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ABSTRACT 

Copper sulphide (CuS) thin films are deposited on microscopic glass plate substrate by Successive Ionic Layer Adsorption and 

Reaction (SILAR) method at room temperature. The objective of the present work is to analyze the morphological and topographical 

properties of copper sulphide thin films by Scanning Electron Microscope (SEM) and Atomic Force Microscope (AFM).  Influence of 

different molar concentration is studied to determine the surface properties. Thin films are prepared in two different ratios 1:1 and 1:2 

with different molar concentrations. The SEM and AFM analyzes revealed the surface uniformity of the film coating. The surface 

roughness, grain size and grain height values are also observed by AFM analysis.  

Keywords: copper sulphide, SILAR, surface roughness, SEM, AFM, Molar concentration. 

INTRODUCTION 

As a wide energy band gap semiconductor, copper sulphide is a significant material for solar cell applications. Now a days, 

different coating methods like chemical bath deposition (CBD),  spray pyrolysis, SILAR and etc., have been used to obtain thin films. 

Except SILAR all the other techniques require stringent reaction conditions like high temperature, pressure and hazardous chemicals or 

both. Amid different methods, the SILAR method is fascinated for its advantages such as large area deposition, easy control on film 

thickness by adjusting number of deposition cycles, simple, inexpensive which comprises excellent material utilization efficiency, good 

control over deposition process along with film thickness, preparation of multi-layer coating and convenient for large area deposition 

on any type of substrate. Both thick and thin films can be prepared by this method. Many research works carried out like ZnS, CdS, 

FeS, FeCdS and CdZnS. Hence, in the present work, SILAR method has been used to deposit copper sulphide thin films. The developed 

thin films are analyzed by studying their surface roughness, grain size, surface height and surface structure. 

MATERIALS AND METHODS 

CuS thin films are reported by many researchers by various methods and different chemicals previously. It was by copper 

iodide, copper chloride, copper acetate and sodium sulphide, thiourea. In the present work, copper Nitrate [Cu(NO3)2·H2O], TEA, 

sodium sulphide [Na2S] and distilled water are used as basic materials to deposit the film. To deposit CuS thin films, glass plates (75 × 

25 x 1 mm3) are cleaned and pretreated by immersing them in concentrated nitric acid (con.HNO3) for 2 -3 days, washed in detergent 

solution, degreased with acetone, rinsed in distilled water and dried in air. 

  The CuS thin films are coated by immersing glass plate in a beaker containing aqueous solutions of copper nitrate 

[Cu(NO3)2·H2O], sodium sulphide [Na2S] and distilled water. The molar concentration ratio between copper and sulphide is 1:1 for all 

the solutions. SILAR Controller HO-TH-03 is ued to achieve uniform film coating (Fig.1).Fig. 2 shows the SILAR Experimental set up 

for the deposition of thin films. The deposition parameter is fixed as given in Table1. Pre-cleaned glass substrates immersed in cationic 

precursor for 30 s for the adsorption of Cu ions and then immersed in distilled water for 30 s, in order to remove the de-adsorbed ions. 

Then the substrates are again immersed in anionic precursor for 30 s for adsorption and reaction of sulphide ions. Excess sulphide ions 

are removed by rinsing them in distilled water for 30 s. Thus, a SILAR cycle is completed after these four operations. Deposition 

continues by repeating the above procedure for 20 cycles.  

Materials characterization: The SEM and AFM characterizations of CuS thin films are carried out. Thin films are loaded in the sample 

holder of the VEGA3 TESCAN unit for SEM analysis. The surface topography is analyzed by using AFM Park XE100 model, Hallmark. 

The non-contact mode AFM microscopy images are recorded using the commercial software. It magnifies the surface by hardware and 

software support with very high resolution. 

 

  

 
 

Figure.1.SILAR Controller 

HO-TH-03 

Figure.2.SILAR Experimental set up for the deposition  

(a) cationic precursor copper nitrate[Cu(NO3)2·H2O], (b) deionised water (c) anionic 

precursor sodium sulphide [Na2S] (d) deionised water  
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Table.1.Deposition optimized conditions 

