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Structural, electronic, and optical properties of alloys Be,Mg;_,.X (X =S, Se, Te) in the assortment 0 < x < 1 were
theoretically reported for the first time in zinc-blende (ZB) phase. The calculations were carried out by using full-potential
linearized augmented plane wave plus local orbitals (FP-LAPW+lo) formalism contained by the framework of density
functional theory (DFT). Wu—Cohen (WC) generalized gradient approximation (GGA), based on optimization energy,
has been applied to calculate these theoretical results. In addition, we used Becke and Johnson (mBJ-GGA) potential,
modified form of GGA functional, to calculate electronic structural properties up to a high precision degree. The alloys
were composed with the concentrations x = 0.25, 0.5, and 0.75 in pursuance of ‘special quasi-random structures’ (SQS)
approach of Zunger for the restoration of disorder around the observed site of alloys in the first few shells. The structural
parameters have been predicted by minimizing the total energy in correspondence of unit cell volume. Our alloys established
direct band gap at different concentrations that make their importance in optically active materials. Furthermore, density
of states was discussed in terms of the contribution of Be and Mg s and chalcogen (S, Se, and Te) s and p states and
observed charge density helped us to investigate the bonding nature. By taking into consideration of immense importance
in optoelectronics of these materials, the complex dielectric function was calculated for incident photon energy in the range
0-15eV.

Keywords: Be;Mg|_,X (X =S, Se, Te) alloys, zinc-blende (ZB) phase, density functional theory (DFT),

electronic and optical properties
PACS: 61.66.Dk, 71.15.Mb, 71.20.-b, 51.70.+f

1. Introduction

The continuously growing research in the field of opto-
electronics is due to the common and potential use of optoelec-
tronic devices, whose technological applications are strongly
based on nature of bad gap of an optical material. The direct
band gap materials are needed for electroluminescent devices
instead of indirect band gap materials as phonons involvement
in emission or absorption process makes them optically inac-
tive. Considerable attention has been devoted towards studies
of alkaline earth chalcogenides because of their technologi-
cal importance with a wide range of applications ranging from
catalysis to microelectronic.!'?! Among the alkaline earth
chalcogenides, Mg chalcogenides with large band gaps and
low dielectric constants have attracted a great deal of attention
due to their possible use in blue and ultraviolet (UV) wave-
length optics as well as in high-temperature electronics.3¢]
Moreover, a large potential for protective coatings is antic-
ipated for these semiconductors because of their hardness,
enormous thermal conductivity, high melting point, and huge
bulk modulus. The existence of these semiconductors in four
crystalline phases, rocksalt, zinc blende, wurtzite, and nickel
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arsenide, has triggered significant experimental and theoreti-
cal efforts in order to assess the relative importance of these
four phases.!”!

Beryllium chalcogenides are of special importance
among II-VI compounds because of the lowest mass of Be
among group-II elements and having one filled electronic
shell.

ity and stability due to their huge bulk moduli.[®! More-

Be-chalcogenides compounds show enhanced rigid-

over, the lattice constants of BeS and BeTe are nearly equal
to those of GaAs and ZnSe.!”) These characteristics ex-
tensively affect physical properties like lattice dynamics,!!”!

(111 and bond polarity.['?! On ac-

electronic band structures,
count of the above facts, II-VI mono-chalcogenides can be
considered as the most promising candidates for optoelec-

(13.14] Tn order to have these physical prop-

tronic devices.
erties continuously varying according to technological re-
quirement, ternary Be-chalcogenides, e.g., Be,Zn;_,Se!!!l or
Be,Mg;_,Se, are modeled. However, the lattice constant of
the said ternaries undergoes significant change due to vari-
ation in composition. On the other hand, in quaternary

