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ABSTRACT 

Perovskite solar cells based on lead (Pb) halide has demonstrated the rapid 

increased in efficiency and advanced in photovoltaic technology in the last decade, but 

the toxicity issue impede the large-scale industrial production. Bismuth oxyiodide 

(BiOI) has been recognized as suitable candidate of less-toxic material to replace Pb 

in conventional Pb-halide perovskite solar cells (PSCs), without adversely impacting 

performance in perovskite solar cells. Thin films of BiOI were synthesized and 

deposited using Successive Ionic Layer Adsorption and Reaction (SILAR) on the glass 

substrates, the BiOI films were characterized with all these characterizations prior to 

find the optimum annealing temperature and used it for fabrication of solar cells device 

and accessed its perfomance. The samples were annealed at various annealing 

temperature for optimization of the performance which influenced on crystallization, 

morphology and leads to improving the electrical properties of BiOI films from 250 

°C, 350 °C, 450 °C and 550 °C, for 20 minutes. The physical observation, 

microstructure, thickness, optical, structural, and electrical properties of BiOI thin 

films were characterized. From the physical observation, the colour of the films 

changed from the orange-yellow to yellowish with increasing annealing temperature. 

The microstructure study demonstrated the BiOI thin films have flakes morphology 

structure. The average thicknesses of BiOI films were in ranged of 3.479 - 8.082 µm 

with the optical band gap, Eg in range 1.59 to 2.10 eV. From XRD characterization, 

sample annealed below 350 °C demonstrated single crystalline structure, but with 

further higher annealing, BiOI film changed to polycrystalline with mixed phases of 

BiOI. The crystallite size was calculated in range from 27.74 to 29.31 nm. Finally the 
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BiOI thin films were measured its conversion efficiency using I-V measurement. The 

sample annealed with 350 °C shows the highest efficiency with 1.67 %. By referring 

to all the results in this study, we conclude that the optimum annealing temperature for 

BiOI thin film is 350 °C with 1.67%.   This study provided the clue on BiOI thin film 

properties for active layer in low-toxicity perovskite solar cells. 

Keywords: 

Bismuth Oxyiodide, SILAR, Thin Film, Lead-free Perovskite Solar Cell, Annealing 

Temperature. 
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ABSTRAK 

Sel suria perovskit berdasarkan plumbum halida diperlihatkan sebagai satu sel  

suria yang mempunyai kecekapan yang tinggi dalam teknologi fotovolta dan 

perkembangan yang singkat sedekad ini. Namun, sel suria perovskit dengan isu toksik 

plumbum yang tinggi menghalang pengeluaran perindustrian yang berskala besar. 

Bismuth oxyiodide (BiOI) adalah bahan yang tidak mempunyai plumbum dan kurang 

bertoksik jika dibandingkan dengan plumbum, telah dikenali sebagai pengganti yang 

amat selaras untuk mengantikan sel suria perovskit yang berdasarkan plumbum tanpa 

memberi impak dalam prestasi kecekapan penukaran. Filem nipis BiOI telah disintesis 

menggunakan teknik penjarapan dan tindak balas lapisan ionik berturutan (SILAR) 

diatas substrat kaca. Kesemua sampel disepuhlindapan pada beberapa suhu iaitu 250 

°C, 350 °C, 450 °C, dan 550 °C selama 20 minit. Kesemua filem BiOI di analisa, 

seperti pemerhatian fizikal, mikrostruktur, ketebalan, optik, struktur dan sifat elektrik. 

Daripada pemerhatian fizikal, warna filem nipis berubah daripada jingga kepada 

kuning dan menjadi lebih kekuningan dengan pertambahan suhu sepuhlindapan. 

