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The direct band gap ZnTe with transition metal (TM) impurities plays a vital role in optoelectronic and spintronic
applications. In the present study, we use the advanced modified Becke—Johnson (mBJ) functional for performing the
structural computations and detailed investigations of the optical characters in Zn;_,TM,Te (TM = Fe, Co) alloys with
0 < x < 1. By employing the FP-LAPW method, we determine various optical parameters for the ternary alloys and for
the end binaries. The calculated static dielectric constants and optical band gaps for Zn|_,TM,Te (TM = Fe, Co) have an
inverse relation that verifies the Penn model. We find that the static dielectric constant is nearly equal to the square of the
static refractive index, and both increase with TM content. Furthermore, we also find a slight shift of peaks to a higher
energy region with increasing TM concentration. The decreasing band gap and high value of the absorption in the visible
region of electromagnetic spectrum make these alloys suitable for photonic and solar cell applications.
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1. Introduction

The direct and wide bandgap nature, significant light
emitting capabilities exhibited at the working temperature of
a device have aroused huge scientific interest for I[I-VI semi-
conductors. Therefore, [I-VI semiconductors are prospective
candidates for various optical devices.!!*! From this semicon-
ductor family, ZnTe reveals low cost activity in the visible
region and the high absorption coefficient illustrating its po-
tential to be employed for the light emitting diodes and the
solar cells.>*) Moreover, the high quantum efficiency and op-
timal band gap have made ZnTe an attractive material to re-
place the silicon based optoelectronic industry.!”) For optical
device applications, few experimental reports on ZnTe semi-
conductors are available in the literature. Furumura et al.'®!
explored the excitonic effect in the far-ultraviolet region of
the absorption spectra measured for ZnTe. Similarly Walter
et al.'®! calculated the imaginary dielectric constant by using
the Kramers—Krong relation from the ZnTe reflectivity spec-
tra. On the other hand, some theoretical works have reported
on the ZnTe compound and exploited its potential utilization

in optical devices.[%10]

Recently, diluted magnetic semiconductors (DMSs),!!!]

in which few cations are replaced with the rare-earth or tran-
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sition metal magnetic ions have been extensively analyzed.
DMSs not only retain their host lattice semiconducting na-
ture but also exhibit magnetic properties induced due to the
magnetic dopants. DMSs are considered significant due to
the large magnitudes of the Faraday rotation, the g value and
the polaronic effect arising from the exchange interactions be-
tween the magnetic dopants and the host lattice anions. The
lattice constant and the energy band gap can be tuned by
adding the magnetic dopant concentration, thus making it pos-
sible that the desired properties are exhibited by the DMSs.
The low Curie temperature (7;) and minute spin polarization
restrict the practical device applications. Hence, TMs-doped
ZnTe alloys depict wide range flexibility over the chemical and
physical properties, for example, incorporation of V improves

the photorefractive reaction.!!?!

The Fe’*-, Co**-, and Ni**-doped ZnTe semiconduc-
tors have been demonstrated to effectively tune the electronic
and optical properties.!'3'4 Similarly, Ti-, Cr-, and Mn-doped
ZnTe semiconductors result in shifts of the absorption and the
reflection spectra due to the dopant nature and the respective
concentration.!!! It has been reported that Cr-doped ZnTe re-
veals maximum absorption in the UV energy range and the

band gap decreases compared with the undoped ZnTe.[1>16]
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TM-doped ZnTe also finds applications as the back contact for
cadmium based solar cells. The Cu-, Mo-, and V-doped ZnTe
materials are used for back contact materials but they have a
few limitations.!!”! For example, doping with Cu increases the
electrical conductivity that favors a short circuit current, other-
wise this makes a Schottky barrier that could impede the flow
of charge carriers.!'®) The motivation for changing the non-
magnetic ZnTe host lattice to exhibit ferromagnetic properties
can be achieved by adding transition metal. Moreover, the at-
tempt to realize ferromagnetism changes the band structures
due to the new impurity states that subsequently modify the
optical properties. In view of the reported work, '] the pur-
pose of this article is to perceive the effect of TM (Fe and Co)
doping of ZnTe on the optical properties through theoretical
modeling. To the best of our knowledge, the systematic stud-
ies of optical properties of Fe- and Co-doped ZnTe within the
full composition range are limited. Consequently, the present
study gives magnitudes of some useful optical parameters that
can be considered while fabricating various technological im-
portant optical devices in future.

