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Direct growth of graphene on h-BN using the Cu vapor
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To open the band gap in bilayer graphene, it is important to use atomicall
flat substrate and to reduce the charged impurities on oxide. The key to achieve these issues is the
van der Waals heterostructure formation with h-BN. However, the direct growth of graphene on h-BN

is quite difficult because the catalytic reaction is not expected on the h-BN surface. In this
study, we studied the graphene growth on h-BN using the catalytic reaction with Cu vapor. We tried
many kinds of catalytic metals. It was quite difficult to grow graphene on h-BN. Therefore, we
started to grow MoS2 with intrinsic band gap, which is one of 2D materials. We successfully grew
monolayer MoS2 on Si02/Si substrate. Moreover, we tried to fabricate the van der Waals
heterostructure with h-BN. The PDMS/PMMA of small lens shape is used to pick up small 2D crystal and
fabricate the heterostructure. By controlling the temperature, it was succeeded.



¥ X C—19, F—-19—1.

1. WHEBHAR SO 5

WHEAR LB R T v 2L EE L THIRE SR
H757 2 LT, 2 E CHEERS S Cu
fill it | C CHy Y — AN 2 %43 fR3 % CVD L
RlCXvEE 77702k ELTET-.
LU D, T, ZDOBSENDHIX, BT
LU T kg Fef h-BN BT s
T 72 OFRFEIND T A ARER RS
ENTEY, -BN E~DF T 7 = EPERK
ENEEND. LMLARARS, h-BN (217
Z 7 = VR EC B RIEEE I R LR
W2 EG, ERFFEFICO RS 1I7r Yy
PUF Ol LM HAv TV, RIFZE T
1%, flAEHERE L LT Cu AKX AN HIEA
L, h-BN F~D 75 7= liEL2R R, 7
T 7 2 DEFT A ARG~ 2T 0.

2. WHEOBER

h-BN i FIZCVDIC kY 79 7 = v &k R
IHHZ LT, KEfEbE WS T A ZEH
~NOFERMNTHZ L ZAELELTWS. L
NDL7RNS, WERNTREIND ST, 777
= CVD & TlX, CHq I AL filfht
YER 243 2 HM (B 21X Cu, Ni %) & Fuy,
FOEIIRESETERER, SEOFE TR
h-BN (Z13Z O EA RN 72, Cu 8K
THMTHZ & amat Lz

3. WDk

il RS RE & L C Cu 8K &M HEAL,
h-BN F~D 27 F 7 = ViR 2R MR-, 3 —
VD CVD & H B, HNOIRESAT D
FHEEZITVY, Cu 2 EiEIcE<S Z & T Cuk
KU LD CHA D3 fRIZ X D h-BN E~D K
%ﬁﬁt.b#b&ﬂ%,%%%ﬁ%@ﬁ@
HFHLEZHOD h-BN L~ 7T 7 2 OiE
IR A D -, F 2T, REL HEELEZ
LD 2 D12/ L TR 21T - 7=,
1. 79720 8ROV Ry v T2 H
I 5 2 IRICAERE CTdH D MoS, D CVD k&
2.CVD IZ L B Tida <, Mk fIBEE 2
XV ErEfRodEElickls 77
/h-BN #Je&

4. WFFEALE
4-1 MoS, D CVD 5

777 = AThEFE L, BRx IEIRYWER FET 7

NAZMEREIN TS, 2 BSS5 72 DOF ¥
> T INTERLDARIFDS lovore LRI L2158 %
B L TWAZ EDSoTE=0, FOfEEIC

Z—19,

CK—19 (Jtm)

