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HIGHLIGHTS GRAPHICAL ABSTRACT

e Theoretical study of optical proper-
ties of the cubic alloy MgxZn;_O.
e The lattice constants, the bulk
modulus B and it’s pressure deriva-
tive B’ were obtained.
e The calculated energy gaps within
mBJ show good agreement with the
experimental data.
e The optical properties were calcu-
lated and discussed in details. i
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These semiconductor compounds have a versatile applications in
modern electronic, owing to their high photoconductivity, large
piezoelectric coefficient, transparency in the wavelength regimes
and wide band-gap range from around 3.4 eV—7.8 eV, for wurtzite
ZnO and rocksalt MgO, respectively [1—3]. These materials have
been used in a good number of optoelectronic devices, frequently
employed for catalytic applications [4], solar-blind responsivity of
photodetectors [5], magnetic tunnel junction for information
storage [2], ultraviolet photoconductive detector [6], high-density
optical memories, visual displays, transparent conductors, laser
and piezoelectric devices, gas sensors, varistors and thin films solar
cells, etc. [7,8].

Some theoretical investigations reported that the mixed metal
oxide are found in the rocksalt structure [9,10]. Aoumeur et al. [9]
and Amrani et al. [10], have calculated the structural and elec-
tronic properties of Mg,Zn;_,O alloy using the Full-Potential
Linear-Muffin-Tin-Orbital (FP-LMTO) method. The structural, elec-
tronic and thermodynamic properties of Mgy,Zn;_,O alloys are also
studied by using the full-potential linearized augmented plane
wave (FP-LAPW) within Perdew—Burke—Ernzerhof generalized
gradient approximation (PBE-GGA) [11] and the improved form by
Engel and Vosko (EV-GGA) [12]. Finally, Fritsh et al. [13] have
investigated the electronic properties of MgyZn;_,O by means of
the Empirical Pseudopotential Method (EPM). To the best of our
knowledge, there is no other theoretical investigation on the
electronic and optical properties of the ternary (Mg,Zn)O alloy us-
ing (FP-LAPW) method, within the recently modified semi-local
Becke—Johnson potential (mB]) [14]. In the light of the impor-
tance of these alloys in various optoelectronic applications, our aim
in this paper was drawn to investigate the optical properties of
Mg,Zn;_,0 alloys in the rocksalt structure.

The paper is organized as follows; in section two, we present the
computational method. The results and discussions of the struc-
tural, electronic and optical properties are shown in section three.
Finally, the conclusion of our work is presented in section four.

2. Computational details

Total energy calculations of the optoelectronic properties of the
cubic Mg,Zn;_xO for x vary between 0.0 and 1.0 with a pitch of
0.125, has been performed using the full-potential linearized
augmented plane wave (FP-LAPW) method as implemented in
Wien2k computational code [15]. In this method, the unit cell is
partitioned into non-overlapping Muffin-Tin spheres around the
atomic sites and the interstitial region, a use of different basis sets is
possible for these two types of regions, the Kohn-Sham equation
which is based on the density functional theory (DFT) [16,17] is
solved according to a self consistent scheme. For the exchange-
correlation potential, the local density approximation (LDA)
[18,19] was applied only for calculating the structural properties.
Since standard semi-local functionals, such as LDA or GGA, under-
estimate the band gaps therefore, we proposed to use the modified
Becke-Johnson (mBJ) potential [14]. This method is a modified
version of the Becke-Johnson potential used to improve band gaps
obtained by the conventional DFT-based methods, mB] allows the
calculation of band gaps with accuracy similar to the very expen-
sive GW calculations. The mB] potential can be written as:

(1)

where pg is the electron density, 74 is the kinetic-energy and vﬁff, is

the Becke-Roussel potential [20]. The ¢ parameter is a system-

dependent parameter, with ¢ = 1 corresponding to the original
Becke-Johnson potential. For bulk crystalline materials, Tran and
Blaha proposed to determine c by the following empirical relation:
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where Ve means the unit cell volume, o = —0.012 and = 1.023
bohr'/? are parameters fitted according to experimental values [14].
Using this modified Becke-Johnson potential, the band gaps of
many insulating systems can be described accurately with an effort
that is in general comparable to that of LDA/GGA [14,21,22]. For
electronic structure calculations, the modified Becke-Johnson ex-
change potential is used due to significantly improved band gap
results. The mB] exchange correlation potential as an orbital inde-
pendent, semi-local exchange correlation potential has been
proved to produce accurate gaps for wide band gap insulators, sp
semiconductors, 3d transition-metal oxides [ 14,23] half-metallicity
[24,25] and doped semiconductors systems [26—28].

