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ABSTRACT 

Both efficient and more economical semiconductor thin film materials are of current interest 

which is growing day by the day, especially with the advancement of nanotechnology and 

polymer science. Despite the fact that silicon solar cells now dominate the PV market, thin 

film-based technologies have nearly equaled their performance and yet have space for 

improvement. The low availability of several components in current commercially 

accessible PV technologies, as well as the recent high cost of silicon modules, has drawn the 

scientific community's attention to cost-effective materials. Due to their exceptional 

structural, optical and electrical properties, layered transition chalcogenide materials such as 

Molybdenum diselenide (MoSe2) have attracted a lot of attention recently. 

Electrodeposition, as a well-established chemical method with intrinsic large-scale 

manufacturing capabilities, be used to build low-cost solar cells with direct band gaps and 

the ability to control the band gap through in-situ doping for the creation of possible 

hereojunctions. Electrochemical techniques were used to investigate the electrodeposition of 

Molybdenum diselenide (MoSe2) thin films on an Indium Tin Oxide (ITO) coated glass 

substrate. The cyclic voltammetry method was used to determine the optimal potential for 

MoSe2 thin deposition, and the thickness was investigated using the weight gain method. X-

ray diffraction (XRD) will confirm the structural characterization and crystallographic 

nature of these films, while scanning electron microscopy (SEM) will reveal information 

about their grain or molecular structures by analysing their surface morphology. A UV-Vis-

NIR Spectrophotometer was used to investigate the thin films' optical characteristics. Optical 

absorption can be investigated to determine the band gap nature of these kind of materials. 

Their stoichiometric relationships will be determined by compositional analysis using 

Energy dispersive X-ray analysis (EDX). The semiconductor properties of these materials, 

such as doping density, band bending, and valence band edge, are determined using the Mott-

Schottky plot. These characteristics are the deciding factors for photoelectrochemical solar 

cells, and they are used to determine the conversion efficiency of these materials. 
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ABSTRAK 

Kedua-dua bahan filem nipis semikonduktor yang cekap dan lebih ekonomik adalah minat 

semasa yang berkembang dari hari ke hari, terutamanya dengan kemajuan teknologi nano 

dan sains polimer. Walaupun sel suria silikon kini menguasai pasaran PV, teknologi 

berasaskan filem nipis telah hampir menyamai prestasi mereka dan masih mempunyai ruang 

untuk penambahbaikan. Ketersediaan rendah beberapa komponen dalam teknologi PV 

semasa yang boleh diakses secara komersil, serta kos modul silikon yang tinggi baru-baru 

ini, telah menarik perhatian komuniti saintifik kepada bahan yang kos efektif. Disebabkan 

oleh sifat struktur, optik dan elektriknya yang luar biasa, bahan chalcogenide peralihan 

berlapis seperti Molibdenum diselenide (MoSe2) telah menarik banyak perhatian baru-baru 

ini. Electrodeposition, sebagai kaedah kimia yang mantap dengan keupayaan pengilangan 

berskala besar intrinsik, digunakan untuk membina sel suria kos rendah dengan jurang jalur 

langsung dan keupayaan untuk mengawal jurang jalur melalui doping in-situ untuk 

penciptaan kemungkinan sambungan sini. Teknik elektrokimia digunakan untuk menyiasat 

elektrodeposisi filem nipis Molibdenum diselenide (MoSe2) pada substrat kaca bersalut 

Indium Tin Oxide (ITO). Kaedah voltammetri kitaran digunakan untuk menentukan potensi 

optimum bagi pemendapan nipis MoSe2, dan ketebalan disiasat menggunakan kaedah 

penambahan berat. Pembelauan sinar-X (XRD) akan mengesahkan pencirian struktur dan 

sifat kristalografi filem ini, manakala mikroskop elektron pengimbasan (SEM) akan 

mendedahkan maklumat tentang struktur bijian atau molekulnya dengan menganalisis 

morfologi permukaannya. Spektrofotometer UV-Vis-NIR digunakan untuk menyiasat ciri 

optik filem nipis. Penyerapan optik boleh disiasat untuk menentukan sifat jurang jalur bahan 

jenis ini. Hubungan stoikiometrinya akan ditentukan oleh analisis komposisi menggunakan 

analisis sinar-X penyebaran tenaga (EDX). Sifat semikonduktor bahan ini, seperti 

ketumpatan doping, lenturan jalur, dan tepi jalur valens, ditentukan menggunakan plot 