OWTIRR A 72 R=03 5 5. tOBIRWE R & D
Y, EEALHEMETHD EEZ LD 2
THJE MoS:121%1.8eV DN R¥ Y » TOMEET

D78, 2 ot R DR A BT 5 728
OB L UTHIED DD, 23V 7 BSOS
1ZKish 77 7 7 A MEE < 72\ 28, FEiidE MoS;
DOFIENEE L 725, S & MoOs ¥Rz HFsEE
& L7 CVD 2B T, MoOs DFRKIEAME V-
O, FEARAEITEER ARG Ch D LHEI S
%. AHFZETIE, CVD DI % Hl ik
SMEERRTL, MoS, D F £ MEFE(EPD)IZ
K0 FEa R A R L7z

MoOz DR— MIATETF 2 —T7 DHFNT, S DR
— MX N, ¥ U T HRAO EFANCERE LT-.
MoOs DHNEVEFEIL 600, 700°CE L, X1 IR
NI=O~@DDONLEIZ SIONSI FoiZRE L, MoS,
TR SE-. OFETIE, MoOs A— ko i
SO, & FIZLCRREL, @TIE, #EkaaAn
[FIERIZ SIO % T2 UGk L7=. ildisE L 7= MoS;
IZBWTC, Iz X BEEchln, PLIZk 2%
NX—F ¥ v TORMEITo 7. BEFHAK
290°C T 1 W7 =—/4 2% Z L TEPD A#EHHIL
7o, BT, FIEL7Z MoSy700°CRtEla 72 L)
RTUEB U VIZEY 286 1-FET 7735 AZAERR L
EBREIEE T 7.

O OQDNLEIZIE, MoS, DR EIIEEZR SN/
Motz @TITFIRECTHIE MoS, DARKILATRE
THoT-0, 21T E DT, HiGEE) A
7N LTz = ATRICE L@ <, 7
P AERIIED R, — T, BB Z L
72356, 600°CTlE MoS, DI I -
72708, 700°C CIE IR _E D JRWERPH IS L 7=
MoS; B TE 5 Z L o=, EfET 10 fiF
FEEOHNINICH - T, SRS A2 HH L72WGAa1E,
MoOs & HARDFEE T &, HbiFmoo Mo &3
AT K> TRE S B> TLE ) T-0IAHIC
MoS, 23R L7eho 7= & &2 bib. £i-alkkE
ZHH L7234, 600°CTIE Mo A3k £ <Ja
RS T T2 DS e~ T2 8B X HID.
Raman IZ L W HETH D Z & ZWER L=, PLIC
LT LIZL 2 A 1 DL S kiR A5, Hl
RSN KD RE BRFEIR BN T20, ~&
BHD MoS; TIZFWHM (.0.10eV F2EETH Y, CVD
D M0S; DI FWHM VNS 2 E3bnsoT-.
ZIUTSTATGEORER & — L Tn5. K 3 13k
FT =D AFM 18 CTh 5. EPD | Z9XTD
CVD §MT 108 em?F2ECTH Y, KKK &
TCThHhHEWVRD. FlooTF vy FOZMAIEI
WAIMAID =i L& TH Y, JMulE P
D= AEONIFE CJRA- DT TR ST
5 Lot KA ITERRIEDRRTHD.
1.8V FEEDX v v TIMFET D120, 10771V VE
TROA VA7 EREH G LTS, BIEHET,
HifGas M0oS; D7 /3 A AVERU T U 7oA IS
L7-HE MoS, Z RS2 Z S ITEh Liz729
EPD % N2t Matd 2 2 & ¢, MoS,



DERFHEZ N ESED ZENARETHD LB X
TV,

30mm 16mmERHA TENETND)
-t

[roockn o'z e P

[ro0chtmis s [
B2 HHEOHARICLIVDERDE

B3: 7=— Lk DAFMIR

PL Peak | PLFWHM

600°CA7%iL | 1.85eV | 0.06eV
700°CA7%L | 1.83eV | 0.06eV
700°CE &Y | 1.84eV | 0.06eV

