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In this study, we conducted a detailed examination of the energy band gaps in semiconductor alloys, 

specifically Cd1 – xZnxTe, Cd1 – xZnxSe, and Cd1 – xZnxS, all of which adopt the zinc-blende crystal structure. To 

carry out our analysis, we used the full-potential linearized augmented plane wave (FP-LAPW) method, apply-

ing both the generalized gradient approximation (GGA) and local density approximation (LDA) to achieve ac-

curate results. For precise determination of band gaps and the bowing parameters, we relied on the Tran-Blaha 

modified Becke-Johnson (TB-mBJ) exchange potential, known for its effectiveness in band structure calcula-

tions. Our results showed a moderately nonlinear dependence of band gap values on composition, with bowing 

parameters estimated at approximately b ≈ 0.49 eV for Cd1 – xZnxTe, b ≈ 0.68 eV for Cd1 – xZnxS, and b ≈ 0.63 eV 

for Cd1 – xZnxSe. This observed nonlinearity was mainly attributed to volume deformation effects, following the 

Zunger approach, which explains how structural distortions can impact electronic properties. Beyond band gap 

analysis, we examined key optical properties, including the absorption coefficient, refractive index, reflectivity, 

energy loss function, and oscillator strength. These optical characteristics offer deeper insights into the mate-

rials' electronic structures and response to light. Interestingly, we observed an increase in the effective electron 

numbers during photoexcitation as the Zn concentration rose, indicating enhanced optical activity in these al-

loys. This study sheds light on both electronic and optical properties, making these Cd1 – xZnxTe, Cd1 – xZnxSe, 

and Cd1 – xZnxS alloys promising candidates for optoelectronic applications where fine-tuning of band gaps and 

optical responses is essential for optimal device performance. 
 

Keywords: Energy gap, Bowing parameters, Optical properties, II-VI semiconductors, Tran-Blaha modified 
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1. INTRODUCTION  
 

The Recently, there has been growing interest in II-

VI Cadmium-containing alloys for their potential appli-

cations in electronics and optoelectronics devices like 

LEDs, lasers, optical fibers, and photovoltaics [1]. These 

materials offer several advantages over traditional sem-

iconductors like silicon and germanium, which have 

fixed and indirect band gaps. The bandgap of MX com-

pounds (M  Zn, Cd and X  S, Se, Te) can be adjusted 

from 1.5 eV in CdTe, 1.80 eV in CdSe, 2.5 eV in CdS, 2.39 

eV in ZnTe, 2.7 eV in ZnSe and 3.7 eV in ZnS by varying 

the alloy composition [2]. 

Binary CdTe, ZnTe, and their ternary alloys have 

been extensively studied and utilized in various applica-

tions such as nuclear medicine, solar cells, medical im-

aging, environmental monitoring, X-ray, and gamma-
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ray detectors. Various techniques including epitaxy [3], 

liquid phase epitaxy, electrode position, close space va-

pors transport, laser ablation [6], thermal vapor evapo-

ration, sputtering, Bridgman method, and metal–or-

ganic chemical vapor deposition (MOCVD), have been 

employed for the successful growth of CdZnTe films [2]. 

Cadmium Sulfide (CdS) is a direct band gap semicon-

ductor with a band gap energy of 2.42 eV, making it ideal 

for manufacturing CdTe and CuInSe solar cell thin 

films. CdZnS ternary alloy, formed by replacing Zn ions 

with Cd ions in the CdS lattice, enhances photocurrent, 

reduces absorption loss of the window layer, and in-

creases spectral response.  Various methods such as vac-

uum evaporation, radio frequency (RF) magnetron sput-

tering, RF co-sputtering using different RF-power ratios 

of CdS and ZnS, Chemical bath deposition (CBD) have 
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been used for synthesizing CdZnS films [3]. 