2. Method of calculation

The calculations of optical properties for Zn_,TM,Te
(TM = Fe, Co) with x = 0.0-1.0, are performed by employ-
ing the FP-LAPW method using the Wien2k code.?"! In the
FP-LAPW method, the atomic space is divided into two parts:
muffin-tin (MT) and interstitial regions. The solution inside
the MT region is of a spherical harmonic type and outside
it is of a plane wave type. The density functional theory
(DFT)-based Kohn—Sham equations were solved by a self-
consistent scheme WC-GGA?!l functional that was used to
determine the exchange correlation potential for specifying the
total ground state energy. For the band gap improvement and
the accurate electronic band structure calculations of semicon-
ductor and insulator materials (spin involved semiconductors,
noble gas solids, transition metal-doped alloys, etc.), Becke
and Johnson modified the exchange potential (mBJLDA)[??!
that has already been used. For estimating the band gap of
Fe- and Co-doped ZnTe, we apply this potential to the self-
consistent field. The Becke and Johnson modified exchange
potential depends on the kinetic-energy density that produces
the exact shape of the band structure.

The bulk ZnTe with experimental lattice constant
6.089 A?! in the zinc blende phase has space group
F43m (No. 216) with atomic positions Zn (0 0 0) and
Te (1/4 1/4 1/4). The cases of substitution of TM into ZnTe
at x = 0.125, 0.50 generate tetragonal distortions with space
groups: P-4m2 and P-42m, respectively, whereas at x = 0.25,
0.75, only the cubic structure (space group: P43m) is stabi-
lized. The relativistic Dirac equation is solved for core and
valence states of Zn, Fe, Co, and Te by using scalar relativis-
tic estimations. The energy separation is taken to be —6 Ry

(1 Ry = 13.6056923 eV). To converge the eigenvalue, the ma-
trix size is controlled by the product Ryt X Kmax = 8, where
Ryt shows the least muffin-tin radius while K,y represents
the reciprocal lattice vector. The individual values of Ryt for
Fe and Co are taken to be 2.1 a.u. and 1.95 a.u. respectively.
The maximum value of the angular momentum vector is kept
at 10 and Fourier expansion vector Gpax = 16 (Ry)l/ 2. Fur-
thermore, the k-mesh selected is 10 x 10 x 10 and total energy
convergence is less than 107 Ry.

The optical properties for Zn;_,TM, Te (TM = Fe, Co)
are mostly studied in terms of dielectric function €(w) =
€ (®) + i& () that has real € (@) and imaginary & (w) di-
electric parts. The dielectric tensor is extracted from the com-
puted band structures by employing the joint density of states
and the transition matrix elements. Only the direct inter-band
contributions are considered. Cottenier!”* and Ehrenreich and
Cohen!®! briefly described & (®) in terms of the following
equation:

ezh’ 2 3
& (0)= o & [ Me, ()P 8 0c, (0 - 0] &k, (1)
VtBz

where the volume integral of the dipole matrix is confined up
to the first Brillion zone and Mgy, (k) = (ucy|eV|ux) gives
the evidence about the inter-band transitions. The equation
Wcy (k) = Ecy — E,i reveals the energy involved during the
electron transitions from valence to conduction states and rep-
resents the polarization vector of the electric field. The real
dielectric function €| () is computed from the imaginary part
by using Kramers—Kronige expressions: [>6]

o / /
el(a)):l—k%P/O 2;27(60)
From real and imaginary dielectric functions, we can calculate
the refractive index n(w) and the extension coefficient k(®)
by using the following relations:

s do'. )

5 5 1/2
e (w)+es(w
n( ) €1 (20)) _ 1 ( )2 2 ( ) (3)
and
5 5 1/2
_ e (w)+e (o
k() 812((0) il )2 5 (@) . @

