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Abstract: We report results from first-principles density functional calculations using the full-potential linear
augmented plane wave (FP-LAPW) method. For the exchange-correlation potential, local-density approximation
(LDA) and generalized gradient approximation of Wu and Cohen (GGA-WC) have been used to calculate the
structural, electronic properties of the zinc-blende GaAs, InAs, GaN and InN compounds. The alternative form
of GGA proposed by Engel and Vosko (EV-GGA), and the modified Becke-Johnson exchange potential+LDA-
correlation (MBJLDA) were also used for the electronic band structure and optical properties. The results
obtained for structural, electronic and optical properties are compared with other computational work and
experimental data. These compounds are direct band gap semiconductors, where the valence band maximum is
located at the I'V point, and the conduction band minimum is located at the I'® point. In addition to that, detailed
descriptions of the band structures, density of states and electronic charge densities were evaluated. The optical
properties of these compounds, namely the real and the imaginary parts of the dielectric function, reflectivity
and absorption coefficient were analyzed. Copyright © 2014 IFSA Publishing, S. L.
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1. Introduction

Semiconductor materials are essential for modern
electronics, many conductors based devices (such as
computer and mobile phones) have become an
inseparable part of everyday life. The best known and
most widely used semiconductor material is silicon
but many others have important applications as well
[1]. This gives salutary latitude to researchers to
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develop new materials that have special qualities
sought. However, the semiconductors III-V are
rapidly emerged as the materials of choice. The I1I-V
group elements are considered an important class of
materials and this through the adjustment of their
lattice parameter, energy band gap and other physical
parameters that can be adjusted and controlled for
obtaining a desired good optoelectronic component
[2]. The III-V materials are semiconductor
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compounds formed from an element of the third
column and an element of the fifth column of the
Periodic table and have nearly all a direct gap. III-
arsenide where the gallium arsenide and indium
arsenide are the best known representative with a gap
of 1.52 eV for GaAs [3] and 0.42 eV for InAs [4],
this group has another great strength resides in the
large number of alloys possible between B, Al, Ga, In
and As.

Very little experimental and theoretical work has
been reported in literature about the structural and
electronic properties of these compounds. The gap
for Il-arsenide always remains less than 2.5 eV
about, and we cannot consider them as wide band gap
materials. The coming of new materials, such as
[I-nitride goes expand this family of semiconductor
II-V. The IHl-nitrides, gallium nitride (GaN) and
indium nitride (InN) are essentially candidate
materials for optoelectronic applications in such
photon energy [5], because they form a continuous
alloy system (InGaN, InAIN and AlGaN) whose
direct band gap in the cubic phase range from 0.7 eV
[6,7] for InN, and 3.20 eV for GaN [3]. These
nitrides of the band gap of 0.7 to 3.2 eV, can there to
cover the entire spectral range from the near infrared
to ultraviolet (1771 to 387 nm).

In this paper we report results of a systematic
study of structural, electronic structure and linear
optical properties of GaAs, InAs, GaN and InN
crystals in zinc-blende. First principles calculations
were performed within the density functional theory
(DFT) framework [8]. The underestimation in the
energy band gap performed by GGA-EV and
MBJLDA was corrected by the scissor operator
technique. The rest of the paper is organized as
follows: in Section 2 we show our method of
calculation. In Section 3 we present our results of the
calculations, and discuss the linear optical properties.
A summary of our work is given in Section 4.

2. Computational Details

In this work, the calculation for the structural,
electronic and optical properties of zinc-blende
binary GaAs, InAs, GaN and InN were performed
using the full-potential linear augmented plane wave
(FP-LAPW) within the framework of the density
functional theory (DFT) as implemented in the
wien2k computer code [9]. For the FP-LAPW
calculations reported in this paper, the exchange and
correlation effects were treated by using the recent
form of GGA proposed by Wu and Cohen (WC-
GGA) [10] and the standard local density
approximation (LDA) using the scheme of Ceperly-
Alder as parameterized by Pedrew-Zunger [11]. In
addition we used the Engel-Vosko (GGA-EV)
formalism [12] and the modified Becke-Johnson
approach (MBJLDA) [3], which optimize the
corresponding  potential  for band  structure
calculations. Both last approximations were

developed only for calculating the energy band
structure and not the structural parameters.

