ABSTRACT

This thesis explores a subset of hybrid perovskite that incorporate formamidinium lead
triiodide (FAPDI3) photoactive material for solar cell applications. These perovskites, with a
bandgap of 1.52 eV, have shown impressive power conversion efficiencies in solar cells due
to their exceptional optoelectronic properties. However, FAPDbI3 perovskite exhibits stability
challenges. At room temperature, it undergoes a phase change, transitioning from a photoactive
black phase (a-phase) to an inactive yellow phase (6-phase). This phase shift could hinder the
long-term performance of the solar cells. To address this, the study presents the synthesis of
phase-stable o-FAPDbI3z perovskite thin films and solar cells. By incorporating a low
concentration of cesium chloride (CsCl), the thin-films obtained exhibits improved phase
stability, uniform morphology, and reduced non-radiative recombination. The devices
exhibited a power conversion efficiency of ~20% (for an area of 25 mm?) over 1000 hours, and
were briefly discussed in chapter 3. In Chapter 4, we explore how small variations in the
chemical composition affect the properties and performance of the perovskite. We find that
even a slight excess of methylammonium iodide (MAI) salt can improve phase homogeneity
and result in a power conversion efficiency of 19.19% with a larger active area (100 mm?).
Notably, the presence of the Pbl. phase leads to instability over time, even under inert storage
conditions. Additionally, devices degraded rapidly under “dark-85°C-inert conditions (ISOS-
D2 protocol)”, when fabricated with n-i-p configuration. To make these findings practical for
large-scale applications, we optimize the choice of solvents used in the manufacturing process,
as discussed in Chapter 5. Our efforts lead to an impressive power conversion efficiency of
18.66% for a 25 mm? area using 2-methoxyethanol (2-ME) solvent system and antisolvent free
processing. Chapter 6 delves deeper into the improved stability of 2-ME-processed thin films
under thermal stress compared to standard DMF:DMSO films. Additionally, optoelectronic
measurements indicate no degradation in 2-ME-processed films under ISOS protocol
conditions. Lastly, we identify issues at the interface between the perovskite and C60 (ETL)
interface, which limits the overall device performance, through half-stack PLQE
measurements. In summary, this thesis strives to produce uniform and stable FAPbI3 perovskite
thin films and photovoltaic devices, exploring non-stoichiometry's impact, optimizing a
scalable solvent system, and assess their stability under challenging conditions following
industry-standard protocols (ISOS-D2 and ISOS-L3 protocols).
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