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Abstract

The structural, electronic, optical and thermodynamic properties of MgSe,Te, ternary mixed
crystals have been studied using the ab initio full-potential linearized augmented plane wave (FP-
LAPW) method within density functional theory (DFT). In this approach, the Perdew-Burke-
Ernzerhof-generalized gradient approximation (PBE-GGA)was used for the exchange-correlation
potential. Moreover, the recently proposed modified Becke Johnson (mBJ) potential
approximation, which successfully corrects the band-gap problem was also used for band
structure calculations. The ground-state properties are determined for the wurtzite bulk materials
MgTe, MgSe and their mixed crystals at various concentrations (x = 0.25, 0.5 and 0.75)in the
wurtzite phase. The effect of composition on lattice constant, bulk modulus and band gap was
analyzed. Deviation of the lattice constant from Vegard’s law and the bulk modulus from linear
concentration dependence (LCD) were observed for the ternary MgSe,Te,, alloys. The
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microscopic origins of the gap bowing were explained by using the approach of Zunger and co-
workers. On the other hand, the thermodynamic stability of these alloys was investigated by
calculating the excess enthalpy of mixing, AHm as well as the phase diagram. It was shown that
these alloys are stable at high temperature. For the optical properties, the compositional
dependence of the refractive index and the dielectric constant was studied.

Keywords: DFT, MgTe, MgSe, chalcogenides, band gap, optical properties, thermodynamic
properties.
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1. Introduction

Magnesium chalcogenides MgSe and MgTe are wide band gap semiconductors, which have
immense technological importance due to their numerous applications in optoelectronic and
luminescent devices [1-8].The valence band of Mg (belonging to II-A in the periodic table)
based ternary chalcogenides does not contain a metallic d band; that makes their properties
different from those of II-B compound semiconductors. The absence of a metallic d band in Mg
based chalcogenides lowers the valence band maxima and results in increasing their fundamental
band gaps compared to group II-B compound semiconductors. These larger band gaps of Mg
containing II-VI compounds show that these materials are very important for devices in the
completely visible range [9]. In addition, group IIB compound semiconductors are preferably
tetrahedral structures, due to tight bonding of the imperfect d orbital screening [10]; while
group IIA elements favor the rock salt structure, MgS and MgSe have the Zinc blende phase
(ZB) [11].Although MgTe normally has the wurtzite phase [12], it is possible to grow MgTe in
the ZB phase under appropriate conditions [13, 14]. They have been extensively studied both
experimentally and theoretically in rocksalt (B1), zinc blende (B3) and wurtzite (B4)
crystallographic phases [15-24].Under ambient conditions, MgSe crystallize in the B1 structure
[15, 16]. Experimental studies show that MgTe crystallizes stably in the B4 structure under
ambient conditions [16-20] and transform to NiAs (B8) structure under the application of high
pressure. The normal structure of MgTe is wurtzite[25], while for MgSe it is zinc blende [26].
From a theoretical point of view, Gokoglu et al. [23]; attributed B1 structure to MgSe and B8
to MgTe using projector augmented wave method, whereas Drief et al.[24],suggested B1 as the
most stable structure for all of MgSe and MgTe using the full potential linear augmented plane
wave (FP-LAPW) method. F El Haj Hassan et al[27]; was applied to study the structural,
electronic and thermodynamic properties of MgS Se, ,, MgS Te, .and MgSe Te, | ternary
alloys. Imad Khan et al[28], was studied Transition from optically inactive to active Mg-
chalcogenides. Magnesium chalcogenides Due to large variation (e.g., E, (MgS) = 2.56 ¢V and
Eg( MgTe) = 0.38 ¢V[29]; in the indirect energy band gaps of binary magnesium chalcogenides,
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band gap tailoring by alloying two of these materials might be an effective approach that can
yield electronic and optical properties intermediate or entirely different from the constituent
binary compounds. For example, some reports on the interesting transition of band gap type
(direct <> indirect) between the binary compounds and their ternary alloys are in Refs.[30,
31]:in case of magnesium chalcogenides. Using the FP-LAPW method within the DFT in the
framework of GGA and mB], we investigated the phase stability, pressure-induced phase
transition, structural and electronic properties of Mgs,MgSe and MgTe compounds. A summary
of our results is as follows: at zero pressure, the wurtzite phase is found to be the most stable for
MgSe and MgTe compounds while for MgS the rock salt phase is the most stable [32].In this
paper we studied MgSe Te, ,, alloy as well as the structural, electronic, optical, and
thermodynamic stability of this alloy in the different concentrations x=0.25, 0.5, and 0.75 in
wurtzite phase. Moreover, we relied on the full-potential linearized augmented plane wave (FP-
LAPW) as implanted byWien2K code. In section 2, we briefly describe the computational
method used in the present work. Results will be presented in section 3. Finally, a brief summary

and our conclusions are given in the “Conclusions” section 4.
2. Computational Details

