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In this work, we present a comprehensive investigation regarding the physical properties @8MgO ternary alloys for different con-
centrations@ < z < 1), in rock salt phase. These properties, including structural, electronic, and optical properties, were studied using
the full-potential linearized augmented plane wave (FP-LAPW) method based on the density functional theory (DFT) with the Wien2k code.
The structural parameters of rock salt Meph .. O are studied in detail as a function of Mg concentration using the generalized gradient
approximation developed by Perdew-Burke-Ernzerhof for solids (GGA-PBEsol). The calculated structural parameters of both binaries are in
good agreement with their corresponding theoretical and experimental data. The results show that the value of the lattice parameter of rock
salt Mg, Cd; —, O decreases almost linearly with the increasing Mg concentration and exhibits a small deviation from the linear composition
dependence (LCD). Both local density approximation (LDA) and Tran-Blaha modified Becke-Johnson approximation (TB-mBJ) were used
to explore the electronic properties. It is found that the increasing Mg concentration leads to increasing energy band gap. Our obtained
results demonstrate that the rock salt CdO has an indirect band gaps and rock salt MgO has a direct band gap, @dile. ®gernaries

(0.125 < z < 0.875) exhibit an indirect band gap semiconductors. Additionally, the linear optical properties, including complex dielec-
tric function, complex refractive index, absorption coefficient and optical conductivity, are calculated and discussed in detail. The obtained
results confirm that the rock salt M@d; _, O ternary alloys are a promising candidate for ultraviolet photo electronic devices.
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1. Introduction electric material [10, 13]. While, the cadmium oxide (CdO)
is indirect band gap equal to 1.35 eV [19]. CdO has unique
11-VI semiconductor materials and their heterostructures haveharacteristics of high conductivity and high transmission,
been of growing interests because of their interesting physiwhich made it applicable in many devices such as photodi-
cal properties and their potential application in the field ofodes, phototransistors, photovoltaics, transparent electrodes,
optoelectronics [1-5]. These materials are also called widéquid crystal displays, smart windows, optical communica-
band gap semiconductors. These semiconductor compountlens and anti-reflecting coatings [9, 10,20, 21]. Under normal
appear to be perfect candidates for use in solar cells [6}gonditions, both binaries (CdO and MgO) crystallize in rock
light-emitting diodes [7], displays [8], nonlinear optics and salt (RS) phase with the space grodpi3m) [22]. By com-
used in solid-state tunable lasers [1]. Among these material§ining the two materials CdO and MgO, we can obtain the
we mention the cadmium oxide (CdO) and magnesium oxidenixed Mg,Cd, _, O ternaries. In recent years, various prop-
(MgO), which have been the subject of numerous theoreticagrties of Mg,Cd, _, O ternary have been investigated both ex-
and experimental studies [9-14]. Magnesium oxide (MgO)perimentally and theoretically. Paliwat al. [23] and Amin
with direct band gap energy of 7.8 eV [15] is considered ast al [9] investigated the structural, electronic and optical
a promising material for optical window application [16,17]. properties of MgCd,; _,O (0 < = < 1) in rocksalt phase us-
Magnesium oxide is utilized in the alternating current-plasmang the first-principle method. Stability, structural phase tran-
display panel due to its physical stability, high transmittancesition and electronic properties of M@d,_,O have been
and high secondary electron emission [9, 18]. In additionjnvestigated using the linear combination of atomic orbitals
MgO binary compound is considered to be a transparent dicLCAO) method within the framework of the density func-
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tional theory by Joshit al. [24]. Electronic and optical ature. The paper is organized as follows: Section 2 describes
properties of MgCd, _, O ternary alloys have also been re- the computational methods used. Section 3 presents and dis-
cently investigated by Djailet al. [10] using the full poten- cusses results on structural and optoelectronic properties of
tial linearized augmented plane wave (FP-LAPW) methodRS Mg, Cd; _, O ternary alloys and their end binaries (CdO
In order to describe the disordered Med; O ternary al- and MgO). Section 4 summarizes the findings.