Mott-Schottky. Ciri-ciri ini adalah faktor penentu untuk sel suria fotoelektrokimia, dan ia 

digunakan untuk menentukan kecekapan penukaran bahan-bahan ini. 
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INTRODUCTION 

1.1 Background 

In recent years, semiconducting thin film solar cells have gained lots of interest as a 

second-generation renewable clean energy source to replace traditional energy sources such 

as coal and petroleum. Recently, the bulk of solar cells have been made of silicon, either 

monocrystalline or large-grained polycrystalline. Silicon, an elemental semiconductor, as it 

has possesses a very well combination of electrical, chemical and physical properties, as well 

as good stability, making it the best material for microelectronics, specifically devices based 

on solar energy. Futhermore, silicon's commercial value in the photoelectrochemical sector 

has increased as a result of its application in electronics. However, due to the scarcity and 

high cost of silicon, cost reduction becomes a critical problem that may be addressed by 

concentrating on new silicon alternative materials and improving the manufacturing process. 

Semiconducting materials are cheap and plentiful on Earth. The use of these materials in 

solar cells for this purpose is still more cheaper than photovoltaic technology based on silicon 

(Rahaman, M.Z. & Akther Hossain, A.K.M, 2018). Thus, finding innovative materials with 

optimal properties for electrochemical energy conversion is the main focus for 

electrochemical photovoltaic technology. 

Among the many other transition metal chalcogenides (TMCs), metal 

dichalcogenides MX2 (X=S, Se, and Te), are semiconductors that can be used as an efficient 

photovoltaic material. Since they have good electrical and optical properties, metal 

chalcogenides have gained increased popularity as a suitable solar absorber material. Hence, 
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an exploration of minimum cost and earth-abundant absorber materials of metal 

dichalcogenides MX2 (X=S, Se, and Te) for high-efficiency solar cells is very important and 

popular (Anand et al., 2013). It provides band gap of 1-3ev that match with solar spectrum 

as well as a larger optical absorption band gap and semiconducting properties. Therefore, in 

this research, Molybdenum deselenide (MoSe2) that is a new ternary transition metal 

dichalcogenide was study. 

A two-dimensional pattern of periodicity named "thin film" exists in every solid or 

liquid system. Thin films' characteristics generally differ greatly from bulk materials because 

of surface and interface effects, which can influence behavioural pattern. Several research 

studies have been conducted to discover thin film material for use in solar cells. The best 

semiconducting materials for direct conversion of light to electrical energy applications are 

bulk or thin film materials with a low band gap of 1-2 eV. In terms of thickness, films are 

divided into two categories: thick film and thin film. Thin films are thin layers of deposited 

material on a substance with thicknesses ranging from tenths of a nanometer (nm) to 

1 micrometre (μm) with bulk characteristics that differ. Aluminium thin film, for example, 

has 5 times the strength of iron in bulk because to its layer-by-layer crystallography. When 

compared to thin film, thick film is typically used for weld bases and has a thickness of 1-

5μm, whereas foil has a thickness of more than 5μm and does not require any support such 

as a substrate or base material.  

Electrodeposition, a well-known chemical technique, can be used to create thin films. 

The electrodeposition method for preparing thin film of transition metal chalcogenide is 

gaining popularity since it is very cheap, simple, and practical for wide range of applications. 

