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A Parametric Study of Graphene Synthesis by Chemical Vapor Deposition and

Graphene Transfer on substrates
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Abstract

Graphene, a one-atom thick layer of carbon atoms, attracts lots of attention from scientists due to
its transparency, low resistance, extraordinary strength, and flexibility. Generally, large-area and high-
quality graphene can be synthesized by Chemical Vapor Deposition (CVD). Herein, this research aims to
study factors that affect graphene synthesis using CVD and transfer of graphene for subsequent
utilization. Synthesis of graphene by CVD process is done by flowing an appropriate ratio of CH, and H,

gases through a quartz tube in which a target substrate is placed under a temperature of around

1,000°C. Subsequently, graphene on the target substrate is obtained. In this work, two factors that affect
graphene synthesis: gas flow rates of CH,:H, and type of target substrate (nickel film, copper film and
copper foil) were studied. After measuring the quality of the synthesized graphenes, it was found that the
condition using the gas flow rates of CH,:H, = 60 sccm:10 sccm and copper foil as the target substrate
was the best whereas the obtained graphene was mostly composed of large single-layer of graphene. To
utilize the CVD graphene, it requires a transfer of graphene to a desired substrate. In this work, two
methods of graphene transfer were studied. The first method utilizes poly(methyl methacrylate) (PMMA)
[2] to coat graphene as a supporting layer in transfer process. The second method is to directly transfer
graphene onto a polymer substrate by hot rolling in a laminator [3]. It was found that the first method
successfully transferred graphene onto a silicon dioxide substrate where the measured sheet resistance
R, was 1,180 Q0. The successfully transferred graphene can be used in various applications such as
transparent electrodes in organic solar cells and high frequency transistors.

Keywords: Graphene, Chemical Vapor Deposition, Transfer process, Sheet resistance.
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AUNUULKL (Sheet Resistance)

V1,3 V2

13,4(Q) 1., (@) Q)

1.53x10> | 3.51 x10% | 1142.91
1.65 x10° | 3.63 x10* | 1195.93
1.63 x10° | 3.62 x10% | 1189.47
1.64 x10° | 3.63 x10% | 1194.05
1.63 x10° | 3.63 x10° | 1192.63
1.74 x10° | 3.63 x10% | 1217.89
1.61 x10°> | 3.58 x10° | 1176.17
1.60 x10° | 3.64 x10% | 1187.59
1.57 x10° | 3.59 x10% | 1169.04
1.47 x10° | 3.54 x10% | 1135.64

AINNHANITIATIIAW LA AR U A VBN LB

wdy p = 1,180 (QUO)

5.a§ﬂwa

432



miﬂi:“gu’i“ﬁ'mm,ﬂ?mhm‘immsuLﬂ'%laaﬂml,mﬂs:mﬁvlm AT 28 ME N A NETTZ8

miamzAd lavhmsdnedadensnade
[ I3 VoA o :
N13F9LATIEANIIAY 2 Uadbfie 8aIdIUNEY
sewifafimunuialalawauuazriiavasiag
w3093 lasanansaasylddrdannisinazes
finunulalasiaud 60 scem 10 scem uaziag
usasiudeveadaatiled idwtaulandngalu
s 6 09’/ a a 1
nssaazAnAnsuidsnazfvwialug u
gaumainelaunAullgsizggiusesiun
PDMS ld@nun

AWla
Ao wHuTanaulasan loduas
A5n1sdnelew 2 3% Ae IFnnsansleulasnis
WaaUNIIARAI8 PMMA wazitn1sanslaulas
35n135adauauson 993En1TAReuRIaaY
PMMA sinarunsadtslannisdnleaded
Uszaninm lagnsfuidrslendrizasnsnaly