To get energy eigenvalues convergence, the plane wave expan-
sion with an Ryt x Kyax was chosen to be equal to 8, where Ry is
the smallest radii of the Muffin-Tin spheres and Kyax is the cut-off
for the wave function basis. The Ry values (Muffin-Tin radii) were
taken to be 1.85, 2.05 and 1.7 atomic unit (a.u) for Mg, Zn and O,
respectively, for our binary and ternary compounds. The spherical
harmonics inside non-overlapping Muffin-Tin (MT) spheres sur-
rounding the atoms are expanded up to lhix = 10. The Fourier-
expanded charge density was truncated at Gpax = 12 (a.u)". In
this work, a 16 atoms simple cubic supercell which corresponds to
1 x 1 x 2 conventional cell was used to simulate the MgyZn;_,O
alloys (Fig. 1). The geometric arrangements are summarized in
Table 1. The irreducible wedge of the Brillouin zone (BZ) was
described by a mesh of 108 special k-points (grid of 10 x 10 x 5
meshes, equivalent to 500 K-points in the entire BZ). In the optical

Fig. 1. Crystal structure of Mgg 6252193750 (supercell).
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Table 1

The relaxed Mg atomic positions in Mg,Zn; O (x = 0.125, 0.375, 0.625 and 0.875) alloys.

Material Mg atom positions (x, y, z)

Mgo.125Zn0.8750 Mg;(0.5, 0.5, 0.5)

Mgo 25Zng, 750 Mg;(0.5, 0.5, 0.5011), Mg»(0.5, 0.0, 0.2488)

Mgo.375ZN0 6250 Mg;(0.5, 0.5, 0.5), Mg,(0.5, 0.0, 0.249), Mg5(0.5, 0.0, 0.7509)

Mgo5Zng 50 Mg;(0.5, 0.5, 0.5007), Mg»(0.5, 0.0, 0.2495), Mg5(0.5, 0.0, 0.7511), Mg4(0.0, 0.5, 0.2492)

Mgo 625Zn0 3750 Mg;(0.5, 0.5, 0.5), Mg,(0.5, 0.0, 0.2494), Mgs(0.5, 0.0, 0.7505), Mg4(0.0, 0.5, 0.2494), Mgs(0.0, 0.5, 0.7505)

Mgo.75Zn0 250 Mg;(0.5, 0.5, 0.0), Mg,(0.5, 0.5, 0. 5), Mgs(0.5, 0.0, 0.25), Mg4(0.5, 0.0, 0.75), Mgs(0.0, 0.5, 0.25), Mgs(0.0, 0.5, 0.75)
(

Mgo.875Zn0.1250

(
Mg1(0.0, 0.0, 0.5), Mg»(0.5, 0.5, 0.0), Mgs(0.5, 0.5, 0.5), Mg4(0.5, 0.0, 0.2496), Mgs(0.5, 0.0, 0.7503), Mgg(0.0, 0.5, 0.2496), Mg-(0.0, 0.5, 0.7503)

calculations part, we have used denser meshes presented by 196 k-
points. Self-consistent calculations are considered to be converged
when the total energy of the system is stable within 107> Ryd.

3. Results and discussion
3.1. Structural properties

The calculations were firstly carried out to determine the
structural properties of the binary and ternary alloys MgyZn;_,xO
(x = 0.0, 0.125, 0.25, 0.375, 0.5, 0.625, 0.75, 0.875 and 1.0.) with its
cubic structure crystalline. In order to gain deep insight into the
physical properties, we have performed volume optimization by
using the experimental values for binary compounds as of entered
parameters. The relaxed equilibrium structural parameters; the
calculated lattice constant, bulk modulus and its pressure deriva-
tive, were obtained by fitting the total energy versus volume to
Murnaghan’s equation of states (EOS) [29]. The obtained structural
values are listed in Table 2 in comparison to the experimental data
[30,37] and the previous theoretical calculations using FP-LMTO
method [9] and the FP-LAPW [10] within PBE-GGA. It is clear that
our calculated results agree well with the experimental and theo-
retical values. Nevertheless, we have noticed that LDA underesti-
mate the lattice parameters by around 1.19%—1.25% compared to

Table 2

the experimental data. It should be also noted the values of the bulk
modulus decreases with increasing Mg content as seen from
Table 2. This result represents bond strengthening or weakening
effect induced by changing the concentration.

