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Abstract of Thesis

Organometallic halide perovskite solar cells (PSCs) have recently attracted a lot of attentions because of their ease of
fabrication and superior photovoltaic performances. In typical PSCs, bilayer with compact and porous titanium oxide (TiO,) is
used between the perovskite material and transparent conductive oxide layers. Although the porous TiO, (pTiO,) layer plays
important roles as an electron transport material as well as a scaffold for efficient deposition of the perovskite, to the best of our
knowledge, there are few studies that systematically investigated the effect of physicochemical properties of pTiO, on the solar
cell performance. In the present study, effects of the porosity and physisorbed water in the pTiO, layer on the photovoltaic
performance of CH;NH;PbI; solar cells were thoroughly investigated.

First, with the aim of investigating the porosity and the amount of adsorbed water in the pTiO, layer, performances of
solar cells prepared at various heat-treatment temperatures (7,ros) during the fabrication of pTiO, were compared. The solar cell
prepared at T;ro = 550 °C exhibited the highest power conversion efficiency (PCEs) of 8.8 %. Detailed analyses using X-ray
diffraction revealed that formation of CH;NH;3Pbl; perovskite was inhibited by the physisorbed water in pTiO, prepared at T,ro <
550 °C. On the other hand, when pTiO, was prepared at Tj;ro > 550 °C, significant reduction of porosity of pTiO, occurred, as
confirmed by N, sorption analyses. These results indicate that the optimum T}, should be determined by its porous nature and
sufficient removal of the surface-adsorbed water molecules.

Next, effects of the surface modification by the TiCl, post-treatment on physicochemical properties of pTiO, fabricated
at low T,ro (300 °C and 400 °C) were examined. It was found that the treatment led to reduction of the amount of the
surface-adsorbed water molecules and the improvement of the electron transport property, which are beneficial for increasing the
PCEs. The surface modification by the TiCl, post-treatment was also applied to the solar cells prepared at T,ro = 550 °C; the cell
performance was revealed to reach the maximum value of 14.9 % at the optimum concentration of TiCl (50 mM).

The overall study revealed that surface treatments of pTiO, for removing the surface-adsorbed water and tuning the

porosity are effective for obtaining CH;NH;Pbl; perovskite solar cells with high efficiency.
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