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Abstract

The structural and optical characteristics of thin CuznS films were examined in this research.
The films were created utilizing the spin coating technique at different temperatures (200, 250
and 300 °C). According to XRD investigations, all compounds showed a polycrystalline
structure with a hexagonal structure. The field emission scanning electron microscopy, surface
morphology were investigated (FE-SEM). As the temperature is raised, the average particle
size increases. The absorption spectra of CuznS thin films showed that, for all samples,
absorption increases as temperature rises for all samples. The optical characteristics of the

material, including absorbance and absorbance coefficient, were investigated as well.
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Introduction

The CusS is an important semiconductor with distinctive typical electrical, chemical, and optical
properties and a wide range of applications in solar cells. Recently, thin films CuS have
demonstrated potential as gas-sensor materials [1]. According to structural and optical studies,
CuS has a hexagonal structure and a direct bandgap of 2.36 eV and 2.03 eV [2]. Another
important semiconductor known as (ZnS) by an energy band gap (3.65 eV) is the most
significant value of all (I1-VI) compound semiconductors with n-type semiconductors and a
large direct bandgap. As a result, it can be applied to heterojunction solar cells as an anti-
reflective coating and in optoelectronics [3]. Due to their modern techniques, nanocomposite
thin films have recently gained interest for their structural, morphological, and optical
characteristics. A Potential nanostructured material for photovoltaic cells, electroluminescent
and photoconductor devices, and other optical device applications includes CuzZnS ternary

complexes. The nanocomposite films can also be used in solar cells as an absorber. Since the
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brilliant p-type inorganic materials have a broad direct bandgap and are crucial for solar cell
applications, improving the characterization of copper-zinc sulfide (CZS) with a direct wide-
bandgap [4]. There are several methods to make CuZnS thin films, such as pyrolysis by spray
[5, 6] and SILAR [7]. The CuZnS thin film was produced in the current work using the spin

coating technique to study the structural and optical properties.

Experimental procedure

The (CuznS) was made by dissolving aqueous copper chloride Cu2Cl.2H,0 at a concentration
of (2M) as a source for copper ions, zinc chloride at a concentration of (2M) (ZnCly) as a source
for zinc ions, and thiourea Sc (NH>)2 at a concentration of (4M) as a source for sulfur ions in a
final volume of 5 ml of 2-methoxy ethanol anhydrous. The mixture is stirred at (50 °C) using a
(magnetic stirrer) for a period of time (10 min). Then, 0.05 ml of mono-Ethanolamine was
added drop by drop to control the alkalinity of the solution and achieve complete solubility of
the compounds; after 5 minutes on the magnetic stirrer at the same temperature, the solution is
clear and residue-free. The pH-Value was found to be identical (pH = 7). The final mixture
color wase homogeneous. A spin coater type (L2001A3, Ossila, UK) with speed and time
settings that can be adjusted from 100 to 6000 rpm and 1 to 1000 seconds was used in this
study.A Micrometers to nanometers in thickness can be achieved using the spin coating process.
A Deposition, spin-up, spin-off, and evaporation are all shown in Figure 3.6, the samples are
heated to temperatures of (200, 250, and 300 °C). This heat treatment process removes organic

residues (organic contamination) and undesirable elements (remains of solution components).

Results and discussion

Structural properties

The XRD patterns are shown in Figure 1 of CuznS thin film prepared by spin coating at
different deposition temperatures of 200, 250, and 300 °C. A CuZnS at 200°C Diffraction peaks
show in the pattern around (20 ~ 26.0891°, 28.5553°, 29.9234°, 46.1691°, and 57.1857°)
corresponding to (100), (101), (102), (110), and (311), All films have a hexagonal structure
with lattice parameters of a=b=3.87 A and ¢=5.60 A. The pattern has diffraction peaks around

Volume: 1, Issue: 2 100 P-ISSN: 2958-4612
Manuscript Code: 644B E-ISSN: 2959-5568



Academic Science Journal

(26~26.2788°, 28.5752°, 29.4041°, 46.1196°, and 57.1357°) when CuZnS is formed as a thin
film at 250 °C which correspond to (100), (101),(102), (110) and (311). All films have a
hexagonal structure with lattice parameters of a=b=3.86 A and ¢=5.64 A. For CuznS thin film
deposition at 300 °C, the pattern shows diffraction peaks around (26~26.4086°, 28.6801°,
29.1619°, 46.6493°, and 57.3681°), corresponding to (100), (101), (102), (110), and (311), and
the films have a hexagonal structure with lattice parameters of a=h=3.86 A and ¢=5.61 A. Peaks
on the XRD pattern match those on the International Center of Diffraction Data (ICDD) card
(80-0007& 06-0464). The highest point is at 26~29°, corresponding to the (102) plane. This
finding is consistent with Ghamdan M.M. Gubari et al. [8] extremely well. Notably, the XRD
pattern favored the (102) plane, with thin peaks and high intensity. This demonstrates the well-
defined crystallinity of CZS if it is nano, it is nanostructure and nanoparticle [9]. From these
spectra, structural data such as the diffraction angle (20), lattice spacing (d), full width at half
maximum (FWHM), phases, and hkl planes were computed and displayed in Tablel.