Reflectivity for normal incidence of light is the ratio of the re-
flected to the incident photon energy and is calculated from the
following relation:
—1)2+&2
g= A 5)
(n+1)"+k?
The absorption coefficient describes the percentage attenua-
tion incident intensity when light propagates through unit dis-
tance in a material. It is a replica of extension coefficient k(®)
and is given below

o(w) =4nk(w)/A, 6)
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where A is the wavelength of the incident energy. Another im-
portant parameter that gives energy loss per unit distance when
an electron moves in the material is represented as L(®) and
can be computed from

L(w) =Im(~1/(o)). )

The optical conductivity o(®) is presented by the following
expression:
o (w) = 2Weh' ) /Ey, (8)

where W¢, represents the transition mobility per unit time.

3. Results and discussion

In our previous work, we have already optimized the
present structures in paramagnetic, antiferromagnetic and fer-
romagnetic phases, respectively, and have confirmed the stable
ferromagnetic phase due to relatively how much energy is re-
leased. Moreover, the formation of negative enthalpy ensures
ferromagnetic phase stability.['”) The optical properties play a
vital role in examining the internal structure of any material.
Particularly in optoelectronics, the optical properties of a ma-
terial reveal its suitability for technological applications. In the
present work, we demonstrate the computed optical properties
for Zn,_,TM,Te (TM = Fe, Co). The refractive index and
band gap perform a crucial role in selecting the DMS for op-
toelectronic devices. Therefore, both parameters significantly
affect the material choice for various applications. Our previ-
ous report!!”) showed that Fe and Co doping causes a direct
band gap for the up spin channel, and the down spin chan-
nel, illustrating a considerable exchange splitting. However,
Fe and Co impurity states also operate within the computed

band structures. The absorption threshold for the impinging
photons is related to the band gap, while the refractive in-
dex reveals material transparency in a specific incident energy
range. The dielectric constant is the elementary property of
the material and directly related to the value of the refractive
index, and can be determined by using various methods. Sim-
ilarly, various optical properties can be illustrated by different
computed optical parameters.

Figures 1(a)-1(f) show the geometrical structures of
Zn; _TM,Te (TM = Fe and Co) with x = 0.0, 0.125, 0.25,
0.50, 0.75, and 1.0, respectively. The structural symmetry is
very important for describing the optical response of a mate-
rial. Figures 1(a)—1(f) clearly show that the structural symme-
try is lowest at x = 0.50 and highest at x = 0.75. Therefore,
variation of structural symmetry changes the properties of the
alloys abruptly at high concentrations as can be seen in Ta-
ble 1.

Moreover, the static dielectric constant and optical band
gap find an inverse variation, as shown in Fig. 2. This inverse
relation can be justified in terms of Penn’s model, which is

mathematically expressed as?7-?8]

€1(0) ~ 1+ (hay /Eq)?. 9)

Here @y, E,, and 7 show the plasma frequency, the band gap,
and the Planck constant, respectively. The relation given by
Penn’s model can be used to extract the band gap when the

remaining parameters are known. The computed static dielec-
tric constant & (0) and optical band gap for Zn;_,T M, Te with
x=0.0, 0.125, 0.25, 0.50, 0.75, and 1.0 are presented in Ta-
ble 1.

Fig. 1. (color online) Geometrical structures for Zn;_,TM,Te (TM = Fe, Co) alloys at x = (a) 0.0, (b) 0.125, (c) 0.25,
(d) 0.50, (e) 0.75, and (f) 1.0. The red, green, and gray balls represent the Fe/Co, Zn, and Te atoms respectively.
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Table 1. Calculated optical parameters for Zn;_,TM,Te (TM = Fe, Co)
alloys at x = 0.0-1.0 by using mBJ potential.