The electronic configurations for Mg, Se and Te, Mg: [Ne]3s®, Se:[Ar]3d'%4s® 4p4 , and
Te:[Kr]4d'5s°5p4, respectively. All calculations were performed using the Vienna package
WIEN2K [33]. This is an implementation of a hybrid full-potential (linear) augmented plane-
wave plus local orbitals (L/APW + lo) method within the density-functional theory. This new
approach is shown to reproduce the accurate results of the LAPW method, but using a smaller
basis set size. The APW + lomethod expands the Kohn—Sham orbitals in atomic like orbitals
inside the atomic muffin-tin (MT) spheres and plane waves in the interstitial region. The details
of the method have been described in literatures [34-36].We have used the Perdew—Burke—
Ernzerhof generalized gradient approximation [37] (PBE-GGA). In addition, especially for
electronic properties, we also applied the modified Becke—Johnson (mBJ) [38, 39].The self-
consistent calculations are considered to be converged only when the calculated total energy of
the crystal converged to less than 1 mRyd. The choice of the particular (and different) muffin-
tin (MT) radii for the various atoms in the compounds show small differences that do not affect
our results. We have adopted the values of 2.2 ,2.25,2.2 and 2.34uafor Mg, Se and Te,
respectively, as the MT radii.

The basis set inside each MT sphere is split into core and valence subsets. The core states are
treated within the spherical part of the potential only and are assumed to have a spherically
symmetric charge density totally confined inside the MT spheres. The valence part is treated
within a potential expanded into spherical harmonics up to | = 4. The valence wave functions
inside the spheres are expanded up to | = 10. A plane-wave expansion with RMT*K,,x equal to

8, and k sampling with a 4 x 4 x4 k-points mesh in the full Brillouin zone turns out to be
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satisfactory. The k integration over the Brillouin zone is performed using the Monkhorst and
Pack mesh [40]. We compute lattice constants and bulk moduli by fitting the total energy versus
volume according to the Murnaghan’sequation of state [41].In addition, to investigate
electronic and optical properties accurately, more k-points are needed and a denser 8 x 8 x 10 k
points are generated. Furthermore, the number of conduction bands is also an important
parameter in the calculation, which defines the energy range covered and determines the accuracy

of the Kramers—Kronig transform.

3. Resultes And Discussion

3.1.  Structural Properties

In this section, we analyze the structural properties of the binary compounds MgSe, MgTe and
their ternary alloys MgSe, Te, in the wurtzite structure using the PBE-GGA approximation. The
alloys are modeled at some selected compositions with ordered structures described in terms of
periodically repeated supercells. For the compositions x = 0.25, 0.5 and 0.75, the simplest
structure is an eight-atom simple wurtzite lattice. The total energies calculated as a function of
unit cell volume are fitted to the Murnaghan’s equation of state [41] to determine the ground
state properties such as the equilibrium lattice constant a, b and ¢, the bulk modulus B and its
pressure derivative B’ . The corresponding equilibrium lattice constants and bulk modulus both
for binary compounds and their alloys are given in Table.1. Considering the general trend that
PBE-GGA usually overestimates the lattice parameters[42-48].our PBE-GGA results of binary

compounds are in reasonable agreement with the experimental and other calculated values.

Tablel. Lattice parameter a, and ¢, compressibility modulus B for the MgSe Te, , alloy.

The Alloy | Concentrations | Lattice Other calculations Modulus of
Parameters X &) compressibility
a (A) c|c(A) Our calculOther
(A) calcul
0 4.617 4.61° 4.53", | 34.656
7.494 7.48",7.41%, 7.38, 34.0°,
MgSe, Te,.
c d
. 4.55%, 4.55% | 38.0°
7.39%,7.39°
Wurtz
urtzite 0.25 4.54¢
phase 4.589 6.781
0.5 7.434 - 36.7 )
0.75 4.443 ) 39.505
7.197 = -
4.321 ) 41.237
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1 7.001 ) -
2%3; 4.28° 4.24' 45077
6.76%, 6.98" 3.9
4.24", 4.158
6.84", 6.73" 50.8', 50.0°