loys, they have used 8-atoms special quasi-random structures

(SQS). They have calculated the structural of /@d; O

ternaries using the generalized gradient approximation of W2. Computational method

and Cohen (GGA-WC) [25]. For the electronic and opti-

cal properties, they have employed the Tran-Blaha modiThe calculations in this research were carried out via the
fied Becke-Johnson approximation (TB-mBJ) [26]. In thefull potential linearized augmented plane wave (FP-LAPW)
present work, we aimed to provide some additional compleformalism, grounded in density functional theory (DFT)
mentary information to the existing data on the disorder ef{32], using the computational code Wien2k [33]. For the
fect of ternaries{ = 0, 0.125, 0.250, 0.375, 0.500, 0.625, exchange-correlation potential, the generalized gradient ap-
0.750, 0.875 and 1), in rock salt phase, using the full poProximation proposed by Perdew-Burke-Ernzerhof for solids
tential linearized augmented plane wave (FP-LAPW) [27].(GGA-BPESoI) [28] was employed only for calculating the
In the present calculation, a 16-atom simp|e cubic supertundamental structural properties. The local density approxi-
cell based on the special quasi-random structure (SQS) apration (LDA) [29,30] and the modified Becke-Johnson (TB-
proach of Zungeet al. [24] is adopted to model the con- MBJ) [31] were applied to calculate the electronic proper-
sidered MgCd,_,O ternary alloys. We have calculated the ties of RS Mg.Cd; . O ternary alloys. For the computation
structural properties and cohesive energy by means of (GGAdetails, the muffin tin radii (Rr) values for Mg, Cd and
BPESol) approach [28]. Electronic and optical properties ofO atoms are selected as 18u)~", 2.1 (a.u)~! and 1.9

Mg, Cd,_, O ternaries were calculated using the local den-(a.u) ™", respectively. To attain convergence of energy eigen-
sity approximation (LDA) [29, 30] and the modified Becke- Values, the wave function in interstitial regions was expanded
Johnson (TB-mBJ) [31] approaches. We are motivated byn the plane wave with a cut off AR /7 Kmax = 8. (Kmax

the fact that there are few studies available on the physicdp the magnitude of the largest vector K in the plane wave
properties of RS MgCd,_,O ternary alloys. So, the aim €xpansion). The energy gap between the core and valence
of this work is to complete the works initiated by Amét  bands was taken equal to -6 Ry. The valence wave functions
al. [9], Djaili et al. [10] and Paliwalet al. [23] and to col-  inside the spheres(.x) and the charge density+(,..) were

lect a lot of information of theses ternary alloys, providing aé€xpanded up to 10 and 12, respectively. To obtain better re-
global understanding of RS M@d;_, O ternaries and their sults, the self consistent calculations were considered to have
main characteristics, which could offer interesting perspecconverged when the total energy of the system is stable with
tives for their use in solar cells and optoelectronic devices!0~* Ryd 10~ Ryd. In order to simulate the M@d, O

Our obtained results are compared to existing data in the liteternary alloys, in rock salt structure, we used cubic supercell

FIGURE 1. Crystal structure of a) CdO (primitive cell) and b) Mg Cdy.5000 (supercell), in rocksalt structure.
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contemning 16 atoms that correspondi8 &« 10 x 5) con-  modulus, respectively. Table | summarizes the optimized
ventional cell based on the special quasi random structurstructural parameters of M@d;_,O for 0 < z < 1),
approach of Zungeet al. [34]. For well convergence of en- in rock salt, compared to available experimental and theo-
ergy, we used 108 k-pointdZ x 12 x 6 mesh grid) in the retical data. The calculated lattice constants of CdO and
integration over the irreducible Brillouin zone for binary the MgO are 4.7001A and 4.2187A, which are good agree-
ternaries. For the optical properties calculations, we have inment with the experimental data (4.6§6‘or CdO [15] and
creased the number of points in the irreducible part of thet.203A for MgO [15]). We can note that the small differ-
Brillouin zone (BZ) to 196 k-pointsi@ x 12 x 6 mesh grid).  ence between the calculated and experimental values can be
In the pseudo atomic calculations, the Mg: [N&f, Cd:  attributed to the general trend that (GGA-BPESol) generally
[Kr] 4d'°5s2 and O: [He]2s22p* electron states were treated overestimates these parameters. Furthermore, it is observed
as valence states. The crystal structure of CdO binary (primthat the calculated lattice parameters of both binaries are in
itive cell) and Mg 500Cdy 5000 ternary (supercell), in rock excellent agreement with their corresponding theoretical re-
salt structure are shown in Fig. 1. sults using the same approach given in Refs. [9, 10]. More-
over, the calculated bulk modulus values of CdO and MgO
are 148.266G'Pa and 155.1853 GPa, respectively. These
values are in good agreement with the experimental values
given in Refs. [37,38]. The optimized structural lattice con-
stant @) and bulk modulus B) of Mg, Cd;_,O in rock salt