However, CdSe is prone to photo-corrosion in photo-

electrochemical cells, while ZnSe is more stable due to 

its wide band gap and low light activity To address this 

issue, CdSe and ZnSe can be combined to form a 

Cd1 – xZnxSe ternary alloy. These materials allow custom-

ization of energy band gap and lattice parameters inde-

pendently, enabling the production of new semiconduc-

tor materials suitable for increasing solar spectrum ab-

sorption and enhancing light corrosion resistance. 
Comparative analysis shows that ab-initio calcula-

tions using Tran Blaha modified Beck-Johnson exchange 

potential yield superior results compared to other theo-

retical techniques and closely match experimental meas-

urements. This method is promising for band gap engi-

neering in II-VI semiconductors, providing accurate band 

structure results and orbital states location. The effec-

tiveness of this approach is attributed to proper treat-

ment of d orbitals in highly correlated electron systems. 

The origin of bowing parameters is briefly discussed in 

terms of volume deformation between parent links 

 

2. CALCULATION METHOD 
 

Calculations rely on solving the Kohn-Sham equa-

tions self-consistently within the framework of density 

functional theory (DFT), employing the full potential lin-

earized augmented plane wave method as implemented 

in the Wien2k code. Both local density and generalized 

gradient approximations were used to account for the ex-

change and correlation contributions [30]. Additionally, 

we utilized a semi-local Tran Blaha modified Becke-

Johnson exchange potential, TB-mBJ, to provide an ac-

curate description of the electronic properties. This po-

tential, as described in reference [29], was incorporated 

into our calculations: 
 

 𝑣𝑥,𝜎
𝑚𝐵𝐽(𝑟) = 𝑐𝑣𝑥,𝜎

𝐵𝑅(𝑟) + (3𝑐 − 2)
1

𝜋
√

5

12
√

2𝑡𝜎(𝑟)

𝜌𝜎(𝑟)
 (1) 

 

The first term 𝑣𝑥,𝜎
𝐵𝑅(𝑟) is Becke-Roussel potential [29], 

𝑡𝜎(𝑟) is the kinetic energy, 𝜌𝜎(𝑟)is the electron density 

and the parameter c are defined by the following equa-

tion: 
 

 𝑐 = 𝛼 + 𝛽 (
1

𝑉𝑐𝑒𝑙𝑙
∫

|∇𝜌(𝑟′)|

𝜌(𝑟′)
𝑑3𝑟′)

1 2⁄

 (2) 

 

Where ,  are empirical parameters and Vcell is the 

crystal unit cell volume. 

The advantage of this method is that it does not re-

quire any special computational effort and is even 

slightly more complex than traditional GGA and LDA 

methods. Furthermore, the implementation accuracy of 

various DFT-based methods is comparable to that of ad-

vanced methods. To simulate ternary alloys, we used a 

16-atom 1  1  1 supercell that doubled the size of the 

original unit cell in the basal plane. The cutoff parame-

ter for the linearized extended plane wave basis is 

KMAX  8/RMT, while the energy separation between 

valence and nuclear states is – 6 Ry. For irreducible Bril-

louin zone sampling, we use 1500 k points for binary al-

loys and 100 k points for ternary alloys. The charge den-

sity is then extended by Fourier transform to Gmax  12 

Ry for LDA and Gmax  14 Ry for GGA. 

 

 
(a)                        (b)                        (c) 

 

Fig. 1 – The ternary compounds Cd1 – xZnxY (S, Se and Te) crys-

tal structure of the form Zinc blende (a) x  0.25; (b) x  0.5 and 

(c) x  0.75 
 

In the zinc blende crystal structure, also known as 

the ZB structure, atoms are arranged in a tetrahedral 

pattern where each atom is surrounded by four nearest 

neighbors. The tetrahedrons are stacked on top of each 

other in a repeating pattern to form the crystal struc-

ture. 

In ternary compounds, there are three types of atoms 

present in the crystal structure. In the zinc blende struc-

ture, these atoms will be arranged in a regular pattern, 

with one type of atom occupying the tetrahedral sites 

and the other two types of atoms occupying the octahe-

dral sites[2]. The exact arrangement of atoms in a ter-

nary compound will depend on the specific chemical com-

position and the relative sizes of the atoms. 

 

3. RESULTS AND DISCUSSION 
 

With the aim of providing basic knowledge of the con-

cept and application of future energy gap devices based 

on zinc and Cadmium compound II-VI semiconductors. 

