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Effect of substrate temperature on optical properties of CZTS absorber layers

fabricated by pneumatic spray pyrolysis
Abstract

The CZTS (Cu2ZnSnS.) absorber layer investigated in this study, intended for application as the active layer in third-generation
thin-film solar cells, offers a promising pathway toward cost-effective and environmentally benign photovoltaics. This is primarily
due to the abundance, low cost, and non-toxicity of its constituent elements. The deposition technique employed pneumatic spray
pyrolysis is a low-cost, scalable, and vacuum-free method, making it highly attractive for industrial applications. In this work, the
effect of substrate temperature (200 °C, 300 °C, and 400 °C) on the structural and optical properties of CZTS thin films was
systematically studied. Characterization techniques including XRD, AFM, FESEM, and DRS were used to evaluate the
synthesized layers. Results show that increasing the substrate temperature enhances crystallinity, enlarges crystallite size, and
reduces microstructural strain in the CZTS thin films. Additionally, the optical band gap decreased from 1.68 eV at 200 °C to
1.58 eV at 400 °C, likely due to improved crystallinity and reduced defect density. Higher substrate temperatures also led to
decreased diffuse reflectance and transmittance, while absorption and absorption coefficient increased correspondingly.
Conversely, lower substrate temperatures were associated with the formation of secondary phases on the film surface, which are
detrimental to optical performance and solar cell efficiency.

Keywords: deposition, CZTS, solar cell, optical properties, spray pyrolysis.
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