At room temperature, the most stable structure for CdO an@hase at some selected Mg concentratians=( 0, 0.125,

MgO binary compounds is the rock salt phase with spac®.250, 0.375, 0.500, 0.625, 0.750, 0.875 and 1) are listed in
group (Fm3m) [22]. Due to the small difference in lattice Table I. A small difference was observed between our calcu-
parameters between CdO and MgO binaries, we assume thiated results and those reported in Refs. [9, 10]. According
their Mg, Cd, _,.O ternary alloys retain the rock salt phase.to Vigard's law [15], the lattice constants for MGd; _,O
Therefore, the rock salt phase is adopted for,Kd;_,O  ternary alloys as a function of Mg concentration can be esti-
ternary alloys to investigate their ground state propertiesmated as follows:

Structural parameters, such as lattice constant and bulk mod-

ulus, are calculated using the (GGA-PBESol) approach [35] amg, ca,—,0(%) = zamgo + (1 — x)acdo- @)
based on Murnaghan’s equation of state (EOS) [36],

3. Results and discussion

3.1. Structural properties and cohesive energy

Hereamgo andacqdo are the lattice constants for the end

. : binaries MgO and CdO, respectively. Figure 2 presents the

BV (VO] BV variation of the lattice constants(x) and the bulk mod-

B} By —1 L By—1’ (D) ulus B(x) as a function of magnesium concentrations for
Mg.Cd;_,O ternary alloys in rock salt structure. From
the results, we may observe that the lattice constant of

whereE, represents the equilibrium enerdy, andBé rep- Mg,Cd;_,O decreases with the increase of Mg concentra-

resent the bulk modulus and the pressure derivative of bulkon. This is due to the lower size of the replaced magnesium

E(V)=E+

TABLE |. Calculated lattice constan(A), bulk modulusB(GaP) and cohesive ener@eon(Ry) of RS Mg, Cd; O ternary alloys using
(GGA-PBESOI) approach.

Present work Other
Mg.Cd;_.O (GGA-BPESOl) calculations Experiment
a(A) B(GaP) Econ(Ry) a(A) B(GPa) a(A) B(GPa)

Cdo 4.7001 148.266 -8.771 4.77[9], 4.696 [10] 123.599 [9] 4.686 [15] 148 [37]
Mgo.125Cdo.8750 4.6576 147.0659 -332.366
Mgo.250Cto.7500  4.61765 147.6271 -332.376  4.68[9],4.611[10]  130.374[9]
Mgo.375Cdo.6250 4.5730 148.3949 -332.386
Mgo.500Cth.5000  4.5229 149.8635 -332.396  4.57[9],4.523[10]  133.966 [9]
Mgo.625C0o.3750 4.4652 151.5759 -332.406
Mgo.750Cy.2500 4.3985 153.3266 -332.417 4.4419], 4.394 [10] 139.659 [9]
Mgo.875C0o.1250 4.3205 156.4442 -332.427

MgO 4.2187 157.1823 -8.90611 4.26[9], 4.220[10] 146.6281[9] 4.203 [15] 156 [38]
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FIGURE 2. Lattice constants(z) and bulk modulusB(z) as a function of Mg concentrations for MGd; —, O ternary alloys in rock salt
structure.

(Mg) atoms comparing to host cadmium (Cd) atoms. Fur2, 3, 4, 5, 6, 7 and 8) using the following relation [40]:
thermore, it is observed thd®(x)’s values increase as the

magnesium composition increases. This suggests that as l\%gngwcm_mo_ E%%;Fdl*mo— (nlEMg+n2ECd+n3Eo) (5)
increases from: = 0 (CdO), toz = 1 (MgO), Mg, Cd,_, O Coh N ny+na+ns ’
becomes generally more compressible. The total bowing pa- Mo Cd O

rameters of lattice constarit,) and bulk modulustz) were Here, Eqyi " ~*" denotes the total energy of the super-
obtained, by fitting the calculated valuesagf:) andB(z)to  cell. n1, no andn; are the number of Mg, Cd and O atoms in
the quadratic polynomial function: Mg,.Cd;_, O supercell structure, respectivelMI, £¢4and

EO are the total energies of the isolated atoms of magnesium

(Mg) cadmium (Cd) and oxygen (O), respectively. The total
amg, cd,_,o(x) = 4.9623 — 0.2105z — 0.2537z2, 3) energy of the isolated atom was evaluated by considering at
a supercell containing an isolated atom.

