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We investigated the interaction between graphene buffer layer (BL) grown on SiC substrate by the SiC thermal decomposition
method and hydrogen atoms by using first-principles calculations. We found that H molecules put in a BL/SiC interface are
spontaneously dissociated and the resultant H atoms adsorb at Si dangling bonds of SiC surface. To study the diffusion of H
atoms in a BL/SiC interface, we performed a molecular dynamics simulation at a temperature of 1500 K and found that the H-
atom diffusivity depends on the H atom coverage. Through the analyses of the BL and H-atom heights, we also found that BL
above H atoms reduces the vibration of H atoms along the direction normal to the surface and enhances those along the direction

parallel to the surface, leading to the enhancement of the H-atom diffusivity seen for a higher H-atom coverage case.

Keywords : graphene, silicon carbide (SiC), hydrogen (H), first principles molecular dynamics

1. Introduction

To stop the global warming, the decrease of the amount of
carbon dioxide in atmosphere is one of the urgent issues. For it,
materials science can play roles through the development of new
materials such as solar battery, fuel cell, and low energy device
systems. Graphene, which is made of only carbon (C) atoms and
has a two-dimensional honeycomb structure, is known to have
characteristic physical properties, such as high electron mobility,
and then expected as low energy electron device materials. So far,
several fabrication methods have been proposed, such as the
graphite-peeling method [1], the chemical vapor deposition
method [2], and the SiC thermal decomposition method [3].
Especially, the SiC thermal decomposition method is expected to
fabricate high-quality graphene, and then has been intensively
studied. The C-atom layer grown on a SiC substrate is not
graphene but so-called buffer layer (BL), which has similar
honeycomb structure to graphene but does not have the
graphene’s characteristic electronic structures due to the lack of
the Dirac cone. To utilize BL grown on a SiC substrate as
graphene, it is necessary to anneal it under hydrogen (H) ambient
to intercalate H atoms between BL and SiC substrate to break the
covalent bond between C atoms of BL and Si atoms of SiC
surface. However, the lack of knowledge on the intercalation
mechanism make it difficult to control this process to obtain high
quality graphene. In this study, we investigated the diffusion of H
atoms intercalated between BL/SiC interface by using first-
principles density functional calculations.

2. Calculation method

PHASE/O is an electronic structure calculation program,
which has been developed by Institute of Industrial Science (IIS),
the University of Tokyo, and National Institute for Materials

Science (NIMS) [4]. This program is based on the density
functional theory and the pseudopotential scheme. This code can
calculate electronic structure and then describe the bonding state
between atoms quite well. This is important for molecular
dynamics simulations on complicated systems such as the
graphene growth studied in this work. PHASE/O exhibited the
performance of 4TFLOPS with 64 nodes of the Earth Simulator
(ES), which corresponds to 25% of the peak performance.

3. Results and discussions
We already obtained the result that H> molecules intercalated
into BL/SiC interface spontaneously dissociate and each
resultant H atom makes a bond with a substrate Si atom. To study
the H diffusion in a BL/SiC interface in detail , we performed a
molecular dynamics (MD) simulation at the temperature of 1500
K. Figure 1 shows the time evolution of the mean square
displacement (MSD) of H atoms. Here, we consider two cases.
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Fig. 1 Time evolution of the mean square displacement (MSD) of H
diffusion: eight H atoms case (blue) and eighteen H atoms case (red).
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Fig. 2 Time evolution of the height of BL grown on SiC substrate: zero-H-atom case (left), eight-H-atom case (center), and eighteen-H-atom case (right).

One is an eight-H-atom case (blue) and the other is an eighteen-
H-atom case (red). The inclination of MSD corresponds to the
diffusivity. Then, the difference in the inclination of MSDs
shown in Fig. 1 means that the H-atom diffusivity depends on the
H coverage. The dependence must be related to the interaction
between BL and H atoms. To investigate the influence of BL on
the diffusivity, we analyze the height of BL and H atoms. Figure
2 shows the time evolution of the BL height. The BL height
depends on the H coverage. A higher H coverage system has a
higher BL position. It is considered that this is due to the breaking
of the bonds between BL and SiC substrate and the repulsive
force between H atoms and BL. This effect is more significant in
a higher H coverage system. Figure 3 shows the time evolution
of the H-atom height. Here, we also simulated an eighteen-H-
atom system without BL. H atom position in a system without
BL is apparently higher than those in systems with BL. The
repulsive force between BL and H atoms have H atoms go down.
Instead, H atoms vibrate along the direction parallel to the surface
more than those in a system without BL. This wider area of the
H-atom vibration along the surface helps a H atom approach to
the neighboring surface Si atoms and hop to them, leading to the
enhancement of the H-atom diffusivity.
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4. Summary

We investigated the diffusion of H atoms intercalated into
BL/SiC interface by using first-principles calculations. It is found
that the H atom diffusivity depends on a H-atom coverage. This
is related to the change in the vibration area of H atoms.
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Fig. 3 Time evolution of the height of H atoms: an eighteen-H-atom case without BL (left), an eight-H-atom case with BL (center), and an eighteen-H-atom
case with BL (right).
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