To achieve energy eigenvalues convergence, the
plane wave expansion with an RmtxKmax was equal
to 9, where Ryr is the smallest radii of the muffin-tin
spheres and Kyax is the cut-off for the wave function
basis. The Rur values (muffin-tin radii) were taken to
be 2.0, 2.1 and 2.0 atomic unit (a.u) for Ga, As and
In, respectively for GaAs and InAs binary
compounds. In the case of GaN and InN, we chose a
value of 1.83, 2.00 and 1.74 atomic unit (a.u) for Ga,
In and N respectively. The maximum value for the
angular momentum quantum ln.x=10 is adopted for
the wave function expansion inside the atomic
spheres, while the charge density Fourier expanded
up to Gmax=12 (a.u)'. Self-consistent calculations are
considered to have converged when the total energy
of the system is stable within <10 Ryd. Integrals
over the Brillouin Zone were performed up to
47 k-points (grid of 10x10x10 meshes, equivalent to
1000 K-points in the entire BZ) in the irreductible
BZ.

3. Results and Discussions

3.1. Structural Parameters

The equilibrium structural parameters of all
binaries zinc-blende were performed by fitting the
total energy versus volume to the Murnaghan’s
equation of states [13, 14].

B)
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where Ey is the equilibrium energy, By the bulk
modulus, By’ is the first derivate of By. The
equilibrium volume, lattice constants, bulk modulus
B and its first pressure derivative B” were calculated
within de GGA-WC and LDA approximations. We
calculated the total energy versus unit cell volume of
GaAs, GaN, InAs and InN compounds as shown in
Fig. 1. From the energy volume curves obtained, the
equilibrium volume, bulk modulus and the
derivatives of the bulk modulus are obtained and
listed in Table 1. This table displays the obtained
values for the structural properties compared with
previous experimental data and other calculation
results. We analyzed these results we found a quite
good agreement between our results and the available
published works. We note from our results that the
calculated lattice constant within the LDA is lower
than the experimental value by about 0.5691 % for
GaAs and 0.7711 % for GaN. A low difference was
also noticed for InAs and InN, only 0.1540 % and
0.6706 % compared to the experimental value for
InAs and InN, respectively. While the calculated
values with GGA-WC are 0.4450 % larger for GaAs,
0.1777 % for GaN, 0.9128 % for InAs and 0.3032 %
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calculated bulk lattice constant obtained from GGA-
WC and LDA calculations are also shown to be in
good agreement with the available experimental and
other reported theoretical results.

larger for InN, which is due to the general trend of
these approximations, the LDA underestimate the
lattice constant while the GGA overestimate it.
Moreover, we also calculated the bulk modulus B and
its first derivative B’, we remark from these that the
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Fig. 1. Total energy versus volume using GGA-WC and LDA approximations for GaAs, GaN, InAs
and InN binary compounds.

Table 1. The lattice constant a, volume V, the bulk modulus B and its first derivative B’ of GaAs, GaN, InAs and InN
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compounds compared to experimental and theoretical values.

Compounds M ethod a(A) V (a.u)? B (GPa) B’
GaAs
Present work FP-LDA 5.6079 297.5369 74.0432 4.8795
FP-GGA(WC) | 5.6654 306.7886 69.6748 4.3434
Experiment 5.640[15] 77.00 [15]
Other theoretical works 5.608 [16] 297.606 [16] | 75.20 [16] 4.814[16]
5.666 [17] 69.60 [17]
5.580 [18] 74.53 [18]
GaN
Present work FP-LDA 4.4653 150.2600 206.5215 4.7725
FP-GGA(WC) | 4.5080 154.5602 193.2144 4.8924
Experiment 4.50[4, 19] 190 [27]
Other theoretical works 4.48 [20] 192.564 [20] | 4.963 [20]
4.50 [21]
InAs
Present work FP-LDA 6.0267 369.2939 59.8387 45114
FP-GGA(WC) | 6.0911 381.2687 55.1203 4.7349
Experiment 6.036 [16, 22] 58.00 [16] 4.79[16]
Other theoretical works 6.015 [23] 60.30 [23] 4.90 [23]
5.956 [24] 65.70 [24]
6.191 [25] 48.68 [25]
InN
Present work FP-LDA 4.9466 204.2016 147.2566 4.8909
FP-GGA(WC) | 4.9951 210.2707 136.5642 4.7334
Experiment 4.98 [4, 26] 137 [27]
Other theoretical works 4.957 [24] 183.3 [24]
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3.2. Electronic Properties

The band structure of the constituents GaAs,
GaN, InAs, InN in the zinc-blende phase, the total
and partial density of states (DOS) and the electronic
charge densities have been calculated at the
theoretical equilibrium lattice constant.