R1:PLICKLBITHER

107 ]
Vd=3[V] .
< 0| (700°CA%EL) |
=
101} i
1013 M ]
& 40 4 ¢

Vg [V]
&4 : 28 FERRIE DVeLIdD R

4-2 2D FEERDOE L HRA v NS L ERE L

Bk T TIRGTTIE O~T i, RV
~—ZHWEEEIC Lo TERIENS. BEAE
DILEWEEREDO~T vk L R0, ~
7 1 i van der Waals /112 L 2 fE& D7- 9,
e AREEA LT IEBMRIC T E OB LA AT
REL 72D, LML s, B BEburrci
HHZ Y A F 4D KRS MM S THERK
NDHNNT IO, RROEERFENE LN
W ENDHDH. IhnFETICH LT, B
AR OB RO ZZFH L iz RS F
EEWRELCEENA], ERER U A XD
WA R Y ~— %R A L ZEEDO =D, ALY
HBHOEREOERHIEERE AT LT Y
— 7R IEE R IR EECH o 7. AP T
X, VUORAIRORY ~—%FAL, 2 kit
MmEEVRA VP TE Yy I T w7 L, IR
R ZFIH LI T VT ) —REEE i
7.

VtH72 PDMS #66 _EIZ[E{ERTO PDMS
OB T L, ESN.SE-IRGET 24 B
MBS LU RXIREER L7Z. ¥ 51Z

AT LI, VXA 2 EEEICTHZ &
T, PREREOKRKE, +oRLr X0 S
BN S, B0 EbEEREDEE W
AT O < 2 ERFTREE 72 5. PMMA %
A a—hkL, 75°C T45 554 ¥ 7 L
7=. L XRkD PMMA/PDMS Hitlk &, h-BN
fEih AT — 7 CHRE L7z SiOufSi Fat 2 &
BOREEICEER, ATy TE—F—
(0.25 um/pulse) T & Z il fH L, H2fi J OV e >
IT v T ORRTEBE Lz, BROEE L,
ANNVF 2B I D HIE L.

! PMMA

ASAFHFR
h-BN

RNIVFIFZF

5 PIAAMRT L

PMMA L > XIZLAhBNDOEVRA
MNE Y 7T v T ORI & IR E O B R
%X 6T, AR LS PMMA O 5 %
RIS (Tg = ~55°C) L 0 & E W54, PMMA
NiRENE 28D h-BN fEdh Ik L CEEMEN
M ETH. 70°C LU TFREEIFEAEE Y I T v
FHkAR DN o 7228, 110°C LA ETIE, 100 %
WCITWHERTE v 7 7 v 452 LA H[HE
Thotz. LLRD, EBEENEWIE
E h-BN fifmpElin sfEEnEm< oTe. 2
FURIREERE < 72 A2 T, PMMA OB
FKMET L, 7> PMMA & SiO; bk D%
Mom EICLYVE Yy 7T v FITHER TN
HARLZZ &T, R HIENNZEE PMMA
DRESERL, #EFE h-BN BEIRZO T
RWInEEZEZ NS, EIT, EEZ TULF
TP 5 E PMMA OX5MEZIZHE N L
52 LEZHMMA LT, 110°C U LD ER T
ROV R B L7218, BEfia -2 %
F 55°C T THEIL, TDH%hBNEZE Y7 T
v THETENDZ EELSE Y I T v
7% Z LT L= (1% 6()).

NTZNT7 Y —OBREILIZE LT, 110°C
WIREA L, Do+ TRl X 7254
RE DL BED T ILNEER LIEE R E O
OS5 2 ERME SN THH[2]. Lo
L7235, 110°C ([ZHEA LT 2 o® h-BN ##
o 2 VR AT S B2 A0%, TR
B <ARFIEBE ST, K7@D L9 ICKE
DONNTIVHREY IAENT=. —J7, TRIOHEHK
WCHEOMAE 24T CRE LZEAIE, X



7(b)D X 9 ITHE BRI Z AN T L2 LT Z &
TARTNT ) —RiEE R EERD 2 ENRT
72 2 EEO LV UOABIREHEAL, 2F
TRVNGET~ D285 < 2 & T, Habi & AR
SHELBROMEREERM ELZEEXD
no.