The electronic band structure of these compounds was 

estimated. Consequently, Table 1 lists the energy gap, 

at Γ point, calculated the two approximations of GGA 

and LDA with modified Becke and Johnson (mBJ). This 

table and Figures 2 and 3 outline the band structure of 

Zinc Blend of binary MX (M  Zn, Cd and X  S, Se, Te) 

assessed with both GGA and GGA- TB-mBJ. Predicta-

bly, these materials represent the direct band gap at the 

center of the Brillouin zone. 
 

 
 

Fig. 2 – Electronic bands structures of binary Cadmium’s sem-

iconductors CdTe, CdSe and CdS calculated by within GGA 

(solid line) and GGA-mBJ (dash line) 
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Fig. 3 – Electronic bands structures of binary Zincs semicon-

ductors ZnTe, ZnSe and ZnS calculated within GGA (solid line) 

and GGA-mBJ (dash line) 
 

Table 1 – Energy band gap of MX (M = Zn, Cd and X = S, Se, Te) 

together with theoretical and experimental results[1, 4, 5, 8, 9] 
 

 
 

The previous table proves that the TB-mBJ result is 

close to experimental results. Moreover, the result ob-

tained for CdX (S, Se and Te) by mBJ aligned with the 

experimental values, compared to the recent reported 

mBJ. The experimental band gap of ZnSe in the zinc 

Blende phase is 2.58 eV, while in the GGA-mBJ calcula-

tion it equals 2.5844 eV. Indeed, ZnS demonstrates excel-

lent results obtained by the LDA mBJ, which equals 

3.8484 eV compared with the experimental 3.84 eV. The 

gap between binary Cd and Zn is greatly underestimated 

in conventional GGA and LDA calculations. 

The energy gap of the Cd1 – xZnxTe increases with the 

Zn molar fraction due to the smaller gap of Zn atoms 

compared to Cd atoms, enhancing the cations-anions 

electronegativity. Table 1 provides a comparison be-

tween the calculated band gap energy, the experimental 

and theoretical report data. It is evident that the study's 

results using the GGA-mBJ of binary compounds CdTe 

and ZnTe, are consistent with the experimental meas-

urements . It is also obvious from table1 that the binary 

compound results are consistent with the theoretical re-

sults calculated using mBJ. 

The alloy band gap values of Cd1 – xZnxTe reported 

results in Figure 4 are comparable with the experimen-

tally measured Ammar, Franc, Poon, and in good corre-

lation with other theoretical calculations B.B. Dumre 

and others. 

The energy gap variations deviate slightly from lin-

ear dependence, displaying a downward bowing 

b  0.46 eV calculated with GGA-mBJ. Furthermore, the 

degree of deflection indicates the degree to which the 

crystal field fluctuates or the degree to which nonlinear 

effects occur due to the anisotropic nature of the bond,  

 
 

Fig. 4 – Energy band gaps of Cd1 – xZnxTe alloy as a function of 

Zinc content together with experimental results 
 

the bowing parameter of b  0.46 eV for the Cd1 – xZnxTe 

alloys in the present work correlates with other experi-

mental and theoretical calculations. The bowing param-

eter of b  0.46 eV is calculated using the quadratic fit 

equation, quantifying the deviation from the Vegard law 

is described by the flowing equation [7]: 
 

 𝐸𝑔𝐴𝐵𝐶 =  𝐸𝑔𝐴𝐵 𝑥 + 𝐸𝑔𝐵𝐶(1 − 𝑥) − 𝑏 𝑥(1 − 𝑥). (3) 
 

Where, 𝐸𝑔𝐴𝐵𝐶 , 𝐸𝑔𝐴𝐵 , 𝐸𝑔𝐵𝐶 are the energy band gaps of 

the CdX and ZnX (X  S, Se, Te) alloys, and b is the bow-

ing parameter describing the deviation from the Vegard 

law. 
 