The calculated electronic band structure along
high symmetry lines of the first Brillouin zone for all
compounds and the total densities of state using
MBIJLDA approximation are presented in Figs. 2
and 3. All zinc-blende binaries are direct band gap
because the top valence and the bottom conduction
are found at I point. From Table 2, the results by
using GGA-WC approximation indicate values of
0.341 and 1.650 eV for GaAs and GaN, respectively,
while the LDA gives a band gap of 0.463 and 1.915
eV for GaAs and GaN. In the case of InAs and InN,
GGA-WC and LDA methods gave practically a zero
band gap (0eV). A known effect of LDA and GGA-
WC is the underestimation of the band gap of
semiconductors. In order to obtain a more accurate
band structure, we have calculated a band gap of all
binaries by using another functionals such as the EV-
GGA and the MBJLDA. In EV-GGA, Engel and
Vosko have proposed an alternative form of
generalized gradient approximation which was
obtained by optimizing the exchange-correlation
potential [12]. The calculated electronic band gaps
with EV-GGA are presented in Table 2. The band
gap has been evaluated to be 0.968, 2.293, 0.224 and
0.114 eV for GaAs, GaN, InAs and InN respectively,
which are in reasonable agreement with other
calculations, but still far from the experimental
values. We calculated the band gap by using the
modified Beche-Johnson combined with the local
density approximation (MBJLDA) in order to obtain
a best value of the gap energy (closer to experiment).
The detail of this approach is well explained in ref. 3.

Now we present the calculated partial and the
projected density of states (DOS) using EV-GGA and
MBIJLDA approximations. The predicted density of
states (DOS) shows not much difference between
GGA-WC, LDA, EV-GGA and MBJLDA. Because
of this similarity, we analyzed and presented in this
section only the DOS obtained with the MBJLDA.
From Figs. 2 and 3, we remark that for all
compounds, the valence band region is divided into
three sets that we will call low-, intermediate-, and
higher-energy band.

To obtain a deeper understanding of the electronic
structure of our compounds, we analyzed the
contribution of each atomic character in a series of
bands by decomposing the total density of states into
contributions of s, p and d orbitals (Figs. 4 and 5).
For GaAs and InAs, the valence band between -14.8
to 14.4eV is formed by d orbitals of Ga and In atoms,
for GaN and InN compounds, the contribution of
d states of Ga, In and N atoms appears clearly in this
region (from -16 to-14.4eV). The intermediate energy
band in the range of -12.4 to -9.8 ¢V comes from
As s orbitals for GaAs and InAs compounds, while

[
GaAs i /

Energy (ev)

N g/(?\<
¢
b A

= ANRARRERAN
ol
—
o
£
~

Total DOS
16 - 255 ARARERRRRRE
14 GaN Z :
4 TS :
e 3
£ N Vi
5o 3
8 oL E
Q = 3
5 2% A
V£ ~C
Ja HE
= 3
w0t 3
12 F—] [ 3
-16 £ =
w L r X W K  TotalDOS
16 1 - -
14 E InAsg% A =
12%& /?\f E
10 5 NS 7
gi\/%< \ E
X\ \V I
== = E
AN N =
fa7 NE
= = &
oF 3
_g; é E
.10 BE—0u| — E
E \/ e E
-12 = — E
wE E|: E
16 £ EI TNWNANE
w L r X W K  TotalDOS

Fig. 2. Calculated band structure and total density of states

for GaAs, GaN and InAs using MBJLDA.
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Fig. 3. Calculated band structure and total density of states

for InN using MBJLDA.

