K 2 THIRI HTUN

gELEZ & +

BEURFORH LT #

FuR5ES  HHE 7280 =2

2RBEOBA{T 20254 3H 25H

FAIREOEH A ARANER PEERIPR TR

(S5 4 285 1 )

Bandgap tuning of halide perovskite materials using crystal structure changes associated with B-
N a site metal cation substitution
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Chapter 1 presents the history and diverse applications of halide perovskite materials. This dissertation focuses on the
various crystal structures of perovskite materials and expresses the effective doping mechanisms, including A-site, B-
site, and X-site doping, which enable bandgap engineering, enhance stability, and improve optoelectronic and
semiconductor properties, advancing microelectronics and optoelectronics. Additionally, it investigates the effects of
Fe, Ru, and Cu doping on perovskite materials, exploring how these doping strategies influence their structural and
optical characteristics. Chapter 2 discusses Cs3BixBry perovskite as a non-toxic alternative to lead-based perovskites
for optoelectronics. The substitution of Bi with Fe led to a remarkable reduction in bandgap energy, shifting from 2.54
eV in pristine Cs3BiBrg to 1.78 eV with 70% Fe doping. Notably, introducing 50% Fe resulted in the formation of an
orthorhombic Csy(Bi,Fe)Brs structure, while complete Fe substitution at 100% yielded a CsFeBr4 phase. These findings
demonstrate the potential of Fe doping to tailor bandgap and crystal structure, driving advancements in sustainable, lead-
free perovskites for future optoelectronic applications. Chapter 3 describes the lead-free CssFe,Cly perovskite,
addressing toxicity and instability issues in optoelectronics, and investigates the effects of ruthenium (Ru) doping.
Structural analysis revealed a distinct phase transition from Cs3Fe>Cly at 0% Ru doping to Cs:RuClgat 100% Ru doping.
The successful incorporation of Ru into Cs3Fe,Cly, attributed to the similarity in ionic radii between Fe and Ru, resulted
in a bandgap reduction from 2.29 eV in undoped Cs3Fe;Cly to 1.79 eV in fully doped material, leading to the formation
of black single crystals. Chapter 4 presents B-site doping of Cs3Fe>Cly perovskite materials through Cu alloying at
various compositions. They also highlight the structural changes induced by Cu alloying in the base materials. The
findings confirm the successful doping of Cu, leading to the formation of the CsCuCl; perovskite structure at 100% Cu
doping. The direct bandgap decreases from 2.41 eV (undoped) to 2.36 eV (100% Cu), while the indirect bandgap
narrows from 2.24 eV (undoped) to 2.18 eV (100% Cu). Notably, unexpected increases in bandgap are observed at
intermediate doping levels. These findings emphasize the need for further optimization to achieve consistent and
predictable bandgap tuning. Finally, Chapter 5 presents the conclusions and future outlooks, offering a versatile

platform for tailoring material properties to meet the demands of specific optoelectronic applications.
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