Be-chalcogenides composed of BeyMg.Zn_,_.Se, the lattice
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constant remains unchanged if an appropriate ratio of Be, Mg,
and Zn is followed while a band gap variation from 2.7 eV
to 4.5 eV is also possible.!!*! In addition to fundamental band
gap change, higher band gaps (i.e., E| and E,) are also sig-
nificantly affected owing to gradual replacement of Zn by Be
and Mg. Be-chalcogenides, owing to their large bandgaps, are
expected to play a key role in the field of green semiconductor
laser. Recently, Be-doped II-VI compounds such that BeZnTe
and ZnBeSe have been studied extensively because of their
technological importance.[1%17]

Recently, intensive attention has been drawn towards the
beryllium chalcogenide alloys due to strong covalent bonding
and lattice hardness present in them. The technique molecu-
lar beam epitaxy (MBE), with high degree of crystalline qual-
ity, is exercised in growing the beryllium containing alloys.
Furthermore, these alloys significantly extend the lifetime of
the devices on incorporation in LEDs.!'8! We believe that ad-
vanced research can solve the problem of degradation of II-
VI family devices and the mBJ-exchange potential helps to
overcome this problem. In this connection, the mBJ-GGA po-
tential within FP-LAPW+lo method is employed for the bina-
ries MgS, MgSe, MgTe, BeS, BeSe, and BeTe and their corre-
sponding ternaries to probe their optical band gaps along with
other physical properties. Up to now, in spite of their par-
ticularly essential character in device manufacture, no wide-
ranging theoretical work has been reported on ternaries. In
the existing study, ab-initio calculations have been executed
to investigate some physical properties of these alloys in opto-
electronic devices as concerning their potential application.

2. Computational details

The bulky supercell and arbitrary allocation point defects
are constructed on the host lattice to give non-stoichiometric
compounds with determined point defects. In order to mimic
the statistics of random alloys adequately, a large supercell
is required. In this study, the special quasi-random structure

19.201 s applied

(SQS) scheme recommended by Zunger et al.l
due to computational prohibition of density functional theory
(DFT)! based ab-initio calculations. For the small unit cell
(having 8-32 atoms per unit cell) periodic structures, the spe-
cially designed SQSs are used, which resemble best pertinent
local pair and multisite association functions of the random
substitutional alloys. Including full-potential methods, any
DFT method is capable of applying for SQSs due to their small
size.

The random alloys association does not persist precisely
in periodic structure after an interval of definite distance.
This problem can be solved by the edifice of bulky supercell,
though; the increase in number of atoms in a supercell be-
comes more expensive with first-principles calculations. Es-

tablished on the circumstance that physical properties may

be determined by microscopic length and local randomness,
which are not pretentious by the bulk of supercell, Zunger
et al.!"%2% suggested creation of SQS supercells with the im-
provement of separation of their size on customer choice. In
the existing work, a restrictive incident of tiny supercells well-
matched with the components in percentage is consequently
used.

Therefore, the Be;_,Mg,X alloys are machinated in ex-
pressions of periodically recurrent supercells in systematic
structure with desired compositions. We deliberate an eight-
atom cubic lattice by means of concentrations at x = 0.25, 0.5,
and 0.75 of Be;_yMg,X alloy in ZB phase to pursue their
physical properties. For making an SQS, it is obligatory to
replicate the structural correlation function of arbitrary alloy
prudently for the first small number of neighboring shells, con-
sequently these correlation functions are vital for the charac-
terization of SQS. The structures are utilized in current study
to represent random alloys at x = 0.25/0.75 and x = 0.50 be-
longing to the eight atom SQS. The elementary benefit of the
SQS approach is that it assists overwhelmed restrictions, while
studying several disordered solid solutions of physical proper-
ties by permitting for exchange of atoms at lattice locations
as the subsequent structures replicate the average correlation
functions of the arbitrary substitutional alloys.

