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Abstract  

     The thermal evaporation technique is used to investigate the structural and optical properties 

of ZnIn2(Se1-0.2Te0.2)4 (ZIST) chalcopyrite semiconductors. ZnIn2(Se0.8Te0.2)4 thin films with a 

thickness of 500 nm are taken into consideration, and the effect of annealing at various 

temperatures ranged from R.T, 373, 473 K. (ZIST) Thin film is widely regarded as a remarkable 

semiconductor material for the development of second-generation solar cells. ZnIn2(Se0.8Te0.2)4 

films are polycrystalline with excellent stoichiometric composition, as shown by XRD and AFM 

investigations. According to a structural study, annealing the films after they were deposited 

increased the average grain size and crystallite size after annealing, as well as one of the favored 

orientations of the polycrystalline phase is along the (112) direction. The wavelength range used 

to determine these films' optical characteristics was 400 nm–1000 nm. Semiconductors 

ZnIn2(Se1-0.2Te0.2)4 have direct band gaps of 1.7, 1.65, and 1.6 eV respectively. The calculated 

optical constant includes the refractive index. extinction coefficient. real and imaginary 

components of dielectric constant. 

Keywords: Chalcopyrite semiconductors, XRD, band gaps ZnIn2(Se1-0.2Te0.2)4, thin film. 

 

1. Introduction 

     ZnIn2Se4 is important semiconductor compounds with the composition II-III2-VI4 (where 

II=zinc (Zn), mercury Hg or cadmium (Cd); III is aluminum (Al), indium In or gallium (Ga), 

VI= Selenium Se, Sulphur S or Tellurium Te)(1) These have been extensively studied because 

of their possible uses as temperature sensors, IR detectors (2) photoconductors, narrow-band 

optical filters (3) solar cell (4) ZnIn2Se4 has garnered significant attention because to its 

comparatively elevated photo electrochemical sensitivity across the visible to near-infrared 

spectral range. and also promising material for optoelectronic applications (5) The properties of 
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these materials can be controlled and optimized through ZnIn2Se4 various synthesis methods such 

as flash evaporation (6) plasmon resonances (7) thermal evaporation in vacuum (8) spray 

pyrolysis technique (9) Bridgman technique (10) Chemical Bath Deposition (11) 

electrodeposition method (12) Chemical vapor transport (13) The structure of ZnIn2Se4 thin films 

has a lattice parameter of a=5.7095 Å and c=11.449Å and a tetragonal crystal structure (8,13). 

The band gap of ZnIn2Se4 is around 1.5 to 2.2 electron volts (eV). This range places it in the 

visible to near-infrared (NIR) regions of the electromagnetic spectrum. The direct bandgap nature 

of ZnIn2Se4 allows for efficient absorption and emission of light, making it suitable for various 

optoelectronic applications (14) ZnIn2Se4 is a semiconductor, electrical conductivity can be 

modified by doping with other elements or by changing the stoichiometry during synthesis (15) 

ZnIn2Se4 non-toxic and P-type semiconductor (4,6) N-type, direct band gap semiconductor (1). 

Numerous research has looked at the effects of various doped materials on the characterization 

of ZnIn2Se4 such as the influence of (Co) doping (10) Cu doping with ratio 2.67 on 

Photoconductivity properties Bridgman method (16,17) Mn on structural and electronic 

properties (1) carrier concentration of 2.8×1018 cm-3 (18) (8.854×1014 F/cm) εr is the relative 

dielectric constant values of the ZnIn2Se4 (6) absorption coefficient of 5.3 × 10^6 cm-^1 in the 

visible regions (19).  

In this work, ZnIn2(Se1-0.2Te0.2)4 where x = 0.2 thin films are fabricated using the vacuum 

evaporation method, and the effects of annealing at (473, 573) K are examined concerning their 

optical measurement, XRD, AFM, and the relationship between these parameters. 

 

2. Materials and Methods 

     A thin film of zinc, indium, selenium, and tellurium alloys has been manufactured. The 

stoichiometric weight ratios (1:2:0.8:0.2) and high elemental purity (99.99%) of the ZIST 

elements were combined. The resulting alloy was subjected to a pressure of 5×10-3 mbar in quartz 

tubes, followed by six hours of heating in an electric oven at 1273 K. It is worth noting that the 

temperature required to fully solidify the alloy exceeded the melting point of ZnIn2Se4 and 

ZnIn2Te4 [20]. To investigate the optical and structural properties of ZIST thin films, they were 

the material is applied onto glass substrates. at a relative humidity (RT) of 4.5 ×10-5 Torr to 

produce a 500 nm thick film with good uniformity, adhesion to the substrate, and absence of 

cracks. X-ray diffraction XRD, AFM have been utilized to define the structural morphology of 

ZIST films. The structure of these films was investigated using X-ray diffraction & Scherer's 

Formula was utilized to compute their crystalline dimension (21, 22). 

