Session The 84th JSAP Autumn Meeting 2023

[ Oral presentation | 17 Nanocarbon and Two-Dimensional Materials : 17.2 Graphene I
& Wed. Sep 20, 2023 1:00 PM - 4:15 PM JST | Wed. Sep 20, 2023 4:00 AM - 7:15AM UTC | &2 A306 (KJ
Hall)
[20p-A306-1~12] 17.2 Graphene

Akinobu Kanda(Univ. of Tsukuba)

1:00 PM - 1:15 PM JST | 4:00 AM - 4:15 AM UTC
[20p-A306-1] Photo-switching effect of graphene photogated diode

OMasaaki Shimatanit, Shoichiro Fukushimal, Manabu Iwakawal, Shinpei Ogawa1 (1.Mitsubishi Electric)

1:15PM - 1:30 PM JST | 4:15AM - 4:30 AM UTC
[20p-A306-2] Uncooled infrared photodetectors using graphene/pyroelectric nanosheet MEMS
structure

OShoichiro Fukushimal, Masaaki Shimatanil, Manabu Iwakawal, Shinpei Ogawal (1.Mitsubishi Electric
Corp.)

1:30 PM - 1:45 PM JST | 4:30 AM - 4:45 AM UTC
[20p-A306-3] hBN/Graphene-based advanced functional infrared sensors

OShinpei Ogawa?l, Shoichiro Fukushimal, Masaaki Shimatani!, Manabu Iwakawa! (1.Mitsubishi Electric
Corp.)

® English Presentation
1:45 PM - 2:00 PM JST | 4:45 AM - 5:00 AM UTC
[20p-A306-4] Tin-Nanoparticles Functionalized Graphene Gas Sensor

O(P)Pradeep Kumar Badiyal, Md. Zahidul Islam!, Manoharan Muruganathan?, Hisashi Maki?, Afsal

Kareekunnan?, Shohei Enomoto?, Yosuke Onda2, Masashi Hattori2, Hiroshi Mizutal:3 (1.JAIST, 2.TAIYO
YUDEN CO.,LTD., 3.Univ. of Southampton)

® English Presentation

2:00 PM - 2:15 PM JST | 5:00 AM - 5:15 AM UTC

[20p-A306-5] Detection of acetone gas molecules from the human skin using Zeolite
functionalized Graphene FET gas sensor

O(P)Sankar Ganesh Ramaraj!, Haolong Zhou?, Yamahara Hiroyasu!, Tabata Hitoshi! (1.Univ. of Tokyo)

2:15PM - 2:30 PM JST | 5:15AM - 5:30 AM UTC
[20p-A306-6] Brush type sensor with multi-detection system

OHaruki Nakamural2, Satoko Hondal, Guren Matsumural, Kohei Nakajima3, Kuniharu Takei? (1.0saka
Metro. Univ., 2.Hokkaido Univ., 3.Univ. Tokyo)

® Presentation by Applicant for JSAP Young Scientists Presentation Award
2:45 PM - 3:00 PM JST | 5:45AM - 6:00 AM UTC

[20p-A306-7] Electrical detection of amine gases at parts-per-billion level
using graphene field-effect transistors with ionic liquid

O(B)Kazuki Kikawada®, Takashi Ikuta!, Kenzo Maehashil (1.Tokyo Univ. of Agri. and Tech.)

® Presentation by Applicant for JSAP Young Scientists Presentation Award
3:00 PM - 3:15 PM JST | 6:00 AM - 6:15 AM UTC

[20p-A306-8] Resonance control of weakly coupled two nano-electro-mechanical resonators

OShun Kawaharal, Taiga Shinohara®, Keiichiro Yamamoto?, Nobuhiko Yokoshit, Takayuki Ariel, Seiji
Akital (1.0saka Metro. Univ.)

© 2023 JSAP



Session The 84th JSAP Autumn Meeting 2023

3:15PM - 3:30 PM JST | 6:15AM - 6:30 AM UTC
[20p-A306-9] Evaluation of electrical properties in graphene - n-type SiC junction
OHideyo Yokome?, Yasuhide Ohno!, Masao Nagase1 (1.Tokushima Univ.)

