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Highlights 

• Single solid source precursor is a novel technique in thin-film fabrication. 

• Single solid source precursor reduces the limitations with multiply source ones. 

• Deposition temperature influences the copper-zinc sulphide thin films. 

• Material thin films are useful for solar energy generation. 
 

Article Info 

 

Abstract 

The influence of deposition temperatures on the structural, elemental, optical and electrical 

properties was investigated. The Rutherford backscattering (RBS) and scanning electron 

microscopy (SEM) were used to measure the elemental and morphological properties of the films. 

The RBS confirms that the stoichiometry was controlled by the deposition temperatures with a 

thickness that ranged between 51.00 to 63.00 nm. SEM data of the deposited films show different 

morphologies with several grains that increased with deposition temperature. Optical 

characterization shows that the films exhibited a direct transition with an energy gap that varies 

from 1.79 to 2.10 eV. For copper-zinc sulphides (CZS) film deposited at 470 ᴼC, the maximum 

electrical conductivity was 7.38 × 10-2 (Ω.cm)-1and minimum electrical resistivity was 1.35 × 101 

(Ω.cm). The results confirm the possibility of using copper and zinc dithiocarbamate precursors 

in depositing high-quality CZS thin films with comparable properties. 
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1. INTRODUCTION 

 

The study of material thin films has become a crucial part of science and technology due to their practical 

applications. Though their thermodynamics are difficult to comprehend, it has been majorly exploited in 

spintronics and optoelectronics devices. There are also numerous and growing applications in optical 

electronics, communications, coatings of various kinds, solar cells etc [1-3]. Among all the proposed 

applications of material thin films, energy generation (solar cells) is the most attractive form due to its 

advantages over fossil fuels. As a clean and renewable source of energy, the number of injuries and death 

arising from the effect of pollution due to incomplete combustion of fossil fuels is reduced [4]. 

Unfortunately, their relative low efficiencies and high cost of production make them less competitive than 

the conventional (fossil) source of energy [5]. 

 

In recent years, advances in solar cells of high efficiencies, enhanced stability and low cost of production 

have initiated intensive research activities into new materials and different technological approaches to thin 

films deposition. Copper zinc sulphides (CZS) have shown unique desirability due to the possibility of 

turning their energy gap and other physical properties for device applications. Furthermore, the energy gap 

lies between copper sulphides (CuS) and zinc sulphides (ZnS) which can be adjusted by varying the ratio 
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of zinc (Zn) and copper (Cu) in the ternary system. This striking energy gap of CZS films influences their 

usage in the fabrication of p-n junction solar cells [6]. Some well-established thin films deposition methods 

with their corresponding starting precursors like chemical bath deposition, spray pyrolysis, electron beam 

evaporation, electrochemical atomic layer deposition, solution growth technique and SILAR have been 

reported for depositing CZS thin films [1,3]. These methods utilize two or more precursors with diverse 

possessions that may affect the quality and functionality of the films [7]. Uhuegbu and Babatunde [8] used 

copper chloride, zinc nitrate and thiourea as precursors to deposit CZS thin film while Rosado-Mendoza 

and Oliva [9] used zinc sulphate, copper chloride and thiourea as precursors for Zn, Cu and sulphur (S) 

respectively to determine the influence of Cu concentration on the properties of ZnS thin films using 

chemical bath deposition method. The same method was utilized by Ortiz-Ramos et al. [10] using copper 

sulphate, zinc acetate and dimethyl sulphate. 

 

There are several reported developed techniques for the synthesis of such nanostructures/thin films. These 

techniques are divided into two classes; vapor-phase (V-P) synthesis and solution-phase (S-P) synthesis. 

The V-P synthesis procedures are chemical vapor deposition (CVD), metal-organic CVD (MOCVD), 

thermal evaporation, as well as catalyst aided laser ablation. All these procedures are executed at a high 

temperature with a manageable diameter, composition, and morphology of the nanostructures [11]. 