Electrodeposition is a thin film and/or powder preparation process that uses an external 

current source to perform reduction or oxidation reactions. Electrodeposition method is 
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chosen for this research which is chemical vapour deposition (CVD) methods to deposit the 

thin film. At room temperature, the CVD process could produce high quality and good 

adhesive coatings on metal or nonmetal substrates such as metal substrates or Indium Tin 

Oxide (ITO) glass substrates. Thin films are typically deposited using the CVD technique, 

which is influenced by the economic, simplicity, and wide scale of the deposition rate, as 

well as the environmentally friendly process (Murai et al., 2016). For use in photovoltaic 

cells, the electrodeposition process allows for simple changes in optical properties (band 

gap) and structure (lattice constant) by modulating bath parameters such as applied potential, 

bath temperature and pH. As a result, the electrodeposition process deserves a place in the 

future for large-scale commercialization of numerous new photovaltaic applications and 

devices that are less expensive than their silicon counterparts. 

Futhermore, solar panels are an optoelectronic device that is used and is becoming 

increasingly important in today's industry as a source of energy in everyday life 

consumption. Solar panels are photovoltaic solar powered boards that use daylight as a 

source of energy to generate electricity. A photovoltaic (PV) module is a bundled, linked 

grouping of photovoltaic solar cells that are typically 6 × 10 in size. Photovoltaic modules 

are the photovoltaic exhibit of a photovoltaic framework that generates and stores solar-

powered energy in residential and business applications. Solar powered water heating 

systems are the most well-known application of solar-based energy gathering outside of 

horticulture. Since 2012, the cost of solar-based electrical power has continued to decrease, 

and in many countries, it has been less expensive than normal petroleum derived power from 

the power network. 

This present research focuses on the optical and semiconductor properties on 

Molybdenum diselenide (MoSe2) thin film and the use of chalcogenide to increase the 
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conversion efficiency in solar cells as well as reduce the cost to produce new thin film for 

solar panel. 

1.2 Problem Statement 

As discussed in earlier section, the objectives of this study is to find alternative 

substances for solar energy conversion. With the performance limiting factors of these 

photoabsorbers, increased the concern together with suggestions from this study for further 

improvement. Solar energy is a renewable energy source which provides the world's most 

abundant, safe, and environmentally friendly energy. Aside from that, thin film solar cells 

have recently become the most interesting topic in solar cell research and development as an 

energy conversion technology. Solar cells can absorb photons from the light spectrum and 

convert them to electrical energy. Solar energy, on the other hand, has been prevented from 

becoming a more widely used energy source due to the problems such as its high cost and 

inconsistent availability. 

Due to its high stability and well-balanced combination of electron, physical, and 

chemical properties, silicon is a well-known material for solar cells (Hao et al., 2015). 

Despite the fact that silicon is a widely used material, it is still a costly material in pure 

silicon wafers, which might need complex alignment and design throughout the production 

process. In order to compete with other photovoltaic (PV) technologies, silicon material 

conversion efficiency is only 12-14 %, however small area (1cm2) of silicon based thin films 

for solar panels have conversion efficiency up to 20% (Isabella et al, 2014). However, other 

materials with cheap cost, simplicity of production, great visible light absorption, and 

acceptable semiconducting parameters are being developed to replace silicon as a solar cell 

material. 



5 

Transition metal dichalcogenides (TMDs) thin films, such as Tungsten diselenide 

(WSe2) and Molybdenum disulfide (MoS2), have recently been found as a material for use 

in solar cells. TMDs thin films have strong optical and semiconducting characteristics, 

making them suitable for use as a photovoltaic (PV) material. TMDs thin films can be 

produced using a low-cost, relatively simple electro-deposition process, which is chemical 

vapour deposition techniques (CVD). 

In this study, Molybdenum diselenide (MoSe2) thin film, a transition metal 

dichalcogenides (TMDs) material, would be produced using a simple and low-cost 

electrodeposition process to replace existing silicon thin film for solar cell applications. 

1.3 Research Objective 

In this project, the objectives that are achieved in the research are as follows: 

a) To synthesis stoichiometric Molybdenum diselenide (MoSe2) thin films by 

using electrodeposition. 

b) To analyse the optical characterization of Molybdenum diselenide (MoSe2) 

thin films by using UV-Vis-NIR spectrophotometer. 

c) To determine semiconductor parameters of Molybdenum diselenide (MoSe2) 

thin films for photoelectrochemical solar cells by using Mott-Schottky Plot. 