3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[20p-A306-10] Transfer of 2D materials using polyvinyl chloride

OMomoko Onoderal, Taketo Hashimoto?, Kenji Watanabe3, Takashi Taniguchi3, Tomoki Machida® (1.11S,
Univ. of Tokyo, 2.Riken Technos Corp., 3.NIMS)

3:45 PM - 4:00 PM JST | 6:45AM - 7:00 AM UTC
[20p-A306-11] Negative capacitance characteristics of GO/Cu structure

O(M1)Hikaru Yasunaga®, Hiroyuki Sakail, Shogo Nodal, Yong Sun? (1.Kyuko Inst.)

4:00 PM - 4:15 PM JST | 7:00 AM - 7:15 AM UTC
[20p-A306-12] Fabrication of graphene devices using vacuum-heated catalytic microstructures

O(M2)Tatsuya Kataokal, Agus Subagyol, Makoto Satoul, Makoto Owadal, Fujiya Yoshinol, Eiji Hattal,
Kazuhisa Sueokal (1.Hokkaido Univ.)

© 2023 JSAP



20p-A306-1 HADSAMITLAKELHRAS BETFHE (2023 SAHA—LIEN32IS)

5215 — A F—RIZBITARAAYFUTHE

Photo-switching effect of graphene photogated diode
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CIRA B, R B, Fl 2 DI HE
Mitsubishi Electric Corp.
°Masaaki Shimatani, Shoichiro Fukushima, Manabu Iwakawa, and Shinpei Ogawa
E-mail: Shimatani.Masaaki@bk.MitsubishiElectric.co.jp
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Figure 1 (a) Mechanism of the GPD with a native oxide barrier layer, (b) calculated A®s and
Ji/Jo as functions of the native oxide layer thickness.
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[ k] D M. Shimatani ez al., AIP Adv. 6 (3), 035113 (2016). 2 S. Fukushima et al., Appl. Phys.
Lett. 113, 061102 (2018). ® M. Shimatani ez al., Appl. Phys. Exp. 12 (2), 025001 (2019). ¥ S. Fukushima ez
al., Opt. Lett. 44 (10), 2598 (2019). 9 M. Shimatani et al., Appl. Phys. Lett. 117, 173102 (2020). 9 WE43E
., FE70EICHY SRS 20233 17H.
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Uncooled infrared photodetectors using graphene/pyroelectric nanosheet MEMS structure
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Mitsubishi Electric Corp.
°Shoichiro Fukushima, Masaaki Shimatani, Manabu Iwakawa, and Shinpei Ogawa
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Fig. 1 (a) Schematic illustration of graphene/pyroelectric nanosheet MEMS-based uncooled infrared
photodetectors. Inset: light microscopy image of the device. Scale bar: 10 um. (b) Photo-response of the

devices under 8 um pulsed laser light irradiation.

[£%&3CHk] 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 ef al., Appl. Phys. Exp. 12 (2), 025001 (2019). 4) S. Ogawa et al., Opt.
Eng. 58, 057106 (2019). 5) S. Fukushima ez al., Opt. Lett. 44 (10), 2598 (2019). 6) M. Shimatani et al., Appl.
Phys. Exp. 12 (12), 122010 (2019). 7) g4, 45 70 (Bl B A S RIS . 17p-B309-19,
2023/3/17, 8) fakft, 2 70 [F B2 E AN #EE . 17p-B309-12, 2023/3/17,
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hBN/Graphene-based advanced functional infrared sensors
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°Shinpei Ogawa, Shoichiro Fukushima, Masaaki Shimatani, and Manabu Iwakawa

E-mail: Ogawa.Shimpei@eb.MitsubishiElectric.co.jp
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Fig.1 (a) Schematic of hBN/graphene-based metasurface. Calculated electric field distribution at the
wavelength of (b) 2.0 um and (c) 7.0 um.
(FEENARIFZE 0> — &R 13, B 17 23 923~ 2 22 A RBERAIT AT JEHEHE | 4 JPJ004596 D XEZZIT 2 b D Th %,
(2% 3R]
1 WERBE, @ RS B NI, 70 ISR ES 2028423 5 17 H.
2. S.Ogawa and M. Kimata, Materials 10, 493 (2017).