Self-consistent calculations for Be,Mg_,Y (Y =S, Se,
Te) alloys in zinc blende phase are performed using a rel-
ativistic FP-LAPW+lo method to elucidate the Kohn—Sham

(221 The interchange

equations as applied in the WIEN2K code.
correlation prospective for these alloys is computed with the
Wu and Cohen generalized gradient approximation (GGA-
WC).[23] However, the mBJ-GGA?* functional is utilized
to proceed electronic band structure calculations. This func-
tional is modified from GGA and uses both mBJ XC poten-
tial and GGA correlation potential to perform energy band
gap calculations as accurately as the GW calculations which
are computationally expensive. This FP-APW+lo method em-
ploys the division of space into muffin-tin spheres. These non-
overlapping spheres are separated by interstitial regions. It
also involves the expansion of basic functions into Fourier and
spherical harmonic functions inside the interstitial region and
spheres, respectively.

This research manifests the fully relativistic treatment of
core electron states of Mg, Be and chalcogen (S, Se, Te) atoms
are preserved semi-relativistically with valance electrons. For
individual sorts of these alloys, to cease the core escape and
obtain the total energy coming together by changing the k-
point and plane wave limit, appropriate muffin tin radius Ryt
is designated and the determined angular momentum (/yax)
for the wave function is conceded out equal to /n,x = 10
whereas the charge density is Fourier prolonged up to Gyax =
16 (Ryd)l/ 2. The plane wave cutoff of Kpn,x = 7.0/Rymr has
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been designated for the extension of the wave function in the
interstitial region for all the compounds and Kyax = 8.0/Rymr
for their alloys. The Ryt values for Be, Mg, and chalcogen
(S, Se and Te) have been taken to be 2.26 a.u, 2.50 a.u, and
1.97 au, 2.08 a.u, 2.26 a.u, respectively. A mesh of 2000
special k-points for binary compounds and their ternary al-
loys are taken to check self-consistent convergence in the ir-
reducible wedge of Brillouin zone. The total energy variance
stuck between following iterations is occupied to be fewer than
0.00001 Ryd per formula unit.

3. Results and discussion
3.1. Structural properties

First of all, the theoretical modeling of the binary com-
pounds Mg-chalcogen (S, Se, and Te), Be-chalcogen (S, Se,
and Te) as well as their alloys for the configurations x = 0.25,
0.5, and 0.75 is carried out towards structural properties in-
vestigation. The SQS approach is applied by obtaining the
small-unit-cell periodic structures for compositions x = 0.25,
0.50, and 0.75 in an eight atom cubic lattice. The ordered zinc-
blende structures at x = 0.25 and 0.75 are obtained with space

group #215_P-43m respectively, whereas for x = 0.50 the or-
dered structure is also eight atom with different space group
#16_P222. Symmetry lattice constant a, and bulk modulus By
have been computed by appropriate Murnaghan equation of
states!?>! to the entire energy versus different volume curve.
The results displayed in Table 1 show that the end binary val-
ues of lattice constant and bulk modulus are in good agreement
with available experimental and theoretical values. Our GGA
results of binary compounds agree well with the experimental
results, despite GGA overestimating the lattice parameters. [26]
Although, in semiconductor alloys, the experimental ?"-?8! and
theoretical>>3%! literature indicate the violation of Vegard’s
law, our calculated results for all alloys show the non-linear
variation of the lattice constant as a function of doping con-
centration of Be (x) (see Fig. 1), thus revealing tendency to
Vegard’s law.*! Similarly, for bulk modulus, again our results
deviate from the linear concentration dependence. Moreover,
in ternary alloys, an increase of lattice constants leads into a
corresponding decrease of bulk modulus and vice versa. This
behavior can be attributed to the fact that changing the con-
centration of Be may result in the weakening/strengthening of
the bonds.

Table 1. Predicted equilibrium lattice constant and bulk modulus for Be,Mg;_,X (X =S, Se, Te) alloys and their binary compounds

compared to available experimental and other theoretical results.