Table 2. The energy band gap (Eg) for GaAs, GaN,

InAs and InN.
Computationnel
Compounds naethod Eg (ev)
GaAs
Present work GGA-WC 0.341
LDA 0.463
GGA-EV 0.968
MBJLDA 1.560
Experiment 1.520[3]
Other theoretical GGA 0.51[16]
works LDA 0.28 [16]
GGA-EV 0.97 [28]
MBJLDA 1.64 [3]
GaN
Present work GGA-WC 1.650
LDA 1.915
GGA-EV 2.293
MBJLDA 2.933
Experiment 3.20[3,19]
Other theoretical LDA 1.80 [29]
works LDA 1.63 [3]
MBJLDA 2.81[3]
InAs
Present work GGA-WC 0.00
LDA 0.00
GGA-EV 0.224
MBJLDA 0.593
Experiment 0.420[4]
Other theoretical LDA 0.00 [30]
works GGA 0.00 [16]
GGA-EV 0.40[16]
InN
Present work GGA-WC 0.00
LDA 0.00
GGA-EV 0.114
MBJLDA 0.741
Experiment 0.7[6,7]
Other theoretical LDA 0.00 [31]
works GGA 0.00 [31]
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for GaN and InN, the dominance comes from d
orbitals of Ga and In atoms in range -13.8 to
-11.6 eV. Near the gap, the higher-energy valence
band is divided into two sub-bands, the first sub-band
energy from -6.4 to -4 eV for GaAs and GaN is a
constitution of s and p characters of Ga, As and N
atoms, the second from -3.8 to 0 eV is formed by p
states of Ga and As atoms in the case of GaAs
compound, while for GaN, this second sub-band is
formed of mixture of p and d states of Ga and N
atoms. For InAs and InN, we observed that the sub-
band energy range from -5.4 to -3 eV contain a
mixture of In-s and As-p for InAs and In-s and N-p
for InN, while for the energy range of -3 eV up to
Fermi energy (Er), the region is dominated by p
states of In, As and N atoms, with a small
contribution comes from In-d orbital for InN.
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One of the more obvious ways to analyze the
nature of the chemical binding of a material is to
simply inspect the calculated charge density. The
bonding properties of the investigated compounds
were explained by the investigation of the electronic
charge density contours in the (110) plane as shown
in Fig. 6. We have presented only the MBJLDA
calculations of the electronic charge densities of our
binary compounds, we presented here not only the
2D contour, but also the distribution of the electronic
charge density in 3D, to better visualize the
contribution of electrons for each atom. The contour
plots show more covalent bonding between Ga-As
and In-As, while for GaN and InN compounds, pure
covalent bonding is not known to exist, these
compounds have a degree of ionic bonding between
Ga-N and In-N which depends on the Pauling
electronegativity difference of Ga(1.81), In(1.78) and
N(3.0) atoms. Thus, Arsenic changed with Nitride,
the ionic character becomes significant, with a polar
covalent bond for all atoms.

3.3. Optical Properties

Several areas where the light reacts with the matter
are obviously of practices interest. Studies of the
optical properties of solids have been proven to

be a powerful tool for understanding the electronic
and atomic structure of these materials [32]. Given
that our study are to develop an understanding of the
optical properties and predict the possibility of
finding compounds desirable for use in optical
applications. The optical properties can be described
by means of the dielectric function &(w) that can be
used to explain the response linear crystal system for
electromagnetic radiation. The imaginary part of the
dielectric function in the long wavelength limit has
been obtained directly from the electronic structure
calculation, using the joint density of states and the
optical matrix elements. The real part &(w0) of
dielectric function can be derived from the imaginary
part &(w) by the Kramer-Kronig relationship. The
dielectric function is given by

e(w)=¢g(w)+ig,(w) 2)

The imaginary part &(w) of dielectric function
derives from the appropriate momentum matrix, is
given by [33].

eh ol K £
ez(w)=m;8jz|mw( | Slaw (0 -wldk (3

Fig. 6. The 3D bonding charge density distributions and contours projected for GaAs, InAs, GaN and InN using MBJLDA.
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The integral is over the first Brillouin zone [17],
M., (k)= <uck le.V|u,x > is the momentum elements,

where e is the potential vector defining the electric
field.

The real part €;(w) of dielectric function can be
obtained from &(w) by the Kramer-Kronig
transformation [34].

1.2 [0e@)
gl(w)—1+”p_([mdw “)

With the Knowledge of both parts of the dielectric
function, we can easily determine the reflectivity
R(w) and the absorption coefficient a(w).

8%(0))—1

R(w) =|————
g% (w)+1

(6))

1

a(w)=m[(\/sﬁw)+s§<w))—el<w)r ©)

GaAs and InAs binaries crystallize under normal
conditions in the cubic zinc-blende (ZB) lattice
(space group Td?-F 4 3m) [35]. This symmetry group
has one component of the dielectric tensor. Gallium
nitride and indium nitride crystallize under normal
conditions in the (hexagonal) wurtzite lattice (space
group Ce*-P63mc). Work on zinc-blende nitrides is
motivated by the potential advantages that these
materials would offer for electronic and opto-
electronic applications, compared to the hexagonal
nitrides [36]. We use the ZB structure for all
concerned compounds.

