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ABSTRACT 

The structural, morphological, and optical properties of CdS thin films deposited using chemical bath deposition 

method are reported. The film was deposited on soda line glass substrates using EDTA as a complexing agent, in basic 

medium at 95 ºC. The effects of annealing ranging from 100ºC to 500ºC on quality of CdS thin films were investigated.   

Annealing improves the crystalline nature and reduces the defects levels. The films were characterised by X- ray 

diffraction, scanning electron microscope, EDAX and UV- absorption. The XRD patterns show that as deposited CdS films 

were polycrystalline. The refractive-index, dielectric constant, optical conductivity and electrical conductivity were 

determined by various equations based on UV- absorption data. SEM micrograph shows the films are composed of largely 

regular grains. The band gap energy values of CdS thin films ranges from 2.77eV to 3.00eV. Compositional analysis by 

EDAX confirms that the sample with clear peaks of Cadmium (Cd) and Sulphur (S) are around the nominal composition. 
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INTRODUCTION 

Recently many research groups have concentrated on the low cost and high efficiency materials foe solar cells, as 

solar energy is the most promising future energy source. Cadmium sulfide (CdS), belonging to II – VI group, is one of the 

promising semiconductors, having a wide band gap (2.42 eV) and direct transition semiconductor [1]. Consequently, it is 

potentially an important material to be used as an antireflection coating for heterojunction solar cells [2]. Numbers of 

technique have been employed to deposit CdS thin films viz vacuum evaporation [3, 4], sputtering [5], CVD [6,7], 

electrodeposition [8,9],pulsed-0laser deposition [10],spray pyrolysis [11,12], SILAR [13], chemical bath deposition (CBD) 

[14-17]. Out of these techniques CBD is one of the widely used synthesis routes for formation of inorganic metal 

chalcogenide/Oxide semiconductors thin films on substrate due to various advantages such as large deposition area, 

relatively low temperature processes, no restriction on use of substrate, reproducibility and the most importantly low cost 

of equipment.  

The chemical bath deposition (CBD) technique has been actively studied for the deposition of various kinds of 

compound semiconductor thin films in the recent years [18], because it is inexpensive, simple, and convenient method to 

depositing large area semiconductor thin films at relatively low temperatures. Thin films of CdS have been mostly 

prepared by CBD in alkaline solution (pH=10-12) containing the slow release of Cd
2+

 ions is achived by adding a 

complexing agent (ligand) to the salt to form some cadmium complex species, which upon dissociation, results in the 

release of small concentration of Cd
2+ 

ions. The S
2-

 ions are supplied by the decomposition of thiourea. Annealing has also 

been used to modify the characteristic of films.  
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This paper reports the preparation of nanocrystalline CdS thin films by Chemical Bath Deposition route at 95ºC 

and at the pH value of 11. These thin films have been studied as an antireflection coating which is an important part of the 

solar cell. The following parameters were studied: the absorbance/transmittance/reflectance spectrum, energy gap, 

absorption coefficient, refractive index, extinction coefficient, and thickness. In addition, we have investigated the 

structural and morphological properties of CdS thin films as well as, the effect of annealing. 

EXPERIMENTAL DETAILS 

The experimental setup for the preparation of thin films by CBD consisted of a water bath whose temperature was 

controlled automatically with the hot plate and temperature controller. CdS thin films were grown on a microscope glass 

slides.  Before the deposition, the glass substrates were cleaned in an ultrasonic cleaner using acetone, alcohol and 

deinonized water respectively. The pre-cleaned substrates were dried in flowing nitrogen gas, and subsequently annealed at 

the temperature of 95 ºC for 30 min in atmosphere.  

The reacting chemical were 0.02M of cadmium chloride CdCl2, 0.2M of thiourea SC(NH2)2, 0.2M of ammonia 

NH3 and 0.001M of (EDTA) Ethylenediaminetetraaceticacid as complexing agent. Initially 50 ml of CdCl2 and EDTA 

were taken, and then ammonia was added to the solution under stirring condition. The mixture was stirred for several 

minutes to obtain a clear homogeneous solution. Finally, 0.2M of thiourea was added to it. During deposition, magnetic 

agitation speed and bath temperature, T = 95ºC ± 2ºC were kept constant. The allowed deposition time was 30 minutes. 

After the completion of film deposition, the glass substrates were taken out from solution. The slides were 

thoroughly rinsed with 10% ammonium solution, ultrasonically cleaned with deionized water for a few minutes to remove 

the white and loosely adherent precipitates during deposition, and blown dry with nitrogen gas.   