Lattice constant ag/A Bulk modulus B/GPa
X This work Experiment Other calculations This work Experiment Other calculations
Be,Mg;_,S 0 5.65 5.622 5.70°, 5.65¢, 4.7454 57.45 55.9°, 57.4¢, 60.0¢
0.25 5.45 65.14
0.50 5.26 74.98
0.75 5.05 84.08
1.0 4.84 4.87° 4.883¢, 4.745h 98.95 105¢ 92362, 116"
Be,Mg;_,Se 0 5.90 5.89% 5.99°, 5.90°, 5.92¢ 47.70 45.3°,47.7¢, 49.0¢
0.25 5.74 54.51
0.50 5.55 61.32
0.75 5.35 68.91
1.0 5.13 5.137f 5.1832,5.037" 75.86 92.2f 74.5692, 98.0"
Be,Mg;_,Te 0 6.43 6.36% 6.51°, 6.43¢, 6.39¢ 36.72 34.1%, 36.72¢, 38¢
0.25 6.25 40.33
0.50 6.04 46.46
0.75 5.83 5291
1.0 5.61 5.617f 5.6712,5.531" 60.86 68.8f 56.128¢, 70.0"
aRef. [40], PRef. [41], °Ref. [42], IRef. [43], °Ref. [44], TRef. [45], ERef. [46], "Ref. [47].
8
e—e Be,Mg;_,S (a) 140 o—e Be,Mg; .S (b)
< =—a Be,Mg;_,Se & 120f w—a Be,Mg,_,Se
E T A—a Be,Mg; ,Te Q A—4 Be,Mg;_,Te
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:
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Fig. 1. Schematic representation of (a) lattice constant and (b) bulk modulus with non-linear behavior in concentration x, for Be,Mg;_,X

(X =S, Se, Te) alloys. Dotted lines represent the Vegard’s law.
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3.2. Electronic properties

The investigation of electronic band structure (EBS) of
a material is extensively important to understand its electronic
properties along with valuable information regarding its poten-
tial practical use in fabricating new electronic devices. In this
study, the theoretically calculated lattice constants are used to
calculate the EBS dispersion in k-space beside the extraor-
dinary symmetry directions in the irreducible Brillouin zone
of the binary compounds Mg-chalcogen (S, Se, and Te), Be-

Table 2. Direct and indirect band gap values of Be,Mg;_,X (X =

chalcogen (S, Se, and Te) and their alloys for x =0.25, 0.5, and
0.75 by employing the GGA and mBJ-GGA functionals. The
computed band gap (energy variance between the top and the
bottom of valence and conduction bands respectively) values
are given in Table 2. It is manifest that the bandgaps computed
with mBJ-GGA are very close to the experimental values, and
are ominously enhanced as associated to the calculated values
with GGA. Consequently, the mBJ exchange potential calcu-
lation is more active in calculating the band gap than the com-

mon LDA and GGA approximations. 3233

S, Se, Te) alloys obtained by using WC GGA and mBJ-GGA

approximations.
X WC-GGA mBJGGA Experiment Other work
(Ee D) (Es 1) (Eg 1) (Eg 1)

Be,Mg;_.S 0 3.25 5.15 4.45 5.48d

0.25 3.20 4.95

0.50 3.05 435

0.75 2.95 4.20

1.0 5.60,2.90 (EX 1) 6.50,4.10 (EX 1) 5.5 5.66f,5.51¢2
Be,Mg;_,Se 0 2.60 4.20 4.0 3.67¢

0.25 2.55 4.00

0.50 2.50 3.60

0.75 2.50 3.60

1.0 4.20,2.40 (EXT) 5.60,3.50 (EX~T) 4-4.5¢ 4.19%, 4,728
Be,Mg;_,Te 0 2.35 3.60 3.67° 3.014

0.25 2.20 3.15

0.50 1.60 2.10

0.75 1.90 2.70

1.0 3.60, 1.80 (Ex 1) 4.15,2.60 (EX 1) 2.70° 3.641,3.68¢

aRef. [48], PRef. [49], °Ref. [50], 4Ref. [51], °Ref. [52], 'Ref. [46], ERef. [47].

