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SUPANUT LAOHAWIROJ : STUDY OF ELECTRICAL AND OPTICAL
CHARACTERISTICS IN HETEROJUNCTION SILICON SOLAR CELL WITH SILICON
DOTS IN DOPED ZINC OXIDE MATRIX. THESIS ADVISOR : ASST. PROF. THIPWAN
FANGSUWANNARAK, Ph.D., 190 PP.

Keyword: Third generation solar cell/Silicon powder/Doped zinc oxide/Low cost

Silicon dots (SD) thin films were developed using the zinc oxide matrix doped
with bismuth and aluminum, mixed with silicon powder derived from waste silicon.
The SD thin films were deposited by the spin coating technique. To promote the
formation of the zinc oxide crystal grains and enhance the current density and
conductivity, the rapid thermal annealing (RTA) process was performed at 930 °C under
the ambient atmosphere. The fabricated SD thin film can be classified into 2 structures:
a continuous SD layer structure and a sandwich-like structure.

The optical properties showed that the reflectance of SD thin films in both
AZO and BiZnO matrices increased as the number of layers increased. The continuous
SD layer structure exhibits lower reflectance than the sandwich-like structure.
However, the opposite trend was observed for the transmittance, which decreased as
more layers were added. The continuous SD layer structure exhibits higher
transmittance than a sandwich-like structure across all wavelength ranges. The
absorption coefficient results indicated the expansion of the absorption edge. While
AZO and BiZnO thin films primarily absorbed ultraviolet (UV) wavelengths, the SD thin
films were able to absorb visible (VIS) wavelengths and, in some cases, extended into
the infrared (IR) wavelengths, depending on the number of SD layers in both structures.
Moreover, the refractive index of the SD thin films was within an appropriate range of
1.8 — 2.3 making them suitable for use as a window layer on silicon solar cells. The
electrical properties of SD thin films were also examined. The current density of SD
thin films of BiZnO matrix was higher than SD thin films of AZO matrix. Additionally,
the sandwich-like structure provided higher current density than a continuous SD layer
structure, specifically in the BiZnO/SD/BiZnO_4 stack configuration. When considering
the thickness of the SD thin films, It was concluded that the optimal thickness for

achieving the highest current density is between 300 nm — 1000 nm.



Furthermore, this research developed SD silicon solar cell with p/n/SiN,
structure incorporating SD thin films. The efficiency of these cells expressed that the
silicon solar cell with a p/n/SiN, structure and a sandwich-like configuration of 2 stacks
of SD thin films achieved an efficiency greater than 1.86% compared to the silicon
solar cell p/n/SiN, structure without SD thin film. The economic analysis revealed that
the production cost of SD solar cells is lower than solar cell without SD film by 0.48
Bath per watt. Therefore, the SD solar cells demonstrate high potential for
improvement and development for the industry, representing a promising technology

for high-efficiency solar cells.
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