
 

PREFACE 

Renewable energy sources, such as solar and wind power, must supplant traditional energy 

supplies, such as coal and petroleum, in order to preserve our planet. Among renewable energy 

sources, solar power is likely the most common. Therefore, solar energy has the potential to 

greatly benefit both the climate and the economies of rich and developing nations in the future 

when paired with a clean and sustainable energy source. Solar cells that generate electricity 

through photovoltaic (PV) technology appear to be a promising method of converting sunlight 

into electricity. 

Solar cell materials have been the subject of extensive research over the last few decades. 

Since the inception of the first solar cell concept (PN junction) using crystalline Silicon solar 

cells, which achieved efficiency at US Bell Laboratories in 1954, it gained significant interest. 

The efficiency of amorphous silicon-based solar cells with multiple-junction manufacturing 

cells has ranged from 4 . Polycrystalline/monocrystalline Si solar cells have attained a 

photovoltaic conversion efficiency of above twenty percent. Which is now commercially 

accessible. Due to their high efficiency, the PV market is now dominated by Si-based solar 

cells. As a result, the materials that are currently known for their practical applications in solar 

cell technology are still based on silicon technologies. There is a significant demand for 

alternative solar cell materials that are highly efficient in enhancing the efficiency of silicon 

technology. However, the downsides of Si-based solar cells include rigorous preparation 

conditions and high costs. Additionally, technologies such as CIGS and CdTe thin film solar 

cells have exhibited exceptional power conversion efficiency (η); however, their commercial 

applications are impeded by environmental contamination, high production costs, and other 
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complications. An essential criterion for selecting a material for solar cell application is its 

durability, which should be approximately 25 to 30 years. A more cost-effective method of 

producing tunable perovskite semiconductors is available, in contrast to the expensive 

procedure required to produce silicon.  Perovskite exhibits numerous advantages compared to 

prevailing silicon panels. Nevertheless, Perovskites have attracted researchers because of their 

resilient optoelectronic properties and exceptional photovoltaic capabilities. ABX3 is the 

general formula for organic-inorganic halide perovskite. Here, A = Cs+, Cu+, MA = CH3NH2
+, 

FA = HC (NH2)2
+, B = Pb2+, Sn2+, Ge2+, and X = Cl, Br, or I. The first application of perovskite 

absorbers was documented in 2009. At that time, the efficiency rating of these cells was less 

than 4%, which was not particularly impressive. Furthermore, their durability was severely 

limited, making them unsuitable for practical applications. Because of these shortcomings, 

early perovskite solar cells failed to capture the attention or interest of researchers and scientists 

looking for more promising and efficient alternatives in photovoltaic technology. The scientific 

community consequently paid little attention to these early efforts using perovskite absorbers. 

Perovskite materials have drawn much attention because of their low cost and high potential 

in solar cell applications. Perovskite solar cells initially exhibited only modest power 

conversion efficiency (η). Nevertheless, scientists have made substantial progress in enhancing 

their performance through extensive research and technological advancements. Currently, the 

power conversion efficiency (η) of perovskite solar cells has surpassed 26%. Nevertheless, 

organic-inorganic halide perovskites are experiencing thermal instability as a result of the 

volatilization of organic cations that are present in the perovskite compositions. Perovskite 

lead halides have demonstrated their utility as outstanding optoelectronic devices, with band 

gaps between 1.3 and 2.3. This is attributed to their high absorption coefficient and the 
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elimination of the liquid hole transport layer, particularly in the context of dye-sensitized solar 

cell materials. Applications in optoelectronics and photovoltaics have shown significant 

interest in the cesium lead halides, denoted by the formula CsPbX3(where X = I and Br). The 

direct bandgap nature of caesium lead halide compounds, along with their substantial light-

absorbing capability in both the ultraviolet and visible spectrums, demonstrates their 

usefulness for solar cell applications. Additionally, these materials are utilized in applications, 

including light-emitting diodes (LED), photodetectors, and energy storage solutions. But, the 

major disadvantage of these materials is that they are too prone to moisture and degrade very 

fast. Hence, although these compounds possess notable optoelectronic characteristics, ensuring 

their stability is a crucial matter that must be addressed. Aside from compositional variation, 

several approaches are used to synthesize these materials in the air to address stability 