Intensity (a.u)

20(deg)

Figure 1: X-ray Diffraction of CuznS thin films at different substrate temperatures (200, 250, and 300 °C).
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Table 1: Structural characteristics of CuznS at different substrate temperatures (200, 250, and 300 °C).

Thin Films | Temperature ° C | 26 (deg) | d-spacing | hkl | FWHM (deg)
26.0891 | 3.36481 | 100 0.92000
28.5553 | 3.17342 | 101 0.57000
29.9234 | 2.96784 | 102 0.52000
200 46.1196 | 1.95760 | 110 0.48000
57.1857 | 1.59580 | 311 0.76000
26.2788 | 3.35124 | 100 0.87300
28.5752 | 3.17021 | 101 0.37000
29.4041 | 2.98037 | 102 0.32000
250 46.1691 | 1.95717 | 110 0.26000
57.1357 | 1.59477 | 311 0.68000
26.4086 | 3.36233 | 100 0.78000
28.6801 | 3.16829 | 101 0.27000
29.1619 | 2.98365 | 102 0.23000
300 46.6493 | 1.95697 | 110 0.26000
57.3681 | 1.593649 | 311 0.38000

CuznsS

Structural parameter
Average Crystallite Size (Dav)

By the Scherrer equation [10,11] obtained from the relationship (1), The average crystallite size
was calculated, revealing that as the temperature rises, all CuzZnS films exhibited improved
order crystallinity and revealed that with increasing temperature, all CuznS films showed

improvement in crystallinity.

where 6 is the Bragg diffraction angle, K is the shape factor, which ranges from 0.9 to 1
depending on the material’'s shape, and the Full Width at Half Maximum (FWHM), is expressed

in radians.
FE-SEM Results

The surface morphology and microstructure features of deposited thin films were investigated
by a field emission scanning electron microscope (FE-SEM). To investigate the surface of the
thin films, FE-SEM images of CuznS films were attained for analysis (Figure 2). At

temperatures (200, 250, and 300 °C) within the nano-scale range, the surface structure of the
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thin film matched the form of a Cauliflower without a change in its thickness or profile.
According to the grain distribution diagram, the grain size of CuzZnS films increases as substrate
temperature rises. The collected results are virtually identical to the researchers' findings [12].

Table 2: Values of smallest and largest particle size and average particle size of the prepared films.

Sample | Temperature ‘C | Average size (nm) | Minimum Size (nm) | Maximum Size (nm)
200 82.75 34.21 185.79
CuznS 250 108.50 33.42 230.88
300 157.95 54.74 356.33
CuiZns
}/ v 'l + 3 -
o 50 100 150 200
Nanopartical skze (mm)
CuZnsS
o =0 100 150 200
Nanopartical size (am)
Cu 7 nsS
CuZnS

E | T=300°C

- 300°C

0 100 200 200 400
Nanopartical size (nm)

Figure 2: FE- SEM images for CuZnS and planner volumetric distribution
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Optical properties

Absorbance (A)
Figure 3 depicts the variation in CuznS thin film absorbance as a function of wavelength

between 300 and 900 nm. with the substrate temperature increases, the absorbance spectra of
Cuzns thin films reveal prominent absorption edges. Indicates that an increase in substrate

temperature might enhance the crystallinity of CZS [13, 14].

Absorbance (a.u)

0.0 T T T T T
300 400 500 600 700 800 900

wavelength (nm)

Figure 3: The absorbance for CuZnS thin films at different substrates temperature (200, 250, and 300 °C).

Absorption Coefficient (a)
The following equation was used to compute the absorbance coefficient of nanostructured
(Cuzns) thin films [15]:

where, A is the absorption, and is the thickness of the film (cm).

Figure 1.4 demonstrates that CuznS films have a high absorption coefficient ( >10* cm™ and
that the absorption coefficient increases as the substrate temperature increases, which can be

attributed to the increased crystallinity of the film [14].
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Figure 4: Variation of absorption coefficient versus photon energy Cd>SnQO;, at different substrate
temperatures (200,250, and 300 °C).
For the film that was deposited, the direct band-gap value was determined using the relationship
(3) [16, 17]. The energy gap value (n = 1/2) is 2.25eV at (T=200 °C), decreasing to 1.94 eV at
(T=250 °C) and 1.80 eV at (T=300 °C). This drop in the band gap of films after increasing the
substrate temperature may be a result of an increase in crystallinity, as evidenced in the XRD
pattern, and it was found the band gap rate of CZS nanoparticles fell as copper concentration

increased [18].

A(h0) = A (N0 -Eg) e 3)

where, hv is the photon energy, A is a constant depending on the material's structure, Eg is the

optical band gap of the samples, and n = 1/2 for direct band gap and 2 for indirect band gap.
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Figure 5: (ahv)? as a function of energy photon for nanostructure CuznS thin films deposited at

different substrate temperatures (200, 250, and 300 °C).

Conclusions

The spin coating technique is excellent for deposing CuZnS thin films on glass substrates; based

on structural and optical properties, the elevated temperature operation improves the crystalline

quality of the thin film. All films have a nanostructure that is hexagonal and polycrystalline.

According to XRD and FE-SEM, when the substrate temperature increases, the average grain

size of the nanoparticle thin film increases. The direct energy band gap decreases to 1.80 eV

for the film deposited at 300 ‘C.
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