[1] T. Uwanno, et al., 2D mater. 2015, 2, 041002.
[2] F. Pozzpcchero et al., Nature comm. 2016, 7,
11894.

(a) (b) Evo7vF@110°C
1.0
T @5/

3.0-8 PMMA(ZE)
50.6 h-BN
3 TRTTTTRRTSTIRSRSY
804
80.2 Evy7v7@55°C

0 L L L L L PDMS
0 20 40 60 80 100 120 =
Temperature (°C) i)

o g =® EhiE L

6 (a) h-BN EvO7vTRINI, (0)RAEHRETOEYY
TYTDIKR.

E

7 h-BN/h-BN BRUEHERDAFBEMRTE. (a)F1T,

(bR

5. E7RFEEGR

CGdesEam ) Gt 9 )
[1] Y. Hattori, T. Taniguchi, K. Watanabe, and K.
Nagashio, "Anisotropic breakdown strength of
single crystal hexagonal Boron Nitride", ACS
appl. mater. interfaces, 2016, 8, 27877.
[2]N. Takahashi, and K. Nagashio, "Buffer Layer
Engineering on Graphene via Various Oxidation
Methods for Atomic Layer Deposition”, Appl.
Phys. Express, 2016, 9, 125101.
[3]Y. Hattori, T. Taniguchi, K. Watanabe, and K.
Nagashio, "Comparison of device structures for
the dielectric breakdown measurement of
hexagonal boron nitride", Appl. Phys. Lett.,
2016, 109, 253111.
[4]S. Kurabayashi, and K. Nagashio, ”Transport
properties of the top and bottom surfaces in
monolayer MoS; grown by chemical vapor
deposition”, Nanoscale, 2017, 9, 13264-13271.
[5]K. Nagashio, Y. Hattori, N. Takahashi, T.
Taniguchi, K. Watanabe, J. Bao, W. Norimatsu,
and M. Kusunoki, Electrical Integrity and

Anisotropy in Dielectric Breakdown of Layered
h-BN Insulator, ECS Transactions, 2017, 79,
91-97.

[6] S. Sekizaki, M. Osada, and K. Nagashio,
"Molecularly-thin Anatase field-effect transistors
fabricated through the solid state transformation
of titania nanosheets", Nanoscale, 2017, 9,
6471-6477.

[7]IR. Matsuoka, R. Sakamoto, K. Hoshiko, S.
Sasaki, H. Masunaga, K. Nagashio, and H.
Nishihara, "Crystalline Graphdiyne Nanosheets
Produced at a Gas/Liquid or Liquid/Liquid
Interface”, J. Am. Chem. Soc., 2017, 139, 3145.
[8IN. Fang, K. Nagashio, and A. Toriumi,
"Experimental detection of active defects in few
layers MoS;through random telegraphic signals
analysis observed in its FET characteristics", 2D
mater., 2017, 4, 015035.

[9] [Review] K. Nagashio, "Graphene field-effect
transistor application -Electric band structure of
graphene in transistor structure extracted from
guantum capacitance-", J. Mater. Res., 2017, 32,
64.