3. S.Ogawa, S. Fukushima, and M. Shimatani, J. Opt. Soc. Am. B 39, 3149 (2022).
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Tin-Nanoparticles Functionalized Graphene Gas Sensor
P. K. Badiya?!, Md. Z. Islam!, M. Muruganathan 2", H. Maki?, A. Kareekunnan?, S. Enomoto?, Y.
Onda?, M. Hattori?, and H. Mizutal?
LJapan Advanced Institute of Science and Technology, ’TAIYO YUDEN CO., LTD. 3University of
Southampton
*e-mail: mano@jaist.ac.jp

Detection of ethanol-gas has gained a lot of
importance, especially in the determination of liver
function in humans. It is also necessary in the food
industries in safety control procedures. However, minute
levels of ethanol-gas (in ppb) get released from the skin.
An extremely sensitive and selective sensor with low
limit-of-detection (LoD) capability is needed to detect the
low concentration of ethanol-gas, even in the atmospheric
air. With excellent electrical properties like low
electronic noise, high surface area to volume ratio, high
mobility, graphene can be of great choice for sensing
single molecules!. However, graphene sensors are not
highly selective for any specific gas. Alternatively, Tin
metal oxides acts as a highly selective material in sensing
ethanol-gas?. However, only 100 ppm LoD could be
achieved at 170 °C. Addressing this lacuna, we have
fabricated a graphene sensor functionalized with tin
oxide nanoparticles as an olfactive receptor to enhance
the sensitivity towards ethanol-gas.

The source-drain electrodes consisting of Au/Cr (70/5
nm) were fabricated on the CVD graphene-transferred
SiO/Si substrate by Electron-Beam (EB) Lithography
and EB evaporation. The graphene channel length was
fixed to 200 nm (square), and then are covered with tin
nanoparticles of 1- and 2-nm by thermal evaporation.
Figure 1(a) portrays a typical fabricated device.
Nitrogen-gas mixed with ethanol-gas was introduced at
different concentrations and the gate voltage shift, charge
neutrality point (CNP) was assessed for gas sensing.
While performing gas sensing, atmospheric air was
introduced at 200 Torr pressure initially into the chamber
followed by ethanol gas. Later, additional air was
introduced until the chamber pressure reached 600 Torr.
This resulted in the uniform mixing dilution of
ethanol-gas in the atmospheric air. We have tested the
device for other gases and the CNP shift of the fabricated
graphene sensor for 5 different gases at 2 ppm
concentration was shown in Figure 1(c). A large CNP
shift of 19.22 V was observed for ethanol gas. Figure 1(b)
shows a negative CNP shift, indicating the n-doping
nature of ethanol-gas.
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Figure 1. (a) The SEM image of a typical fabricated
device, (b) 1d-Vg characteristics for 100ppb Ethanol gas
molecule sensing, and (c) Average CNP shift for 2 ppm
concentration of five different gases in the atmospheric
air at room temperature.

This signifies that more electrons are transferred to the
graphene channel, which leads to the negative shift in the
CNP. Thus, the tin nanoparticles functionalized graphene
sensors show a very high sensitivity in the air
environment. We have also realized a LoD of 100 ppb
Ethanol-gas sensing in the presence of air with the
tin-oxide based graphene sensor.

Acknowledgments: This research is supported by TAIYO

YUDEN CO., LTD.

References:

[1] J. Sun, M. Muruganathan, and H. Mizuta, Sci. Adv. 2, 1501518
(2016).

[2] B. J. Wang, S. Y. Ma, Vacuum 177, 109428 (2020).
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Detection of acetone gas molecules from the human skin using Zeolite
functionalized Graphene FET gas sensor

Univ. of Tokyo @, (P) Sankar Ganesh Ramaraj 2, H. Zhou 2, H. Yamahara 2, H. Tabata 2
*E-mail: ramaraj@g.ecc.u-tokyo.ac.jp