1.4 Scope of Research 

The following are the scope of this research: 

• The properties of Molybdenum diselenide (MoSe2) thin films for use in 

photochemical (PEC) solar cells. 

• The systhesis of thin films of Molybdenum diselenide (MoSe2) would be 

done in chemical vapour deposition technique from high purity materials. 
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• X-rays Diffraction (XRD) to determine structural properties of Molybdenum 

diselenide (MoSe2) thin films. 

• Scanning Electron Microscope (SEM) to examine the morphological 

properties of Molybdenum diselenide (MoSe2) thin films. 

• Optical characterization analysis by UV-Vis-NIR spectrophotometer for the 

band gap nature of Molybdenum diselenide (MoSe2) thin films. 

• The semiconductor parameters of Molybdenum diselenide (MoSe2) thin 

films are derived from the Mott-Schottky plot. 

1.5 Project Outline 

This PSM report is classified into three main chapters, which is introduction, 

literature review, methodology, result and discussion and conclusion and recommendations. 

Chapter 1 of the project is an introduction. It examines the research background. 

Problems are identified through research, experiment and observation by using data and 

instrument. This is followed by objectives to be achieved throughout the study, scope of 

project, and also the project outline. Each of these sections can help in the understanding of 

the project. 

Chapter 2 of the project is literature review. This part covered information that was 

linked to this research’s title and the previous studies has already been published. This 

chapter can help with research and provide an overview of the relevant title. Other 

researchers' investigations provided a clear background for the research, and improvements 

could be made based on their previous work. 
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Chapter 3 of the project is methodology of the research. The methodologies used in 

the research have been discussed in this part. This chapter discussed the research method, 

the material use and the characterization of the material’s method included in the research. 

Chapter 4 of the project is result and discussion of the research. Data obtained using 

the procedures outlined in the previous chapter is analysed. The analysed data is used to 

provide a brief summary and explanation. This chapter includes some technical opinions and 

professional views to enrich the collected outcomes and support the discussion. 

Chapter 5 of the project is conclusion and  recommendations of the research. The 

conclusions make a clear statement based on the objectives. Recommendations for resolving 

issues encountered during the research are discussed.  Sustainable elements of the research 

is also discussed to show how this study has impacted a number of related fields. 
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LITERATURE REVIEW 

2.1 Introduction 

In recent year, thin film production has been highlighted as a major strategy to solve 

growing challenges in solar cell, corrosion resistant coating, microelectronics, optical, 

magnetic, laser, and gas sensor devices due to semiconductor material properties. Transition 

metal chalcogenides, a series of semiconductor materials that can be used in various 

applications from antibacterial particles to thin films in energy conversion devices, are 

interesting choices for photovoltaic conversion. Simply, this application is a branch of 

technology that involves the production of solar energy using solar cells. The thickness of 

these thin films ranges from a few nanometers to hundreds of micrometers, and their 

structural, physical and chemical properties are closely related to the production technique. 

A wide range of electrochemical, chemical and physical deposition method enable the 

production of low-cost of transition metal chalcogenide on large region of the desired 

structure and geometry. For analyzing the optical absorption of thin film, it is necessary to 

develop the band gap nature of these materials in terms of levels of energy between the 

valence bands and conduction bands that occurs in the thin film. 

2.2 Transition Metal Chalcogenide 

Transition Metal Chalcogenide (TMCs) is the combination of the transition metal 

and chalcogenide. Figure 2.1 shown Periodic table of transition metal chalcogenide in group 

16 are known as chalcogens . The name chalcogenide is more usually applied to sulphides, 

selenides, and tellurides rather than the oxides. The transition metal is a periodic table 
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element which belongs to the d-block. The transition metal belongs to the periodic table's 

groups 3 to 12. Tungsten (W), Manganese (Mn), and Copper (Cu) are examples of transition 

metals. 