(re%R) GF 45 1)
[1][Invited] K. Nagashio, "Understanding of
layered heterointerfaces in 2D semiconductors”,
10th anniversary international symposium on
advanced Plasma science (ISPlamsa2018),
(March, 5, 2018, Meijyo univ., Nagoya).
[2][Invited] K. Nagashio, "Interface engineering
for 2D electonics”, 2017 NEA Symposium of
Emerging Materials Innovation, (October, 18,
2017, Lotte hotel, Soul, Korea).
[3]Y. Hattori, T. Taniguchi, K. Watanabe, and K.
Nagashio, "Random Telegraph Noise in h-BN
under Constant-\oltage Stress Test",
International Conference on Solid State Devices
and Materials (SSDM), (September. 21, 2017,
Sendai International Center, Sendai)
[4IN. Fang and K. Nagashio, "Quantitative study
of interfacial properties in monolayer MoS; FET",
International Conference on Solid State Devices
and Materials (SSDM), (September. 21, 2017,
Sendai International Center, Sendai)
[5]K. Taniguchi, and K. Nagashio, "Detection of
electron trapping/detrapping in MoS; FET by
high  time-resolved -V measurement”,
International Conference on Solid State Devices
and Materials (SSDM), (September. 21, 2017,
Sendai International Center, Sendai)
[6][Invited] K. Nagashio, "Interface engineering
for 2D layered semiconductors”, 2017
PKU-UTokyo nano-carbon summer camp, (July,
27,2017, Hongo, UTokyo (Tokyo))
[71[Invited] K. Nagashio, "Gap engineering and
reliability study for 2Delectronics"”, 6th Int. Conf.
on Semiconductor Technology for ULSI &
TFT,(May. 23, 2017, Schloss Hernstein,
Hernstein, Austria).



[8]T. Uwanno, T. Taniguchi, K. Watanabe, and K.
Nagashio, "Improvement oflon/loff for h-BN
encapsulated bilayer graphene by graphite local
back gateelectrode”, APS March meeting 2017,
(March 17, 2017, New Orleans).

[9IN. Fang and K. Nagashio, "Interface states
analysis in atomically thin MoS2FET", APS
March meeting 2017, (March 16, 2017, New
Orleans).

[10][Invited] K. Nagashio, "Interface
engineering for 2D electonics”,Nippon-Taiwan

Workshop, (Feb. 18, 2017, Kwansei Gakuin Univ.

Sanda, Hyogo).

[11] K. Nagashio, "Dielectric breakdown of
hexiagonal boronitride”, UTokyo-NTU joint
conference at NUT 2016, (Nov. 31-Dec.1, 2016,
NTU, Taiwan)

[12] [Invited] K. Nagashio, "Graphene transistor
application" Core to core program, (November,
16-17, 2016, Tohoku university, Sendai).

[13] [Invited] K. Nagashio, "Reliability study on
layered 2D insulator", 230th Electrochemical
Society Meeting, (Oct. 2-7, 2016, Honolulu,
Hawaii).

[14]S. Sekizaki, M. Osada, K. Nagashio, "Field
Effect Transistor of Thin Anatase Obtained
through Solid-State ~ Transformation  of
Tioe702 Nanosheet", International Conference on
Solid State Devices and Materials (SSDM),
(September. 28, 2016, Tsukuba International
Congress Center).

[15]Y. Hattori, T. Taniguchi, K. Watanabe, K.
Nagashio, "Measurement of  Anisotropic
Dielectric Strength of Hexagonal Boron Nitride",
International Conference on Solid State Devices
and Materials (SSDM), (September. 27, 2016,
Tsukuba International Congress Center).

[16]T. Uwanno, T. Taniguchi, K.Watanabe, K.
Nagashio, "Improvement of lon/loff for Bilayer
Graphene by Encapsulation with h-BN",
International Conference on Solid State Devices
and Materials (SSDM), (September. 27, 2016,
Tsukuba International Congress Center).

[17] Y. Hattori, T. Taniguchi, K. Watanabe, K.
Nagashio, "Dielectric breakdown of layered
insulator”, 43rd International Symposium on
Compound semiconductors (ISCS), (June 26-30,
2016, Toyama int. Conf. Center, Toyama).

[18] K. Nagashio, "Gap state analysis and
reliability study on 2D electronics”, Core to core
program, (July, 18-19, 2016, Cambridge
university, UK).

[19] [Invited] K. Nagashio, "Gap engineering &
reliability study for 2D electronics"”, Graphene
week (June 13-17, 2016, Warsaw, Poland).