Wearable skin gas analyzer has garnered enormous attention in recent times towards
noninvasive clinical diagnosis and wearable health monitoring applications [1]. Various gas molecules
emitted from the human skin have been identified as valuable biomarkers for detecting diseases,
physical conditions and physiological changes in the human body. Among the many biomarkers emitted
from human skin, acetone is expected to be a good indicator of diabetes and fat metabolism which is
associated with diet and aerobic exercise [2]. Developing a wearable skin gas sensor to detect acetone
gas molecules emitted from the skin would be a significant tool for the early detection of diabetes stages
and fat control in humans. However, detecting acetone gas at a low concentration (parts per billion
(ppb)) is typically present in the real-time environment and poses a challenge with commercially
available sensors [2]. Recently, graphene has attracted much attention as a promising material in the
detection of toxic gases due to its excellent physical and chemical properties such as high carrier
mobility, single-atom thickness, and large surface area. These properties drive graphene as an ideal
material for the field-effect transistor (FET) sensor. Herein, we report the fabrication of Zeolite
functionalized chemical vapor deposition (CVD) graphene nanoribbon FET (ZF-GNR) to detect
acetone gas in a real air environment.

Figure 1(a) shows the schematic illustration of the fabricated ZF-GNR sensor. Figure 1(b)
displays the Raman spectrum of ZF-GNR. The results showed strong peaks at 1599 cm™ (G band) and
2696 cm™ (2D), confirming the GNRs were monolayer. In addition, the peaks at 380 cm™ and 500 cm™*
confirm the MFI structure of Zeolite and consist of even-membered rings [3]. The other peaks indicate
the formation of zeolite on the surface of graphene. Fig.1c shows the I vs V4 measurement of the initial
and transfer characteristics of Z-GNR. A typical Ohmic contact between the Z-GNR channel and metal
electrode was observed. The porosity of zeolite in the ZF-GNR will enhance the gas sensing response
and selectivity of the ZF-GNR gas sensor. Furthermore, tuning the back gate voltage (Vg = +20 & -20)
will enhance the sensitivity and selectivity of the device by promoting the adsorption/desorption of gas
molecules on the surface of graphene. Details of acetone gas sensing and sensing mechanisms will be
discussed during the presentation.
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Figure 1 (a) Schematic illustration of ZF-GNR sensor, (b) Raman analysis of ZF-GNR, (c). Output
characteristics Z-GFET with the bias range from -20 to +20.

Acknowledgements: This research is supported by Grant-in-Aid for Scientific Research No 20H05651,
JP22K18804, JP23H04099 and 21K14510 from the Japan Society for the Promotion of Science (JSPS),
AMED under Grant Number JP22zf0127006 and JST CREST (JPMJCR2202).

Reference [1]. Tianyiyi He et al., Anal.Chem.2023,95,490-514. [2]. Y.Yamada et al., ACS
Anal.Chem.2015,87,7588—7594, [3]. O.Attila et al.,Chem. Eur. J. 2019, 25, 7158-7167.
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Brush type sensor with multi-detection system
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Electrical detection of amine gases at parts-per-billion level
using graphene field-effect transistors with ionic liquid
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Tokyo Univ. of Agriculture and Technology °Kazuki Kikawada, Takashi Ikuta, Kenzo Maehashi
E-mail: s205188w@st.go.tuat.ac.jp
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Fig.1. Transport characteristics Fig.2. TMA concentration dependence
in TMA detection. of Vor shifts.

Ref. [1] BRXRIRITBAA F7 v 7 13 2-2 BUHIEENRE S0 R EERMES & RKGREIC
RS HIEE ] [2] T. Ikuta et al., Nanoscale Adv. 3 (2021) 5793
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Resonance control of weakly coupled two nano-electro-mechanical resonators

KBRAKRT, CJIR%E, BEASE, LAE—#, fEHE, FiikEz, HKERE
Osaka Metro. Univ. °S. Kawahara, T. Shinohara, K. Yamamoto, N. Yokoshi, T. Arie, S. Akita
E-mail: si23052v@st.omu.ac.jp

