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 This study examined the deposition of copper zinc iron sulphide (CZFS) thin films on glass 

substrates at ambient temperature using the chemical bath deposition (CBD) method. The 

deposited CZFS thin films were analyzed employing transmission electron microscopy (TEM) 

and UV-visible spectroscopy. Morphological analyses demonstrated that the CZFS films 

deposited over different durations exhibited crystallization with varying grain structures. The 

optical properties, such as the imaginary and real parts of the dielectric constant, loss angle, 

surface energy loss function (SELF), and volume energy loss function (VELF), were computed 

using UV-Vis spectroscopic data. Furthermore, the band gap was ascertained through 

absorption spectrum fitting (ASF). The band gap of the material varied from 0.99 to 1.55 eV, 

corresponding to increasing deposition durations of the films. These results suggest that the 

chemical bath deposited CZFS films can be engineered for a range of electronic applications. 
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1 Introduction 

Quaternary thin films (TFs) of copper, iron, and zinc sulphide 

have been extensively researched due to their semiconductor 

characteristics [1], [2]. The structural and physical 

characteristics of the quaternary copper-zinc-iron-sulphide TFs 

have been thoroughly examined [3]. Numerous studies have 

also focused on the physical properties of ternary systems such 

as copper-zinc-sulphide [4] – [7], copper-iron-sulphide [8], [9], 

and zinc-iron-sulphide thin films [10], [11], including their 

binary components like copper sulphide, zinc sulphide, and 

iron sulphides [12] – [14].  

Copper sulphide (CuS) demonstrates promising applications in 

solar energy conversion, catalysis, and sensing technologies 

[12], [15]. Over the past few decades, CuS has garnered 

significant attention as an important semiconductor due to its 

exceptional optical, electronic, and other physical and chemical 

characteristics. Specifically, it functions as a p-type 

semiconducting material with a band gap of 2.37 eV [12]. Its 
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complex structures and valence states give rise to distinct 

properties and offer potential applications in various fields 

including solar cells, optical filters superconductors, chemical 

sensors, and photocatalysis [9].  

Zinc sulphide (ZnS) is a fascinating semiconductor substance 

with a broad energy gap that has attracted considerable 

attention due to its potential applications in optoelectronic 

devices, such as solar cells and anti-reflective coating layers 

[13], [16]. Among different types of sulphides, zinc sulphide 

has been extensively researched from both practical and 

theoretical perspectives because of its distinctive physical 

properties [13]. Iron sulphide (FeS) thin film is considered a 

promising option for the fabrication of solar cells due to its 

impressive band gap energy, which falls within the range of 1 

to 2 eV [14]. Additionally, iron sulphide thin films have 

garnered significant interest from researchers for their potential 

in photovoltaic and photo-electrochemical applications [17]. 

Notably, the quaternary material of copper-zinc-iron sulphide 

(CZFS) thin films are composed of readily available non-toxic 
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elements that are abundant in nature [9]. A modification in the 

structure of this material can influence its optical absorption 

because it may alter the band structure, carrier density, and 

electronic transitions. These alterations play a critical role in 

shaping the optical properties of the TFs for devices application 

[3], [6]. Thus, comprehending these nano-structural features is 

essential for creating efficient approaches to enhance the 

optical characteristics of nanomaterials and design novel 

optical devices [3].  

Analyzing the optical absorption, especially the shape and shift 

of the absorption edge, is a highly useful approach for 

understanding the fundamental process of optically-driven 

transitions in both crystalline and amorphous materials. It also 

offers insights into the energy band structure [18], [19]. 

Recently, some researchers have examined the elemental, 

optical and electrical properties of TFs made of CZFS [3].  

However, knowledge regarding their transmission electron 

microscope (TEM) and solid-state properties remains limited. 

Therefore, this study aims to achieve two main objectives: first, 

to investigate the morphological properties of CZFS thin films 

using TEM, and second, to assess the impact of deposition time 

on their solid-state characteristics using a cost-effective CBD 

method at room temperature [9]. Finally, the suitability of these 

films for optoelectronic applications was evaluated. 

2 Experimental Details  

2.1 Synthesis and Characterization of CZFS TFs 

Using a CBD approach, the CZFS TFs were deposited on glass 

substrates at room temperature. Copper (II) chloride dehydrate, 

Iron (III) chloride, zinc chloride, and thiourea make up the 

reactive solution. A recently published study by Emegha et al., 

[3] highlights specifics of the growth processes. The samples 

were designated as C1, C2, and C3 according to the reaction 

durations of 12, 15, and 18 hours [3]. 

The morphology of the films was investigated using 

transmission electron microscopy with a TECNAI F20 

instrument. The optical properties were measured across the 

wavelength range of 300 to 900 nm using a UV-1800 

spectrophotometer. Prior to collecting the absorption data, a 

clean substrate was employed as the reference. After 

establishing the baseline, the thin film samples were positioned 

vertically on the sample holder and exposed to monochromatic 

illumination. The acquired absorption data were then used to 

calculate other optical parameters, including band gap, real and 

imaginary dielectric constants, loss angle, volume energy loss 

function (VELF) and surface energy loss function (SELF). 

