < o otllliE 2 o TRl 217 - 72,

[#R] Figure 1 12, Ny 7y —j@CcEbh /£l R BILOEDLDhTW2RWERm (HFH) %
TNZIIMEALIZBED T T A DR L 2 7R T, AN KR EE LT 4 v T 4 7
AT 2A, TOMEE NG, BiE TIET 7 AEEINER 8.8 AT LK LI-Z Lo,
ZORERIT, Ny T 7 —EOPIEIT K o TREILHAIHI SN2 & 2R LTV D,

500 - 2000

450 EMPoy L 1800
E 400 Standard [ 1600 [ﬁ%iﬁl
E 232 1 - B S ARSI oy Eggi [1] M. Park, et al., Nat. Rev. Electr. Eng. 1, 680 (2024).
2 0| " [ oo S [2] T. Kimoto, et al., Phys. Stat. Sol. (b) 202, 247 (1997).
8 200 .;:’m P [thebuffertayer | gog g [3] K. Yamada, et al., Mat. Sci. Forum 778-780, 545 (2013).
B0y g [ 5 [4] K. Sato, et. al., 5 71 [AS B 2 BRAA AT i i 2

50 .'_m_...f“.f.“:%.b.u_if.e:}ﬁv_?t.......S.t.e.pz [ 00

0 T T T T T 0
0 5 10 15 20 25 30

Time / min

Fig. 1 Time dependence of terrace width during graphene growth in
the standard process and the step2 of the two-step growth process.
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RYI—TFURFSICBRARITS I VvEEICETAERA JADEE

Effect of off-angle of the SiC substrate in graphene growth by polymer-assisted
sublimation growth
BXEI' OCM)IZH EAN' F '
Waseda Univ. !, “Takuto Nishina' and Wataru Norimatsu'

E-mail: older358@toki.waseda.jp

1. #%
SIC(000 ) EARIC T OR Y ~—Z WAL TOMET 5L, R ~v—%RBRE LT T T =
WL SN D, ZOFETRY ~—7 v A NGRS (PASGE L FETIL, AT v IR F T
EIMEI L7277 7 = VB FTRETCTH D [1][2]e — MBI T 31 AW B LD SIC EERITA 7 £
EAEFFO—HT, 7MWK LT PASG IEIZ LD 7T 7 = VB EAT o To i 1372, AT
TlX, PASGIEIZ L7 7 7 = VIBRRICBIT 54 7AB L OR Y ~—RE DB L J~72,
2. ERFE

[1100]J7 1112 0.0, 0.2, 0.5, 1.0, 2.0, 3L 4.0° D47 f % 1> 4H-SiC(0001) B fk bt A4 12
V~—iRE Ay a— MEEHWTEMA L, R ~—EKRE LTUL, 7+ FLY A MARY
~—AZ-5214E % A ¥ 7 a3 ) — VRIS LT 2000, 3000, 4000, 5000, 6000, 7000, 8000, 35 LT
10000 ppm CTEfE L7= b DO xR\, ZOHMAE Ar FFRKT CTNEAT 52 & Tr 7 7 = U ilkl %z
TERL U7, INEAGRIRIE, B4 7 ADOERICB VTR Y v~ — 2 BMAETMELZBRIC T 7 = U
iﬁ%%&%ﬁ“éi INTHEEAL LTz, 5 B i EHT. 7 ~ 4 EIE 38 X OVE W 7 5% 85 (AFM)
BIEIC VR L 72,

s

&ﬁ%k%ﬁ
Figure 112, 4.0°4 7 SiC EMRIC R LK) ~—RE TV 7 7 = UV EE1T - 123 O AFM
BT, KnDh, R ~—REOEIMIES 77 AEBS IR T v FEmSOb N glgsng,

Figure 2 12, A4 7B L OR Y ~—REICB T 2 EREEH OV AT v @S & rd, 7 M
E6F. RY v —REOHEIMI o TEHRAT v FEENBEDTH, TRDOBLAT v IR F
THRIHIEND Z ENbhrotlz, £7-. T 7ADOEIEEN, 2T v TR F o TGN LB
R ~—RENEMT 22 bboolz, Zhi, 7772 OBERNBEL D AT v T OHERE
Ll IRFIRERDRY ~—OMEEIZHEARH L Z L 2B L TWD,

i

0 ppm 500 ppm 4 10000 ppm

——on —8—02 ——05 —e—10 —a—20 —e—d0

()
=3

@

=]

FER T v 782 hy [nm]

o
o o
o

2000 4000 6000 8000 10000
20 Moo A v —BHE [ppm]

Figure 1 AFM topography images of the graphene/SiC Figure 2 Average step height with different off-axes

samples with different polymer concentrations. and polymer concentrations.

[1] M. Kruskopf, et al., 2D Mater. 3, 041002 (2016).
[2] D. M. Pakdehi, et al., ACS Appl. Mater. Interfaces 10, 6039-6045 (2018).
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JTPIWE A LBRERA ARBILEFRLIZT57 200 CVD R
Graphene CVD Growth Using Real-time Observation and Bayesian Optimization
NTT PtE Rl 2 ERBAREM L, NTT oS a4 —2 3 URPERHRR 2
Ol RELY, EM BE!, KIE KR AR FE!

NTT Basic Research Labs !, NTT Communication Science Labs. 2
°Y. Ogawa 1, Y. K. Wakabayashi !, T. Otsuka 2, Y. Taniyasu !

E-mail: yui.ogawa@ntt.com

777 xrwIA L0 LICRFE koo E QD WE) ORRICIE, KEREEKR D& n
AREZML MR E (CVD) ENES AVWSBN TS, CVDETIE, H AWk - IRE - [ENREHE
BONRT A =2 EHET H0NENH Y | mEEIE LT 200 TRITEME TH 5, RBF5E T,
WAL - I Z AN TV A SBIER[1] &R T E AR L TR T A — 2 B PRRT H
A A 21 A H Y, 7T 7 = CVD lEOK#ELZ R Lz,

777 = X CVDIEIC XV Cu M BICHRE S W72, CVD 2B I AAA A T2 RO TSRO v
AT LEHNTHREBRBEZ Y TVE A LBIE L, 7772 OIL R AL OCERE & #EH
it L7z, 77 7 = ORfSEYER, RERIZT v hIEEZHWT G /N R (~1580 cm™) &
D /N R (~1350cm™) DR (/) (2 TRl L7z, mdominE R 7 7 = ik BHY
L LT, REHE S I6/Ip Z 8T G Tl & i b ORI FIRICRE L, ZOMHAERE T 55
PEPRR LTz, BARMICIE, CHo/H/Ar IRA 7 AR T C CHo/Ha L, R 950 - 1070°C, 1X10*
— 1X10° Pa E/&HIPHO ZIRICER /T A —F ZERIZIB N TS, bz @i L, 77 7 = Rk
BRMEEBERE LT, £z, #FEFIZ O TIL, Johnson-Mehl-Avrami-Kolmogorov (JIMAK) &7 /L%
W= U T2 A DB OFENTIC L 0 RRR LR
K 25 L3, G

FEBROFE R, CHJ/HAES 1:1, IR 1060°C, £ "o
9 X 10* Pa 2B W CRHMIFEIE DS e RIT 72 0 | A X
Wb E O TIRIC CVD RESR KL TX
HTEEMR LT, 12, IMAK ET LV THRLILE
RERERE K & T~ 9hoD Io/hh & ORI
DEsH B AL (Figure) . iR ZEE) 7N fc & A 22 A4 BHRR 12 ; ; ;
ERERT B 2 LR SN, AFEICED, K s e
RADTA T I 7 AERERBL DD, @t Figure Correlation between the growth rate
757 2 ORESEEEL X, B 2 coefficient K obtained by the IMAK model
2D PEOAHRNAETHS = & ARSI, and I/l of Raman spectroscopy:

Il

8
6
44
2
0
1

575 3R]

1.Y. Ogawa et al., ACS Appl. Nano Mater. 6 41405 (2023).

2.Y. K. Wakabayashi et al., APL Mater. 7 101114 (2019).

3NN, B 70 [EUS B PE 72T A = 17a-B309-3 (2023).
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777 = v-FREFEREIC 3T B B L TREN G M DBk
Relation between Generated Electrical Current and Flow Direction
at Graphene-Fluid Interface
FALK 1, £ TKR?2, BroK3
ORF BE Y, AH LA, BN B LT RS, ANE B, e !
Tohoku Univ.!, NITech.2, Osaka Univ.}
°Atsuhiro Matsui', Mitsuhiro Honda?, Masaki Tanemura?, Ichiro Yamashita3,
Atsuki Komiya', and Takeru Okada’

E-mail: matsui.atsuhiro.s1@dc.tohoku.ac.jp

(788 =] 10T B OEERITHEVERETICHRE SN2 B FORDP A 5 Z LTRSS, B
TEEEH O L X —HE L TR ANF—N—_2AT ¢ VT HIFRER S TS, FTH7 7
7 = v LB EIC T D HEIT. ZAVE THRICEDFI STV IR o T U e K A F
AT 5 7o OBEFHINT & AT, MR A I L LW DR B ATREAR T3 2\ & D
WD D, THETITHAET DEENPKOTEEIALAE L THI L., REMRENEIRICERT S
I CRENRANE 2D Z ERDNoTND, S OICIFEOREIZL - TR T OEBEN S Z
7z HOEBMBENCEE THD Z ENRBINTWDS, Ll o Fm & B O BFRIEAR
fEICod Y | BAEBERPMBH THLZ ENRET NA AL LTORETH Tz, £ I TARIFET
IHAET LERF M ZFE L, S8 L ER B E) 2 bk Au electrodes

W FIC Lo BEEON Ex BRI Z 1T 72,
(=B85 1E] (LR HEREIC X - THIfE RIcA L=
T xRN T AN EICERE Lotk @EmAE KA LT
(Fig. 1) o ZZ°C. 03K H M & SEME O3 MH %2R

water flow

¥, D LI PDMS AT v TR E LY VRS U

WK TFy 7RITKTERIN LT, 20L& T EMmEIZA Fig. 1. Experimental setup.
C 5 EfEZn el LT,

[5R L BE] Fig. 2 (TR X 5 IOKIRAVMIEIC AT 58 ST T T
WK I & R DA LT K < KA B = & R LB e
Miciot, 0 =61 SOMBAE T, EROKM] (9 = = |

0°) WA CHAM LOBIINETL, RERKE< RS  § | |
ERMITIED Uiz, ZOZ LIRS FOEBENRS T 7 = . _
o P O BTN M (B FI 7 R FHEBE A ) = X 1 R
FRELTWD, KL ERD L )ICEMEEET LI LN Angle, 6 (°)
NRANCEIRZT BT 72DICM B B2 DN, BET Fig. 2. Relationship between 0
NAZADOW N KIFIZm L85 Z EBHFTE 5, and generated electrical current.
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BIEM TICBW CERERREZ AV
77 7 = -{BFE A E D& E S FH
Electromotive Force Measurement at the Graphene-Fluid Interface
Using Electrolyte Solutions under Nonthermal Equilibrium
FALK 1, £ TKR?2, Bk
Ot FRE ', AH Ot BN B2 U RS, NE B, e !
Tohoku Univ.!, NITech.2, Osaka Univ.?
°Shogo Nakata'!, Mitsuhiro Honda?, Masaki Tanemura?, Ichiro Yamashita®,

Atsuki Komiya!, and Takeru Okada'

E-mail: nakata.shogo.p8@dc.tohoku.ac.jp

(B &) 0T Hff O E 72 STV BRERBOBEEMIFIAL B SN TnD, FTHL /77 =
v EOWRAKTIET D IR E IR A e B 2 LB L T DT RKIE TH R EN AT TH
L LR EMNBRE B —T N ZABENCHE DR FIEO -2 ER BND, REIEES) T
ILEME KR VD 2 & TRAET HEBNPMAKICHE AR TEMGEETHEINT 52 &6 T
WD, Ly UFRRINZRT S ARENEE SN DBRBETIIBIEEHmTHY . 2o RIFnET
FBRINTWRN-T, LTI TAMIZETIR, BEMBTHL7 77 = LUADIE L 72 5 ERE
VSR 2 ST HIAE U 72 S CREEB IR HI A ATV £ ORNREMRGE LT,
[ZBFE] (P EABHEREIC L - THIE RICAR L2/ 7 7 = v %W T ABER EICiEE L, 77
7 = DI EM A 7RG Lz, £ O LIZPDMS KT v TERE LYY VORI ko
TR == F v BB : /77 =) PNICKREFMLE, Z0&&xFy FiRE
ERIIREE 2 2 ZAUHIEE L7, AR (DIW) | F7I3IRE D 872 5 NaCl /KK % 1
L, BN K-> Tr 77 = Ul R AT 2EEZFHIL 7,
[RERLEBLE] Fig. | ICRRDREOEMERKEZ Mo L IR ET ZEES) (EMF) % DIW
(2R L CTRUSAL L7 R 2R d7, 20 & E OMMKRIEEIIFEEM LY 5°C &< | JitdE 133 mm/s T
b5, ERRE SN TWD LS 2 %%D EMF E5-
PIRITRONT, &K TH DIWIZx L 1.3 /5 Th
STz, FEFEIBITEIEFM CEILH & 5 7o OUiE
MENSIIR T L, mEbRENZE (L Tnd &
EZHND, TOOIRENKREICER S 5 EMF %
AENEREIZL D EMF EH L 0BRSS
VWA B, ZORRIIRBIREE RS R E ey @

TN AL L THWAIEAIZEBEHRDOMEIS % Fig. 1. The normalized EMF with various ion
. . concentrations.
EBETHMENETRTEBEZDONLD,

T

Nomarized EMF (arb.u.)
T
i
'.
——
——
f—:o—c
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ABFHBETSARIZEBDT 537z 0~ADF—EVTHIH
Doping of Graphene by Photoemission-assisted Plasma
FHEE", AKXI? XIS kBRI /04 OB2)EAK A, HFt B2 WE BX',
%R EH3, SiE M4, Ex F
NIT, Ariake College', Kyushu Univ.2, Fukuoka Univ.}, Saga Univ.4, “(B2)Akihisa Sekimoto!, Tsubasa
Demura'2, Haruhiro Naito!, Masanori Shinohara3, Kazutoshi Takahashi‘, Susumu Takabayashi'

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

TT7 2 0% sp? IRFE S NI — 71230 IR HEWE THY, mﬂewﬁz@f%ﬁx/\)ﬂyﬁk@
FRROWENEH SN TWD, V77 2 % BT NAAMEL TE OIS A& A A T2
PEAEDI VAT 7y — 2> T, AR —E 2 7 %% 2 D ERHH[1], wxums‘w*%;cw:t
BEWE CHLHZEND, AF AT T T —2al e EOBFEO FIEITT T 7 =0 DR Z2 2B b
W7D, FE R EHEL -0 T 5N 55,

4 13EE -HlE 2 B N i (photoemission-assisted Townsend discharge PATD) 77 X~ % Y
T AR —AF VBN LD T 7 = DR — o Tl G LT, PATD 13k ~2541 4 FR
LU OEBE RIS NE T E2N T —E L CRMEIND T80 SN EIRE AL D AT AS
WHIENTED, PATD 1IHERDBFREMIEIN TNDX T B NIE DR 10,000 15O ERALSFHIL
L7120 EEIT R L —% 0.1 eV L TIHILTZFE AR A A BE R REL /R /77 2%
Jii %I/N/DT%IJ&IJ%ME@% ZEDRWRESND[2],

[ 112, Ar Jii & 100 sccm TH:- 7] 800 Pa (235175 PATD 7' 7 AKXV 127 F7 = 2/Si0, DT
VAR NVERT, K 1(@IZLBERTO AT MV AR, 7272 L TORENT, HIERTIZ 5X107* Pa
DIKFEFPHK TIZIBUNT 400 °C T 20 4387 =— Vi e ALEL L 7-, ALEE DK 1(b) TiL D /R RALE
(1346 cm YIEDTIZ G /SRR
EREANZ 9 em 7L TEY. p i A9 em™one
MR JARES NG, B 2 1 Famens B 3 e
ERREOC s EFA~sIE  °F 1 osp
RT[3], EEZ DK 2(b) TiE, £
RLERDIK] 2(a) kT, 0.1 eV KA
BTN~ TRLTZENE,

FIR— o 7207 2 VI HERL )
G Tp o= R END, 08
%Tﬁé Kﬂ%fi\ (’AE?I)BE%?’I% 0.4;
HHFRFIEATOBIR (2024 )RS o2F
J7=, 0O A

1346 cm- 1

06 0.6:

04F oaf

02F

0.2

e 1"
00 = — e

L s By
10—

t (b) Ar 100 sccm
0.8 ,800 Pa 220V

00:::::}::::}:;::::}:
10 F (b) Ar 100 sccm

0.8[-800Pa, 220V

Normalized Intensity (-BL)
Normalized Intensity

A\

1300 a 1400 150(; B ‘IéOO .287‘ = 286 285 284
Z:7Z3Cik: [1] S. Takabayashi et al.,
Diam. Relat. Mater. 22, 118 (2012);
[2] S. Ajia, Doctoral Dissertation,
Tohoku University (2019); [3] S
Ogawa et al., Jpn. J. Appl. Phys. 52,
110122 (2013).

© 2025% ISRYMER R

Raman Shift (cm’ )

1. Ar 100 sccm-800 Pa IZH
(7% PATD 75X <[ &kYIELT-
T3712/8i02 DIV ARYL
JU: (a) ALERRT. (b) A%,
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Binding Energy (eV)
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T3z VB4 F 2 E—LEB : HIEERNICK 2HEHEHEEB
BE B D BTl
Hydrogen lon Beam Permeation through Graphene: Stopping Potential as a Probe of
Work Function and Permeation Barrier
Rt amBt L, EXEM? OFE ME'2 B B-? #8 =22 #H @ ¥E FA?
ASRC, JAEA, 11S, Univ. of Tokyo?, °Tomoo Terasawa'?, Takuji Takahashi?, Katsuyuki Fukutani'?,
Satoshi Yasuda?, and Hidehito Asaoka®

E-mail: terasawa.tomoo@jaea.go.jp

[FFin] B FESORBARERY — b THD T T 7 = KEA L NEBET HEEOFNA
Zh %% FiV C[M. Lozada-Hidalgo, et al., Science 351, 68 (2016)]. F& 4 IXFET /A 2BV TKFEF
NARSYEfEE~10 2 SRR C3281 L7=[S. Yasuda, et al., ACS Nano, 16, 14362 (2022)], & 52~ 135
MM OO DT T 7 2 ~DIREA 4 U — L BHEEZRE L [FEM, SDE,
15a-K207-10, (2025)], AL TIL. A A =L BBOMHILEBINZ AW, 77 7 = O
Bl A A BRBERE DT OV T T 5,

[32BR] He 4y E 11073 Pa (D ELZ24# ()1 /+ /7 9X 107 @s o
Pa)lZF W\ TR, Hita, BESBINSW7C He'B'—A[T. f‘g: \210
Terasawa et al., eJSSNT, 20 196 (2022)] % A=hk L 7=, Hifg 7 gz- Y 294
77 =B I UOZRAOEBNE T HME(TEM) 2 ) » 51- l 1
NIZ HetE— A Z MR L, &l L7z Het 2 &Eit(l) & LT 0r L 1

B LT, £ TEM 20 v REZ 57 = v Ot 2224 26 28 30 %2

BeaZeh/rvey7u—"77 3 — AHMBEE(KFM)[M. ;(bo)_6 m ¢ o
Nonnenmacher et al., APL 58, 2921 (1991)] CHlll’& L 7=, %% :é 04 - %_’ 04%
B 1B 22 C O MBAD I DV C £ LTz, % ol % 0:
[#:21] Fig. (@ZNAGTO He'd Lk OFEIAT—VF £ | |z
RV A2 7T, B2 ROF 5y MATEM 70 o F 223 ; f;
LT T T 2 THIET D, | DRMEBIKT D B A RED Pristine Annealed
BHiEFLIEENL 2B L. Fig. (b)ZEfH2E D5y (H) Fig. (a) Vs dependence of I for the
Z NN (Pristine) & INEA{% (Annealed)IZ DWW TR L7z, —  TEM grid (black) and graphene (red)

5. Fig. (b)A 2 1E KFM T b 7= &kt 2% samples. (b) Differences in stopping

73 (OR) & BRI 12OV COoRd, FLIEEA D28 kbt potential (left axis, black) and work
HFEREEE S OB EMEMIC—8 L=, 2D Z L1,k function (right axis, red) between
FHINCARTEMEZ: HetlcBW i@ O IEEAM 2398 TEM grid and graphene samples,
BCREDLZLETET D, Y HITHY, Ht, DY, D0 shown for pristine and annealed
PRI EEAL & BB ERE DN R SV TR T 5. conditions.
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Plasma treatment effect of iron phthalocyanine supported oxidized graphene

BRWAET EHIAT? CM)EA =X FH BL', S #EH , KB &2

Meijo Univ.!, Toyota Technol. Inst.?

CKanata Okamoto', Takahiro Saida', Masamichi Yoshimura? and Takayuki Ohta’

E-mail: 243427009@ccmailg.meijo-u.ac.jp

1. IL®HIC

% S SR FRABE | AR R R0 22 S R . 0D 22 Sk
ELTHOWOLNTWS, ZIE TREIAS AN
NTEZASHEFEI—R 77 v 7 i, A
BO AR RRENZ ERMAMED R _EOME
PED G AR Z B3 A FIE A Th 5,
AT, mWVEEFEEICKS (ORR) 15MEE
Lok X u v T = UHERRE T T 7
= > (FePc/rtGO)IZ % H L 721, FePc/rGO D filifi
EMEA B ST D 720120F, GO D=RF K
REDRBEREEZRET DI LENMLETH
B, —REIICIE, B RV VETRPHVWLND
ZEBZVR | ARSI T D AKX
W, RRUET T XA=id, KFZRT T AN %7
FHIEEME TEX A R 74 7 e A TH D, K
FIFAT7 VI ISR E <. GO ([ZFREHT
5L TEITIFEON ENYIFFTE S,
AWF5ETIL, FePc/GO ICKEE 7 7 X~ % [
L., ZoOEEELETNT,

2. ERFGE

IPA |Z FePc ¥y R % i LT-1AiR & . Hflik
\Z GO MRz DS BRIk E 2 % 1 OFElE
TIRA LT, Zh xSt % Z & T FePc/GO
WK% 30mg Gk L. KKET 7 A~ THELL
oo RRUET T X=E, T AENE L IMBIC
axE L7 BRI S5 60 Hz O HEFE 10
KV ZHIN L CTRAE ST, ArH(10 %) EA T
AR TT AENITHE L, fiiE% 2.5slm & L7z,

3. EBRER

Fig. 1 |2 FePc/rtGO D F (i SEM B Z7~7, &
% L 7= FePc/GO 13— FK D GO (T FePe 734H
FEENTREETH o7, 7T A~ BREFRE %2 &
KT 5E, v— MROEEERI SRS NT, B
A RXPINESL Ipo Tz,

Fig. 2 127 ~ U BEL BIEIC K 0 gt L7z
In/lc & G E'—2 @ FWHM O MR R K A7
o, Ipld. VT 7 = URNBBROT v UM
WO T KIBBRILIC L D7 T 7 =V Kfare &

WERNTZE—7 Th D, £z, Icid spfES
7 —R v OVEEEICERT 5, 7T XA~ S
R DB L, In/lg & N FWHM (3384 L
oo TNUDHOFERIT, 7T X~ FREFRERIBENIC
X0 B BE SN D KEIR T T VD
ML, BENEALTZODTHLEEZLND,

4. BEIW
[11 Q. Wang et al., J. Solid State Electrochem., 25,
659-670 (2021).

o

(c) 11 minutes (d) 60 minutes

Fig. 1 Plane view of SEM images of FePc/GO at different
treatment times.

15 120
o I/l

Ly » Fwhm 110
2%, ] 100_,;
LT‘? 1A‘ oo _,90 9,
|—9 4 ¢t - + 830 E
0.75 170 &

AA A A A j\60

0.5 I —

0 30 60 90

Treatment time[min]

Fig. 2 Ip/Ig and FWHM of G peak as a function of
treatment time.
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J52xzo0atw7Y 0 EEEBRRFICAIT:
BEAREHH IO XDOREL
Process Optimization of Control of Contact Interface
for Integrated Graphene Josephson Junctions
FAEKRBRT ', FALX AIMR?, FIL K@D
ohE BRIV, F ERD, AR SIS’ KiF BE"S, mik #E "’
Grad. Sch. of Eng., Tohoku Univ.', AIMR, Tohoku Univ. >, RIEC, Tohoku Univ.’,
°Hiroto Ogura"?, Zhuoqun Li" %, Azusa Utsumi’, Tomohiro Otsuka >, Toshiaki Kato'?
E-mail: hiroto.ogura.e8@tohoku.ac.jp

BREAROMICEREARNRE S TEEO Y 2 v 7 YV VAR, OO DBEET A ADR
i A DN i Sl & e e 7 N A A I 20 i AV /i = VI [ e NS 7/ W YNt
ENTWA[L 2], AT TIZS T 7 2 EOHE—~F v X CBW TV a7 VU BENFEIES
NWCTERZ)B, arys s MHEDEN (myvarg2y he by Faryr ) ZLibvakt7y
VINRDOERIZOWT, BfEREEITA STV, Fio, Yakt T Y VEITERAT AR v
VRSO X 97, Va7 Y UEREEINCEZ BN LTCIEIL, 7T 7 = BV THEIS
NTWRY, 2O &S BBtk T+ OFEBUTHT, RBIETIZ, 77720V ak 7y U #E
OEMENEIZBIT o327 FHELHEE Y OMBLZET 52 L2 AL Lz,
BEAICHIBE L 727 7 7 = E R ERAR T #E (hBN) OfidE, FIAMBRGEICL - T
Si0/Si #:MK FIZHEE L. hBN/Z' T 7 = L /hBN OfffE~7 ufiE 2R L=, ETHY V777
A= T TAR Ty F T EBWT hBN/Z T 7 = »/hBN OFEfE~T i & [pTic = v F
7L, ANy B Y THETMoRe T 5 28T, =y var s MUDT T 7 = o FBREH
BAEEERLE (K 1a, b), (ERENS T 7 = VIBRERERICENTY a v 7 Y VRO
BNZRE L, BARERS T — MEEIKAF T 2 2 L a2l c&e (W 1o), /o, I A~z vy
F 2 ZIRIZ 0O hBN O A% = F

YIYHZEThyTaryy M o B s j i

DT T 7 o BAREREA B ERLL | R(Q)
1 (uA)

200
100
0

Figure 1 (a) Schematic illustration and (b) optical microscope
17, 1147-1152 (2022). [2] G. Butseraen  jmaoe of the edge-contacted Josephson junction based on
et al., Nat Nanotechnol., 17, 1153—1158 hBN/graphene/hBN vertical heterostructure. (c¢) Differential

resistance of the edge-contacted graphene Josephson junction
(2022). as a function of applied current bias and gate voltage.

FRED Y a7 Y U ENEI SN
2o WHOMETIL, ZhbDT 7
TxrVak 7Y UHEROER T R
TABIOY a7 Y RO
[ZOWTD, KYFEMARHREZ1T 9,

Ve (V)

[1] J. Sarkar et al., Nat. Nanotechnol.,
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7527 x2/InGaAs 74+ b F A F— FEFRNLHBHSE

Graphene near-infrared photodetectors using InGaAs photodiode
ZEERGASH, BR 88 BY B, B 2, DI HE
Mitsubishi Electric Corp.,
°Shoichiro Fukushima, Masaaki Shimatani, Manabu Iwakawa, and Shinpei Ogawa
E-mail: Fukushima.Shoichiro@cb.MitsubishiElectric.co.jp

[F5] JEARAE (B 700 nm — 2500 nm) 255 & 92 e ERIE, AIEDE & AAROIEFIR O
RWBIRIRMG A2 FTRBIC T 2 L FIRFIC, IR CTIIE R DR W EREZ AL TE 5 2 L b FEK
B, X = U T 0, R, BERLE WAV SBIZEWTIN STV S, T4, TR
AR I R S 72065 Bl R B b 2 R 2 D 1o D O LA RO b T\ b, FoxldE
T = MR E N7 T 7 = &R Z I L TR Y 17, RSN I, - RIEERS
M RAZ IR W TR DR 2 523 L T & 7z, Alal, RN RIS W) T b [RIBR O 2h R & SERE
T 270, 777 = /InGaAs 7 & N F A A — FIRIHERC OV TG Lo R 2 5T 2,

[1E#Y - 3Fff] Figure 1 1 InGaAs 7 4 N ¥ A A — REHWZ 7T 7 = VRN s ORI
BT, BAMEL LT/ 7 7= ERIR T VA Z (FET) & MWz, InP E4R EIC InGaAs
pn 1§18 2 A B XA RIEIC K VB LT, Ny 7 7B E LTSI F—7 InAsP J& (R—E> 7
FEFE : 2x10"%/em?) Z IRk L7-tk, W8 & LT Si F—7 InGaAs J& (N —E > 7R : 3x10'%/cm’)
Z15um, NYTEE LTSI F—7InAsP(F—E > V¥ : 5-8x10%/cm?) % 0.25um, ¥+ v 7
J§&L LT2Zn R—7 InAsP( R—E > 7R : 2x10'%/ecm®) % 0.1 um, ZH LUK L7-, kg L
L T TEOS-SiO, 277 A~ CVDIEIZ £V 290 nm il L7z, ¥ —R « FLA &f& LT Cr 10
nm * Au20nm & A3y ZREME L72, FET F ¥ r/V & U THHEERMREIE TER LI 79 7 = v %
MR EICEET L, O VI ATy FUr 7ML, EOTRIZE>T, 777 = /InGaAs 7
F M A A — NERSOERH 2 FE R LT,

Va  Ld 1.5 wm near-infrared light

Crisn Electrode
| I Graphene |

Sl-InP 350 pm

T

Fig. 1 Schematic illustration of a graphene/InGaAs photodiode near-infrared photodetector.

[&%3Cik] 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) S. Fukushima et al., Opt. Mater. Express, 12 (5), 2090 (2022).
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Photogating effect enhancement by controlling carrier dynamics in graphene photodetectors
=EEHKASH
CIRE BE, &R B8, F)l F NI HE
Mitsubishi Electric Corp.
°Masaaki Shimatani, Shoichiro Fukushima, Manabu Iwakawa, and Shinpei Ogawa
E-mail: Shimatani.Masaaki@bk.MitsubishiElectric.co.jp

[B5)] Fox i, K7 — bR DDEIEH L= T 7 =367 — b %A 4 — K (GPD: Graphene Photogated
Diode)f#it “0% MFEMIE & LT, FRIMRA A=V 3 OB LA A= 9102 5H L
Too J67— RERIE, B ER 22 EONIEB IO S D 2 L TRAET DEEOEE, F—
FNEEDOELE LTI T 72 CHMT 22 LT 77 = o e @k Eld 5 FETH D, 4
[, A A=V HDOISR25REERILDOTEDIZHT — FIRORERIEZFERT H720, BfEA T =
R BTN THEM 7RG 21T o 72,

[328r077E] p BB L O n B Si/SiO, etk 2 VW T/ T 7 = > FET 21E/ L=, 7T 7 = 38R
CVD 77 7 =&AL TS, BIEIZHE 0.6 yum OfREGL—FE2HHL, £ 37 7F— NEIEICE
T 2 HISE R L7z,

[#5 5] Figure 1(a)lZ p &L, Figure 1(b)iZ n ! Si et & H 72 77 7 = FET OERZRBENE &L
WDy 77— NEERGEE R T, p B Si R E AW GE. BRI Ve <0V THESES L, n Y
Si F A W26, V>0V THBM IS TV D, AU Si/ SO Rl D222 BICEK T 5, R p
BICIE Vg < 0V, n BT 1 >0 VIV T Si/ SiO, RENTIZZEZ BRI SN D, KBRBE NS
&SI RN TR v U 73R4 L, Si/SiOx il 022 Z BIRICE(LNAET 5, ZOEZEIROE(LN T
— FNEEZLE LTI T 7o CHNEND Z E TR — FIRBETL WD EEZLND, T2,
WEROKE SITERDEBIEICREIKFEL WD ZERNbnS, kXY, FET 7 I 7 =
RTINS — MARBEC DNy 77— MEEFRICB W TR KOEBEBRNEBBEL AT D 2
ENEETHD, T4 T v I RA LV M EeREL CERDEBBENRKRE 2D REEEELELETH 2
& T, BEEAEDRFRETH D,

@ ~ (b) —~
7 < 2000 : : . — 15
& < ~
£ 2000} 5 3
e g 1 =
> 2 5
= '8 1000 5
2 1000 = 05 3
- o o
(] [J) =
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[} ] e © 06 © A
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Figure 1 Dependence of field-effect mobility and photocurrent on back-gate voltage in graphene
FETs with (a) p- and (b) n-type Si substrates.

