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ABSTRACT

The growing demand for sustainable energy has made

photovoltaic solar cells a key solution for clean power

generation. Despite significant progress in both organic and

inorganic solar technologies, challenges related to efficiency,

long-term stability, and large-scale manufacturing. This

research focuses on enhancing solar cell performance through

the development of advanced semiconductor materials and

optimized thin-film structures. Oxide materials such as ZnO,

TiO₂, and SnO₂ are employed as electron transport layers to

improve charge transport and reduce recombination losses.

Scalable fabrication techniques, including spray coating and

controlled oxide deposition, are utilized to produce uniform and

high-quality thin films. The aim of this study is to fabricate and

characterize oxide thin films and integrate as electron transport

layers in solar cells, thereby improving device efficiency and

stability.
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