The calculated cohesive energy values for,ag,_, O
ternary alloys in rock salt structure are listed in Table I. Ac-
cording to the results reported in Table I, the cohesive ener-
gies of all Mg,Cd; _, O ternaries are negative, confiring their
gtructural stability.

Bug, cd, .o(x) = 147.6026 — 1.5165z + 1196912, (4)

Our calculated total bowing parameters are found té,be
—0.2537 A andbp = 11.9691 GPa for lattice constant and
bulk modulus, respectively. From Fig. 2, we can see that th
decrease in the lattice constant of Meg; _, O ternary al- : :
loys is accompanied by an increase the bulk modulus. Thig'z' Electronic properties
finding shows that the bulk modulus is in inverse sequencg 7 1. Band structures and bowing parameter

to the lattice constant which is in agreement with the well-

known relationship (inverse) betweéhanda, BaV ~! [39]. In this section, we calculated the band structures of
It can be noted that Eqs3) and @) can be used as mod- Mg,Cd;_,O ternary alloys and their end binaries along the
els to determine the lattice constant value and bulk modulukigh symmetry directions in the first Brillouin zone by us-
of Mg, Cd, _, O ternary alloys for different magnesium com- ing the predicted lattice parameter within (WC-PBESol) ap-
positionsz (0 < z < 1), respectively. The cohesive en- proach. These properties were computed using local density
ergy (Econ) is then the difference between the total energyapproximation (LDA) [29, 30] and the semi local functional
of the isolated atoms and the total energy of material. Cohesf Tran and Blaha (TB-mBJ) [31] approaches. The refer-
sive energy also reveals the strength and robustness of inteznce of energy level is taken as the peak of the valence band.
nal atomic bonds. In order to study the structural stability ofOur calculated values of energy gdp,{ of RS Mg,Cd;_,O
Mg..Cd,_,O ternary alloys in ordered form, we calculated ternaries obtained by (LDA) and (TB-mBJ) are presented in
the cohesive energyFicqn) of the nine structuresy(= 0, 1,  Table Il. It was observed that the pattern of the calculated

Rev. Mex. Fis71041006
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FIGURE 3. Energy band structures of RS CdO and RS MgO calculated with (LDA) and (TB-mBJ) approaches.

TABLE |l. Calculated values of energy gap{) of RS Mg, Cd; .. O ternaries, using (LDA) and (TB-mBJ) approaches.

Material Energy band gap
Eq (ineV)
This work Other calculations
Type of band gap LDA TB-mBJ GGA TB-mBJ Experiment
CdO x-n -0.51863 1.586 -0.5[9] 1.81[10] 2.16 [15]
Mgo.125Cdo.8750 (M -T) -0.329 1.767
Mgo.250Cdo.7500 (M -T) -0.088 1.992 -0.2 [9] 2.26 [10]
Mgo.375Cdo.6250 (M —-T) 0.195 2.246
Mdo.500C0o.5000 (M -T) 0.520 2.588 0.5[9] 2.76 [10]
Mo.625Cdo.3750 (M —-T) 0.820 2.927
Mgo.750Cd.2500 (M —-T) 1.175 3.330 1.11[9] 3.71[10]
Mgo.s75Cdy. 1250 (M —-T) 1.605 3.817
MgO -1 4.605 7.175 4.6[9],4.70[41] 7.39[10], 7.17 [41] 7.8 [15]

band structures of these materials is similar for both approxeulated band gaps values of RS CdO and RS MgO binaries
imations and the main difference is in the values of the enpresented in Table Il agree well with other theoretical results
ergy band gapk,). In order to depict the difference in band using the same approaches. And, it was observed the band
gap values, we present the electronic band structures of R§ap values obtained by (LDA) approach are underestimated
CdO and RS MgO together obtained via (LDA) and (TB- compared to the experimental data. This can be attributed
mBJ) approaches in Fig. 3. The peak of the valence bantb the limitation of (LDA) within density functional theory
was positioned on the zero-energy Fermi level-J. The (DFT) [41]. (TB-mBJ) gave band gap values of 1.586 eV and
result obtained via the two approximations (LDA) and (TB- 7.175 eV for RS CdO and RS MgO, respectively, which are
mBJ) indicates that RS CdO binary compound has an indireanuch closer to their corresponding experimental values (see
band gap alongl{ — I") while RS MgO has a direct band gap Table Il). Due to the similar behavior observed in the calcu-
along [ — I), which is in good agreement with the avail- lated band structures across both approaches, we presented
able data given in Refs. [9, 10, 15, 41]. Moreover, the cal-only the electronic band structures obtained from (TB-mBJ)