[42]°, [43]°, [44]°, [45], [46]%,[47]", [48]°

The calculated lattice parameter at different compositions of MgSe, Te, , alloys exhibits tendency
to Vegard’s law [49] with a marginal upward bowing parameter equal to —0.022 (a lattice
parameter) and -0.073 (c lattice parameter) A(Fig. 1). The physical origin of the small deviation
from the Vegard’s law [49] should be mainly due to the weak mismatches of the lattice
parameters of the binary compounds MgSe and MgTe . However, violation of Vegard’s law has
been reported in semi-conductor alloys both experimentally and theoretically [42-48]. The
overall behavior of the variation of the bulk modulus as a function of the composition x for
MgSe Te, ternary mixed crystals is presented in Fig. 2, and are compared to the results
predicted by linear concentration dependence (LCD) method . A small deviation from LCD was
observed with downward bowing equal to 1.352 GPa. However, this might be mainly due to the
weak mismatch between the bulk modulus of the constitute binary compounds. A comparison of
the lattice constant and bulk modulus of these alloys (Figs. 1 and 2) shows that an increase of the
former parameter is accompanied by a decrease of the latter one, which is in agreement with the
well-known relationship between the bulk modulus and the lattice constant: B V5 , where V,

is the primitive cell volume[50].

Lattice parameter (A")
o o o =~

Ceoncentration x

Figurel. Variation of the lattice parameter (a,c) as a function of the concentration x for the

MgSe Te,, alloy
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Figure 2. Variation of the Compressibility modulus as a function of the concentration x
for the MgSe, Te, , alloy

3.2.  Electronic Properties

The calculated band structures along the high symmetry directions of the MgSe Te,  alloy with
different concentration x are shown in Fig.3 and Fig 4. For MgSe and MgTe, the maximum of
the valence band and the minimum of the conduction band locates at T' point, showing it is a
direct band gap semiconductor. It is obvious that other MgSe Te, (0, 0.25, 0.50, 0.75,1)
alloys also exhibit a direct band gap (I-T) character. Moreover, the band gap of allMgSe Te,

shows an increasing feature varying with the molar fraction x.

MgSemBlJ MgTemBJ
e —— g ==E, = Y Eg """ == =E
D ==——db A—=————
10 -10- 4
L
I M K T A
54 M K T A

Figure 3. Calculated band structures for (a) MgTe and (b) MgSe along high symmetry

directions in the Brillouin Zone

It is shown in Table 2 that the calculated band gap for MgSe ,MgTe and ternary alloys
MgSe, Te, . our results and as a reference for other future works. From Table 2, we also note
that the band gap energy decreases with increasing the composition x, which is due to the fact

that the conduction bands shift to high energy. The disorder parameter of the alloy was
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calculated by fitting the curve of the variation of the gap as a function of the concentration x(Fig

5) to a quadratic function, the gap takes the following form:

i
!

Figure 4. Calculated band structures for MgSe, Te,_ alloys at x = 0.25 (a), 0.50 (b) and
0.75 (c) along high symmetry directions in the Brillouin zone

Table 2. Energy gaps of the MgSe, Te, , alloy calculated by the PBE-GGA and mB]

The Alloy Concentratio | Eg (eV) I'-I'
ns
PBE-GGa
mB]J
0 1.961
2.504
MgSe, Te, 0.25
1.983
0.5
2.991
Waurtzite ph 0.
urtzite phase 75 2.05
1 3.076
2.168
3.129
2.310
3.227

Ego-°%" = 2.198 - 4.613x + 4.266x’

MgSe Te, .=
Eg™ 5" =3.672-11.198x +11.342x°

For a better understanding of the electronic structure of these materials and contribution of

various states of the constituent atoms, we have calculated the total and partial density of states
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(DOS) for the binary compounds and their ternary alloys in Fig.6. For the MgTe the valence
band is composed of one region, is located at the energy range [-2.868, 0.005] ¢V which is
formed by the hybridization of electrons from the s orbitals of Mg and p orbitals of Te. The
conduction band is composed of a mixture of orbitalss, p and d of the two atoms. The second
binary MgSe valence band is composed of one region, is located at the energy range [-2.747, 0]
eV which is formed by the hybridization of electrons from the s, p orbitals of Mg and p orbitals
of Se. The conduction band is composed of a mixture of orbitals s, p and d of the two atoms. For
the MgSe, Te,, alloys and for each concentration (x = 0.25, 0.5 and 0.75), the lower valence
band is composed of one region situated in the range [-3.44, 0.0016] eV is due to Mg-s, Mg-p
mixed with Se-p, Te-p.The conduction band is due to Mg-s, Mg-p mixed with Se-p, Se-d and
Te-p, Te-d. These figures show that these alloys have quite similar DOS.