[Z% k] D M. Shimatani et al., AIP Adv. 6 (3), 035113 (2016). 2 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). ¥ 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). " WA BN, 5 70 RSB SR FGER S, 17p-B309-19,
2023 423 A 17 H.Y WERBEEAL, 55 72 BUS AW F SRR S . 16a-K207-1, 2025 43 A 16 H.
D UEEBEAAN, 5 71 S B SRS 24a-32A-3, 2024 4F 3 24 010 1858 — R,
%71 IS A B SR TR 24a-32A-4, 2024 3 H 24 H.
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TaT7INRY FEREESET S0 UFRNMRRHESE
High-responsivity dual-band uncooled graphene infrared photodetectors
ZEEHKRIRM, OFER B8, IRA BE, SNl 2, DI HE
Mitsubishi Electric Corp.,
°Shoichiro Fukushima, Masaaki Shimatani, Manabu Iwakawa, and Shinpei Ogawa

E-mail: Fukushima.Shoichiro@cb.MitsubishiElectric.co.jp

(5] Bx TR T 7 = SR AR LTl 19, MEAM Y T 7 = VRIMEA A —Tk
Y R SEBRT THE Le D, E=IE TEME R MERSER A 7 F 7 = LR 2
(ZOWTHE L7z 310, JRAMBRIRHIT SO EH, PIRERIMR (K : 3-5um) & RFERR
SR (B 8-12um) Z AR L 508, — USRS U TR DRitisz V5, 40l
IIBD OO R A B— O HE TERE IR WRERIFMAI S T 7 = U itgR 2 F2EL L
D TH|ET D,

[1EHL - 3] Figure 1(a) (ZF OB Z2/RT, RIMMEEM CAECT-EEEL S —ME LTH
W, V=R« RLA UEOEERITIZ L > TEREId %5, 77 7 = o FET (Field Effect Transistor) 1#
Wa W, WIEWEREZ S, OWTIRIMRZ R DR FIREZEL MRS EL70ls, 77
7 = FET [33ZFAINC & o THZRRIZHEF LT\ 5, SCRPEAMRIC p Y Si, fﬁf?ﬁ): TEOS-SiO;.
WrE R O BB O —IIZ TIN, 77 7z b Da X7 NEMIZ Au, SRIMIEER e 3

HYE TR L 72 LiNDbO3, £ L TR FERMHREETER LIZ S T 7 = /%E%%L%hﬁﬁb Yo
HZESIREREL M2V T, i 3-5 pm OFREFRIMEL O 8 pm ORJE AR 2 BT L72fRo
A DOERIFE 2 BT L7z,

[#R] Figure 1(b,c) (ZHR &K ORIERISINRO SV Z BT TIZEBIT D B LA B ORFHIZE
b2, MR ORI U TERMENAZE(L L2 e, B—0ImH T 7 7 = iR

ﬁﬁi‘ﬁ.ﬂ””“(“?; TN R ARETH D Z & 2 FRE LT,

Insulator with IR photosensitizer (b) ()
~ -17.66 ~ -17.60 -
Supporting leg < < H
= 2 4765
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Fig. 1 (a) Schematic illustration of uncooled graphene multi-band infrared photodetectors. (b,c)
Photoresponses of the devices under pulsed infrared light irradiation at 3-5 pm (b) and 8 um (c). Drain
voltage: -1.0 V. Incident light intensity: 38.1 nW (b) and 40.7 nW (c).

[ 3C#k] 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) W84, 55 70 RIS AL RS FE R AGRIES . 17p-B309-19,
2023/3/17, 8) fakEfth, 5 70 [EIGS WP P B A PRI, 17p-B309-12, 2023/3/17, 9) f&@ i,
5 84 [HIIG M HL R K E AT A, 20p-A306-2, 2023/9/20, 10) & &fth, 25 71 [l A PRsA
BRI S . 24a-32A-5, 2023/3/17,

(iEE] ABFIEI, BhElin)T & ORI RS & F M L £ Lz,
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Grain boundary-mediated Self-aligned Single Crystallization of MoS2 Monolayer on Sapphire Substrate
NINS', RERT LY bAY F9/8S—Y 1Y a— 3 U XMW
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[[EL®IZ] MoS; IcfiFE S5 TMDC BB A [ DO Yy 7 [T T VA Y DF ¥ RVEHT

WHT 5T, %@f%ﬁ%ﬁﬁﬂéﬁ w0 O il KIS (GB: grain boundary) ZE< 2 L ANEETH Y |
I N L 23 SE AT S 7z RS s 2 KimAE 7 =~ BIC A7 — T TOVICTE R C & B Bl E T 23 20 2
2725, Fxl i\ MOCVD 75U TMDC it il 2B L. c ¥~ 7 A 7 L THIJE MoS, D — 5tk
HiERa RO % KRk L C X 72 [1], SBlE, 7 7 A4 7 LD HJE MoS, DN A Eﬁﬂﬂfﬁ%%iﬁﬂﬁ“é
AH=ANE LT, [\Hfin R A A ROMKE R A AV OHBOEREIC KT T GB D& EI%#EimT 5.
R EER] cEY 7 7 A 7 LD L= MoS; DAL BT, coincidence site lattice EF /L2 4
BT DY A A MMa&EFOZ & AN in-plane XRD (2 X AT TH S IC 2 - 72, LA L., MoS, D
RPN L TG M Ty P OBEMDBED & £11° OV AR MO A A 1307 FEBICINEL
T ORI (K1), ZORFFFEEORNEZ EZHCBIET 57290, KEFEO TEM o
T B TE AR L, £9. HE MoS, Tl “Friedel HIOAEN” (ZEEK T 25 E T BIFTRE DI
RFRENAE L D720, 60° KEERAA AL TE 5, £/, BHEE EAEGOESD, [F
s RAA OB AIEETH D, Zb Ao T, TEM BIEFINDO % KA A > % false color T4
L= (K 2), BIFEIEE 975°C T MoO:Cly & HoS %1 » THAL L 72 MoS, D akFEA+%1%, coalescence 23
HFe L L IR E SKHE R A A U2HIR L7 6 B il L, — 5 Mo Bk e o 263 5 4%
FERBETE, MO X9, 45 min DB T%lﬁl%é@}i%@ﬁﬂz 3> TWDM, Y7 74 T HMW
DRBEEFESITRS, v~ 7 22 FAL VEERIEAAETH D, ZNDLOFRRNG, GB BV L
~)LOYERE) (GB migration) 23N HLE R LIRFEE XAELT 5 LB 2 b, BIEERF TO GB OIFENY
77 AT EO M0S, D vdW T B X F L —Z B W CEEAKEEZR-TIEERBR LTINS,

2000 T T -
‘ MoO,Cl, + H,S @975°C

doublet

Yo M 40 min(coalescence)
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s00f %
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Qe ot
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Fig. 1: Evolution of in-plane XRD spectra Fig. 2: Growth time dependence of false colored
from MoS; domains with 0° and TEM images of MoS; monolayers grown at
+11° twist angles. 975C.

[38E] AHBFZED—1E CREST(IPMICR24A3), IST D HIE A% 1T 7=,

[1] AR il : 55 84 S AW EL A (2023429 A) , 19a-A202-8.
[2] AR il : 25 85 [ AW EL ki (2024 429 A) , 19a-A31-2.
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MOCVD i%I= &k % c @Y 7 7 4 7EIRLE MoS, EEIRD B2 E L E
Self-limiting Growth of MoS2 Monolayers on C-plane Sapphire Substrates by MOCVD

NINS,. REILY bRY F9/89—Y1)a—2 a3 v W
OEAM Fit', BF #{E' &R #i', MF HEH° BAK B
NIMS?, Tokyo Electron Technology Solutions Ltd.?
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[(ZUHIZ] MoS;l1zfkFE S5 TMDC g% il b 7 > V22 OF v X OVHIAT 512k, 7=
INA— )V C ORISR Z T, RS e R HIE 23 vl RE 7o s AN S L E T H 5, Bz X, F T
PAH D SSER Vin DEFNZHOWT, HJE MoS; LD 2 BHT7 A 7 ROEENFHRSH TV [1],
Fk % 12 MOCVD 5> TMDC FfEH AT 2 Bi% L, Mo 7' U 77—+ & L T MoO:Cl, & Mo(CO)s % fii » 7=
BRI D LS 21TV, MoS, DBEHIEIC W Tl Lz [2], 81T, MoOCla & HS 12K 5 ¢ iy~ 7
A7 EORRBETIX, HEMMITHOEEEEI @<, LrL, RT3 2 BT A 7 B
4L (quasi self-limiting) . = ORI ZEH] & M AFRETH - 72, ARl SO RE bz K0 | &b
pki R (GB) RAEZMELS T2 L THOBEENUBE SN Z L2 RH L0 THRET S,

[FR L Z5] 13, AT L= c W 7 7 A 7 H# 12 850°C., 50 Torr D444 T T M0oO,Clo+H,S
F & Mo(CO)s+H2S 52T MoS, & Al L. 3851 5 6 FEF OO BE 0D R MR A= & e L 726 ©
H%, MoO.Cly & Mo(CO)e 7' VU 1 —HiZ & 2 I IIARE A 72\ 238 W . MoO,.Cly, TIE HS & DA
Htiaic b b b g TH S E IO 278 L7243, Mo(CO)e TIRMREITFFRI G L7z, KOy
TNZHLUE MoS, & T 2356, MoO:Cl, D B CUfE IR 213K X e B B2 WifF e 5, L
22 L., 950°C TRFFMANE L7z MoS, REITIZ 2 EH T A 7 F23 AFM X° SEM Tl v, A1k
BB I 0 BOITHRE L T ie (K 2(b) . — . BRIBHREE %2 975°CIc 5 &, HEZEEEICET 5 60
min Z 2 % 90 min IETHRATHIZR 28T A 7> RIZA LT, D TREIF72 B O ERENED
TE7= (K 2(d), 950C & 975°CDH > 7 L% in-plane XRD <> 4D-STEM Tii~7=fEH, 950°C Tlid[e]
HRORHR R A A TR L7z GB L O D DX L, 975 CTIiL GB I3FA E(FE L2 o7, HOE
IEFSAE 1 MoOCl, DFE W AR A SN D & TSI, MoS, ZH D GB kDX 7Y v 7R
FOFENH OISO 22RO TS EEZLND,
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Fig. 1: Optical absorbance of MoS; as a Fig. 2: AFM images of MoS; grown with MoOCl;
function of growth time with at (a), (b) 950°C and at (c), (d) at 975°C.
different Mo precursors.

[R4H8E] ABF7ED—#0% CREST(IPMICR24A3), ST O #2451} 7=,

[1] Q.Smetsetal., 2020 IEDM, doi: 10.1109/IEDM13553.2020.9371890.
[2]1 /NBF fil: 28 85 MG Bk E 2SS (2024 429 H) ,  17a-P01-45.
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BREITSATE#FALEREER/AY 2 U TI2& 2RI DERREE
Low-Temperature Deposition of Sulfides via Reactive Sputtering with Sulfur Plasma
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Wy BERARIE AL RAIIEIC K 2 BRI O /E R CIL, @i 7R il dh & EBLT 5 7o DI ek &
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TeHBIA~— 7 4 L OFERMIC B EBK LTz, — 75T, b8R8 0 55 B CIIARIR OB 1%
FEAEIIESN T I Ao Tz, FHETIE, MoS:<° WSy, SnS 72 & DERAA LS -8R 3, Euv
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DA EER OIS 20 5 T, MEOMATSEBRORIEIZ L L TICT A A &%
o0l Fl KRB N EEN D, AL TIE, BBRE LTREY —F v bR
Ny B BiEIRE L CEISEDRE 77 XA~ &2 AW STEA N ZiEE2 B3 L, Fix Ofk
P DR LTI 2 KR CTIERIT 2 = & 2l ATz,

L@ —7 > b (Mo, W, Sn) & RF BV — R TRy X325 LR, MERKICEEEE
FIING % Z & THRIHE 7 7 A~ 2 @R OHERTTIC IS L7z, JEHI2IE 300 CTm#E L7z Sio;
T ATz, BoNEREOREMEEZ XBREPTICEZVFREL, £DOFT7 + 1 P—2EEE
BB O B T T - BAEE (TEM) (2 X 0Bl LT,

Mo, W, BXWSn 2% —7 v b & U TER LRI, 224U mIED MoS,, WS, B8 &
V' SnS HIECH -7, £7o, WSy IEO W TEM 4 (X 1(a)) (213, KEFA 72 @Ak 2 Bl 2
WS EZ T 5 2 ERR ST, MoS: 0 WSy i, TERD A%y Z {5 CVD LI X B Rk T
X, EFIX 600 CLLETRITIUTFEME L2V, AFIETIIRIEITARVRE TRidgERE L 5 2
EWIRENTZ, FBFHAVE SnS IR T A7 LA DO A XANRI s urd—H— T%Dm e
RIEIZ L D SnS #EOZ (B+~4E nm) £V HKIgIC ] SR
REDO T RFE TR T 7 A~ P OfiEA 4 (S
SY) MHMEFEIZE =X —2fHa L, fiibs X
ONfE il R 0 B 7 SR TR 72 i IR B A (et L 72 & HESR &
b, YHDOFEETIE, 7 U X T IVRBHIERER~DHERE

Figure 1. TEM image of WS, thin
DFERIZONTH I THET D, film.

[1]1J. W. Bae et al., Surf. Coat. Technol., 131, 196 (2000)
[2] D. Motai et al., arXiv. (2025) https://doi.org/10.48550/arXiv.2502.1892
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Preparations of WS; ultrathin films by sulfurization of W sputtered films
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Graduate School of Natural Science and Technology, Gifu Univ.', Faculty of Engineering, Gifu Univ.

2 °H. Takagi', Y."Wada', F. Ohashi'?*, H. S. Jha'?, T. Kume'”

E-mail: takagi.hayate.g3@s.gifu-u.ac.jp

“RIEMEITHLEBBEB YA AN T
4 R(transition metal dichalcogenide: TMDC) %%
IFHEMETHY  ZOMESLE VT ¥ U 7
BEEFFOZ LD T AL —RETTN
A AR E~DISARHIFF S TWD D, Zivk
TILHA DT N—T"TII ARy ZEEZDZ
TAT (W) L ANy ZRICRIESE
7= W % -V T WS 2 fERL L, AFM B8 LY
SEM BIZRIZ K D AT >, T ORR, H

MBI THDH W EREOB(LZZ LIt kY,

LV FREREOND Z AR LT,

AR TIIINETOHMAE S &2, FiEh
DR EN WS, EOFERZ AL D & LI,
ZOFM AT 72,

HFEMELE L TRy Z (RT, 80W) K] %
30s~1 min O TEL S W A2 BB L7,
W EEOBALZ I Z D7D, ARy ZAkE
PHEY H L, 10min LANIZ W R & B 55(S)
K02 @) & B RIFNICELE L EZE5| & LT,
Bifb TR L LT EZ2EG & LB v
U7 HAL LT Ar/Hy 7 A(0.3 L/min) & i L.
W % 700°C, S ¥R % 200°C T 90 min /I
B U7, REIOREM X, AEARE M
(SEM), $E4F ATHL 03 SEIE(UV-vis), Jii-1-Fi] 77 B84
B(AFM), 7~ ULy A (Raman), X #RfE
HriE(XRD) % HV =,

VITE72 D A%y Z I TR L7 W

A AR & L CHERE L 72 WS, #ii D XRD
WNE—=2ThbH, A3y Z B 1 min OFED
5. WSx(002) 1 D S A EdR L. & O ifi [ bRl
6.47A ThHoto, £72 AFM B0 =853
29249 2.5 nm ORI A8 L7z, Ry
] 30 s OFEHZ DWW TE Raman HIEIZ LY
WSy DA Z MRS L7c, ZHid, XRD B'—7
BLR S 72T EREES D 720 WS, DA
ARFTNZ E EE o T AH 72 EHEE S
Do rEAB7RE R & BEITY BICHKT D,

o
S

10 | 20
Diffraction angle 26 (degree)

(002)

Intensity (arb.units)

Fig.1 XRD patterns of WS, ultrathin films
(*%sapphire substrates).
2 EBETIN
[1] W. Choi ef al., Mater. Today, 20 (2017) 116.
[2] H. Takagi et al., 71" JSAP spring meeting,
(2024) 24a-31B-5.
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H,S 7 =—)LIZ& % PVD-WS, EEDEENE
Quality Enhancement of PVD-WS, Thin Film using H,S Annealing
RERIEAE OM2) RR HE, fk Wi, FE 48, Jang Jaehyo. #HHE AFH.
52 2%, ~H FED. EH L. AIE Mz, EME
Institute of Science Tokyo, ©(M2) Soma Ito, Naoki Matsunaga, Kaede Teraoka, Jaehyo Jang,

Taiga Fuse, Shunsuke Nozawa, Iriya Muneta, Takuya Hoshii, Kuniyuki Kakushima and

Hitoshi Wakabayashi; E-mail: ito.s.9fee@m.isct.ac.jp

[((ES] XA FEARM BT H 5 TMDC FHfE
[1,2] IZBWT, PVD EIE TEANCHE R AE
Befiz= s, BRI A U 2 BRERRC & 2 Rt
FALDFRETH % [3], ZAUSK T B A %E
Wi RIS 7 = — L (SVA) TIEAZER
S-SHEEDIEM I N2 72 ¥ OREN B - 7= [4,5]0
Z ZTAIZE T, HyS 7 =—)1% PVD-WS,
HREAEH L, BEodE Y BIE L 72,
[57&] RF Ry Z2EE 2 FW, Si0,/Si £
i 2 BAEE (19 1.3 nm) D WS, iE%E 350°C
THUE (4.0 Pa, Ar 7 sccm, 50 W) 4. Z5EHIRAE
D H,S(10%)/Ar Z2PH5 T 7 =—/1 (1-10 kPa,
550°C, 50 77) 24T o7z, LEE D728, 700°C T
60 73D SVA %17 o 7z, DL ARG AIRRELX
XPS Tkl L 720
[((ER-EZR] K1 0#ED, HyS 7=—L Tl
SVA TR ONTAER S-SHEEY — 7 K
L. WiEHEREI G XNz, K2 &D, 7
= — VIET OB S/W LRIZEARfE 2 12
IOE,. EVIEMENRSE N, Tho
£ 0. ARFRIM A ERIEICEN T WS,
DIEBICEN THZ e EZ 5N 5,

[({65] H,S 7 =—i&. PVD-WS, IRt
LC. S-SHEEZIMEIL & HIEfEE TV
S/W tb 2 &3 % LTS TEMITH 5, A F
HEERERCHELESMEZR WS, FF PR
K BT IR X & 2 BBk e 2 b 5 %, 5%
[ S v o o TRl AN 8 N Q=R O
MEHME DM A 6. 7 =— VA0t X
HIZHED 5,

(FEE] AW O—EIE, SCRREE R X-
nics *FEARIANLLTE EESE TPI011438 DBk
B2 DTH 5,

© 2025%F ISRYEE S

Sulfur vabor anneai (SVA)

N~ O

H,S anneal
[ H,S(10%)/Ar: 10 kPa
| 550°C

50 min

Intensity [k cps]

N B~ OO 0 O

O 1 1 1
168 166 164 162 160

Binding energy [eV]

1: S 2p XPS spectra of WS, films.
2.2

H,S anneal H,S(10%)/Ar
2.1t 550°C -

2.0F----- Ideal S/W ratio----———-==caa--

=
©

S/W ratio
=
0

l.61

1.5¢

Vo> 4 6 8 10 12
Annealing pressure [kPa]

2: Dependence of S/W ratio on H,S annealing

pressure.

(B 3R]

[1] D. Akinwande, et al., Nature 573, 507 (2019).

[2] J. Gusakova, et al., Phys. Status Solidi A 214, 1700618
(2017).

[3] C. Muratore, et al., Thin Solid Films 688, 137500 (2019).
[4]J. Shimizu, et al., Jpn. J. Appl. Phys. 56, 04CP06 (2017).
[5] S. Ito, et al., Jpn. J. Appl. Phys. 64, 02SP08 (2025).
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FERIZR LT No SERORZEMERIZ & Y /S L 7= oS, IR 514
Evaluation of MoS: films prepared by vacuum heating of Mo films immersed in sulfur
liquid
IEXBEE “MOFLRE, MOARHEL, MONARZRT, M2)PRRELRL, N\BEER, RKEAMA,
Subagyo Agus
Graduate School of IST, Hokkaido Univ., °K. Inoue, Y. Kimura, K. Yagi, K. Nakane, E. Hatta, K.
Sueoka and A. Subagyo,
E-mail: inoue.kazushi.e7@elms.hokudai.ac.jp; agus_subagyo@ist.hokudai.ac.jp

2 REMBOBREEBXA WNATFARD—D2THE LT 7T > MoSy)ld, FEHXT
%5 ENBEOLMNITHE-STEY, S onoff kBT 2 M7 VP REZADIGAOHA K LT, 7
ILYZMAZIR, TRLAF—N—RIAT AV ITBEANDSAIAFINTVLS[1-5]. ZNET
H MoS, D, TNARIGA, BEELEICOVWTELVLEEI I REINTWEAY, SRELR
MoS, DELER EICIEREE DL Z < H D, SmER MoS, #8E&ET &b —NAHEIL, NILokE
BOHBICL DB THDD, NSBERELHIEOSNTES k_u%@ﬁﬁ' 1&[]%!;%&1%6[6] — %
MICERINTWLSE CVD BERETIE, BMEEROBRIREICLVERBZ/ZIZZ F@%ﬁ:%ﬁ@
MoS; HEETZ 5, EWiEROERBCZDEZOHENRETH 5[7]. FILALIEIC
Mo #EfE % B MoS: L&?ﬁwéﬁ,ﬂ) HBHRENNSKIIRD AT —TH 5 [8]. Nﬁ?{ﬂ;t
LA L L THRERTIC Mo BRZZ L7-RICEZENAT % & W) EBAERX Y AT Mo
SEIEA B MoS JEICE T 2 EAIRET DL EHICMoSEDORSEATET 22 2 BRIE L
7!—_

FRMNCBEBFTNA ZAADISAERETT 272012, Si0x/Si EM(Si0,=300nm) L (Z/XZ—=>
L7 Mo BREAREIE LTz, XZ—=v 7@ 7+ )V TZ774F%2R0, TCMERTZDEE
A DA D /=D ICIBD R DR D /N2 — > A EAFR L2, BiE XK 120°CTRED S RIE
1257208 125°CICR D L5 I12hy b 7L — b ETRILESHE, RICHERDIC Mo EESR %
30 WRELNZE L T Mo S8R/ Y% — > FICHEERZ K L7z, RIC, BZEREE T 10 nEOMEE B 2 7%
> 7z, BEZE(F 10Pa~2 X 103Pa, ;B 650°C~750° C&r’C?)ot FACALEE L 7= Mo DE S DZE
{t% AFM THI L, MoS: Dit@RUECEBHEA 7 VO AEICL > TRBIT L7, 7> HHIC
BWT, 383 em! [ HEDEANAEDIRENIE— K Elye &, 405 cm fHADEANTRDIREIE— F Ay,
EDRERRA SBEARETE S[9]. FEEH 3.7nm & 5.6nm D Mo fR% 650°C TEZZINE L 7-#E R,
FEEME 1289 220m AN L 7=, Eye & A DREIFEAY 22~24 cm™! OEFHICH B 7= 2~4 BRRED
MoS; D FERR S ND Z &AM h -7, MEEREH 750°COHZEF, K1 IRT LIS, EDEREED
Mo SEFRICEWNTH Elyy & A, DFERA 25.5 em' I2EIBARL TEY, SELULED MoS: B FER I N
BT EDDD 0Tz, TONRTYFANEILK A ST27280 MoS, DIE@RMEA M ELT-EWR B,
ZDMoS lFF /87 —=2 2 L1 Mo SEREH & /EH

35

’C 2578, BECINIZETICT/NA ZSANTA Vacuum-annsaling Mo= 2.5 nm
LS A D, T50COMBTHER L MoS, %01 ; Ao, M simm

mﬁ@rayyxammﬁﬂ%vﬁazaéﬁ% ~ 25
=7, HETHRET 5. g
References: \‘—';
[1] Q. H. Wang et al., Nat. Nanotech. 7, 699-712 (2012). = 154
[2] G. Fiori et al., Nat. Nanotech. 9, 768 (2014). [3] A E
Splendiani et al., Nano Lett. 10, 1271-1275 (2010). [4] K. =
F. Mak et al., Phys. Rev. Lett. 105, 136805 (2010). [5] B. 5] ' '
Radisavljevic et al., Nat. Nanotech. 6, 147-150 (2011). [6] » 255cm?)

0 T T T T T A T T
M. G. Stanford et al., NPJ 2D Mater. Appl. 2, 20 (2018). 350 360 370 380 390 400 410 420 430 440
[7] A. Yan et al. Nano Lett. 15, 6324-6331 (2015). [8] M. Raman shift (cm™)
H. Heyne et al., J. Mater. Chem. C. 4, 1295-1304 (2016).
[9] C. Lee et al., ACS Nano, 4, 2695 (2010).

Fig. 1 Raman spectra of MoS, films formed
by vacuum-heating at 750°C
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MBE I2& 58T 74 7EMRENI (111) FE L B FEME
Boron thin films grown on Ni(111) thin films on Sapphire Substrates by MBE
BARTK ', BAEEEE (8) NTT HiEERER
OFRH |, NIEM W', PE QLS BEK E®2 FH —72 I KR!
Hirosaki Univ. !, NTT Corp. NTT Basic Research Lab. 2, °Nao Ishii', Takashi Azuhata!,
Hideki Nakazawa', Masanobu HirokiZ, Kazuyuki Hirama? and Yasuyuki Kobayashi'

E-mail: kobayasu@hirosaki-u.ac.jp

NIRRT #EM-BN) X GaN BT A ZADOBAEEEOHEEE & L TER STV 5[],
Ni(111) & h-BN O AREAIL 0.4% TH Y Ni(111)7# R F 2@ i h-BN O EA SN D[2], 4
[F 2 1%, 7 7 A 7000tk BICEF B —AREFIC XL E L2 Ni(111)7# K B2, MBE I2X Y
B AR L, Ni(111)EBERAEICIS T 5 B EIRO LRSI Z M Lo TlE T 5,

B E—LAREICLY Y7 7 A 7(0001)Febk B AR 400 °C THREE 500 nm @ Ni(111)7# 5 %
R L7z, Ni(111) &7 7 A 7 (0001)FEMR D = &5 % 2 % VBRI [T i || [0001 Jsapphire & [21 1] ||
[2110]sapphire T > 72, Z D%, Ni(111)7 % MBE F % > /3 — i CHAIRSE 1000 ‘CT 5 7 =—
NVEITV, [EE B ZE T bR L. EAGRE 700 'C (7 1r@) & 1000 C (27 @)

SRR Lz, R L7e o TV okl E: A — Y 2B okic Ly, RE7rny—%
AFM IZE W BIE L7z, M 13 7@, @0 AES A7 ML Th D, Hr 7 AOiE 179 eV IZ B
D AES B'—7 Z Rk L[3]. ZHUEB MIEARE L2 2R LTCW5, —J7, 37 L@1E B O AES
V— 2 RS iehot, M2 37 rOQE@0 AFM B THh 5, o7 OQE 7 L@ RMS
TI7RAZ, FRENS4nm, 1.2nm Tholo, K2 X0 ¥ 7O TiE B #EE2Y Volmer-Weber %
DOEE—RFTHRELTRBY, —F¥ > 7@ TiX Frank-van-der Merwe B ZUT VK€ — R CliE
LTCWDME 1D AES A7 MUIZEBWT B @ AES B —7 BEI SN2 Z L s, Ni BN IC
B 2MEB L T D AREMEN 5, #RE « ABFSEIX JSPS BHFFE: FARAFZE(B)23K 23236 DBk & %% 1) 7=
% DT, [1]Y. Kobayashi et al., Nature 484 (2012) 223. [2] K. Y. Ma et al., Nature 606 (2022) 88. [3] G.
Lu et al., Nature Communications 6 (2014) 6160.

—_ Sample@
5
5 Sample@®
= - ANV P A e
_zu B C
100 200 300 400
Kinetic energy [eV] Fig. 2 AFM images of B thin films grown on Ni thin
Fig. 1 AES spectra of B thin films grown on Ni films on sapphire substrates.

thin films on sapphire substrates.
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Ge #[E/S| IR LD r-BNF/ — D OVD BELE
CVD growth of #-BN nanosheets on Ge thin-films / Si substrates
EMRE, EMKRFIFES? OM)IZFA ', EZD @XHR?
Shinshu Univ.!, IFES, Shinshu Univ.2, °Kai Tsukada!, Kentaro Watanabe?
E-mail: kentaro watanabe@shinshu-u.ac.jp

[#FH] A-BN 1%, EHE LA UEON=D 2EEE LR TR TR 5.9eV Oy Ry v 7%
FOMRIATH Y . (1) h-BN BEPRENFENFZFHMETH 5. (2)Graphene & FifET 5 & Fibk &
Do —n CEELOIFENZ X Y Graphene DFEFBEIE AW LT 5, (3)MoS; & h-BN THiLr & MoS,
DIRIEFREDHIR SN D, e ERFBMEHE RO @ T /S8 ZPERE 2 MR £ T51 & 4 wiBhirkt
ELTIHEFEFRENTWD, xOHEIFEFEOSimL Y hr=/ AL 2D =L J tkr=r A&
DA Z ZBAIC, h-BN F /7 ¥— F O RERE G2 S 2L E XA R (CVD)iE &
T Si M BICESE h-BN 7/ o— M EBELAAER S8, RO KEE h-BN -/ — F &G
HZEThDH, AR TIE, REM FHIZENR E L THEEARSFIECL D Ge #IE/Si(001), Ge K
/Si(111), Ge #fi5/Sapphire(0001)FAR 2 & L, CVD il St (FEARIE O IR R 72 O) 2 B3R L7,

[=8r] id 3 MMM E Rk Z A& Lz, RICAEEIRIFEZ—RICAELZ2 YV —
fKJE CVD #EENIZ BN BIEIZT =T A7 AR R, BEEERZEAL, 6 PafiffE
THER L7z, TDtk, LB D 0.4 SLM @ Ar H A, 0.04 SLM O Ho T A % it L7208 B 2k & 30
G373 THAR L 1100°C T 2 FREEINEAT 2 2 & CEMR A KBRFKT =— VLB L, BEZIZ Ar T
A 0.1SLM, Ha 7 A it & 0.002SLM O F THIEEAZ 150°CICEAS 5 Z & TCVD R 217 -7
(BEYESRIE), 2 ORg, AIBRARY AR D & A4 U 72705008 Tl o F5bk B C{b POtz 2 LT A-BN
F = RSART B, BIBRASINEE 50 3 TETOMBAB L O A7 n—2 kO THRIE LT, %
72 Z OFERESRAE D B FEBCRE & FURREE 228 2 C CVD il 21T o 720 lEH O KB OS2 BEK
B sz, SEM-EDX ML/, XRD f&5EAfi, Raman 2 Y6EHMIC & 0 45 pld= 4otk % Ll At L 7=,

[FE 5 - ZE]Si(ID)ER L Ti S h-BN OARNEEE Th -7 (Fig. 1), FElIIA#ER Th <5,

® 0

(c) 10° T T ‘I‘,\“ T T T (d) 4000

T T
J h-BN
b 3500 - 1359 cm™? 01 1
’ o 3000 A i
w2 = i Yy il
€ 5 o T ™
2 < 2500 W,.MM e, o Ty, 02 |
[SHv) 2 i ",
S0 2 b
z 5 2000 T A
ﬁ g = o]
£
1500
3
2 1000 Carbon Carbon’
D-bapd G-band
10° I 1 1 ) 500 1 L ! 1
0.0 0.5 1.0 15 2.0 25 3.0 1200 1300 1400 1500 1600 1700 1800
Energy [keV] wave number[/cm]

Fig. 1 (a) SEM image. (b) EDX elemental maps. (¢) EDX spectra and (d) Raman spectra at positions 01 and 02 in (a).
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BIRLF—AFUBHEICKDIBIERIEFRVFEDIER
Synthesis of boron carbon nitrides by high-energy ion irradiation
BFRFENIRMEME |, IaEXFE? FILRFEL®
CH#A EERY ER B2 FHE W
National Institutes for Quantum Science and Technology?, Ritsumeikan Univ.?, Tohoku Univ.?
°Shiro Entanit, Masaru Takizawa?, Makoto Kohda?

