Growth of Single-Crystal Bi-Layer Graphene Using Alcohol CVD

oMasaki Sota Mohamed Atwa'?, Kotaro Kashiwa®, Naomasa Ueda®, Xiao Chen %,
Taiki Inoue!, Rong Xiang?, Shohei Chiashi', Shigeo Maruyama®?

! Department of Mechanical Engineering, The University of Tokyo, Tokyo 113-8656, Japan
2 Department of Integrated Devices and Circuits, Royal Institute of Technology, Stockholm
SE-164 40 Kista, Sweden
3 Energy NanoEngineering Lab., National Institute of Advanced Industrial Science and
Technology (AIST), Ibaraki 305-8564, Japan

Graphene, an sp?-bonded single-layer carbon sheet, is an attractive material due to its
extraordinary mechanical, thermal, and electrical properties. However, single-layer graphene
(SLG) is the zero band-gap material and unsuitable for some applications which need finite
energy gaps. Several groups reported that a bandgap up to 250 meV can be opened by an
external electric field in AB-stacked bi-layer graphene (BLG) [1]. Therefore, efficient synthesis
of BLG is essential for electronic applications of graphene. Chemical vapor deposition (CVD)
is a reliable method for the synthesis of large-scale graphene. Since grain boundaries in poly-
crystal graphene degrade its superior properties, many efforts have been focused on enlarging
the size of single-crystal graphene. As a result, single-crystal SLG of centimeter sizes has been
synthesized using CVD, but the size of single-crystal BLG domains is still limited.

In this study, we investigated the method for the single-crystal BLG synthesis and succeeded
in synthesizing BLG domains of several hundreds of micrometers. Graphene was synthesized
using alcohol catalytic chemical vapor deposition (ACCVD) [2]. We used a copper foil as the
catalyst and oxidized and folded it into a pocket before synthesis. CVD was performed at 1065
°C with various pressures of Ar/H; and ethanol. We found that SLG, BLG, and multi-layer
graphene can be grown by controlling the total pressure of the CVD condition. Figure 1 shows
large-size single-crystal BLG together with SLG. Figure 2 is the relationship between the
graphene size and the growth time. This revealed that there is an incubation time for BLG
growth after starting alcohol supply.
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Fig. 1 Optical image of SLG and BLG. Fig. 2 Relationship between BLG size and growth time.
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