Rev. Mex. Fis71041006
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FIGURE 4. Energy band structures of M@25Cdy.s750, M0o.250Ch.7500 and Mg@.375Cdo.6250 calculated with (TB-mBJ) approach, in
rock salt phase.
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FIGURE 5. Energy band structures of MgooCdh.5000, Mgo.625Cdy.3750 and Mg 750Cdh.2500 calculated with(TB-mBJ) approach, in
rock salt phase.

approach in Figs. 4-5 for concentrations £ 0.125, 0.25, 3.2.2. Densities of states

0.375, 0.500, 0.625 and 0.75). For all considered concentra-

tions, our investigations show that the (valence band maxi- ) ]

mum) BV, occurs atM point and the (conduction band In thls sect_|on, we have calculated and discussed the elec-
minimum) BCluin is found atl point, indicating that these ronic density of states (DOS) of M@d, O ternary alloys,

ternaries are indirect band gap af (- T'), which agrees well I rock salt strugture. The knowlledge of the (DOS) chili—
with previous theoretical studies given in Refs [9, 10]. tates the analysis of the electronic and optical properties of
the semiconductor materials [43]. The total density of states

(TDOS) with the partial density of states (PDOS) were calcu-
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lated using the (TB-mBJ ) approach. The profiles of (TDOS)

and (PDOS) profiles are quite similar of M@d, _, O ternar-  band (UVB) ranging from-4.50 eV to Er (level Fermi) and

ies for all Mg concentrations, with light differences in the conduction band (CB).the second region. The first region

details. Thus, as prototypes, we plotted only the (TB-mBJ)LVB) shows a strong contribution from Cd (d) orbitals, with

results for RS Mg 125Cdy 8750, RS Mg 500Cdy 5000 and  small participation of O (s,p), Mg (s) and Cd (s) orbitals. This

RS Mg, s75Cdy.1250 Figs. 6, 7, 8 and 9, respectively. Max- small participation increases with magnesium concentration,

imum valence band (VBmax) was placed on the zero-energhput remains low in general compared with the dominance of

Fermilevel ). We have divided the electronic states of RSCd (d) orbitals. The second region (UVB) is mainly domi-

Mg..Cd,_,O ternary in three regions: the lower valence bandnated by O (p) with little participation by Mg (s), Cd (s,d)

(LVB) ranging from—7.50 eV to —7.70 eV, upper valence  and O (s) orbitals. The conduction band (CB) is composed

Rev. Mex. Fis71041006
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of Mg (s), Cd (s,d) and O (s,p). From the results, it was ob-  In Eq. (7), w present the frequency of the incident photon
served that when Mg atoms are added, the conduction barahd M, f; and e are the dipole matrix, the Fermi distribution
minimum (C Bp,;,) moves to higher energy, which leads to function and the electric charge, respectively. In B), % is

an increase in the band gap value. the principal of the integral value. In addition, other impor-
tant optical parameters, including refractive indgx), the
3.3. Optical properties extinction coefficienk (w), optical conductivityr (w) and ab-

sorption coefficienty(w) and reflectivityR(w) can be calcu-
The optical properties of materials largely verify its responsdated from the two parts; (w) andes(w) [44]. These optical
to electromagnetic events. An extensive analysis of thesparameters are defined by the following relationships [15,46].
properties was conducted to explore the potential of the com-
pounds for optoelectronic and photovoltaic devices. The di- 9 5 3
electric function can be used to describe the optical properties n(w) = [sl(w) te (w)) +a) )
of the material, reflecting the response to light. The dielectric 2 ’
function is a complex function and is given by [15, 44].