RESULTS AND DISCUSSIONS 

The crystal quality of the samples was studied by recording the XRD patterns in the range of 20° to 80°.  The 

XRD patterns of as synthesized samples are shown in Figure 1, while annealing there is an effective change in XRD peak 

intensity, indicating the increase in their crystalline nature. When annealed at 100ºC to 200ºC only two peaks are obtained 

at 26.8º and 43.9º (cubic) respectively. But while at 300ºc to 500ºc with high intense peaks  has both cubic and hexagonal 

wurtzite structure at 2θ values of 26.67º,  43.98º (Cubic), 28.37º,  36.81º, 52.02º (Hexagonal) were obtained.   All the 

samples are polycrystalline in nature with mixed phase of hexagonal and cubic structures (JCPDS data sheet No. # 80-

006).  The average size (D) was calculated using Debyue-Scherrer formula [19], the calculated average size is 20nm.  

Energy dispersion X-ray (EDX) analysis is performed to confirm the atomic composition (%) of constituents’ 

atoms and foreign impurity atoms.  Figure 2 shows the EDAX spectra, that all the films contain the elements Cd and S as 

expected. Annealed at 400ºc, the other element Si may be due to the glass substrates [19]. The atomic composition (%) 

ratio of sulphur and cadmium (S/Cd) was found to 0.8 to 1 respectively. 

Figure 3(a) to 3(e) illustrates the SEM micrographs of the surface of the CdS films deposited and annealed at 

100ºC to 500ºC. The film of CdS annealed at 100°C showed a surface structure consisting of small uniform grains of 

pinholes well. When annealed at 200°C it is either promoting the nucleation of CdS or breaking large particles into pieces 

and their agglomeration with microstructure.  At 300°C CdS formed with a large structure consists of plates like structure, 

at 400°C it a small tubes of different shapes are formed. At 500°C it again forms into    breaking large particles into pieces 

and their agglomeration with microstructure ordered. Finally the morphology is well ordered, a lower aggregation and 

better particle size distribution. The grain size is comparable with that estimated from the XRD results. 
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Figure 1: XRD Pattern of CdS Thin Films Annealed from 100ºc to 500ºc 

 

Figure 2: EDAX Spectrum of CdS Thin Films Annealed at 400 ºC 

 

Figure 3 (a) to (e):  SEM Image of CdS Thin Films Annealed from 100 ºC to 500°C 

 The optical transmission spectrum of the CdS films fabiricated by different annealing temperature.  All the films 

show good transmission (>80%) for wavelengths larger than 500 nm, which is one of the prerequisites’ for opto-electronics 

devices, especially for solar cell window layers [20]. The band gap energy (Eg) values of CdS thin films and the 
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parameters such as refractive-index (n), dielectric constant (ε), optical conductivity (σ0) and electrical conductivity (σe) 

were determined by various equations based on UV- absorption data are tabulated in Table 1.  

The optical properties of CdS thin flms were determined from absorption measurement in the range of  300nm to 

1000nm.  Figure 4 shows the absorption spectra of CdS thinfilms annealed from 100C to 500C. The absorption is same 

for all the thinfilms as 225nm i.e., there is no effective change in absorption due to annealing. 

 

Figure 4: Plot of Absorption versus Wavelength for CdS Thin Films from 100°C to 500°C 

Absorption coefficient α associated with the strong absorption region of the film was calculated from 

transmittance T using the relation  

Absorption coefficient  𝛼 = 
ln 

1

𝑇
 

𝑡
 = ln  

1

𝑇
  x 106 𝑚−1  [21] 

The energy gap Eg were determined from the transmittance spectra by plotting (αhυ)
2 

verses hυ shown in Figure 5.  

As it can be seen that (αhυ)
2 

 varies linearly with hυ  above the energy gap.  Accordingly, the energy gap is obtained by 

extrapolating the straight portion of the curve to zero absorption coefficients.  CdS thin film grown here and annealed from 

100C to 500C have the energy gap in the range of 2.7eV to 2.9eV.  These values are somewhat larger than the typical 

value of the bulk CdS (Ca. 2.42eV), probably due to the quantum size effect as expected from the nanocrystalline nature of 

the CdS thin films [22]. 

 
Figure 5: Plot of Square of Absorption Coefficient α

2
 versus Photon Energy for CdS Thin Films   

from 100°C to 500°C 
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The coefficient of absorption α is also related to extinction coefficient K by, Extinction coefficient K = 
𝛼𝜆

4𝜋
   [23] 

Figure 6 portrays a plot of extinction coefficient versus photon energy.The extinction coeficient for CdS at 100C is 

0.08eV, at 400C is 1.12eV but at 500°C is 1eV, it is observed that the extinction coefficient is found to be around  0.08eV 

to 1.12eV respectively.  The value of extinction coefficient increases as annealing increases but there is a suddend 

decrease.  