It is noted that Mg-chalcogens (S, Se, and Te) are direct
band gap semiconductors, while Be-chalcogens (S, Se, and Te)
are indirect band gap semiconductors. The band gaps of these
binary semiconductors are in good agreement with experimen-
tal results (see Table 2) and, on appraisal with additional the-
oretical results, display the reign of the mBJ potential used
in our calculations. The partial substitution of Be in binaries
MgS, MgSe, and MgTe is responsible of introducing band gap
in the corresponding ternary alloys. Annihilation of a hole in
VB caused by an electron in CB gives birth to the process of
releasing excess energy as a photon. This process is called
radiative recombination and is of great importance while sug-
gesting a material more suitable for opto-electronic devices.
In between the direct band gap and indirect band gap semi-
conductors, radiative recombination is faster in former semi-
conductors as compared to that in latter ones, consequently,
dominating the direct band gap materials in the practical appli-
cations of opto-electronic devices. Referring to Figs. 2 and 3,
the ternaries Be,Mg;_,X (X =S, Se, Te) have direct band gaps
at each composition and the location is given at I'-symmetry
point of the conduction band minimum (CBM) and valence
band maximum (VBM). These CBM and VBM are taken to

be the origin of the I'-I" wide direct band gap and their pro-
files, as well, are similar with only few minor changes around
EF. The clarification of direct band gap of a material is highly
significant because this gap plays a crucial role in deciding the
material’s applications in opto-electronic devices.

In Fig. 4, it may also be pointed out that fundamental
band gap values calculated through WC-GGA and mBJ-GGA
functionals at the concentrations considered in this study have
a change, whereas the quadratic equations (given below) for
these functionals help to analyze non-linearity in the band gap

EYC(x) =3.26 —0.437x40.057 1.7,

Be,Mg,_ S:
B2 pmBI (3) = 5.1 — 1.883x+0.7428:2,
EYC(x) =2.59 - 0.123x — 0.057 17,
Be,Mg,_,Se: BI 5
EMB) (x) = 4.22 — 1.406x+0.6857x,
EyC(x) =2.39 - 1.703x + 1.1429x7,
BeMg,_,Te: 3)

EMBI (x) = 3.65 — 3.665x +2.6837x7.

Equations (1)—(3) are also used to calculate band gap bow-
ing coefficients for the studied alloys. The band gap bowing
coefficient has small (—0.057 eV, 0.6857 eV), intermediate
(0.057 eV, 0.7428 eV) and large (1.1429 eV, 2.6837 eV) esti-
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mated values for Be,Mg;_,Se, Be,Mg;_,S, and Be,Mg;_,Te
alloys with WC-GGA and mBJ-GGA, respectively. More-

over, figure 5 reveals that the bowing deviates linearly for
BeMg;_,Y (Y =S, Se, Te).

8 %S 8 ~ 8
N A 4 §%§ 4 x% §
WC-GGA
<L
= = St
=54 —4 —4
é) — ﬁ
_8 Beo.2sMgo.75S _8 Beo.s0Mgo 509 _8 Beo.7sMgp.25S
—12[ ——F | — 12— >—T—_] -12 ~— | —1—__|
R A TT'ANXZM XY I’ R A I''ANXZM XY I’ R A I'AXZM X I’
8 8 ~_ < 3
S S
:_\\2 T\ A
E
> : Erp 0 F 0 Er
; —
: = S S
E —4= — 4 —4_Z—
-8 Beg.25Mgo.755e -8 Beg.50Mgo.s05e -8 Beg.7sMgo.255e
—12 | | —12 > ] —12 <—‘ *
—1
R A ITAXZMDX I R A I''AXZMXYX I’ R A I''AXZM X I’
8 \N 8 8
== =S S
4 Y 4 =] 4
> 9 Er 0 Er 0 Er
Q N
=== =Ee =S
>
5 = — =
- p— — —
_3 Beg.2sMgg.75Te _3 Beg.so0Mgo.50Te _8 Beo.7sMgo.25Te
—12 —12 — D —12 <_/—-—""\

R A I''AXZMX I’

R A I''AXZMX I’

R A TTAXZMZXT

Fig. 2. Schematic representation of calculated band structures for Be,Mg;_,X (X =S, Se, Te) alloys using GGA functional with

concentration x = 0.25, 0.50, and 0.75.