3 Results and Discussions 

3.1 Surface and Compositional analysis of CZFS TFs 

Figure 1 depicts the TEM micrographs of CZFS thin film 

samples deposited over various time periods. The images show 

well-packed nanoparticles of various sizes and shapes in 

granular form. It was observed that the sizes of the grains 

increase with increase in deposition time. Besides shapes that 

are not uniform, smaller grains in isolation are also visible 

within the films. 

Figure 1a shows nano-grains with partial density and 

compactness form on some parts of the substrates in C1. With 

increased deposition time, the nanoparticles increase in size as 

they aggregate into larger grains, as illustrated in Figure 1b for 

C2. After 18 hours (Figure 1c), these larger grain clusters 

transform into a substantial amount of roughly spherical grains 

resembling individual grains.  

This transformation indicates that the deposition time 

significantly affects the formation and characteristics of the 

nano-grains The primary explanation is that the deposition time 

improves the roughness of the crystalline grains and reduces 

defects in the CZFS structures [20]. This uneven morphology 

proves advantageous for photovoltaic manufacturing, as it 

attracts a greater number of photons, thereby increasing 

absorption and current densities within the deposited TFs 

system [3]. 

(a)  (b)  

(c)  

Figure 1: TEM images of CZFS TFs of (a) C1, (b) C2 and (c) 

C3 

(a)  (b)   

(c)  

Figure 2: SAED patterns of CZFS TFs of (a) C1, (b) C2 and 

(c) C3 
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The direct bandgap of CZFS TFs was evaluated using Equation 

1, which relates the absorption coefficient α(ν) and the photon 

energy (hν) by [22], [23]: 

𝛼(𝑣)ℎ𝑣 = 𝐵(ℎ𝑣 − 𝐸𝑔)𝑛  (1) 

The energy gap between the valence and conduction bands of 

a material is known as the optical band gap, represented by Eg. 

The photon energy is denoted as hν, and B is a constant related 

to the transition probability. Furthermore, the index n, called 

the power factor of the electronic transition mode, can have 

values ranging from 1/2 to 3, depending on the type of 

electronic transition within the material. Specifically, n takes 

the value of 1/2 for allowed direct transitions, 2 for allowed 

indirect transitions, 3/2 for forbidden direct transitions, and 3 

for forbidden indirect transitions [22], [24]. The absorption 

spectrum fitting (ASF) analysis technique permits the optical 

band gap to be calculated using the Equation 2 [25]: 

𝐸𝑔(𝐴𝑆𝐹) =
ℎ𝑐

𝜆𝑔
=

1239.83

𝜆𝑔
   (2) 

where the Planck constant is represented by ℎ, the speed of 

light is denoted by c, and the wavelength of the corresponding 

band gap is signified by λg. By applying the Beer-Lambert law, 

the Equation 1 can be rearranged to express it as a function of 

wavelength, as demonstrated in the Equation 3 [23], [25]: 

𝐴(𝜆) = 𝐾1𝜆 (
1

𝜆
−

1

𝜆𝑔
)

𝑛

+ 𝐾2   (3) 

The Beer-Lambert law establishes a relationship between a 

material's absorbance and the concentration of the absorbing 

species. The constants K1 and K2 are linked to the material's 

reflectance characteristics. By employing the provided 

Equation 3, the optical band gap of the deposited material can 

be determined in electron volts without taking the sample 

thickness into account [25]. Determination of Eg is achieved by 

plotting (A/λ)2 against (1/λ) (Figure 3).  Eg can be estimated by 

extrapolating the linear segment of (A/λ)2 to the x-intercept. 

This value is then used to calculate the material's band gap 

using the equation Eg (ASF) = 1239.83/λg [23], [25].  

According to the ASF method, the estimated band gap values 

for samples C1, C2, and C3 are 0.99 eV, 1.55 eV, and 1.24 eV, 

respectively. 

 

Figure 3: The ASF plot of CZFS TFs 

Commonly, a variety of factors contribute to the fluctuations 

observed in the measured band gap values. One such factor is 

the inherent nature of the deposited material, which results in 

samples with larger grain sizes that vary depending on the 

deposition duration [3]. Additionally, it is proposed that the 

band tailing phenomenon, which arises from the disorder in the 

CZFS nano-system, significantly influences the variations in 

the band gap values [26]. The values of the deposited band gaps 

can be advantageous for solar cell manufacturing, as the range 

of the band gaps permit a greater number of photons to reach 

the absorbing layers and generate enhanced photocurrents [2], 

[27], [28]. 

The electronic dielectric constant (ε) of the material must be 

examined in order to analyze the electronic structure and 

density of states within the band gap of the CZFS film. One 

inherent characteristic of the material that defines the optical 

characteristics of the transparent solid is the dielectric constant 

[29]. Equation 4 determines the dielectric constant. [3], [30]: 

ε = 𝜀𝑟 +  𝜀𝑖    (4) 

The imaginary part (εi) of the electronic dielectric constant is 

related to the energy dissipation brought on by the oscillation 

of dipoles inside the electric field, whilst the real part (εr) 

represents the speed at which the electromagnetic wave passes 

through the material [3], [31]. Both the extinction coefficient 

and the refractive index affect the real and imaginary 

components of the electronic dielectric constants, which may 

be calculated using the relations in Equations 5 and 6 below 

[18]. 