 

Figure 6: Plot of Extinction Coefficient versus Photon Energy for CdS Thin Films from 100°C to 500°C 

The refractive index of films were calculated using Modified envelope method [24] 

Refractive index 𝑛 =   𝑁 +  𝑁2 −  𝑛0
2𝑛1

2   
1

2 

1

2
    ; 

Where  𝑁 =   
𝑛0

2  + 𝑛1
2

2
+  2𝑛0 𝑛1   

𝑇𝑚𝑎𝑥  − 𝑇𝑚𝑖𝑛

𝑇𝑚𝑎𝑥   𝑇𝑚𝑖𝑛
  

No is the refractive index of air, 𝑛1 is the refractive index of the substrate, 𝑇𝑚𝑎𝑥  and 𝑇𝑚𝑖𝑛  are the maximun and 

minimum transmittances respectively for a particular wavelength.The variation of refractive index (n) with wavelength for 

the as depositied thin films  are shown in Figure 7. The refractive index is found to increase by increasing the annealing 

temperature, this may be due to the change in nanocrystalline size. In order to obtain the maximum transmittance, a film 

should have the refractive index closer to the square root of the refractive index of the substrate [25].  It is clearly observed 

from the variation of the refractive index (n) that the refractive index of CdS thin films in visible wavelengths is very close 

to the square root of the refractive index of the glass substrate 

( 𝑛= 1.2).   

 

Figure 7: Plot of Refractive Index versus Wavelength for CdS Thin Films from 100°C to 500°C 
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Table 1: Band Gap Energy , Extinction Coefficients, Optical Conductivity, Electrical Conductivity, 

Dielectric Constant, Refractive Index  of CdS Annealed from 100°C To 500°C 

Samples 
Band Gap 

Energy eV 

Extinction 

Coefficients 

Optical 

Conductivity 

σ0 x10
13

 s
-1

 

Electrical 

Conductivity 

σe x10
7
 s/m 

Dielectric 

Constant εc 

Refractive 

Index n 

CdS 100°C 2.90eV 0.16 2.2 3.1 5 2.25 

CdS 200°C 2.89eV 0.17 3.5 4.5 10 3.55 

CdS 300°C 2.89eV 0.19 3.4 4.4 9 3 

CdS 400°C 2.70eV 0.18 6.5 7.5 25.5 5.25 

CdS 500°C 2.71eV 0.16 4.7 5.5 15 4.7 

 

Optical conductivity  𝜎0 =  
𝛼𝑛𝑐

4𝜋
, where c is the velocity of light in vacuum. 

The electrical conductivity σe is given by the expression 

Electrical conductivity 𝜎𝑒  = 
2𝜋𝜎0

𝛼
  [26] 

The complex dielectric constant  

𝜀𝑐  = 𝜀𝑟 + 𝜀0 = , where 𝜀 𝑟  = 𝑛
2 − 𝐾2, 𝜀0=2𝑛𝐾  [27, 28] 

Figures 8, 9 and 10 are a plot of optical conductivity σ0 against photon energy, electrical conductivity σe against 

photon energy  and dielectric constant versus photon energy for CdS and annealed from 100°C to 500°C respectively.  The 

calculated values are tabulated in the Table 1.From the table it is observed that the optical conductivity, electrical 

conductivity and the complex dielectric constant are increased as annealing temperature increases, but at 500°C their is a 

decrease in optical conductivity, electrical conductivity and the complex dielectric constant of the CdS films which is used 

in semiconductors.   

 

Figure 8: Plot of Optical Conductivity versus Photon Energy for CdS Thin Films from 100°C to 500°C 
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Figure 9: Plot of Electrical Conductivity versus Photon Energy for CdS Thin Films from 100°C to 500°C 

 

Figure 10:  Plot of Dielectric Constant versus Photon Energy for CdS Thin Films from 100°C to 500°C 

CONCLUSIONS 

Cadmium sulphide polycrystalline films have been grown by Chemical Bath deposition process using EDTA as a 

complexing agent.  XRD spectra indicat that the transistion of CdSfilms from the metastable cubic structures to the stable 

hexagonal structures produced by annealing.  The surface morphology of SEM is well ordered, a lower aggregation and 

better particle size distribution. Annealing treatments can also make some effects on the optical transmittance of the CdS 

films and decrease the optical band gaps of the films.  Optical study was performed to calculate the refractive index (n), 

extinction coefficient (k), absorption coefficient (α), optical band gap (Eg), electrical conductivity, optical conductivity, 

dielectric constant using trnsmittamce and reflection specra in the range of 300nm – 1000nm.  The measured band gap was 

found to in the range of 2.7eV to 2.9eV.  The band gap values were somewhat larger than the typical value of the bulk CdS 

(2.42eV), which would be attributed to quantum confinement effects due to the nanometer crystalline size of the CdS 

thinfilms.  The elaboration of the annealing process of CBD should be provided primarily by optimisation of annealing 

temperature.  In addition, CdS have significant potential for window layer in solar cells and photovoltaic devices.  In short, 

CdS thinfilms by chemical bath deposition for photo electrochemical cell.  
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