Critical points values

X EJ/eV £ (0) R(0) n(0) 5 © y 5
ZnTe 239 670 0.196 2.58 2.52 2.63 271 3.11
Exp. 2.39*  7.3b 2.40° 2.30° 2.72¢
Zn,Fe;_,Te
0.125 231 7.2 0202 270 221 240 248 233
0.25 225 752 0220 2.80 212 2.06 231 2.06
0.50 2,10 7773 0226 2.85 206 197 220 1.99
0.75 205 1413 0338 3.76 0.15 0.09 0.77 1.50
1.0 1.80 5861 0.597 7.70 0.05 0.02 028 0.20
Zn,Coq_,Te
0.125 235 626 0.184 250 2.02 239 254 295
0.25 225 7.2 0206 2.66 1.74 2.06 225 244
0.50 2,19  7.52 0216 276 142 1.87 197 2.14
0.75 210 14.18 0229 2.83 0.68 0.62 0.87 1.89
1.0 2.00 1551 0355 3.94 0.1 0.13 032 0.15

aRef. [39], PRef. [40], °Ref. [41].
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Fig. 2. (color online) Plots of calculated static dielectric constant
and optical band gap versus transition metal composition for both
Zn;_,Fe,Te and Zn;_,Co,Te with x = 0.0-1.0.

The wide spectrum of optical properties is usually ex-
plained in terms (), n(®), and k (®). The dielectric con-
stant comprehensively shows a material behavior against the
incident electric field. The real and imaginary dielectric func-
tions for Zn|_,TM,Te (T M = Fe and Co) alloys are plotted in

Figs. 3 and 4. The real dielectric constant £ (@) reveals a ma-
terial’s polarization. It can be observed in Figs. 3(a) and 4(a)
that the real dielectric constant starts to increase from its zero
frequency value (as shown in Table 1) and reaches peak val-
ues 3.56 eV, 3.58 eV, 3.64 eV, 4.21 eV, 2.27 €V, and 2.84 eV
for xg. = 0.0, 0.125, 0.25, 0.50, 0.75, and 1.0, respectively
and 3.58 eV, 3.78 eV, 3.88 eV, 2.27 eV, 4.09 eV, and 2.35 eV
for xco = 0.0, 0.125, 0.25, 0.50, 0.75, and 1.0, respectively.
After reaching peak values, the real part of the dielectric con-
stant starts to decrease and becomes zero at 5.31 eV, 5.67 eV,
5.89 eV, 6.07 eV, 6.87 eV, and 7.53 eV for xg. = 0.0, 0.125,
0.25, 0.50, 0.75, and 1.0, respectively. A similar trend for
Co concentrations is observed. It becomes zero at 5.27 eV,
6.01 eV, 6.05 eV, 6.18 eV, 6.67 eV, and 8.17 eV. For further
increasing the value of energy the real part of the dielectric be-
comes negative up to 13 eV for both Fe and Co concentrations
and again becomes zero. The negative € (®) in a particular
region of energy represents the medium which totally reflects
incident radiation to show a metallic character.*”! The graphs
also shows that the behaviors of these compounds are linear
for small doping of Fe and Co and at high composition their
behaviors are different, specifically at x = 0.75, which is due
to the variations in structural symmetry. The structure has the
lowest and highest symmetries at x = 0.50 and x = 0.75, re-
spectively. For end binaries FeTe and CoTe, the static parts of
their real dielectric constants are totally different. These com-
pounds have initially a large value of the dielectric constant,
which drastically drops to the negative value in the low energy
region and then follows a similar trend for both dopants.