E-mail: entani.shiro@qgst.go.jp

ZALRILE 7 FEBCYN, BCN)NE 7T 7 7 A b PO EZRD, N2 RX vy o 755 AR
IRTWITEERTH D T BRFER TR, BIAWVISHANFR STV IMETH S, BCN O
FERENE 2 B B 0T USRI~ DB 2 D) 27291213, #EH72 — MR BCN HEIEO FE K
EDOWESINRAI R TH B, AL TIE, ST RX—EA A BRENC & 5 I PH R OS82 7
M9 52 &T[2,3], Kifif&d BCN EREOIERYEAZ T L2 HIE Lz,

Cu HA IR AEZEAE (CVD)EIZ LV 2-3 B DA ib 2 kAR 7 #(h-BN) I 4 p & L 72 [4],
A h-BN ZFm B2 Cu E# B2 CVD EBICEVE L7 97 = 0 28B L[5, /T 7=
/h-BN/Cu ~7 2 f1E 2 E R VX —A 4 2(9.0 MeV Nizh) & BE4 2% = & TBCN #EiE 2 /ERL L 72,
A A B ETRHEEIT A EBR RS O A A U % (TIARA)C T T2 72, A A B — A0
MR EDORI D 7T 7 = h-BN IZOWT, SR SR &2 % —BL-8 125\ T B,CN @ KK
I X ARG 3 Y6 (XAFS)HIE 21TV, B T-IRRER X OB AT 2 f#dr L 7=,

112 B,C,N K Wi XAFS A7 kv Zmd, BETEOHRIZIHEWEIZE S D B3, CL, C2, N1
DE—271XBCN I #EETH D Z L0 5[6,7], 77 7 = v h-BN ~T afEiE~D @ %1
F—A A UHEICE Y BOCN B S NZZ AR SL7Z, B K Ui XAFS THlZ2 S5 Bl, B2
MBI L Z I BsN2O 35 KUY BsNO, ICHISR T 2 41E & B 2 H 5 A3[4], FRET&E2Y 10%° ions-cm™
B ZADHERE—I NEZ RN —ll~L 7 N5 Engholz, B-C FEETERIZHE S 5
MWEZHND, —J7TNK I XAFS THE SN D N2 B —7 1%, N & Cu Rk & O AEMERICER
THMEETH D3], = HIZ Bl B2, B3,
C1, C2 #5385 DBRIE 13 X #RD A 124K
fFLCHEICEMTHZ L2 H, BCN
IEEESUC AT 72 > — MRS 2 A
HIZ eI NT,

L Z BN
[1]A.Y. Liu, et al., Phys. Rev. B 39 (1989)
1760. [2] S. Entani, et al., RSC Adv. 6

(2016) 68525. [3] S. Entani, et al., Nanotech.

31 (2020) 125705. [4] S. Entani, et al., Appl. o0 o8 e 250 260 360 200 410

Surf. Sci. 475 (2019) 6. [5] S. Entani, et al., Photon energy (eV)

Surf. Sci. 704 (2021) 121749. [6] S.C. Ray, Figl B Keedoe C Keed d NK-edge XANES tra of
. ig. -edge, C K-edge an -edge spectra 0
et al., Diamond Re_lat. Mater. 13 (200_4) pristine graphene/h-BN/Cu (black), 10 (red), 10%° (green)
1553. [7] C.1. Sathish, et al., Adv. Sci. 9 and 106 ions-cm? irradiated graphene/h-BN/Cu (blue). The
(2022) 2105603. incident anale of X-rav beams to the surface is set to 30°.

B1

B2

YE?

Intensity (arb.unit)

c2
c1 N2
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MoS:EED /Ay & Al — FEHEA ALOs ED/RY F¥r v JAL
Enhancement of Al2O3 band gap with Al seed layer deposited by sputtering on MoS: film

RREREFEKRE,

Institute of Science Tokyo,

CHE X HE 4RH 2} Kt AR Pz, BEHK B

°Mitsuru Taga, Shunsuke Nozawa, Takuya Hoshii,

Kuniyuki Kakushima and Hitoshi Wakabayashi; E-mail: taga.m.8b8d@m.isct.ac.jp

[HE] L7 P2 Z 0L, R TER
ERYA TN F A R(IMDCO)~DEH B FE £ -
TW5, TMDC & EICHERE 3 2 #af% L, TMDC &
X VTRBEIELZN LS ERNMLNTWD[L],
MarxIE O HERE T IR R 7B HERS(ALDEDR & 0 | FH
7RI 2N FTRE & 72 2], LA*L. ALD T TMDC
B B ICHe iR 2 HERE 92 2 Lk, REICEA SV v
TR RBRFELRWT-OREETH B3], £ T,
KEIZL DY — RET, Rl COXRMZHTE 5
[4]123, TZANRT— )L TCE—IZRIET 5 Z LN TE
BHSIARy ZIEDIE 9 3, TESHENREWEE X
bbb, &I CTARMIETIL, TMDC K L2 ARy #
ECTU—RBZHRET S Z L ICL O R
X v T EFMLZ,

[5#:] SPM Vi 4 i L 7= SiO2(400 nm)/n-Si F=#K I
2. A%y ZET 2ML-MoS; 2 pE U, i ok 25 i
KPOT ==& L, £D%k, >— gt LT
ARy HZIETT nm O AVBEERELZV 7 v b
U—FREERE LW T 2 > HE LT,
v— NExE KREBEZE CHRBRIL L7-0b, WhFDH
> 7T 300°CD ALD T 3 nm @D ALOs A4 HEFE L 7=,
X BRICE T IEEXPS) & FAWT O s B O E %
WEL, ZOMEET7 4 v T 47352 LT ALOs
DNy Ry v FEREH L6, BT 4 v T «
YTV —U—RIC LB T 4T 4 T DRED
FEETXNE—L 0 Ils DE—7 DOfEE T RILF—D
EENRV Ry w7 LTEHE LR,

[#58] Figure 1 (252 7LD ALO; D/ R
Yy FEERTAEDIC T4 v T 4 v T LR A
T, Flo, CHMEIZ LD & ALO; DNV R¥X v v
Z1%7.0+0.1eV[7]TH D, Figure 1 TV, Av %
ETOY— REOFHFAIZL > T ALOs RO R
Yo IF Y= RFEEHALRWES T REN
flZ R L, CEMEIZTSL Z &b, Zivki,
= REEFHEATSHZ LI LB — IR T 2
RETEORMBEMH TE =056 ThDLEELLN
Do
[#=] TMDC _EIZHERE L 7= ff iz oW, v—
FEOHEREIZE D, N RXYy v 7N RELRD
MBS &, Meitm B2 T s EZ LN
Do
[BEE] ARAFZED—EBIL, SCERRHEA AR X-nics
NEARAIE LS TE R TPI011438 DB Z 51T 7=
HLOTH5H,

4000

With seed layer by sputtering
1
3500 I
3000
E)
L 2500
>
4
]
< 2000
Q
ot
=
1500
9 Shirley method
500 %ig 543 s40 538 536 534 532 530
Binding Energy [eV]
(a)
4000 N
Without seed layer
[ f
3500 ! \
f |
3000 [ |
3 i
© ||
— 25001 T\
< i
< 2000} y Linear fitting
- A
=
1500t
10001 Shirley method !
E,= 6.36 eV

500

544 542 540 538 ' 536 534 532 530

Binding Energy [eV]
(b)
Figure 1: XPS spectra fitting for calculating band gap. (a)
with seed layer deposited by sputtering and (b) without
seed layer.
(2% k]
[1] D. Jena and A. Konar, Phys. Rev. Lett., 98, 136805,
(2007)
[2] S. Kim, et al., Scientific Reports, 12, 5124 (2022)
[3] H. Tanigawa, et al., Jpn. J. Appl. Phys. 59, SMMCO01
(2020)
[4] C. Dorow, et al., IEEE Trans. Electron Devices, 68,
12 (2021)
[5] S. Villamayor, ef al., Nanoscale, 14, 6331, (2022)
[6] M. T. Nichols, et al., J. Appl. Phys. 115,094105
(2014)
[7]1 E. O. Filatova and A. S. Konashuk, J. Phys. Chem. C.,
119,35,20755-20761 (2015)
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L2 TE TR -EAA SiTe, DG R K OV R AR MR AT
Synthesis and evaluation of electrical characterization of metastable layered semiconductor SiTe»
WILKRT !, FERHF SFRC?, JRIEK GXT? © (M1) ARG, MILFRE 2, @XB !, KR 123
Tohoku Univ.!, AIST, SFRC? Tohoku Univ. GXT?, °(M1)Kohki Tonoike !, Shogo Hatayama?, Mihyeon
Kim', and Yuta Saito"2?3
E-mail: tonoike.kohki.r7@de.tohoku.ac.jp, yuta.saito.e5@tohoku.ac.jp

[#Z] SEFRILAERICRBN T, BFHRAHEAZE Y b7 0 DA X OFEEITE < K
WZHIIML TV 5, E3kD Si F v 2 i Wiz b7 P2 X%, ITFEF TREMEIC X o &k
B ZFE L TEX 7228, 10nm YA FOERICBWT Si OF v U 7BEIEN 2K T 5
EVIOMEIRAR S D, £ ZTSilcfb2HHRT v 2k E LT, 2 koTlEikWE )
HHINTWD, ZOWEIL3 R ibimEEs a3 5 St Lix8 Ry, BT EIolan
KL TRBY, £BR 77 TNV T—LAINZEVENR-S>TWD, Db, X7 v
TRy RipEOFRRARMN DL, BHEIZL X2 UV TBEIEMETLOL, ZvE
TIZ TMDC ZZEFH & U C 2 ot IR E R 52 < iE ST 723, Wil - WIECTRER
LONRFEETH Y, D L% XS BIEREE R T T2 D EIRA~O IS N ATRE 72 b OIEIR
EWTH D, FoFEICHBEEALFEZRMRE R Sl o TER S, KfannZ vz k%ﬁ
FEOBIRMEIC KT D E WO RMBEL H D[], — . AWFFETIL, HLER 2 RTEikwE T
D, BERIIC L EBEIENHIGF IS SiTex %ﬁééfém 7%»77xm%ﬁm@
Uit S®ED E WS, A FAT v 7B CHEBEO FERRLEIZE L 727 7' '8 —F T SiTe,
AR, FHm S5,

[ =B H57E] Si0, (300 nm) / Si EM I L, Si LN Te #—4 v k&M DC . Jt[rllEE % <
v Z VT EAT, Si-Te TENT 7 AR R S, Te HhZzEE L ETSi iz
B EHZ LT, HEHAOSIEZ1T > 70, FR L7 Si-Te #EIL, RF ANy & U 7
%%wtmvwfmﬂxaiDSOMHMML%ﬁ&LKOMMTTWO W@@ﬂﬁ%ﬁ

f?@ﬁ(XRD)T{kEE*ﬁL %‘fﬁﬁg L/7L\—o A‘ rsylcl"e;& SI2T83 Lk Bk I}l-hr‘O2 cap Sl Te o
@ Si substrate 400°C, 10 min

[EBHER] 4 1IRT & 510, HfO cap i | ™ HTes T siTesti1@n)
X2k 400 °C, 10 min O CRULEL L7~ E “““MMjmemeTﬁ
& A, Terich fllTH 5 3kHcB VT, £ Ty e
00/ HINZEIED BB =2 BEMEN 2 | oo L SiTes 1z by,
7o ZHBITERMEE CTH D SiTe, & SirTes 2 |
DE—I WERST-LDEEZ DI, BAE mummggnwww&”“smw
FEI IR T &SRy a v —v—r % WMWM%NWWLLQEﬁﬁE%V”
L2 oD — Re—T LBk E 2o ol ey e S s e

7o [RREDHIEIN SiO, cap {1 X FEHI W T 10 20 3%@9“ 50 60
LB SN, 5% SiTe, Z HAHL LT < N
ZB 0 SiyTes OREAL A BIEIF 2 7= b X 1 HfO; cap fF Z#FkD X #RIEIPT
2B ORI N MLETH D, £ HfTes 72 & D HE ZALAW OfEG ' — 27 & RIFIC
BRI ST, TSI Si-Te 25 HIO, cap MI~FEFEIERL 72 DB X TEY, b
SiTe; AL DREEE L 7200 | 7 — NERLIE L L CTOFEERLE O cap MELOREN VL ETH
%, FERTIX, HfO; cap #lBt. SiO; cap 3Bl & OF cap 72 LEEID XRD J OV i1 22 O FH A
LMK T MBI K DR 7 EORERIZBE L CTHWET D, FloA—AIEIC
D ERMIFIERC, B D5 OH—FRHEFREICE 230 R L, R o2 SIS
r'? 7= SiTe RO KR T ¥ ¥ MZONWTHE K LTV,

[ 275 SCHR] [1] Phys. Rev. B 106, 174519 (2022), [2] Mater: Adv, 5, 3535 (2024)
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TYITUOBTUOEZVLERMET HCVD ETHRLI-ZE

2H-MoTe; DB @R
Single crystal growth of multilayered 2H-MoTe: growth by CVD technique with

ammonium molybdate precursor
RR#BHXZE, BERRAN! FREHE'!, KBAXL!, EBN!
Tokyo City Univ.!, Tomoya Ebisawa. !, Kaisei Itoh. !, Takuto Ono!, Yusuke Hoshi!
E-mail: g2581219@tcu.ac.jp

ZTNNMEEY 7T (MoTey) 1&, HEAR QH) MH0&R (1T) 1 & Vo 72 2SR
FAEYWETH Y, FFZ 2H-MoTe, (X, %5 1150nm-1300nm FEHEE OUTHRA NS 5720, el
EHRNEFEFOEEE~OIEARH SN TV D[], ZRET, FEHCEV 7T V7 v E=y
A(AHM) & Te & W IALZESAERETE (CVD) ([2L Y, HiEROZE 2H-MoTe, # 5K CT& %
ZENMESNTWVWAR], AIETIZ. oD 7T v 7 22 MoTe, D EIC 5 2 55
BERARD L L HIT, SRR Z VT 1Bk L7228 2H-MoTe, Dt 2 71~ 7=,

X 1(a)l 2l F 2 E O X % 7~r 9, AHM(30mg) & NaCl(10mg) & iRA L, AR — MNICELE L.
FEOfATR— b I Si0/fSi AR AR E L7, WRIT, Te MAR(150mg)% 7 /LI FAR— MIAR, &
ORI ELRE L, JEHIRFEZ 800°CIZT 2 Z & THREZITo 72, BRIFME CIRIRE KL 72
720, TeJfREtONEEZEZ DI ETTe 77 v 7 AREREIIE (LS ®T2,

B 1(b)-1(d)IZ Te JFEHRE (Tre) % 280°C, 510°C, 700°CIZZ b & CER L 7230k i 0 X 788
WEFEBRZRT, Tre 2’ 510°C & 700°C OB TIR, FRE ISR I TS, 280CHE;
A MoTe, DFEFITRE ST Wz ERXNnD, £72, SI0OCOHAIL. SN ORER D E
SNTNDD, T00CORETIE, T F ARBEDFEMBER SN TNWD Z &R nhoTe, Th
HORENE T~ U EEANE L2 & 2 A 510°C OREHTIE 2H-MoTe,, 700°C DFAENCIE 1T-MoTe,
B TETWD Z ENGhoTz, WRIT, 2H-MoTe, D257, 7+ L Ix vty
AARY MVERIE LT2(K 2), 1.06eV I bk 5 OLIC R 3 5 B2 PL ©— 27 8 RL.2 Tk
V. B L7z 2H-MoTe, 728 2~3 JETH V. £z, TORMMENRRIFTHLHZ LERL TS, Y
A, EHGREZ LI T HAEOREIZ OV TLERT A TETH D,

[1] Claudia Ruppert et al, Nano Lett, 14, 6231-6236,2014 [2] Anh Tuan Hoang, Nanoscale, 10, 21978,

(2018) - .
—Raw data
(a) Fumace ~~ ——Exciton peak 1
Si0,/Sisub.  Te S ——Trion peak
L m‘ - -
=
— b - il
AHM+NaCl ‘@
o+ J
L
E o J
—
¥ 2| |
1t Ay 09 10 LI 1.2

Figure 1. (a) Schematic of the CVD growth system. Photon energy (V)

Optical microscope image of the samples grown at  Figure 2. Photoluminescence spectrum of the flake
Te source temperatures of (b) 700°C, (¢) 510°C and  indicated by the white arrow in Fig. 1(c).
(d) 280°C, respectively.
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GaAs(00)ERER Z AW TR T v T b D
GaSe @R{LEM = Z X v VRE

GaSe layered compound epitaxial growth from the step edges on misoriented GaAs(001) substrate
BHTK, B &R, NG BR
Toyota Tech. Inst., Toya Kurokawa, Nobuaki Kojima

E-mail: sd24423@toyota-ti.ac.jp

1. XC®IZ

2 WILERALB DT A AJSHIZEBWT,
NERFEIR BT Y ROBfER T B X
FU v VREREZSD &, mE BRI
D1OTHDH, LL7enH, Six GaAs Ktk
FORIRALERRETIE, HK ETT X AT
LT REREND D AL FIVRENE D
D728 i B e B S O TR R R & 72
STW5,

T XN ETIZ, SiB IO GaAs(111)FHR
b InpSes EIRALAW ORI Z 35T FERHE
WOREAT v 7 & @IRIE O A
g2 LI2XD . TP aA XDHRERT
EEAX R RENARETHDHZ EE2RL T
X 72, InaSes 7% GaAs (2K EED TV EIRIE
B THDHDITKR LTSI LR ERDEVE
WALEWIT . GaSe BT LD, L2 - T,
InGaSe DAL ESEDLZ LIk, Sin
5 GaAs 2T T E S A I L 72 @ik &
MOTEZ X ¥ VRENAEETHS, LL
PRI FERD AT TS D GaSe T B X
XU VREITHEMER GO NS KA T »
78 GaSe RN H- 2 D BT OWTIE, RTE
TSN ENTWRY, & 2 TARIFET
X, A7 vy i EORRD 2 FED
GaAs(00)ER R Z VT, A7 v 7 &
MAELTGaSe N EX XU v ILRET 729
\ZBEIR AT kTS 38 L OENRIR S D
BESAEE I ST 5 2 &2 BT 5,
2. ZEBRFE

GaAs(001) [ 2> S [-1-10] 7 A1 100 47 H
FL72 A(Ga)A 7 v FHAM & [-1101 7171 10°
771> FLTZ B(As) AT v 7 Hifk I, MBE
12T GaSe JE & kI L 72, GaAs 2l % 590°C
T Se 4T/ 5 Thermal cleaning L 721%.
VI/IL =25, FEHREE 400~500°C TR L 7=,
s O FEHE X BREIFT ORI BFEIZ LD |
GaSe OfEf TN RIE LT,

3. EBERBIUVER

Fig.1 |2 470°C CTHEE L 72506 GaSe(004) i
DR OFERZ RT, A AT v 7 EERTIL,
[-110L,[1-10) F MBI B — 27 3G Hiv, 47
TIN5 [-1-10107 A X a2 — 27 23
Bonierotz, BAT v 7 ERTIE, A7 F
NS B [-1101 5 [ D B 5RW ET B — 2
DLz, & B — 7 O s K EofrElE,
WO E —EH L TEBY, {11 PATIC
GaSe D cHMEEINTWVWD Z LD RENT,
W FS A C[1-10] & 721X [-110 5 mNc Bl 2
DELNTZZ &1, As [R5 ORES TN
GaSe LA LT X XU v /LN EREL
TWAHHREMENREZOND, £, BAT v
HRTA 7 HFICoOAET E—27 3G 517
ML, AT v uRTO As JRFH GaSe &
DFEBITENIZH G L TWD Z ERNRENT,
L EOFERNS . GaAs FEf E TR T » 7
EREALTGaSe N E X XU v LT 57
OIZIE, AsJRFDR AT v il 72b B AT v
TEHWOKENDD Z LB LNE ST,

Psi(deg) Inten

Phi(deg)
0 sity
L T % i
1.041E+4
60 ' 9137
1 8022
40- 300 60

7043

| [-110] 6183
5429

20 \ - 4767
1 4185
0270 [110] |90 | 3674

20 off-cut f 2487
40+ F1917

| 240 120 1683
60 '

80 210 g 7 150 L1000

Psi(deg) Ph'(geg)

n
80 - 3.000E+4
30 30 2.531E+4

5 2.135E+4

60 5 ‘ 1.801E+4
300 , v, 60 [ 1519E+4

40

[-110] 1.081E+4
204 o 10" A | %gg
| off-cut | 6493
0270 [110] % 5477

20

40 + 2340
240 120 1974

60

80 210 | 150 L foo0
180

Fig.1 pole figure of GaSe(004)
(upper: A step , lower: B step)
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c-AlL0; EiR LADEHIREE
Growth of thin Au film on c-Al2O3 substrate
RREmP ! CRHAE!, BMEER!
RCAT, UTokyo', “Myeongok Kim!, Yoshitaka Okada'

E-mail: kim@mbe.rcast.u-tokyo.ac.jp

[1Z U]
HE, BREBILVIY A NERYE

(TMDC) % HW e F-BRF DA TV D D3,
G IR ARERCIG  E T N A AMERL TR
TMDC I Z A =N E L, T84 ZEE
WCRE 7B A M IF 42 LRI > T
A1), &8O _EICES2 TMDC 23 T i,
HIEE - 55 - EEAFEO TEEZETOND,
TMDC X5 Au(11]) E T v F o —kF
THZENWMEINTEY[2]. AFFETIEE
TH 7 7 A T HAM BT HEAE S Au(111) % /R
DL ERART,

[ 5ik]
<A T FEM EA~D Au(111) SRR ESEE2 S
BIT[3]. REEFDOEACER TOLEMSE, F
TR FHMEEZZE L BRI 77 A4 T &
V. FEHGEE 550°C K OVEIR T Au & BUR S
L7z, BIESH B 13< 0.2 nm/s, BEIE I 25, 50, 100,
150 nm & L7=, 7oz, AR5
T Si (DR E~ORRIEE T > 72,

[FE 5 & £22] 550CTH 7 7 A 75 EIhk
L7256, Au(111) M 23 BEE 7o IS ERLC
ETCND Z & DR C & 72(Fig. 1 (a) (b)), =i

\%{/'\J 75 nm
1.
Q Onm (4,
. ‘ AN/
. 80nm
208
60°

J0nm

¥

e

L

THRIE U 723854 (Fig. 1 (¢))°. Si Hp I pkE
L 72854 (Fig. 1 (d)) &t~ T plateau D FEHPE
HEN TV D, £72 AFM 1472513 FCC #1E b
O HEDFHETH 255D facet (120073
B 7=(Fig. 1 (a) (b)), L2 L. N XRD(X
= 89.5%)I7E TI% Au [1-10] // ALO3 [100]7 B4R
NBIERTE Ao 7=(Fig. 1 (), HFF XRD(X =
0°) T (111) LA D (200) & (220) 8 B 6572 =
EDB(Fig. 1 (e)). ZfmETHL EBZ DI
%, ¢-ALOs; AR _FC Van der Waals epitaxy 73 AJ
BE72 139 Ch D75, Fet & OFIAMER D T2
D OIFET D12 T AES TEAEMBEIC 72
SRR DD EEZBND,

[£ 0]
ARWFSE CTIARIE CA1) 2SN B 72 Au R 2 4
T 7 A TR EICERETE -, LosL, 729
T ATHEREDTE XX —BRRAR BN
T, SR CTH o7,

(&5 3Cik]
[1] Wang et al., Adv. Mater. 34 (2022) 2206122.
[2] Yang et al., ACS Nano 14 (2020) 5036.
[3] Gaspar et al., Sci. Rep. 3 (2013) 1469.

10 nm

=0 ~
I [N)
5 = .2 o
10
——$0° y =0°
" — ¢ 0° x =89.5°
o 10 $30°, y =89.5°
0nm ?:3 45°, \ =89.5°
= o]
- 4
100 nm £ 10 b
&
3
102
e
o0 (e)
20 30 40 50 60 70
Onm 26w

Figure 1. AFM images of 150 nm thick Au film on (a)&(b) c-Al,Os3 at 550 °C, (c) c-Al,Os3 at RT, and (d)
(111) Si at 550 °C of growth temperature, respectively. Scale bar of (b)-(d) is 200 nm and that of (a) is 1 pm.
(e) 20-o scan XRD result on 150 nm thick Au on c-Al>Os deposited at 550 °C. Peaks not labelled are from

the substrate.
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RFIITARAMAVRINY AR VT EG-CH)Te 7=—)LIZEK B
MoTe; & & 0D 48 Hil

Phase-Control Fabrication of MoTe: Thin Films by RF Magnetron Sputtering and
Tellurization Annealing in (i-C3H7)2Te Atmosphere
Om Z|X!, BN K-, A &K', Wl &34 ETEEI IR 5,
E“I E* 5, /E% '-.:l'l\ 5, 'J\*;?Ll EIL.\ ’

(BAKETI ', BAX MREL?, JKREX RISE’, m%xﬁiiﬁﬁl ‘. [HERERHASA )

°S. ngashi‘, T. Ishikawa', H. Yokota!, R. Yokogawa* % 4, H. Machida®,

M. Ishikawa®, H. Sudoh’, and A. Ogura'-2
(School of Sci. and Technol., Meiji Univ. !, MREL 2, RISE, Hiroshima Univ.3, Grad. School of
Adyv. Sci. and Eng., Hiroshima Univ.*, Gas-phase Growth Ltd.’)
E-mail: ce251038@meiji.ac.jp

[T - BN) EBE&E LA IraZrF 4 F (TMDs) O —FETH 2 MoTe, 13, T B 72 kb Sk rk
CIATHHE 2HHZFE S ITHIZSENEE 2778 U, 2H ISR EE 2R3, ’hk\ 2H
WFHET 1.02 eV & ST IGEWVEE RN Y F¥ v v 72 B[], F—v v 27 X ks &L X
BB ENRTELZD, {EKDSiH~N—2 L L7 CMOS & DEWEIITEEZFD, MoTe, D ki
FTiEE LTRNNy X )y kB H 508, 2—7 v MERFOMESCHEEEED a2 v o — 23R
%&fzbz) T HIT, Te KIfaH: MoTe, DFEE T AN T — %K P ITHALENZ R L Z LA

HEREIEIC X VAL 21T > T W B[2], AIFFETIE RE ~ 742 br v 28y 2 ) v 7RI X b
MoTe; I & (1-C3Hy):Te EFARTD Te L7 = — T 2H-MoTe, D i IE % ik & 7=,

[£BR] RF ~ 274 b w v 2%y 2 ) v Z9KI2 XY (001)Si B 121C MoTe, % 10 nm AR L 720 K
HELIRE D FLAR R BT % 200 CICERE L, £ —7 v MITIIBERIA MoTe, >, RE X7 —13 100 W &
L7z FEwT, [A—2EN T Sio, fR#E% RF -7 —60 W, ZE# T 100 nm HEE L 72, %= D,
HEHT (1-C3Hy)Te FZPHAH T 500°C, 600°C, 700°CT 1 B, 3 X U 800°CT30 07 =— L
720 Fig. 1 I2(i-C3Hy),Te D4r1E T % Fig. 2 IZ(i-C3Hy).Te  HaTe, KU Te D7 REFFE: % /R
F[3]e 72, HEE LT Ar FEHATT600°CT 1 RKB7 =— A L723B b ERIL 72, 2hb o
Al Z 7= v i X0 R L 72 PIEYEIR IR 355 nm OIS —F — 2 i,

[FEHR - ] Fig.3 1IC MoTe; D 7~V A7 b %RT, 600°CT Teft 7 == L7zilklco
A 2H MHBEKD A, =2 (174 em™) & Eyy ¥ —72 (235 em™) ZBIHIL . Z LSt okl it
ITHEkD A, v —2 (128 ecm™) & B, ¥'—72 (163 cm™) Z#IHIL 7z, Te ft7_~sz:.%fw
ZHEET 5 L. 5000CTT = — A L7230k Cld 2H ~DHZELIZ R S5 hd, 600°CLLEDIGA. 1
2> 5 2H M~ EAEE 2320 L EL 3 % 23, 700°C & 800°C Tl Te 25 SiO, ~ & HLEELT % & 2:
T Te RIGHBEL, MoTea 28 IT~MHEL L7z E 26N 5, 72, (i-CHy)aTe & Ar HEHA T D
600°CT7 =— v L7zid Rl & i3 % &, Teft 7 =— 23 2H M~ Df R EELicHERR Z &
DIy Ds o T2

[RBEE] AWFSE 3. SCERFAE KA Xonics BRI TR JPI011438 DRI % 5Z 1
72bDTh b,

Temperature (°C)

" 25 100 250 500 1200
10 SHEELLEE S LU o g
(i-C, Hy); Te, 800°C, 30 min
-~ 3 -
£y~ s A eemreweny
= [ - 3 A e,
¢ 2 3 % (i-Cy Hy), Te, 600°C, 1 h
g 10' - 10° E. :;: - B Gy Ho)y Te, S00°C, 1h
£ g
5 2 dcym . 0 S z
s &
Qe 10! Tepovder o Ar, 600°C, 1h
Oc O -
OH ) 10° e e e e
4.0 3.0 2.0 1.0 100 150 200 250 300
10007T (1/K) Raman shift (cnr)
Fig. 1 Structure of (i-C;H,),Te. Fig. 2 Relationship between vapor pressure and Fig. 3 Raman spectra of MoTe, thin films at different tellurization
temperature of (i-C;H,),Te, H,Te, and Te powder.  temperatures and annealing in Ar atmosphere.
(5% 3]

[1]1I. G. Lezama et al., 2D Materials 1, 021002 (2014).
[2] S. Cho et al., Science 349, 625 (2015).
[3]1Y. Hibino et al., MRS Advances 3, 321 (2018).
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KFREIZKBEHRTILI R DBEEL
Structural Changes in Segregated Germanene by Hydrogenation
FRFOBE, HRER? ik Wik NNE £ EEH BN, 88 =z 2
JAEA 1, TIS, Univ. of Tokyo 2, °S. Suzuki', T. Ozawa?, H. Ueta!, K. Fukutani'>?