Untuk analisa mikrostruktur pula, imej pancaran medan mikroskop elektron 

pengimbas (FESEM), menunjukan filem BiOI mempunyai morfologi berbentuk 

struktur serpihan seperti struktur kepingan bunga yang bersaiz dalam lingkungan 1 

μm. Ketebalan filem nipis pula, adalah diantara 3.479 µm sehingga 8.082 µm 

manakala untuk optik pula, jurang jalur adalah diantara 1.59 ke 2.10 eV.  Daripada 

analisa XRD, sampel yang disepuhlindapan dengan pada suhu 350 °C mempunyai 

struktur hablur yang tunggal manakala, untuk suhu lebih daripada 450 °C, mempunyai 
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struktur bahan yang polihablur. Saiz hablur adalah diantara 27.747 hingga 29.314 nm. 

Seterusnya, kecekapan penukaran untuk kesemua filem nipis BiOI dianalisa 

menggunakan pengukuran arus voltan. Sampel filem nipis BiOI yang disepuhlindapan 

pada 350 °C menunjukan kecekapan penukaran yang tertinggi dengan 1.67 % 

berbanding dengan sampel-sampel yang lain. Kesimpulannya, dengan merujuk 

daripada kesemua bahagian hasil dalam kajian ini, BiOI 350 °C adalah suhu 

sepuhlindapan yang paling sesuai untuk digunakan dalam fabrikasi sel suria perovskit 

dan suhu sepuhlindapan yang melebihi 450 °C tidak sesuai dalam kajian ini. Kajian 

ini juga memberi petunjuk dan maklumat tentang sifat filem nipis BiOI yang telah 

disepuhlindapan dengan suhu yang sesuai sebagai lapisan aktif untuk fabrikasi sel 

suria perovskit.  

Kata kunci:  

Bismuth Oxyiodide, SILAR, Filem Nipis, Sel Suria perovskit tanpa plumbum, Suhu 

sepuhlindapan. 
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CHAPTER 1 

INTRODUCTION 

1.1        Background study 

1.1.1  Three types of energy sources in the world 

The world that we live in today, fast growing-technology is a good trend for better 

future for the human kind. Over the years, technology grows day after day and a lot of new 

devices and electrical appliance coming into the market with are increasing the energy 

consumption. The primary source of energy currently available can be classified to fossil fuels 

and renewable energy. 

. 

The conventional energy sources used widely around the world are based on fossil fuels 

such as petroleum, coal and natural gas (Economides et al., 2009). It is reported that the annual 

consumption of these sources is about 39 % from petroleum, 22 % from natural gas and 30 % 

from coal (Burnham et al., 2012). Fossil fuels are derived from the decomposition of plants 
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and animals. These fuels are found in the Earth's crust and contain carbon and hydrogen, both 

of which can be burned to generate energy. Fossil fuel power plants generate heat by burning 

coal or oil, which is then used to generate steam, which drives turbines, which generate 

electricity. However, it is estimated that these sources will run out within 90 years and all the 

fossil fuels sources of petroleum, coal and natural gas will become ceased. On top of this, the 

issue on global warming pollution needs to be taken seriously when we burn petroleum oil, 

coal, and gas. In meeting our energy needs, and we have driven the current global warming 

crisis as well (Hansen et al., 2005). Fossil fuels produce large quantities of carbon dioxide 

(CO2) when burned these carbon emissions trap heat in the atmosphere and lead to climate 

change for our world. Furthermore, burning fossil fuels releases harmful greenhouse gases into 

the atmosphere, primarily carbon monoxide (CO). 

Thus, it is important to find alternative renewable energy that can provide reliable 

power supplies in the future and help to slow down the climate change. Renewable energy is 

the kind of energy that are renewable and naturally replenished on human timescale. It is a 

natural form of energy that is much cleaner and sustainable. A brief discussion on this area 

follows in section 1.1.2. 

1.1.2  Renewable energy 

 Many researchers aim in using green technology and renewable energy sources to 

replace all the conventional energy sources that hold more disadvantages. By replacing 

renewable energy sources for traditional energy sources, renewable energy technologies offer 

a great chance to reduce greenhouse gas emissions effect and global warming. Renewable 