𝜀𝑟 =  𝑛2 − 𝑘2  (5) 

𝜀𝑖 = 2𝜋𝑘   (6) 

Figure 4a and Figure 4b illustrate how 𝜀𝑟  and 𝜀𝑖 change with 

wavelength, respectively. The similarity between Samples C2 

and C3 was noted. As the wavelength increases in both 

situations, the real dielectric constant drops off significantly. 

The fact that the real dielectric constants vary in value was also 

demonstrated by the Figure 4a. The varying deposition times 

and refractive indices of the various samples are the reason for 

this [18]. Ref. [18] reported a similar trend for thin films of 

chalcogenides. 

(a)  (b)  

Figure 4: (a) Real (b) Imaginary dielectric constant of CZFS 

TFs 

As the wavelength increases, the imaginary component of the 

dielectric constant, as shown in Figure 4b, undergoes a 

significant decrease from 0.09 to 0.02. This reduction in the 

imaginary part at higher wavelengths can be attributed to light 
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scattering induced by the nanometer-scale grain size of the 

deposited films. Furthermore, the low recombination losses 

and diminished interference with charge carrier transport 

within the material provide additional insight into this observed 

phenomenon [19]. 

The measured values of the dielectric constant can be used to 

determine the dielectric loss (tan ϕ). The energy dissipation of 

a dielectric material under an alternating electric field is 

associated with the tangent of the phase angle (tan φ), which 

can vary due to altered deposition conditions. [25], [32]. The 

reciprocal of the quality factor represents the "quality" or 

"persistence" of the oscillation, and it corresponds to the power 

dissipation rate of an oscillation functioning in a mechanical, 

electrical, or electromechanical mode within a dissipative 

system [30], [33]. 

 

Figure 5: Relationship between loss angle and deposition 

time 

Materials with a higher dielectric constant tend to exhibit 

greater dielectric loss. In addition to the material's temperature, 

composition, and structure, the dielectric loss is also influenced 

by the frequency of the applied electromagnetic field. 

Equations 7 and 8 were used to determine the (tan ϕ) and the 

loss angle (ϕ) [25], [32]: 

𝑡𝑎𝑛 𝜙 =
𝜀𝑖

𝜀𝑟
   (7) 

𝜙 = 𝑡𝑎𝑛−1 (
𝜀𝑖

𝜀𝑟
)   (8) 

The loss angle of CZFS thin films exhibits a marked decline as 

the deposition time increases, as illustrated in Figure 5. This 

rapid reduction in loss angle can be attributed to the extended 

deposition duration. Furthermore, since the loss angle is below 

unity, the material is expected to exhibit minimal energy 

dissipation when utilized in device applications [25].   

The energy loss function in the dielectric can be used to 

characterize the inelastic scattering of electrons on the surface 

[34]. Through the dielectric function, the energy loss is linked 

to the material's optical properties. When rapid electrons move 

across the material's bulk and surface, the photon energy 

determines the surface and volume loss functions. The real and 

imaginary components of the dielectric functions determine the 

surface energy loss function (SELF) and the volume energy 

loss function (VELF), and these can be computed using the 

relations shown in Equation 9 and 10 [34]: 

SELF = 
𝜀𝑖

(𝜀𝑟+1)2+ 𝜀𝑖
2)

    (9) 

VELF = 
𝜀𝑖

(𝜀𝑖
2+ 𝜀𝑟

2)
    (10) 

Figures 6a and 6b display the variations in the SELF and VELF 

as a function of photon energy for CZFS TFs formed over 

various time periods. The plots show that both SELF and VELF 

values increase with increasing deposition time, which raises 

electron gain. The free charge carriers that move within the 

surface and volume of the deposited material are mostly 

responsible for these benefits, which show almost the same 

behavior [34]. Furthermore, the energy loss function in the 

dielectric function can be used to characterize the inelastic 

scattering of electrons on the surface. At a particular incident 

photon energy, the energy loss from volume interactions 

exceeds that from surface interactions. Similarly, the photon 

energy range corresponds to the locations of the maximum and 

minimum values of the volume energy loss function and 

surface energy loss function [32]. 

(a)  (b)  

Figure 6: Relationship between (a) SELF (b) VELF and 

Photon Energy in CZFS TFs 

Conclusion 

This study examined the CBD method for depositing thin films 

of copper-zinc-iron sulphide on glass substrates at ambient 

temperature. The SAED pattern revealed that the samples 

possessed a crystalline structure, while TEM examination 

showed their morphological structure. The UV spectra of the 

samples were used to compute dielectric parameters, such as 

the loss angle, surface energy loss function, volume energy loss 

function, and the imaginary and real components of the 

dielectric constants. The findings indicate that the band gaps 

increased with longer deposition times, ranging from 0.99 to 

1.55 eV. This suggests that extending the deposition times can 

enhance the CZFS TFs deposition characteristics. 
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