E-mail: suzuki.seiya3S@jaea.go.jp

TN=HNE 777 =L Ge D 2 IRLHIE FEME TH Y | BTSN TS k
RV LV EREZED TS, L, EOFHARLEEN ZIHETT A XA
T CE[1], ZOMEICKTH—20T7 Fr—F & LT, KFEIZL D EMm RS
N5, KFELT IV~ (GeH) i CaGed B D b7 S AN X VS HID Z ERMBIL T
LM, fF54LD5 GeH 13Zf8 T, Bl & A7 —F U T ¢ OMNLISIXED H 5H[2-4],

AWFETIE, JESHIEE A —F 8 7 4 Z WS L KFEFEE LT, Ag(111)/Ge(111) %
B COMRHTGEREHTH)IEIC LD HE 7 L~ R U & T OBEEKFE L EBE T D, KFITITR
TR 2 Wz, JRFIROKRREZ O 7 — Y BRI HEFT-IR) A7 MLV 1R
T, KFEMEER EIL, KFE D THE T Langmuir BAL(L)IC KV /R L7z, 1900~2100 ecm 2L D E°
— 713 Ge-H, (n=1, 2, 3) #HAICHEKRT 5, KIRERE® L) T, 1928 cm I HUKFE{K(Ge-H)IZ X}
IST D E— BRI, BEEOHIMNE & HIZ TIKFE(GeH) R = K FE(GeH) ki 5 & i 2
fl~D> 7 FBR ST, Ge-H ' — 27 ONLE(~1928 e )iE/ 3L 7 Ge i (>1950 cm™'[5])? Ge-H
ICHARTEL . ZHEF v~ OB F 7213 Ag1DFERIC L 2B RICERT L EZ D
ND, 7= Fr ORFERIGITH 150 L Ougdz Tafn L, 2045—,

Z D & E DORMEKFWREE ZMESOSRHTIC K0 ERRHE L 7,

E 5T, KHEE 7R EIPT(LEED) S K OB IR BLEE S A 4341
(TDS)% T, 7 v~ % v DKFHEA % 3l L7, LEED T,
BEEOHEME & LIS~ R OEIFAR Y N RxIC8 8
F0, EEIZIS0L TR Lz, —FH, KELLEZF v~ % <
CEMENT S L KEOBBETDS) & 7L~ 3 OfE i o [a]
E(LEED) S HER S 4172, ZAUT T L~ 1 OIKFEALD AT Y
G Tl % = b had, BETH. KEFEOSF Vv~ 3 o 2250 2000 1750
T TSN b BT B Wavenumbers (cm”)

1. FT-IR A7 K jLdD
SRR SRR R B AR AT

#,/300L

W 8L

d4s5L
I5L

8L
oL

ZE Hk:

[1]S. Suzuki et al., Adv. Funct. Mater., 31, 2007038 (2021). [2] E. Bainco et al., ACS Nano 7, 4414 (2013).
[3] D. Nakamura and H. Nakano, Chem. Mater. 30, 5333 (2018). [4] Y. Katayama et al., Appl. Phys. Lett.
115, 122101 (2019). [5] Y. J. Chabal, Surf. Sci. 168, 594 (1986).
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552z 2/SiC(0001) ED WSe: 5L U MoS: IZH 1T BHEHEA
Introduction of Strain in WSe2 and MoS2 Grown on Graphene/SiC(0001)
Ve |, #MK2 KIK3, AKY BKS
OWR AR, TH B} B REY R M EH HxV
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B)—Lien Z EBRMBETH D, FlZIX, SiOr BAR LICHER L7z WSex 1213 1%F2E D 5 iRE A )38
AZI, 74 MLIxyEUA (PL) OE—Z RO BHFRESNL OO, ©— 7 | XHE
RE—IEN Y Z28io[1], 2 2 TAMZETIE, TMD EfEHRE LTZ T 7 = »/SiC(0001)% v 7=
FER . TMD (2 — 725 [BE 0 EEADNE A S, AE— L2 0 BSBEEICIH S b 2 & &2 R L=[2],

F9° SiC BRI X W 4H-SiIC(000 )t Eic¥)—72 7 T 7 = Vel Lz, 207 o7
= /SIC DEMIZ, CVD IEIZ L - THE WSe, B L UOHJE MoS, ik L7z, G b /-alktz
EFEE IS (STEM) B L O PLAIE R K k- TRl L 7=,

Figure 1(a)lZ, WSey/Z 7 7 = »//SiC #Et D Wi STEM 4 ~3, SiC ik B2 @D 777 =
VRS, FOLRIIZE VAV FT R NoBERBIE I, HEEZ T RS LE
Tl WSe, O db kg T DHABRICEIZ Sz (RF A vy By 25 1E [1120]wse2/[1120]6raphene/[ 1
100]sic D SN ERZFF D, WSe, 737 T 7 = »/SiC _EIZ van der Waals =B Z &3 —|Z KV kKT 5
Z LR ST, Figure 1(b)lE, Z OFUEFCHUS L7z W/ 72 PL A~ ML Th D, 777 =
V/SIC EDO WSexid, 77774 b EOHLDOIZHARTHE/R PL B — 7 O EZR LTz, B2, K
28 meV DA & THALV Y PL ARIEIL, WSer ~D 5[ D EEADE A & AR — L3 Y O] 27~ LTV
Do BHIEM0S/Y T 7 = /SICIZEB W T I B AT AKERAEMEMERE D M) EIZ DWW T HikR 5,

a
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2 2000 - On graphene/SiC
E
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)
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= IS
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Figure 1. (a) Cross-sectional STEM image of monolayer WSe, grown on graphene/SiC(0001). (b) PL
spectra obtained for monolayer WSe; on graphene/SiC and graphite substrates.

[1] G. H. Ahn, et al., Nat. Commun. 8, 608 (2017), [2] R. Sakakibara, et al., under review.
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&T—TEHLEPIMS R4 U TiEEARDOET-
EE 70t 20RE
Development of a 2D Material Transfer Process Combining Gold-Assisted
Mechanical Exfoliation and PDMS Stamping
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Too RGOV U T NVEFHEGEE LT, 7~ dHillE ARM B85 217 - 72,
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ZE T KULOFER Z#ET ., TIROEST v F o 7K CTH 5 AURUM-302(B b Fik ath) &2 M
WCBEOREEITO Z & TPDMS OEGEZ S Z LICAP LTz, SiO, ik EICIRT I 7 g
MoS, Z IR U=, MEEREICHMIZR RN R o=, BERICT & b <o NMP 4% H
N2 IE ) 7R e 24T O 2 & CHERHER R RE A ST 2 b2 T~ RNl E AFM BIZIC X 5
THEND -, Figl. 121E, MKEEA#ICERE LIz MoS: (R) & . FAREIABTS% ICHRE. L 72 MoS:
() DI~ AT MVERT, Fig 243, AWEEVEAZICEIEE LT MoS:D MRT7 7 7 114
ThbH, WTILD Si0p HR EICHRE Sz,

FEF L LT, PDMS ~OFGORE-EM E Wo Imf i 2 I 2 Do, &7 —7IETE L V- B
MEZRY ~—Z2 0 LB L O AIERIN ATV RS HEREd D FIEA R T 5 Z LN TE 12,
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300 Residue peak ————p
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Figure 1. Raman spectra of monolayer MoS: transferred Figure 2. AFM topographic image of Monolayer
onto SiO: substrates cleaned by immersion in MoS: transferred onto a SiO: substrate after
distilled water (red) and organic solvent (blue). organic solvent cleaning.
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Crystallographic-orientation-resolved interlayer friction microscope
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Figure 1. (a) Schematics of the interlayer-friction measurements. (b) Result of the twist-dependent-interlayer
friction measurements between the BN probe and the BN flake on the Si substrate. (c) Result of the twist-

dependent-interlayer friction measurements between the BN probe and the Gr flake on the Si substrate.
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HIRIBR G RE E RE—RTRED T DHEA

In-situ Observation of Dynamic Precursor Droplets and Abnormal One-dimensional
Growth During Vapor-Liquid—Solid Growth of Monolayer WS: in a Substrate-
Stacked Microreactor
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Okayama Univ. 1. Keio Univ. %, Yutaro Senda', Yuta Takahashi?, Shun Fujiiz, Yasuhiko Hayashi‘,
Hiroo Suzuki'
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Na; WO /KA & A ¥ v a2 — b L7z Si/SiO #AR D FICEHRY 7 7 4 T HMEZREE T2 C &
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HWERIGE R, ~4 270 )7 7 2N 2 EMEEIC X VEEERIL 2. &5t LT
Na,WO, & GRS O JFRMIE N7 v 22T 2 2 LIk o T, ZogEHI» S, FERERHD
FEEICED A i REEE KR L. 9, MG N7 v =
DRI &, W EEb R WIREECoEE L, Ty Y i
I & 5 R E A R SN, WA tEb TICRE L s
BRI U TR E 28 L 72Dt L, = v JIciimz k> T N §\

Zoom
microscope

Infrared
heating

BR U 7 At d (IR e U —E O R EE 278 L 72, Na,WO, 23t
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Fig 1. In-situ growth
Ni-. AEREHAIRIESL O CIIRE L) R VIR OBEZ  observation system.
B 72 (Fig. 2). ZORHE Y K VR 60° AT o
HEATHMDBENT 2 Lh b, WS o = Bl ik
ERLCw3eEZLbNS, £/, 5 REiHEIREE
DIFIERED B U A VARK A IZ T — & F = 7RI R
LTwaZebdrol., 7, cliyr7 74 7THRKE
T, aliy 7 7 4 7THER BT riciirpE 3
2Zlh0, VERVIREEGESBY 7 74 THIR ETo v X
FUXVERT S EARRINT.

Fig 2. Time series of WS; ribbon

. th at 508 (b) 515 533 and
[1] H. Suzuki, et al., ACS Nano 16, 11360 (2022). §§§§;7ze§?) (b) 515 (¢) 533 an
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BEAE/EIRNX—REFAREICELER NS,/H I 74 THEED
wE - EFRE
Temperature-tunable operando- and multi-energy XPES analysis of
monolayer MoS:z/c-sapphire structure
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Figure 1 Temperature dependence of (a) M 0 3d, (b) S 2p,and 7= (FREEFE 5 2025A3746) .
(c) XPE spectra near the Fermi level (E) measured by [BEcik] [1] EAR D, 2024 2

Al-ka-XPES. IS, [19a-A31-2].

(a) (b)

Intensity (arb. unit)
Intensity (arb. unit)
Intensity (arb. unit)
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SEE MoS: /Y%7 74 7HREIZE 1T HEBERIED TEM fi#47

TEM analysis of stacking structure at the highly oriented MoS:/sapphire interface
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Identifying point defects in monolayer WSe: using conductive AFM
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FIEIEERE CH D, —MRIC, TMDIZIX, Arayr s - ERFEF A hOZEIL - Al
72 EOERMENSEFE LK la), ZNDHIER—E 7 F+ U 7L, JEREH R A,
BIMEDO R — MR g i Z91,2], T, mRMOME R FEL LT, HERRT
F1 /BB (CAFM) DRI S| E ST & 72[2-4], LaxL. CAFM I 4 K ia2Y TMD 12 H1 2k
2070, EHRIZHRT 20O KFNI 3R S TWRY, RIFETIE, 777 74 b EITHk
R L7 HLJE WSe, O CAFM BIZE 21TV, SARKaORHNTH Y MLA T2,

HLJ8 WSex 1L, CVDIEIZ L » T 7774 b RICEEAR LIZ[B], METIX, 77774 ~&
HEMESOMICEEZRHM L, B A2 IS L7o(X 1), B 1b 127 X 91, WSex i & L
AL BB PRI E 72138 T S s E S Bl Shvic, RIC WSey Z Mt TR E S
721212 CAFM B2 mf5 L7z L 2 A, BRAITRT L 212, B L & BITENEIT 2 RIEE .
BaEhih b R CALEIZFR D RMPFIET 2 Z E BB E R o7 (K 1bc), T, Bl S D —5
DIIRREEN 7T 7 7 A4 PEBICHKRT 2 2L 2B L TS, KERIL. CAFM ZFIH L7
TMD DR IEFEM DR & 72 57217 T/ <, TMD % hr poLVBsiE s UCRIAT 5 2 & T, 2k
A% IS 2 BLES FTREIC 3 D B EUER b o R VBAMEE OIS FTREME A R LT D,
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Figure 1. (a) Schematic of conductive AFM of monolayer WSe; containing impurity atoms (red, blue) as
point defects. (b,c) Current images of monolayer WSe, grown on graphite with the same WSe; region, but
different regions of the graphite substrate (sample bias : 400mV).

[1] W. Zhou et al., Nano Lett. 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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Influence of gas in reactive ion etching on MoS: film
HEMEXE, °(BYMF =XEL (DMK ME,M2)OPr> PxAEa,(M)FER HE,
(M2)zF/E #®, (MN)FFE RH (M)FHE XH, RE @, & =
°(B) Kotaro Kobayashi, (D) Naoki Matsunaga, (M2) Jaehyo Jang, (M2) Soma Ito, (M2) Kaede Teraoka,
(M1) Shunsuke Nozawa, (M1) Taiga Fuse, Tetsuya Tatsumi and Hitoshi Wakabayashi,
Institute of Science Tokyo; E-mail: kobayashi.k.1505@m.isct.ac.jp

[#=S] b7 P R2ZDE 5758 (More

Moore) & F2E19 5728, TMDC (GERBE X A
NaATFA RN, ZO IRITREESCBENE, N
VRX o TR EORMENS, ) iz
DB LTI STV AL, B TH
RFHIZMELE LT MoSy % H v, TMDC
B W7 A R pEEISHA~ R 57
DITIX, TR ADLEDEE TH D, BURT
X, =y F ST at 2T 5 EEN 5T
RVENERE & L TR STV B [2]. ERE.
TMDC 7 XA ADKJEEA A=y F T
RIE) T3tk x 72 7T A= T ADBRHNHILTND
[3,4].

& 2 CTARMIZETIX, T v RV EHZ MoS, %
AW, Fx 3% O, 77 AvBINCL 77X
<2k % RIE T LT, T ¥ R/LHD MoS;
EORPNETML, BEEVEFRM L,

[ 5] Si0, Fabk Bic A8y 2 U o 7k % VT
2 JEEAEE LT MoS, A {ERL L 7=, WRIZ7 4 b
VYA N SI8IS WAL, VYT 7 412kD
F ¥ RNNE— BRI, D%, 0, 7T K
vBILOCL 7T X<~EHWTRIE 21T\, %
Iy FU T L, DKk, LYA NEBE
WhTTE hAiE L THIBEL -,

[BR] CL7 7 X~E2HW\WT=TF v 237 —=
V7R, MERLL 72 100 fHOTF ¥ 1 vD 9 H 10
EIZRBWT, MoS, JED—EnFHNNTNWDZ &
NHER I NT-, Fig. 1 (lX, Cl, 77 XA~ DHAED
HBNTNBESD AFM B TH 5, TDOE S5
AilE Fig. 1 (0)D X 512, SiO, FEM A3 10 nm 2
EA—N—y F T EINTW, —FH, .77
A= ZHOWT5E2E, TEOF ¥ 2220,
Fig. 2 (a)lZ7RT K 912, F ¥ R/AHIZ MoS, A
HIDBI TN DERI D3RS S 4L7= A3, Table 1 (278
FTEY, CL7T7A~XV L, 0, 7T XA~ THY
FOMNREL o7z, MoS, ENFI LR & L
T, Ch 77 A~DE, =y Fr THOMEET
BRI WETH 72 TRy IR S ATz AT REME NS 2 B,
BRI A2 A B L R X o THBNANET
5 EHHEINTWAD[S], LA b HIBEEREC,
Z DONEFTER DA E 20 CRINNNE U & HE
HEND, 77 A~DEAE, CLb77X<LY
ISR A DA S 0 | FA I
ALz nweEEZLND,

[E)0, 77 X~Z2H5F v 2 /LEAIL, CL
TI A2 DDA R T oL
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Fig. 1: (a) AFM image with crack in MoS, film with
Raman spectra using Cl, plasma. (b) Step height along
black line in (a).
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Fig. 2: (a) AFM image with crack in MoS; film with

Raman spectra using O, plasma. (b) Step height along

black line in (a).

Table 1: Number of defective and valid channels, and
yield for Cl, and O plasma gases.

Plasma gas | Defective Valid Yield [%]
Cl, 10 83 89.2
O, 1 97 99.0

[BEE] = OFFEO—IBIT, SCHREE KA X-
nics - EABI L S AL S (JPI011438) D Bl At
B2 bDOTh D,
(&3]
[1] K. S. Kim, et al., Nat. Nanotechnol., 19, 7, 895, 2024.
[2] K. P. O’Brien, et al., Nat. Commun., 14, 1, 6400, 2023.
[3] K. Matsuura, et al., Jpn. J. Appl. Phys., 59, 8, 080906,
2020.
[4] S. Liu, et al., Adv. Mater., 34, 52, ¢€2200734, 2022.
[5] T. Schram et al., 2021 Symposium on VLSI Technology,
T3-6, 2021.
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ARR VD FERAVWEERBEEDERZEIL & HAXPES AR MVER DR
A study of relationship between switching resistance in graphene/sumanene/graphene stacked structure

and HAXPES spectra modulation

RER#BHKAF !, SEEARFEEVS—
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Kana Tabata!, Kaito Kimijima', Tappei Nishihara, Hiroshi Nohira!, Ryousuke Ishikawa!, Yuichiro Mitani'
E-mail: g2591202@tcu.ac.jp

IZLOIZ AR UNTIRHE & KFETHER SN D BRRO SR E 2 FF 201 (CaHp) Thd, DEEEINEEHE
T EANWTE VS 2 b — g UL LB RITII R ZR_X—R I, RAEBIT AV 5 7 2 AT T T = -
SMM@%E%%%@@LKO%@$%®JV(@WW#%r)@E%%%ka:%\El@iﬁﬁﬁ%ﬁ%
PIEIZ L D ATV EEORB 2 FZBRICHEGR LT, I LI OEREIN, V7 72V /AR /T T 7 =
ymiof®ﬁaéﬁ ENBHBLOTHALZELHALNE -T2, L L, ZOEIIE{LD A I =X LD

CIEEFFEHS> TR, FZ A TIIAY RS FZ - MIM  (Metal-Insulator-Metal) #5385 2 /E8L L |

FWWL&#%%@%@ SH[RE72 HAXPES IZ K W A R UL Z R Z T A D= AL EZW 0T 5H 2
L AR TR EWMET D,

EBRFE HEZ 77 %ECVDIEICEY Cu RICERT S, 2 n-Si R EICES L, 20 Es b
Wi/u“ﬁ%éﬁtXVZ/{&%XE/Z~FT@ﬁL EHICHEZ 77 20 HHOIRE L TAY R

DRI T T TERAAA TSGR K LT, £ 0% EEEM(0nm) & FEEMm A S TR L, X1 EP
OFFANENIRTTNA AL Lz, 2B ZITIIRES 208, EE&771/@%ﬁ RGN E T ~ o IEIC
DHERL TV DH AL TeT N 2% BLO9XU(@SPring—8)® HAXPES % i\ C., BEJEANATE PR RE .HRS)
—HAXPES & — & EEHNASHESTIREE | LRS)>HAXPES Ml — & EEIINE TR EE : HRS)>HAXPES #HlE &
Wo A THEBREZIT- T2,

RBRBICRH X2 13 NV T T2 /AR /7T 7 x-S/ Al OB GEZER L, Ni Bl LS
HAXPES #I7E % F&hi L 725 R CTh 5, BRUTELERINAT, FHITELERINC X 0 ARHEGTE L7 KEB(LRS), 7R#R
imﬁ#kbtﬁ E(HRS)? HAXPES A7 ML ToH 5, RBEEEIINATTIL, Il_rﬁio_mﬁ#ﬁ%
LoD, EBEIMZE Y SRR E R B e % 1 A 7 e 2 UiofE R, EIERmET &
1 A 7 N DOEEPURD 227 S AFIRITIZIER U CTH o 72, —HIEREPUREBICBW T, C-C A HkTidz
wx&?Fw@ma%ﬂ%5~7ﬁﬁ¢bfZ%ﬂﬁﬂ%DOC%%E%®H~7ﬁ%ﬁLTV5:Eﬁ%%T
X7, ZOREREY . BEAMIE S TASR U GFOR UKL, & L IEFIUCE I BEEE(LREZ 72
Z & THPIALBG N B L T D AEEERAE N E B L TWDH, ABH TIL, B DNHEPIEILA T =X A
WZDOWNWTEBIZH Y T Cigam L T <,

BEE  ARUFFRO—EIL. TR R BRI EEA R v ¥ — D3R E 2T T2 b O T, BAEERIT, KB
fiE% SPring-8 ¢ BLO9XU % H T, ElEREE YR 2 9E & o & — D KGR (JASRI, Proposal No. 2024A1595, 2024A1651,2024B2125,
2024B2106) (2L > CFEITINE Lz, BB 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. Kawai, E. Ashihara, R. Ishikawa and Y. Mitani, Jpn. J. Appl. Phys. 63 [4], 04SP05 (2024).
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B3 150 R EERERR C & D, IS (EIRHUREE), Fi3-5V DBIEFNEEEFIRE),
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TR BRI IR T 5754 2Tl 5, ZORIFO—oIT, ¥ —5y My T Ok KB L
1 IO TH) O D B, BRI TALAWA I ST X 7228, THEWE - TSGR
THES L OB b o T, 2 2 TARIETIL, MRS A RN 5 T80 2 AT 5 5
FRTFEERET 5, FT b KT MoS, 13, i\ HERER, EAEAEEE, RERS
PEZAR A, 50 TRAEPE E LR TH %, ABFE T, 4 THHEHA LT MoS 2 AW L, 2
O & UL IR % T4 L7,

(8] 9 THR A A LT MoS 13, ABAAHE oo ST Napihalons
EHRWTER L7z, SRR E &bz — i ...
Ko MR TEMA, ST S B, 30

N EHZ DWW TIE, XRD B XY TEM Z# HW T
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HEVSHRAT 2 206 L. & B cBAUESEIE & 0 1 |

~ . ! 100 110 MoS,
BRI 21T > 72, ”ﬁ&xmuJ“\f\-A\_,
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WINZ X - T (002) O E—27 BMEAMA~T T |k Figurel XRD patterns of pristine MoS, and

Intensity (a.u.)

15 2 LB s (Figurel), ZOE—27 7 MoS; synthesized in the presence of the target
MIEHBEBOMMAZ R L TEBY | BEIZZ—7 > molecule

My FRRVIAEND Z & CEHABENERK S w0 . .
FRREME AR LT D, X bIC, TEM BT, #— 6o} °’“9’L‘
7 by T OIS £V EIREEE A ELIL, MO B 5/ 20p 10mal
BB SN, b EE, BPERICEET i 3 ol
BALEZ z 55, Redox mediator Z AV 7= CV J{lIET el

_60 L
1L, ML= REZ 0mg/L 705 1.0 mg/L ¥ TEMERIIC -80} ]
-100F Ellectroc!e : Mo§2 + quuene.
WIS W72 BR, B — 7 B IREE O - T 02 00 02 04 06 08

E (V . Ag/AgCl
FAERBS RN (Figuwe2), EWEEIEARL (V) vs. AgiAg

A O L UTEY . R LT L AR Figure2 Cyclic voltammetry results obtained
IR E T T LT EROEENE S under stepwise variation of toluene

R L LCE— 2 BRAMME T LI 2 BABND, concentration

[1] Sasaki, et al., Sens. Actuators B Chem. 2023, 382, 133458.
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REZpa 27 MEGID SiRBOREREL /e 5 Tnd, £Z T, MoS: v b~ a7 MK
PURI D=8, [ U TMDC C&BRIMHE 269 2 TiS; B EH STV 5, TiS: 1E MoS; & ®
ALH T MTED, NURF Yy TOERRORMOF LR ELEZ S TIBE a7 7 MEGix
RTEVNI VI 2 b= a VEERAIE SN TWA[L], L L2ARANS, TiS: & ALD R L 7255
B TELT 7 ALERSTLEI EWOMERD D2, T TAFETIE, vYIab—va i
£ MoS, RICHEE S 47z TiS, Oftdh b2 Eh & i Lz,

[RE 3R]
Fig.1 1%, FATFEEFE DR T >3 ¥ /L (MatterSim) % AT TiS; &7 /VICEME-ZHT 2 2 L—

TarEFERLTELNLT BT 7 AEEE MoS, iz %7 N &%, BEOL 7' 1 & RIREEIC
PN 700 K 2 TH 1B 1523 % 100 ps i L7 R TH D, MoS, DGR D TiSy 23ELraIfG i
{ELTWBER, KEDETELT 7 AOEETHD Z EDRBIAISNTz, £70, Fig2ld, A ¥
I X0 EEICEE L 72 TiS2(20 nm) R D as-depo. & BVILER . O X BREIFT(XRDEDFER TH D,
8O0CE CAMF L THEHTE— 2 1 IBRE IS T8N T 7 X TiS; &L BEOL 7' =& iR
ISR L TERNZ EATHEEND,
(&% k]
[11J. Gao et al., npj 2D Mater. Appl. 4, 26 (2020). [2] P. A. Younes et al., Chem. Mater. 34, 10885 (2022).
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Low-temperature catalytic graphitization of hard carbon with Mg
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(] Vv asty kEmOAmMEE L TR
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DEIMEFENHE I N TEZ[1,2], LAL, ZhHDF
EISIE, B EENMELS, BB OBRED D ORETEEIZ X
DHILDNTER SND LW ESNH D, & 2 TR
TIE, BUBHIIEMER, M Mg 23R L, AudAEA "]
REZR R 7 7 A~k (SPS) {E#TEHT 5 Z & C, ML
BN RE R R IRFE O G RTFIEDOBR Z BIE LT,
[38R] JEVERIC Mg & 11 wt%dshn L7z iBS BRIk L
T 10Pa LA FOEZE R CHIMNE ) 28 MPa, H-EEHEEE 450°C
/min, BEFEILE 1300, 1600°C, E£77 « IR 0, 10
Sy DEMT SPS BEfE 21T o 72, F£7z, KO- OIEMELR
MARDHDOFEHNZ DN T G [AIERD SZ4:C SPS BEf 217 -
7o ZO XU THEIREHI T L THER X BRIEHTHIE
1T-o77,

[FE 3R & £Z22] Mg JEIRINT SPS Hifs 217 - 7= ibBH L, B
FEILEE (AR & TR DOIEMER O XRD /X4 — 2 Lk B2
b3, MERREFAOT B — KRR —7 ZRT DM
Tholz, 2O &1E, SPS EFED A CIIiEMR O Bk
ITHEIT LN E AR LTWS, LavL, Mg % 11 wt%
AN, 1300 725 1600°C T SPS #ift L7234, (RFrERH
0 4y T [EHTHEEL 002 D v — 7 ik Lz, = Db X
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Fig.1 XRD patterns of (a) as-recie-
ved activated carbon and (b), (c¢) SPS
treated activated carbon with 11 wt%
of Mg at 1300°C, 28 MPa for (b) 0
min, and (¢) 10 min.
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Fig.2 XRD patterns of (a) as-recie-
ved activated carbon and (b), (c¢) SPS
treated activated carbon with 11 wt%
of Mg at 1600°C, 28 MPa for (b) 0
min, and (c¢) 10 min.

$E86MbAYEZENFTAIHRS HRTRE (2025 BPAZE RAF vV /IR &AVI1Y)

D, Mg Z iz v 2 SPS BEREIC L 0, RURITIENER O BEME NI TS 5 Z L 230 o 7= (Fig.
1,2), &5I2, BERIEERIES 10 40RFF LT SPS BEfE L7234, BERSIERE 1300°COBA TIT,
MgO KD E—27 BFEELTWAHA (Fig. 1), BERSIRE 1600°C DA TIiX, MgO Hko v —7
DML L (Fig.2), ZOFfEEIE, LV EIRTSPS BERiZ T2 Z L1280 MgO M ER L D 5
ZEERLTWD, o T, Mg filliia W= SPS 2k, BUEEICE DB DBRET otk

© 2025% ISRYEES
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[1] R. E. Franklin. Proc. R. Soc. Lond. 4. 209, 1097 (1951).
[2] L. Zhao et al., ChemSusChem. 10, 17 (2017).
[3]J. Peng et al., Angew. Chem. Int. Ed. 56,7 (2017).
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Activation of Lower Alkanes Using In-Plane Tunnel Junctions Based on Atomic Layers
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. BB O T XX —HECRENEX ¥ ) T OEA /ML TR, KB OEMRILDFEH

MAAEND, RICKHE 1L LTL, MEENEG T Th ORI VI 2Tz, REF~D
BIEFNIC Y 5% 5 12 W85 L, WREERIH4 T Raman BUELA X7 ML ERIE LT, 50 T iR £
WERRSNDTENLT 7 A —AR Y (a-C) T2 2 LT, SMRIGRFHL STV D 0 R
L7co H(c)lz— % UgEERT 0O Raman BELA T MLV ERT, a-C B'— 7 O KIEAE KA iERd T
ETEY, ZF ORRITERT LD EBE XML, JRTFE N XD, HBiRTERE T v

VOREINEHETE DI EDIEEEET L LOREE L VR D,

@ Y @@ e (
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Fig. (a) Device structure. (b) Optical micrograph of a sample. (¢) Raman scattering spectra acquired before

and after the reaction induction.
BHEE : RuOy 7/ v— MHMEM K « EARWANS | TaS 13 ER « EBFEEEEAEND T 7

72T, ARBFFEO—EILIST & T B L O H AT A OBRIZ K0 F2E Sz,
[1] Zhao et al.: Phys. Chem. Chem. Phys. 15 (2013) 12428.
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LEFED, ZoXo BT L, Fxld, HEEEHOWEEERE DA —AT v 7D
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b RNVEEG DSOS T 2 EERE FOFET, BN RESTEL, bAy vy V7T
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b RVEES O T EREMIZIIE F—7 Si bl A | £ 0 RIZJRFEHEREEZ VTR L7 5nm
JEOT NV FEE N ruiEiE s L, 86 ETEBNTOR Yy b3y U 7 =X VX =%
B/MET D72 AFFETIII T L THEWF ) 2— |k (ns) & LT, RILKFBRILIEEE BT
% RuOz ns DfEZE W, ns e EIZT7 4 MUY 757 4 —%HANT Au a7 N L
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EIEHIIN 25 3 BEfTT - 725 CHIE L 72 Raman 8XELAXY MV &ERT, TENLT 7 A —HR
HROE—7 B LTEBY, BEAMTERS Ay b7 ha i X 2 & RS
DHEEINTZEE2B®T D, TREREZELIZAX O C—H MAE2=E T CUMTRETH D
ZEDRE, ZOMBIFMERLIZ ED2HF T2 F—IZET L b0 L HIfF SRS,

HIEE : RuO, 7/ v — MIEMK « BARWIAENS TREN 27202, RFEO—5IL IST &2
(T I KONk pE R I E M R D B AR & 0 S S 47z,

[1]Y. Kim ef al.: Phy. Rev. Let. 89 (2002) 126104

[2] WGP, PO, AL, BN 85 71 [BS A ELES R TR ATRHE, 24a-32A-7 (2024).
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Figure 1. (a) Sample structure. (b) Raman spectra of amorphous carbon normalized by the Si peak.
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in a van der Waals magnetic semimetal
OWME FH L RN B EE BXS T ®° Bk B8RS, &H ER
"IREE CEMS, *RALER, *RXT, ‘ZHIX
IRIKEN CEMS, 21IS, The Univ. of Tokyo, 3Dept. of Applied Physics, The Univ. of Tokyo, ‘Shibaura
Inst. Tech., °Hideki Matsuoka'?, Shun Kajihara3, Kanta Endo’, Yue Wang3, Yoshihiro Iwasa'* and
Masaki Nakano'*

E-mail: hideki-m@jiis.u-tokyo.ac.jp

BWRAXINI A FITREEIND PR T P H R EEAEEIT, racetrack A E U SCIEHEEH &h
Hoa—nET)NT 4y T At a—T 47 Vo HEBROM 2RI, A=Y
AFWICBNWTRERBELAEED TS, FTH, 29 LIMXEEICERT 2IEARHREF—L
Bk, 72 b haRa P L — /L) F(topological Hall effect, THE, X 1)i&, AT 7 AF v &
BRI T2 FEEE LT TERTH D, 2O LD RBLEND, Baiihio%ER T THE
EEBETLZ L, ERICATREEERRAT v 7L ENDH0, (RO OWERTIE, bR
1Y ) WA AEE DR EAGIZIIA RO BEG BRI R T - 72,

AW T, CeEMICHCA VX —h L— h &N 7 7 TN T — )L ABEREMEIR CrsTes K
AT XX —(MBENETIERIL, & BICEZET = — VI Z 42 & T, ¥ aisEro
FIRIZIHIT D THE BRI LTz, CnTesix, AT A v Z—Lb— M7 7 o F LT —/L R
WVERE CrisTex 12JE L(IX 2), mEVWIEREMEIRIEE S KOV RI T X VI v 7 ey Rl %
BE T2, BMAITINETIE, CuTe BIEICBIT 57 =— URFEMESS, VF U LS 47— |
2 X DARISBIRE B KX ORI 7D KIE 722 85I DD Tl LT & 72 23,

ARl T =— VALBR% D CrsTes IEIZ IS T, BHLERAR & A — L SR O I BEEE 70 el 2 8L
i, THE OBELEALSBAME IR ENT-, Z® THE ¥ 7 F I o lic BT L ZEICEN ST
T C72< | CrsTes D WEAFRIREE 2 Sk U CEIR CHAMICHELT 2 Z LR S Lz, S 51T,
Z @ THE 3B OEIINA IS L TR TS E 2R L, BE R — LV REORE —Rsy &
B2 EOERTIHHFATE Z2v, NI THE ISERT 2D TH D Z L0 MR TE 1=, ARE
TiX, Z® THE ZHls & L7z CrsTes EIEOBKIMEFHE & . 2 OWERIRFICOW Tk T 5.
[1] Fujisawa, Y. et al. Adv. Mater. 35, 2207121 (2023). [2] Wang, Y. et al. Nano Lett. 22, 9964-9971
(2022). [3] Matsuoka, H. et al. Science Advances 10, eadk1415 (2024).
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Observation of gate-induced magnetic topological-phase transition
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BRSNS MR e P—TsEb e [ MR e U VR 28, ITFERRA XV A UM E T
DE LA WERTEIIS L, HEEZED TS, bRe UUUVEBSHESE T, (EkoimmME
RORERER & & T HRH)/ NS R BB CHEN T2 Z E N ARETH DD, L—A T v 7
AEVREDAY Y hr=7 ZGHTHEBERFENRINE T N TWD, I ARr Y
T IVREEAEIE DAFAEIL, v — L Y Fl i PSR & 2 EEBIZRITN 2 T, BT EE L 22w
FEARRF—NVIETHD FARr IR —L3R (Topological Hall effect: THE) (2 & > THHF
HTENHRETH D, BAIZINE TR F I —EZHNT CaTes LWV 7 7 T L
T — )L ABRREMEIR 2R L . Z ORI ERIEORE R 27— NIRE e EAHE L T& 2 3, ZX
BT, VBB U 72 CrsTey VR B B B 28 1 CEMLER 2 i 9~ & =RIRE 68 C© THE BT 5 2 & %
AU 2 ZHUE CrsTes HIEA AR v U M ESEEZFIH LAY he =7 ZsHlcisn
T THERMERTHLZ L HTRELTND,

AHEETIE, ZD XD 7 CrsTes WEEICE 1T D THE O 7 — MRS L iR A2 WmE 5,
CHUFBRILFE LA v A — T L— a STk o TEBLESN, THE THREMIT bND FReYh
JVRETERR & B AR — VD TR T DD R 2 2 RIS AL v F U T H T LITRE LTz,
VHIZZOFEMERET D L & HIC, TOYHARETIC OV TilimT 2.

