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. used to investigate the crystal structure, morphology, and grain boundaries
Descnptlon of perovskite films. Optical spectroscopy techniques, including UV-Vis
absorption spectroscopy, photoluminescence spectroscopy, and Fourier-

Hybrid organic-inorganic perovskite materials have emerged as promising  transform infrared spectroscopy, provide insights into the optical properties,
candidates for optoelectronic devices due to their exceptional optoelectronic such as absorption coefficient, bandgap, and exciton binding energy, of
properties, including high absorption coefficients, long carrier diffusion  pergyskite materials. Electrical characterization techniques, such as Hall Effect
lengths, and tunable bandgaps. In this mini review, we provide an overview  yeasurements, impedance spectroscopy, and current-voltage measurements,
of recent advances in the synthesis and characterization of hybrid perovskite are employed to study the electronic properties, such as carrier mobility,
materials for applications in solar cells, light-emitting diodes photodetectors, conductivity, and recombination dynamics, of perovskite films. Additionally,
and other optoelectronic devices. We discuss various synthetic approaches, surface and interface analysis techniques, such as X-ray photoelectron
including solution processing, vapour deposition, and templated growth, and spectroscopy and atomic force microscopy, are used to investigate surface
highlight key characterization techniques used to elucidate the structural,  chemistry, defect states, and interface engineering strategies in perovskite-
optical, and electronic properties of perovskite materials. Furthermore, we  paseq devices. Hybrid organic-inorganic perovskite materials have garnered
discuss challenges and future perspectives in the field, focusing on strategies  jgnificant attention in the field of optoelectronics due to their remarkable
to improve the stability, efficiency, and scalability of perovskite-based  properties and potential applications. The discussion surrounding these

optoelectronic devices [1]. materials encompasses synthesis strategies, characterization techniques,
Hybrid organic-inorganic perovskite materials have attracted considerable  device performance, challenges, and future directions [3].
attention in recent years for their exceptional optoelectronic properties, making Synthesis strategies for hybrid perovskite materials primarily revolve

them promising candidates for various optoelectronic applications, including around solution processing, vapor deposition, and templated growth methods.
solar cells, LEDs, photodetectors, and lasers. The unique crystal structure Each approach offers unique advantages and challenges. Solution processing,
of perovskites, ABX3, where A represents an organic cation B represents a  particularly the one-step and two-step methods, is widely used for its simplicity,
metal cation and X represents a halide anion allows for facile tunability of their low cost, and compatibility with large-area deposition techniques like spin-
optical and electronic properties. In this mini review, we summarize recent coating and inkjet printing. However, solution-processed films often suffer
progress in the synthesis and characterization of hybrid perovskite materials from non-uniformity, grain boundaries, and defects, which can adversely affect
for optoelectronic devices, focusing on key synthetic methods, structural device performance. Vapor deposition techniques, such as CVD and PVD,
properties, optical properties, electronic properties, device performance, and  enable precise control over film thickness and composition, yielding high-

future outlook [2]. quality films with improved optoelectronic properties. However, these methods
Various synthetic approaches have been developed for the fabrication of ~ tyPically require high vacuum conditions and sophisticated equipment,
hybrid perovskite materials, including solution processing, vapor deposition,  lmiting their scalability and applicability. Templated growth methods, such

and templated growth. Solution processing methods, such as the one-step or 38 seqyentigl deposition and additivg engﬁneering, offer opporFunities for
two-step solution method, involve the deposition of precursor solutions onto  controlling film morphology, crystal orientation, and defect density through
substrates followed by thermal annealing to form crystalline perovskite films. ~ the use of templates or additives. Despite their potential, templated growth
Vapor deposition techniques, such as chemical vapor deposition or physical methodg. require further optimization to achieve reproducible and scalable
vapor deposition offer precise control over film thickness and composition but  fabrication of perovskite films [4].
often require high vacuum conditions. Templated growth methods, such as Characterization techniques play a pivotal role in understanding the
sequential deposition or additive engineering, utilize templates or additives to  stryctural, optical, and electronic properties of hybrid perovskite materials.
control the crystal orientation, morphology, and defect density of perovskitt  xRD and electron microscopy techniques provide insights into the crystal
films. Each synthesis method offers unique advantages and challenges,  structure, grain morphology, and defect density of perovskite films. Optical
and the choice of method depends on the specific requirements of the  spectroscopy techniques, including UV-Vis absorption spectroscopy and
optoelectronic device. photoluminescence spectroscopy, offer valuable information about the optical
Characterization techniques play a crucial role in understanding the ~ Properties, such as absorption coefficient, bandgap, and emission spectra, of
structural, optical, and electronic properties of hybrid perovskite materials. perovskite materlals..EIectrlcaI characterization technlques', such as Hall Effef;t
X-ray diffraction and electron microscopy techniques, such as scanning measurements and impedance spectroscopy, help elucidate the electronic

electron microscopy and transmission electron microscopy are commonly properties, including carrier mobility, conductivity, and charge recombination
dynamics, of perovskite films. Surface and interface analysis techniques, such

as XPS and AFM, are essential for studying surface chemistry, defect states,
and interface engineering strategies in perovskite-based devices.
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have shown high responsivity, detectivity, and fast response times, enabling
applications in imaging, sensing, and communication systems. However,
challenges such as device stability, hysteresis, and lead toxicity need to be
addressed to facilitate the commercialization of perovskite-based optoelectronic
devices. Despite the significant progress in the synthesis, characterization,
and performance of hybrid perovskite materials, several challenges remain to
be addressed [5]. One of the primary challenges is the stability of perovskite-
based devices, particularly in harsh environmental conditions such as humidity,
temperature, and light exposure. Strategies for improving device stability
involve encapsulation techniques, interface engineering, and development of
stable perovskite formulations. Another challenge is the toxicity of lead-based
perovskites, which raises environmental and health concerns. Research efforts
are focused on developing lead-free alternatives and recycling strategies to
mitigate environmental impact. Additionally, scalability and manufacturing
challenges hinder the commercialization of perovskite-based devices,
necessitating the development of cost-effective and scalable fabrication
processes compatible with large-scale production.
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