difficulties, such as solvothermal synthesis, quantum dots, one-step microwave-assisted, low-

temperature synthesis, and solution phase synthesis. Therefore, it is imperative to comprehend 

the reasons for these materials' instability and their difficulty synthesizing them in ambient 

conditions. If it is intrinsic instability, it would not have been synthesized through the 

conventional solid-state route (SSR). But, in this thesis work, perovskite halides are nucleated 

at room temperature just by mixing the precursors, and that too in ambient conditions; thus, 

there is no need for calcination. The grain growth occurs after sintering the pellet in the vacuum 

at 80 for one hour (the synthesis details are provided in the experimental section). Therefore, 

this effortless cold sintering method was considered worthwhile for synthesizing the samples. 

The main purpose of this thesis is to examine the current-voltage hysteresis issue in 

perovskite halides. Inorganic halide-based perovskite (CuPbI3, CuSnI3, and CsSnI3) was 

chosen as the active material for this purpose. The I-V hysteresis of the samples has been 
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examined by altering the grain size by varying the sintering temperature and polarisation using 

DC poling. 

The thesis has been divided into six chapters, each of which is described below: 

Chapter 1: This chapter provides an overview of solar cells, including comprehensive 

reviews of existing literature. It analyzes the factors that drive work motivation, the historical 

context, and the basic principles of solar cells. It also highlights the necessary characteristics 

of active materials for perovskite solar cells. Furthermore, literature studies have identified 

significant perovskite halides (active materials) challenges. The chapter describes the current-

voltage hysteresis problem in perovskite solar cells. This chapter also addresses the primary 

goals of the current study. 

Chapter 2: This chapter explains the various experimental methods used in the current 

study. It describes the experimental equipment, analysis procedures, and synthesis routes used 

to produce the samples. The suggested system was synthesized using cold sintering procedures 

via a solid-state reaction process. It also provides a comprehensive overview of critical 

analytical techniques, including Rietveld refinement analysis. Additionally, it gives a detailed 

description of a variety of instruments, including XRD, SEM, TGA, DSC, UV-visible, 

AFM/PFM, DC Poling Unit, Electrometer for Pyro-current Measurement, Raman, impedance 

spectroscopy, and I-V measurement.  

Chapter 3: this chapter aims to investigate the change in polarisation behaviour at the 

surface/interface of CuPbI3 before and after light exposure. By altering the polarisation 

mechanism by varying the sintering temperature, compound CuPbI3 was synthesized through 

the cold sintering technique. We also predicted the structure of CuPbI3. Further, the chapter 
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will explore the effects of light exposure on CuPbI3 hysteresis area and shape, impedance 

analysis, and conduction/hopping mechanisms. 

Chapter 4: Due to environmental concerns and lead toxicity, there has been significant 

interest in developing lead-free alternatives such as Lead-free perovskite halides tin-based (Sn) 

perovskites. This chapter investigates the photo hysteresis behavior and the impact of phase 

transitions on the hysteresis of the lesser-known lead-free compound CuSnI3. Lead-free halides 

perovskite CuSnI3 was synthesized using the cold sintering method. Further, to investigate the 

impact of potential phase transitions on current-voltage hysteresis, we examined the 

temperature-dependent behavior of the current-voltage curve in both dark and light conditions, 

specifically in the presence of probable anomalies or phase transitions, such as AM 1.5 G. To 

observe the inherent characteristics of these irregularities, we subjected the sample to an 

electric field of 0.5 kV for a duration of 30 minutes. We then compared the current voltage 

behavior of the sample with its original state at a temperature of 300 K under normal 

environmental conditions.  

Chapter 5: This chapter describes the isomorphic phase transition in the green polymorph 

of CsSnI3 (G-CsSnI3), which is cubic (Pa) at 295 K and persists in phase transitions at higher 

temperatures. We used PFM, temperature-dependent dielectric measurements, impedance 

spectroscopy, and Raman spectroscopy. To investigate the impact of the phase transition on 

current-voltage hysteresis, we examined the temperature-dependent behavior of the current-

voltage curve under dark and light conditions (AM 1.5 G) around the phase transition. The 

poling impacts both domain size and grain number. Light and poling both appear to affect the 

relaxation time, which changes over transitions. 
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Chapter 6: This chapter concludes the findings of this research outcome and lists a few 

possibilities for future investigations. 

 


