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ABSTRACT

In this study, CusS thin films were successfully coated on glass substrate at room temperature
using successive ionic layer absorption and reaction (SILAR) method. Thickness and solution
concentration parameters which are important in SILAR management were used to obtain CusS thin
films. X-Ray diffraction spectroscopy (XRD), Scanning Electron Microscopy (SEM) / Energy Spread X-
ray Spectroscopy (EDX) were used to examine the changes in thickness and solution concentration in
the structure of Cus thin films. Because of the investigations, it was found that CusS thin films improved
both the number of cycles and the concentration of the solution and that the crystal structure improved
and the SEM / EDX results supported this result.
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1.INTRODUCTION

Copper sulfide (CuxS) is a p-type semiconductor with five different stable phases at
room temperature, namely, chalcocite (CuS), djurleite (Cu10eS), digenite (CuigsS), anilite
(Cu1.75S) and covellite (CuS). Depending on the stoichiometric composition, the CuxS band gap
may vary between 1.2 and 2.53 eV by Grozdanov and Naidaski in[1], Bagul et al in [2].
Moreover, this semiconductor has metal-like electrical conductivity because copper vacancies
act as acceptors by Cruz-Vazquez et al in [3]. CuS thin films, electronics, optics and chemical
properties are among the most important semiconductors by Chen et al in [4]. CuS thin films
are widely used in many areas. We can list these fields as solar electrodes, radiation filters,
organic polymers and coatings as electro-conductors. In addition to its excellent optoelectronic
properties, CuS is abundant in the earth's crust, which is not dangerous, economical and
environmentally friendly. Photosensors have tremendous applications in a wide range of
electronic devices, circuits and systems. This proves its importance in a wide range of
applications such as new generation displays, touch screens, fiber optic systems, optical
scanners, automatic lighting controls and remote-control devices.

Cus thin films, which can be used in many areas, were grown using many chemical
methods. These chemical methods include chemical vapor deposition by Gorai et al in [5],
successive ionic layer adsorption and reaction (SILAR) method Giizeldir et al in [6], chemical
bath deposition (CBD) by Kemmler et al in [7], spray pyrolysis by Sagade ve Sharma in [8].
Among these methods, SILAR method, low cost, PH, solution concentration, easy to
parameters such as coating cycle

Controlled, thin film coating can also be done without distinguishing the surface type
and shape. In this study, CusS thin films were grown on glass substrates using different solution
concentrations and different thicknesses by SILAR method. The effect of XRD, SEM / EDX
analysis, thickness and solution concentration of four different thin films on the crystal structure
of the formed film was investigated on the surface.

2.MATERIAL AND METHOD

SILAR method is a very useful method for obtaining thin film according to many
chemical growth methods. In SILAR method, thin film amplification is realized by changing
parameters such as solution molarity, pH value, thickness and temperature. Each parameter can
provide different convenience. Two solutions were prepared to obtain CuS by considering these
conditions. CuCl> (pH=3) was used as the source of Cu and Na>S (pH=12) solution was
prepared as the S source. 0.1 M CuCl; solution, 0.1 M NaS solution was used to coating the
CuS thin film. Likewise, copper chloride and sodium sulfide solutions were prepared in
different molarity (0.2 M CuCl> 0.2 M NaxS solution). Microscope glass coverslips were
prepared by taking 10 x 10 x 2mm? size sections as a film to be thin film coated. The glass mats
have passed the cleaning step before coating. It was first cleaned in dilute sulfuric acid solution
with acetone and then made ready for coating by passing through pure water.

The SILAR method consists of four stages. In the first stage, the glass substrate is
immersed in the solution for 20 seconds by immersing the glass substrate in a solution, so that
the Cu * 2 and CI ions adhere to the glass base. In the second step, the glass substrate is
immersed in deionized water for 10 seconds to remove the weakly bonded CI2 ions on the
substrate. In the third stage, the glass bottom of the Na>S solution narrows for 20 seconds, and
the Na *2 and S ions adhere to the surface. In the fourth step, the weakly bound S ions are
immersed in deionized water for 10 seconds to leave the surface. Thus, a SILAR cycle is
completed. Figure 1 shows a schematic representation of the SILAR method.
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Figure 1. Schematic representation of SILAR method.
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This process continues until the surface is homogeneously coated. CuS thin films are
homogeneously coated after 30 SILAR cycles. CusS thin films were coated in different sizes in
30 and 40 cycles. Table 1 shows the parameters used to grow CusS thin film.