XUBDIZ 7772 3R IEMEICH Y, BN2E 1 e :
S - BRIOEEE A LTV A, ZhICEY, FUE | B '
SR ALIRZE (NEMS) (2 X 2 S <o, iRt i

— FOERADRIC L 3 RFICHDSBEOHIE, & e -
DISABRHfF SN TS, AR TET 4/ vy TR

V7L NEMS Z B L, kD 1507 5 1

7 = v N7 LDREHILRI CIER<, 2 2D/ 77 = [

VR T AAEMILRES 2 7T 7 = DT VT i wie. b . 308 16
RICHE S SETEE L ER L, 2 Ol L IRFrE 2
ATz,

EB  Si/Sio, R EICT7+ N VI T T 4 2HNT

EhEA I LT %, CVD R CAR L W@/ T 7= | i?%ﬂwﬂéﬁ?%ﬂw
B LK Lz, KIZ, 50 ST 2 >0k | =

GLIZT7 T 720D N7 MEEEZSSDTEDIZ, 77| Au
7 = B FO Si0, % BHF Tk V= v F 7L, i Si0}
ZHNENAREE 6 um D 2 SOFES L= K5 2SS
7 x R RES A VR U 7 (Fig. 1), Bk IEHR R
1. BIHKAFIEZ R D 72012, Si RIS ELY,
ZEINL., SiEt & 7T 7 = I EBIEZHI L
THMEL, FM fHEIZ L0 flE LT, = 15.00

Fig. 1 SEM image and schematic of coupled
graphene drum resonators

R L BEt 7“]‘%i%%%ﬂﬁé@fi&%@jﬂéﬂ§ E 13.00
BB DL E Fig. 2 12T, 77 7 HOBEEAORBIE ;1““
RIENKE 2o TOBHATHY, HRERT, K 8 &
D REICR SRR, VicftE LCIuRmny & 000 =
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N, FROOREI TR ENTIBICBOTHE 5.00

BISIB, Y23 5V BT, A, e, SaoxH 0010 £0 50 4050

O IARE WKL Z ., 7.1 MHz, 8.9 MHz, 10.5 MHz g

Thd, ZZ T, RTLD 1 DOWBIIREEDOLE . Fig. 2 Color scale plot of resonance curve as
2D XD PN EREEI PN IZ B WD TR HERIE 1 o a function of gate voltage 1
U2VBB S 17200, Fig. 2 CRL 52 R O Hei Vg = 0~5V (0.2 Vsstep)

2 ODREE LT RTLAHRTHDLZ DRG0 D, 20

BRI, 2009 <HE LI/ T 7 = BT ARIBEALIRER D B L7z, 4#%I1%. NEMS TH
LG LT 2 DOF /7 BRI CHI S o EEE o RREM COE— R vy 7Y 7
BT DT D T L,

BIRE  ABFZEIX JSPS BMFE TP 21H05019, JP21K 18193, JP21K 18880 TThi iz,
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Evaluation of electrical properties in graphene - n-type SiC junction
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(
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THIEMNHEREINTND, LML, ZEXF Ty LT T
= & SIC DERIIRMRE D% < | T3 ZBITiT St
DRPEFFMAEE Tl 5, AWFIE T, Ji ) SR
(AFM)ZH\WT T T 7 =23y 7 7 J&in B SiC #5 DOEXR
FeM 2B L CRRat 21T o 7,

EBR T n D 4H-SiC FAl & Ar(100Torr) ZE A, 1643°C
T7 =—/L L, HEWEE 156%D XX v /L7 T 7 o
kB EERL L 72, AFMS500M (HYiNA T 7) (12X b m
Py sa— hO#EEN T T EANT, REIORRE K
WERBZISE Lz, £y 7 7 BERNLOHE S T 7
= VN 7 7 B C OB - R A JE L,

Buffer
layer

100nm

R : Fig (), (D)EE T U 7 400nm THITE L 7=tk ik
DRRBE LT 7 —TEE+LEV TOERBTH 5,

Fig.l@)IZHBW\ T, A7 v Z7OEMIE Ny 7 7 BHEKR TH Y |
SiC DERIC X VKL 7o e A NEHE Y 7 7 = ik 100

Fig.1: (a)Topographic image.
(b)Current image (+1.5V).