Ve=0
(Topological magnetism) VG >0

(Ferromagnetism)

X 1.4 47— MNECZLD
LiAf v Z—01L— a3 0X

(2. 77— Nk N AR e OB VEEEREERE O]

I H. Matsuoka, et al., Sci. Adv. 10, eadk1415 (2024).
2 H. Matsuoka, et.al., submitted.
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BREES AN FAF (TMDC) % #< L7z kot TMDC (324672 “RoePEds FBL 3
DAL LTHETHY , 6 - JICHOMMAE DRI STV D, T, ZIRIoHiR
THRIBHEARRT 2 A9 2 “IRGCHEMEERIZ ot A ey b e =27 ZSHOBUEN G b I ICH
IR R TH Y . R THREBRHENITONTND, BAIXINETIIH AR X —

(MBE) {£IZ & 2 Z—¥RJt TMDC & % OFEJE#EE OMEEICHL Y M2, EICHXFEICER LT
PERAH 24T > T& 7z, RIS, oL Ay bu =7 R % B4 L CEHEREE RO
DEAFENZ IO T FEITHIRNA B L TREEVEIR T H 5 VisSes oA 2 ZHREIER T % CrsTes
® MBE BRRICAEI L TR Y . £ DR “IRGTEME2 B 6202 LT 22,

ZH 5D MBE TERIRIEEZ2 @)@ “IRTTHEMER D 5 B ARBFETIE CisTes (ZIER 7%, AU
CrTe; DI Cr 3B VT A =B L— FSNTEWERTHY | FYERMSC F—E > 7 b
DOTINIRIEVIT L > TEERREMENR LT 2 2 L3570 > TV DA, REHTIL, A PV 7k
et % 7R3 as-grown @ CrsTes (2% LT, & OREMEDEEAKA T 2 TSR 2 M E T 5, MBE (12
LDEBETIT B v v X =2 D 2 L TR BICEEER 2 > 7k — Rl 2 &
WATRETH U | WD EEURAAME A2 R OFEMICFHI T2 2 &3 T& 5, £ X HITLTE
BLLU 7z CrsTes DREEAABEHI I U TRERmE R 2 770 L 72/ RIS HOWTHRET D,

[£% 3Ciiik][1] M. Nakano et al., Nano Lett., 19, 8806-8810 (2019); [2] Y. Wang et al., Nano Lett., 22, 9964-9971

(2022); [3] H. Matsuoka et al., Sci. Adv., 10, eadk1415 (2024); [4] H. Matsuoka, et al., submitted.
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Layer-number dependence of topological Hall effect in vacuum-annealed Cr3Tes films
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DHEDORIE U TSR EZ R T Z 0, EFICHEWVEREZED TS, TORNTH
TMDC O—FE T 5 CrTe; DJBRINC Cr BT A L H—H L— F &7z CrivsTer 13, IR ITHRE
PMEOREME L LTAY Y ba =7 ZASHOBLEID Eﬁ%ﬁbfwémﬁ@%#\%iﬁﬂ/
NS ITEE R T 2 IF H 72t 2 7”3 72 D IR R OB b & BRI R Th 512, KF
2. Bx BE ORI OMIEN S, X ¥ — (MBE) JETER L7z CrTes 13, &%
HCEVLER 2 i 2= L 12k - T, BHEICHBI LARWIERRARR— AR THD hR e P hk—
VR (THE) Z2%H4 2 Z EBNHLMNTR > T& 7B, 2o THE XREY o s LR+ 5
72, R AE Y hr =7 2l P~ HERBEIfR SN D,

AT, 2 OBVLELA fi L 7= CrsTes 1% L C.THE OJE UK EZ T~ TR R 2 HET 5,
MBE (2 & AR TIIAEIS v v Z —Z AWV 5 Z & THER BICBEEGER 2 o) 725k 2 — 51
#6’&ﬁﬂ“@%@ W D JE K AFNE 2 SRR DRI E I 2 Z L N TE D, £D LD

2L TR L 72 BULER CrsTes OIEEMRERIEEHI X U TRESUHIIEFFEZ T L, P AR LR —
w%%®%@&ﬁé%@ﬂbtﬁ%_owfﬁ%ﬁéo
[Z53Cik][1] Y. Wang, et al., Nano Lett., 22, 9964-9971 (2022); [2] H. Matsuoka, et al., Sci. Adv., 10,
eadk1415 (2024); [3] H. Matsuoka, et al., submitted.
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Nonlinear transport properties of a van der Waals magnetic semimetal Cr3Tes
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BEBREELA IV s A K (TMDC) O—FfiTh 5 CrTe; DEMIZ Cr BBV T A X —H L
— FENTZ CrissTex 13, A v Z—H b —3 a3 0 LU Lo THIMENZELT 2 s & LTIk
WICHLS DO REENTWIWERTH D, ZOROKFMIT, WESXESL K- 7 1LULDb
FTHORIENZ L > TERRBEHER BT 2 RICH Y | BEEZEF COBUBL LI A v X — T L—
v a VIR DES F—E U T o THRIBEMEIRB IR E PR B AR R E T2 2 L2350
STNAHIA Fi- IEFICROEEBK BT IEEZGT 54 22 7Bl B Hfl L
FEWARF—VHRTHD A I AR V557 BB B2 B EEMEAR TIT R S 7 e
IRRME R BT 2 Z E BB LT o TETND,

ARBFFETIZ, 2D &5 7B BNt R R CrivgTe, OIEMIEIEREICIER T 5, ITFEZEMK
B R MR IR ] SRS PRI DM AL T2 R H T DI E DNER 2420 Tk 0 . JLffE - IS oM
M 2> B RENRNCHFTE STV D, FRIS, TO X 5 W E RIS BT 2 HUIN L 7B X, @i
PE(R L AR O~T 0 R H TIXA EUHGE MV Z SRR 558 @ik os, hRa bR
SAEEEZNET 5 R TIEEREFIEEG DR ENETNBRI SN TEBY, AV hr=J AT /A X
R=a—BENLNT 4 v I TN AR E~DISHERPIIFF SN TS, AFEHETIX, STt
% 3% 2 —{E TR U7z CrsTes D FER BB RV & TR~ T2 fE RIS HOWTHRE T 5,

[Z% 3CHR][1] Y. Wang, et al., Nano Lett., 22, 9964-9971 (2022); [2] H. Matsuoka, et al., Sci. Adv., 10,
eadk1415 (2024); [3] H. Matsuoka, et al., submitted.
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Analysis of Metal Electrode Dependence of C-V Characteristics in CVD-Grown
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AR, BRR ST U A% (FET) OFMILICIZRA DS 2H 5. D729 Silcfib 5 Hr
T MBI OB PEA TH D, T ZTHEASNTWDION ZIRICEBBB Y A a4 K
(2D TMDC) T# 5. 2DTMDC %, BEF ¥ F /AR Z Il &, =RkoofEsE icaRTcd b
, RIAHEED CMOS A7 — U U 7B T 2k e LTHER STV D, R ekt Y
7T (MoSy) Rkl iALF T AT (WSer) WKL TH D, —FT,2 KT
MEFORRYE |, 16RO & B -FRLE-FE5AR (MOS) & v /v ¥ TITEKSFELZRIEST 5 Z & v
LW[1][2]. & Z TAMFFETIE, CVD HJE MoS; 3 L O, i1 @ik (ALD) THOLI D ik
BERMEER, 7V I T (ALO)EANWT, U Zkey Y MOS F v v H Z2FR LTz, £7, &
T#Y Y777 ¢+ — (EBL) IC X057 — MEMARE L, 7 — Mg e LT Ti/Pd (5nm/10nm) ,
Ti/Pt (5nm/10nm) , Ti/Au (5nm/10nm) , & HIZT BRI L HEKIER EDREBETL1-O
IZFFEE Ti/Pd (5 nm/10 nm) #7835 L7z, X 512 ALO; (12 nm) % ALD &L, =@ kiZ CVD
HE Mo, # 7V A7 77— LT A ZADBIRIZ O 7T A~ F 7 Lz, 77— hEMmEFH
RiIcLCTar 27 MEM IVAu (1030 nm) 27855 L7z, (R L7 7 S A TEZEh Tl A &
BEME(C-V 5B &2 J7E L 7= (Figure 1) . ALO; [ —

(a) PdD L (b) Pt
04 Y, A 0.4
l'-

E&ilﬁ‘bf&)é@izjﬁb, b“—}‘(fﬁbf—cto %0.3 “go.s
s LT 1MH 5 )
THALIA R (Co) DIEBZALLPd ZAVE 2 s | © 0 ]
. — Forward . :
TNA ATIROBREV Cox &b/ S WER %5 2..15 05 ;Boagkmfrj,s %35 -3.-2.5 215 1050 05

Gate Bias[V] Gate Bias[V]
0.5

=
(c) Au A @ Pd® 'f.%
1kHz g < TKHz O
I, N
S g
e ¥ F

1 MHz

o
15

BN R LN, kY, @4 —
LB OEIRIC LD ALO/MoS,; MOS FORA A

I
~
o

C [uF/cm?]
o

C [uF/em?]
o
@

I
N

‘ e § /‘ . 0.2 __.‘.,'; E
DYERER LA TX 5, o i ol
j{ﬁ%%@j%ﬂ}%é’{]ﬁ” %H%*ﬁ@%% X x0T %53 -1.5(3-;léoéi5asl[)v]o.5 15 953 »1.5G»;le-oét">ast[3\/]o.s 115

JPMJPR24H2, JSPS FHiff #¢ JP23K 13361, i Fig. 1 Multi-frequency C—V characteristics for devices with
IRBRT, s A B iR B [ 0D S % 5% different gate metals (a) PdD, (b) Pt, (c) Au, and (d) Pd@
FTW5

23k
[1] Park, Seonyoung, et al. ACS Applied Materials & Interfaces 8.18 (2016): 11189-11193.
[2] Gaur, Abhinav, et al. 2D Materials 6.3 (2019): 035035.
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BRIERUIBIEE=)L (CPVC) AW :RFEKRE
Transfer of 2D materials using CPVC resins
ERARPLE ERTRIEA
C/NEFIEHETF, ETH RS
Institute of Industrial Science, University of Tokyo
°Momoko Onodera and Tomoki Machida

E-mail: monodera@iis.u-tokyo.ac.jp

AU Hifb e =/ (Polyvinyl Chloride ,PVC) [FZRTFJEDOE v 7 7 v TR ORI A J J—ZANRTE
HIRY~w—L LTHEAZED TWD [1,2], PVC IR FE~DWAE 1) A5 Z & ASRERAYIZ A H i
T, BrEo=kTifE i BEHRE) 2175 2N TED[B], £/, MIRTIERI A
U Y —2VEREMENTEY . PVC 25 & MR E~O R8s 4 @R CfTH) 2 LN T
5[4

AFERTILPVC £V b S BITRFE~DORAENHRRNA Y <— & L THFE PVC (CPVCO) %12
Y%, CPVCIEPVC IZHEART S BTN FE g LS BT 2 1258y, £ D7), Ji
T8 D ZRITHIRAEN IEF ATV <L RO D BADOEIIMERB S, —F . @ik
TILPVC L RRICEE PR T T 2720, JRFEDO KT A4V U —=ARELITRETH D,

CPVC D#35 11 % ERINTRT 120, RIBENE 21T 272, £ DR R%Z T2 PVC & CPVC D
T~ DG E BT D,

force gauge

polyimide

tape Polymer layer

glass slide

stage

Fig. 1: Schematics of PVC and CPVC. Photograph and schematic of setup for measuring peel force of
thermoplastic polymer layer.

[1]Y. Wakafuji, M. Onodera et al., npj 2D Mater. Appl. 6, 44 (2022)
[2] M. Onodera et al., Sci. Rep. 12, 21963 (2022).

[3]Y. Wakafuji et al., Nano Lett. 20, 2486 (2020)

[4] M. Onodera et al., ACS Appl. Mater. Interfaces 16, 62481 (2024).
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WET—TICLBRFEERDORRICAITT :
mm R7—ILDT 5T x VB
Toward the Limit of Atomically Thin Layer Fabrication via Adhesive Tape:
Millimeter-Scale Exfoliation of Graphene
RRERKPEEBRTHARAE |, #RAS4FEASER 2
O/NErEBkF !, EHEM? LEEER’ FTHRE'
Institute of Industrial Science, University of Tokyo!, Teraoka Seisakusho co., Ltd.?
°Momoko Onodera, Miku Kasai, Yasushi Tsuchiya, and Tomoki Machida

E-mail: monodera@iis.u-tokyo.ac.jp

7772 %IEI LD LT D R EIRWE OFBEERIIE, WET — TR WA = VB
BAE (LAF. 7—78B) DR HWHITWD, L LiEk, 778 L > THELN D
TREORE ST 10 pm BEICE EF Y | RINENO/NHEETH L Z L RREREE ST
77

AL TIE, —RICHOSN TV DHEE T — 7N A HRERTH Y | H TR IRk S h
TWRWRIZER Le, €2 THAE, 77 7 = OBBICRL LIZHE 7T — 7 28 128Gt -
B%E L. ZOMEREZFEAM L 7=,

ZDfER, Si02/Si Bt B2 W T, 1EREZRE ERIZES 1 mm BORE 7 T 7 = & mil
RTIFDHZ LR LTz (KBR), ZOF A XIHEROT—TERTHEOLND VT 7 = v Ok
Z2MBE LRI OTHY | EROFEHREZETHRRTH D,

ARRRIT, K& T — 7 O EEGEHS LU &2 ik 32 2 & T, T—7BEICRE N T
LIVHARXDT T 7 2 ANERNARETHD Z 2O TEIELLFITH D, FABHEONT
B B a2 <,

wET—7
o ‘ » » J3>71Y

—
Fk

5HE BEUAT

1 mm 4, . 1. mm 1mm

| 4 75 4 A S

, I — 4 _’ .
Fig. 1. Millimeter-scale graphene flakes exfoliated onto SiO./Si substrates using an adhesive tape specifically
designed for graphene exfoliation.
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ARy FEFTXERICE ZBHEMBEEOEELL L —RTLBEDOKERER L
Advanced mechanical exfoliation method and optical property improvement
for 2D semiconductors assisted by robotic technology
RAIREE, CHR #, &RE R—BA, 2H —K
Kyoto Univ., “Wataru Idehara, Shinichiro Matano and Kazunari Matsuda

E-mail: idehara.wataru.78p@st.kyoto-u.ac.jp

UHE, “IRTEIRIMESSETN O &2 7 7 T VT — VA ) (vdW) THEE LIERR L7 N T~T o i
EEIERIT, BT RMER BT ARG OB S | BRx IR B STV D [1], B
FIEEET, BB O EE R A B EICERCE 5, b Mol ik Th Y £<
DI TRICBNTRIRE L TEHRE o> TS, L LA b, MMHEHEI A M ORRST
FeDREFITRAKIF L THR Y | FRICKERE TY— 22 f5 Stk “ oo ka2 Ei 2 = & I3 R #
Thoded, NLvdW ~7T 2 fE~OSHICIEBENRMEE L TWERIC L Z7ebo TV 5[2],

Z ZTARMIFE T, SRR EROERN ORI E TE—E L TUTI B ARy b AT LAOBR%
ZATo712[3]e BT L2 AT LTl BEROrR Yy b7 — A2 L D HBE. By EIC k2
TRITEEROEERS] E T A BTV, SISOy B A4 72 0 B X 30 4y DR TIT 9
ZENHRETH D, & HIT, ZRICHHERES A SUSIO FARICHER G T HBROEE AL 0.0l mm/s &
W D D TRV CTHIBEIT 5 Z 212 k- T ERlE D TRt BEIRIC G 2 DA 7208 1) %
KL TV D Z EnbioTz, K1, G5 7-HE MoS: 1okt LT, FERFIETHE LR
FREE LOBEAIE (FWHM) OBEAZ R LTS, oAy MIE o> TER SN BE MoS: 1X. AR
PERIL72 b D LB LT 27 Fb@mWEBEL R Lc, ZOMMIIMOBREE S A L=
FFA K (MoSes, WSy, WSe,) THHERT 5 2

ENTE | RHIR RN L TR RR 120} 3 , ]
. ¢ Robotic system
FEime LTNESITL2ZENTED, 2D 4 Human hands
. e e e . = Direct tape
B, wAR sy MEISE CEE L S o 3 100)
S
BEEIZ AR CIT ) FiEIC N, @ ro&mh s
L 80}
WA KSR E T S L iSbirs 3
oo ARETIEL, S OITHUKIE TORLHIE D 6ol |
TR S, HE MoS: DIARHED A EICH 5 e v ..

LEBERICOW TR S, 0 400 800 1200
PL intensity (a. u.)

Fig. 1 Photoluminescence (PL) intensity and

[1] H. Wang et al., Nat. Commun. 15, 4905 (2024). FWHM of monolayer MoS: for each fabrication
method. Each plot represents the fabrication
(2] E.Gaoeral.,J. Mech. Phys. Soli. 115, 248 (2018). technique: robotic system (red), human hands

(blue), and direct tape (black). These optical
measurements were performed with a laser at a
(2024). wavelength of 532 nm.

[31 F. Yang, W. Idehara, et al, arxiv. 2411.069891
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HEQOEICAYEERMUETRMERS HETFRE (2025 BRHARE RAF VIR &FVF1Y)

BEOREFHEIZEL SR+ BEOHFYHITREDOR L

Improvement of folding operations by controlling droplet agglomeration
RARRES ', Yt
COOARARE ', EERME, EEAMITL WATEH'
Univ. Tokyo', NIMS?
©OS. Yotsuya!, T. Endo?, Y. Miyata® and D. Kiriya!
E-mail: kiriva@g.ecc.u-tokyo.ac.jp

[T ®iIZ] ZWHEHR L OREIC LV AENDFEEAE LW OB BREL, €7 L%
— Y DUV EFIREBOLRZ 7263, FRHTET LAY = BREDO R AL Z & 5
(HEEEE L 72 D FR WL OO ZIRITTHE A W e D FEfEE Tl S 2 L6 [1,2].
TR BRI LA REE O A FEICHEE ST EE S DIEAREE > TV D, Fix i, AIlEIOSFRIC
BV TIER OB AR F1E TR R WK 2 W72 0 BHEEIC L2 Z e 8 RME Ch 5
AT Y 7T (MoS:) DFEIE FEIZ OW T LT E 72[3], #T 0 B A B EIXH R L O gEE
BaBRE )& LT 7eoll, BEAEOHIEMEICZ LWZ LR ZNETOBRBETH T,
ARFERTIT, BIRLBERINZ MoS, & v F o 73 2Rl 21T - 7= (Fig.1 (a)). MoS, DR
BN XY W OWRENELZRET D Z & T, MoS: Rifi ~—FNIHEH 23 SR LA ED HE 5 &
BRI, THUTE D | HERIREOEERER) b — S IICIRE S D720 IR OREEEIZE S MoS, D
Pro B AT b IREMEZ R - D2 W iET L 7= (Fig. 1(b)).

[EBRGEROER] (L FEAHRE SETHE MoS, &, VY /T 7 4 BLUSFe H AT T X~
Ty F IR BRI L, AEREEE W T SiOy/Si Htli~EzE L 72,
Triphenylphosphine, 2-propanol, 7K OVEATEIK 2 HAR -~ T4, HIRFZE S 72, PR 2 Ve L
7ot P10 BT X 2 HE MoS, DR &

AU T, W Tl ffAKEDE VN 2. () 23 P LIS
propanol A3 EIC T B = & T, Ao Al L
STHERPE L EWIRNER~BARFIC XL D
WA ELD Z e Lz, HREBE L 4
WEIR A3 . R LR 2 RO R TR I A S Y Re:s';'ri‘;i;;; r:;lets,
FUT= WL MoS, RIFIC SIS B 720, 1 aggiomeration
fii f D BRI LR I O Bl ~Th o To 5~
CRTWZ ENTRIND, O EEERTER
TR DEALZE 2D & RN
DISTI MBI MoS, 121V | Fig. 1(e)IZ i
LD RIS DT BHMEEZ T LSO

Folded MoS,

-

From longer edge

Shear stress from
longer side

Folding from
longer edge

© 2025% ISRYEES

TR TVDEDTIHRNNEEZ Z D,
[5& 3CiR]

[1] Cao, Y., et al. Nature 556, 43-50 (2018).

[2] Xia, Y., et al., Nature 630, 346-352 (2024).

[3]1S. Yotsuya, et al., % 72 [BIS¥FHES 15p-P05-47

Fig. 1 (a) Schematic image of the restriction of
direction of agglomeration by etching. (b) Schematic
diagram of the relationship between stress and folding
direction with respect to the direction of
agglomeration between droplets. (c) Optical image of
etched monolayer MoS: after folding treatment by
droplets.
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INL—FEZRALV- SnS DIRIE F A M VDOERZERBE

Real space visualization of structural domains in SnS using valley properties
EBFQUARC', 3RJILAKI’ ALK CSIS®, kX DEFS*
ORg{R XiE' FE ROER’ WAR HX° AR F’ FE B
QUARC, QST, Grad. Sch. of Eng., Tohoku Univ. >, CSIS, Tohoku Univ.*, DEFS, Tohoku Univ. *
°Daiki Sekine !, Genshiro Hiraoka %, Sota Yamamoto %, Jun Ishihara %, and Makoto Kohda '™

E-mail: sekine.daiki@qst.go.jp

IV EE ) a4 RMX (M=Sn, Ge; X =8, Se) X Fig. 1(a)l2d & 9728y B — Rk
D 2 WonEREETH D, I TRINREBETHD Z L ICER LR G R L —
WiEZ R, il —bhr=7 2L LTI S TV OMER CTH D, MX IZBITH
V—HHER, INETERESNTEREBRRB S A AL al A RE3Re 0 | EHREL
IZ & o TR - BT 2R AR [1,2], S HICH)E MX IZHEWNICEFEEN AT, 8
ML MEEE RO AT T an A v I B AR T ZEDNL BIEREZED TN D 3],
~VNF T a7 ATIIEBEE « REVE R AL UBFEAETHZ ENMBI, TD R AL L OME
O D Z S ITREREIE - ISR OmE OBLIN L EETH S,

H I MX OHTH SnS 124 A L ALTEMAME (CVD) - (q)

B & D SnS B A T > 72, CVD O ZHRR L, ITHFHE o Q )
1 (GRIEEME) CHRFEE N A A AT 5 SnS OIERUC LY bwr&gﬁ &%KY

L [4]. fRYCBEMEEIC Lo T R XA v &2 BT B Lz
[Fig. 1(b)], THLZND KA A TlEANL—O RGN R 72 zigzag
BTz, A= D ORIOBERCMARIEER <DL ()
T, NU—FHEICES S AL o REAIf SN D,

AW TIE, 74 bV AEE AW THEG R A A
ORI EATV, N L—HHEOBIEND R A A KM
AW O LT, ETIE, SO EREROFEMICS
WS, 20 pm

M

armchair

This research was supported by JSPS KAKENHI Grant No. Fig. 1. (a) Crystal structure of group
21H04647, 24K21724, JST FOREST, CREST, and PRESTO IV monochalcogenide MX. (b)
programs (Grant Nos. JPMJFR203C, JPMJCR22C2, and Polarized microscope image of

multi-domain SnS.
JPMIPR241.4).

[1] C. Chen et al., ACS Photonics 5, 3814 (2018). [2] S. Lin ef al., Nat. Commun. 9, 1455 (2018).

[3] H. Wang and X. Qian, 2D Mater. 4, 015042 (2017).
[4] N. Matsui et al., The 72nd JSAP Spring Meeting (2025).
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MoS,/WSe, IRBA T O#EEIZ & 1+ 5 BRIBEFDEX D/

Emission distribution of interlayer excitons in MoS2/WSe: heterostructures

4& FHAHE' OM)HL RH' MD/IRE KM, N)EH L EK BE

. ME #A, SE Bz, KA B B BE

Univ. of Tsukuba' © Shiki Nakayama!, Daichi Kokubo', Ko 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/

BIEEH STV D IR HERM B ChH 2 BB®E X A 1V 27 A K (TMDC) (23T,
70 % TMDC OHJE% “JgfiE 9% 2 & T Hivd TMDC fEE~7 2 Tk, TMDC O FJE
C Bl ENENE SN ET & BN Y —a UHEMERIC L o T S 7 R 1A
RS, BRTOLEN ST/ A=V ORFEMTHDH L LTEAINTEY, L—F—%D
Y7 /3A A[Paik, E.Y. et al. Nature 576, 80 (2019).]ChbiL -E R H: N 7 ¥ A # [Unuchek, D., et
al. Nature 560,340 (2018).]5~DJEHAMBMIEI N TS, Z ORI F3OLRE L. BRI
ROTH, BOHERY BAFIZL > TAGICENT 2720, ZORREPSNIT 2 LIFEE
Th s,

AHFFETIX, PDMS A & 7% FIWTZHRBIEIZ K5 T Si0; ZEHRIZ MoSy/WSe, FEfE~7 1 i1 4
ERL L 72, ZoEHC B W TEEEMEEZ VT 7+ b Ry A (PL) AT hLD< v
VUSRS L, HEETELN PL A7 MLUIZOWTE—L Y BRICE D 74 v T 4 7
AT 21T > 7=, Fig. 1 \ITFHNIZPL AT bV T 4o T 4 v 7l E Rt IRIZJEBIEHE 1 D%
HE—27 BT LHPLTRLF—b 2T FVIRIZOWTHEAL & > 72 R4 Fig. 2 (27,
DT L F— EEERIC EOMBIN A BTz — 45 T, MoS,, WSe, D JENJEhEL 121X IEDFHEI X
RonignoleZ &b, ZORMETEHBE FREOLDTHDL Z LN ghol, SEIOHE
DOFK E LT, BT Ui, BEHINMNSEO T ) Ay —UEERRIETHENRE Z 5D, TDT-
D, SR ER T m — T BERCE RS, T~ i EIC K D MEE MR A DED
ZETH I A= L OXFISE TN SRIOFROBEREZH LML T <,

507

< 100F
404 MoS, g
—~ 80
330' % +
K] L got
S 20 T
E <
10] i 5 4ot
\ 3 . H
’ T o s
O
~101 T T T T T T | 2
1.3 1.4 1.5 1.6 1.7 1.8 19 20 2 Ok L L L L
energy[eV] 1.56 1.58 1.60 1.62 1.64

Central energy [eV]
Fig. 1 Correlation between central energy and
Spectral width of luminescence peak

Fig. 2 PL spectra (red) and results of fitting with Lorentzian
function(blue)
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F—PFERPLEZRAWV-ER WSe: [ZHITH Nb F—EVITHRDER

Analysis of Nb doping effect in monolayer WSe: by gate modulation PL

RK', HEX?