 𝐶𝑑1−𝑥𝑍𝑛𝑥Te =

{
𝐸𝑔

𝐺𝐺𝐴−𝑚𝐵𝐽
= 1,56254 + (0,14143)x + (0,46187)x2

𝐸𝑔
𝐿𝐷𝐴−𝑚𝐵𝐽

= 1.81676 + (0.20809)x + (0.52689 )x2
 (4) 

 

 
 

Fig. 5 – Energy band gap of Cd1 – xZnxSe alloy as a function of 

Zinc content together with experimental results 
 

It is depicted by Figure 5 that the energy band gap of 

CdxZn1 – xSe alloy as a function of the molar fraction for 

both Zinc-Blende crystal types aligns with the experi-

mentally measured by U. Lunz, Ammar, Sutrave, Chien-

Hao Huang, Benallali, Ahmed Saeed Hassanien, Yunus 

Akaltun and J. Zakrzewski; are also shown in compari-

son. These results also correlate with other theoretical 

calculations [10]. 

It has been reported that  ternary compound semi-

conductors such as CdZnSe band gap is closely related 

to individual band gaps of the component materials of 
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ternary compound semiconductors. In the current situa-

tion, it depends on the band gaps of CdSe and ZnSe. Nev-

ertheless, the band gap of the crystal Ternary joins devi-

ates from linear and second order because of crystal pe-

riodicity discontinuities and lattice mismatch. The effect 

determines the band gap of the ternary compound. It is 

possible to assess the second-order effects, known as arc 

parameters, from the parabolic fit of the band gap with 

the x content in the ternary compound. As shown in Fig-

ure 4, the CdZnSe band gap varies with the zinc concen-

tration (x). Additionally, the bowing parameter where 

b  0.48 is calculated with GGA-mBJ, the band gap ex-

tent variation could be defined by introducing the energy 

band gap value to a quadratic equation as follow [11]: 
 

𝐶𝑑1−𝑥𝑍𝑛𝑥Se =

{
𝐸𝑔

𝐺𝐺𝐴−𝑚𝐵𝐽
= 1.81743 + (0.26566)x + (0.48702)x2

𝐸𝑔
𝐿𝐷𝐴−𝑚𝐵𝐽

= 1.98619 + (0.2969)x + (0.60201 )x2
 (5) 

 

 
 

Fig. 6 – Energy band gap of Cd1 – xZnxS alloy as a function of 

Zinc content together with experimental results 
 

The previous Figure 6 presents the compositional de-

pendence of CdxZn1 – xS energy band gap for both Zinc-

Blende crystal-types. At both the extremes (CdS and 

ZnS) the study finding aligned with the experimentally 

measured previously presented by John Peter. V. Ku-

mar, P. Kumar, Jae Hyeong-Lee, Mingtao Li and M.C. 

Baykul. Therefore, mBJ exchange potential has been 

proven to be effective in treating CZS band gaps and pro-

vides estimates that correlate with other theoretical cal-

culations H. Algarni. The bowing parameter b is also cal-

culated using the quadratic fit equation. The currently 

calculated b value is 0.69 eV calculated with LDA-mBJ, 

and 0.90 eV calculated with LDA, which is consistent 

with the experimentally measured value of 0.80 eV. 

These values confirm that the study results are far bet-

ter than the other calculated results. That the reason for 

the reasonable band gap bending coefficient is the logical 

theoretical band gap of CZS. 
 

𝐶𝑑1−𝑥𝑍𝑛𝑥S =

{
𝐸𝑔

𝐺𝐺𝐴−𝑚𝐵𝐽
= 2.5299 + (0.37721)x + (0.63114)x2

𝐸𝑔
𝐿𝐷𝐴−𝑚𝐵𝐽

= 2.69591 + (0.45196)x + (0.69061)x2
 (6) 

 

With the aim of understanding the physical origin of 

the bowing parameters inside A1 – xBxC, the study follows 

the Zunger et al., approach, and breaks up the total bow-

ing parameter b into physically distinct contributions. 

Table 2 – Decomposition of the bowing parameter into volume 

deformation (VD), charge exchange (CE) and structural relaxa-

tion (SR) contributions for the Cd1 – xZnxY (Y  Te, Se and S) 

ternary alloy (all values in eV) [12, 13]. 
 

