
Volume 4 / Issue 7/  July 2026                               International  Journal  of  Modern  Science  and  Research  Technology 

ISSN:2584-2706                                                                                                 DOI: https://doi.org/10.5281/zenodo.21410464    
 

IJMSRT26JUL081                                                            www.ijmsrt.com                                                                                180 

 

Optimization of CDS Thin Films Characterization for High 

Efficiency Photovoltaics & Sustainable Energy Solutions 
 

Hiya Jain; Dr. Neeraj Verma; Dr. Nisha Devi
 

Department of Physics, Saraswati Mahila Mahavidyalaya, Palwal. 

Email: jainhiya7@gmail.com 

 
Article History 
Submission  date-: 17/07/2026 

Acceptance date-: 17/07/2026 

Publicationdate-: 17/07/2026 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Cadmium sulfide (CDS), which is a Chalcogenide material, is of great scientific importance due  to its 

low resistivity, high transmittivity, good chemical stability and large band gap of 2.42 eV at room 

temperature. CdS thin film have played very interesting role for their photovoltaic applications like 

photo conducting cells, light emitting diodes and non-linear integrated optical devices. Thin films of 

CdS, as a window layer, have been largely in use in the application of high efficiency solar cells. 

The deposition techniques also have great influence on the properties of the CdS thin films. Various 

deposition techniques are used like Chemical Bath Deposition (CBD), Electrodeposition, Spray 

pyrolysis, Chemical Vapor Deposition (CVD), spin coating etc. were also investigated. Among these 

techniques, the Chemical bath deposition is a popular method for its simplicity and low cost and that's 

why CBD method was chosen for the deposition of CdS thin film in this research. 

Thin films deposited on glass substrates are generally characterized using X-ray diffraction and 

Scanning Electron Microscopy to evaluate phase constitution, crystallinity, surface coverage, 

stoichiometry, transmittance, and optical band-gap behaviour. These diagnostic procedures are 

important in order to understand the condition required for higher absorption of energy from photons 

in deeper layer thereby increasing the efficiency. Particular emphasis is placed on the role of 

controllable synthesis parameters which includes precursor chemistry, pH, deposition temperature, 

Abstract  
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deposition time, and post-deposition treatment, since these govern nucleation, grain growth, 

compactness, defect density, and ultimately the optoelectronic quality required for efficient solar-cell 

integration which has profound usage in Tropical and Semi-tropical region and can help massively is 

clean energy. 

 

Materials and Methods 

CdS (Cadmium Sulphide) thin films have been synthesized by Chemical Bath Deposition Technique. 

The chemicals used for the synthesis of CdS thin films were : Cadmium Chloride [CdCl₂], Thiourea 

(NH₂CSNH₂), Triethanolamine (C₆H₁₅NO₃) and Ammonia solution. The cadmium chloride & thiourea 

are the sources of Cd²⁺ and S²⁻ ions, respectively. Triethanolamine works as a complexing agent to 

impede agglomeration during film formation. It helps in the slow release of ions leading to slow 

reaction and uniform deposition of a thin film. 

The solution was made alkaline by adjusting the pH so that it does not self corrode the deposited thin 

film. The alkaline medium of solution was adjusted by adding ammonia solution. In deposition of 

CdS thin films by CBD technique: Initially 20mL of 13M Ammonia was added dropwise into 40mL 

of 2M Cadmium Chloride (CdCl₂) solution. The solution is stirred for 5 minutes. Now, in the prepared 

solution, 110mL of 0.65mL triethanolamine is added and stirred well for another 5 minutes. In 

constant stirring condition, 40mL of 2M Thiourea (NH₂CSNH₂) is added. The solution was stirred for 

another 5 minutes. The pH of final bath solution was measured and found to be 11. The solution was 

observed to turn yellow from colourless. 

The cleaning of the glass slide was already done with help of Acetone and then wiped dried by tissue 

paper. Finally, the glass slides were dried for 1 hour at 70 degrees in an oven. This pre cleaned glass 

slide was then placed in bath solution for CdS thin film deposition. The beaker containing the final 

solution and glass substrate was maintained at constant temperature of 70 degrees Celsius. After finite 

time, the glass slide was removed from the solution. Homogenous CdS thin films deposition was 

observed on the glasss substrate. The substrate with the deposited film was washed serval times with 

distilled water to remove extra chemicals and solvents. 

 

 
                                      

 Fig: Thin Films fabricated with different Parameters 

 

Results and Discussion 

XRD - CdS Thin film: 
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The XRD spectra of CdS thin films are recorded using Rigaku X-Ray diffractometer and displayed in 

Fig.  XRD pattern exhibits four  preferential peaks assigned to (002), (011), (012) and (112), 

orientations of hexagonal phase of CdS material. The hexagonal phase of CdS is crystalline. The 

observed diffraction patterns are in good agreement with the standard crystallographic data of JCPDS 

card No. 80-0006 of CdS material. The values of lattice constant a and c for hexagonal planes of the 

CdS thin films were calculated using checkcell software. The calculated values of lattice constant a 

and c are 4.183 nm (4.121 nm) and 6.562 nm (6.682 nm) respectively. The unit cell volume is 

99.47(99.45). The calculated values of a and c are very close to observed values of CdS thin films. 

 

SEM of CdS Thin film : 

 

     
 

      

 SEM (Scanning Electron Microscopy) images are displayed in Fig. for pure CdS. 

 

SEM image for  CdS Thin film are very compact, the surface’s uniformity is also good, the particle 

size was ~200nm, and the particle size distribution was also narrow. These surface characteristics are 

in good agreement with the film’s high transparency. Some of the larger sized grains assigned to 

colloidal particles of S ions. 

 

UV Vis Spectroscopy 

The optical properties were investigated with UV-Visible spectroscopy. The Absorption Spectrum for 

the Cadmium Sulphide is shown in Fig. (a), indicating strong absorption in the range around 300-500 

nm with an absorption edge at 333.33nm. The Tauc’s relation is important in the calculation of optical 

band gap energy of CdS thin films. It shows the dependence of the absorption coefficient () on the 

photon energy (h) by relation, (h)
n 
= K(h - Eg) where K is Tauc’s constant, which is a parameter 

independent of photon energy,  is photon frequency and Eg is band gap of the material, n refers to the 

type of transition and equal to 2 in case CdS which is direct bandgap material. The band gap energy is 

the intercept obtained from the extrapolated line on the energy in the Tauc plot, i. e. (h)
2 
vs. photon 

energy (h) plot. The optical band gap obtained from the Tauc’s plot shown in Fig.(b) is 2.54 eV. The 

structural, composition, and optical characterizations were performed and deemed appropriate for 

photovoltaic applications. 
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Conclusions 

In this work, CdS thin films found a greater role in development of sustainable, cheaper, and scalable 

materials for energy applications through a fabrication and characterization framework. Superior 

quality thin films of cadmium sulfide (CdS) having particle size of ~200 nm were successfully 

synthesized through the use of triethanolamine as a solvent on glass substrates by easy and cost-

effective Chemical Bath Deposition technique. The XRD analysis of the sample confirms that the CdS 

thin films possess a highly crystalline hexagonal structure with preferential orientations. This 

structural consistency, along with the accurate unit cell volume, validates the phase purity and high 

crystallographic quality of the synthesized material. 

 

Future Scope 

By linking fabrication conditions to functional thin-film quality, this work supports the optimization 

of CdS coatings for next generation thin film energy devices and establishes a concise materials 

pathway from laboratory synthesis to photovoltaic applicability for clean energy generation. 
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