In order to calculate g/(®), one needs to have a
good representation of &(w), a dense mesh of
uniformly distributed k-points is required. Hence the
Brillouin zone integration was performed with
560 k-points in the irreducible part of the Brillouin
zone. Since all our binary have cubic symmetry, we
need to calculate only one dielectric tensor
component to completely characterize the linear
optical properties. We should mention that we have
performed the linear optical calculations with GGA-
WC, LDA, GGA-EV and MBJLDA, but we present
only the figures corresponding to the GGA-EV and
MBIJLDA calculations. The half-width lorentzian
broadening [37] is taken to be 0.05 for all our
compounds, using GGA-EV and MBJLDA. We also
note that the scissor operator [38] was taken into
account in our calculation of optical properties, this
value is the difference between the calculated energy
gap and measured one.

Fig. 7 displays the calculated imaginary part of
the electronic dielectric function &(®) of our
compounds within GGA-EV and MBJLDA for a
radiation up to 15 eV for GaAs and InAs, and 20 eV
for GaN and InN.
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Fig. 7. Imaginary part of the dielectric function for GaAs,
InAs, GaN and InN within GGA-EV and MBJLDA
approximations.

We report in the graphs 7(a) and (b), the
experimental results found by Aspnes and Studna
[39], and Philipp and Ehrenreich [40]. Our calculated
&(w) for GaAs and InAs with GGA-EV and
MBJLDA shows better agreement with the
experimental data [39, 40].

As it can be seen in Fig. 7, the edges of optical
absorption of the dielectric function &(w) occurs at
1.41 and 0.42 eV for GaAs and InAs with GGA-EV
and 1.7 and 0.783 eV with MBJLDA. For nitrides
binary (GaN and InN), the absorption threshold takes
values of 3.19 and 1.93 eV for GaN and InN, the
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same values were reported for MBJLDA. These
critical points are I'1s,-I"ic splitting which gives the
threshold for direct optical transitions between the
highest valence and the lowest conduction band. As a
general observation, for arsenide binaries, the curves
7(a) and (b) show three peaks in the energy ranges
between the absorption threshold and 8 eV of photon
energy. These three critical points occurs at about
3.14, 4.88 and 6.20 eV for GaAs with MBJLDA, and
3.19, 5.25 and 6.52 eV with GGA-EV, which are
correspond to the electronic transitions (Ls.-Lic),
(Xs5v-X3c) and (Ls-L3c) respectively. A slight
difference was remarked by comparing our
calculations with experimental results. The positions
of 2.81, 4.71 and 6.08 eV occupy the three critical
points for InAs with MBJLDA, and 2.62, 4.76 and
6.12 eV with GGA-EV, the Aspnes and Studna
results on InAs, shows the peak positions at about
2.7,4.4 and 6.1 eV. This could be interpreted by the
underestimation of the band gap of semiconductor
compounds, hence the uses of the scissor operator
[38] to correct the band gap calculated theoretically,
and bring it to the experimental value of the
corresponding materials. In the other hand, still with
the arsenide binaries, by replacing Ga by In, the peak
height was reduced, this change is attributed to the
reduction of the band gap.

For nitride binaries, the calculated &>(®) shown in
Fig. 7(c) and (d) has three groups of peaks. For GaN,
it be clearly seen from graphs that the first peak
groups is presented in the range energy from the
absorption threshold up about 10 eV of photon
energy, contains two peaks at 7.80 and 8.66 eV with
MBIJLDA and with GGA-EV we note three peaks at
7.17, 8.09 and 8.91 eV. The major peak corresponds
to Xsv-Xic electronic transition. The second group
presents its major peak at the value of 10.84 eV with
GGA-EV and 11.14 eV with MBJLDA for GaN,
while for InN, this major peak is presented at the
values of 10.05 eV and 10.20 eV with GGA-EV and
MBIJLDA respectively. This second major peak
corresponds to electronic transition Xsy-X3.. The
major peak of the third group is found for GaN at
12.85 and 12.93 eV within approximations, 12.55 and
12.50 eV for InN, which corresponds to Ls,-Lic
electronic transition. For all our materials, the main
origin of these peaks is attributed to the interband
transition from the occupied Ga (In) s/p/d and As
(N)_p states to unoccupied Ga (In)_s/p and As (N)_p.