Cation Solutio:

il

Table 1. Optimized deposition parameters for CuS thin film

Deposition Parameters Cationic Precursor Anionic Precursor
Precursor CuCl; Na2S
Concentration (M) 0.1/0.2 0.1/0.2
pH 3 12
Immersion Time(s) 20 20
Rinsing Time (S) 10 10
Volume of Precursor (mL) 100 100
SILAR Cycle 30/40 30/40

XRD and SEM/EDX devices were used for the structural analysis of CuS thin films
coated in 0.1 and 0.2 M solution and different cycle. The brands and models of XRD and
SEM/EDX used for the analysis of CuS thin films are, respectively, Rigaku 2200D / Max, X-
Ray Diffractometer, Zeiss Supra and Perkin-Elmer.

3.RESULTS

Figure 2 shows the XRD patterns of CuS thin films. XRD diffraction peaks were taken
between 20°-60 ° (20). When the CusS thin film (30 cycle) was enlarged to 0.1 M, the 20 angle
showed a peak at 31.682 and 48.050, while the 0.2M Cus thin film showed peaks at 21.618,
29.110 and 42.922 in addition to these peaks. According to JCPDS-06-0464, the orientations
of the peaks in these angles were obtained as 21.618, 29.110, 31.682, 42.922 and 48.050 (0 0
4),(012),(013),(016)and (110), respectively. When the CusS thin film (40 cycle) was
enlarged to 0.1 M, the 260 angle showed a peak at 29.110, 31.682 and 47.808, while the 0.2M
CusS thin film showed peaks at 21.618 and 42.922 in addition to these peaks. According to
JCPDS-06-0464, the orientations of the peaks in these angles were obtained as 21.618, 29.110,
31.682,42.922 and 47.808 (004),(012),(013),(016)and (110), respectively. These planes
indicated hexagonal crystal structure for CuS thin film. CuS shows that thin films have a
polycrystalline structure with orientation along different planes. | can say that the crystal
structure improved by increasing the precursor molarity and number of cycles.
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Figure 2. XRD patterns of Cus thin films grown at 30 and 40 cycles.
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Figure 3 and 4 shows the SEM results of 0.1 M and 0.2 M Cus thin films growth 30 and
40 cycles at 100,000 magnifications. In the measurements made using scanning electron
microscope, | can say that the CusS thin film is coated on the surface homogeneously. It is seen
that well-crystallized grains in the first image belong to CuS film. The CuS film is dense,



uniform and homogeneous without visible pores and covered well with glass substrate. CuS
film is rough due to the formation of big grains.

Figure 3. SEM images of 100.000x magnifications of 0.1 M and 0.2 M Cus thin films grown
at 30 cycles.
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It was determined that the thin films obtained due to the increase in precursor moles had
more deposition on the surfaces. In other words, it was found that there was more Cus structure
on the surface of the thin film coated with 0.2 M than the 0.1 M solution. The increase in
solution concentration resulted in a more compact coating of the surface structure. Different
Cus thin films were obtained by applying 40 SILAR cycles by increasing the number of cycles
of CusS thin films made using 30 SILAR cycles.
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Figure 4. SEM images of 100.000x magnifications of 0.1 M and 0.2 M Cus thin films grown
at 40 cycles.
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Increasing both the solution concentration and the number of cycles of CusS thin films
had a positive effect on the results. Figure 5 shows the EDX results of CuS thin films. The EDX
determines the elemental distribution on the surface of CuS thin films. The Cu and S ratio
increased from 48.19 to 75.74 and 17 to 24.26, respectively, by coating the CuS thin films
grown at 30 cycles in 0.1 M and 0.2 M solution, respectively.
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Figure 5. EDX images of 0.1 M and 0.2 M Cus thin films grown at 30 and 40 cycles.
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The increase in solution concentration resulted in a more compact coating of the surface.
Likewise, CusS thin films grown at 40 cycles are the same. The ratio of Cu and S shows an
increase in surface dispersion depending on the concentration of the solution. Considering the
number of cycles, the elemental ratio of CusS thin films grown at 30 and 40 cycles from 0.1 M
increased from 48.19 to 56.45 for Cu and from 17 to 22.39 for S element. At a solution
concentration of 0.2 M, this is the exact opposite. Cu and S ratio decreased with increasing
number of cycles. This may be due to the inability to maintain the sample very well.

4.CONCLUSION

In this study, CusS thin films were coated on glass surface at different room temperature
using SILAR method in different molarities and number of cycles. The structural properties of
the CusS thin films were investigated according to the molarity and number of cycles. Thin-film
enlargement processes can be used to temperature, thickness, etc. parameters were taken into
consideration. This study revealed that we could obtain more homogenous and more crystalline
films in a shorter time by increasing the molarity and number of cycles (thickness) in CusS thin
film. We can say that SILAR method is a suitable method to enlarge the thin film of CusS.
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