Influence of Selenium on Physical Properties of ZnTe Thin Films
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Abstract. ZnTe1-xSex (ZTS) semiconductor thin films at various contents (x = 0.0, 0.1, and 0.2) are deposited on glass substrates kept at room temperature by the thermal evaporation technique with a thickness of 500 nm. This study effects of varying the Se content on the variables influencing ZTS thin-film solar cell properties. XRD analysis reveals that the ZTS thin films' structure is cubic and polycrystalline, with a preferred orientation of (111) at 2θ ≈ 25.25. The intensities of all the peaks rapidly increase. The crystallinity of the films becomes higher. Grain and crystalline diameters (from 8.46 to 41.25 nm) both increase as the (x) content rises. Furthermore, AFM was applied to studying the morphology. All films were homogeneous and smooth, and the (RMS) roughness of the films increases with increasing (x) content. Consequently, the thin-film crystallite size increases. The optical characteristics were examined using a UV/visible spectrophotometer. These films had a direct gap that shrank as the x content increased, reaching its lowest value of 1.86 eV at x= 0.2.
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INTRODUCTION
Trillium zinc belongs to the group (II-VI) semiconductor materials [1,2]. Selenium zinc is a member of group II-VI semiconductor materials. Group II-VI semiconductors have a broad band gap, with the ZnSe value at ambient temperature being roughly 2.7 eV. In addition to the large band gap[3] Since the two elements are semiconductors, members of the same group, and have a face-centered cubic crystal structure by nature, we can conclude that they have a lot in common. These materials can be made synthetically by evaporating in a vacuum or by chemical vapor deposition (CVD), when alloying the two elements in the proper ratios. In general, there are two primary absorption bands present in both of these materials. The first one is located in the near-ultraviolet spectrum, while the second one is in the infrared, with a wavelength of 400 to 500 nm[4]. Because zinc telluride has a high absorption coefficient (103-105) cm-1 and energy gap type direct ranging (2-2.25) electron volts at ambient temperature, which is directly in the green area of the spectrum, it can be used in optoelectronic applications, for example, solar cell, light-emitted diodes, photodetectors, etc. [1,5]. The crystal structure for ZnTe is a cubic where the lattice parameter an equal to 6.101 Å(1). This substance can be employed in a variety of ways, such as vacuum-induced thermal evaporation, to create thin films[6]. spraying [7] metal-organic chemical vapor deposition (MOCVD)[8] electron beam evaporation[9] Light detectors, solar cells, and light-emitting diodes are just a few of its numerous uses[10,11]. Low-wavelength photodetectors are a significant thin-film application[12,13] To investigate the thin layer, optical and structural equipment were employed [14,15]. It has been demonstrated that doping and annealing zinc trillium results in modifications to the energy gap and a notable reduction in resistance [16]. ZnTeSe QD is the most promising emitter for blue QD-LEDs, although tellurium is thought to induce spectrum broadening and efficiency loss [17].
This work focuses on the effect of Se content (x) on the properties of ZnTe1-xSex thin films using the thermal evaporation method and their characterization utilizing structural and optical measurements, and the relationship between these parameters. 



MATERIALS AND METHODS
ZnTe1-xSex (ZTS) alloys have been created with various concentrations of (x = 0.0, 0.1, and 0.2) and a high purity (99.99%) of zinc, tellurium, and selenium in a (1:1:1) stoichiometric weighed proportion. The product alloy placed into quartz tubes was pressurized with 1×10-3 mbar, before being heat treated for 6 hours in an electric oven at 1273 K, where it should be mentioned that the temperature needed for complete alloy solidification was above the ZTS melting temperature, Prior to being pulverized into powder, the alloy was lastly permitted to cool gradually until it reached room temperature for a whole day, according to the phase diagram[18] The thermal evaporation method at a pressure of 4.5x10-5 Torr with a deposited rates of 5.1 nm/s were used to deposit the ZTS thin films (500 nm) thick onto glass substrates at room temperature.
All prepared samples have homogeneity, substrate adherence, and crack-free nature, in order to investigate the optical and structural properties of ZnTe1-xSex thin films. X-ray diffraction (XRD) and AFM have been used to determine the structure (morphology) of ZnTe, ZnTe0.9Se0.1, and ZnTe0.8Se0.2 films. A (LabX-XRD-6000 SHIMADZU Japan) with radiation λ = 1.5406 Å Cu () was used to find (XRD) patterns. After examining the X-ray diffraction of these films, Scherer's Formula was used to determine the crystallite size based on the film thickness [19]:
[bookmark: _Hlk205932407]
Where, β (FWHM) represents the diffraction width of the peaks at half maximum. Measured the diffraction peak angle (θ) and the crystallite size (C.S). The following equation is used to get the lattice constant (a) [20].