It is to orate stating at this point the consequence of su-
percell bulk of the compounds under study on the electronic
properties. As stated previously, we have also executed band
structure computation by means of larger (32-atom) supercells
to understand the effects instigating from cumulating the nu-
meral of neighboring atoms and symmetry decline on the elec-
tronic properties. Owing to decline of crystallographic equi-
librium, at extraordinary symmetry points (excluding I"-point)
the band structure sketches for 8 and 32 atoms cells display
significant dissimilarities, though, the direct (I'-I") band gaps
computed using WC-GGA, EV-GGA, and mBJLDA stay un-
affected.

The electronic densities of states (TDOS and PDOS) for
Be,Mg;_,Y (Y =S, Se, Te) alloys at x = 0.25 with GGA and
mBJ-GGA functionals are displayed in Fig. 5. The analysis

of ionic state contributions to the apiece set of bands is con-
ceded out by disintegrating the TDOS into s, p, and d orbital
assistances. The electrons in Be s, Mg s, and chalcogen (S, Se,
and Te) s, p states are treated as valence electrons whereas the
residual electrons are preserved as part of the core. On doping
Be in Mg-chalcogen (S, Se, and Te), it is clear that low energy
set of valance bands between —5.0 eV and 0 eV originates
from Be s and chalcogen (S, Se and Te) p states. The bands
below the Fermi-level between —14.0 eV and —12.0 eV are
conquered by chalcogen (S, Se, and Te) s states, whereas the
upper part of the conduction band is conquered by Mg s states.
Referring to Fig. 5, one can conclude that no significant influ-
ence on structure features appears while using different XC
potentials.
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Fig. 3. Schematic representation of calculated band structures for Be,Mg;_,X (X =S, Se, Te) alloys using mBJGGA functional with

concentration x = 0.25, 0.50, and 0.75.

Inspecting the charge density maps, one is fully prompt
to analyze the chemical bonding nature in a compound. Here,
we use WC-GGA results to calculate outline maps of elec-
tronic charge density in (1 1 0) plane of Be,Mg;_,X (X =S,
Se, Te) ternaries at x = 0.25 as depicted in Fig. 6. These results
help in examining the bonding properties of the studied mate-
rials. It is Pauling electro-negativity difference>*! which de-
cides the size of shared charge among the Be/Mg and chalco-
gen (S, Se and Te) ions, and this sharing of charge points out
that the bonding nature is partially ionic but strongly covalent
in BeyMg;_.X (X =S, Se, Te) alloys.
that charge transfer correspondingly increases with electro-

It is quite plausible

negativity difference increase between cation and anion. The
charge in the surroundings of cation sites is mainly due to the
Be and Mg s sites, whereas chalcogen (S, Se, and Te) s and

p sites bring the charge around anion sites. Furthermore, in

BeMg;_,(S, Se) ternaries, an increase of electronic charge
is found at anion locations (S and Se), while the cation sites
(Be/Mg) bear a net decrease of electronic charge. However,
a reversed situation is observed in Be,Mg;_,Te ternary where
small electro-negativity of Te atom causes reduction of elec-
tronic charge at anion location (Te).