224 | —m—PBE-GGA /
—8#—mBj ___'____,__,__o

Ly
s
I

Energy of gap (eV)
i J _iu _l\]

0.0 0.2 0.4 06 0.8 1.0

Concentration x

Figure 5. Variation of energy gaps as a function of concentration x for the MgSe Te,

alloy, using PBE-GGA and mB]

PDOS{EtatsfeV, Atome) TDOS(EtatsieV, Unit Cell)

PDOS{EtatsieV, Atome} TDOS{Etats/e¥, Unit Cell}
P o 1
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Figure 6. Calculated total and partial densities of states for the MgTe, MgSe and their
MgSe, Te,  ternary alloys

3.3. Optical Properties

The optical properties of the material can be described by means of the complex dielectric
function. The latter linearly relates the electric field E (@) to the electric induction D (@) by

means of the following equation [51].
D

( E

For a dynamic field, € (®) corresponds to a complex function of the frequency of the electric field

[52-55]:

e (@ = g (0 + ig (o)

)
€,(®) : represents the real part of the polarization of the medium.

It is possible to extract the real and imaginary parts of the dielectric function using the kramers-

kronig relations [56, 57]:

g1(w) = 1+§me @ £ (@) gy

0 (w2-wyz)

2w w0 gy(ew’)—1 I’
52 (0}) - J;) ( 1;(2_)12) w

(4)

P: being the principal value of the Cauchy integral. The complex refractive index, linked to the

dielectric function (€) will be to describe the medium; it is written on the format:

N (@) = n (@) + iK (). Ces deux grandeurs sont liées avec cette relation : =N>.
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The real and imaginary parts of the dielectric function are related to the refractive index (n) and

the extinction coefficient (K) according to these formulas:

g (w)=n?—-K?

)

g (w) = 2nK

(©)

The real refractive index n and the extinction coefficient K (losses) can be given by means of the

following two relations [58, 59]:

1
2

| .2 2
[ £3 (w2 (w)
n(w) ={E‘;“’}+‘ . . : }

7)
le2(w)+e2(w :
K(w) = {\I i )2+ 3( )_ glgu}}

(8)

Reflectivity is an important optical function calculated from the indices of refraction n (®) and

extinction K (o):
R (@) =[(1 —n)* + K2]/[(1 +n)* + K2](9)

For low frequencies (o = 0) relation (7) becomes:

(0)=

Figures 7 illustrate the variations of the real and imaginary parts (€,(®) and &,(®)) of the
dielectric function as a function of energy for the ternary alloy MgSe Te,  (x= 0-1). We note
considerable similarity between the spectra of MgSe, Te, (x= 0-1), with small differences in
detail., we have two dielectric components; one, corresponding to the component of the electric
field perpendicular to the ¢ axis and the other, corresponding to that parallel to the X axis,
beyond 30 ¢V no major difference between the components of the real and imaginary parts is
observed, thus indicating that the compounds are isotropic in this energy range, even below this
energy value the anisotropy is weak. Regarding the real part, the depth in the negative part for
both compound MgSe, Te, , is more pronounced than, hence the energy loss is greater in the x
and z. The main peaks of the real part in the two directions are located at energies (xx=4.42 eV
and zz=4.73 eV), (xx= 4.35 €V and zz= 4.56 €V), (xx= 4.45eV and zz= 4.52 eV),(xx= 4.98
eV and zz= 4.99 ¢V), and (xx= 5.26 €V and zz= 5.55 ¢V), for MgSe, Te, x= 0, 0.25, 0.5,
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0.75 and 1) respectively. The variation of the imaginary part €,(®) of the dielectric function as

a function of energy. This absorbing part represents a fundamental quantity of the optical
properties of a material. Our analysis of the spectrum of €,(®) shows that the critical points of
€,(®) occur at energies. (xx=0.12 ¢V and zz=0.13 ¢V), (xx= 0.34 eV and zz= 0.35 eV), (xx=
0.61e¢V and zz=0.62 eV),(xx= 0.73 eV and zz= 0.74 eV), and (xx= 0.76 €V and zz=
0.77eV), for MgSe Te, x= 0, 0.25, 0.5, 0.75 and 1) respectively. These points correspond to
the thresholds of the optical transitions between the top of the valence band and the bottom of
the absorption conduction band, they represent the fundamental absorption thresholds. The
values of the absorption thresholds correspond to the gaps obtained in the previous section. The
different peaks observed in the spectra of the imaginary part correspond to direct optical

transitions between the valence band and the conduction band.