 
 

The first stage measures the volume deformation (VD) 

effect on bowing. The corresponding contribution bVD 

with bowing parameter represents the relative response 

of the band structure of the binary compounds AC and 

BC to the hydrostatic pressure, which results here from 

the change of their various equilibrium lattice constants 

to the alloy value. The second contribution is the charge 

exchange (CE) contribution bCE that reflects the effect of 

taxation required due to the behavior difference of the 

connection to the lattice constant a. The final stage, the 

‘‘structural relaxation’’ (SR), measures the changes of the 

relaxed alloy bSR. Consequently, the total bowing param-

eter is defined as 
 

 𝑏 = 𝑏𝑉𝐷 + 𝑏𝐶𝐸 + 𝑏𝑆𝑅 (7) 
 

This allows a division of all the bowing b into three 

contributions according to: 
 

 𝑏𝑉𝐷 =
(𝐸𝑔(𝐴𝐶𝐶𝑎𝑙)−𝐸𝑔(𝐴𝐶𝑉𝐶𝐴))

1−𝑥
+

(𝐸𝑔(𝐵𝐶𝐶𝑎𝑙)−𝐸𝑔(𝐵𝐶𝑉𝐶𝐴))]  

𝑥
 (8) 

 

 𝑏𝐶𝐸 =
𝐸𝑔(𝐴𝐶𝑉𝐶𝐴)

1−𝑥
+

𝐸𝑔(𝐵𝐶𝑉𝐶𝐴)

𝑥
−

𝐸𝑔(𝐴𝐵𝐶𝑉𝐶𝐴) 

𝑥∗(1−𝑥)
 (9) 

 

 𝑏𝑆𝑅 =
[𝐸𝑔(𝐴𝐵𝐶𝑉𝐶𝐴)−𝐸𝑔(𝐴𝐵𝐶𝐶𝑎𝑙)]

𝑥∗(1−𝑥)
 (10) 

 

Table 2, provides a summary of each contribution cal-

culation at the middle range. This table also demon-

strate that the bowing effect was arising mainly from the 

volume deformation due the strong lattice mismatch be-

tween binary parent compounds. This mismatch lead 

also to significant structural relaxations while, the 

charge transfer effect was neglected. The bowing param-

eters are listed in Table 2 in comparison with experi-

ments. It is interesting to note that the main experi-

mental results are in fall between our GGA/LDA-TB-

mBJ calculations. To the same weight for all ternary sul-

fide alloys, the volume deformation was basically in-

volved for the bowing effect while other contributions are 

relatively weak. 

The energy gaps derived from Eqs. (7) to (10) were 

computed based on the specified atomic structures and 

lattice constants. Table 2 presents our findings for the 

bowing parameter, denoted as b, at x  0.25, 0.5, and 0.75. 

Our calculations using GGA-mBJ reveal a composition-

dependent behavior in the bowing parameter,  
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Fig. 7 – Calculated bowing parameter as a function of Zn com-

position using LDA-mBJ (solid squares) and GGA-mBJ (solid 

circles) of Cd1 – xZnxY (Y  Te, Se and S) ternary alloys 
 

which differs from the results obtained using LDA-mBJ 

calculations, where a weak composition dependence is ob-

served. Figure 7 illustrates the variation of the bowing 

parameter with concentration. It demonstrates that the 

bowing remains linear. Specifically, for the Cd1 – xZnxTe 

alloy, the bowing parameter ranges from 2.42 eV 

(x  0.25) to – 1.38 eV (x  0.75). Similarly, for the 

Cd1 – xZnxSe alloy, it ranges from 2.93 eV (x  0.25) to 

– 1.73 eV (x  0.75), and for the Cd1 – xZnxS alloy, it ex-

tends from 3.65 eV (x  0.25) to – 2.29 eV (x  0.75). The 

significance of the bowing parameter b(VD) can be 

linked to the difference in lattice constants of the binary 

compounds. The primary contribution to the bowing pa-

rameter is attributed to the effect of volume defor-

mation, except for x  0.75, where the contribution of re-

laxation (b(SR)) was found to be larger than b(VD). This 

contribution stems from volume deformation and the 

electronegativity difference among the atoms in the 

Cd1 – xZnxY (Y  Te, Se, and S) ternary alloys. The bowing 

parameter is a crucial consequence of the exchange of 

load between constituents. 