3.2. Electronic properties

In this section, we have computed and plotted the band struc-
tures of (Mg,Zn)O alloys along various high-symmetry directions in
the first Brillouin zone (BZ) as shown in Fig. 2. Table 3 shows the
calculated band gaps performed with and without relaxation ef-
fects for all studied concentrations (x = 0.0, 0.125, 0.25, 0.375, 0.5,
0.625, 0.75, 0.875, 1.0) in order to understand the changeability
between relaxed and un-relaxed ternary structures. The calculated
electronic band structure reveals that the MgyZn_,0 alloys possess
indirect band gap (I"-M) for x = 0.0, 0.125, 0.25, 0.375, 0.5, 0.625,
0.75, 0.875 while for x = 1.0 the band gap is a direct one (I'-T")
which agree well with the experiment [44,45] and other theoretical
calculation [9].

In addition, we calculated the total bowing parameter b by
fitting the non-linear variation of the computed band gaps versus
concentration using the quadratic semi-empirical function:

Eg(Mg.zn,_x0) (%) = XEgmg0) + (1 — X)Eg(za0) — X(1 —x)b (3)

Calculated lattice constant a, bulk modulus B and it’s pressure derivative B’ according to LDA approximation for ZnO, MgO and MgyZn; _,O, in comparison with experimental

and other theoretical calculations.

Material a(A)

B (GPa) B

LDA Exp. Theoretical results

LDA  Exp. Theoretical results LDA Theoretical results

ZnO 422 4271°
Znp.125Mgog750 4.21
Zno2sMgo750  4.21
Zng375Mgo.6250 4.20
ZngsMgo 50 419
Zng 625Mgo 3750 4.19
Zno75Mgo2s0  4.18
Zng g75Mgo.1250 4.17

4208, 43168
4.196', 42982

4.185', 42792

MgO 4.16 4.213% 4.203', 4212™ 4.16"", 4.247", 4.259°, 4.173', 42618, 4.237"

4228 4.223° 42119, 4.213¢, 4.22', 43378, 4.261" 209.00 202.5'

203.3', 198.02', 166.649¢ 4.78 4.23"
204.40 473
199.92 190.032f, 161.4792 458 4.29
195.36 461
190.85 186.628', 157.204° 448 439"
186.23 4.49
181.73 179.08, 153.312¢ 4.41 436
177.05 434
172.46 168.8°, 1567 175.06', 161.9° 4.28 4.02f

Ref [30].
Ref [31].
Ref [32].
Ref [7].

Ref [33].
Ref [9].

Ref [10].
Ref [34].
Ref [35].
Ref [36].
Ref [37].
Ref [38].
Ref [39].
Ref [40].
Ref [41].
Ref [42].
Ref [43].
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Fig. 2. Relaxed band structure of Mg,Zn; O alloys at the equilibrium lattice constant, for a(x = 0.0), b(x = 0.125), c(x = 0.375), d(x = 0.625), e(x = 0.875) and f(x = 1.0), using mB]J-

LDA functional.

Table 3

Calculated values of the indirect and direct band gap of MgxZn;_O alloys obtained
within mBJ-LDA approximation in comparsion with experimental data and other

theoretical values.

Material Eg (eV)
mBJ-LDA Exp. Theoretical results
Unrelaxed Relaxed

Zn0 3.16 (M-I 3.16(M-T) 2.7¢ 1.1°1.275 1.196%, 1.466°

Zno.2sMgog7s0 334 (M-T) 333 (M) — -

Zn0_25Mg0_750 3.57 (M—F) 3.55 (M—F) — 1.644d

Zno375Mgoe250 3.75 (M-T') 3.73 (M-TI") — —

Zno.sMgo 50 408 (M-T) 4.02(M-T') — 2.069¢

Zng65Mgo3750 4.34 (M-T') 429 (M-T") — -

Zno7sMgo2s0  4.67 (M-I')  4.67 (M-T') — 2.581¢

Znog7sMgo.1250 525 (M-I') 528 (M-I') — -

MgO 758 ([-I') 7.58 (I-I") 7.83' 5.05% 4.982" 4.766%, 5.409°

2 Ref. [44].

b Ref. [32].

€ Ref. [7].

d Ref. [9].