10 <4 R opn_ 1 ) - -
Re o 1 | = )
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4 -4
-— . et - -
12 ’
Ra_ops 0.75 12 I—— ‘J
a - — ape 5 ) 75
2 A= LU
g J= .
4 - \
O alesinnsancniinicNgsarnanm e rr CTTETITTISTIITIOTITY UTee e \.
b m 0 - L - - -
18 3 p—prg 3.5 [— ~ ]
233 A~ — Re s _zz 3
. f
s g I = = ‘.‘“\
w ‘4 g
(P R B T - o 7N
—— 0 - - > — -
12 25
—_— R _e 5 } - I—- wim 026 J
L A —Re e 2 - o286
s = R
=1 W - \\\
Y SERERE sy e o A ersTTsTESTSS T oo ee) .
N e o -
4 — 3]
12 4 —fRa op=_xx{x~0 A [ v pe ]
) - Re eps _zz (x =0
: N
) — \\
- B e
_-""Hé 1
T
25

5 Energy (eV)
Energy (V)

Figure7. Realg, (@) and imaginary €,(®) part of the dielectric function &(®) of the
MgSe Te,, ternary alloys: a) and b) hexagonal structure

The variation of the refractive index n (®) and the extinction coefficient k (®) as a function of
energy is shown in Fig 8. From the spectrum the refractive index increases with the energy until
it reaches a maximum value in the ultraviolet region for these alloys. The extinction coefficient
k() is related to the damping of the oscillation amplitude of the incident electric field. The
maximum peak on the curve giving the extinction coefficient appears at the energy value where
the dispersive part of the dielectric function has a zero value (fig 8). This is well verified for
MgSe, Te,, . Then, the extinction coefficient k(®) decreases with increasing incident photon
energy. The static value of &, (®), corresponding to a zero frequency, ie €, (®), is calculated. We
have gathered the numerical results of &, (®) and also those of the static refractive index n(®) and
k(®) obtained for our ternary alloy, as well as other theoretical data in Table 3. For the
spectrum of energy loss which represents in fig 9 the main peaks of the different concentrations
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are not at the same energy. MgTe(x = 0) the main peak is located at ( xx= 14.948 ¢V and zz=

14;961 eV) , MgSe,,sTe, s (x = 0.25) it is located at( xx= 15.162 eV and zz= 15.183 V),
MgSe,sTe,s (x = 0.5) it is positioned at (xx=15.171eV, zz= 15.194 V) is MgSe, ,sTe, 5 (x =
0.75) it is located at (xx= 15.220 €V and zz= 15.215¢V) and MgSe (x = 1) it is located at (xx=
17.005 eV and zz= 17.123 eV). These results are in agreement with the plasma oscillation
frequenciese, (®). Indeed, these peaks occur around the energies for which the imaginary part of
the dielectric function reaches its minimum see figure 7 and the real part vanishes. The

calculated optical reflectivity R (@) is shown in fig 9

nie)

Figure 8. Refractive index n(®) and extinction coefficient K(®) of the MgSe, Te, , ternary

alloys: (a), (b) hexagonal structure

Note that the maximum reflectivity occurs in the ultraviolet region of the electromagnetic
spectrum, (xx=15% and zz=16%), (xx= 13% and zz= 14%), (xx= 12% and zz=13%),(xx=11%
and zz=12 %), and (xx= 9% and zz= 10%), for MgSe Te, x= 0, 0.25, 0.5, 0.75 and 1)

respectively. The reflectivity decreases at high energies.

