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Band Gap Calculations of Ternary InN0.03125P0.96875 Alloy
M. Ustundag∗, B.G. Yalcin, S. Bagci and M. Aslan

Sakarya University, Department of Physics, Sakarya, Turkey

In the current study, structural and electronic properties of ternary dilute nitride InNxP1−x alloys have been
investigated by using density functional theory. The equilibrium lattice parameter of studied material has been
calculated in zinc-blende phase. 2 × 2 × 2 supercell with 64 atoms has been used for calculations. The lattice
parameter of InN0.03125P0.96875 alloy is found to be 5.852 Å. By means of the equilibrium lattice parameter,
electronic band structure has been calculated for dilute 3.125% nitride composition. It is found that a ternary
InN0.03125P0.96875 alloy is a direct band gap semiconductor with energy band gap of 1.198 eV.
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1. Introduction

InNxP1−x semiconductor alloys have recently received
considerable attention due to their applications in elec-
tronic and optoelectronic device technology. Indium
compounds are useful for many applications due to their
extreme properties such as hardness, low ionicity and
high thermal conductivity. In this study, we have inves-
tigated structural and electronic properties of InNxP1−x

alloy at 3.125% N concentration. With this concentra-
tion, according to the best of our knowledge no exper-
imental or theoretical study related to InNxP1−x alloy
have appeared in the literature. This work is impor-
tant because experimental studies usually are performed
at low concentrations. Also we expect that considerable
contribution will be made to literature by means of this
work. To reach low concentration, we have created 64-
atom 2 × 2 × 2 supercell of InP and replaced a single P
with N. This corresponds to an InNP alloy with 3.125%
of N concentration. Therefore, the effects of N addition
(3.125%) to InP on lattice parameter and bulk modulus
is determined. Furthermore, the change in band gap en-
ergy and bowing parameter at studied concentration is
also determined.

The paper is organized as follows. The computational
details are presented in Sect. 2, the calculated structural
and electronic results are described in Sect. 3 and we have
concluded the paper in Sect. 4.

2. Method of calculation

First principles calculations for InN0.03125P0.96875

semiconductor alloy are performed using the full poten-
tial linearized augmented plane wave (FP-LAPW) [1]
method as implemented in WIEN2k [2] code within the
framework of density functional theory (DFT). The ex-
change and correlation effects are treated using general-
ized gradient approach (GGA) based on Perdew et al. [3].
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To get the total energy convergence, we have expanded
the Khon–Sham wave functions up to RMTKmax = 6
(RMT is the plane wave radii and Kmax is the maxi-
mum reciprocal lattice vector). Partial waves used in-
side atomic spheres have been expanded up to lmax = 10.
In charge density Fourier expansion, magnitude of the
largest vector G is equal to 12 Ry1/2 (Gmax = 12 Ry1/2).
The cut-off energy for separating core from valence states
is set to −6 Ry. The standard special k-points technique
of Monkhorst and Pack (MP) [4] is used for accurate Bril-
louin zone integrations. We have used 2×2×2MPmeshes
and 8 special k-points are taken in the irreducible wedge
of the Brillouin zone. The k-meshes and basis sets are
chosen to be good enough such that the obtained results
are well converged.

3. Results and discussions

In order to get optimum lattice parameter we have
made volume optimization process for InN0.03125P0.96875.
In Fig. 1, as an example, we have shown en-
ergy versus volume graph for studied alloy depend-
ing on the Birch–Murnaghan equation of state [5].

Fig. 1. Birch–Murnaghan equation of state for
InN0.03125P0.96875 material.

The calculated lattice parameters and band gap ener-
gies of binary (InN and InP) compounds and ternary
(InN0.03125P0.96875) alloy are summarized in Table.
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The calculated lattice constant, bulk modulus and en-
ergy band gap values for binary compounds are in good
agreement with other theoretical and experimental stud-
ies [6–14]. For ternary InN0.03125P0.96875 semiconductor
alloy, as far as we are concerned, there is no theoretical
or experimental study for structural and electronic prop-
erties for 3.125% concentration. It is important that the
results are given in this study for the first time.

From Table, the lattice parameter of the calculated ma-
terials decreases with nitrate addition. The bulk modulus
value (B) which gives information about elasticity of ma-
terial is represented in this table. As the same way, the
N addition to InP increased the bulk modulus value that
is compatible with the inverse proportion between bulk
modulus and lattice parameter. We can clearly see from
Table that replacing P with N in InNxP1−x decreases
band gap energy value for the studied material.

TABLE

Calculated lattice constant (a), bulk modulus (B), and
band gap energies (Eg) for studied materials.

Material a [Å] B [GPa] Eg [eV]

InP
our result 5.89 67.5 1.52
experiment 5.86 [6] 71 [6] 1.424 [7]

theory 5.94 [8] 68 [8] 1.5522 [9]
InN0.03125P0.96875 our result 5.85 68.02 1.19

InN
our result 5.00 139.1 0.65
experiment 4.97 [10] 139 [11] 0.61 [12]

theory 5.005 [13] 120.2 [13] 0.70 [14]

The calculated band gap values for InN and InP is
represented in Fig. 2. Both InN and InP have direct
band gap character. Therefore we expect that all con-
centrations of InNxP1−x alloys also should have direct
band gap character. As expected, we have found that
the InN0.03125P0.96875 material has direct band gap with
1.19 eV energy value as shown in Fig. 3.

Fig. 2. Energy band gap diagram for InN and InP
compounds.

In this study band gap energy values for InP and InN
have been found as 1.52 eV and 0.65 eV, respectively.
The band gap value with 1.19 eV for InN0.03125P0.96875

shows a nonlinear decrease which indicates existence of
bowing.

In Figure 4, the relation between N concentration and
band gap energy is represented. According to virtual
crystal approximation [15] bowing parameter (b) value

Fig. 3. Energy band gap diagram for
InN0.03125P0.96875 alloy.

must be zero if there is no bowing. In this study by
using nonlinear curve fitting, we have found 1.6 bowing
parameter value at 3.125% N concentration. This indi-
cates that the band gap bowing is inevitable for other
N concentration of InNxP1−x alloys.

Fig. 4. The relation between N concentration and
band gap energy for InNxP1−x alloys.

4. Conclusion

We have studied the structural and electronic prop-
erties of ternary dilute nitride InN0.03125P0.96875 alloys
by using density functional theory. The lattice param-
eter, bulk modulus and band gap values are calculated
for studied materials. The effect of N addition to InP
on these properties is determined. We have found that
InN and InP have direct band gap and there is bowing
at 3.125% N concentration. Therefore we expect that all
concentrations of InNxP1−x alloys have bowing parame-
ter and could show direct band gap transition. We hope
that this will light on future experimental and theoretical
studies.
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