In summary, our calculations indicate that volume 

deformation and electronegativity have a notable impact 

on the bowing parameter of the Cd1 – xZnxY (Y  Te, Se, 

and S) ternary alloys [14]. 

 

4. OPTICAL PROPERTIES FOR CdZnX (S, Se 

AND Te) 
 

In this section, the study considers the optical prop-

erties for CdZnX (S, Se and Te), by applying the FP-

LAPW method, implemented in Wien2k code. The abil-

ity of a material to exhibit induced polarization or mag-

netization at selected wavelengths and its internal 

structure details could be provided by optical spectra. 

Moreover, several techniques such as Ellipsometry, re-

flection, absorption, cathodoluminescence, and photolu-

minescence are frequently used to characterize different 

materials. It is worthwhile to state that the wide range 

of band gaps (1.50 – 3.8) for CdZnX (S, Se and Te), com-

prised in the near-infrared and visible range, is more 

suitable for many technical applications than the fixed 

band gap of binary compounds. Therefore, the 

knowledge of the band gap engineering and optical prop-

erties of materials is of special importance in the design 

and analysis of materials [15]. Figure 8 demonstrates 

that the absorption coefficients α(x) of CdZnX (S, Se and 

Te) (0.25 ≤ x ≤ 0.75) are plotted against different incident 

photon energies. All the other optical constants, such as 

the refractive index n(), coefficient extinctions k(), re-

flectivity R(), electron energy-loss spectrum L() and 

the dielectric function. 
 

 
 

Fig. 8 – Frequency dependent absorption coefficient of CdZnX 

(S, Se and Te) 
 

The calculated refractive indices and coefficient ex-

tinctions of CdZnX (S, Se and Te) for each composition x 

(0.25 ≤ x ≤ 0.75) are presented in Figure 8. It is well pre-

sented that the Zn concentration in CdX (S, Se and Te) 

induces the refractive index of the material at zero fre-

quency to decrease. This figure also confirms the inverse 

relationship of this index with the band gap CdZnX (S, 

Se and Te) [16]. Moreover, it is obvious that the normal 

refractive index increases as the photon frequency in-

creases from the zero-frequency limit. A peak point is re-

flecting an inter-band transition at Γ-Γ. While, a lower 

energy hump corresponds to the basic band gap. The dis-

persion curves of the refractive indices are described in 

Figure 9 for each composition x, and the refractive index 

n(0) for Cd1 – xZnxTe is found to be 2.4, 2.5 and 2.45. The 

Zn concentration x increases in CdTe increases; the 

value of the refractive index decreases in the range of 0-

6 eV [17]. 

The dispersion curves n(v) for Cd1 – xZnxSe of each com-

position x, and the values of refractive index n(0) equal 

2.16, 2.55 and 2.62 respectively. Furthermore, as the Zn 

concentration x increases in CdSe, the value of the refrac-

tive index decreases in the range of 0-4.5 eV [18]. 

The dispersion curves (n(v)) for Cd1 – xZnxS are de-
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scribed in Figure 8 for each composition x, and the val-

ues of the refractive index n(0) equal 3.26, 2.5 and 2.87 

respectively. Similarly, as the Zn concentration x in-

creases in CdS, the value of the refractive index de-

creases in the range of 0-5 eV. 
 

 
 

Fig. 9 – Frequency dependent refractive index n of CdZnX (S, 

Se and Te) 
 

The extinction coefficients k() of CdZnX (S, Se and 

Te) has been estimated for each composition x (0.25 ≤ x 

≤ 0.75) using Figure 9 data. Consequently, as the con-

centration of Zn is increased, the peak shifts towards 

lower energies. 
 

 
 

Fig. 10 – Frequency dependent coefficient extinction k of 

CdZnX (S, Se and Te) 
 

 
 

Fig. 11 – Energy loss function of CdZnX (S, Se and Te) 
 

The propagation loss of light inside the material is 

assessed using the electron energy loss function. The lat-

ter, gives relevant information about the elastically scat-

tered and un-scattered electrons along with the number 

and type of electrons hitting the atom by the light beam. 