The imaginary dielectric constant, & (®) plays a very im-
portant role in studying the optical properties, therefore, their
computed values are plotted in Figs. 3(b) and 4(b), where it
is evident that the effective energy range for absorption in-
creases, while the peak height decreases due to Fe and Co
doping into ZnTe. It is clear that the absorption starts at a low
value of energy and reaches peak values of 5.08 eV, 5.10 eV,
5.12 eV, 5.14 eV, 5.10 eV, and 5.25 eV, due to Fe doping, and
5.09eV,528¢eV,5.38¢eV,5.54¢V,5.10eV, and 5.23 eV, due
to codoping with x = 0.0, 0.125, 0.25, 0.50, 0.75, and 1.0, re-
spectively. It can also be observed that at low Fe and Co con-
tent, there appear absorption peaks that slightly shift towards
higher energy, however, at high doping content (at x = 0.50 to
1.0), the & () first decreases and then again increases, which
is due to the variation of structural symmetry. After reach-
ing a peak value it starts to decrease monotonically and be-
comes constant after 13 eV. The peaks appear due to the di-
rect electronic transitions from the occupied state (valence) to
the unoccupied (conduction) state. [30] Figures 3(b) and 4(b)
also show that almost strong absorption is exhibited by all
Zn_xTM,Te compounds within 2 eV-14 eV. This energy re-
gion contains different peaks arising from the inter-band elec-
tronic transitions.
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Fig. 3. (color online) Plots of calculated (a) real € (@), and (b) imaginary & (w) dielectric constant, (c) refractive index n(®),
(d) extinction coefficient k(@) versus energy for Zn;_,Fe, Te alloys with x = 0.0-1.0.
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Fig. 4. (color online) Plots of computed (a) real €;(®) and (b) imaginary & () dielectric constant, (c) refractive index, n(®),
(d) extinction coefficient k(@) versus energy for Zn;_,Co,Te with x = 0.0-1.0.
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The optical behaviors elucidated by real and imaginary
dielectric functions can also be described by refractive in-
dex n(®) and the extinction coefficient k(®), respectively, of
Zn|_,TM,Te alloys, which can be calculated from the equa-
tions n*> — k*> = & (®) and 2nk = &. The calculated values
of refractive index n(w) and extinction coefficient k(w) for
Zn|_,TM,Te alloys at x = 0.0, 0.125, 0.25, 0.50, 0.75, and 1.0
are shown in Figs. 3(c), 3(d), 4(c), and 4(d), respectively. An
n(w) spectrum is spread over a large energy range for each of
the studied compounds. The computed refractive index n(®)
exhibits a direct relation to the dielectric constant &(®).[*!]
From the above equations, it is evident that the behaviors of
€1(w) and & () are nearly similar to n(®) and k(w), respec-
tively. Smaller k() illustrates that the total density of atomic
states contributes little to the absorption phenomenon.

Moreover, the inverse relation between the critical values
of n(0) and k(0) is also evident as shown in Table 1. The n(0)
increases with TM concentration, which could be employed
to tune the band gap for a specific electronic device (band gap
decreases with increasing refractive index). It can also be seen
from Table 1 that the values of n(0) for Zn;_,TM,Te alloys in-
crease with x. Moreover, the computed values also satisfy the
formula n3 = € (0) which illustrates the accuracies of these
computations. On the other hand, the peak values of refractive
index n(w) shift towards higher energy and peak intensities
decrease with the Fe and Co content in the ZnTe host lattice.
From Figs. 3(c) and 4(c), a hump appearing in the middle of
the graph vanishes at higher energy. This could be attributed to
the fact that beyond a certain incident energy the transparency
decreases, therefore, the absorption of the impinging energy

The values of extinction coefficient k(w) calculated for
Zny_xTM,Te (TM = Fe and Co) alloys with x = 0.0-1.0, are
shown in Figs. 3(d) and 4(d). The k(w) provides informa-
tion about the absorption of light and the optical behaviors of
a material at the band edge. The frequency dependent k(@)
increases monotonically in the visible region and has a peak
value in near the UV-region showing maximum absorption.
The k(o) has almost the same characteristic as imaginary di-
electric constant & (®).1333* The peaks in k(@) and & (®) are
due to the inter-band electronic transitions.

To understand the surface behavior of the material, its
reflectivity (ratio of incident light intensity to reflected light
intensity) is also computed. Figures 5(a) and 6(a) show the
plots of calculated reflectivity versus energy for Zn;_,TM,Te
(TM = Fe and Co) with x = 0.0-1.0.
ble 1 that the zerofrequency value of reflectivity increases with