€ Ref. [10].

T Ref. [45].

& Ref. [46].

' Ref. [47].

This equation gives b = 5.44, according to the mBJ-LDA
approximation. Our calculated band gap values for the relaxed
MgyZni_xO ternary alloys as shown in Fig. 3 are fitted by the

expression (3), and follow the quadratic eq. (4):

ZnO MgO
9 T T T T T T T T T
—o— Present work (mBJ-LDA)
8 *¥ Exp. v ]
< Tr T
>
i
3 6| i
5]
c
()
Q.
§ s .
<l
c
@
om 4| -
3k . Mg,Zn4_ O b
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0,000 0,125 0,250 0,375 0,500 0,625 0,750 0,875 1,000
x composition

Fig. 3. Band gap as a function of Mg concentrations for relaxed Mg,Zn, _,O alloys using
the mBJ-LDA, compared with experimental data [44,45].

Egln‘}lggrfel:\o = 3.44 — 1.93x + 5.44x> @

The non-linear behaviour are found for the variations of our
calculated band gap values versus the composition x. This
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behaviour was also observed by Aoumeur et al. [9] using FP-LMTO
calculations and Amrani et al. [10] using FP-LAPW method within
EV-GGA.

3.3. Optical properties

In this part, we present the optical dielectric function, optical
conductivity, refractive index, reflectivity, absorption coefficient
and the electron energy loss of the cubic binary ZnO, MgO and their
ternary alloys Mg,Zn;_,O. The optical properties are considered as
an important source of information concerning the electronic
bands structures, it is usually deduced from the dielectric function
that given by:

e=¢e1(w) +iez(w) (5)

where o is the angular frequency, e1(w) and e3(w) are the real and
the imaginary components of the complex dielectric function,
respectively. Hence, the imaginary part of the dielectric function
e9(w) is calculated from the momentum matrix elements between
the occupied and unoccupied states and their wave functions. The
real part of dielectric function, &1(w), can be derived from e;(w) by
using the Kramer—Kroning relation [48,49]. From &1(w) and e3(w)
components of the dielectric function we can derive other inter-
esting quantities, such as absorption coefficient o(w), refractive
index n(w), extinction coefficient k(w), optical conductivity k(w),
reflectivity R(w) and the electron energy loss function L(w). For
calculating the optical properties, a dense mesh of uniformly
distributed k-points is needed. Thus, the Brillouin zone (BZ) inte-
gration was achieved with 196 k-points in the irreducible part of
the BZ, (grid of 12 x 12 x 6 meshes, equivalent to 1000 k-points). In
this work we present the results obtained within mBJ-LDA
approximation. The half-width broadening is taken to be 0.2 eV.

3.3.1. The real dielectric function

For ZnO, e1(w) is positive up to 16.85 eV and presents several
peaks located at 5.15 eV, 9.81 eV, 13.97 eV, and 16.45 eV. Also for
MgO, it is positive up to 19.56 eV and has peaked three peaks at
11.2 eV, 13.26 eV and 17.0 eV. For MgyZn1_,0, the £1(w) has positive
values up to 16.79 eV, 17.44 eV, 17.87 and 19.31 eV for x = 0.125,
0.375, 0.625 and 0.875, respectively. After that, e;(w) becomes
negative. It is clear that increasing the content of Mg cause to shift
the peaks towards higher energies. Furthermore, our obtained
values of the static dielectric constant £1(0) are given in Table 4. It
has been found that the calculated values of £1(0) decreases with
increasing composition X, for (0 < x < 1) and follow Penn model
[50]. Penn proposed that £1(0) is inversely proportional to the value
of band gap (Fig. 4). The obtained mBJ-LDA results of e1(w) for all
concentrations x are shown in Fig. 5.

Table 4

Static refractive index, static reflectivity and optical dielectric constant of MgyZn; _xO
alloys, obtained within mBJ-LDA approximation in comparsion with experimental
data and other theoretical results.

Material n(0) R(0) £1(0)

ZnO 1.81 0.08, 0.11°¢ 3.27, 4.06°
Zng.125Mgp 8750 1.77 0.08 3.15

Zng375Mgo 6250 1.71 0.07 2.93
Zno,625Mgo.3750 1.64 0.06 2.69

Znp g75Mg0.1250 1.57 0.05 2.46

MgO 1.53 0.04 2.34,2.94", 3.12¢
a Ref. [53].

b Ref. [54].

© Ref. [55].

