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ABSTRACT: A Nickel oxide (NiOy) thin films were prepared via sol-gel process on a transparent conductive oxide glass substrate. The
NiOx thin films were spin-coated in ambient air and subsequently annealed for 30 minutes at temperatures ranging from 150°C to 450°C.
The structural and optical characteristics of the NiOx thin films annealed at various temperatures were measured using X-ray diffraction,
field emission scanning electron microscopy, and ultraviolet-visible spectroscopy. After optimizing the NiOyx coating conditions,
perovskite solar cells were fabricated with p-i-n inverted structure, and its photovoltaic performance was evaluated. NiO thin films
annealed at 350°C exhibited the most favorable characteristics as a hole transport layer, resulting in the highest power conversion
efficiency of 17.88 % when fabricating inverted perovskite solar cells using this film.
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PCE : power conversion efficiency
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HTL : hole transport layer n-type AR} AZ(electron transport layer, ETL), p-type -
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Fig. 1 Schematic, energy band diagrams, and cross-sectional
SEM image of inverted perovskite solar cells
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Fig. 2 XRD patterns of NiOy thin film fabricated with different
annealing temperature
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Fig. 3 UV-Vis transmittance spectra and tau-plot of NiOy thin
films with different annealing temperature
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Fig. 4 Tau-plot of NiOx thin films on ITO glass annealed at
different temperature
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Fig. 5 XPS In 3d spectra of NiOy thin film on ITO glass annealed
at different temperature
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Fig. 6 J-V curve of inverted perovskite solar cells according to
the NiOy annealing temperature

Table 1 Photovoltaic device parameters with different annealing
temperature of NiOx HTL

Annealing Voc Jsc FF PCE
temperature (°C) (V) (mA/cm?) (%) (%)
150 0.118 0.17 0 0
250 0.891 14.73 484 6.36
350 0.981 22.63 80.5 17.88
450 0.962 21.65 69.2 14.40
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Fig. 7 EQE and integrated Jsc calculated by EQE curve of
inverted perovskite solar cells prepared by NiOy HTL
annealed at 350°C and 30 min
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