 

Although considerable studies have been reported on CZS thin films; however, there is a limited report on 

the influences of deposition temperature on the properties of CZS films using the MOCVD technique via a 

single solid source precursor. The use of a single solid source precursor (dithiocarbamate) in the film’s 

production provides a novel technique in thin-film material fabrication with the advantages of reducing the 

shortcomings arising from using multiply sources of precursors [12,13]. Hence, this study outlines the 

influence of varying deposition temperatures on the structural, elemental, morphological, optical and 

electrical properties of the MOCVD fabricated CZS thin films. The variation in the temperature was to 

determine if there were structural or morphological changes in the synthesised material. The other sections 

of this article are structured as follows: Section two discusses the materials and method (experimentation), 

section three contains the results and discussion, while section four is the concluding part of the paper.  

 

2. MATERIAL METHOD 

 

2.1. Synthesis of Dithiocarbamate Complexes 

 

Copper dithiocarbamate (CuC10H16N2O2S4) and zinc dithiocarbamate (ZnC10H16N2O2S4) complexes were 

prepared as outlined in literature [3]. 

 

2.2. Thin Films Deposition and Characterization 

 

The CZS films were deposited on clean (soda-lime) substrates employing the MOCVD method. The dried 

precursors of copper dithiocarbamate and zinc dithiocarbamate were mixed (50:50) and made into a fine 

powder. The dithiocarbamate powder was passed into a precursor holder and nitrogen gas was pumped 

through the set-up at a rate of 2.0 dm3/min. The precursor in the nitrogen gas medium was subsequently 

moved to the deposition chamber of the furnace through a long glass tube-powered electrically. The 

precursor sublime first on getting to the furnace, thereafter, thermal decomposition of the CZS films on the 

substrates at different temperatures of 370, 400, 430 and 470 ᴼC. Figure 1 shows the experimental set-up 

of CZS thin films deposition [14]. 
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Figure 1. Experimental set-up for CZS deposition 

 

The structural characterization of the film was measured utilizing a “D8-High Resolution X-ray 

diffractometer” with a wavelength of λ = 1.5406Ǻ. Elemental compositions and thickness of the deposited 

films were observed by “Rutherford Backscattering Spectroscopy (RBS)” techniques using 2.2 MeV 

Tandem Accelerator. The surface morphology of the films was analysed utilizing “JEOL JSM-7600F 

Scanning electron microscopy (SEM)” operated at a voltage of 1000 V. Double beam UV-1800 Shimadzu 

Spectrophotometer was used to observe the optical properties while four-point probes were employed for 

the electrical properties’ determination. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Structural Analysis 

 

The deposited films were compared against the X-ray diffraction (XRD) pattern of ZnS, CuS and their 

complex oxides [15]. Figure 2 shows the XRD measurement of CZS thin films with deposition 

temperatures. The XRD measurement at 370 ᴼC revealed that the films were polycrystalline in nature with 

major peaks at 2θ = 21.90ᴼ (211), 27.02ᴼ (111), 48.80ᴼ (220) and 56.38ᴼ (311) (Figure 2a). The peak at 370 

ᴼC is similar to the standard sphalerite ZnS thin films (JCPDS 050566, JCPDS 36-1450). As the deposition 

temperature moves to 400 ᴼC, there were steady formations of additional peaks at 2θ = 33ᴼ (200), 37.76ᴼ  

(400) and 58.20ᴼ (311) (Figure 2b). These peaks were also associated with the sphalerite ZnS thin films. 

However, the intensity of the peaks was found to be gradually decreasing with an increase in deposition 

temperature, which indicates a progressive transformation of the CZS oriented polycrystalline phase to a 

distinct ZnS phase. This shows a separation from the deposited CZS thin films to ZnS with increasing 

deposition temperature [16-20]. Increasing the deposition temperature from 400 to 430 ᴼC reveals that the 

deposited material suddenly changes to polycrystalline ZnO (JCPDS 36-1451) with different peaks 

orientation. This result can be attributed to the chemical reaction between the film’s precursors and the 

MOCVD chamber, producing a chemically new phase formation of ZnO over ZnS thin films. Moreover, 

the formation of ZnO thin films is thermodynamically favoured over ZnS, CuS or Cu2O having a higher 

heat of formation [21]. 