Start position 0 Dip duration 30 sec 

Dip length in Substrate 75 mm Ex dip duration 4 sec 

Dip speed 5 mm/sec No of cycles 20 

Retrieval speed 4 mm/sec No of dips / Cycle 4 

RESULTS AND DISCUSSION 

SEM Analysis: SEM micrograph of CuS thin films are coated on glass substrate in 1:1 and 1:2 ratios are magnified for 5 μm square 

area. SEM images of CuS films in 1:1 and 1:2 ratios for 0.10 M and 0.15 M are given in Fig. 3. CuS film with 1:1 ratio, 0.10 M is coated 

uniformly and homogenously but the particles are irregular. From the Figure it is observed that, the particles are in spherical shape of 

an average grain or aggregate size (d) varying from 40 nm to 60 nm. Such an embedded surface looks like a germinating sprout of a 

seed. Due to higher concentration small pits are present in the developed film. Due to the increased particle size, the thickness of the 

layer may increase. For CuS thin film with 1:1 ratio, 0.15 M film resembles the surface of the moon with some porous surfaces. An 

average grain size (d) is varying from 30 nm to 80 nm. For CuS thin film with 1:2 ratio, 0.10 M particle size is increased from 30 nm – 

35 nm. The increase in size may be due to the increase in sulphur content. For CuS thin film with 1:2 ratio, 0.15 nm film, the minimum 

sized particles are reduced in number but at the same time the maximum sized particles are increased in number. Also it reveals that a 

small flakes like structure spread over the surface and the particles are clustered together in spherical shape of an average grain/aggregate 

size (d) varying from 30 nm to 90 nm. Maximum sized particles spread throughout the film irregularly.  

 

 
Fig.3: SEM Image of CuS film in 1:1  and 1:2 ratio for 0.10 M, 0.15 M 

AFM Analysis: CuS thin films are analyzed by AFM for its surface roughness, particle height and for its grain size. The 3D and 2D 

AFM images of copper sulfide thin films (0.10 M) are recorded in 5 μm & 10 μm and shown in Figure 4,5 and 6. For 2D AFM Image 

of CuS film with 1:2 ratio for 0.15 M, the scanned area is focused for 10 μm. Red and green lines are drawn to observe the tabulated 

factors. From 2D AFM image (Figure 4,5 and 6) of CuS film with 1:2 ratio for 0.10 μm, minimum and maximum roughness is 23 nm 

to 30 nm which confirms that the material is coated uniformly with the irregular particle size. i.e., the particle height varies from 75 nm 

to 112 nm. For 10 μm, pits and peaks vary between - 57 nm to 95 nm.  Significantly, the topography of the thin films changed depending 

on the different molar concentration. Also it is observed from the Figures, there are many spherical particles of the copper sulphide thin 

films are spread over the surface when the sample is focused to 5 μm & 10 μm.  

The AFM images indicate these samples are found to cover the surface of the substrate completely. Also for 5 μm pits and 

peaks are vary between - 56 nm to 150 nm.  If the maximum particle height decreases, the smoothness increases. Also the Figures show 

that, when the particles are having equal height, the roughness decreases and the smoothness increases in the surface of the deposited 

film.  If focus is reduced to very small area to get maximum magnification, grain size of tiny particles also found appreciably.Surface 

roughness, grain size and surface height are tabulated for 10 μm and 5 μm in Table 2. From the Table 2 it is confirmed that the roughness 

and particle height are uniform in 10 μm and very meager difference is for 5 μm which shows the material is coated uniformly with 

irregular. Grain Size (Δx) is increases for both 10 μm and 5 μm. Even though particles are in different size, the smoothness of the surface 

of the coated film is not affected. But change in surface height may affect the smoothness. To attain the maximum photon to electron 

conversion, the smoothness is an important decisive factor.  
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Table.2.The surface analysis of CuS film with 1:2 ratio for 0.10 M in 5 μm & 10 μm magnification 

 10 μm 5 μm 

Grain size 

(Δx) (nm) 

Surface roughness 

(Ra) (nm) 

Surface height  

(Rz) (nm) 

Grain 

Size (Δx) (nm) 

Surface roughness 

(Ra) (nm) 

Surface 

Height (Rz) (nm) 

Min 282 35.85 148.50 197 23.66 75.39 

Max 751 36.66 150.45 621 30.58 112.39 

  

  

Figure.4. 3D AFM Image of CuS film with 1:2 ratio for 0.10 M in 5 μm and 10 μm magnification 

 
Figure.5.2D AFM Image of CuS film with 1:2 ratio with 0.10 M in 5 μm magnification 

 
Figure.6.2D AFM Image of CuS film with 1:2 ratio for 0.10 M in 10 μm magnification 

CONCLUSION 

CuS thin films deposited by SILAR method are analyzed using SEM and AFM. SEM and AFM images reveal the uniform and 

homogeneous coating of CuS. Average surface roughness, particle height and grain size are observed using AFM. Grain size, average 

surface roughness and particle height are different for 5 μm and 10 μm. Minute change in surface roughness was observed for the 

magnification of 10 μm and 5 μm respectively.  
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