𝐶. 𝑆 =
0.9𝜆

𝛽cosϴ
                                                                                                                                              (1) 

The symbol 𝛽 represents the diffraction width of the peaks at half maximum (FWHM), the 

crystallite size (C.S), (θ) is the diffraction peak angle. 

The determination of the lattice constant a & c for a tetragonal structure is accomplished via the 

following equation (23): 

4𝑠𝑖𝑛2𝛳

𝜆2
=

ℎ2 + 𝑘2

𝑎2
+

𝑙2

𝑐2
                                                                                                                          (2) 
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Where Miller incidents (hkl). The calculation of (Ԑ) microstrain for manufactured thin film can 

be determined using the following: 

Ԑ =
𝛽 cosθ

4
                                                                                                                                                  (3) 

The density of dislocations (δ) is the ratio of the lengths of the dislocation line to the crystal 

volume. It may be calculated using the following (24): 

𝛿 =
1

(𝐶. 𝑆)2
                                                                                                                                                 (4) 

To determine the energy gap, Measurements of optical transmission within the wavelength range 

of 400-1000 nm were performed. Optical characteristics of the thin film preparation have been 

observed through transmission and absorption spectra spanning a wavelength range of 400 to 

1000 nanometers. The energy gap (Eg) from the absorption spectrum has been computed using 

the Lambert law and Tauc equations, respectively (25,26): 

𝛼 = 2.303
A

𝑡
                                                                                                                                               (5) 

𝛼ℎ𝜐 =  𝐷 (ℎ𝜐 –  𝐸𝑔)𝑟                                                                                                                                (6) 

the precise value of the constant D that is temperature dependent. The absorption coefficient is 

denoted by the symbol α, hυ signifies the magnitude of the incident photons' energy and r is a 

factor that specifies the optical transition type. Absorption (A) and thickness (t). 

The following relationships can be used to calculate optical constants, including the extinction 

coefficient k the refractive index n the real part εr, and the imaginary part εi of the dielectric 

constant, the reflection R(27-29): 

𝑘 =
𝛼 𝜆

4π
                                                                                                                                                        (7) 

𝑛 = [
4𝑅

(1 − 𝑅)2
− 𝑘2]1/2 −

(1 + 𝑅)

(1 − 𝑅)
                                                                                                      (8) 

𝜀𝑖 = 2𝑛𝑘                                                                                                                                                      (9) 

𝜀𝑟 = 𝑛2‒ 𝑘2                                                                                                                                              (10) 

 

3.  Results and Discussion 

     The X-ray diffraction patterns of ZnIn2(Se0.8Te0.2)4 thin films, measuring 500 nm in thickness, 

were observed at room temperature (R.T) & (373,473) K. The pattern indicates that both the pre-

annealed and annealed thin films possess a polycrystalline structure, as evidenced by the 

reflection from the (112), (204), and (312) planes, which correspond to tetragonal structures. 

Furthermore, the films exhibit a distinct growth direction corresponding to the plane (112). Each 

peak of the diffraction can be attributed to the ternary compound ZnIn2Se4, JCPDS file no. 00-

039-0458 card standard value. Upon annealing at temperatures of 373 and 473 K, the location of 

the observed diffraction peaks exhibits no alteration. substantially, however, the intensities of the 

peak increased and the size of the crystallites grew. This suggests that the quality of crystalline 

films has been enhanced as a result of reduced defects and system regularity (30). By analyzing 

the FWHM values of the (112) peak in the thin films illustrated in Figure 1, the crystallite size 
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can be estimated using Scherrer's equation. The data presented in Table 1 reveals that when 

annealing temperatures are increased for ZnInSeTe, there is an increase in crystallite size, 

suggesting a higher likelihood of material crystallization in the films, and the values of lattice 

constants a = 5.7095 Å & c = 11.449Å is very close to research (8,13). The optical, electrical, 

and thermoelectric properties of ZnIn2(Se0.8Te0.2)4 (at Ta = 473 K) thin films are significantly 

influenced by their high degree of crystallinity. In addition to being utilized in solar cells and 

thermoelectric generators, the films' smooth and uniform surface is crucial for their application 

in a variety of technological devices. 