It is evident in Ta-

dopant concentration increasing. Furthermore, it could also be
seen in Figs. 5(a) and 6(a) that reflections are enhanced as the
peak value of incident energy increases in sequence: 5.25 eV,
5.50 eV, 6.37 eV, 7.11 eV, 5.29 eV, and 5.31 eV for Fe and
5.25 eV, 5.46 eV, 5.55 eV, 5.57 eV, 5.33 eV, and 5.36 eV
for Co, with x = 0.0, 0.125, 0.25, 0.50, 0.75 and 1.0, respec-
tively. These peaks are constituted due to the least absorptive
nature shown by the studied compounds in the specific energy
ranges. In addition, the reflectivity spectrum appears within
2 eV-14 eV and collective plasma resonance occurs above
this energy. The plasma resonance effect can be measured
from & (w). The reflectivity plots depict an interesting behav-
ior because the increasing of dopant induces a shift towards
higher energy, which is consistent with the trend observed for

improves. 3?1 &(w).12833]
7. 250 1.5
—ZnTe
0.6 (a) § (b) (C) —Zn, . Fe . Te
S 200 > —Zno.ni:eo és?:f‘e
. S S I\ Zn, . Fe _ Te
N\ / :"'y-\* A\ = 1 s E ~1.0 \ —an'ngeg':?Te
0.4 s TR\ 5 a0 NN S g \p—FeTe
= 7 [N © |7 ==l T c A
3 P i N H 100 / N 5= // N
& 0.2 ;:;57 3 / N ©205 NS
' = 50 53 / \ N
2 7 :S: < 7 \j\\\f;\f .
0 § 0 _// @) 0 A_.& =
0 2 4 6 8 10 12 14 2 0 2 4 8 10 12 14 0 2 4 6 8 10 12 14
Energy/eV ;% Energy/eV Energy/eV

Fig. 5. (color online) Plots of (a) reflectivity (R), (b) absorption coefficient (¢t), and (c) optical conductivity (o) versus energy for Zn;_,Fe,Te

with x = 0.0-1.0.
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Fig. 6. (color online) Variations of calculated (a) reflectivity (R), (b) absorption coefficient (&), and (c) optical conductivity (o) with energy

for Zn; _,Co,Te with x = 0.0-1.0.
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The energy absorption appears at a resonant atomic tran-
sition frequency and reveals the decay mechanism of incident
light propagating through the lattice. The absorption coeffi-
cients for Zn;_,TM, Te (TM = Fe, Co) alloys calculated ina
wide energy range (from infrared region to ultraviolet region
0 eV-14 eV) are shown in Figs. 5(b) and 6(b). In the low
energy region there is no absorption, while absorptions start
from 2 eV and approach to maximum values 6.67 eV, 6.68 eV,
7.39 eV, 7.40 eV, 8.93 eV, and 8.97 eV due to Fe doping and
6.67 eV, 6.68 eV, 6.98 eV, 7.43 eV, 6.96 eV, and 8.51 eV, due
to Co doping into ZnTe with x = 0.0, 0.125, 0.25, 0.50, 0.75,
and 1.0, respectively, and decrease at even higher energies and
finally attain their corresponding constant levels. The stud-
ied compounds are nearly transparent to the infrared light, and
start the absorption in the visible region, then reach to their
corresponding maximum values in the mid ultraviolet region.
Therefore, TM doping plays a major role in tuning the exhib-
ited absorption in the visible region. Pure ZnTe shows dis-
tinct and sharp absorption peaks. The TM doping suppresses
the absorption peaks and widens the absorption spectrum that
looks extended at lower energies illustrating a band gap re-
duction in Zn;_,T M, Te due to dopant concentrations. For ex-
ample, pure ZnTe has a band gap of 2.39 eV, which reduces to
2.0eV and 1.80 eV for the end binaries FeTe and CoTe respec-
tively. The experimental band gap for pure ZnTe is 2.26 eV
and CoTe is 2.05 eV, confirming the accuracy of our theoret-
ical results.3*38 The Fe doping and Co doping induced red
shift in the absorption band could be explained by the presence
of p—d exchange resulting from the interactions of the conduc-
tion electrons with the localized d electrons of TM. The de-
creasing of band gap with doping of 7T M increasing may be at-
tributed to the various band states moving more closer, which
occurs due to the incorporation of impurity-induced states in-
side the band gap and around the Fermi level. Furthermore,
the critical values of absorption show the decreasing trend with
increasing 7'M composition (see Table 1), confirming that less
energy is required for the electrons to jump from the valence
to the conduction band at resonance frequency. In fact, these
peaks represent the strong absorptions of energy which offers
the new functionality in materials for specific applications.

