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We investigated the interaction between graphene buffer layer (BL) grown on SiC substrate by Si sublimation and hydrogen atoms

by using first-principles calculations. We found that H atom adsorption energy largely depends on C atom sites in BL, because each

of them has different local structure and reactivity. The activation energy of the adsorption of H, molecule is 0.9 eV and that of the

desorption process is 2.5 eV. It is considered that H atoms on BL would desorb from it at the temperature at which the experiments

are conducted. We also found that the activation energy of the H penetration through BL is 4.9 eV, which is quite larger than that of

H, desorption, then we consider that H atoms would desorb from BL rather than penetrate through BL. These findings must provide

the knowledge for controlling the fabrication of high quality graphene on SiC substrate. 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, hydrogen, first-principles molecular dynamics

1. Purpose

To stop the global warming, the decrease of the amount of
carbon dioxide in atmosphere is one of 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 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 proposed, such as the graphite-peeling
method [1], the chemical vapor deposition method [2], and
the Si sublimation method [3]. Especially, the Si sublimation
method is expected to fabricate high-quality graphene, and
then has been intensively studied. In reality, the C-atom layer
directly attached to the 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 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 interaction between BL grown on
SiC substrate and H atoms by using first-principles density

functional calculations.

163

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 the molecular
dynamics simulations for 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 20% of the peak performance.

3. Results and discussions

We first investigated the adsorption process of H, molecule
on BL, as shown in Fig. 1, in which energy values are based
on that of H, molecule in vacuum. The total adsorption energy
for two H atoms is 1.6 eV, meaning that each atom has the
adsorption energy of 0.8 eV and then H, molecules prefer to
dissociatively adsorb on BL. The activation energy of this
process is 0.9 eV and that of the reverse process is 2.5 eV.
Considering the fact that H atoms on Si(001) surface desorb
from the surface at around 780K with the activation energy of
about 2.5eV [5], we conjecture that H atoms on BL would also
desorb from it at the temperature at which the experiments are
conducted (above 870K) [6].
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Fig. 1 Adsorption process of H, molecule on BL.

Next, we investigate the diffusion process of H atoms on BL,
as shown in Fig. 2, in which energy values are based on that of
H, molecule in vacuum. The initial/final state has the energy of
-0.8 eV and the transition state which correspond to the highest
point along the reaction path has the energy of 0.9 eV. Then,
the activation energy of the H atom diffusion is 1.7 eV. It is
considered that H atoms can diffuse only in a limited area of
BL, because some sites in BL has higher energy to diffuse, then
H atoms would desorb from BL rather than diffuse further.

We also investigate the penetration process of H atoms
through BL, as shown in Fig. 3, in which energy values are based
on that of H, molecule in vacuum. The initial state has the energy
of -0.8 eV and the final one has the energy of about 0 eV. So, H
atoms prefers to stay on BL rather than penetrate through BL.
The transition state which correspond to the highest point along
the reaction path has the energy of 4.0 eV and then the activation
energy of the penetration process is 4.9 eV, which is quite larger
than that of H, desorption process shown in Fig. 1. This means
that H atoms prefer to desorb from BL rather than penetrate
through BL to intercalate between BL and SiC substrate.

"~

0.5

Energy (eV)
S

0 0.5 1 1.5 2 2.5

Reaction path (angstrom)
Fig. 2 Diffusion process of H atom on BL.

These findings must provide the knowledge for controlling the

fabrication of high quality graphene on SiC substrate.
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Fig. 3 Penetration process of H atoms through BL.

4. Summary
We investigated the interaction between BL grown on

SiC substrate and H atoms by using first-principles density
functional calculations. It is found that H atoms would not stay
on BL but desorb from it at the temperature at the experiments
are conducted. We have to consider other processes for the
H intercalation between BL and SiC substrate. The findings
obtained in this study must help control the fabrication of high
quality graphene.
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