  

Figure 2.1 Position of transition metals in periodic table (A. Brent Young, 2006) 

TMCs are semiconductors with a layered structure (Martin-Litas et al., 2002). When 

one, two, or three types of chalcogenide elements are used as a combination with the 

transition metal, the TMCs are classed as binary, ternary, or quartenary transition metal 

chalcogenide. TMCs have attracted attention over recent years due to their interesting 

structural chemistry, unique electrical characteristics, and rich intercalation chemistry 

(Tremel et al, 1995). 

TMCs have been the target of several studies for their thin film characteristics. This 

is mostly due to the fact that many applications required the thin layers of TMCs on 

substrates (Anand & Shariza, 2012). These studies were conducted on a variety of TMCs, 

including binary, ternary, and quarternary types of TMCs. 
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Solar cells, solar selective coatings, photodiode arrays, sensors, photoconductors and 

other applications are possible using TMCs thin film. Deposition of transition metal 

chalcogenides can be done using a various methods. Vacuum evaporation, chemical vapour 

deposition, electrodeposition, electroconversion, chemical bath deposition, and other 

methods can be used to deposit TMCs thin films (Mane & Lokhande, 2000). 

TMCs are a type of semiconducting material that may be used as a photovoltaic 

material (Anand & Shariza, 2012). This means that TMCs may be used to convert solar or 

photo energy directly into electrical energy. The capacity of TMCs to absorb light energy is 

determined by the bandgap energy range in the TMCs. The band gap of the TMCs must be 

in the region of 1-4eV for visible light to be absorbed by them. 

Many studies on ternary chalcogenides materials have been conducted in recent 

decades. These studies are being carried out to determine whether the ternary chalcogenides 

materials can be used to replace the existing material used as electrodes in electrochemical 

photovoltaic cells and then will increase the photovoltaic cells' conversion efficiency. For 

example, Subramanian et al. (2003) had done the studies on the SnS0.5Se0.5 thin films, 

Ajalkar et al. (2004) had done the researchon the [Mo(S1-xSex)2] thin films while Kumar and 

Dwivedi (2013) had done the studies on the CdS0.5Se0.5 thin films recently. 

2.2.1 Molybdenum diselenide, MoSe2  

Molybdenum dichalcogenides are part of the layered transition metal 

dichalcogenides family. Molybdenum diselenide, MoSe2 is combined with molybdenum and 

selenium. It is made up of sandwiched layers that are weakly coupled, such as Se – Mo – Se, 

with a Mo atom layer connected between two Se layers (J. A.Wilson, 1969). Six 

chalcogenide atoms always coordinate the metal atom. The trigonal prismatic and trigonal 



11 

antiprismatic (although deformed, it's generally referred to as octahedral.) geometries are the 

two possible geometries. 

The nature of the interlayer bonding forces is van der Waals, leads to significant 

interlayer distances. MoSe2 is very anisotropic and has unique structural features as a result 

of its structure (Ali Hussain and Sushil Auluck, 2005).  MoSe2 is a interesting component of 

the transition metal dichalcogenides (TMDs) family that has recently attracted a lot of 

interest for its use in photocatalytic, optoelectronic systems and electrochemical. MoSe2 is 

also flexible and has strong carrier mobility, making it a good choice for produce flexible 

high mobility electrical devices such Schottky barrier devices, solar cells and FETs. 

Additionally, this material can also be used as a catalyst and is a good lubricant (Th. Boker 

and R Severin, 2001). 

Along with its layered structure, as well as the size and electrical conductivity of Se, 

MoSe2 is ideal for supporting counterions in electrochemical energy storage devices such as 

lithium-ion battery and sodium-ion batteries. In the hydrogen process of evolution (HER) 

and other electrocatalytic processes (for example, in lithium–oxygen batteries), the 

unsaturated Se atoms along the edge, as well as those at weak areas or a changed basal plane, 

exhibit higher electrochemical performance. MoSe2 is also a perfect choice for 

photoelectrochemical solar cells and photocatalysis due to its tunable band gap (Kaili Zhang, 

2019). 