The calculated optical conductivity o(®) spectra for
Zn;_,TM,Te alloys at x = 0.0, 0.125, 0.25, 0.50, 0.75, and
1.0 are depicted in Figs. 5(c) and 6(c), which start to increase
in the low energy region (nearly 2 eV) and become maxima
at 5.10 eV, 5.17 eV, 5.33 eV, 5.48 eV, 5.23 eV, and 5.25 eV
when Fe is employed as dopant and 5.14 eV, 5.18 eV, 5.30 eV,
5.40 eV, 5.25 eV, and 5.32 eV, when Co dopants are used in
ZnTe with x = 0.0, 0.125, 0.25, 0.50, 0.75, and 1.0, respec-
tively. After attaining maxima, they decease and become con-
stant around x = 14 eV. The peak values are shifted towards
high energy for a dopant concentration less than 0.50, and de-
crease at x = 0.50, while they again increase at x = 0.75, which
is due to the structural symmetry modifications. The energy

losses by the electrons moving through the Zn;_,TM,Te al-
loys are also computed and presented in Figs. 7(a) and 7(b).
The energy losses maintain minima up to 5 eV and then start
to increase and attain the values within 15 eV-20 eV, however,
at even higher energies they continue to decrease till 35 eV.
Moreover, the peaks are shifted to higher energy with enhanc-
ing the dopant (Fe and Co) content into the ZnTe host lattice.
The peak values in the specific energy range are related to the
plasma frequency.
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Fig. 7. (color online) Plots of energy loss function versus photon energy
for Zn;_,Co,Te and Zn;_,Fe,Te with x = 0.0-1.0.
The studied compounds can be considered to have low

and high dopant content end binaries (FeTe, CoTe, etc.). A
compound with a low dopant concentration results in a lin-
ear variation in the optical property due to the stable symmet-
ric ZB phase, while a high dopant concentration (x = 0.75)
results in quite an abrupt variation in the exhibited property.
Such a response occurs due to the structural symmetry change
resulting from the dopant in the studied compound, which is
minimum at x = 0.50 and maximum at x = 0.75. Some extra
peaks in the low energy region also occur due to Fe and Co
doping, which reveals that the studied compounds could also
respond to these specific energies suggesting useful device ap-
plications.
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Furthermore, the incident electromagnetic energy can be
divided into three regions: infrared (IR), visible, and ultra-
violet (UV). The negligible absorption occurs in the infrared
region, while within the visible region (1.9 eV to 3.1 eV) ab-
sorption starts and attains a maximum in the ultraviolet region.
The behaviors at 50% and 75% doping of Fe and Co are quite
different from those of the other compounds because of strong
hybridizations between Fe-3d and Te-2p states and between
Co-3d and Te-2p states. Moreover, all the computed optical
parameters reveal considerable variations in the visible and
the ultraviolet regions, where minimum optical losses occur,
which makes them suitable for optoelectronic devices. In ad-
dition, the hybridization process causes a stable ferromagnetic
state that affects the band structure, and hence, the introduc-
tion of magnetic characteristics offers opportunities to tune the
optical parameters exhibited by the host lattice, which sug-
gests the potential optical device applications of the studied
compounds.

4. Conclusions

The optical properties calculated for 0 eV-14 eV are
The static
refractive index n(0), reflectivity R(0), and dielectric con-

strongly dependent on the TM concentration.

stant &1 (0) increase with dopant concentration in Zn;_,TM, Te
(TM = Fe, Co and x = 0.0-1.0). The negative values of the
real dielectric constant appearing within low energy reveal the
total reflection for the incident radiations; therefore, metallic
behavior is demonstrated. The maximum absorption in the
visible region suggests that the studied materials are suitable
for photonic and solar cell applications. The reflectivity peaks
shift towards higher energy due to 7M doping, which is con-
sistent with the observations about imaginary dielectric con-
stant. The band gap tuning could be realized from 2.39 eV
to 2.0 eV for un-doped ZnTe and 1.80 eV for Zn;_,TM,Te
with TM = Fe, Co, respectively, in the visible region, indicat-
ing potential applications of the studied compounds in various
optical devices, like solar cells, LEDs, etc.
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