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This thesis presents an investigation into the use of quantum dot thin films as
potential window layer materials in the improvement of photovoltaic solar cell
efficiency. The materials studied are bismuth doped zinc oxide and cadmium sulphide.
Methods of fabrication are studied to determine a simple method of synthesis and
deposition. While other methods are studied, both materials used are deposited
| through spin coating, onto quartz substrates, for characterizations, and onto PN silicon
in an attempt to create a prototype photovoltaic device. The properties of the thin
films — optical, structural, and electrical — are studied through various means,
including, UV-Vis, FTIR, XRD, FESEM, and two-probe technique. Together with the
properties of the thin films, the factors affecting these properties are also studied in
this research. The properties studied are to determine whether the materials would
be a viable option for solar cell applications. Absorption, transmittance, reflectance,
band gap, conductivity and resistivity, surface morphology and structural bonding are
all investigate. Manipulation of the properties is also possible through the changing of
certain factors like grain size, number of layers and temperature, which is documented
in this thesis. To prove that the materials are suitable for improvement of efficiency,
the properties are analysed with respect to those of crystalline silicon, attempting to
limit the light that is wasted by the silicon solar cells, while also mitigating parasitic
losses to the window layer materials. After characterizing the films, the films are
deposited onto crystalline silicon and tested. Contacts are made through screen
printing, with silver front contacts and aluminium rear contacts. Results obtained from
UV-Vis analysis of the films, for optical properties show low reflectance in the

wavelengths in the visible light region of the spectrum, while transmittance is high in
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the visible light region of the spectrum, and low in the UV-region — <400nm. Structural
analysis of the fitlms through FTIR showed bonds formed between cadmium and
sulphur, creating the cadmium sulphide particles, proving the method of deposition
successful. The surface morphology data, studied through XRD and FESEM show
improved homogeneity of the CdS film when deposited on a ZnO:Bi buffer layer,
compared to deposition on plain quartz. Increased temperature was also shown to
affect the surface morphology, with a higher temperature resulting in phase separation.
Electrical properties measured from two-probe method show good conductivity on

certain films, suitable for window layer materials.
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