The semiconducting MoX2 or WX2 (X= S or Se) indicate tuneable band-gap qualities 

related to the number of atomic layers (Shan and Heinz, 2010), as well as strong light-matter 

interactions that manage up to 10% absorption of incident solar illumination in a thickness 

of less than 1nm, capturing sunlight stronger by an order of magnitude than normal 

semiconductors (that is, GaAs and Si) (Britnell, 2013). 
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Furthermore, according to Lu, J. et al. (2017), monolayer MoSe2 has a direct band 

gap of 1.5 eV, which is near to the ideal value of band gap for solar energy applications 

which including single-junction solar cells and photoelectrochemical cells. For the greatest 

theoretical efficiency of a solar cell, this band gap falls between 1.0 eV and 1.6 eV, therefore 

MoSe2 is an important potential material to provide an efficient cell. MoSe2 offers the same 

long-term durability and stability in power conversion efficiency as other chalcogenide-

based cells. 

2.3 Compound Semiconductor 

Semiconductor materials are found in the periodic table's column IV and adjacent 

columns. Column IV semiconductors are known as elemental semiconductors since they are 

made up of only one atom species. A semiconductor is a material that lies between 

conductors and insulators in terms of electrical current conductivity. A semiconductor is 

neither a good conductor nor an good insulator in its pure (intrinsic) state. 

The electrical conductivity of a semiconductor is influenced by various of 

parameters, such as the applied voltage or current, as well as the intensity of infrared, 

ultraviolet, or visible light on the surface. Silicon (Si) is a semicondcutor materials that 

commonly used and relevant to solar cell operation. The most popular semiconductor 

materials used in solar cells are amorphous silicon (Si), crystalline and polycrystalline. The 

selection of solar cell materials is generally based on how well their absorption properties fit 

the solar radiation and their production costs. Silicon is a popular option since its absorption 

properties are close to those of the solar spectrum, and silicon manufacturing technology has 

advanced due to its widespread use in the semiconductor devices sector. Despite the 

availability of numerous alternative technologies, silicon-based PV plants to produce for 
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more than 90% of newly installed PV plants, and they are estimated to remain the most 

widely used PV technology (Freiburg, 2022). 

The structure of the energy band gap as a purpose of the wave vector of a 

semiconductor material are key characteristics is crucial to the operation of the solar cell. 

The number of photons reflected from the solar cell's surface, the semiconductor band-gap 

energy, which is the lowest amount of light (photon) energy the material absorbs, and the 

thickness of layer all influence how much sunlight a PV cell absorbs (K. W. Mitchell, 

Margorie L. Tatro, 2017). The temperature change of the band gap energy and the amplitude 

of the wave vector associated with low-energy transitions are the major factors of interest. 

In a semiconductor, electrons receive energy (for example, from ionizing radiation) to be 

able cross the band gap and enter the conduction band. The band gap is smaller in 

semiconductors, allowing a valence electron to escape. If it absorbs a photon, it moves into 

the conduction band. Semiconductors' properties are determined by the band gap between 

their valence and conduction bands. 

In semiconductors with different valence and conduction bands, the photovoltaic 

effect occurs. While there are many other types of photovoltaic cells, this explanation will 

use a silicon based p-n junction since it is one of the simplest systems and because it 

dominates the commercial PV industry globally. Each atom is surrounded by and linked to 

its four neighbours in a silicon crystal lattice. The outermost electron shell of a silicon atom 

has four valence electrons. These four valence electrons are covalently connected with one 

of their closest neighbours, sharing one of the electrons. Covalent bonds, which connect two 

atoms together, are formed by shared electron pairs in semiconductors. Since two 

independent atoms cannot form a bond, these bonds exist. When a vacancy is filled, an 
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electron moves into it to fill it. As a consequence, a material that conducts electricity has 

been created (O.K. Simya, 2018). 