Fig. 8, shows the evolution of the real part &(®)
of dielectric function &(w), the calculated static
dielectric constant €;(0) for arsenide binaries are
9.85 and 9.58 for GaAs with GGA-EV and MBJLDA
respectively. A slight difference is noted with the
experiment results [40]. For InAs, the value i.e. static
dielectric constant &;(0), is presented at about
11.26 and 9.94 with GGA-EV and MBJLDA, the
result of 11.67 is reported with the experimental
measurement [40].

For nitrides binaries we note values of 4.75 and
448 by GGA-EV and MBJLDA for GaN, and
5.76 and 5.09 for InN.
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Fig. 8. Real part of the dielectric function for GaAs, InAs,
GaN and InN compounds using GGA-EV and MBJLDA.

As it can be seen, the calculated values with
GGA-EV are greater than that by MBILDA,
indicating that the obtained ¢€;(0) has inversion
relationship via Penn model [41] based on the
expression g(0)=1+(ho,/Ey)*.

The reflectivity spectra for arsenide and nitride
binaries are shown in Fig. 9.

The maximum reflectivity values for GaAs are
62 and 60.3 % located at about 4.95 and 5.34 eV of
photon energy with MBJLDA and GGA-EV, which
are in the ultraviolet spectra.
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The good agreement with experiment results
[39, 40] is found. For InAs, we note the values of
56.83 and 55.18 % occur at 4.8 eV. In the case of
nitride compounds such as GaN and InN, the
maximum reflectivity spectrum is found around
50 %, we remarked that the photon energies of these
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Fig. 9. Reflectivity variation for GaAs, InAs, GaN and InN
compounds using GGA-EV and MBJLDA.

The experimental results reported from [39] for
GaAs and InAs were added for comparison with our
calculated values. A zero absorption coefficient for

382

maxima reflectivity are higher than that of arsenide
binaries, this is due to the change of arsenide by the
nitride elements.

The calculated wavelength dependences of the
absorption coefficient for GaAs, InAs, GaN and InN
are plotted in Fig. 10.
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Fig. 10. The absorption coefficient as a function of photon
energy of GaAs, InAs, GaN and InN compounds using
GGA-EV and MBJLDA.

all compounds was observed for photons possessing
energies below the band gap (IR region). We remark
also that the absorption coefficient is too low in the
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visible region, and reaches its maximum value in the
UV (Ultra-Violet) region, an MBJLDA value of 203
and 167x104 cm! at photon energy of 4.93 and
4.77 eV were found for GaAs and InAs, respectively;
this was in good agreement with experiment results
[39]. For nitrides binary we note the values of
272 and 256x104 cm™ for GaN and InN at energy of
13.26 and 12.96eV, respectively. However, the
replacement of As by N, increases the peak height,
this increase is attributed to the variation of band gap.

4. Conclusions

In summary, we have made the first principles
calculations to study the fundamental properties of
[-arsenide and nitrides binary compounds GaAs,
InAs, GaN and InN by using the density functional
theory within GGA-WC and LDA approximations.
Our calculated parameters are in quite good
agreement with previous theoretical and experimental
data. In addition, we used two others new developed
approximations as the GGA-EV and MBJLDA which
usually provide a good prediction of the band
structure. The calculated energy gap using GGA-EV
are in reasonable agreement with experimental one.
The MBJLDA method seems to give a better
estimation of the band gap. The total and partial
densities of state and electronic charge densities were
obtained and analyzed. We present results for the
imaginary and real parts of the dielectric function,
however the replacement of Ga by In for IlI-arsenide
and Il-nitride binary, reduced peak height, this
change is attributed to reduction of the band gap.
From the real and imaginary parts of the dielectric
function, the reflectivity and absorption spectrum
were obtained and discussed in detail.

References

[1]. K. Laaksonen, Computational studies of III-V
compound semiconductors, Helsinki University of
Technology, 2009.

[2]. N. Bouarissa, R. Bachiri, Elastic constants and
related properties of AlxGal-xAsySbl-y/InAs, Phys
B., Vol. 322, 2002, pp.193-200.

[3]. F. Tran, P. Blaha, Accurate Band Gaps of
Semiconductors and Insulators with a Semilocal
Exchange-Correlation Potential, Phys. Rev. Lett.,
Vol. 102, 2009, pp. 226401.