CREEX', &&EHA' EHNGE', RFEL LBXE’ RIYREH'

UTokyol, Saitama U.2, ©S. Toda', K. Kanahashi', T. Nishimural, S. Moritoz, K. Ueno® and K. Nagashio1
E-mail: shu9so10@g.ecc.u-tokyo.ac.jp

[#S] Nb F—7 WSe, 13, Kttt p B KJT
FER L LTI I N3 28, Z RN 135
R T v, chEckios -7
T, BJE WSe, IXEFER Y- EIRTH L Z & H
5, Nb BARICIKFELZ7 A+ P I F vV R
(PLYA =727 P VEALZBAI L € & 7210, BfRpyIC
X, WSe; Tl 1.7eVfhiLic=F v b v b VA
vEXW, 1.6eV fHEICHETF > P VICGER L
72 PL ¥ — 2728l Nn5. —J, 23%Nb &
WSe, CldzF> bv - PUA YD PL E—7(Z
&L, 1.65eV fHTic 2 KofiED K & 7 J/7E
PLY—228HIENS. 2D 2 KDFIE PL B
Nb R & HEAT T 5 2 & sk, JEmEc
D Nb BRI O FTREME S HIFF X 1L 5 23, &N
— 7RE DRl = 3 A ¥ — I fEE ST 3 Ktk
DJFTEPL LYY I fTbiTwinn,

HiJE WSe, ICHB T B /EPL ¥ —21%, 7 —
FEIINIC X DI T 2 2 EBHI LN 523,
T, FEThoRTERER (Se KFA%E) I %
v vidEEINS ), 7 — bPHIINIC X b BE
ZT-b VA v RHEEI N0 TH D LEZ
bNTW3, KfFETld, 207 — F2F PLE
ZNb F—7 WSe, I L, REPLEY—2D
IR A Hg e L 72,
[(RRERKOCEFZEIN1IRT X9, BVEEERD
EWH 77 A TERICLY T =Y L DEBERQMN
HfgZ LY, Ny 27— FHINZA[REE L 7=, &
SBEBIZT7 4 — FRAL—%A L CHNE FET ik
HIEERB LT s L ©, K- BERf oy
— M PL HIEDAIRE & 7 o 72, RIT, BEMRY
HEfE A L 72 2.3%Nb F— 7HiE WSe, &l TN
v 77— MUFET 218 L 7z, TOFTF7 VU R

ZE PR =) —F VD IV, FiEZR L 72.
X 2 ICEREIRE AK TD Y — + A PL HIE S 5
%3 . PL AR X HE WSe; 2> & @ Raman BLiL
FIT X D HUEL L7z, R E LT, 77— ZHIN
LCdzFo by P UAVICGERT S PL B —
IBGEHE LR o7 T, WSe FICHIET
ZNblE=F > b v b VAVl RERFET
HY, 2KDFEPLEY—2713EH 5% Nb &
BRI B ERREBLTNDS.

Al A B RS 5 729, RTEPL A7 b L%
1.41 eV(JRTE 1) & 1.53 eV(RTE 2) D 22D PL
C—ZICEELT. DL E, RE2 O —2
SEEEIE 7 — PEIRIC X W 283, V=430V IC
BOWCTORFHE 1 O — ZRERBENL 72, I
Ve FitEic B33 PRI —< ) —F v A2 EET 3
V=430 VOIRIIZ, =TF> b vOBEISL W
CHERIE NG, JBIE1A Nb &, Nb EHICED
O ITHIET B RTEHENL (Se Xf%E) ov—27 0
BERHAbELEZL L, V,=H30VTTFT b v
D2 CIRTEEMNICE 7y 73 NRTHNEL, B
E1DRNBEIERLZEZLND,

DEXY 2 KoREPL v—2ksH56 %
Nb LB LT3 2t 2RI L 7. 51, Nbi#E
PE 22X THIEL, PL A /1 =X 4 % fRHH
T2 L CEBETMIICEN S LHHFFI NS,

(%]
[1] K. Kanahashi, et al., ACS nano, 19, 10244-10254 (2025)
[2] K. Shinokita ef al., Adv. Func. Mat., 29, 1900260 (2019)
[3] K. Greben et al., Nano Let., 20, 2544-2550 (2020)
€irzd
AHFZE D —E6 X CRESTUPMICR24A3), JST Kk
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BRI Swv O REZBVNZ WSe, ANDOEHIH Nb R b R—=T
Highly Controlled Nb Post-Doping into WSe; via the Intermittent Flux Method

VSRR T, 2JAIST, OHrh—f !, PaRIANGC |, SAaEA] !,

s 2, BRAERE2, KBRS, RIS !

'UTokyo, 2JAIST, OI. Tanaka!, T. Nishimura', K. Kanahashi', N. Kakeya?, K. Aso?, Y. Oshima?, K. Nagashio'
E-mail: tanaka-itsuki803@g.ecc.u-tokyo.ac.jp

(#E)
BBEEL A4 HrarF 4 F (TMDC) X

XMe vy 78K F » A MELE LTHEH

INTw 3. @EOMHEELSIE O & Tl K

INnNdzaviry F?ﬁ&ﬁﬁ%?ﬁf’étxm:kzp%,

EEEET N — I3 HETH B0, BB
5 HfgEl iL’EmE’Jf(‘b 5. I E Tl TMDC D F
FWhRER N — 7FETH 2L ERMEEICB W T
(1) ToF-SIMS C X % MoS; PN Nb (&5 (R
SHEIR), Hall 1T 1 X 2 F % V) 7 B E R %@
TEBF - v 7o 2H L i L
T&7/. —HT, BFT A RCHTIE, FX
M= BMETH D, ALl S I, BEGRE
550 °C THJE WSe, IZEH meV &F’F@{f&:nz zv
F—Nb KU Se %I4T L2 ER LT 5

Aigecl, KA F‘—7°@ﬁ?ﬂ?ﬁﬂli%:mt
T BL, Se fEALIETD WSe, ~D Nb B
ZREM TR E AT L 72, 72, RIR 7
Z v 7 AEERWIEK T 7y 7 AL —F Nb &
HHZ XV, WSe, - CD Nb O - HERE -
Wit 2 I GH L 7= SR E A o BB 2 HE5 L 7-.

(BRRUVEE]

LT3 X Hic, BEEZET C/KMAIRE)
THEEFE (QCM) TIZEE M LR L — b (~
1 X108 ecm2min!) D Nb 7 7 v 7 2 % 90 4[],
BRI - 25 L 72 HiJE WSey 1CXT L CTHRSS L
- FENGRE R OB A L i LT, 400 °C D
HAGEEECIE Nb ko PL v¥— 7 238l S 1
7-. Z ZCREMEICHEWT, TEM 2 v F ki
HEH L 72 8 WSe, ICH LT Nb % BE5 L

IZ, Nb D W ¥4 MEHEZMERL 7228, BUAIL
72 Nb X DT 4 0.07 % CHREE L L <
FEF TN E WS 5 72, B C 212, EDS
Tl Nb v — 7 3Bl 3, WSe, K IC Nb
DHEE L CwhWnwZ &R oz, T EH
b, MR 400 °C O WSe, K ICH W T L
—  CHH X 72 Nb (dEHR X D b WiEkE R
TH 3 a%zené —# T, @mL—1F (~1

X 1015 cm™? min!) A5 T 13 Nb HERSE 2 R L 7-.

Z 2T, iR Nb B0 ERICE, &S —
FDT7 IV I RERT =TV R—D
open/close F# % Ml A G b 5 Z & T, HEFERE
Nb EHiz et X & 2[R 7 7 v 7 AIED E
CHIBTL 72X 1). 5.5X108 ecm?min' DE L —
F Tld QCM HRFIRTRE 7 72 L 5E 70 L — b il
DF, 15ropen, 347 close 1 44 710&F 3
LT, EFTL—F 1.4%x108 cm? min'! % 7] HE
L7, BRI A 7 a2 eE 4 Nb 25
L 7-BiJ8 WSey ICR L T4K TPLZHIEL 72 &
A, TFYIFVvE—IBHLELTEZ A LF
— DJHTEY — 7 BT 72 5 I 23F & 1,
ISP AI7ALTIRHPLABEI7ZVT LA
DZEH) L Nb F—7 WSe:PIC i Re F—7
WSePICHlg I, M HHICL 2 F—7&8D
HHIE 2 RS %,

(S 3C] [1] FF 5, 2025 455 72 BIGYIBF S AT,
15p-P05-48. [2] H"H &, 2024 45 85 EUCHIFKZEEAradES,
19p-A31-12. [3] Kanahashi, ef al., ACS Nano 2025, 19, 10244. [4] Y.
Murai, et al., ACS Nano 2021, 15, 19225. [5] Azimkhan, K. et al., Adv.
Mater., 2020, 32, 2005159. [# & ] KR %K o — & &
CREST(JPMJCR24A3), JST FIRKHHIPMIMI22708192)D X%

HAADF-STEM 5 %175 7=. 2ICRT L 2RUE
Stage@400 °C
PL @4K /\
| o ; Pristine /
Shutter wse, |TMP .
UHV E, M
|| @107Pa . fy
L 3 . =
4 P4 P4 dA 8 M
Ty | - b4 pd P = cycles
K ‘Iﬁ / d _b— 4 P4 4 = S~ ]
+—EB O-4 Wh-dse D4 D
) evaporator L P b4 P 5 cycles
SE‘Ie_c‘ycle P N&O P o Quenched
é 1 3 —b;lo "; ‘b':; PR I T NI I
min ./;p"’;,?ipop‘?“;,? 13 1.4 15 16 1.7 1.8 19
Time bd bd bd b Photon Energy (eV)
I.Nb K2} F—=7#RK X [X 2. HAADF-STEM [X 3. Nb W5} [RI%% & HiJg WSe, ® PL &1L
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Circular and Linear Polarized dichroism of excitonic complexes in Janus TMDC WSSe
Grad. Sch. Eng., Tohoku Univ.', AIMR, Tohoku Univ.2, QST?, CSIS, Tohoku Univ. *
°Louis Smet"", Tianyishan Sun'?, Bi Dingkun'?, Daiki Sekine’, Sota Yamamoto', Jun Ishihara’,
Hiroto Ogura'?, Toshiaki Kato'? and Makoto Kohda'**
E-mail: smet.louis.t4@dc.tohoku.ac.jp

Two-dimensional transition metal dichalcogenides (TMDCs) have emerged as a vibrant platform for
exploring strongly bound excitons, valley-selective optical transitions [1], and spin-orbit coupling
(SOC) effects. Among these, Janus TMDCs—monolayers with asymmetric chalcogen atoms on
opposite sides, such as WSSe—introduce an inherent out-of-plane asymmetry that breaks mirror
symmetry and creates a built-in electric dipole. This in turn gives rise to an inherent Rashba SOC which
can drive a so-called Spin-Valley Hall effect [2]. In this work, we investigate the circular and linear
polarized dichroism of excitonic complexes in monolayer Janus WSSe.

We perform polarization-resolved photoluminescence (PL) spectroscopy at 7' = 4.2 K using two CW
lasers with different wavelengths to investigate the effect of the vertical electric dipole moment on the
light-matter interaction of neutral excitons (X°), or possible higher complexes like trions (X7/X*),
biexcitons (XX°) and quintons (XX"). Figure 1(a) shows the PL spectrum excited by a green laser (561

4000

nm) and the inset shows the high-resolution PL spectrum hBN-WSSe_ex-hBN, S2, f1
4.2K, laser(561.0,10), LP(Y)->UP()
excited by a He-Ne laser (633 nm). Emission peaks from T iameve 17220V (165 mev
—— 18.7 meV @ 1.839 eV (-47 meV)
quasi-particles of WSSe lie extremely close to the resonance b ol
. . . —— 75.0 meV @ 2.009 eV (122 meV)
excitation. Together with power and temperature dependence, Aok
L S . . . A /\ |
this gives us insight in the origin of these quasi-particles. i / Vo
S . W/
z ' N/RVEN
g
1=

\

From the polarization measurement, as shown in Fig. 1(b),
WSSe X?s (1.889 eV) shows enhanced linear polarized (LP,+)
response. More strikingly, LP response is larger than circular

2000

polarized (CP,0) response, indicating valley coherence (i.c. °

15 16 17 18 19 20 21 22 23

coherent superposition of between K and K”) is favored. This is Excitation energy [eV]

. . . . . Circular and Linear polarization in WSSe and WSe.

in sharp contrast with its WSe, cousin, which has a larger » N T
| ® Pc 196ev

response to CP than LP. This might be explained by the = {3 e

wsSe|wse;

out-of-plane electric dipole creating in-plane anisotropy and/or =
Rashba SOC inducing spin-mixing and facilitating coherent

& e
superpositions. 10 : L
This work was supported by the JSPS KAKENHI (21H04647 and ’ ¢ . .
24K21724),  JST-FOREST  (JPMJFR203C),  JST-CREST  °|+ | |
(JPMICR22C2), JST-PRESTO (JPMIPR24L4) and JST-SPRING (B8 s L e fe

(JPMJSP2114) programs. L.S. acknowledges the financial support ) ;
Fig.1 (a) PL spectrum of WSSe excited

by green laser and inset shows that by
1. D. Xiao, et al., Phys. Rev. Lett. 108, 196802 (2012). red laser. (b) Degree of circular

2. B. T. Zhou et al., Commun. Phys. 2, 26 (2019). polarization ~ (Pc,0) and linearly
polarization (PL,+) at each peak.

from GP-Spin at Tohoku University.
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D)AVF/HERICKIEBWS:DE_RERERREDE A
Enhancement of second-harmonic generation in WS; monolayer by silicon nanoresonators
DFRPHRR |, BPK? HFARZRERIFHRAR, RBXEIRLF—BIPHEAHR'
B &3 12 b BN, Mojtaba Karimi Habil’, 324 33, BH# 8° @ —m®*
'IMS, 2 SOKENDALI, *Graduate School of Engineering, Kobe University, * TAE, Kyoto University
Shuto Oh'%, Keisuke Shinokita'?, Mojtaba Karimi Habil®, Hiroshi Sugimoto®, Minoru Fujii’, and

Kazunari Matsuda*

E-mail: ohshuto@ims.ac.jp

JFRTEWED—ETh 2 HEESEBAA ArarF4F (TMD) 1. MR Z2E T UAD
IC K BRERALEIEE L. S — R v HEEICHKT 2 LR EEZ R L. AL T~ A4
ZISHIC AT 72 A I TD LTV B[], X Hic, HE TMD 13 220 B AP o fif v ic i
KL T, B oXREMEFEE (SHG) 7 LD EICE 2R T 720, JEREEIE TR T
YA~DICHBPRF I N TV E[2], LA L% D, HE TMD 2o OFRFER LA EIIWITTH %
7z, ERMLICIHEEI AR TH B,

A CIE. B TMD O Km0 iE% B L. §8 TMD & Mie 1% 7R3> ) a v

(Si) F /KT aMAGLELREMEL, Z ORFANEE 2 FEMICH 72, 37, BEMRAEEL 7
HiJE WS, © _FICTERL 200-250nm D SiF/ KiFD v 4 FERA T L. LIRSS % (E8L L 72,
KT, RAISEOEAEAIEICT 27201, KA A vy F v 27 (RIE) XY, Si F /8
TE T OFEBLS D B8 WS, 23RNk L 72 (Figl #AM), Fig.l ICHE WS, D SHG 58
DN R 2R T, R L2 L 51T SiF /T %2EE L2 #E WS, Tid, BfRTRL
7z HiJE WS, 1T H_ T 920 nm {31 C SHG DB 2 58 238U & L7z, & ORmARIE. SiF /KL

i e jo gL — Y — i
T ORI HIGIC X B i L — 3 — D SHG wavelength (nm)

i (920nm) & EXPUEM T IC X % SHG 400 420 440 460
YeoRHR (460 nm) DRBFICHFET 22 L ic ot | | '
BIHT 5, ##ETH. FIREEHTCo SHG 2
C
EHOMREELR 2, WALBE— FAFAL £10° | ;
TR OB > 53], Si F /KT IC o
T, K6 2| ]
% Mie HIBASHE TMD D~ L — &R 1C i n 10 [-e- WS, b
S B PRSI I 52 2 BT o\ T b 2 o WoS
N A1 VA 2 I A ! Ob)f E- 1 1 1
’ R A SR " 800 840 880 920
g o Fundamental wavelength (nm)
[1]1 K. F. Mak, et. al., Nat. Nanotechnol. 7,494 (2012). Fig. 1 SHG intensity from WS, with (red line) and
[2] L. Mannel, et. al.,, Nat. Commun., 9, 516 (2018). without (black line) Si nanoparticle as a function of the

o . fundamental wavelength. Inset: Optical and schematic
[3] H. Shinomiya et. al., ACS Photonics, 9, 1741 (2022). image of monolayer WS, with silicon nanoparticles

after RIE process.
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RERARF-—TI577  0EFYH
Electronic properties of hetero-atom doped graphane
EEKIERET
ORiIA Tol, FIER X—, {¥3 %, Ranferi Cancino Betancourt, {EBEHA, P =
The University of Electro-Communications (UEC Tokyo),
°Motoya Maeda, Taichi Hazama, Akira Sumiyoshi , Ranferi Cancino Betancourt, Shota Sato, and Jun Nakamura
E-mail: jun.nakamura@uec.ac.jp
2 RICIRFEMELD Graphene X IV 7Z sp? GRS RONAZOKTFTTE 0 X v v 784
TH 5[1-3], dTH:. Graphene ICEMITLHE L F— 7T 2WEDMTbINTE D, EED F—7RELRHEN
LI BRIC, 250 xRTE. ARONY FX vy 7RI NS 2 LICHRT 2572104
DR Z 2 Z EDPBEREIRIC L DRI T\ 5[4], —J7. KFE 77 X< F T Graphene Ffl % 554
WKFELT 2 2 Eick > T, sp® DEIEZFFD Graphane 35 S 115 2 & DMifEER S 4172[5], Graphane 1%
%) 3.5eV(GGA-PBEYD NV F¥ v v 7% Ff> 2 EMEREIFEIC X D PRI LT 5[6], Tk sp? A
B T®H - 7z Graphene DR BT DEENPLHITIKZLI NS Z L2k b sp’ IBEIEN & 21T 3
72, HEED aa Ny RONEKRT 52 EICHK TS, L L, BEICES Graphane I F—7"F3% 2 &
k%, BRE, Z o2 O CRFEICEE S 11T w 2wy, K% TIE, Graphane 1 2
TEHRZE F—7 L, F—7REZZS LD ENZERICOWTHE L, B2 5 L 7,
Triangular & L < (% Honeycomb {RICHFHILHE 2 —RRICIER L 72822 v, RHIICREZ 2 (0.78~
50.0 %) X7z, Graphene DEGAIFIRIED LA L LB ICRDOBR T 2L X =283 2 A H 5 2 &
WHIS LT\ 5[4], L7 L. Graphane D5 1d Graphene & 13742 D IWRZ 2L F—REEICL ST
I L %D PSR o7[7], BHIFPFERDOERRETH 2 KX v v 70 AER,
HMEEEL, % L T Bardeen & Scockley © ) ® _ ., ©
ko THIBE N BEEROEY Y Y Y Y :
2 VRPN At S OS® i RN
L 7z Deformation Potential BHE@[8]1Z & N N Yk’{o‘( K 20 Ntomri 40 %
ROZLBHEICOVTHERT 5,

ATriangular
©OHoneycomb

Figl. Calculation models for (a)Triangular, (b)Honeycomb configurations.

(c)Formation energy of graphane as a function of nitrogen concentration [8§]

[1] D.Wei et al. Nano Lett. 9, 1752 (2009)

[2] Y. Tang et al., Acs Nano. 6,1970 (2012)

[3] G.Wang et al., Nat. Commun. 9,5168 (2018)

[4] T. Umeki, J. Nakamura, et al., J. Phys. Chem. C 119, 6288 (2015)

[5] D. Elias et al., Science. 323, 610 (2009)

[6] J. Sofo et al., Phys. Rev. B 75,153401 (2007)

[7] T. Hazama and J. Nakamura “ Thermodynamical Stability of 2D sp2/sp3 N- doped Carbon Materials 22nd
International Vacuum Congress (IVC-22), Sep. 12, 2022 (Hokkaido) G1-6

[8] J. Bardeen and W. Shockley, Phys. Rev. 80, 72 (1950)
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Cointercalation [Z& % TMD ERD S X FEHEEERDER
Modulation of Guest-Guest Interaction in TMD Inter-layers by Cointercalation
FEELRK ' oD)ERET EX ' DREF BX!

JAIST! oTakumi Bizen!, Mikio Koyano!

E-mail: 2520037 @)jaist.ac.jp

KA TEBSR YA WV F A4 RO—D TiS; IZH—OREMIFF (M = Mn, Fe, Co, Ni) & A >
Z—Nb—a 38D LIk TR SN DMMEERIEEY MTIS: ORE R —/LEROH
BEIT->TWD. B AR —/L %)% (Anomalous Hall effect: AHE) [ (%, =& U CHREEVEIRD PR
5 LAREE AN EE A EE R AT U CHEEMA T2 2 L CTRETDHRL TH S, AIFETIE TiS,
Je& N AR MR - & 264§ A (cointercalation) U7 BEMESERIEA Y (Fe,MiL)oasTiS: & Ak L #7232 %
27 A B O AR HAEH O & S B AR — VR R 5 2 5 IOV TRl L.

FEBRIZHWZ (FeyM1,)033TiS2 (M=Mn, Co, Ni, 0 <y < 1) HfEshiL, £ 3 v R bacmms
HEEAWTAR L. 3B oM EMEITH R XRD T, #ki: EDS TR L. Bk ERS S %
FIZ R ITmm>x3mm) (LU, ST 2170 ¢ i miciiss 21 L Quantum Design 10
PPMS TAR—/VRFLZRIE L7z, B ORAIRIRERE S 2 EEBFE A ER, R ¢ #h7micmg
BaHI LT MPMS CHlIlIE L7-.

Figure 1 (2, Fe KA [HE LT M (M = Mn, Fe, 2.5 '

(Feg 5oMg 500033118,
", H=50KkO0e |
EC

Co, Ni) OFEIHE 2 2 72 (Feo.soMo.50)0.33TiS2 D A —
MERDRBE KA 2 7. Fe(H—F2 bR)D |

Y8, K9 40K (ZFC BHLER O & — 7 BEMT) TF g

M= B, % ) T BT CHD o
S Emh, CORKAEOR—MRREREOE = 1O M .
BRI ZF 2 AHE ThH 2 LB 1HE. M= o

Mn D 51T Fe EERET—A Y FORE SRR

ETHHIZHALLT, Ry RKELFA LT 0.0 : : :

0 25 50 75 100
%, ZhuE, EREIO Mn 28 Mn2 (SSsp) L7252 & T/K
THEEAEBRLA Y e &7 ) AHE 2 S i Fig.1 Temperature dependence of Hall

LE2 55, Co, Ni DEARMRGME, HREMED coefficient of cointercalation compounds
) ’ ’ (Feo.50Mo.50)033TiS2 for different magnetic

BIEARTH DM, AHE IZF I EMfl s 2nz guest atoms M.

LMD, JEM TOBEMEBENL 20THD L0015,

A TTIE, B AR — VR DR KA T O IREE LUK AFMEIC SV T H s 5.

[1]N. Nagaosa, et al., Rev. Mod. Phys., 82, 1539 (2010).
[2] fiRIIEYE, ANREEI, 85 72 B JSHYELYS BEEPIGERS 14p-K301-13 (2025).
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FHE—REBHEE T A AKICK D NiPd(CN)s DRES - 1§ EHEGBENT
Ab initio diffusion Monte Carlo study of magnetic and structural transition of NiPd(CN)4
JERESIMK ', AMKE? dREEHXFEHRESERS, RREEX
OCM) BN Bz, BEHEKXL XKARZ THREE' FB XS, #ER‘
JAIST !, Kyushu-univ.?, JAIST RCACI?, Science Tokyo *
°R. Fujimaru’, Y. Iwai?, R. Ohtani?, T. Ichibha!, K. Hongo®, R. Maezono*

E-mail: mwkfjm2302@jicloud.com

&R T = Rid, SRR E LD ENTE D720, MOF N &S 128
JAREE O ITHIEIOBLE N HIER SILTWA[1], S b, ZThHD{EEMITAE
Ja AT == A FAREME, ADOBIZIER ELER A R T 2 E THEILAT
W5, Z0O9b, AV aAF—"—=ZBlT LTI, dA-d OEFEEL AT D
BEVT = RBHWOND —FH, ENRAE 7 A4 — "= a2 R T DI TH D,

L L, ISR ENTZNEA AR Y7 = K NiPACNWE, #EFEEZHT 5
wa%u%aﬁﬁ@% FHRICFE > TR REDZE L & & BITIRA B REED D 15
Xt/ﬁ&“@L@ IRTZEBHSLMNE R o22], TDEMAKHTnE AL LT, &

BAZPE - CF A (Planar #Y/S=0/Fig.1 left)» & 58 A 72 U /A% (Tilt %/S=1/Fig.1 right)
K%bﬁ%@%ékwbﬁmfhé_k@ T AT IVRRBEKIE D bR S
NTWD, LLRens, mifis Tit g E TH 5 Z L1 o\ T, ERAICHEREZ
BDHITIZE S TR,

Z TR TlE, =R X —BLEMEOBLE D D Tilt B 1 O 241 2 WGE 3~
<V EVDFEAMROERICENTE —FEHEHREOPT CRUGBEEOR W E SN
BHEAE T I iEND Tilt B O Planar RS 12 %3 2 MO ZE B &2 50 <
ZORER. PR OGN AZ R T DR E G2, YRIX, BFEST WV RIEORERIC
DWTFEL KRS & & H1Z, Planar HUA#iE & Tilt BUAEE O FIRREEDEWSCHIRIZ
PE O FEERB OBF I W Chi#amT 5., 70, BENBEEED YR ICHT 5K
(CRTE L= P R IC W C b .

Fig.1 (left) Planar type structure. (right) Tilt type structure. Key: Ni, orange; Pd, gray; C, brown; N, light blue.

[1]Y. Xie et al., Adv. Sci. 9, 2104234 (2022).
[2]Y. Iwai et al., B AL 103 FFH2(2023), K504-2am-09.
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BEVYIZAEBBREBRAM NI IATFARICHITS
IERRFZ R — L RE VRICEE T 2 IE5RIASE
Nonlinear Hall spin current in Janus transition metal dichalcogenides
B¥ARET 'OPO M EAH, EM A

Kwansei Gakuin Univ.! ©P©Tomoaki Kameda', Katsunori Wakabayashi!

E-mail: t.kameda@kwansei@ac.jp

VIEBBSEX A hvar >4 K (TMDC) &, BEESERFL I Lvary VET (MX, eg., M:
Mo, W; X: S, Se, Te) D55 —XItEIRMETH D, B TMDC 237 7 > TV — )L A J]JTHE
32 THERENS, HE TMDC X 1-2eV DEFEBRINY FX vy T2 OYER L LT
FFPILZ PO ZARAE Y b2 2D BHBHIFEIA TV, [1],

HJE TMDC O L RArar v gk Rz 2R CTEMET 2 &, HARHEFED BN ¥ X R
TMDC 2613 (K 1(a) [2]. BXREMEDEIC X D ENTANPRREAE T, 00 5%
W77 > a B2 v U EMEAER (Rashba SOC) %3 %, Rashba SOC 13%E 7D EH) & &
ERXTHHACAE Y ZEET 2 “ACV-#BEny X 77 2AEAHL, KLEBHB L Vo724
ERH DRI EIC & o TR BV IRBER X5 [3].

I A —AZNR (NLHE) (&, REE ISR % (R B 00 22 RO FRME DS I 7o fl i I B
B2RERICETHD, ZOREZFIRaIHINVETHZXRY —flEIME T (BCD) 1k »>T
¥ %, 1EkD TMDC T NLHE Z#8#]3 2 121%, S0 Ak e TcHESFWER B D, BCD %
BIRICT BRBEND 572, ZAUKH LY XX TMDC T, A oo A St e FarE s » B3
727> 2380CIZE D, AOFTAZMRZIELTH ALY VKEFEBCD (RE Y BCD) HAHAIK
HBRE 74D, NLHE N LA ViRERDPIAFTE 3,

AR TIE. XA bNA T4 v 7B E X ORI EBAILR L 72 ARAXZ VT, BE
¥ X Z TMDC i251F % NLHE % |/ L 7= 2 ¥ > A st = BRI R 3 2 (X 1(b)),

charge =
a Jy %ﬁ larized light
(a) . Vertical Electric Field (b) ) = polanzed g
side view : :

< [Calcogen® | o1 0 S
T Transition metal) m '

[Calcogen® 1T°7T°9 S : y

1: (a) Side view of the Janus TMDC structure. A vertical electric field £ enhances Rashba spin-orbit

coupling. (b) Schematic of non-linear spin current generation in a Janus TMDC.

SENBR
[1] S. Manzeli and A. Kis. et.al. Nat. Rev. Mater. 2, 17033 (2017).
[2] J. Zhang. et.al. ACS Nano 11, 8192 (2017).

[3] T. Kameda, K. Wakabayashi, Phys. Rev. B 111, 195425 (2025).
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Understanding and Advancing Substitutionally Doped 2D Materials Through the Hydrogen Model
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1930 FFERIL LUK, KEFRFET /MITRER F—L L 7IZBT 5% v ) 7 OMIG 2 2
5 ETCHLIRKREIZHSTEZ., ZOFETAE, =R FreXx U7 EORBFREKE
JRF-D 1s $E FET & [F-— ﬁL}WWV$®4ﬁ/mi%w% (E0) % (midmo)Eryle® & L CHH
THm: ¥ VT OHEMER, m: B EE, Ery: V=— FXNUEEU3.6eV), & FERDLT
EH). EERIZ, B K— 7&THEMWMMVE%Méh/EFT@%%)T%%%%%T%M
X5, 81D E T R— 30 MREEL EHIZEA L, 0.005%B F—7 CHiiib(Er= 07 5. i
KEBFFETANDSEHEND BN R—230 b F 65275 7 —a UFAAERIC i@ﬁﬁ?
HIEHEHMINTEZ., ZOLHIE, KERFETNDOHSX Si OILFEEH N— o 73R E
7R A2 T 7205, RO B CIIEOEEMITFEW SN TE 2. 2, ZRITTHEO FET
LRI DR 2 & 7 NEROMAFERBREICEIVHIEINTERLZOTHD. Lo LIS,
ARSI O A TIXER SN AMEREERNKNETH DL Z ENH LN LR, oM NI R
5Eﬁ%ﬁF VU OEEMENFRE S NOOH D, AGERHTIE, KRICREFICHE TMDC)

B HILHEER N— L 7 OREEB L AKBIRFET NARRTEENZOWTigim LoV,

T EEN S I NI HE S LT IR GTKEIR T T VD Er X (mdmo)Eryle(1+(a-3)/2)* & il &

TWTAGIZ L A BT LIADE (e = 2) & BEEOFHEBERIL T (eany = DIT K D Ef O KIE 728 K0
B D [2]. EEE, FxIIMEEND R—770 7 WSe NE (L35 Z & T, HMgih b IEMEIR~
CERBT L2 L RIFRELE3]. ZhUE, MER b(E = 0 LB AR ER S R — L Z R (Critical doping
level: CDL)2S SV EHECTRESERY, BRTRTOF v U THIEAARENICHETH D =
LAEEWR L TWAD(Fig. la). £ 2T, HJE WSe DIRINGEER L REOFHERLZE L7z koK
RIRFET M F—=_2 b A F 2 & OFFEM AN 237 Rytova-Keldysh R7 2 v LA E AL,
TWIEHRTO CDL Z R AIE/RET VEELZ[3]. ZOFT/L%E Nb R—7 WSex \IZ T %
&LV TO14%IkE L, T 35%0D R—Y' RN TH 5 & TS 5 (Fig. 1b). LvL
ARET TR ICRIZEB T DR b OREE S A fRfi 3 257210 T/ <, Itk TiE high-k #EHT
X HDRBEOFHEFRHEC, EAHIMCEI2A8NEEFEZEB T BV =7T U 7 RAETH
HZEHBRBLTWDM]. ZDOXIIZ, KFERFETNVEZMEE LT RITHME~OLRER N
—E UV EBRETAHIET, KL= VY bu=J ZAOHTRERPHREIND.
(R A ZE O —H51%, CREST(PMICR24A3), IST A K H ¥ (JPMIMI22708192), JSPS BHiff # 25K07845, 23K 13622

DXAE#%1F7=. [B%ELHR] [1] G. L. Pearson & J. Bardeen, Phys. Rev. 75, 865 (1949)., [2] X.-F. He, Phys. Rev. B 43,
2063 (1991)., [3] K. Kanahashi ez al., ACS Nano 19, 10244 (2025)., [4] ¥ 5, 2025 FEISAWETS, 14p-K301-9.