Where, (hkl) represent Miller's incident location. The following formula can be used to calculate the micro strain (Ԑ) for produced thin films [21].

The ratio of the dislocation line lengths to the crystal volume is known as the density of dislocations (δ). The following can be used to compute it [22].

Measurements of optical transmission between 400 and 1000 nm in wavelength were made in order to calculate the energy gap by using a double-beam spectrophotometer (EMCLAB-61PC, UV-visible) through transmission and absorption spectra covering a wavelength range of 400 to 1000 nanometers, optical properties of the thin film production have been studied. The energy gap (Eg) from the absorption spectra has been determined using the Lambert law and the Tauc equations, respectively [20].


The precise value of the constant D, which depends on temperature. r indicates the type of optical transition, hυ indicates the energy magnitude of the incident photons, and α represents the absorption coefficient. Absorption (A) and thickness (t).
Relationships that can be used to calculate optical constants include the extinction coefficient k, the refractive index n, and the reflection R.[23].




RESULTS AND DISCUSSION
The XRD pattern for ZnTe1-xSex (ZTS) thin films with thickness 500 nm with x = 0.0, 01, and 0.2 at room temperature, is shown in Figure 1. The existence of multiple diffraction peaks of (111), (220), (311) and (420) planes indicate the polycrystalline nature of the ZTS films compound with a cubic NaCl structure, with the (111) preferred orientation at and this agrees with the study[18,24]. The dhkl-space and (2θ) of the prominent peaks and the crystallite size (C.S) of the films can be determined using the Scherrer equation for peak (111) which is presented in Table 1. The XRD peaks coincide with those of a cubic crystal structure according to the JCPDS file number 00-015-0746 card standard value and the observed ‘d’ and ‘2θ’ values are in good agreement with standard ‘d’ and ‘2θ’ values taken from (JCPDS) card data. From the same Table, we can see that as the (x) content rose and the FWHM fell, the crystallite size grew. When the x content increases, the produced films show a significant shift in peak positions, which may be caused by the modest tension created by the (x) atoms' entry and diffusion into the host material as well as their occupation of places in the ZTS crystal lattice. Additionally, we can see that the intensity rises as the x content does. This is because increased x content causes the film's crystallinity to increase[1,9,22].  Calculations of the micro strain (ε) and dislocation density (δ) revealed that, as the (x) content increased, their values decreased (Table 1) as shown in figure 1. This explains why micro strain and full width at mid-maximum (FWHM) have a positive association, while crystal size has a negative correlation. Since δ is a measure of the quantity of defects in a crystal, lower δ-values indicate higher levels of crystallinity for the films. The dislocation density value found in this work is equal to 0.58x1015 lines/m2 for x 0.2 films. The ZTS films produced using this thermal evaporation process have good crystallinity, as confirmed by the modest value of δ achieved in this work.
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FIGURE 1. Pattern of XRD for ZTS thin films with x= (0.0, 0.1, and 0.2).