) i ) y 80 |~ Buffer layer|
To b, Figlb)DEWB LY, Ny 7 7 EHEEIC L~ HE 60 I Graphene |
P CIIRE BRI TND Z e R 0ahD, Fig2 13, g ;g
Sy 7 RS K UBB NI B S W WER AR 2 '
LCW5, /3y 7 7 JBRARE K OHE AR & IR Bl Eig

B SN B NSRS RATG 272275 7 =M BSICD g
va oy bR —RERER X 130328V ThH Y Ny 7 7 @ L SIC 123
DFERER & 049V IZHE~/NS WD R E B TiAL D, 5-4-32-1012345
WA T AT Y 7 7 BT 10V BEIER 5 5 Voltage [V]

DITHE L. BB 05V HE CAMIC B s = F19-2: 1V curve of buffer layer/n-type SIiC
R NAYNL S and graphene/buffer layer/ n-type SiC.

ABFZE1X ISPS BHFE 21H01394 DBk A5 1T 7-H D TH 5,
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Transfer of 2D materials using polyvinyl chloride
RRRPEEBWHRA ', Vo790 / 2A6Xat? YR - HTRHSES
CNEFFHF | BAEAY EBERS A0R° HBERH
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MEICHHE L= VAL E =V (polyvinyl chloride, PVC) % 72 R 1 BHR SV E & B ¥ L7z,
PVC ¥R Z 7 mnxH ) WL, Ale LToA 7 F AT L7 % L— |k (DOP) ZiEHE
TPVCikzHE L, Tha W THE PVC A FR L7z, (FRIL7- PVCIEAZ T A AT 4 F Lk
DORYAFrFt s (PDMS) F—AIZ#HE, 7—7TEHEL, D PVC/PDMS X%
THBREN AT —DIZEE L, SiOy EDJRFRE LAl ST DO BIZERN S5 &I T2 L TR
BEHELEF N TED (K1), PVC BEOZELIC X DR TS &0 2t
572, PVC OEAE, rHHE, REFORMFZZ(LSETPVCIRA/ER L, JFrEh s b
FEREATo T, TORER, AR EBEICLVES RIFREER VR E OWENHRELEE
LD Lo, ZEHWD & PVCIEN S PVC DR OBEN S IR & 72 51,
ZOEMIIFREEEED E T ARSI 58ELE LTUCHRETH D . HEEROEEMELZ IRIT 5

HDTH D,
[1] M. Onodera et al., Sci. Rep. 12, 21963 (2022).
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Glass slide

Dry-release
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direction h-BN flakes

— I — . — ‘

I Motor-driven stage with heater

heating

glass slide

Thin PVC
PDMS

glass slide

Fig. 1: Schematic and optical microscope images of the PVC transfer method.
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Negative capacitance properties of the GO/Cu structure
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1. %

hZ P RALRF ¥ X Z OPERER BIZRWT, TAMERRE) NER SN TS, ZILETIE—F
DOEFERIZOBLALONDBRTH 7203, Al 8L 77 = (GO) IZBWCTAMER &N B
S, GO OFEREEFEND b RVERBIRKRO—2>TIE RV EE X BTV D, RIFET
F. ZOAMEREOFIIC OV CHEE 7, S
2. EBIFE

TS T T = o EET VAL, XLy MR ER L, ko
FHEICEBEREER OO\ Al AT, K1 OXHcF v —N
WAL, Cu iz B ogid7z, ERAlO Cu EMRIZIZR VI 17 Th
D.GO & CulOlBixHEd D Z ENHKD, A E—H AT FTA4Y
Z B CHERE, ASHUE I & fRIE. DCBIAS S a8k s wanbaiop K1 Ty —NW

il

Ex{To77,

3. FERLEE X101 ' ge
2ICHZEHTO DCBIAS 2.5V, kiR 1 VICHIT DR ED 2 'l a

WORIKAFIE 2 R T ORI O A BRI A OEN DI g1 e 'R
Ly BE=7 2l I~ LB LT o7z, 10Hz LIF 80 %M %

ORI TIE. FREORINCHEN F o ROVER L BRGNS 1 3
CHAT 2720, BREIEZZHOOEROBEATRD LN, E—r 2 A,
(gt th, EERER CIEOBEROMTERT2EEER S0 0 10t 100 0 108 106 10

D, —EWRoTo B2 B, IRE R EE TIX GO & Cu D B (Hz)