 

At 470 O C, the typical ZnS structure reappears with higher numbers of peaks and intensities. This separation 

of the deposited ternary CZS film to ZnS thin films demonstrates the fact that the ionic radius of Zn2+ 

(0.74Å) and Cu 2+ (0.73Å) are very close and therefore can coexist and displace each other without much 

distortion to the CZS matrix. Therefore, CZS thin films can appear as ZnS and ZnO due to temperature 
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modifications as indicated in the XRD measurements. Similar XRD observations were outlined by 

Alkhayatt et al. [1] and Jose and Kumar [15] for CZS thin films using another route. 

 

 
Figure 2. XRD spectrum of CZS films at (a) 370 ᴼC, (b) 400 ᴼC, (c) 430 ᴼC, and (d) 470 ᴼC 

 

The average crystalline or grain size (Dn) was calculated using Debye–Scherrer’s Equation: 

cos
n

k
D



 
=

                                                                                                                                             (1) 

where k is the shape factor, λ is the X-ray wavelength, β is the full-width half-maximum (FWHM) in 

radians, and cos ϴ is the cosine of the Bragg angle [22]. 

The calculated Dn were 81.20 nm, 42.96 nm, 44.98 nm and 53.48 nm for 370 ᴼC, 400 ᴼC, 430 ᴼC and 470 

ᴼC respectively. This shows that the Dn varies with different temperatures and there was a reduction in Dn 

as the temperature was increased from 370 ᴼC to 470 ᴼC, but the reduction was more evident when the 

temperature was increased from 370 ᴼC to 400 ᴼC. 

Figure 3 shows the RBS spectrum of the films deposited on soda-lime substrates. The spectrums depict two 

recognizable sections of the thin film and the substrate section. The characteristic proportions of Zn, Cu 

and S in the film section are observed, and the summary of the elemental analysis is indicated in Table 1. 

However, it was observed that the elemental composition values (Cu, Zn and S elements) were less than 

100% except for the film deposited at 400 ºC. This discrepancy could as a result of the presence of 

impurities within the deposited CZS thin films within the various temperatures. The impurities could 

result from the interactions of the films with the substrates (soda-lime glass), as well as the increase in 

deposition temperature and the various deposition processes during synthesis [11]. It clearly shows 

(from Table 1), that the intensity of S increases with the addition of deposition temperatures. This could be 

an indication of the possible disintegration of the complex bonds of the precursors and the steady re-

formation of the bonds, resulting in several attained stoichiometry at the various deposition temperatures 
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[23]. In addition, it was observed that the ratio of S/ (Cu + Zn) in the films was not constant, which suggest 

that the CZS film is non-stoichiometric. It is reasonable to assume that the increase in deposition 

temperature raises the rate of nucleation of atoms in the precursor and, after that, the elements in the CZS 

system [24]. Notably, the ambiguity in the XRD analysis (presence of ZnS and ZnO instead of CZS), was 

reconciled with the RBS studies. The RBS measurement showed that the elemental compositions of the 

deposited material consist of Cu, Zn and S as indicated in Table 1. Furthermore, the peaks of these elements 

(Cu, Zn and S) were distinguished by the He+ beam and used to estimate the linear thickness using the 

information about the material density as follows [3,24]: 

 

Thickness (nm) = 
𝑎𝑡𝑜𝑚 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎

𝑎𝑡𝑜𝑚  𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑣𝑜𝑙𝑢𝑚𝑒
 .                                                     (2) 

 

However, in [25] the authors only worked on the variation of concentrations on CZS thin films at a constant 

deposition temperature of 400 ºC. While in the present study, the major concern was about the influence of 

varying deposition temperatures in the synthesis of CuZnS at constant concentrations. The measured 

thickness of the deposited films from the RBS analysis is given in Table 1. It was observed that the thickness 

grows from 51 to 63 nm with addition in deposition temperature from 370 to 470 ᴼC. The possible reason 

for this increase in thickness with temperature could be the increased kinetic process taking place within 

the MOCVD chamber as the deposition temperature was increased, resulting in the rearrangement of the 

molecules of the precursor within the films. Hence, the thickness increases with an increase in deposition 

temperature [26]. According to the RBS analysis, the deposition temperature does not only influence the 

thickness but also the morphological, optical as well as electrical properties. 

