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A B S T R A C T   

This paper presents a comprehensive study of the optical transmission, photoconductivity, and morphology of 
CdS thin films deposited via the chemical bath deposition (CBD) method. The films deposited for 60 min exhibit 
an optical energy band gap value of 2.42 eV and the highest optical transmission of 75 % in the wavelength range 
of 500–900 nm. For these films, the transmission electron microscopy imaging shows a distribution of particle 
sizes around 10 nm. The wavelength dependence of the photoconductivity, extracted from photo resistivity data, 
shows that the maximum photoconductivity occurs at 492 nm wavelength. This corresponds to an electrical 
energy band gap of 2.52 eV, which is greater than the optically measured energy gap of 2.42 eV. Based on these 
results, the electron-hole pair binding energy for CdS films is estimated as 100 meV. According to the electrical 
resistivity vs. temperature measurements, the activation energy is 1.26 eV which agrees with the electrical en
ergy band gap of 2.52 eV. CdS films annealed under nitrogen gas at 200 ◦C for one hour exhibited an energy gap 
of 2.32 eV. These films displayed a conductivity of 60 × 10− 4 Scm− 1, a carrier concentration of 6.38 × 1014 

cm− 3, and a mobility of 7.46 cm2 V− 1 s− 1. These impressive characteristics suggest the suitability of CBD-grown 
CdS films annealed at 200 ◦C in nitrogen gas, to be used as the window material in CdS/CdTe thin film solar cells 
and other optoelectronic applications.   

1. Introduction 

It is well known that the estimated reserves of fossil fuels are insuf
ficient to meet the growing global energy demand in the coming de
cades. The combustion of fossil fuels not only contributes to global 
warming through the emission of greenhouse gases but also poses health 
risks due to atmospheric pollution caused by particulate matter and 
toxic gases. The development of renewable energy sources, such as 
hydro, solar, and wind power, etc., offers a solution to these challenges 
by providing a sustainable and environmentally friendly energy supply 
to the world [1,2]. 

Among the various technologies available for harnessing renewable 
energy sources, solar photovoltaics stands out as a significant technol
ogy currently under development [3]. For several decades, the first 

generation of solar cells based on semiconductor silicon has dominated 
the market. However, the intricate technology involved and the high 
manufacturing costs have hindered the widespread adoption of silicon 
solar panels for electricity generation. The second generation of solar 
cells, which includes three main thin-film photovoltaic technologies, has 
emerged as a viable alternative. These technologies are hydrogenated 
amorphous silicon (a-Si:H), cadmium telluride (CdTe), and copper in
dium gallium diselenide (CuInxGa1− xSe2, or CIGS)[4]. 

Among the various options available, CdS is a highly intriguing 
semiconductor material due to its versatility in applications spanning 
optoelectronics, photovoltaics, catalysis, and biological sensing [5]. As 
an IIB-VIA semiconductor, CdS exhibits exceptional structural, elec
trical, and optical properties, making it a promising candidate for use as 
a buffer layer in a wide range of thin-film solar cells, including 
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