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Two-dimensional carbon-base materials such as graphene and graphite have
shown great potential for next-generation electronic devices. The interesting property
of graphene, which is important to optoelectronic devices, is carrier multiplication. That
means a single photon generates charge carriers more than one by the Auger process.
However, one of the disadvantages to being useful as an electronic material is the lack
of bandgap. In this work, the electronic structure of nano-scale crystalline highly
oriented pyrolytic graphite (HOPG) (one of the two-dimensional carbon-base
materials) that was prepared by ion beam sputtered was investigated. The shape of nano
HOPGs is a square island on a substrate cover area of 100 x 100 um?. Moreover, the
array of nano HOPGs will still be in the same crystalline orientation as the original
substrate. By using angle resolved photoemission spectroscopy (ARPES), the energy
gap of nano HOPG was observed. The symmetrized ARPES spectrum of nanoscale
HOPG revealed the gap opening of approximately 90 meV.

To prove how the opening of the energy gap occurred, Raman spectroscopy and
theoretical computation using density function theory were also used in the

explanations. A look at nanoscale HOPG shows that the peak position of the 2D mode



111

is a lot more redshifted than it is on the surface of the HOPG refers to the decreasing
frequency of the 2D mode. There is a possibility that this redshift may come from the
expansion of the carbon hexagonal ring, which is called tensile strain. In order to figure
out how strain changes the electronic structure of graphene-based materials, we did
first-principle calculations of the electronic band structure of graphene under a single
tensile strain. The results of this calculation reveal the probability of gap opening
coming from the tensile strain, which is quite consistent with the experimental results.
This finding suggests a new kind of method to create and control the bandgap of large

area 2D carbon base material.
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