[4]. L. Vurgaftman, J. R. Meyer, and L. R. Ram-Mohan,
Band parameters for n-v compound
semiconductors and their alloys, J. Appl. Phys,
Vol. 89, 2001, pp. 5815.

[5]. O Ambacher, Growth and applications of Group III-
nitrides, Appl. Phys., Vol. 31, 1998, pp. 2653-2710.

[6]. R. Ahmed, H. Akbarzadeh, F. e-Aleem, A first
principle study of band structure of IIl-nitride
compounds, Physica B, Vol. 370, 2005, pp. 52-60.

[7]1. J. Wu, W. Walukiewicz, W. Shan, K. M. Yu, J. W.
Ager III, S. X. Li, E. E. Haller, Hai Lu, William J.

(]

[10].

[11].

[12].

[18].

[19].

[21].

[22].

[23].

[24].

. R. Ahmed, S. J.

Schaff, Temperature dependence of the fundamental
band gap of InN, J. Appl. Phys, Vol.. 94, 2003,
pp. 4457-4460.

W. Kohn, L. J. Sham, Self-Consistent Equations
Including Exchange and Correlation Effects, Phys.
Rev., Vol. A140, 1965, pp. 1133.

P. Blaha, K. Schwarz, G. H. Madsen, D. Kvasnicka,
J. Luitz, FP-L/APW+lo Program for Calculating
Crystal Properties, Techn. WIEN2K, Austria, 2001.
Z. Wu, R. E. Cohen, More accurate generalized
gradient approximation for solids, Phys. Rev., Vol. B.
73,2006, pp. 235116.

J. P. Pedrew, A. Zunger, Self-interaction correction to
density-functional approximations for many-electron
systems, Phys. Rev, Vol. B 23, 1981, pp. 5048.

E. Engel, S. H. Vosko, Exact exchange-only
potentials and the virial relation as microscopic
criteria for generalized gradient approximations,
Phys. Rev. B, 47, 1993, pp. 13164-13174.

. F. D. Murnaghan, Proc. Natl. Aced. Sci. Usa, 1944,

pp. 244-247.

. F. Birch, Finite Elastic Strain of Cubic Crystals,

Phys. Rev., Vol. 71, 1947, pp. 809-824.

. K. H. Hellwege, O. Madelung, Landolt-Bornstein,

Semiconductors Physics of Group IV Elements and
II-V Alloys, New Series, Group III, 1982.
Hashemifar, H. Akbarzadeh,
M. Ahmed, F. e-Aleem, Ab initio study of structural
and electronic properties of Ill-arsenide binary
compounds, Computational Materials Science,
Vol. 39, 2007, pp. 580-586.

. F. El Haj Hassan, A. V. Postnikov, O. Paggs,

Structural, electronic, optical and thermal properties
of AlxGal-xAsySbl—y quaternary alloys: First-
principles study, Journal of Alloys and Compounds,
Vol. 504, 2010, pp. 559-565.

M. Othman, E. Kasap, N. Korozlu, Ab-initio
investigation of structural, electronic and optical
properties of InxGal-xAs, GaAsl-yPy ternary and
InxGal-xAsl-yPy quaternary semiconductor alloys,
J. Alloy Compd., Vol. 496, 2010, pp. 226-233.

T. Lei, T. D. Moustakas, R. J. Graham, Y. He, S. I.
Berkowitz, Epitaxial growth and characterization of
zinc-blende gallium nitride on (001) silicon, J. Appl.
Phys. Vol. 71, 1992, pp. 4933-4943.

. N. Mechnane, F. Badi, M. R. Aced, H. Abid,

N. Sekkal, Evidence of the correlation between a
strong 4d-As/2p-N orbitals coupling and the bowing
effect in GaAsN, Physica, Vol. B 403, 2008,
pp- 4281-4287.

P. Rinke, M. Winkelnkemper, A. Qteish, D. Bimberg,
J. Neugebauer, M. Scheffler, Consistent set of band
parameters for the group-III nitrides AIN, GaN, and
InN, Phys. Rev, Vol. B 77, 2008, pp. 075202(15).

R. W. G. Wyckoff, Crystal Structures, Second ed.,
Krieger, Malabar, 1986.

Su-Huai, A. Zunger, Predicted band-gap pressure
coefficients of all diamond and zinc-blende
semiconductors: Chemical trends, Phys. Rev, Vol. B,
60, 1999, pp. 5404-5411.

