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ABSTRACT

Using the first principles calculation, we investigated the structural, electronic, and strain-
dependent optical properties of the two-dimensional hexagonal Silicon Carbide (SiC)
Monolayer. We found that the biaxial compressive strain loading gradually changes the direct
bandgap SiC into indirect bandgap semiconductor. The compressive strain increases the
bandgap but reduces the values of static dielectric constant and refractive index. Conversely,
the biaxial tensile strain loading decreases the bandgap but increases the value of static
dielectric constant and refractive index. The result shows that the electronic and optical
properties of SiC can be engineered to the desired value by applying strain. The large bandgap
issue for the SiC monolayer is limiting its uses in different applications which can be overcome

with the help of biaxial strain.
Keywords: DFT; Strain; Optical properties.

1. INTRODUCTION

After the discovery of graphene [1], two-
dimensional graphene-like materials have drawn
considerable attention from many researchers. The
hexagonal graphene-like Silicon Carbide (SiC) is
an energetically, mechanically, and chemically
stable [2] two-dimensional material. It exhibits a
wide direct bandgap. This semiconducting property
allows it in fabricating the light-emitting diodes
(LEDs), Solar cells, and many other optoelectronic
device applications. Monolayer SiC shows better
photoluminescence (PL) than its bulk counterpart.
This can be illustrated by the quantum confinement
effect. Compared to other semiconductors (GaN,
BP, AIN, etc.) monolayer SiC has the largest value
of in-plane stiffness [3]. Recent studies show that
the local magnetic moment in the SiC monolayer
appears only in the presence of silicon-vacancy in
the monolayer [4]. Recent progress in the
fabrication of SiC monolayer shows that it is an
excellent semiconductor for different optoelectronic
device applications.

In this work, we comparatively studied the
electronic and optical properties of the SiC
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monolayer at compressive and tensile strain loading
regimes using the density functional theory.

2. COMPUTATIONAL DETAILS

All the calculations presented in this paper are done
using the density functional theory as implemented
in the Spanish Initiative for Electronic Simulations
with Thousands of Atoms(SIESTA) code [5,6]. The
pseudopotential is constructed using Troullier
Martins Method [7]. The generalized gradient
approximation (GGA) [8]function with Perdew-
Burke-Ernzerhof(PBE) [8] is adopted to treat the
effects of correlation and electronic exchange. In all
the calculations, we used the double zeta plus
polarization (DZP) as basis sets. Monkhrost
pack [9] scheme has been used for Brillouin zone
integration using 15x15x1.An energy cutoff of 450
Ry for the expansion of the reciprocal space. The
atomic relaxation was achieved when the force
reached the value of 0.002 eV/A using the standard
conjugate-gradient (CG) technique. The
convergence criteria for the energy of the self-
consistent field is set to be 1.0x 10 ®A. The
vacuum gap of 25 A between adjacent direction has



been used to prevent interactions between the
adjacent unit cells.

Optical properties are calculated by applying the
electromagnetic field in parallel to the 2d
monolayer plane. Optical spectra are made smooth
by applying Gaussian broadening value to 0.02eV.
The optical mesh points are chosen to be 45x 45x 3.
The f-sum rule [10] was obtained within the energy
range of 0-40 eV. The self-consistent ground state
energies and Eigenfunction is used in the dipolar
transition matrix, to calculate the imaginary part of
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the dielectric function (g, ), the real part(e, ) of the
dielectric function, reflectance spectra, absorption
coefficient refractive index are investigated. For in-
plane biaxial strain(s =(a—a,)/a,), is applied
equally in XY-plane, werea,andaare the lattice

constants of the system before and after the
deformation, respectively. The strain (g) is loaded
by varying the lattice vectors from -16% to +16%
and then electronic and optical properties are
analyzed.

(a)

Strain Energy (eV)

Compressive strain

-0.15 -0.12 -0.09

S

Tensile strain

0 0.03 0.06 0.09 0.12 0.15

train

Fig. 1. Biaxial strain loading regime for SiC monolayer around the harmonic elastic range

3. RESULTS AND DISCUSSION

3.1 Strain effect on the structural and electronic
properties of SiC monolayer.

The monolayer structure optimized without spin
effect has lattice constant and bond distance
between silicon and carbon 3.10A and 1.80A
respectively. The cohesive energy of the
monolayer is calculated by subtracting the energy
of isolated atoms of Si and C from the compound
silicon carbide total energy. The cohesive energy
of the monolayer is -6.81eV/atom indicates a
highly stable compound. Further biaxial strain (g)
is loaded with increasing compressive and strain
within the elastic range. The minimum strain
energy is located at equilibrium structure (0%
strain) indicating that the most stable structure of
monolayer SiC is the strain free-structure. The

61

lattice parameters (a=b) and bond is increasing
linearly with the strain increment. The strain-free
monolayer is a direct bandgap semiconductor
with a bandgap of 2.32 eV. The band structure
alongside DOS is depicted in Fig. 2. The
calculated structural and electronic properties
fairly agrees with the previously reported
results [11]. Although, the GGA-PBE calculation
underestimates the bandgap we try to explore the
change in the electronic band structure of the
monolayer by applying the biaxial strain shown
in Fig. 2. The bandgap is increasing during
compressive strain and decreases during tensile
strain as illustrated in figure 3. The change in
bandgap is due to the (i) repulsive effect between
valence and conduction  band [12], (ii)
delocalization effect [13].
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Fig. 2: (a) Electronic band structure alongside DOS of the SiC monolayer at a different value of biaxial tensile strain,
the horizontal line lines show the Fermi level.

3.2 Strain effect on the optical properties of SiC

monolayer

In optical properties, we calculate the imaginary
and real part of the dielectric function, static
dielectric constant, refractive index, and absorption
coefficient for the parallel incidence of light on the

monolayer for the compressive

(a1

strain (ai ) and

tensile strain (b) is shown in Fig. 3. Optical

spectra for the compressive strain are decreased in
compressive strain whereas, increased for tensile
strain. The static dielectric constant, static
refractive index value increases for tensile strain
and decreases for the compressive strain.
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Fig. 3: Optical parameters: (a1, bl) imaginary dielectric function (az, bz)real part of dielectric function (83, b3)

absorption coefficient (a4 b, )refractive index (85 , b5) reflectance.

The value of static dielectric constant (€,) is the
value of the dielectric function (€,) at zero energy
and static refractive index () is the value of the
refraction index at zero energy. The value of static
dielectric constant and refractive index at strain-
free case is found to be 2.12 eV, 1.42 respectively.
This result is in good agreement with the previously
reported data [14]. The values of €, increases
continuously with tensile strain and decrease by the
compressive strain. A similar result is observed in
the case of static refractive index as shown in Fig.3.
Moreover, the reflection peaks show that the
monolayer is almost transparent above 20 eV for
strain-free as well as strain loading conditions. The
highest absorption peaks for monolayer occurs at
8.1 eV of photon energy for the strain-free
condition which gradually varies with the applied
strain.

4. CONCLUSIONS

The effect of strain on electronic and optical
properties of SiC is investigated using Density
Functional Theory. The bandgap increases during
compressive strain and decreases for tensile strain.
Also, optical properties can be altered by applying
strain which can be implemented in next-generation
optoelectronic devices.
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