3.3. Optical properties

The optical properties of a material provide a sound un-
derstanding of its nature as well as a series of its optoelectronic
applications.>=37] In this connection, the optical parameters
of the alloys Be,Mg;_,X (X =S, Se, Te) at x = 0.25, 0.50,
0.75 and their respective binaries are listed in Table 3, while
the imaginary part of frequency reliant on dielectric function
(DF) & (@) = &rear(®) —
the radiation range 0—15 eV. In the present study, we prefer the

i€ maginary (@) is depicted in Fig. 5 in

016101-6



Chin. Phys. B Vol. 27, No. 1 (2018) 016101

1381 We compute

local-field effects over the excitonic effects.
direct inter-band contributions towards the &maginary(®) part

of DF by keeping all the possible transitions while going from
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Fig. 4. (color online) Direct bandgap variation (solid line) using WC-GGA
and mBJGGA functionals for (a) Be,Mg;_,S, (b) Be,Mg;_,Se, and (c)
BeMg;_,Te alloys at x = 0.0, 0.25, 0.50, 0.75, and 1.0. Dotted lines rep-
resent the indirect bandgaps of Be,Mg;_.X (X =S, Se, Te) alloys at x = 1.
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Fig. 5. (color online) Total density of states (TDOS) along with par-
tial density of states (PDOS) using GGA and mBJGGA functionals at
x =0.25 for BeMg;_,X (X =S, Se, Te) alloys.

occupied to unoccupied states into consideration and, also,

considering the most suitable transition matrix element. !

L B

(a) Beg.osMgo.755¢ (b)

Fig. 6. (color online) Charge density distribution (contour plot) using
GGA functional for BexMgj_.X (X =S, Se, Te) alloys at x = 0.25.

The energy eigen values along with electron wave func-
tions take part in calculating the part &maginary (@) of DF, and
Eimaginary (@) has strong correlation with joint DOS as well as
with the momentum matrix element. These can be consid-
ered as natural output as band structure calculations. Among
the DF associated direct and indirect interband transitions, the
later transitions involve phonons scattering and are negligible

B0 However, the pro-

due to their small contribution to DF.
cess includes all the promising transitions while going from
occupied to unoccupied states is executed to acquire the direct
interband contributions to &maginary (@) part of DF. This imag-
inary part facilitates working out the &g, (®) part of DF with
the support of Kramers—Kronig relations. 38!

In order to have significantly improved band structure cal-
culations, the two parameters, energy site and comparative am-
plitudes of explicit absorption, in DF are of great importance.
Referring to Figs. 7(a)-7(c), there are strong absorption re-
gions for the binary compounds Mg-chalcogen (S, Se, and Te),
Be-chalcogen (S, Se, and Te) starting from 3.81 eV, 3.10 eV,
and 2.79 eV, 5.14 eV, 4.11 eV, and 3.08 eV, ending at 13.96 eV,
11.91 eV, and 9.55 eV, 12.94 eV, 11.47 eV, and 9.41 €V, re-
spectively. It is also obvious that &maginary (@) has a threshold
nature and goes from maximum to minimum in these regions.
The onset points (critical points) are presented in Table 3. The
electronic transition between Mg-s, Be-s and chalcogen s and
p states gives birth to the first peak. In the ternary alloys under
discussion, the third energy range (4—12 eV) has prominent
peaks. These results clearly point out that increasing Be con-
centration changes &maginary () detailed structure and, con-
sequently, revealing the novel peaks present in energy assort-
ment of higher value.
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Table 3. Calculated optical parameters for BexMg;_.X (X =S, Se, Te) alloys at different Be concentrations.

Critical points values

£ (0) R(0) n(0) & K A c

Be:Mg;_,S This work Exp. Other Cal. This work Other Cal.