 

 

 
Figure 3. RBS spectrum of CZS films at (a) 370 ᴼC, (b) 400 ᴼC, (c) 430 ᴼC, (d) 470 ᴼC 
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Table 1.  Summary of the RBS analysis of CZS films 

Deposition Temperature Elemental Composition (%)    S ⁄(Cu + Zn)  Thickness 

 (ᴼC)     Cu Zn S         (nm) 

 370   21.4 21.7 56.0   1.30         51   

 400   22.4 21.4 56.2   1.28  54 

 430   20.1 19.7 59.2   1.49  60 

 470   18.0 18.0 63.8   1.77  63 

 

The variations in surface morphology with deposition temperatures are shown in Figure 4. It can be 

observed that the substrates were well covered with films of different morphological structures. For 370 

ᴼC, the SEM micrograph shows cloudy images, which indicates a partial grains formation within the films. 

This result suggests that the heat at 370 ᴼC is insufficient for the whole development of the CZS grains. 

Increasing the deposition temperature to 400 ᴼC, it was observed that the films were rougher with the 

formation of some compact grain-like features. Evidently, the gradual formation of grain-like features was 

due to the increased nucleation rate as the deposition temperature is increased. 

 

Further increase in deposition temperature from 400 ᴼC to 430 ᴼC, increased the formation of the grains. 

Therefore, maintaining the non-uniform and close-packed morphology over the substrate. Some pore-like 

crystalline holes were also found to develop on the surface of the films as the temperature increases. In 

addition, the increased formations of black and white grains were also observed. These grains (black and 

white) originated from the variation of Zn and Cu content within the CZS matrix as the deposition 

temperature is elevated. This may explain the coexistence of Zn and Cu in the CZS system as indicated 

from the XRD and RBS measurements. However, these larger grains were found to detach into smaller and 

well-organized quasi-spherical polycrystalline grains at 470 ᴼC. This development is in agreement with the 

fact that increasing the deposition temperature results in a number of grains diffusing and coalescing 

simultaneously to form sizable crystalline grains with defined crystallographic morphologies as revealed 

from the SEM studies. A similar observation was as well reported by Efe et al. [23] for CZS thin films. 

Furthermore, the different morphological structures exhibited by this material may be the direct result of 

the different phases and elemental compositions of the film suggested from the XRD and RBS studies. 
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Figure 4. SEM micrograph of CZS films at (a) 370 ᴼC, (b) 400 ᴼC, (c) 430 ᴼC, (d) 470 ᴼC 

 

3.3. Optical Studies of CZS Films 

 

To determine the suitability of CZS thin films for various applications, the absorbance (A) was determined 

using the relationship in Equation (3): 

 

A = log 
1

𝑇
                                                                                 (3) 

 

where T is the transmittance and A is the absorbance. Figure 5 shows the optical absorbance spectrum of 

the deposited CZS thin films. It was observed (from Figure 5), that the absorbance decreases with deposition 

temperature. Also, the value of the optical absorbance was found to be higher in the UV region and 

decreases down the regions. This, however, implies an enhancement in the transmission of the films. This 

improvement in absorption for CZS material is due to the substantial development in the crystallinity with 

deposition temperature as observed from the structural analyses. This demonstrates that CZS is a suitable 

material for UV filter production, where high absorption of UV radiation is needed [27]. The optical band 

gap was estimated using the following relationship in Equation (4) [28, 29]: 

 

α =  
𝐵

ℎ𝜐
[ℎ𝜐 − 𝐸opt]𝑚                                                                                                        (4) 

 

where α is the absorption coefficient, B is a constant, h is the Plank’s constant, 𝜐 is frequency, and Eopt is 

the energy gap. In Equation (3), the electronic transition factor is represented by m. Since CZS thin film is 

a direct bandgap semiconductor, m assumes the value of 0.5 [3]. The graph of (αh𝜐)2 against h𝜐 for CZS 
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thin films at various deposition temperatures is presented in Figure 6. The energy gap (Eopt) was obtained 

by extrapolating the linear part of the graph to intercept the h𝜐 axis at α = 0. The bandgap obtained varies 

from 1.79 to 2.10 eV with deposition temperatures increase as shown in Table 2. 

