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PEERAWOOT RATTANAWICHAI : STUDY OF OPTOELECTRICAL AND
NANOSTRUCTURAL PROPERTIES OF NANOCRYSTALLINE ZINC OXIDE DOPED FOR
APPLICATION IN THE CARRIER TRANSPORT LAYER OF PEROVSKITE SOLAR CELL.
THESIS ADVISOR : ASST. PROF. THIPWAN FANGSUWANNARAK;, Ph.D., 215 PP.
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The electron transport layer in perovskite solar cells is crucial for capturing and
transporting electrons produced by the perovskite layer to the electrode. This process
enables the solar cell to generate electricity from sunlight. The electron transport layer
has high light transmittance and can increase electron amounts by responding to short-
wavelength light such as UV light. However, achieving a high-quality electron transport
layer requires improving surface characteristics to better capture sunlight, increase light
transmittance, and enhance electrical conductivity.

This research studied the electrical and optical properties, as well as the
microstructure, of thin films made from nanocrystalline zinc oxide doped with bismuth
(ZnO:Bi) and zinc oxide doped with aluminum (AZO). These films were intended for
use as electron transport layers in perovskite solar cells. The thin films were prepared
using a sol-gel method from zinc oxide precursor solutions doped with Bi and Al at
different atomic percentages and thicknesses. The resulting thin films were coated
onto ITO and quartz substrates using spin coating. Subsequently, the thin films
underwent rapid thermal annealing (RTA) at temperatures between 800°C to 930°C for
20 seconds under normal atmospheric conditions. The findings revealed that the
ZnO:Bi thin films, when coated on ITO substrates, could enhance light transmittance
by approximately 10% compared to bare [TO substrates. This improvement was
attributed to the flower-like surface morphology of the ZnO:Bi thin films, consisting of
spherical nanoparticles approximately 10-20nm in diameter, which effectively trapped
light.

The thin AZO film with a doping level of 4.0 atomic percent shows a smooth
surface without visible cracks and exhibits a significantly higher photocurrent than the

ZnO:Bi thin film. Under FESEM microscopy, spherical nanoparticles with sizes ranging



from 5-15nm are evenly dispersed on its surface. Coating this AZO film on ZnO:Bi
enhances the smoothness of the thin film surface and increases its photocurrent. The
combined properties of AZO/ZnO:Bi thin films make them suitable as electron
transport layers for perovskite solar cells.

The prepared solar cells incorporating AZO/ZnQ:Bi thin films, annealed via RTA
at temperatures exceeding 890°C for 20 seconds in a Glass/ITO/Zn0O:Bi/AZO/PS/Au
structure, achieve an energy conversion efficiency of approximately 2.1%, V.. around

0.64V, |, approximately 8.0mA/cm?, and FF approximately 0.42.
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