 

 

 

Figure 1. X-ray diffraction pattern for thin films ZnIn2(Se0.8Te0.2)4 with (R.T, 373 and 473) K. 

 

The results for micro strain and dislocation density have been computed and are presented in 

Table 1. The drop in micro strain and dislocation density is apparent as the annealing temperature 

increases. The observed phenomenon can be attributed to the positive correlation between micro 

strain and full width (FWHM) at half maximum of the primary peak, as well as the negative 

correlation between dislocations density and crystallite size. The observed reduction in flaws in 

ZnIn2(Se0.8Te0.2)4 thin films as the annealing temperature increases suggests an enhancement in 

their structure of crystal. 

Using AFM analysis, the surface morphology of ZnIn2(Se0.8Te0.2)4 thin film with temperatures 

equal R.T, 373 and 473 K was investigated. The size distribution chart and three-dimensional 

AFM image of these films are displayed in Figure 2. On the surface of the substrate, minute 

particles have proliferated, and variations in pyramidal morphology are visible. The physical 

characteristics of the structure including roughness, roots mean square, and average diameter 

(G.S), are detailed in Table 2. The structures exhibited fluctuations in roughness and root mean 

square values, in addition to variations in average grain size (79.9-94.4 nm). The table presents 
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the results of annealing thin film, which indicate an increase in average particle size, roughness, 

and root mean square. Additionally, the sample ZIST shows a major magnitude at 473 K. This 

manner of behavior can be ascribed to the increased atomic mobility, which leads to the 

aggregation of particles, particularly larger particles. This agglomeration ultimately indicates an 

increase in the texture of the films. These observations corroborate the XRD findings. 

 

Table 1. X-ray diffraction data from experiments for thin film ZnIn2(Se0.8Te0.2)4 with (R.T, 373 and 473) K. 

Ta 

(K) 

𝐝𝐞𝐱𝐩. 

(Å) 

2θexp 

(deg.) 

(𝐡𝐤𝐥) FWHM 

(deg.) 

C.S 

(nm) 

δ × 1015 

(lines/m2) 

Ε × 10-2 

 

R.T 

3.308 26.92 (112)  

0.55 

 

15.51 

 

4.15 

 

13.37 

 

2.022 44.76 (204) 

1.726 52.96 (312) 

 

373 

3.298 27 (112)  

0.47 

 

18.16 

 

3.03 

 

11.43 

 

2.018 44.84 (204) 

1.725 53 (312) 

 

473 

3.288 27.08 (112)  

0.31 

 

27.53 

 

1.32 

 

7.53 

 

2.015 44.92 (204) 

1.724 53.04 (312) 

 

Table 2. Roughness average, grain size and root mean square of ZnIn2(Se0.8Te0.2)4 with (R.T, 373 and 473) K. 

Thickness (500 nm) Average diameter 

(nm) 

Roughness average 

(nm) 

Root mean square 

R.T 79.9 19.63 26.1 

373 92.8 20.57 24.04 

473 94.4 22.33 25.27 

 

  

a 

(R.T) 
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Figure 2. Atomic force microscope image and size distribution for ZnIn2(Se0.8Te0.2)4 at (R.T, 373 and 473) K. 

 

Depending on the values of absorbance and transmittance within a range (400-1000), the 

transmittance relationship is drawn (nm) based on the wavelength depicted in Figure 3, and this 

shows that the results of ZnIn2(Se0.8Te0.2)4 at R.T and (373,473) K films have a high rate of 

absorbance about (90%) in the visible spectrum regions and with increasing annealing 

temperature, we notice that there is a decrease in transmittance values are offset by an increase 

in absorbance and deflection values fundamental absorption edge toward long wavelength (low 

energy), This behavior can be attributed to the utilization of X-ray diffraction (XRD) and atomic 

force microscopy data to comprehend the relationship between surface morphology and the 

observed increment in absorbance (31,32). This implies that following the annealing process, the 

b 

(373 K) 

(473 K) 
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absorbance values of these thin films exhibit an upward trend. This increase can be attributed to 

the absorption of photons by free carriers, Consequently, this results in a reduction in 

transmittance. Alternatively, it may be linked to the development of crystallite sizes (33,34). 

Consequently, the potential for absorbing low-energy photons is plausible. 

