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Abstract 
Abstract: Organic–inorganic metal halide perovskite materials are the new class of hybrid semiconductors with the general formula ABX3, where ‘A’ and ‘B’ are organic and inorganic cations and ‘X’ (Cl, Br and I) is the halide anion, respectively. The exceptional physical properties of hybrid perovskite materials like a tuneable band, high absorption coefficient, and long-range charge transport with high mobilities have brought about a surge of interest in the optoelectronic device community to seek hybrid perovskite materials as potential candidates for solar cell fabrication.  A typical hybrid perovskite solar cell (PSC) device consists of a total of the following six layers: (i) FTO (fluorine-doped tin oxide) as transparent electrode, (ii) c-TiO2 as electron transport material (ETM), which can additionally block the hole from reaching FTO, (iii) mesoporous TiO2 (mp-TiO2) to infiltrate light harvester and to extract electrons from it, (iv) hybrid perovskite material as light harvester, (v) hole transport material (HTM) to extract holes from perovskite and (vi) metal Au as back electrode. The currently used HTM, Spiro-OMe-TAD slowly degrades the perovskite and also the material’s cost is significant. The alternative organic HTM is PEDOT:PSS which also has the stability challenges in ambient conditions. Therefore, there is a need to find a stable HTM. In terms of improved stability at low cost use of inorganic materials as HTM is a good choice. 

In this current work, nanoparticles of inorganic oxide material, NiO is synthesized and characterized. The structural and microstructural characterization are carried out by XRD and SEM, TEM to confirm the phase purity and morphology, respectively.  Low temperature annealed Ni1-xO appears black in colour and absorbs a fraction of light in the visible region. With high temperature annealing optically transparent near stoichiometric NiO nanoparticles are obtained with a direct band gap of 3.81 eV. For the transparent near stoichiometric NiO nanoparticles a complete energy band diagram is determined and realized a suitable valence band edge to fabricated hybrid perovskite solar cells. By employing as prepared optically transparent NiO as HTM working semi-transparent perovskite solar cells are fabricated with a demonstrated photoconversion efficiency of 3.46%
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