[N

(@) +8w) " -aw

e(w) = e1(w) + iea(w), (6) k(w) = 5 ; (10)
where,sq (w) is the real part of the complex dielectric func- _iw
tion which represents the energy at which electrons are ex- o(w) = Ee(w)' (11)

cited whilees(w) is the imaginary part of (w) which repre-
sents the absorption at specific wavelengths [45]w) can
be derived frome,(w) of the dielectric function through the

The absorption coefficienty(w), is proportional to the
extinction coefficient and can be given by [47]:

Kramers-Kronig relationship [15]. Both parts are given by A
the following equations [15, 44]: a(w) = Tk(w)' (12)
47r2e2 ) o _ Here, ) is the wavelength of light in vacuum. The reflec-
e2(w) = [mzwz ] Z /<Z‘M|J> fi(1=1)d tivity R(w) of material at normal incidence can given by the
gl following equation [47]:
x (By — B; — w) d°k, )
T [P we(w), 13
7_lllllllllllllllllllllllllllllllllllllll
# CdO
Ey MgO
g4 g
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FIGURE 10. a) Real and b) imaginary parts of the dielectric function of RS CdO and RS MgO binaries as function of energy photon with
(TB-mBJ) approach.
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TABLE Ill. Static dielectric constant; (0), F; (in eV), and static refractive index(0) of RS Mg, Cd;_,O ternary alloys, with (TB-mBJ)
approach.

Compound This work Theoretical results
€1(0) E; n(0) €1(0) n(0)

CdoO 3.7095 1.9260 1.9260 419] 3.78 [10]
Mdo.125Cdy.8750 3.5484 1.8837 1.8837
Mgo.250Cdo.7500 3.3801 1.8385 1.8385 3.5[9] 3.30[10]
Mgo.375Cdo.6250 3.2150 1.7930 1.7930
Mgo.500Cdo.5000 3.0480 1.7458 1.7458 3.1[9] 2.98[10]
Mdo.625Cdo.3750 2.8792 1.6968 1.6968
Mgo.750Cdo.2500 2.7059 1.6449 1.6449 2.7[9] 2.621[10]
Mgo.s75Cdy.1250 2.5269 1.5896 1.5896

MgO 2.3568 1.5352 1.5352 3.1[9] 2.45[10] 1.5[10]

To calculate the optic properties, the program of Abt 1994observed that maxima shift to higher energies and decrease
and Draxl et Sofo [48, 49] integrated in the Wien2k code iswith increasing Mg concentratioag (w)’s spectra as a func-
utilized. Optical properties of MgCd, _,, O ternary alloys, tion of photon energy for RS Md@_d; . O ternary alloys, for

in rock salt phase, are studied by using our (TB- mBJ) re{0.125 < z < 0.875), calculated using (TB-mBJ) approach
sults for1 < z < 0. For computational details, the half- are shown in Fig. 11b) along with the principal peaks, (P ,
width Lorentzian broadening was set to 0.1 eV. And, we in-P,, P3, Py and P5). These principal peaks denote the largest
creased the number of points in the irreducible part of theof energy transitions (optical transitions). The threshold en-
Brillouin zone (BZ) to 196 k because the computation of opti-ergy (P) of the e5(w) for Mg, Cd;_, O ternary alloys as a
cal properties requires a dense mesh of eigenvalues and théinction of Mg concentration are presented in Fig. 14. These
corresponding eigenvectors [33]. To our knowledge, thergeaks are mainly due to the optical transitidd,(— I".). We

are no experimental data regarding the optical properties afote that both principal peak#&{ andP;) move to higher en-

Mg, Cd; _, O ternary alloys, in rock salt phase. ergies and their magnitude reduce with increase of Mg con-
_ _ _ centration. While is observed th#éy, P, and P5 shift to-
3.3.1. Complex dielectric function wards lower energies and peak heights, increasing with in-

crease of Mg concentration.
Figure 10 illustrates the real and imagery parts(af) func- g

tion calculated within the (TB- mBJ) scheme of binaries

(CdO and MgO) in rock salt structure, for radiation up to 403.3.2. Refractive index