[20] [Invited] K. Nagashio, "Dielectric
breakdown of hexagonal Boron Nitride",
International conference on graphene and related
materials: properties and applications, (May
23-27, 2016, Paestum, Italy).

RU[FBRERE] B R, "2 Kookgik~T v
FET O {#bRete & O E ", R
&F /Ly hu=s ZEEEEAIL - £
Hf s B4, (2018 4F 3 A 16 H, FRgHK
(RA0)).
[22]9F =&, ] &, LB W, A0 M,
R B, BW S, "pt-WSe/MoS, ~T 1
BEICB T 5% v U 7 BEIO PL IZ X 5
", 2018 445 65 [Bl)i B S R A IR
% (20184 3 A 19 H, BAEH KGR)).
[23]E:M #s, A0 g, ER e, By %
iifi, " HiJE MoSz/h-BN/Graphite ~7 7 FET |25
i} % SS DIRFEMRTFE", 2018 4E5F 65 [Bl)&H )
PSRRI S, (2018 23 H 19 H, &
Fiib FH R (BRUR)).
[241[ 3% Joh B 3% E # & ] Nan Fang, Kosuke
Nagashio, "Interface traps “extrinsically” deliver
MIT in monolayer MoS, FET", 2018 4% 65 [F]
S B AR AR 2, (2018 4 3 H
19 H, FAbHKCOR)).
[25] 1 Hhikd, B SR, iR o) AR ne
FHANZ X% M0S-FET (2381 2N E N D
DX ¥ TNEAOHAH", 2018 45 65 [El)i
R E RS, (2018 423 H 19
A, FFibE K CER)).
[26]11 &b, 5 A6, TR =&, LB OEE],
Aa oM, EE A, BEW %,
"Typelll p*-WSex/WSe, ~7 B H§IEICI 1T D3
> KR B>, 2018 4E5 65 [Bl)s A BES:
SEFLMHES, (2018 43 A 19 H, i
H K ().
[271u1 i, B¥ SR, "R B A E
MBI XL D 2k oefE kT v L B~ High-k
MafRMEHERE", 2018 AR5 65 Bl ATk
RS, (2018 43 H 19 H, FREH K
(H)).
[28)115c R E., BIEEK Eif, B S, it
fo - WLEERIEIC X 2 B SnS R D EHL",
2018 455 65 [l A B FR NG 2,
(2018 4= 3 H 20 H, FfiH KCGER)).
[29] K EAS, )T WME, LB FFE, £
A P A=t R N = Wl -5 |
Ffo 7ot SnS Jg O ERL", 2018 455 65 [A])k
sy Rz iramEss, (2018 4£ 3 H 20
H, 758 HEKCOR)).
[BO][BAFaEE] B 2, 2 RKoulR 58
BIZB T B J@k~7 v i OBfR & §IE, 5
36 [ B VAR Y T A, (2017 4511 A 9
H, Bk YLR71, (BEEREET)).
[BLI[RFF#ER] B Rdl, "2 Kotk T ¥ %
)V FET OFE 1Mt Rtk e OV ek, s
wYMESBEIER 2, (2017 4510 H 19 A,
LK, GRS HE RX)).
[B2] AR o5 58, 4% 171 1, sl At =), R % SR i, "4
WA & DN T oA NEEE LR
h-BN D ifafgkMERTA", 2017 4E%45 78 [ml)s A 4 #E
SEOTKTEAER S, (2017429 H 7 H, &
[ BR= S, (f ] U)).
[33]Nan Fang,

Kosuke Nagashio,




"Bandtailinterface states and quantum
capacitance in monolayer MoS, FET", 2017 42
78 Bl AL KR, (2017 45
9 H 7 H, taERESES (RN IR)).