TABLE 1. XRD data for ZTS thin films at x = 0.0, 0.1 and 0.2.
	(x)
	
(Å)
	2θexp
(deg)
	()
	FWHM
(deg)
	C.S
(nm.)
	δ × 1015
(lines/m2)
	ε × 10-3

	
ZTS (x= 0.0)
	3.5229
	25.26
	(111)
	
0.98

	
8.64

	
13.37

	
4.18

	
	2.1494
	42.00
	(220)
	
	
	
	

	
	1.8371
	49.58
	(311)
	
	
	
	

	
ZTS (x= 0.1)
	3.5274
	25.22
	(111)
	
0.27

	
30.87

	
1.04

	
1.17


	
	2.1573
	41.84
	(220)
	
	
	
	

	
	1.8392
	49.52
	(311)
	
	
	
	

	
	1.3624
	68.86
	(420)
	
	
	
	

	
ZTS (x= 0.2)
	3.5326
	25.18
	(111)
	
0.206

	
41.25
	
0.58

	
0.87

	
	  2.1533
	41.92
	(220)
	
	
	
	

	
	 1.8364
	49.60
	(311)
	
	
	
	

	
	 1.3615
	68.91
	(420)
	
	
	
	


	Three-dimensional atomic force microscope (AFM) pictures of room-temperature ZTS thin films with different x contents are displayed in Figure 2. Table 2 demonstrates how the root mean square (r.m.s), grain diameter, and surface roughness all raise as the (x) ratio does. As the (x) content increases, we can observe that both the roughness and average diameter rise, which is to be expected given the increase in the Crystals size thin films. We note that the behavior of the grain size (G.S) in the AFM microscope is similar to the behavior of the crystal size (C.S) in the XRD measurements, which confirms the increase in the crystal size with the increase in the Selenium concentration (x) in the films. For ZTS thin films, it was discovered that the greatest values of surface roughness (19.45), root mean square (27.14), and average diameter (78.59) at a doping ratio of (0.2) result in modifications to the film's surface characteristics. The behavior of the ZnTe0.8Se0.2 (x=0.2) film data is expected to reduce the reflection of light from its surface, thus increasing the absorption of incident light photons and reducing reflectivity, which makes this film eligible for use in as anti-reflection-coatings or solar cell applications [22,24,25].

TABLE 2. Average roughness, grain size, and (r.m.s) for ZTS thin films at (R.T.)

	Thickness (500 nm)
(x)
	Grain size
 (nm)
	Surfaces roughness (nm)
	Root mean square
(nm)

	ZTS (x = 0.0)
	48.36
	2.954
	3.628

	ZTS (x = 0.1)
	63.51
	9.222
	11.50

	ZTS (x = 0.2)
	78.59
	19.45
	27.14
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[bookmark: _Hlk171077993]FIGURE 2. 3D AFM micrographs of ZTS thin film 
The optical transmittance spectra and absorbance with wavelengths ranging from 400 nm to 1000 nm are displayed in Figure 3. It can be observed that the transmittance of ZTS thin films increases with increasing wavelength, in contrast to absorbance, which decreases with increasing wavelength. As the concentration of (x) increases, the optical transmittance falls; it implies that a higher value of (x) will reduce transparency because free carriers absorb more of it[25]. In the visible spectrum, it is evident that the films are transparent.  At wavelengths longer than 550 nm, all of the films exhibit transmittance ranging from 20 to 60%. Nonetheless, the highest transmittance value that falls inside the NIR spectral range surpasses 60%. At the same time, we note from Figure 3 that the absorbance is high in the visible light range, around 90%, and begins to decrease with increasing wavelength. Conversely, as the concentration of (x) increases, the absorbance will increase and the transmittance will decrease. The increase in absorbance is due to the significant surface roughness, which causes light to scatter more. The maximum absorbance value was obtained in the visible band between 400 and 700 nm at a value (x = 0.2) of around 85 to 95%. Below 550 nm, there is a sharp fall in the transmittance of the films, which is due to the strong absorbance of the films in this region. By combining the values ​​of the two diagrams, we find that the reflectivity value will be at its lowest value in the visible light region, and thus, this film can be used in optoelectronic applications.


[image: ]
FIGURE 3. The transmittance and absorbance vs. wavelength for ZTS thin films at RT.