Zno MgO
W77 T T T T T T T

—a— Present work (mBJ-LDA)

6,75 -

6,00

£,(0)

4,50 -

3,75 |-

Band-gap energy (eV)

Fig. 4. Variation of the static dielectric constant with the band-gap values for relaxed
Mg,Zn;_,0 alloys, according to the Penn model.

2,00

00 05 10 15 20
o 1)

0 2 4 6 8 10 12 14 16 18 20 22

Photon energy (eV)

Fig. 5. Real part of the dielectric function for relaxed Mg,Zn;_xO alloys, within the
modified Becke-Johnson approach (mBJ-LDA).

3.3.2. The imaginary dielectric function

The imaginary dielectric function is an important quantity; it
shows the various interband transitions between the valence and
conduction bands. From the feature of the imaginary part ()
shown in Fig. 6, there are five groups of peaks, for ZnO and MgO,
over a range of photon energies up to 25 eV. For ZnO, which have an
indirect gap, the first peak is located at 3.16 eV which is mainly due
to the optical transition (My—I'¢). The first peak is followed by four
other peaks corresponding to other interband transitions; these are
located at 4.77, 7.85, 10.16 and 15.33 eV. While for MgO, The first
peak situated at 7.47 eV stems from the direct optical transition
(I'y—T), it followed by four other peaks located at 11.63, 13.75,
18.35 and 19.44 eV. For the ternary alloys Mg,Zn,_,O within the
range 0.125 < x < 0.875, the spectrum of the imaginary part ex(w) is
depicted in Fig. 7. For x = 0.125 is mostly dominated by the peaks of
ZnO, but x = 0.375 is subjugated by a weak peaks of ZnO. For
x = 0.625, we note the presence of the peaks of MgO, unless the
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Fig. 6. Imaginary part of the dielectric function for relaxed ZnO and MgO compounds
within the modified Becke-Johnson approach (mBJ-LDA).
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Fig. 7. Imaginary part of the dielectric function for relaxed Mg,Zn;_,O alloys within
the modified Becke-Johnson approach (mBJ-LDA).

third peak which is derived from the third peak of ZnO. Finally, for
x = 0.875, the peaks are generally conquered by the peaks of MgO.

3.3.3. Refractive index

The refractive index n(w) is an essential optical parameter
related to the microscopic atomic interaction [51]. It measures the
transparency of semiconductor materials versus spectral radiations
and has also an important role in the investigation of the opto-
electronic properties. Furthermore, this parameter has indispens-
able impact for the devices such as detectors, solar cell and wave
guides [52]. From the imaginary and real parts of the dielectric
function we deduce the refractive index:

e1(w)? + &3 (w)? V2 (w)
(1 2 > ) 1 (6)

n(w) =

The calculated refractive index of ternary alloys MgyZn;_xO

within 0 < x < 1 range, as a function of the photon energy, dis-
played in Fig. 8 indicates that there is shift towards lower values
with increasing the content of Mg. The static refractive index for
low frequency described by the relation n(0) = 1/£1(0). These values
are presented in Table 4.

3.3.4. Absorption coefficient

We have plotted the spectral components of the logarithmic
absorption coefficient obtained within mBJ-LDA approximation in
the energy range (0.0—22.0) eV for the binary compounds ZnO and
MgO as shown in Fig. 9. It is clear that the binary compounds have
an excellent optical absorption in a wide energy range (3.97—17.29)
eV and (6.6—21.4) eV, which corresponds to wave length
(71.7-312.3) nm and (57.93—187.85) nm for ZnO and MgO
respectively. From the features of the optical absorption spectra
(Fig. 9), the absorption edges of ZnO and MgO are located at 3.97 eV
and 6.60 eV, respectively. Whereas the absorption edges of
MgyZn;_xO (x = 0.125, 0.375, 0.625 and 0.875) are situated at 4.14,
454, 5.07 and 5.87 eV, respectively (see Fig. 10). For the alloy
MgyZn;_x0, the band gap is in this range [3.97—6.6] eV. It’s obvious,
from our calculation, the utility of these binary and ternary alloys
for absorption purposes in the Ultraviolet (UV) region of the elec-
tromagnetic spectrum.