 

These values fall within the band-gap range for CZS thin films reported in various literatures [14,26,30,31]. 

The reduction in the energy gap may be due to an improvement in structural crystallinity or phase 

transformation taking place within the films as a result of increased deposition temperatures as indicated 

from the XRD and SEM measurements [32]. Also, it could be due to the direct effect of reduction in 

transition tail width and shift effect within the carrier concentration [7]. This observed decrease in the 

bandgap with an increase in deposition temperatures improves the optical properties of the material and 

make them possible as window layers material in solar cell fabrication since the highest number of photons 

ensuing from solar radiation have wavelength in the visible and near-infrared regions of the electromagnetic 

wave [23,27]. The calculated band-gap values in this study are to some extent less than that described by 

Rosado-Mendoza and Oliva [9] and Ortiz-Ramos et al. [10]. However, the difference may be a result of the 

MOCVD method used in the CZS thin films production. 

 

 
Figure 5. Absorbance versus wavelength at different deposition temperatures 
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Figure 6. Square of absorption coefficient versus photo energy of CZS films 

 

Table 2. Values of energy gap, refractive index, extinction coefficient, resistivity and conductivity of CZS 

films 

Deposition   Energy gap Refractive Extinction Resistivity  Conductivity     

temperature (ᴼC)    (eV)  index (n) coeff. × 10-3    (Ω cm)           (Ω.cm)-1 × 10-2 

370      2.10                 1.99              9.14              29.53  3.39 

400      1.79   1.84  7.32  28.30  3.53 

430      1.99   1.92  8.36  14.04  7.12 

470      1.90   1.81  6.20  13.55  7.38 

 

The refractive index (n) and extinction coefficient are two fundamental optical parameters of CZS thin 

films on account of their relationship to the electronic polarization of the optical materials. These 

parameters are strongly influenced by the wavelength of electromagnetic radiation and, thus, are important 

materials in optical communication, switches and solar cells device applications. The refractive index (n) 

of the material was estimated using the expression in Equation (5) [33,34]: 

 

n = (
1+𝑅

1−𝑅
) + √

4𝑅

(1−𝑅)2 − 𝐾2.                                           (5) 

 

Here, R represents the reflectance, K is the extinction coefficient (K = αλ ⁄ 4π) and α is the absorption 

coefficient [35-39]. Figure 7 indicates the graphical representation of the variation of the refractive index 

with wavelength. As noticed from Figure 7, the refractive index was high in the UV- regions and decrease 

linearly to the near-infrared regions with deposition temperatures. This indicates that the films dispersion 
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is dependent on the deposition temperatures. It is also observed that the average values of the refractive 

index vary with deposition temperatures as shown in Table 2. The reason for this variation in the refractive 

index comes from the successive internal reflection and the various excitations taking place within the films 

as the deposition temperature changes. This observation dovetails nicely with the result outlined by 

Uhuegbu et al. [30], for CZS thin films via solution growth technique. 

 

The average values of the extinction coefficient have been listed in Table 2 and presented graphically in 

Figure 8, against the photo-energy. The graphical representation reveals that the extinction coefficient is 

increasing with deposition temperatures for all the films. Overall, the films displayed low extinction 

coefficients over the energy range. Consequently, there was a loss in the very low absorption energy in the 

wavelength regions. This trend in the extinction coefficient is similar to those reported by Damisa et al. [7]. 