 

  

Figure 3. The transmittance and absorption spectrum of ZnIn2(Se0.8Te0.2)4 with (R.T, 373 and 473) K. 

 

The change in absorption coefficient as function of wavelengths is depicted in Figure 4 for 

ZnIn2(Se0.8Te0.2)4 film with (R.T 373 and 473) K, we note that the absorption coefficient 

increases gradually by a small amount with increasing photon energy, and this rapid increase 

helps us to determine the fundamental absorption edge, the results showed that increasing the 

annealing temperatures led to a clear increase in all values absorption coefficient, especially at 

low energies, and this It seems clear from Figure 4. As the edge of absorption creeps 

fundamentals towards lower photon energies. We also note that the absorption coefficient for all 

cases has values greater than 104 in the high energy range, which indicates the occurrence of 

direct electronic transfers, and this agrees with the research (19). The energy gap was determined 

using the Tauc equation. The change of Eg ZnIn2(Se0.8Te0.2)4 films with (R.T, 373 and 473) K is 

shown in Figure 4. The transition was directly allowed of ZnIn2(Se0.8Te0.2)4 film was calculated 

from 1.7 eV to 1.6 eV strong concurrence with (9). 

 

Table 3. Optical factors (Eg
opt

, α, n, k, εr & εi) for ZnIn2(Se0.8Te0.2)4 with (R.T, 373 and 473) K where λ = 500 nm. 

Thickness (500 nm) 𝐄𝐠
𝐨𝐩𝐭

(eV) α × 104 (cm-1) n k 𝛆𝐫 𝛆𝐢 

R.T 1.7 3.95 1.6 0.15 2.5 0.5 

373 1.65 4.26 1.4 0.16 1.8 0.46 

473 1.6 4.5 1.3 0.17 1.33 0.41 
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Figure 4. The fluctuation in The optical factors (refractive index, Extinction coefficient, real and imaginary 

components of dielectric constants) with wavelength for ZnIn2(Se0.8Te0.2)4 with temperatures (R.T, 373 and 473) 

K. 

 

Depending on the calculated absorption coefficients, the extinction coefficient was calculated 

using the relationship (7), It is the amount of attenuation in the intensity of the radiation 

electromagnetism, it represents the amount of energy absorbed into the thin films. We notice that 

the extinction coefficient exhibits a progressive increase as the energy of the photon increases, 

followed by a rapid increase in high photon energies, this indicates that there is an increase in 

absorption, in turn, led to an increase in the absorption coefficient, at annealing temperatures. 

We notice that the curves generally behave the same as above with the absorption edge towards 
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low photon energies, this confirms that the annealing temperatures have a clear effect to increase 

the extinction coefficient (35). Figure 4 represents the change in refractive index as a function 

of wavelengths of ZnIn2(Se0.8Te0.2)4 at (R.T, 373 and 473) K film; The refractive index curve 

closely resembles the nature of reflection. according to the link of reflexive index and reflection, 

and Table 3 shows the refractive index value for all films with constant wavelength 500 nm 

(Within the visible range) The drop in the values of n during annealing can be attributed to the 

reduction in corresponding reflection resulting from structural and compositional changes that 

occur throughout the annealing process. This finding is consistent with previous studies (5,17). 

The relationship between the real (εr) & imaginary (εi) components of the dielectric constants is 

influenced by the values of n and k. At a wavelength of 500 nm, the values of εr and εi decrease 

due to the similarity in behavior between εr and n; the behavior of εi closely resembles that of k, 

primarily dependent on the k value. It is worth noting that the value of εi is smaller than that of 

the thin film at room temperature, indicating a small dielectric loss. The optimal optical 

temperatures were observed at an annealing temperature of 473 K. 

 

4. Conclusion 

        In this research many conclusions were reached: Possibility of ZnIn2(Se0.8Te0.2)4 films using 

the thermal evaporation method, the film of the polycrystalline type, and when increasing 

annealing temperatures resulted in low displacement in the spectrum curve towards high values 

of angle diffraction. The nature of electronic transitions for all films was (allowed) direct 

transition electronic, the energy gap decreases with increasing annealing temperatures, the 

evaluation of all films showed an energy range of 1.7-1.6 eV, indicating their suitability for 

creating a junction in a solar cell., increasing annealing temperatures led to a change in the 

position of the peak of the curve transmittance and absorption towards photon energies are low, 

which indicates increased absorbency. The extinction coefficient increases due to an increased 

absorption coefficient. 
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