M. Aslan, B. G. Yalgin, M. Ustundag, Structural and
electronic properties of Gal-xInxAsl-yNy quaternary
semiconductor alloy on GaAs substrate, Journal of
Alloys and Compounds, Vol. 519, 2012, pp. 55-59.

. Z. B. Feng, H. Q. Hu, S. X Cui, W. J. Wang, C. Y.

Lu, First principles study of electronic and optical
properties of InAs, Central European Journal of
Physics, Vol. 7, Issue 4, 2009, pp. 786-790.

383



[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

Sensors & Transducers, Vol. 27, Special |ssue, May 2014, pp. 374-384

D. Vogel, P. Kruger, J. Pollmann, Structural and
electronic properties of group-III nitrides, Phys. Rev.,
Vol. B 55, 1997, pp. 12836-12839.

J. Serrano, A. Rubio, E. Hernandez, A. Munoz,
A. Mujica, Theoretical study of the relative stability
of structural phases in group-III nitrides at high
pressures, Phys. Rev, Vol.. B 62, 2000, pp. 16612.

A. Mokhatari, H. Akbarzadeh, Electronic and
structural properties of B-Be3N2, Phyisca, Vol. B,
324, 2002, pp. 305.

S. Berrah , H. Abid, A. Boukortt, M. Sehil, Band Gap
of Cubic AIN, GaN and InN Compounds Under
Pressure, Turk J Phys, Vol. 30, 2006, pp. 513-518.

S. Zh. Karazhanov, L. C. Lew Y. Voon, Ab initio
Studies of the Band Parameters of III-V and II-VI
Zinc-Blende  Semiconductors,  Semiconductors,
Vol. 39, No. 2, 2005, pp. 161-173.

Z. Bousahla, B. Abbar, B. Bouhafs, A. Tadjer, Full
potential  linearized augmented plane wave
calculations of positronic and electronic charge
densities of zinc-blende AIN, InN and their alloy
Al10.5In0.5N, Journal of Solid Sate Chemistry,
Vol. 178, 2005, pp. 2117-2127.

F. Abelés, Optical Properties of Solids, North-
Holland Publishing Company, 1972.

C. Amrosch-Draxl, J. O. Sofo, Linear optical
properties of solids within the full-potential linearized

augmented planewave method, Comput. Phys.
Commun., Vol. 175, 2006, pp. 1-14.
A. H. Reshaka, A. 0. Fedorchuk,

G. Lakshminarayana, Z. A. Alahmed, H. Kamarudin,

[35].

[36].

[37].

[38].

[39].

[40].

[41].

S.  Auluck, Influence of different exchange
correlation potentials on band structure and optical
constant calculations of ZrGa2 and ZrGe2 single
crystals, Computational Materials Science, Vol. 78,
2013, pp. 134-139.

0. Madelung, Semiconductors - Data Handbook,
Springer, 2004.

J. R. Mullhauser, B. Jenichen, M. Wassermeier, O.
Brandt, K. H. Ploog, Characterisation of zinc blende
InxGal-xN grown by radio frequency plasma assisted
molecular beam epitaxy on GaAs (001), Appl. Phys.
Lett., Vol. 71, 1997, pp. 909.

A. Delin, Relation between broadening and Kramers-
Kronig transformation of calculated optical spectra,
Optics Communications, Vol. 167, 1999,
pp. 105-109.

J. L. P. Hughes, J. E. Sipe, Calculation of second-
order optical response in semiconductors, Phys. Rev.,
Vol. B, 53, 1996, pp. 10751.

D. E. Aspnes and A. A. Studna, Dielectric functions
and optical parameters of Si, Ge, GaP, GaAs, GaSb,
InP, InAs, and InSb from 1.5 to 6.0 eV, Phys. Rev.,,
Vol. B, 27, 2, 1983, pp. 985-1009.

H. R. Philipp and H. Ehrenreich, Optical Properties
of Semiconductors, Phys. Rev., Vol. 129, Issue 4,
1963, pp. 1550-1560.

D. R. Penn, Wave-Number-Dependent Dielectric
Function of Semiconductors, Phys. Rev., Vol. 128,
1962, pp. 2093.

2014 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved.
(http://www.sensorsportal.com)

Senso

384

TURN
OUR VISITORS
INTO
YOUR CUSTOMERS
BY THE SHORTEST

Advertise in
Sensor

rs Web Portal -

world’s source for sensors information

Sensors Web Portal


http://www.sensorsportal.com/HTML/For_advertisers.htm