0 3.80 4242, 4,500 0.100 1.90 2.02¢ 5.06 3.80 436 425
0.25 420 0.118 2.05 4.88 3.70 430 4.18
0.50 4.60 0.132 2.16 456 3.64 425 4.13
0.75 5.09 0.149 225 432 3.55 420 4.08
1 5.47 5.41¢, 5.46f 0.160 2.15 2308 4.10 345 4.15 4.02
BeMg;_,Se

0 4.40 4.87%,5.16" 0.127 2.10 2.14¢ 4.15 3.25 3.30 3.07
0.25 4.92 0.143 221 4.02 3.17 3.25 2.98
0.50 5.45 0.160 2.33 3.90 3.12 3.19 2.86
0.75 591 0.174 243 3.81 3.07 3.14 2.80
1 6.30 6.14 6.15°,6.09" 0.185 251 2.458 372 3.01 3.10 2.75
BeMg;_,Te

0 5.49 5.722,6.09° 0.160 2.34 3.07 1.94 2.58 2.58
0.25 6.19 0.182 2.49 274 1.82 2.50 245
0.50 7.18 0.208 2.68 2.58 1.40 2.28 1.74
0.75 7.59 0.218 275 224 1.75 245 2.38
1 7.95 7.50¢ 0.227 2.82 1.90¢ 2.05 1.68 2.37 2.26

aRef. [53], "Ref. [54], °Ref. [55], IRef. [56], °Ref. [57], {Ref. [58], £Ref. [59].

(a) A 15
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Fig. 7. 3D plot of imaginary part of dielectric function for Be,Mgj_ X
(X =S, Se, Te) alloys at x = 0.0, 0.25, 0.50, 0.75, and 1.

The &eq(®) part of DF for the binary compounds Mg-
chalcogen (S, Se, and Te), Be-chalcogen (S, Se, and Te) and
their corresponding ternary alloys has been computed. The
quantity €eq (0), corresponding to zero frequency limits, is
the electronic portion of stationary dielectric constant (DC)

and found to be very important due to its connection to energy

band gap such that both (g, (0) and energy band gap) are in-
versely related. This feature on doping Be in Mg-chalcogen
(S, Se, and Te) compounds changes significantly. Referring
to Table 4 which contains the values of static DC calculated
for Be,Mg;_,.X (X =S, Se, Te) (0 < x < 1), our computed re-
sults have equitable contract with the experimental as well as
additional theoretically predicted values.

The Mg chalcogenides are wide energy band gap ma-
terials attracting scientists and technologists to make their
use in high temperature electronic and ultraviolet and blue-
wavelength optics. On the other hand, other prime candidates
for optoelectronic devices are the Be chalcogenides. Hence,
an appropriate knowledge of the optical properties decides the
applications of these materials in photonic industry. For the
ternaries Be,Mg;_.X (X =S, Se, Te) in assortment 0 < x < 1,
we have also calculated some other optical parameters for ex-
ample refractive indices, reflectivity, absorption coefficient,
and optical conductivity. For the studied alloys, only the criti-
cal transition points are listed in Table 3, which also indicates
that zero frequency boundary of dielectric function, refractive
index, and reflectively find a rise with decreasing energy band
values.

4. Conclusion

We investigate the structural, electronic, and optical prop-
erties of Be,Mg|_,X (X =S, Se, Te) alloys in assortment
0 < x < 1 by employing the FP-LAPW+lo method within the
framework of WC-GGA and mBJ-GGA potentials. In ad-
dition to this, the Zunger approach of special quasi-random

structures (SQS) is carried out for these alloys to reproduce
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their disorder around the observed site of alloys in first few
shells. It is noted that an excellent agreement is established
between our calculated and the existing experimental values
of lattice constant of the end binaries, whereas the structural
parameters (lattice constant and bulk modulus) of the ternar-
ies are found to observe the Vegard’s law. For all the ternaries
and Mg chalcogenides, the computed electronic band struc-
tures predict direct energy band gaps in them except the Be
chalcogenides which have indirect energy band gaps. Regard-
ing the nature of energy band gaps in the binaries, our results
are mainly consistent with the calculations based on experi-
ments and other theoretical approaches. Furthermore, the elec-
tronic charge density maps are accomplished at revealing the
charge transfer from Mg and Be atoms to the chalcogens. In
the end, the optical transitions are identified with the help of
critical point structure of complex DF which is frequency de-
pendent. The present and experimental studies are found in
reasonable agreement as regarding the optical parameter.
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