The electron energy loss function of CdZnX (S, Se and 

Te) is plotted in Figure 11, showing that no scattering 

occurs at an energy below the band gap. However, out-

side the transparent region will cause strong polariza-

tion, which can lead to chromatic dispersion [19]. The 

correlation between the refractive index or the absorp-

tion coefficient and the propagation loss increase. In the 

middle energy range, the loss is the largest as inelastic 

scattering is observed [20]. Additionally, the energy 

value reaches about 16 eV for CdZnTe, 20 for CdZnSe 

and 20 for CdZnS . These energy loss spectrum peaks are 

related to Plasmon resonance, corresponding to the 

plasma frequency [21]. Materials above this frequency 

exhibit metallic typical behavior, while materials below 

this frequency exhibit dielectric properties. 

The study also considers the dielectric function ε() 

shown in Figure 12 and Figure 13 for CdZnX (S, Se and 

Te), which is possibly used for defining the system's lin-

ear response to electromagnetic radiation. Thus, the 

photons-electrons interaction [22]. The ε2() shown in 

Figure 13 is known as the imaginary part of the dielec-

tric functions. This part is estimated using momentum 

matrix elements between occupied and unoccupied wave 

functions Selection Rules for Dielectrics and Real Part 

ε1() Figure 9. The function follows the Kramer-Kronig 

correlation. Moreover [23], a significant feature of ε1() 

is the zero-frequency limit ε1(ω)(0) which indicates the 

electronic device has partial static permittivity. There-

fore, corresponding to each combination x, the optical 

static dielectric constant (ε0) of Cd1 – xZnxTe are 5.80, 6.26 

and 6.20 respectively [24]. The real part’s main peaks for 

Cd1 – xZnxTe are observed at 4.86, 4.31 and 5.11 eV for 

x  0.25, 0.5 and 0.75 respectively. The optical static di-

electric constant (ε0) of Cd1 – xZnxSe equals 7.44, 6.62 and 

6.93 respectively [70, 85, 86]. The main peaks of the real 

part of Cd1 – xZnxSe occur at 0.82, 1.48 and 1.82 eV for 

x  0.25, 0.5 and 0.75 respectively. The optical static di-

electric constant (ε0) of Cd1 – xZnxS is found to be 9.59, 

6.37 and 7.52 respectively. The main peaks of the real 

part for Cd1 – xZnxS occur at 0.79, 1.42 and 0.45 eV for 

x  0.25, 0.5 and 0.75 respectively. 
 

 
 

Fig. 12 – Calculated real ε1 spectra parts of the frequency de-

pendent dielectric functions for CdZnX (S, Se and Te) 
 

 
 

Fig. 13 – Calculated imaginary ε2 spectra parts of the frequency 

dependent dielectric functions for CdZnX (S, Se and Te) 

 

5. CONCLUSION 
 

In summary, we report a theoretical investigation of 

the energy band gap of Cd1 – xZnxTe, Cd1 – xZnxSe, 

Cd1 – xZnxS alloys in the whole composition range based 

on the FP-LAPW method within Tran Blaha-modified 

Becke-Johnson exchange potential. We find a striking 

nonlinear dependence in these alloys with bowing pa-

rameters ranging from b  0. 46 – 0.7 eV for both GGA 

and LDA calculations. The origin of this bowing was dis-

cussed in the highlight of the Zunger approach, which 

decomposes the bowing effect into three main contribu-

tions: structural, electronic and interplay between both. 