The absorption spectrum a(®) is shown in Fig 10 for concentrations (x = 0, 0.25, 0.5, 0.75, 1)
for radiation up to 30 eV. First, we can note that the curves have the same shape for all the

concentrations. The threshold value of the absorption spectrum is

(xx=3.517eV and zz=3.523 eV), (xx= 2.67e¢V and zz= 2.687 eV), (xx= 2.820 eV and
22=2.831 eV), (xx= 2.983 €V and zz= 2.995 eV)and (xx= 4.097¢V and zz= 4.110eV), for
MgSe Te,, (x= 0, 0.25, 0.5, 0.75 and 1) respectively . This value is close to the value of the

encrgy gap.
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Table 3.Values of the static dielectric constants €, (0)the refractive index n (®) and the

extinction coefficient k (®)

£1(0) n (0) K(0)

The alloy MgSe Te,, | mBj mBj mBj

MgTe e 4,719 n_(0)=2.173 K_(0)=0.005
e, =4.721 n, (0)=2.183 K_(0)=0.006

MgSe,5Te) 75 £ex1=4.819 n (0)=2.244 K_(0)=0.098
£,1=4.821 n, (0)=2.252 K_(0)=0.099

MgSe,sTe, s £4x1=4.859 n_(0)= 2.267 K_(0)=0.105
£, =4.864 n, (0)=2.276 K_(0)=0.106

MgSe, 5T 5 £vx1=4.872 n(0)=2.298 K_(0)=0.146
6,1 =4.886 n, (0)=2.307 K_(0)=0.150

MgSe Exx1= 4.925 n,(0)= 1.317 K. (0)=0.198
£, =4.934 n, (0)=1.326 K_(0)=0.121

3.4. Thermodynamic Proprieties

In this part, we will study the phase stability of the MgSexTel-x alloy by an ab-initio approach
[60, 61].For this reason, we calculate the Gibbs free energy of the alloys, which provides access to
the phase diagram and thus obtains the critical temperature Tc for the stability of the alloy.The

Gibbs free energy for a mixture is given by the expression:

AG, =AH_-TAS_
(11)
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Where

AH = Ox(1—Xx)
(12)

AS, =—R[xInx+(1-x)In(1-x)]
(13)

AH, and AS,, represent the enthalpy and entropy of the mixture respectively;Q is the interaction
parameter which depends on the considered material; R is the gas constant and T is the absolute
temperature. The enthalpy of the alloys is obtained from the total energies calculated for the alloy
and the parent binary compounds constituting this alloy. For an AB.C, alloy, the enthalpy
AHm is given by:

AH =E XE 5 —(1-X)E

ABXC].*X -

(14)

From the expression, £2=AH  / X(1—X), we can calculate the value of {2 for each concentration
from the calculated enthalpies. By a linear fit of the curve Q(x), the expressions of the interaction

parameter {2 for the ternary alloy studied is given by the following equation:
MgSe,Te, , = Q(kcal mol™) = 0.902x +4.932 (15)

The average value of Q)(x) in the concentration range 0<x<1, obtained from the equation for the
alloy MgSe, Te,, and 5.383 kcal/mole.We calculate the free energy of the mixture AG,, for
different concentrations using the equations, which will allow us to access the T-x phase
diagram.The latter shows the stable, metastable and unstable regions of the alloy.At a
temperature lower than the critical temperature TC, the binodal curve is determined for the

temperatures verifying the relationship 0(AG,)/0x=0. The spinodal curve is obtained for
temperatures obeying 6°(AG, )/ 8 x* =0.

The phase diagram obtained for the MgSe Te, alloy is shown in the fig 11. The observed
critical temperature is 2386.87 K. The spinodal curve in the phase diagram marks the
equilibrium solubility limit, ie, the gap is miscibility. For temperatures above the spinodal curve,
a homogeneous alloy is predicted. The metastable phase is predicted for temperatures lying
between the spinodal and binodal curves. Finally, our results indicate that this alloy is stable at

high temperature.
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4. Conclusion

During this work, we studied the structural, electronic, optical and thermodynamic properties of
the ternary alloy MgSe Te,,, a composition ranging from 0 to 1 in steps of 0.25. The
calculations were carried out by the method ab-initio called augmented plane waves (FP-LAPW)
as part of the theory density functional (DFT).

. The structural results such as the lattice parameter and the compressibility
modulus are in good agreement with the theoretical and experimental values available in the
literature.

. The study of the structures of the electronic bands allowed us to conclude that
the gap for the compounds MgTe and MgSe and their ternary alloy MgSe Te, 4 are direct.
The calculated values of the gaps of these compounds using (PBE-GGA) and (mBj)
correspond well to the theoretical data.

. The most interesting for a semiconductor is the optical properties. We have
determined the complex dielectric function and the refractive index. The results obtained

are in good agreement with those of other theoretical calculations.

. We determined the thermodynamic properties of this alloy using Debye's quasi-
harmonic model. Our results can serve as references for future investigations on these
materials.
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