BN < 72 212 SRR O b o VEROSEEARML, & M2 FROEM-~<L > MH

BOU—713RE<, AMFELRELRSTL Aol A2 D %%W@@E%¢)“

B, 1.6 xw_s
KRG COEME 1V ICBIT AREOREMELEZ T, K 2

ST T OBE R Tz T A RILR bR - o
7o MUV ERBIHEINZZENFERFEEZOND, 'R
4. ﬁc\:é:;:‘»ﬁ% 0.5
BRI, [ERESROH CRENE, Ji K S ey
;f%ﬁfgg ibgz);;;_gok MHAMEREIZIT N RIVERNE 3 ﬁjﬁ@%*@-/\o Lo R
2 FRHER AT RO

(1) SAnFsi  MREAEARERIC BT 5 TRAOF v R Z U A BBLOFH - I 2 b—3g ],
HORL R HERFIERT, 56 4, 11-16 (2016 47)
(2) Yong Sun, Kenta Kirimoto, Hayami Hattori, Yuto Kitamura, Enda Fan, and Koichi Onishi: Electric field

and oxygen concentration-dependent transport properties of nano-graphene oxide, J. Appl. Phys. vol. 9,
095010 (2019 4F)
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Fabrication of graphene devices using vacuum-heated catalytic microstructures
JEKBeE OM2) A2, Subagyo Agus, {EBEE, XFIHE, FHEEt, /\HER, REFA
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OT. Kataoka, A. Subagyo, M. Sato, M. Owada, F. Yoshino, E. Hatta and K. Sueoka
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2 WML 5 7 = LV BISRT 5T, ARV AT AOVEREIR, 7T 7 = V&8 L DA DR
PEICREMNCIRT T 5. 77 7 = o -@RESOERIDES BEMEOH L Z L1, /77202
7 ba=r AOEBICARARZEMLTHDH[1,2]. T OEBEMNS 2 E T RBEA TR BT
BR%E S, k& R BMEIMER SN TWA[3-6]. LarL, [ACARICRT 28645 RC OfEIC
EARTYRNH Y, BEETEREMIIMS. SN TWRW. 2, RIS T 7 20 DT 3 ZHEKR
SOELERT A AMER T 0 BN T, AVnbhid LU R NEORRE - [G3RB E VSRS
DERE LTETOND =D, 777z MEICHO DI D &R IERD D OGN T otk
B, VWb HLYA N7 —TENRDLND.

7T 7 2 VEREICIGH SN TW A EMTO— 2l &R F RS LS H Y Fig. 1 IIRT X H1g,
Ni/C JEis A B2 G5 = & CHRKRMIC T 7 7 = VN ET 25l T 5[7]. FEdbEH—R
UGB TH D NI EOMAEEMRICLY 7T 7 = ki35, S 5ig, W7 LT, Ni #iKE
OB L0 FoM ECORENESITT 5. & 2 CARIZEE, Z O35 % Fig. 2 12777 Ni/C fii/ <
A= WALV A7) —DOF S, 2T av 20F A ZBmat Lz, A7 av 237
T 72T NA AMERORETH DB GE2 LT LT, IMOES R ZEH X RERH 5.
FET A AL LTIE, FyRr s o7 2 OFE NIEBEICL DXy v TR TH D.

AEHERLL, BHRY VY 7T 7 4 2 H\WT Si0y/Si HA_EIZF v R UiE% 100nm~500nm, T v
IV E 200~1000nm O EME X — 2 & ERK L, Ni/C %
B MABICL VIR L7z, BEIX Ni, C 2hZi , ,
50nm, 4nm & L7-. ELZEFE 1 X 10°-3Pa LLF, SR heating 5 FfHE
2 4y, INENKERE] 3 57, INEMELEE 850°C D &eft: CHEZENN
L, V7972V REEIToT. Ty RXNVERD T T 7
= Y OFHINE T ~ 533k, Ni % v v TR OfERR —
(IR TS & FIV 2. F v ROVIE 500nm, I~ retraction” HW“
¥ RV 1000nm OFEMR/ N — 2 B L T fE R, 7
T 72V DREIIHRTEIZN, T34 ADOHED

graphene

Fig. 1 Schematic drawing of graphene

) growth [7]
I L2 DD Y, TS HHRET 5.
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Fig. 2 Formation of Ni-graphene-Ni
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