Figure 4 illustrates how the (x) ratios affect the ZTS thin film's absorption coefficient and optical energy gap () values in the (400–1000) nm wavelength range. The absorption coefficient of a material indicates how well it absorbs light, and it strongly depends on the photon and band gap energies. The absorption coefficient's  computed values are around 104 cm−1 and it shows a high value for higher photon energies (shorter wavelengths) in Figurer 4, indicating a high chance of the permitted direct transition and when the wavelength increases, α declines. In addition, we note that as the visible spectrum region is approached, the ZTS thin films' absorption coefficient rises, as seen in Figure 4 and in Table 3. This indicates that the film can be used with solar cell applications. Additionally, it can be shown that absorbance rises sharply close to the band gap edge and increases with increasing (x) concentration. The variation in ZTS film's crystallinity and carrier concentration with (x) concentration may be the cause of this variation. As a result, the absorption edge moved into the long wavelength range and that very clear in Table 3.  
The optical band gap energy  was illustrated in Figure 4, Eg was derived from the intercept on the photon energy axis following the extrapolation of the straight-line segment of the curve of (αhv)2 versus (hν) plot. It was fond that the energy band gap Eg is influenced by the concentration of (x) with direct band gap is 2.15 eV for pure ZnTe, which is in good agreement with a number of papers[1,26,27]. The film also exhibits direct band transitions, which is a crucial feature for solar applications. The technique used to prepare the film determines whether the shift is toward higher or lower energies[25]. From Table 3 and Figure 4 make it evident that the optical energy gap (Eg) decreases with increasing (x) content, eventually reaching 1.86 eV at 550 nm for x= 0.2. This is to be expected since an increase in the average diameter of ZTS thin films material causes the crystalline size to increase.
[image: ]
FIGURE 4. The absorption coefficient vs. wavelength & (αhυ)2 vs. photon energy for ZTS thin films at RT.

TABLE 3. The optical parameters of ZTS thin films for λ= 550 nm at (R.T.)
	Thickness (500 nm)
	(eV)
	α × 104 (cm-1)
	n
	k

	ZTS (x = 0.0)
	2.15
	9.59
	5.48
	0.42

	ZTS (x = 0.1)
	1.95
	14.26
	2.3
	0.62

	ZTS (x = 0.2)
	1.86
	16.75
	1.77
	0.73



Some of the electromagnetic radiation that strikes a surface is transmitted, some is absorbed, and some is reflected. The optical constants, which are significant fundamental features of matter, completely characterize the optical behavior of materials [4,21,25] The method of evaporation has a significant impact on the optical characteristics of an evaporated film[25] These optical constants included the extinction coefficient (k), the refractive index (n). Table 3 shows the change in the optical constants of ZTS films at room temperature and at a wavelength of 550, i.e. in the visible spectrum range. Since the refractive index (n) dispersion is a key component of optical communication and the design of devices for spectrum dispersion, it is crucial in the study of optical materials. The films' refractive index values were determined by applying Equation (8). Figure 5 shows that the behavior of the refractive index (n) with λ and the values of n decrease with increase (x) in the visible region due to decrease the corresponding reflection. Additionally, Figure 5 shows that all films exhibit anomalous dispersion when the refractive index drops as the input photon energy increases above the Eg values. The extinction coefficient (k) variation as a function of incident wave length (λ) is displayed in Figurer 5. Since (k) primarily depends on (α) according to Eq. (7), the behavior of (k) is almost identical to that of the corresponding absorption coefficient (α); as a result, we observe that (k) increases with increasing photon energy because the absorption coefficient increases. This indicates that these films have a direct electronic transition [26]. Additionally, it is demonstrated that because of the structural alterations in the films, (k) varies significantly with (x) values of Se.

[image: ]
FIGURE 5. The extinction coefficient and refractive index as a function of wavelength for ZTS films at RT

CONCLUSION
ZnTe1-xSex (ZTS) thin films were successfully prepared at room temperature using the thermal evaporation process at different contents (x = 0.0, 0.1, and 0.2). The physical characteristics of ZTS thin film were observed to improve with an increase in (x) content. In every film, the XRD showed a polycrystalline cubic structure. The size of the crystallites increased from 8.64 to 41.25 nm as the (x) concentration rose, while the optical gap shrank from 2.15 eV to 1.86 eV. The absorption coefficient also rose from 9.59×104 to 16×104 cm-1 and the refractive index decreases with increasing (x), making them appropriate thin films for solar cells and other various optoelectronic devices.
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