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Abstract

Dielectric thin film coating on the top of solar cells is an important layer in order to
reduce the optical loss caused by reflections on the surface. In addition, dielectric film is also
electronically relevant with surface passivation to reduce surface carrier recombination velocity
of solar cell. Both optical and electronic contributions are crucial to improve the energy
conversion efficiency of solar cell. In the present, silicon dioxide (SiO,) and silicon nitride (SiN,)
is mostly used for a dieletric film because thier oprical properties such as refractive index
suitability and low reflectance in visible lisht wavelength. However, the dielectric films are not
able to obtain the gain of photo carrier generation. They have only been an anti-reflection
coating layer (ARC) and a passivation layer. Nevertheless, surface of solar cell texured by
chemical etching is a light-trapping part to improve short circuit current and open circuit
voltage of the cell efficiency due to more surface cell area.

This research was studied in the fabrication of Bismuth doped ZnO thin films
based on nanocrystalline (ZnO:Bi) structure by using a spin coating technique. The precursor
of the sol-gel for the ZnO:Bi layer was investigated to be used for ARC and passivation of
silicon solar cells. The sol-gel preparation is a low-cost technique as compared Plasma-
enhanced chemical vapor deposition (PECVD) in the plasma and vacuum condition. Moreover,
the sol-gel technique provided a roughness surface structure from spherical nano-crystal of
nc-Zn: Bi film with the size of several nanometer diameter which contributed the increase of
light-trapping area. Moreover, nc-ZnO:Bi film has a crucial property about the large optical
energy band gap which was approximately 3.33-3.35 eV and high carrier generation under the
short light wavelength. The measured gain of photo-current generation increased by 10* times
comparing with that of the dark condition. Therefore, This study aims to improve the ZnO:Bi
nanocrystalline with reducing defects in Bi doped ZnO by annealing process under forming gas.
Meanwhile, the surface quality of ZnO:Bi thin films was obtained due to surfactant addition of
cetyltrimethylammonium bromide (CTAB) in order to improve molecules adhesion of zinc
oxide. CTAB addition and forming gas procedures can affect to the quality of morphology,

optical and electrical properties of the thin films. Moreover, ZnO:Bi thin films with high



transmittance above 95% and low relectance of 5.26% at the light wavelength at 600nm were
used as a function of ARC layer of crystalline silicon solar cell with using n-Si emitter layer
from non-vacuum spin on doping (SOD) technique. As a result, the solar cells with nc-ZnO:Bi
layer showed higher blue- light response and increase of quantum efficiency of 40%,
approximately comparing with a reference p/n solar cell. The results of electrical parameters
obtained increase of short circuit current of 25.81 mA and open circuit voltage of 601.3 mV

with 12.23% efficiency under PC1D simulation.