We conclude that volume deformation was the main rea-

son for the bowing effect in this alloy’s family. 
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Дослідження параметрів викривлення забороненої зони, електронних та оптичних влас-

тивостей напівпровідникових сплавів Cd1 – xZnxTe, Cd1 – xZnxS та Cd1 – xZnxS методом розра-

хунку з перших принципів  
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У цьому дослідженні було проведено детальне вивчення ширини заборонених зон у напівпровідни-

кових сплавах, зокрема Cd1 – xZnxTe, Cd1 – xZnxSe та Cd1 – xZnxS, всі з яких мають кристалічну структуру 

цинкової суміші. Для проведення нашого аналізу ми використовували метод лінеаризованої доповне-

ної плоскої хвилі з повним потенціалом (FP-LAPW), застосовуючи як узагальнене градієнтне набли-

ження (GGA), так і наближення локальної густини (LDA) для досягнення точних результатів. Для то-

чного визначення ширини заборонених зон та параметрів вигинання спиралися на модифікований об-

мінний потенціал Бекке-Джонсона Тран-Блаха (TB-mBJ), відомий своєю ефективністю в розрахунках 

зонних структур. Результати показали помірно нелінійну залежність значень ширини забороненої зони 

від складу, з параметрами вигинання, оціненими приблизно як b ≈ 0,49 еВ для Cd1 – xZnxTe, b ≈ 0,68 еВ 

для Cd1 – xZnxS та b ≈ 0,63 еВ для Cd1 – xZnxSe. Ця спостережувана нелінійність була головним чином 

пов'язана з ефектами об'ємної деформації, згідно з підходом Цунгера, який пояснює, як структурні спо-

творення можуть впливати на електронні властивості. Окрім аналізу ширини забороненої зони, дослі-

джені ключові оптичні властивості, включаючи коефіцієнт поглинання, показник заломлення, відби-

вну здатність, функцію втрат енергії та силу осцилятора. Ці оптичні характеристики пропонують гли-

бше розуміння електронних структур матеріалів та їхньої реакції на світло. Спостерігали збільшення 

ефективного числа електронів під час фотозбудження зі зростанням концентрації Zn, що вказує на під-

вищену оптичну активність у цих сплавах. Це дослідження проливає світло як на електронні, так і на 

оптичні властивості, що робить ці сплави Cd1 – xZnxTe, Cd1 – xZnxS та Cd1 – xZnxS перспективними канди-

датами для оптоелектронних застосувань, де точне налаштування ширини забороненої зони та оптич-

них відгуків є важливим для оптимальної роботи пристрою. 
 

Ключові слова: Енергетична заборонена зона, Параметри вигинів, Оптичні властивості, Напівпровід-

ники II-VI групи, Модифікований обмінний потенціал Бекке-Джонсона за Тран-Блахою. 

https://doi.org/10.1063/1.1699493
https://doi.org/10.1038/s41598-020-70801-9
https://doi.org/10.1016/j.jcrysgro.2012.12.086
https://doi.org/10.1016/j.physe.2017.02.002
https://doi.org/10.1016/j.physe.2017.02.002
https://doi.org/10.1016/j.jcrysgro.2019.125295
https://doi.org/10.1016/j.matlet.2021.130737
https://doi.org/10.1016/j.materresbull.2023.112214
https://doi.org/10.1016/j.vacuum.2007.04.003
https://doi.org/10.1109/TNS.2004.839084
https://www.scielo.org.mx/scielo.php?pid=S0035-001X2004000600006&script=sci_arttext
https://doi.org/10.1007/s10043-007-0373-x
https://doi.org/10.1088/0022-3727/41/6/065402
https://doi.org/10.1016/B978-0-08-102096-8.00008-2
https://doi.org/10.1016/j.jlumin.2013.05.042
https://doi.org/10.1016/j.jcrysgro.2020.125491
https://doi.org/10.1557/jmr.2012.64
https://doi.org/10.4028/www.scientific.net/AMR.225-226.784
https://doi.org/10.1016/S0040-6090(03)00526-1
https://doi.org/10.1016/S0040-6090(03)00526-1
https://doi.org/10.1016/j.tsf.2013.09.061
https://doi.org/10.1016/j.egypro.2013.05.060
https://doi.org/10.1016/j.apsusc.2008.01.054
https://doi.org/10.1016/j.apsusc.2008.01.054
https://doi.org/10.1016/S0040-6090(03)00526-1
https://doi.org/10.1016/j.cap.2009.08.018
https://doi.org/10.1016/j.cap.2009.08.018

