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We investigated the growth mechanism of graphene on SiC substrate by Si sublimation by using first-principles molecular
dynamics simulations. We observed C atoms first form one dimensional (1D) structures rather than two dimensional (2D) structures
consisting of ring structures. Then, 1D structures get together to form 2D structures through the repeat of combination and separation.
2D structures have different shapes depending on the substrate surface structures. On (0001) terraces, 2D structures become relatively
flat, while on (11-2n) facets, 2D structures have curves like a part of spherical structures. This difference comes from the difference
in the bond density between 2D structures and Si atoms of the substrate surface. On (0001) terraces, surface Si atoms are almost
commensurate with 2D structures and form Si-C bonds with high density, making 2D structures flat, while on (11-2n) faces, due to
less density of surface Si atoms, Si-C bonds are not formed so much, resulting in forming curved structures. These findings must
provide the knowledge for controlling the fabrication of high quality graphene or other C-based structures like carbon nanotubes. As
for the tuning for the Earth Simulator (ES), our code, PHASE/0, exhibited the performance of 4TFLOPS with 64 nodes of ES, which

corresponds to 20 % of the peak performance.
Keywords: graphene, silicon carbide (SiC), Si sublimation, first-principles molecular dynamics

1. Purpose functional theory and the pseudopotential scheme. This code can
To stop the global warming, the decrease of the amount of  calculate electronic structure and then describe the bonding state
carbon dioxide in atmosphere is one of urgent issues. For it, between atoms quite well. This is important for the molecular
materials science can play roles through the development of new dynamics simulations for complicated systems such as the
materials such as solar battery, fuel cell, and low energy device graphene growth studied in this work.
systems. Graphene, which is made of only carbon (C) atoms and PHASE/0 exhibited the performance of 4 TFLOPS with 64
has a two-dimensional structure, is known to have characteristic nodes of the Earth Simulator (ES), which corresponds to 20 %
physical properties, such as high electron mobility, and then of the peak performance.
expected as low energy electron device materials. So far, several
fabrication methods have proposed, such as the graphite-peeling 3. Results and discussions
method [1], the chemical vapor deposition method [2], and the Si We investigated the effect of the inclination of the substrate
sublimation method [3]. Especially, the Si sublimation method on the graphene growth. Here, we simulated two different
is expected to fabricate high-quality graphene, and then has been inclination angles. One has the inclination angle of 24 degrees
intensively studied. However, it is known to be difficult to control inclined from (0001) surface and the other has 30 degrees. Figure
the thickness and the quality of graphene and one of the reasons 1(a), (b), and (c) show the result for the 24-degree system; (a)
of this difficulty comes from the lack of knowledge with regard to side view, (b) top view and (c) the magnified figure of the two
the growth mechanism. In this study, we investigated the growth dimensional (2D) structure circled with the blue line shown in
mechanism of graphene on SiC substrate by Si sublimation by (b). The 24-degree system consists of (0001) terrace and (11-
using first-principles molecular dynamics simulations. 2n) facet, as shown in Fig. 1(a). Figure 1(d), (e), and (f) show
the result for the 30-degree system; (a) side view, (b) top view
2. Calculation method and (c) the magnified figure of the 2D structure shown in (e).
PHASE/O is an electronic structure calculation program, The 30-degree system consists of only (11-2n) facet, as shown in
which has been developed by Institute of Industrial Science (IIS), Fig. 1(d). On both surfaces, the growth process is almost same.
the University of Tokyo, and National Institute for Materials We observed C atoms first form one dimensional (1D) structures

Science (NIMS) [4]. This program is based on the density rather than 2D structures consisting of ring structures. Note that
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(a)

BT

Fig. 1 Graphene growth depending on the inclination angle:

(a) side view of the 24-degree system, (b) top view of the 24-degree system, (c) magnified figure of the 2D structure circled with a blue line shown

in (b), (d) side view of the 30-degree system, (¢) top view of the 30-degree system, and (f) magnified figure of the 2D structure shown in (e).

single ring structures are hardly formed. There is a theoretical
report that 1D structures are more stable than ring structures
for small number of C atoms on metal surfaces [5]. Then, 1D
structures get together to form 2D structures through the repeat
of combination and separation. On the other hand, the shape of
2D structures depends on the substrate surface structures. On
(0001) terraces, 2D structures become relatively flat, as shown
in Fig. 1(c), while on (11-2n) facets, 2D structures have curves
like a part of spherical structures, as shown in Fig. 1(f). This
difference comes from the difference in the bond density between
2D structures and Si atoms of the substrate surface. On (0001)
terraces, the array of surface Si atoms are almost commensurate
with 2D structures and Si-C bonds are formed with high density,
making 2D structures flat, while on (11-2n) faces, due to less
density of surface Si atoms, Si-C bonds are not formed so much,
resulting in forming curved structures. We also investigated the
effect of growth temperature on the growth process and the shape
of 2D structures and found that the shape of 2D structures may
depend on the growth temperature. These findings must provide
the knowledge for controlling the fabrication of high quality

graphene or other C-based structures like carbon nanotubes.
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4. Summary

We investigated the growth process of graphene on SiC
substrate by Si sublimation by using first-principles molecular
dynamics simulations. It is found that the growth temperature
and the substrate surface structure have much influence on the
shape of formed 2D structures. The findings obtained in this
study must help control the fabrication of high quality graphene

or other C-based structures like carbon nanotubes.
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