3.3.5. Optical conductivity
The plots of the optical conductivity k(w), within mBJ-LDA
approximation are displayed in Figs. 11 and 12 over the range of
photon energy up to 35 eV, for Zn0O, MgO and their ternary alloys,
respectively. The k(w) is deduced from the complex dielectric
function (eq. (5)), which is given by:
—iw

k(W) = (E) e(w) (7)

Several peaks are presented in the feature of k(w) curves, which
are vary in accordance with the energy band gap.

3.3.6. Reflectivity

Reflectivity R(w) is one of the essential parameters in optical
computations. In fact, reflectivity is sensitive to combination of the
two parts of the dielectric function. Fig. 13 shows the reflectivity
spectra of MgxZni_xO for 0 < x < 1 versus photon energy by using

2,4 T T T T T T T T T T T T T T
x=0 (ZnO)
22| x=0.125 i
x=0.375
x=0.625
=0.875
2,0 x

x=1(MgO)

1’2 L 1 L 1 L 1 L 1 L 1 L 1 L 1

0 1 2 3 4 5 6 7
Photon energy (eV)

Fig. 8. Refractive index for relaxed Mg,Zn; 4O alloys within the modified Becke-
Johnson approach (mBJ-LDA).
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Fig. 9. Absorption function for relaxed ZnO and MgO compounds within the modified
Becke-Johnson approach (mBJ-LDA).
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Fig. 10. Absorption function for relaxed MgyZn;_xO alloys within the modified Becke-
Johnson approach (mBJ-LDA).

mBJ-LDA approximation. The zero frequency reflectivity R(0) of the
investigated materials are listed in Table 4. It is clear that increasing
the Mg content lead to decrease the reflectivity at the static limit.
The maximum values displayed in Fig. 13 are situated at 18.65,
19.87, 21.21, 214, 21.61 and 21.7 eV for MgyZn;_xO (x = 0.0, 0.125,
0.25, 0.375, 0.5, 0.625, 0.75, 0.875, 1.0), respectively. The wave-
length of the maximum reflectivity is obtained around 0.057 pm
(5713 nm).

3.3.7. Energy loss function (ELF)

The electron energy-loss function spectra describe the energy
loss of a fast crossing electron in materials. This function has the
usefulness of enveloping the full energy range, involving scattered
elastically and non-scattered electrons, which excite the electrons
of the valence interband transitions or atom’s outer shell [48]. It can
be calculated by the following relation [56]:

€1

L(w) = —Im(e”) - (8)

2 2
&+ &5

9 T T T T T T T T T T T T
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Fig. 11. Optical conductivity for relaxed ZnO and MgO compounds within the modified
Becke-Johnson approach (mBJ-LDA).

g T T T T T T
sl x=0.125
| M9Zn1,0 x=0.375
7L x=0625 |
x=0.875
6 L _
L 5L i
s
T 4t 4
¥
of
3L A i
2L _
1L \ i
0 " 1 " 1 " 1 " 1 " 1 )
0 5 10 15 20 25 30 35

Photon energy (eV)

Fig. 12. Optical conductivity for relaxed Mg,Zn; O alloys within the modified Becke-
Johnson approach (mBJ-LDA).

Fig. 14 illustrated the energy loss function of ZnO, MgO and their
ternary alloys. The maximum critical point are located at 28.88,
28.74, 28.96, 29.15, 28.28 and 29.18 eV for MgyZn; 4O (x = 0.0,
0.125, 0.25, 0.375, 0.5, 0.625, 0.75, 0.875, 1.0), respectively. These
points represent the lossless regions.

4. Conclusion

The purpose of this work is to study the optical properties of the
cubic mixed metal oxide MgyZn1_,O for x vary between 0.0 and 1.0
by step of 0.125. We have used the all-electron FP-LAPW method
within LDA for optimizing the lattice constants, the related bulk
modulus B and it’s pressure derivative B’. The obtained results show
good agreement with the experimental data. To calculate the en-
ergy band gap we have used the recently modified semi-local
Becke—Johnson potential (mBJ-LDA), we found that this approach
brings the calculated energy gaps close to the experimental values
and much better than the previous calculations. Based on this good
agreement, the optical properties were calculated and discussed in
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Fig. 13. Reflectivity for relaxed Mg,Zn;_,O alloys within the modified Becke-Johnson
approach (mBJ-LDA).
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Fig. 14. Energy loss function for relaxed Mg,Zn; _,O alloys within the modified Becke-
Johnson approach (mBJ-LDA).

details. The results signify that our studied ternary alloys are
attractive materials for the optoelectronic devices area and solar
cell application, in the UV region.
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