E, 400
(a) o e (b) —
88,65 €8 X )0 o e T Nb-doped 1L WSe,
o e @ Impurity band 300 + (Fiop = 15 Kpottom = 3.9)
Er
H IR, —~ L ~
B, ___c_'t_'_]_d__'__l___l_E_—_o_ > [ Nb-doped bulk WSe,
5 (Bt TS ritical doping level (E; = 0) o
> ' 200 -~
® - Impurity band E
- PORCROR PP PE P C =
2 o a . =
ol T _____. uantum confinement —
8 1$.$.9.3.9.8.9.8. v Environmental screening LL] 100
B-doped Si
d e 4 4 o gk o o EC avac EC 0
9.8 6.8 41 Ecceptor .00 ()& O B mtiiitil Sl b -m-----
DL, By {E £vac Encceptor Cond il el il vl 1
IR g _LE 10t 107 1072 107" 1000 10" 102
3D 20 > Doping level (%)

Fig. 1 (a) Conceptual illustration of the difference in CDL between 3D and 2D systems.
(b) Relationships between Ej and the doping level in 3D and 2D Nb-doped WSe: systems.
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P-type nitrogen doping activated by sulfur-vapor annealing from crystalized WS, film

RRERFEAF

° SFREME. FRRILE. Jang Jachyo, YAk FEEEH, FEAN. EHAt. AR, EME

Institute of Science Tokyo, “Kaede Teraoka, Soma Ito, Jaehyo Jang, Naoki Matsunaga, Shunsuke Nozawa,

Taiga Fuse, Takuya Hoshii, Kuniyuki Kakushima and Hitoshi Wakabayashi,

E-mail: teraoka.k.43f9 @m.isct.ac.jp

(5] ZERPEAMEICH 2 BB BB XA v
7 F 4 F (TMDC) DIRIEHTIa > X 7 kT84 ZAAD
JEHIZ DTz 5T, F—E ¥ ZHEOMENITER T 5
XHETH 5 [1-2], TMDC O—FETH % WS, IEH
BEPERCTEBRTZ T, pBHIF—¥Y7an3
DAL o TWS [3,4], ¥z, PVDIKIC K
D IE X e WSy BRISH U TSR 7 = —
@Wﬂﬁ%%k%%ﬁk%@ﬁﬁﬁﬁ%ﬁﬁ&f%
%29, =V bEEHETES Z L DiEND BN
TW3 [5-7]e ABFZETIE WS, BIZH$ 2 p K —
Y7 OHELEZOWT, Mmoo R % PVD-WS,
EANERZT I X< %E L7-DBIZ SVA Z{75 2 L
WD, BIR— Y OEMNK R AT,
(52B%771%] Si0,(400 nm)/n-Si FAR_E 12 4ML-WS, fi%
ARy RY Y AZE D BRES (AB) 8 7ELT 7
A2 (C) D2 FKMTHIEL, BCIIWIEHRL F-¥
VT BEHIZS0WICTERT I AU % L=,
ZOBRETOY ¥ TR LT 700°C 12T SVA %
fTotze WIRIC, T~ Yk, X BREHTE (XRD)
E X BEETFANEXPS)ICLDEEE F—E Y7
DRNF % P L 72,
(SEERAER] 7~ v GEIc & 2 WS, D A, ¥—
27 ¥ in-plane XRD 12 & % WS, #EE®D 100 HEHIZBF
ZE—27DFEBEFE LI Z A, Table | ITRT
X9 B,CTOREREZRD»P >/, LHL. XPS
HIEDFERZ/RT Fig. 1 225, B TIXERDN WS, i
FICZEET 2 L, 72 LIRS 7 B
HREL, XY pBIT -V Y rahiz,
(3] MRS EZ 2 WS, BEADERE 75 X<l
HX SVA #fEEMEICIZD ) EDR SRR VA,
EREP IO ZLIEHETE DR ED RV WS,
EThHolze 7TEALTZ7 7 AL D & EIER WS, E
DI PZAINF—TLHEL TWE T, BRHT
—— KD T 2R MR bt EZ N

HADFERN R F—E Yy 72 ERTUIa > &7 b
EHDEIRIZDONWTT AL ZANDICHAPARFTE 2,
(EE] C oifseo—iRid. SCRFEE XA X-nics
PRI A EE (JPI011438) D BIK % %21
bDTH 5,

Table 1: FWHM values of Raman A,, and in-plane XRD
100-oriented peak in WS, film after SVA.

Non- N,-doped N,-doped
doped crystal amorphous
crystal WS, WS,
WS, (A) (B) ©
Ay, 9.42 10.87 11.29
FWHM 10.00 10.41 11.32
[em™] 9.78 10.43 11.28
100
FWHM 1.34 1.69 1.61
[deg.]
Ny ~do| p ed ' Nl1s — Valence band
amorphous WS2 €) ) gﬁlgrgﬂgﬂs WS, (C)
- gy %‘%gﬂw&;&?‘% %a@%%ev*ﬂif@@ﬁa@mg — [, E.—E.:
, |N,~doped 3N —dopedﬁmswa\“x‘< Fov
> |crystal WS, (B) S |crystal WS, (B) " 060
‘o Pl SX LYY o
5 e 2 -
b af%ﬂm% Swstgeficiaiyy @ |Non— dopedm\ 0.58
~ |Non-doped £ |crystal WS, (A) a
A) i
S aiestopen 0.76

6 3 5 4 3 2 1 0 -1
Binding energy [eV]

402 400 398
Bmdmg energy [eV]

(a) (b)

Fig. 1: (a) N Is peak and (b) valence band spectra in WS,
film after SVA.

(ZE k]
[1] A. Azizi et al., IEDM, pp. 1-4, 2024.
[2] K. Teraoka et al., JJAP, 63, 12SP23, 2024.
[3] X. Zhao et al., Journal of Alloys and Compounds,
649, 357, 2015.
[4] K. Yufan et al., Light: Sci Appl, 13, 127, 2024.
[5S] R. Ono et al., EDTM, pp. 118-120, 2023.

Bo AL D FAIECEZOU B ZETER (614 110 er al, JIAP, 64, 02SPOS, 2025.
ok )| 3 ~
DUEIHLEZHIE T E BAREEA D D IY X7 T 1 ¢ Kurohara er al,, JEDS, 12, 390, 2024.
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Esaki Diode device evaluation using highly substitutional doped WSe:

VK~ 7 T, 23 B RBEEE T, SNIMS, OFf2 1L

HFCRK !, #RFE 2, PEATAIRC |, SR,

DM 3, FEEE] 3, EEPREKE] 2, KW R !
'UTokyo, 2Saitama Univ., *NIMS, OT. Sugiyama', S. Morlto , T. Nishimura', K. Kanahashi!,
T. Taniguchi®, K. Watanabe®, K. Ueno?, K. Nagashio!
E-mail: sugiyama-toshinaril110@g.ecc.u-tokyo.ac.jp

[(HE]

BN EES + v 4 FET (TFET) OFEHIC
% 2D FERoBEAS R ImEERE LAEETH
D, ERRIC 60 mV/dec %7 TE 2 F D G S
“Cé‘ff:. LA L, HlziE P-TFET D &Ry —
AR mRT— FJ?AFIBHHEEOD ?‘1\*—1:
/7%mm130 FEHLICIIITRERIC
F—t/7ﬁm®ﬁiﬂﬁﬁf%5.&ﬁiﬁ
ARITZBERY WSer D CVT AR IC 38 1) 5 ik
Al F—v v 7BEORRE SEEICH~, 1
JAE Re2% T SeCly ik A2 T 47X 10" cm™ @
BT F—vyrzElg Lz L, ¥ )7
R IREREE AR, SEeRimELicidE
BRAEFN—E VI RRETHE LWL L A
o7, % ZTARIIZETIE, YA R DA
WX 2%y ) TEEDMRLE, MU Re/Nb&EHEF
—7"WSey I X Y K X 3172 Esaki £ 4 A — F D
NDR B2 & fB FE o BfFE & i A 7.

(BRRUER]

Fig. 1 1 SeCl, #iiik il % Fi\» T{LA R Re3% T
B L 72 WSe, & fth D #EL D XRD HIEAER % 7~
3. Re2% N — 72k £ T Pristine WSe, 1 FA{LL
DY — 27 ZFON, Re3% KN — 7k ClE 1T-
ReSer ICfUl72 ¥ — 27 % FibH, Re3% N — 73AKHC
BT 3 WSe, & ReSer & DHNHED RIE X N7z,
zZ TTf@#@fﬁl&i’?A}ﬁi(mE, EnEHl o &%
BZ2T=0, MRICE 3 REE RSO NRD -7z,

Fig. 2 124 — VHE ORERTED & ko 72
Re F—=7WSe, ®» F—78& ¥+ ) 7 DiEHA
IAINF—DRE T L O HIAE Re2%IC

BT n=47X10"cm> 2’ KTH D, Er=33
meV TH o 72, —F, T’Ax DRATHEICE N T,
AR Nb5%D Nb-WSe, ICHWT, p=3.1 X

10 cm? CTHEAHMIE ZEK LT 3B 2
NbSe, 28 WSe; & [Al U 2H D # S 2 B3 72 ©
EEZLNG.

FRICBWTIIEBECTH B Re2%WSez &
B L 72 Nb5%WSer & H W€, MnGEEFEICL D
p'/n*® Bsaki X4 4 — N2 {F#LIL 72, F1g.3 2R
F X, HEEAET A R TRBIBICERS
WALz, T FEEA R O KFGHEALIC X 2 F5 R
E%;’L 5 5. WSey DIRREILHE! u%ﬁ)é Re (&4

H75 0, Nb @I AEIERM D729 Se X
Bnaﬁ&;]\é ned < vdw ﬁ@: LR DL O TR

HHERRNEECH B 2 L 2B T AR TH 3,

}%/ut“?“‘/\“/f A fERL
7z. ~15nm & BWiGHE i mé RIS
N7z, ~Inm &?%ﬁw g, g-x 4 72l
type-Ill XY FT7 74 X v l‘ R d 5 ATER
S HEPT(NDR trend) Z BUHI L 72, Re-WSe fHC i
SERRMEER TR WD, S FEFYy AL
(BTBT) Ml & L B AR & 7 o 72,

NAL LT Re BIREERFN—VIFTH S
TLEEETBE, CVDRERAL F—7%0DIE

% 2T, h-BN #EAIC

P 7wk 202 X BAHRIEORE B LETH 5.

[Z#3GR] [1] 2105, 5 72 [BIGH P2 A T2
A2, 19p-A31-11 (2024) [2] J. Appl. Phys., 100, 113714
(2006). [3] ACS Nano, 19, 10244 (2025). [4] Phys. Rev. Appl.,
7, 034011 (2017). [5] Mater: Res. Express, 8, 045902 (2021).

[E] AHFZE D —E61% CREST(JPMICR24A3), JST K
KHZE(PMIMI22708192)D 45 % 3 1T 7=.
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€ [Re2% W5e, 540 R @ 1o
-'S-:’ g 50L : This work 1079 NDR Trend
— 3 : Ref. [2] —
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-l 70! : Ref. [4] ~
~I\f : Ref. [5] 107"
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WSe, nFET S & BSR4 (M
Fabrication and Electrical Characterization of WSe2 nFET
Using Surface Plasma Treatment Under Source and Drain Electrodes
EEMTR, SFRC:, JST S EANF2 OJIIPF =52 TME L' EHH Eth'
SFRC, AIST !, PRESTO/JST ?, °Takamasa Kawanago! 2, Takumi Inaba! and Naoya Okada'
E-mail: kawanago.takamasa@aist.go.jp
[IZCDIZ] 2 ko8RO L oAb v T AT U (WSe) IERFE S TS | il &
BMOBBELZ R L, BT L ELOAHEENZTFELVENS, T4 VXLV Y fr=J AD
FEAMERRHE T D CMOS 7 31 A~DISHDBHIFF SN TWAH[L], —F . WSe; D CMOS 7 /31
RSN 727880 1 2725 n B FET OEBLCTH H[2], AMFZE CTIIBEMAIIZ FIBE L 7= WSe, & F
¥ ARAPBHIAEN L. S/ID FEMR D FERFEIIC Se KIAICHER T 58+ F—E > 712 &L %5 WSe, nFET
DOYERL L BREEIC OV TIET 5,
[FBRGIE] X L IER T v R &7 A& 7T, @i Si BRI 21t Sio, & &
B L7e Ny 77— MMEEE Wz, BIRIBEC L VT L7228 WSe, LICL YA h~vR 7 &
Wesk 7T XA~ BENZ XL - T Se KMoz WAk L[3]. #cid T Ni ZHERE L C S/D AT L7z, 1R
L72 FET @7 — FEIX 4um, 77— MEIX 20um TH 5,
[ZBURER] X 2 (IC/ERL L 72 WSe, nFET O lg-Vo ¥ith &2 xd, v 77— MNEERINICE - T
E AT U VARBHI S TWD A, R LA EHRO OnfOff Lbas 5~6 #7 & BAF78 1g-Vg Bt 315 &
Mo A TR EILME < BIRRZ: n B FET BiEA BRI L7z, Z4ud S/D B FE~D Se K
MBI K> CTUEF F—E U 7B S - FERA 10 o

(LW =420pm gy 4
> A N4 -4 S
LEZLRD, RS BRET S, 10
- -6
e O, Plasma 5 )
— f’ ¢ & & SeVacancy g 10
S 10
J I
5 5 ; i 5 5 o
144 g1y 10.12
SiO. ga;e ai‘electric - ] SiO. ga;e l;ijelectric ] Sid ga;e ai‘electric 10’14 1 1 1 1 1
p*-Si back gate p*-Si back gate p*-Si back gate 20 15 -10 -5 0 5 10
Back Gate Voltage (V)

Fig.1 Fabrication process and device structure. Fig.2 1¢-Vgy characteristics of
WSe; nFET.
[2:530#R] ’

[1] D. Akinwande et al., Nature, vol. 573, pp. 507, 2019.
[2] D. S. Schulman et al., Chem. Soc. Rev. vol. 47, pp. 3037, 2018.
[3] P. Bolshakov et al., ACS Appl. Electron. Mater. vol. 1, pp. 210, 2019.

[BRE] AHF 701 2R AR 8 (C) (20K04616) Fe OV v/ IO SARIC L v Felii Sz, FioAk
WHEIESCRE S T~ VT V) —TF A 7 7] F23E GREE S : PMXP1225AT0009) O
XEEZ T,
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[&57] FEROBEREE L2754 K (TMDC) I, BRTEOES TRHWF v U 7 B8
ZH L., 1% CMOS OF v vkt E LTI S LTV g, L, Bkl b 7 o 2 &2 o mEtERelk
Wi, Y—A/ Kb A2 (SD) #iCchar X7 MIFUREBRLETH D, Fx i, TMDC F+ *
VT O a2 7 B E LT, @RFEEZ A5 IR EICEB LT, TR ETIT,
FRAEIEIT K > TP L 72 Ni (1 nm) & Nb (1 nm) OFEMIGZ, 600 °CT HoS BLET 2 Z L T,

TIRTTEIRA R NigeaNbosgS: Z TP L. ZvE HJE MoS,-nFET @ S/D #5iZ van der Waals =1 & 7
}\@45 ET, AVERNBMETDHZ EEHRE L TWVDH[ ] AMFZETIE, #IHIHEE Ni/Nb O R b

ZARET D 2 LT NigNbiLSy DAk x Z I L. & 512, HiE MoS, v /L nFETs [} =2 o ¥
7 MBS LT oA M Bl LT,

(%ﬁ]%EMﬁvammammMMWMm)@ﬁE%L%m%&fﬁmb HoS R T
BALERL (FE/): 50 kPa, ZAVILERIRERE]: 30 min, ZVULFRIEEE: 600°C) Z XV NiNb.S: (x=0,0.45,0.62)
k;oNﬂ%%mL,UﬁHEM@kioﬁmx\ﬁ Z B AL O RS SIS & TR AR

AT, WIZ, 2 b ORULEE S/D fildoa & o MMJ&: L 7= HiJE MoS,-nFETs (/X 7 47—
RAD) ZVERLL. 5o PR X OMRE L UC -V BElE % 341 L 7=,

[#55R] B8 MoS, | Ni/Nb fEJEliL, HoS ZVILERL 128 IR Niu,Nb,.S, Tk L7z (Fig. 1(a)), Ni
& Nb @Tﬂﬂ MoS: ~DYLEAY EDX THER S AL TV W2 L n | AR Ni (1 nm)/Nb (1 nm)73
B —ICIRAELTWD EIET D & Mt x 13 0.62 LR B 5, MR x OFIEN I WS E
ﬁ@m@%%ﬁﬁ@f%@\Wzﬁ\mummMMMm)&ﬁézkf_FoﬁmgﬁNmmﬁz
IR TE =, —77. HJE MoS, L Ni (2 nm)=° Nb & (2 nm)D B 56k L C[RAED HoS 2L
BALT9 &, NiS <° NbS; DK & 8T, Ni < Nb 2% Nl MoS, ~JL# L7z (Fig. 1(b), (c)), LA L
DOFALIEZ HE MoS, F¥ RV TP RAZD a2 7 MfEF~EHA L, Ve=100V D L&D Ip %
F R (In) EEFRLTHET S L, x=062 M bEVMEEZ R L, x=0451XFN L0 HENC
RWMEZ R L72 (Fig. 2(a), (b)) o NiS Tid, EHEER MoS; ~DILHUZ L > T, b7 U VA XKD K
%ﬁﬁ%O%%Tbtﬁ%&imwﬁ$%ﬁm%ﬁbfkb MDZ/&&F%®%W$%/H/
I % —[EREIC VERG m@%ﬁénto%of Ni,Nb1.S2 1% NbS, 12 £ ¥ AR EFEIS A H 7
HIENTHREIN, ZOREICIVIERWVETFYa v NS —[EREATERR L., 220 & 7 MEFIAMER L
TEW Ion 7R Lf:k%iéo

[F &) Hg MoS, L Ni/Nb fEfEfiEs HoS RIAK N OELEES 5 Z & T, MoS, Iz &k

JEJE R A JE NiNb S, T TE 5, S 62, AifbALERRTD Ni/Nb FEfEfEE OBE L 2 R+ 5 =
L CHLREE x ZHIfTE B, NigNbiS, = ¥ 7 MMIHE MoS,-nFET D I, [ B & LT X

o,
(a) Nig ;Nby 35S,
S @) In-Vg (b) Lo
1
e 1? Nig2Nby:S 10! : .
100m — Ni, 45Nbosssz
10! NiS ' l
S ‘g 102 -
g e NbS, g 10! 3 .
Sis 20nm <100 <102 i Average |
. 2108 Zioo §
= 100 Vo=2V = :
107} Lo/W =2/5 um 104 ]
(b) ( ) 10 8 L L 1 10_5
Nig Nby 555, ¢ 30 0 30 60 90 120 0(NDS.) 0.45 0.62 NiS
ML MoS, Sl ML MoS. 1 (NbS,) 0.43 0.62 1
i> S8 L ML MoS, ann%lngﬂ VoV (V) Composition Ratio x in NiNb,_S,

Fig. 1. Cross-sectional TEM images and EDX Fig. 2. (a) Ip-V characteristics of ML-MoS; channel-
mappings of (a) layered Nig4sNbossSz, (b) NiS, and nFETs. (b) Variation in on-state current (lon) for 30
(¢) NbS; on monolayer (ML) MoS;. devices.

[BEE] ARBFFEDO—H1E, JST-MIRAI (JPMIMI22708192), FHiFE: (JP23K26151)DBIALE 52 1) T3k S iz,
[ZE3CER] (1] 48 =00 M, ISHEZ, 15p-K301-7 (2025).  [2] K. Hori et al., Jpn. J. Appl. Phys. 63, 12SP21 (2024).
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Intermolecular Interaction Effects in Nanoscale Doping of 2D Semiconductors
With Hetero Molecule
RABE#E& O/h# FEE, WY HE
Univ. of Tokyo. °T. Kobayashi and D. Kiriya

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

[izeoic] EBABEILIFF A K ® Commonly used ® Near-future device structure
device structure for commercial use
(TMDC: Transition Metal Dichalcogenide)i3: for research use Ex. gate all around devices

BB RFEZ R L, RO [ HE Mo, )

BhE L CHIRE ST D, TMDC OFER I s
DFEHRREE 5501 F— 2 71X TMDC
D—FETH D MoS; 7¢ & Tl < RS

Deposit
molecules
on MoS,

. . . . P
TW5, T4, FHxlT) v mRICIMNLE
X EFEFOH LD R—E 72 MoS, @ Large doping area Limited doping area
\ . »Mostly surface »The percentage of
- - e
F ¥ RpNY A RNHKGETDHZ L 2fE L edges increased
720 BRI IZ T v R VIE 50 pm DA Easy to get >Think intermolecular interaction

e . . B . degenerate doped Hard to get degenerate doped
Mg BB R E B 2 73 DI L, Sum D3 Fig. 1 Schematic image of decreasing doping levels

o HEEEPICEIEEIEOIE TR On & with decreasing channel size.
n-type molecular doping for MoS,

DOEIMZE E - 72[1], ZNDDOFRERITHFICED F—E s 1L Mos,
T nm 27 —AicZzoEFHEHTERVELRLTND P 4,W=5um, 200 nm

(Fig.1)e E72ZOENEY VR FOBIR LT, ANLEFH o tdzoum, . Width =200 0m

€ B
ZRFOMOD~T 1 5T [FEER O 28 7 & L 72(Fig.2), LA 3? 107} : :2; 107 K
FOZEND, HTEHNE F—E Y ZEF ¥ 3P A RS S0 orgn| 2 o — ongna

.(% === Qrigina A(% gts? = 0rigin
WA B HAA A L, R r—5 TR Ky FOHIUC broge — Dops [Su0oFHT — Dopad |

-100 -50 0 30 -100 -50 0 30

63: ]\“,__/\":/ ]\ ﬁ\%ﬁfﬁ&tﬁﬁj\% k 1\/[082 @*EE{/E)}H @i%r%:;& L/ Gate voltage (V) Gate voltage (V)

® Degenerate dope ® Semiconductive

7 BTN 720y 1 IR D BN D, AFEFR TITIILAE Fig. 2 Schematic image of the 1L MoS:

Tkt B oO~NT BT A VT R—E 2 278 200 nm O F ¥ device and transfer c.haracteristics
curves when decreasing channel

KVIRT S, MR EREH) 2R LD THET 5, width, difficult to get degenerate dope.
[ERFERORER] 7 7 A 75K EICAE L2 HE MoS, % 107

SiOy/Si AR LICHEE L, RIA =y F o/ LETHHlEEREZ N € Doped
WC, T FUEEDY 200 nm O HLE MoS, 73 A& ERLL 72, {E#L % 107} -
LI A ANTHE L ~T B 2 AT BRI R A S 2, o o i
Uiz, FoEY ZROGEIEND, MR R L, 5

[£L®] Fv XEDR 200 nm O HE MoS, 73 & THERE © 10‘13?-:',._:'; 200 nm width;
BRFDER, S RTEEEETE LB T B, 5T T Gaoetage ()
FAEEAERED nm A7 —LF7 XA A2 H- 2 AE L AT 5, Fig. 3 Transfer characteristics

curves when the channel width
[ 3R] [1] P. Jain, S. Yotsuya, T. Y. T. Hung, K. Nagashio and D. Kiriya, ACS 5200 nm .

Appl. Electron. Mater 7, 2298 (2025)
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TREE Y 7T M b T 2 PR 2 0 CMOS LDk
A study on CMOS for Molybdenum Disulfide Thin Film Transistors

AR@EDM? CM) BH IEE Y, FFaEY, JEK BHE?
Nihon Univ. 2, “Tsuchida Masamichi!, XuChenghao, Kousaku Shimizu?

E-mail : cima25020@g.nihon-u.ac.jp

HiE - B BRWE CHLEBRER Y A IV A K (TMDCs) O—2>Th HHitE
U 7T MoSa D b T v DA AT LTV D, WEHEERSE L THRbATW AR, Y
W CIAREREAERT 2 2 L2 AME LTARy 2 Y U 7 ETHIEAER L T 5, B
BEIOWMETIE, “HLEY 77 VHEE N T o A IENOBEF B 7 ITERIC VT4
BOMAHEREBIZ L > Tn e p MAZHIETE S Z L 2HE Lc, SEIXZN G ORHEATE
7372 CMOS Z1ERL L, TFT FEoflE 247 - 72,

[ZEBR5M] n 8L Si B EIC Ti 2 Y — A& « LA e LTS L, MoS. k% R4
5, INEETe7 a AT CMOS Z1ER, TFT FeE% 5N L7z, R BEROKEAL),
RSB ) 21T 9 56, Ny v _X—T g U &l LTz, B E T -7,

[R5 5] f5 8% Figl & Fig2 & Fig3 127, Fig.l 1L MoS: R DS EA 2.0X 10 °*Pall L
72855 O TFT 81k & E &2 KT LTI2854A @ TFT £#1%. Fig.2 132.0X 10 °Pa C MoS: %%
5 U735 0O TFT Hetk & IR R ALER. (Wesa1lk) A hi L7236 O TFT Ktk a £ L izt
D Fig3 IZIIKF L LT-HEE LT L LT Ha N Eh o TFT ¥ %7~ L7z, Fig.1 & Fig2
L0, Ti OEFEREEZIT MoS: MIFIZIEA L TV D BAEN R L MIF 4 2 & CTEMICH
WHBREEZ T E p DO TFT A2 G 65 2 L P ER TE 7o, LLEDORER LV |
MoS: i k7 > VA & D CMOS D&M Ti DA TIERITE 5 2 L3 oz,

10-2 T T T T T 10-2 10'2
10" 107
<10° = Z10°
£ g H
< £ e G
g’ g é: 10%]  2.0x107Pa pE
£ H, : 12min g | Vt=076 =308
T 2 . T p=324 SS=147
S0 L ve=0.76 4 810 &10 S8 =237
L p=254 A
otz SS=23%7 1 102} 107
| Sulfer Annealed d [Sulfer Annealed | Sulfer Annealed
107 LT, : : : : 107 LT, . I . I 107 LT, ; ; ;
4 2 o0 2 4 4 2 0 2 4 4 2 0 2 4
Gate Voltage [V] Gate Voltage [V] Gate Voltage [V]
Fig.1 K#{LO TFT $ibk Fig2 ME-RIED TFT itk Fig.3 /KL% 7 13MESRAL
L7 ~DE L7 TFT ¢tk
BN

[1] 2 AT, K HiHE, ANy ZIETHRERU - p BRLE U 77 RO R & R
N7 UV RZA~DISHT AAME RS, 2024 £ 73 & 95 p.735-742
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p'—MoS,//-BN/p*~MoS, M8 k > RILEEITH T 5 B8 M ERE AV -FERAKREER
High-frequency oscillation by negative differential resistance in p*-MoS2/A-BN/p*-MoS: tunnel junctions
RKEH |, NIMS 2, HERIA T4 7H S, REXFRER
Ok X£F', AT £, A B, @R HH L, MHF KT,
@ EE 2 A0 W2 8\ K83 K &3 BTH K
IIS Univ. Tokyo!, NIMS?, MSL Science Tokyo?, FIRST Science Tokyo*
°Mika Ito!, Kei Kinoshita!, Rai Moriya!, Arisa Nishimura!, Momoko Onoderal,
Kenji Watanabe?, Takashi Taniguchi?, Takao Sasagawa’, Safumi Suzuki?, and Tomoki Machida’

E-mail: micai@iis.u-tokyo.ac.jp

ARFFETIE, “RITCEIRWE 2 W= b o RV T 3 2B W TR BT D At it
(NDR) #FH L7-@EEsiE~oIcHE2 B L Cn5, @mBECp M N—rr 7 E&nk 1z
p*-MoSy/h-BN /XU T J&@//3)v 7 pt-MoS, #i&E D b v R4 % VR Lt (Fig. 1a,b) . &G DOE

EIERHEZ HET D &AM ST (NDR) 2381 S 7z (Fig. 1c) . BIERIINRE,  — Al p*-MoS:
®1ﬂﬁﬁ%mtﬁﬁ%®mﬂ I T HOWEE L :r—z'\/we ZERAF LT R LA UMl p'-MoS2D /N R~ k>
T D, 2TV T MoS, DT U 2l i Ny REIZ S =F v v I BEFEET 5[],
LoT, V—RAUDIEFLD T R )LF—N K 1/4’ MO =F v v ST HE, FREE
Pl S A, E-EEARMEIZ NDR 234 U 5,

NDR 7 /31 A%, LC [HIF&ICHHAIAT Z & TREEBIENHIFRF C&E 5 (Fig. 1f) . #% ., LC Bl
TIFEIHRPA S IZ XD %’%T&#ﬁEﬁ“éZP NDR % #lAiATe Z & TEOEPIZFTHIN L. Fieh
IRRIRNAIRE L 72 D, @RI ORIRITITERMAND K EVIE ) BHEAR720, ARIFFETIE A-BN N
V7 EowEE L (58 21T-o7, 21:7/\4’2% LC B2 A AT Z & T, NDR fEIKIC VT
Frotry 72384k (252kHz) Z8IHIT& 72 (Fig. 1g).

[1] S. Kawasaki et al., Phys. Rev. Res. 6, 033011 (2024).