UnTGRAaWLASan TG IAA1AITNAIUWNILE Lo

lé Y v 1
1,180 (Q0) Famnaninlddszyndlddalyle i
vundudianinsaluaasunialaaiioas was

nudaiaainausavhauluanuigg dudu

6. naanssNUszn@

VoVIUAH Prof. Seokwoo Jeon LR
Houng Kyung Kim 283010371 Material Science
and Engineering, Korean Advanced Institute Of
Science and Technology (KAIST) ‘ﬁ“ﬁmmﬁah
asFataTzrinIIAuuazldduuzinlunnsg
GBI UL
mu?é’aﬁi@i’%’unuaﬁuagumnimams
°u°'1_|m?z'aumﬁﬁ]”smamu%’m@nﬁmﬂaﬂn"n Special
(STAR)
muldngunisidmalulagnisasiszaugania

wazu I (GSTAR 56-005-21-002)

Task Force for Activating Research

7.19nd1391999
[11 Y. Zhu, S. Murali, W. Cai, X. Li, J. W. Suk,
J.R. Potts and R.S. Ruoff, “Graphene and
Graphene Oxide

Synthesis, Properties,and

433

15-17 @ANAN 2557 FIRTAVDUUAL

Applications,” Advanced Materials, 2010, 22,
3906-3924.

[2] Y. Zhang, L. Zhang, and C. Zhou, “Review of
Chemical Vapor Deposition of Graphene and
Related Applications,” Accounts of Chemical
Research, 2013, 46(10), 2329-2339.

[3] L.G.P. Martins, Y. Song, T. Zeng, M.S.
Dresselhaus, J. Kong, and P.T. Araujo, “Direct
transfer of graphene onto flexible substrates,”
Proceedings of the National Academy of Sciences
of the United States of America, 2013, 110(44),
17762-17767.

[4] C. Mattevi, H. Kim and M. Chhowalla. “A
reviewof chemical vapour deposition of graphene
on copper,” J. Mater. Chem., 2011, 21, 3324-3334
[5] H. Zhou, W.J. Yu, L. Liu, R. Cheng, Y. Chen,
X. Huang, Y. Liu, Y. Wang, Y. Huang and X.
Duan, “Chemical vapour deposition growth of
large single crystals of monolayer and bilayer
graphene,” Nature Communications, 2013, 4:2096,
1-8.

[6] W. Liu, H. Li, C. Xu, Y. Khatami, K. Banerjee,
“Synthesis of high-quality monolayer and bilayer
graphene on copper
deposition,” Carbon, 2011, 49(13), 4122-4130

[7] J.D. Wood, S.W. Schmucker, A.S. Lyons, E.

using chemical vapor

Pop, J.W. Lyding, “Effects of polycrys-talline Cu
substrate on graphene growth by chemical vapor
deposition,” NanoLett. (2011) 11 4547—-4554.

[8] K. Hayashi, S. Sato, M. Ikeda, C. Kaneta, N.
Yokoyama, “Selective graphene for-mation on
copper twin crystals,” J. Am. Chem. Soc. (2012)
134,12492-12498.

[9] J. Tian, B. Hua, Z. Weia, Y. Jina, Z. Luo, M.
Xia, Q. Pan, Y. Liud, “Surface structure deduced

differences of copper foil and film for graphene



UNETT28

mstszmuitmaeiensimnisuasesnaunstlszindlng a3en 28mE (3¥
: . . . ==
AMM-203 15-17 QAR 2557 WNIAVOULTI
CVD growth,” Applied Surface Science, (2014)
300, 73-79.

[10] K.S. Kim, Y. Zhao, H. Jang, S.Y. Lee, J.M.
Kim, K.S. Kim, J.H. Ahn, P. Kim, J.Y. Choi and
B.H. Hong. ‘“Large-scale pattern growth of
graphene films for stretchable transparent
electrodes,” Nature, 2009, 457, 706-710.

[11] J.L. Tomaino, A.D. Jameson, J.W. Kevek,
M.J. Pual, A.M. Van Der Zande, R.A. Barton, P. L.
McEuen, E.D. Minot, and Y.S. Lee. “Terahertz
Imaging and Time-Domain Spectroscopy of Large
Area Single-Layer,” Optics Express, 2011, 19,
141-146.

434