 

Figure 7. Refractive index against wavelength of CZS films 
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Figure 8. Extinction coefficient versus photon energy of CZS films 

 

3.4. Electrical Properties of CZS Films 

 

The electrical properties of CZS thin films were observed utilizing the four-point probe technique. The 

resistivity (ρ) of the films was determined by Equation (6) [34]: 

 

ρ = 
𝜋

𝑙𝑛2
×

𝑉

𝐼
(𝑡) .                                                        (6) 

 

Here, I is the average current, V is the average voltage and t is the thickness from RBS measurements. The 

electrical conductivity of the films was taken as the inverse of the electrical resistivity. The overview of the 

estimated values of the electrical conductivity and resistivity of the films are given in Table 2. As seen from 

the table, the resistivity of the films decreased with increasing deposition temperatures, which indicates that 

the MOCVD deposited films are naturally semiconducting [39, 40]. The observed decrease in the electrical 

resistivity is due to the improved concentration of the charge carriers within the film's system. This reflects 

the expansion and pairing of grains to form larger crystallites within the CZS films. Because of this 

structural modification, the charge carrier density is increased which leads to a decrease in electrical 

resistivity. Moreover, the obtained values were within the average range of electrical resistivity for 

semiconducting CZS thin-film materials reported in literatures [3]. 

 

Also, from Table 2, it was observed that the electrical conductivity increases from 3.39 x 10-2 to 7.38 x 10 
-2 (Ω.cm)-1 with an increase in deposition temperatures. This increase could be the direct result of the 

reduction in residual defects as well as the crystalline nature of the films (as noticed in Figure 4).  Usually, 

electrical conductivity in semiconducting thin films is dependent on the grain sizes as well as the film 

thicknesses [33,41]. Therefore, in the present study, electrical conductivity increases with an increase in 

deposition temperatures as well as the film's thickness (Table 1), which may account for more grain 

scattering occurring in the thinner films than in the thicker films since conductivity is inversely proportional 

to the frequency of the electron grain scattering [41,42]. Thus, increasing conductivity with an increase in 

CZS thickness and deposition temperature. 

 

4. CONCLUSION 

 

CZS composite thin films were grown onto a glass substrate using the MOCVD technique at varying 

temperatures (370ᴼC, 400ᴼC, 430ᴼC and 470ᴼC) to determine the influence of the deposition temperatures 

on the structural, elemental, optical as well as the electrical properties. The results predicted that the 

variation in deposition temperature is controlling the phenomena for the physical features of deposited CZS 
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thin film. The RBS measurement confirmed that the films comprise of Zn, Cu and S in various elemental 

compositions with stoichiometry that was controlled by the deposition temperatures having a thickness that 

ranged between 51.00 to 63.00 nm. 

 

The SEM data of the deposited films show different morphologies with several grains that increased with 

deposition temperature. Also, optical characterization shows that the films displayed a direct transition with 

an energy gap that varies from 1.79 to 2.10 eV. For CZS film deposited at 470 ᴼC, the maximum electrical 

conductivity was 7.38 × 10-2 (Ω.cm)-1 and minimum electrical resistivity was 1.35 × 101 (Ω.cm). The SEM 

revealed an agglomeration of Dn with different morphological forms. The films exhibited high absorbance 

in the UV region with an energy gap that decreased with an increase in deposition temperatures. The 

refractive index and extinction coefficient showed that the optical constants of the deposited material were 

influenced by temperature. Current-voltage measurements suggest that the deposited films are naturally 

semiconducting. The Dn varies with different temperatures and there reduces as the temperature was 

increased from 370ᴼC to 470ᴼC. Furthermore, the deposition temperature is a key factor in controlling the 

growth rate. 

 

Overall, the MOCVD technique allows a simplified synthesis of the material while maintaining exceptional 

control over the structural, elemental, optical and electrical properties of the thin films. The films exhibited 

high absorbance in the UV region with an energy gap that decreased with an increase in deposition 

temperatures. The refractive index and extinction coefficient showed that the optical constants of the 

deposited material were influenced by temperature. Hence, the current-voltage measurements suggest that 

the deposited films are naturally semiconducting and there is the possibility of using copper and zinc 

dithiocarbamate precursors in depositing high-quality CZS thin films with comparable properties. 
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