@ Vi (c) (d) Bulkp-Mos, (e)
€ II III 12 T T T T Vi =0V

=

T

1 1

—_ )
m

. 3>
g )
m

(=]
T

E-Eypm (eV)

B 1
/
N
m
:
*l
I
m

‘K r M
@y =125V

-
N
N
[«
)

T T T

] A
S b

1 L L 1 1

10 0 10 20 30 40 50 60
t(us)

V)

Figure 1 (a) Schematic illustration of the device structure. (b) Optical micrographs of the fabricated device
and the used flakes. All scale bars are 10 pm. (c) I-Vin characteristics measured at 90 K. (d) Band structure
of bulk MoS:. (e) Illustration of the band energy alignment between bulk p*-MoS; at Viye=0V and 1.25V
(NDR). (f) Schematics of the oscillation circuit. (g) Oscillation of 252 kHz at the NDR in the /-Vin curve.
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p-type-WS:2 [E~A®D Tia v 42 4 MEHIER
Reduction of Ti/p-type-WS: contact resistance
RREREPXE, OB EH & M2)FE @, (M2)Pv> Pz kb3, (M)HFE #E,
(D) #A7k imfst, B E
°Koki Fukuda, Kaede Teraoka, Jaehyo Jang, Soma Ito, Naoki Matsunaga and Hitoshi Wakabayashi,
Institute of Science Tokyo, E-mail: fukuda.k.8257@m.isct.ac.jp

(5] BRE&RE LA ILvas7 ) A R(TMDC)
& LTHmbND “hifhs v 7 AT (WS,
IS B W TN R Y v T2/ h | 5k
L TH D12, 731 A~DISHAR IR E 1
TW5, WS I n MENFORENZL L, £
DAL TR 3.84 eV & FEF T AlSc
=27 MEFIZEET 5 ETHBPTH
D[1]e EBEDOT A ZERIZ B W TITRE T
DRI X DB TRED WO, &80 p M
EENBINSH[2-3], Tild AlSc & Ak, (L
BA%LA 433 eV L& < MoS L D=2 7 | (a)
(2B TIT MoS N DFR IR 2 1%t L T TiO,
ZJEAK L, Fermi level pinning % #ifi] 3~ 5 Zh 5%
MH, WS RIZENWTH WO EAETL, n
REEICR D EEZ BN DH[4], £ 2 TR
TIE WO B DI TE &AL FEBIOE N L % =
V27 MEHURBA~DOF GOV TRAE L7,
[HiE] WSy A 28y 2 Y o ZEI2 1D
350°CC Si02(400 nm)/n-Si bR FIZplsEth . Hift
WK ST 5 72D i RR T T T
=— )L &1{T> 7=, WIZ Transfer Length Method
(TLMJEDF v 2 VIR % 5, 10,20, 50 um & L, (b)
Ar 70;7 ?('?“i]\‘"ﬁxr ’T‘V%‘/{Ki v \&iﬁ Fig. 1: Current-voltage characteristics w/ channel
VEBH LI, a2 7 b @/\5:— v E IRk width of 5 pm for (a) AlSc and (b) Ti top contacts.
L7, TO®BAN Y Z Y U TIEICLD
TiN/AVUTi & TiN/AVAISc % in-situ CTEILEN
25/15/10 nm #FE L 72D BHIZ FG. TP =—/L L
7o 20 2 Y U TNV OBEIRELEFELHE L.
305 3V ORIBIEETa 27 METAE
M7,
[FER] Ti & AlSc % btk L 7= Bt BERHE
Fig. L IR L, a4 7 MERLE > — NMEHLZ
TLMEIC L VEH L= D% Fig. 2 127,
AlSc DFEIFY a v FFR—REILEWA—3
v 7RI L, Ti OBAIEERE A~ v
7Rt R R LTe, £72, 2% 7 MEHUL AlSc
WCHART Ti OFMEL 2o TWAZ LN bm Fig. 2: Total resistance dependence on channel
A, TIUITI DA WO EBRIL LSO THD L length with channel widths of 5, 10, 20 and 50 pm
EZzohnb, for Ti and AlSc top contact devices.
[E] AWFEICL D, WOLIT KD p BlEL
7= WS BEIZ3BW T AlSe L0 b Ti a2 7 (25 3CH]
MR LT 5L TIERPUKEZ T 52 [1]S. Imai, ez al, EDTM, pp.1-3, (2024)

ERNbrot, [2] T. Hamada, et al., EDTM, pp.1-3(2021)

[38E] AP0, SCHRbEg wittft [B1R. Kato, et al,, ACS Appl. Mater. Interfaces, 8,
X-nics P (R A A LS B F2EIPI011438) D 26977-26984 (2023)
Bk a7t D Th D, [4]S. McDonnell, et al, ACS Appl. Mater

Interfaces, 8, 8289-8294 (2016)
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10p-S102-1 HECOANELSKELIHAAS WHTFHE (2025 BHAS RAF 12/ &FYSAY)

ZJ& MoS; ZA W =/AL—FRBR & B — FHIE
Observation of Valley Current and Local Gate Control in Bilayer MoS:
FEXVE ', PH#EE2 Nvyo7a—X3 FUJFMIX* Ol thil L HH B,
&% BT 2, &40 2 Jonathan P. Bird'?, David K. Ferry!, K {2 '
Chiba Univ. !, NIMS?, SUNY Buffalo®, Arizona State Univ. * °Yusuke Nakayama', Kei Takahashi'
Yusuke Nakamura', Kenji Watanabe?, Takashi Taniguchi?, Jonathan P. Bird'?, David K. Ferry*, and
Nobuyuki Aoki'
E-mail: n-aoki@faculty.chiba-u.jp

TWRIEEIREERTH DEBER LA a4 R(IMDC) (X, % O HLE Tl oz
BRI FMEREIN CND Z e b, F v U TN —liR 2R D NI e < CTH BEHE
FERET D, £z, HJE TMDC Ok ZZMICE T2 K RE KEDNANL—DF v U 7 IEEnE
NRE SO —iR 270 2 SO L —DF v U TITHEVICH G IICHE N RN 5, 20
RGN —R— LR LV, R—ANR—JBROBZBAITB N TN L — R — LR NS5 &
EROBROEN LDV L—Dih (SL—if) BEU 5[], —FH T, —J& TMDC Tl
ZERESFRIEDSF DI TND TN D, XY —fli=N 0 Lo b0, F— FNEEZNTHZ &ITX
V. MEELDHII I, 8 TMDC OZEMRKEEFERE b 5ME S H 5, £ 2 TR
. S Mo R L, AL —iiiORBRERA DL & &bz, HEIZBIT N L —iRORL # &
teigetat 2479 (Fig. 1), 2. Fexld, BB MoS, D— A A_A—F I LT, A7 Y v h7F—
MEGEEZEATDHZET, N —iit B MEEEOBESHZIZELE L > TS E2ED TE -,
BARA L harys 7 b (QPC) & TlE, kD EBEEHR 035 : — 2107
BWTO QPC OHIETHLNT S IEHED RTLRQITIEL |
L 7= BEBeR D 2L IE SR T IS B W TR S 4, A LT 202/
720 AENE. TJ8 MoS: Z Wz — L N—FFITAT Y v b o5
B NS EEA LB L. S E COME MoS, & |
BN TRLNIAR L OBALHGEAN DAL ol o
— RO BEALBR OB T TR Z1T D, Fig.| Gate voltage Zigfndence of the nonlocal

ﬁ]ﬂ} ~’C i AN V_—J—_/I/fjj%%éﬁ{ﬁuj—éf_ \_\ :E MOSz voltage in bilayer MoS:

Z h-BN T, 77774 hay 75— LTHMLE
R— N —HEIEDENNDR N T VA X 2ER LT (Fig. 2),
A7V M= MEAR—/b 23— 2 100 nm 1§ TER S, A
L—lit & B CIAD 2 5%E 2 R LT Dd, 74/ Ul
LN —MBELZ M D7, F % He 7 T4 A AKX v b
THHEIL, Z@AL—F— AR RIC LV BET DHIFRFTELED

15107

0.051

Fig.2 Optical microscope image of bilayer

B ZIT N, S T REFE, BESEMIERIC D X 5 IR TE MoS: field-effect transistor
T DN ETDONT, T ETITHF LIRS L

5., g Do
[1] Zefei Wu et al., Nature Comm. 10, 611 (2019).
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27z VBBES— bRV OO IDRE
A trial fabrication of Transistors Utilizing a Graphene Ultra-Short Gate
RAEKED |, ELH L REKS HIAXRGEDY, ERXES HREESTIRMREC
ocEHHEER', EAKRXE' EBEHFHA' ARFR? WKE#: XEXMNY
REME Y BEEES BEARES EE 16 mEg—!
RIEC, Tohoku Univ. !, AIST 2, Univ. of Tsukuba?, IFS, Tohoku Univ. 4, Univ. of Tokyo’ , NICT ¢
oHirai Tanaka', Fuminori Sasaki', Hideaki Sugino', Toshifumi Irisawa?, Takeo Matsuki 3, Daisuke Ohori 4,
Kazuhiko Endo*, Keisuke Atsumi®, Kosuke Nagashio 3, Issei Watanabe®, Hirokazu Fukidome!
E-mail: hirokazu.fukidome.e7@tohoku.ac.jp

GAA DDA IC OFEBIZIZ, 7 — DOy 7n - F 7 Ly omfElks LT ¥ /4D 1 nm
FEPE ORI R AR AR T D, LA L 3nm LA T OBIE TIL, Si OF v U 7 BBE RS 5. P 212,
MoS; R° WS, 55 D IR I -GG S SR A ERR B L L THER ST 5, Hxid, WS e s T 7
=V DOERMRRERREIC LY . BB - sEEE VRN, VT T = S — MERE O ERLC )
L7z[1)e AENZX, 77 7 = a7 — MEEZ AW 8T U P A Z ORIEIZOWTHET 2,

AEHI, KO X I ITERI L7z, SiC R Lok /77 =
Y EICAIERERE NI JBE R ESE T NI 2NN~ v A7 L LT
BOSHEA A2y F 7 (RIE) 2RV AEZ KT 5 2 &
TRIE 77 7 = VRS — MEEZFR L7, KIZ, CVD &
SHETHE MoS: T ¥ /L& LTS — Mg ~IRGIEIC X
DHERE S 7o, RIS, JEREREICK L—EDMHE T Bi/Au & &
FE—LHKEEIC IV ROEELZIT, FLAy, Y—2
B A AL L7z,

LG4 D MoS, A W71 TEM K OF Raman %) (2 & 0 #1582
L7, L), HHEEF oW TEM 4474, FH2A SiC
FIZZB 777 2 NS TEY  Z 08 EHE & B
FEDOBICHFEL TS ZENBEIN, S HIZ, MoS,

| W 1000

.
0 [em]

B AN Py 53 « SEHE SR W T 0D e 32 124> -8 2 D J@ e v & Fig.1 (a)Cross-sectional TEM image
LCHEEINTWS, 1(b)(c)IZ7<3 Raman ¥ > B> 2 Raman mapping images of MoS: (b)E'2z. (c)Aig

B2 5, SiC HAR EICHRE S L7 HUE MoS, DTFIEN

WEINTZ, 2O — bk« AX v U EEERIC, B
1B, Fex X7 7 7 = AGHELT — MEEZH T 5 MoS,
FTLOAZERIELTND & ZATH B (Fig. 2). o1

0.3 Graphene o®
XXYYY) o®
nm$ -*..

T, BRICBVWTHERD TETH S, (Physical Ll 58

[ )
[BECHK] (1] A8, 2024 (EARZIE R =i e YA
£ 24p-1BJ-9.

Fig.2 Transistor with Graphene Ultra-Short Gate

and its conceptual diagram

© 20255 SAYEZE 17-181 17.3



10p-S102-3 HEOMISAMIDE LHELMMAL WETFHE (2025 BHAZ RAFrY /SR 8AVF1Y)

A WSe: Field-Effect Transistor for Monitoring Inactive Gas via Oxidative
Surface Modification

oChen Li', Ramaraj Sakar Ganesh', Hitoshi Tabata', Daisuke Kiriya' (Univ. of Tokyo")

[Introduction] Two-dimensional (2D) layered materials
have significantly advanced field-effect transistors (FET)

sensors due to their unique properties, as Figure 1

shown.'!' These FET-type sensors exhibit major ® Chalcogen:s,se, Properties:
etc. High carrier mobility.
Transition metal:  Large surface to volume ratio.

advantages in the field of gas sensing, including W, Mo, efc. Exoellont mechanical fexibily.

miniaturization, low power consumption, and CMOS  Figure 1. Schematic image of the
compatibility. Acetone in breath gas is considered a vital characteristics of 2D materials.
biomarker for diagnosing diabetes. However, acetone is hard to detect due to its stable structure and
weak electron transfer. To address this, we designed a FET sensor with a heterogeneous structure
by oxidizing WSe; surface, which provides plenty of active sites for acetone molecule absorption

the and enables low concentration acetone detection.

Chemical reaction:

[Experiment] Firstly, the WSe, fake was mechanically C3H:O +X0.2‘ - €O, + H2:;Xe’
- J.J ! © © co
. 2

exfoliated using the Scoth-tape method onto silicon dioxide

substrate. Ti/Au was deposited as the source/drain electrodes vis

Sy

o
thermal evaporation. Oxidation treatment was conducted onto WO, U&$™% . g

“ove Yo Y0%e%0Y 0"
WSe, surface, forming a thin WO, layer with O% which is Figure 2. Schematic of the WOx
surface reaction mechanism with

considered as a sensitive film to acetone molecules (C3HgO), as

acetone molecule.
Figure 2 shown. The WOx/WSe, FET sensor structure is
fabricated to monitor acetone molecules.

[Results and discussion] The surface roughness of WSe; increase

by ~ 0.45 nm after oxidation treatment, which is consistent with the ,_
1=
149

thicknesses of WO, on WSe, as Figure 3 shown. The Raman spectra i£:

4
2.

L
Original WSe, Oxidized WSe,

shown, indicating WO, layer generated after the oxidation Figure 3. AFM images of the WSe>

I
of WSe; come out both peak 699 cm™ and 807 cm™ from Figure 4 | _7 _Bouhte

. . surface before and after oxidation.
treatment. The dynamic sensing performance toward acetone gas

— After oxidation treatment

exposure, a response value of 145%.

[Conclusion] The sensitive layer WO, to acetone was generated 5
>

by the oxidation, fabricating a WOx/WSe, FET gas sensor with 5 —— Original WSe, bulk
AR
'E' Ezgordyg

heterojunction. The gas sensor is able to monitor acetone gas,

realizing al45% response at room temperature.

200 400 600- 800 1000
[Reference] 1) J. Zhang, et al., Phys. Chem. Chem. Phys. 2021, Raman shift (cm™)
23, 15420-15439. Figure 4. Raman spectra of WSe; bulk

before/after the oxidation treatment.
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Ion-gel-based WS,/WSe; heterostructure light-emitting devices
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FAEYER 2B ST 7 T U — L AT oSl BB OMEERICLY
BRx I PER B BT o T D, REMZR D E LT, RFBEELWTE 2B T 2
JERE 23S0 BFEMRBIEETYNEZIEN LTIET A AR R STV A1,
B, JERIEhE - OBBNIEEhER L (PL) O X 28U - FHEAETH Y, T31 RZBITHE
TR (EL) IZR7ZHENTH 5H[2,3], —Mic, B 1 EL 28019 2 7= oIl2id~7 2§
JEHEE S AW T A REERT Z0EN DY | BT — MEESSY VT T T 4 —BARE]
RETIpD, £ TANTETIE, EIFEZHWIZINET A AEEZHA L4 -5 70T
ECT 7 TN T =)V ANT B RIT S AOFER L (2 DT A AR & EL Rtk 2 78 L7z,

FT. ALFRHRE L7z WSe & WS a2/ S22 UiVl CTER, RIZ WSe & WSH 3 IZZ2E
M ERE LU CEMEIER LT, Bth, A AR E B T2RE LA AV PV B8 LTz,
ER L 7o 7 A RCEEEFINT 5 & A 4> OFESIIC K

D WSex b WSl M Eivp K n R—7 33, ~7T 1 ‘ | -
P2V pn EEDERESND, FEERIZ, T/31 R Q{
4.3V OBEHIN LIRS WSe & WS UL TR [j [ g‘

ZBIHICE (K1), WE LT A ADOEFRELFHE %
B 21Zmd, ZOTNA AT, BEEZ2 ~4VHIIL L
= (BESRI : k72 L) L 4V~48VEIML- L & (fEIKI -
IR TIERR IRV E L TR, FHMRT A A
DEREN A B = X BDRE STz, £i2, 2O X D IkBA~T

BRI 5\ T BN (Zb A 7 38) & TS EA B I AT
F721X hBN TH 7 RIE L FNT A ADERIC T o= 7O ' —EED G
0 fAr, EL AL N VOR RIS b+ % 552: /:
YD FTHERE & MIFE L=, T °r 1
[11Y. Liu et al., Adv. Mater. 34, 2107138 (2022) g :: : :
[2]J. S. Ross et al., Nano Lett. 17, 638 (2017) = 10| .
[3] 1. Binder et al., Nat.Commun. 10, 2335 (2019) © O YT, s a4 s
[4]]. Pu et al., Adv. Mater. 34, 2203250 (2022) X2 Voltage(V)
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Transistor properties of strained monolayer and stacked WS;
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BEBRERSA N7 F A R (TMDC) KOV OFEEHESEIL, B o BRARE LG T 5720,
BRI L0 FERAEE - PR OVE T - A RELSERHTELRERH D, FEE, B
RNV Ry v 7RISR L7OEEFNEBRITR SN TR . N Rl iz L 5 b
7 AL ORI ESERTHIS N TWD[1], £72, molifix X8 TMDC I238W0\C, fbfEim
WELDET LAY = 2 BRI L VEERIERETH L Z L E AL TRBY, ET VAT v
¥ VOEFNER L2 FripM /e OBE b IR CE 5[2], Z072®DIZiE, HE TMDC Kk UVEE
TMDC (ZHW\N T, EAFIN - HHHFATREZR T A R & ER L 2 OBERASEREDO AR AR T
D, T TR TIE, BB WS, /NSl Ui CHEE L 8 WS & v, ZLIRER
BIZKDFMI N T o D ASEE R BT D 2 LT, BRURERNE D E RO &2 1T > 72,

(CFMRE L SATRONE W2, ToBEES [

b= LRI IR Ly A AR ] [ sano
BT ERE LA AL PAE Ay a— FRIELE. & 1o}

1, BRI 2 O BT CRE LT ws, £ 0%
COVTHIERLE, ZRLOF AL BT, B £ ]

G S TEAAFAN LA SR (Amehair |
KO Zigzag J710) \Cxb3 2% b7 PR X R EORIE 21T

00 05 1.0 15 20 25 30 35 40

ST, TORE, HBE WS (K1) LFE WS, (M2) & =i Gate Voltage(V)
BIT, EHACH LC L& W ERE L BREORER 00
RAEA B ANC R 5T, THUR, BAMCED AV FHE SO amidsminosy
EOBCRIL TS L £ 2 b, BRICES ALK Sanf
R L DHBIRTE D 17072, & Bic, BHAMN L 1A g??"
WS: [Z5U0 T, £ Loy — L ORI 1T, 5 20]
BT UET L VBT £ D HE L ERT S, "l
[11Y. Qi, et al., Adv. Mater: 35, 2205714 (2022) b I .
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
[2] H. Ou, et al., Small. 2407316 (2025) B2 Gate Voltago(V)
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Stability of high-k dielectric films deposited on MoS;, wafers
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WS ki 2D 7 v — FRE I B TE, FMEELEE(EOT) T 0.5nm 2SER X N 3.
InFEciIciLa, high-k BBLBE L v 77— it W, YEEEES 3.5 nm &fEHELT 2
& C0.94nm ® EOT % L 7=— /7 C, Rflficff 5 high-k BEOFHEERE DO S LA S 5
Elnodz, —MRINCHUNER D O ORIBE - BB X D 74 AMERIE N B 720, BEAFFELL
A COFHIIRCHEE 7' 0 & ADHEDY] Y i I HRREECTH b, FEMAEMEIEA T, AR
FeTIE, 2 AV F I 7 74 TERECERHEE L Z8E MoS, VT —%H\w, 570+ X
DR % PERR L 72 KififE high-k/MoS, FfEi&E 2 /FR L, S P RrERTHmiIC X Y MoS, | high-k
JEE D RERFRFIEZ2AL & T~ 72

EERAE  Sapphire K E MoS, v =~ —, KU Z 1% Si0/Si FatR EICHRE L 72 i 11 high-
k i (HfO, 10 nm/Er,O3 1 nm) Z#HEREL, X#RKHHE (GIXR) RUFHTY TV A Y —
%Z MW T high-k RO JEITER & BREZ 5 L 7. 72kl e LT MoS: Z iR S Twawn
Sapphire F:tR 112 TEKEIC high-k &% HERS L -l %2 17 - 7-.

BRERUBE 5V 7V A MY —IC XY L 2&ER ED high-k BEick T 2 JEITED
ANB PR % Fig. 1la 1IR3, MoS, 7 =~ — L high-k icowTl, 800~1700 nm
O ME W R CIEITRIZIRIE—E T LIRE L 2%, 4T Sapphire JEHR L ic 3513 3 high-
k BEDJEITH, O HFO, WD JEIT R OMEE L L% —3T 5. —77 T MoS #5E & | @ high-
k icowClE, JBITENED T 2BITERIE LN, CNREE 7w ARO L VR MK
# (Fig. 1b) 78 high-k #f51c X Y 2L L 727291, high-k/MoS,/SiO, T i S it £ 7 v
XVaEL 22 LicHRT2bDLERZLNS,

e Tk 7- X 5, SiOy/Si FEKICEEE L 72 MoS: i b high-k A HAE L <fEflx
by 77— bRIFANAL RICEWT, high-k EOFER TS T 5 (Fig.2). —7F, AKif
72T MoS; 7 T~ — | ] UF Sapphire Bt L ICTEEHER L 72 high-k O % GIXR 12 X YK
»5E, 2O 110 Bt &L R 533, Clausius-Mossotti DBERRICHE 21X, FHE
KORREREBIHI E T B Z e bh» b, LAEXY, high-k ORI IX, high-k HERE
WXL YR MEREOZEMMAtIck g AN nBEIng (Fig.3). LY A7
— 71 % AN (L MoS, [ i high-k IRA EEHER T 27— P77 —A N 7o X %2@#IGT 5 C
& T, RERFICEE 7 high-k 77— P 2 X v VU ARETH 5.

[ RR] S. Li, er al, ACS mater. lett., 2025, 7, 5, 1993-2001.
[E5E] AW 0 —&F 1% CREST(JPMJCR24A3), JST #3kH¥E(JPMIMI22708192) D 4% % % \F 7-.

(a) () . .
segrown aoaalds || 7 A RIHEZA
e High-k on sapphire | . SS:E = MoS,ADENEF
» 200 [ Sapp. | — e S 2 KiE : &1t = BESMECES=ML
% ..,..."‘"--......... o= MEm ot S| I3
'E Peelges . g 0.6 *:;’3 High-k on MoS, wafer 2
= HfO, . ey Ly nm ; 100
= *e so & % 8 Er,0;
= b nm c 2 N\ VO 4
& /@' . A s __, Top gate FET g = N > =
“sxsssaer Transferred ® o é A i f & ‘ » 0::00::00( 20000
Degradation - PN
R e 5.0 SiO,/Si
1'15300 1000 1200 1400 1600 nm ° 0 50 100 0 iE%lE?ﬁ ?ﬁEﬁé
Wavelength (nm) Time (days)
Fig. 1 (a) high-k BED JEHTR O RAKAE. Fig. 2 BE R OFHER Fig. 3 high-k #£f&t% D
(b) REE®EMOIEE#D MoS, ® AFM.  DfEHEZ1L. FRIFZ AL DA,
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Gate stack fabrication with resist-free interface on epitaxial monolayer MoS; on sapphire substrate
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(e S VT 7 7 A 7 FE EIC @i B B8 e 2% v /L MoS, O K EFERM R SEBLL, fEkRE#ET
&;of:%%?ﬁ@/\70%fr#'ré%ﬁnzf:;rmfocfxwxj’mtz-fréfﬁ@é%ﬁﬁﬂ‘%iﬁ@ooé@é[l]. — 7
MEBZ RAER 127 — A%y 7 OFFFHTIL, MoS: K ~D E L ANBAR E I AR IRIE D7 — M
TR IS B2 DB RESIVTERY, ZNEAMHT 27 0B ADFENLIZ TR AT — L O B FEIZ I TH 1
DTHETHD. AWFFETIL MoS, LIZV VAN EAEBAA LRV N— R 27 E WL VAN — R~
DB RERERL, 77 AT FER EIC = RR L7 B8 MoS, 12x L C high-k by 77— 9% FET LU
¥ B AR LZ DR A R L.
[ EBRTE]ETNI N R~ A7 Z BT 20BN MoS, ZiE e LR W BT EM BV BREIL, MoS, LD X
Jt~% Raman 7360 AFM (ZIVFHiL7z. N—R<A78ELT Ge Z3RIL, MoS, ~DaL A NEMEL T
NiGey (Ge | Ni At +ELEE (250°C 30 min) IZEVIEAL) , 7 — MEFRIEIZ I ErnO; (FR 3R 25 FH < (102 Pa)
TO Er Z75) +HfO, (ALD % 200°C), 7 —NEMIZIX AuZ HV, FET&U%W\/&M/EESZ FEAmL72.
[ - B2 ) BA T3 M ICE DR TS MoS; + 2x/y M = Mo + 2/y M, S, + AG (281545 B B = /L
F—DZAL (B 1) £V, MoS: EUGL7RWV~AZ78ELT Ge, Bi 73 %Lﬂ\é&ﬁa\ﬁ%. FERE, WL To~v AT
FFCIIHERS « FIBERT# T Raman A7 ML L LRV, S/~ 275 TIER R (12— 7 - E g O 1Y
KRR —2 (Erp) DHBLEZAEL, MoS, DREEZ b RS (K 2). £72 AFM ICHB W THESeu
~ AIM O FIBEZ I IZA DR R E R OB L RS Tz

BIIFRISRMFITIN A, MoS 12X A= D /D7 K Ty F U VR E7R Ge H~ A7 ELTYERK L7 FET %%
M2 B 3T, IEROL P ANER RS T AL L CHHBE on/off FitE N2 E L THELINLTERY,
VUANRIFICEAN =BV TR B RPN DEB 2 HND. LINLRBSX v/ 2 X0E6T C-V FF
PE (B 3(b) IR B BT I B W TR ZARI Y B BAR TR ALILT, MoSy/ 7 747 Bb St i & 5 i
REO I EN B EPFTEL CODZEP RSN, — 77, B bR & (high-k 758 %) ORI 2
HFZRICBOTHLALNT, 2OV ANMEEITE R 2 TREMES D RS-

L% MoS: &5 e TMDC LD —hASy VAR FHT HIT U0, ZOMR T a2 HIC KO ARE S
i ATREL R D ZE IR S NG,
[#tFE 1A 72D —#11% CREST(JPMICR24A3), JST AEFHZE(PMIMI22708192), JSPS BHIF £ 25K07845, 23K 13622 DX B4 T 7.
[ZE3CHR]I[1] BED, 2024 FIFISHAM L2, 252-71B-1.

(a (b)

28 [ A . A=488nm _,| Conventional ___ [ | |
0012 & 2 ¢ Ge B I Eefe | 107p —— go| CET9-1nm
=3 ,I.\IA E E_ C.u In Si.s.n S.b After (Al)
€ s 3 8 o ® Eyq 1078} Resist-free
) 0 : & S ] *? interface
=3 = A Reductive 2 —_
v g 402 o <10
o _200}© Al £ [After (Ge) _o
N ZrHE a4 00
A — o~ > ™ o)
® o 8 g8 4 3 10710
Mg 2 5 NG
g-ooff % 5 %oz
SAcEr g 5 s % Before 1
A 5 &5 & & 10
-600 1 1 | . 20 L L L L
Element 200 300 400 500 5 0 5 10 5 0 5 10
Raman shift (cm™) Vig (V) V (V)
1 MoS, BRI TOF 7 RDE 2 T RUMHEE - HEEEIER 3 477 ATEREERE MoS,ICLYR b
HIXrILF—DZEL AG. ICEITHEE MoS, ® Raman 7 U—RE 7B XIZTERL7=(a)FET @ |4
ARG L, V Rt & (b)F v /8> 2D C-V H5iE.
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Elastic Effect-Driven Suspended and Non-Suspended MoS2-Based Surface
Acoustic Wave Skin Gas Sensors
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Rapid detection of volatile organic compounds (VOCs) emitted from skin ducts serves as a
powerful, non-invasive approach for the early diagnosis of various human diseases [1]. The skin releases
gas molecules such as acetone, ammonia (NHs), hydrogen sulfide (H2S), and a variety of VOCs, which are
recognized as key biomarkers for conditions including diabetes, asthma, renal disorders, halitosis, and lung
cancer [2]. Among emerging sensing materials, molybdenum disulfide (MoS,) has attracted considerable
attention due to its unique combination of semiconducting behavior, intrinsic piezoelectricity in monolayer
form, and high chemical reactivity toward various gas molecules. MoS; exhibits a moderate Young’s
modulus (~270 GPa), offering good mechanical stability while maintaining flexibility suitable for
integration with acoustic wave devices. Its piezoelectric properties, which arise in non-centrosymmetric
monolayers, make it particularly compatible with surface acoustic wave (SAW) platforms, enhancing wave-
matter interactions in sensing configurations [3]. In this work, we present both experimental and simulation
studies of a suspended chemical vapor deposition (CVD)-grown MoS;-based SAW sensor operating in
Love mode for the real-time detection of acetone gas under ambient conditions.

Figure.la shows the Raman analysis of larger and selectively exfoliated MoS; on the SiO,\
LiTaOs substrate using an Au/Cr surface. We observe that both films exhibit two characteristic Raman
peaks of MoS;: the Ezlg mode at approximately 386 cm™ and the A;q mode at around 405 cm™. The
separation between these Raman peaks, AL = 19 cm™, is significantly smaller indicating the presence of a
monolayer or few layer MoS; structure. The fabricated MoS; on the SiO./LiTaO, of the SAW sensor was
then subjected to waveform analysis using a VNA instrument. We systematically examined the SAW
waveforms generated under varying acetone concentrations at room temperature. Figure 1(b) presents the
center frequency response of the MoS,-SAW sensor upon exposure to acetone gas molecules. A rapid
positive shift in the center frequency is observed, indicating a change in the effective Young's modulus due
to the adsorption of acetone molecules onto the MoS; surface. Figure 1(c) shows the sensor’s response to
both acetone and ethanol gases. The MoS;-based sensor demonstrates effective and selective sensing
performance toward acetone gas molecules at room temperature. The MoS,-based SAW sensor exhibits
two distinct sensing mechanisms. At low acetone concentrations, the response is dominated by the elastic
effect, where gas adsorption alters the mechanical properties (e.g., stiffness) of the MoS; layer, causing a
frequency shift without significant mass change [4]. In 2D materials like MoS,, even minor chemical
interactions can impact lattice dynamics. At higher concentrations, mass loading becomes dominant as
more gas molecules adsorb onto the surface, slowing acoustic wave propagation and causing a larger
frequency shift. The detailed sensing mechanism and gas adsorption behavior will be discussed during the
conference presentation.

270 -17 6000
L ~
(a) Aig (b) 4000 ] e (¢) - Acetone
a®® ¥ T ) k % Ethanol
265 4 5 184 L i
? L ne 2000 4
" o e
[} n e 4 *
S0 0 e o ’
& E} o n e —~ _500d \ %
> ) Bz g ., -, M) 2000 N
@ 255 . 7 i ® 100 ppb < -4000 4 X
2 0204 W, & !
£ W -6000 \ *
250 . \
o -8000 -
245 -~10000 -
v r T r r -2 . v -12000 . : : *
370 380 390 400 410 420 430 1255 125.52 125.54 125.56 100 ppb 1ppm 30 ppm 100 ppm
Raman shift (cm™) Frequency (MHz) Gas Concentrations

Figure 1 (a) Raman analysis of non-suspended MoSz, (b) Gas sensing analysis of MoS2-SAW sensor
100 ppb acetone gas molecules, (¢) Frequency shift towards different concentrations ethanol and
acetone gas molecules.
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Technology of Sh,Te; layered contact fabrication by thermal evaporation method
and comparison of the device performance of MoS; nMOSFETs
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INETIE, ExlT ShhTesJ@ikE= > % 7 S & HWT, &MEEE MoS: nMOSFETs % 3£5E L T
72011, L75>L7‘cﬁ75>% ANy ZIETHRE LTz ShaTes 12V 7 A7 9 B BE ’ﬂ?@_{ﬂuﬂ% TR DN R
DTN 1(a)), BAREAL, Z AUl i%ﬂ?‘JVZ\/V(?:’VZ\/I/3§< 100 nm)7 3 A ADVERLUZ LT, X
Bindh D Z ENpnotz, AR TIE, ZOMEE BRI 5720, UK AEEE AT MoS;
S Tes Dz %7 hﬁ/ﬁz%:nitﬁto o H T NEMITE L D REE C/ERL L 72 MoS, nMOSFETS
DT I3A AERES g L7e O THAET 5,

[FE R L OEL]

X 1(b) T/RT L D2, IPUIMBAEETLE TR L7z SbaTes 2 > % 7 ks OHIBEN LLIGHIIZ o v —
TThH, ARy 5’{£“Cﬂ5552 L7=bDEHANT, &JF - LUR MEENEDICWD L 2R L
Tmo BlpBar B NEMEEIZ LD HE MoS, ~D B A2 TS50, X 2 IZBEK 5 nm
SbyTes FER#£ 0D T~ > A7 h L ZRT, HEREEWHM) & B — 7 (LE & 76 8 #EHun
BN AE TR L 72 SbaTes 1 MoS, IZFA EH A — UM A>TV ERbinoiz,

3R D R CTUERL L 72 SbyTes B A 9% MoS, nMOSFETs @ Ip-Vg BE5FFIED It
WA RT, ML b 6 L DA U AT A EMR LT, A UERICE L T, 2% ShyTes 24 7
MEIA/Ny & SbyTes A & 7 MIBERWVERERE LUK 4), K= % 7 MEELOEB RIE
ENbH, —H T, \HNIHIE LTSS X MoS, & i Sio, RO KGN ERTHHEDEZ XS,
I B2 D MoS, BT EDYENVLETH D,

[ 3R]
[1] W. H. Chang et al., Adv. Electron. Mater. 2201091(2023).
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