[Bv v/ —FT 4 —F2y bRAMIES
B EW R, AR Eh-BNR BT 7
= >~7 1 FET OF &AM, 2017 4E55 78 [A]
I B SRR T 2, (2017 /29 A 7
H, 1 i [ B i 5 (1R i 1)),

[35] B e /K B At )1 Sl B, E Bk E], W R
0l "V SnS DRI RIBE & ALY E ",
2017 455 78 [Ali B S Tk B 2R T S
(2017 -9 H 7 H, & [l [E B2 365 (1 i ).
[3611AT 2 F5, 5 A, AT =5, L BPRE =] By il
"WSe2/SnS2 ~7 I BN R B
ORIV, 2017 S 78 IRl M BREA TR ZR
MisdEss, (2017 429 A 7 H, wmifEBESERS
(& fif] B%)).
[B7][#RFesknmR] B i, "2 ool H
DIZHDF— b AZ v 7", 2017 22 « &
EREA RS, (2017 4E 8 A 17 H, ik
MSZR, (FRi)).
RBe&merh, v /) —F5 4 —F2 v b
EWRil, "L v Bk D PMMAIPDMS % H
WEZIRTEREOE S RA VN I T v
T ENRT T Y —FEE", 2017 A5 64 Rl A
MBS RIS, (20017 423 H 16 H,
R T 4 A RRIR(ER)).

[391 &k 22, BW SRili, "FEAR EAHAEAER L
72 CVD-M0S2 DR EH O#E L IEFEm", 2017
B 64 RSB FERBEFTFLINGERS,
(2017 43 H 16 H, /33 7 ¢ affiiE(BiiR)).
[40IRER 5 52, A, ERE R, B2, "
NIEFEA B T A N T4 KORG8
BT A LT LT TT )4 X" 2017
5 64 BlSHAMBEFEREFTFLINGERS,
(2017 43 H 16 H, /3 7 4 k().
[AL][BFFeEE] RW R, "7 7 7 = ORE
Bept, BAALRRE 97 BEES THRIAHE
TWRTWE OREE, (2017 43 A 16 H,  BEG
K7, BE, (#2)1)).

[421 B R, "2 Woe~T aigEER D72
DERE 7 vt 2", FiFIEET 2016 425 5
28T —Rw7Es, (2017 41 A 16 H,
(& 15)).

[43|EW R, "2 WTE LT A ADX ¥ v
T =T Y T CAGEVERHE", WTERF ST
FrEirse s TR EoOTEMEY A F CREL
I 5 RTHEREME ] (2016 4E 12 H 21 H, K
MMERE (FIELR)).
[MEEEpEZEESERE] T 5%, 6
O, s B, B %, "h-BN Offifx
WHEERIIRELATELRFIVEVD
2", 2016 AEEF 77 [RGB SR TR
2, (2016 29 A 16 H, Hriga X v g
B — R IR)).

[45] 1 Dhfd, B REl, "EiE LA IV
ML B2 72 OX vy v TRNYEN
DOEFEFICEE T 5B %2, 2016 45 77 [al)sH
MBS RN, (2006 429 A 15 H, #r

Bar Ry vg oty 2 —FRR)).

(E) GE 4 1)

[1] EW R, 777 = v OfzEt L = x
NE—=F ¥ v TR, ZRTWEDF
FCSI AV R Ea—, & 265, HA{L
Faim LN, 2017, p61-67.

[2] BV R, "2 WoTEIRTF v /v FET O
LR, ISR E TS B, 2017, 23
133-138.

[8] ¥R, "ERR T O AZITEBT
50— N ALy ZIER &R, I —R T
Fa—7 7572 DISANERRIR =
X+ 74—« A, HK, 2016, pp.168-175.
[4] A. Toriumi, K. Nagashio, "Metal contacts to
Graphene™ in 2D materials for nanoelectronics,
edited by M.Houssa, A. Dimoulas, A. Molle,
CRC Press, 2016, pp.53-78.

(ZDfth)
R—bRX—
http://webpark1753.sakura.ne.jp/nagashio_lab/

6. WAL

(OBFFEIRFEE

E% i (NAGASHIO, Kosuke)
HRURF - KR LR Ze gl - U
W5« 20373441