eV. The real part; (w) is characterized by the static dielec-

tric constant; (0), which can be obtained at zero irradiation The spectra of refractive index(w) as a function of pho-
frequency. The calculated (0)’s value with (TB-mBJ) ap- ton energy for binaries (RS CdO and RS MgO) and RS
proach of CdO and MgO binary compounds are found to béV19.Cd; ;O are displayed in Fig. 12a) and 13a) , respec-
2.903 and 1.551, respectively. Figure 10a) shows that thévely. The calculated results of static refractive indek)),
£1(w)’s spectra for CdO presents several maximum peaks df RS Mg, Cd; O ternary alloys for( < z < 1) are given
values of 2.237, 1.930 and 1.654 which are localized at 3.07i# Table Ill. From the resultsp(0)'s values for the two bi-
eV, 8.343 eV, and 13.256 eV, respectively. In the case of Mgoharies (RS CdO and RS MgO) are 1.926 and 1.5352 respec-
the values of these maximums are 2.014, 1.985 and 1.4gwely. However, these calculated values are in reasonable
and they are located at 11.138 eV, 13.212 eV and 17.171 e&greement with those reported in Refs. [9, 10]. The variation
respectively. Table IIl illustrates our obtained(0)'s val-  of the refractive index(z) as a function of the Mg concen-
ues of RS MgCd,_,O ternary alloys. The results shows trationz (0 < z < 1) is reported in Fig. 14 and adjusted
thate;(0)’s values decreases with the increase of Mg con-by a polynomial equation. From the curve, we remarked that
centration. Figure 11a) shows(w)'s spectra as a func- the value ofn(z) decreases with increasing Mg concentra-
tion of photon energy for RS MdCd,_, O ternary alloys, tion and deviates from Vegard's law with a small bowing pa-
for (x = 0.125, 0.500 and 0.875), calculated using (TB- rameter equal te-0.06117. The result of the fit is given as
mBJ) approach. We observed that the magnitude; )  follows:

increases with energy for all ternary alloys and reaches its

maximum at E1. This is presented in Fig. 14, where it can be n(w) = 1.9256 — 0.3293z — 0.0611727. (14)
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FIGURE 11. a) Real and b) imaginary parts of the dielectric function of RS,Md,_,O ternaries as function of energy photon with
(TB-mBJ) approach.

- R B G Anaa
T E 1,50 |- -
2 E Cdo : Cdo 1
E MgO i MgO 1
20 B 125 | -
1,8 F L J
L6 F 1,00 - N
1,4 E_ ~ L. o
3 S, B ]
—~ <xF [ ]
g L2F 0,75 - -
T E i ]
10 b - -
0,8 | 0,50 [ _-
0.6 F : ]
04 F 0,25 J
02 F : ]
0,0: 0,00 Loiaiadeiiaiaiionialinaolom el oK
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
a) Photon energy (eV) b) Photon energy (eV)

FIGURE 12. a) Refractive index(w) and b) extinction coefficienit(w) of RS CdO and RS MgO binaries as function of energy photon with
(TB-mBJ) approach.

From Fig. 13a), we observed thatw) increases with in- energy, for binaries and ternaries are shown in Figs. 11b)
creasing photon energy and reaches an upper limit of 2.208nd 13b), respectively. From these figures, we observed that
at 3.074 eV for RS CdO and 2.007 at 10.996 eV for RSk(w) follows closely to the imaginary past(w) and describe
MgO. After these maximay (w) decreases with some smaller some sharp peaks that are located in the energy range from
peaks. Extinction coefficierit(w), as a function of photon 5.351 + 1.869 eV t031.143 £ 2.76 eV.

Rev. Mex. Fis71041006



STRUCTURAL AND OPTOELECTRONIC PROPERTIES OF ROCKSALT MAGNESIUM CADMIUM OXYGEN TERNARY ALLOYS:... 11

S ——————
E —_—0125 ]
2258 = -
E =0.500 ]
2.00 :j\ =087 ]
175 o <]
150 = -
—_ __F ]
1_2:- — -
o o -
Sim -
0.75 | -
050 =
028 F =
0.00 :..--I“....I--...I--“Iu--lu--l...--lu....:
0 5 10 15 20 25 30 35 40

a) Photon energy (eV)
Trrflllllllt"llll!lr‘t‘llll! lr"l—l"l—ll‘l'rl
125 F o
—0125 .
[I — T i

x=0.873

100 |- ol

b) Photon energy (V)

FIGURE 13. a) Refractive index(w) and b) extinction coefficient
k(w) of RS Mg,Cd;_,O ternaries as function of energy photon
with (TB-mBJ) approach.

3.3.3. Absorption coefficient

It is well known that the absorption coefficient(w), reveals

7’0: T T T T T T T T T 10
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FIGURE 14. Variation of refractive indexn(0), as a function of
magnesium concentration for RS M@d; —, O ternary alloys.

tion of photon energy are displayed in Fig. 15a). As depicted
in this figure, the absorption edge begins approximately at
2.525 eV and 6880 eV for RS CdO and RS MgO, respec-
tively. From the results, we observed that both binaries are
characterized by a broad absorption band located between
8.223 eV and 27.454 eV for RS CdO and 10.863 eV and
23.683 eV for RS MgO. For ternaries alloys, the absorp-
tion coefficient spectra as a function of photon energy for
(x = 0.125, 0.500 and 0.875) are displayed in Fig. 18. From
the results, we can observe that the RS,Kd, _, O ternary
alloys exhibit strong absorptiomy(w) > 25.10* cm™!, in

the energy range &f.965 + 1.125 eV —32.085 £+ 1.969 eV.

This indicates that the electrons are accelerated from the va-
lence band to the conduction band. And, these results show
that that the ternaries are promising candidate for ultraviolet
photoelectronic devices.

3.3.4. Optical conductivity

In Figs. 15b) and 17, we present the spectra of optical con-
ductivity o(w) for binaries (RS CdO and RS MgO) and RS
Mg.Cd;_, O ternaries as function photon energy. Accord-
ing to these figures, we observe that the optical conductivity
of binaries and ternaries(w) starts from their correspond-
ing band gap values. We also notice that tie) curves
contain multiple peaks, which vary depending on the energy
band gap. The maximum of optical conductivity is observed
in the energy range 4.220-34.198 eV and 9.122-27.788 eV
for RS CdO and RS MgO, respectively. In the case of RS
Mg, Cd; . O ternary alloys, it is also observed that thgv)
curves exhibit several peaks that vary depending on the en-
ergy band gap. From the curves shown in Fig. 17, we ob-
serve that optical conductivity values greater tHaAQ !
(c(w) > 103Q71) lie in the photon energy ranging from
8.964 £ 1.236 eV t032.029 £+ 2.025 eV. Therefore, the pres-

the depth of penetration of light into the material [45] andence of high optical conductivities within the UV spectrum
describes the relative decrease in the intensity of incident radnderscores the suitability of these materials for optoelec-
diation as it passes through this material. The absorption cdronic applications, indicating their utility in this technology
efficient spectra of RS CdO and RS MgO binaries as a funcdomain.
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nesium composition. In order to examine the electronic prop-

erties, we have used (LDA) approach and the modified Becke
4. Conclusion Johnson potential (TB-mBJ). It is found that the calculated

values of band gap using the (TB-mBJ) for the two bina-
The structural and optoelectronic properties of CdO and MgQies (RS CdO and RS MgO) are in good agreement with
binary compounds and their M@d, _, O ternary alloys in  the experimental data. And also, our calculations show that
rock salt phase were investigated. The (GGA-PBEsol) apthe RS CdO binary has an indirect band gap alahg-(I")
proximation was used to calculate the structural propertiesvhile RS MgO has a direct band gap alorig € I"). In
including lattice parametgfu) and bulk modulugB). The  the case of ternaries, calculations show that the maximum
obtained results are reasonably consistent with existing dataf valence band\( B,,.x) and minimum of conduction band
in the literature. We found that the lattice parameterz{) (CBmin) are located at points R arld respectively, which
of Mg..Cd, _, O decreases with magnesium composition (x)gives an indirect band gap for all selected concentration
while its bulk modulus B(x)) increases. Furthermore, we (0.125 < x < 0.875). It is also noticed that the band gap
observed that both parameteisapd B) of RS Mg,Cd,_,O  value £,) of RS Mg, Cd, _, O ternary alloys vary almost lin-
alloys can be controlled by adjusting the mag- early with the Mg composition and show a bowing parameter
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equal to 0.951 eV and 1.561 eV, according to the (LDA) andconductivity of Mg.Cd,; ., O ternary alloys and their bina-
(TB-mBJ) approaches, respectively. Based on our (TB-mBJjies. The obtained optical values for binaries and ternaries
results, we have predicted and discussed in details the opticahow good agreement with existing data. The results signify
properties such as complex dielectric function, refractive inthat our studied ternary alloys are attractive materials for ul-
dex, extinction coefficient, absorption coefficient, and opticaltraviolet photoelectronic devices.
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