The physics of solar cells are primarily related to the periodic crystal structure of 

semiconductors and will determine their electrical properties. Due to the magnetic fields 

around the component nuclei and the tightly bound core electrons, electrons that are confined 

to moving in semiconductor materials resemble particles in three-dimensional boxes with 

complex internal structures. Therefore, crystalline silicon solar cells currently occupy more 

than 90% of the market share (Lucio Claudio Andreani, 2018). Silicon is very important of 

being the second most plentiful element in the earth's crust. Furthermore, neither the 

manufacture nor the use of this substance is harmful to the environment. 

2.4 Thin film 

A thin film is made of a thin layer of material that are ranging in thickness from a 

few nanometers (nm) to a few micrometers (µm). There are two materials that used to 

produce thin films are silicon and ceramics. In many applications, a critical step enables the 

controlled synthesis of thin film materials in a process known as deposition. The most typical 

method for forming thin films is deposition, whether in physical or chemical.  It’s deposited 

on a substrate to obtain properties that are difficult to obtain in the bulk. The particular 

method a thin film is formed, in the form of successive addition of atoms or molecules, 

provides it its distinct properties. The important element of thin films is thickness, which is 

strongly linked with other properties that scale differently with thickness. 

Thin film technology strikes at the core of solid state electronics' tremendous 

progress. The use of metal films' optical properties, as well as scientific curiosity in the 

behaviour of two-dimensional solids, have generated a rise in interest in thin film science 

and technology. Many new fields of research in physics and chemistry's solid state have been 
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advanced as a result of thin film research, which is based on characteristics that are specific 

to the thickness, geometry, and film's structure (West, 2003).  

Thin film materials are critical components in optoelectronic, photonic, and magnetic 

device advancements. The ability to easily integrate materials into variety of devices is made 

possible by the formation of thin films from materials. When material characteristics are 

investigated as thin films, they differ significantly. Due to their particular properties such as 

electrical, optical, magnetic, or wear resistance, the majority of functional materials are used 

in thin film form. The technologies of thin film benefit from the fact that the thickness 

parameter has a significant impact on the properties. In this era of modern technology, both 

crystalline and amorphous thin films play an important role. Microelectronic devices, 

photoconductors, infrared detectors, solar cells, polarizers, superconducting films, 

anticorrosive and ornamental coatings are a few examples of the application created by thin 

film (Y. Gao & H. Niu, 2003). 

Due to its effective solar energy conversion, solar energy has emerged as an 

alternative source to overcome the issue of energy shortage, as valuable earth natural 

resources such as fossil fuels and natural gas are nonrenewable and may be depleted over 

the next 10 years. Aside from that, using earth's natural resources may pollute the 

environment and affect the human health by emitting hazardous substances or gases during 

the burning of fossil fuels and natural gas. Thin-film solar cells have a variety of applications 

due to its easy to produce, low cost, and high-yield processing methods (Yadav and 

Masumdar, 2010). Therefore, suitable semiconductor materials are needed to produce thin-

film solar panels that are both environmentally friendly and cost-effective with high 

conversion efficiency. Table 2.1 show the comparison of materials used in solar cells 

appilcation. 
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Table 2.1  Comparison between materials that used in solar cells application 

Solar cell type Amorphous silicon 

(α-silicon) 

Cadmium Telluride 

(CdTe) 

Copper Indium Gallium 

Selenides (CIGS) 

Achieved 

conversion 

efficiency (%) 

8.3 14.6 21.7 

Band gap (eV) 1.7 1.46 1.07 

Advantages • Low cost 

production 

• Mass production 

is simple. 

• Relatively high 

optical 

absorption 

coefficient 

• Excellent for 

small devices 

• Ideal band gap 

• High rate of light 

absorption 

• High conversion 

efficiency 

• Consistent result 

• Simple structure 

• Low cost 

production 

• Low cost 

production 

• Nonrecession 

• The substrate has a 

wide range of 

applications. 

• αh band gap is 

adjustable 

• Excellent 

antiradiation 

properties 

Diadvantages • Low conversion 

efficiency 

• Light-induced 

recsession effect 

• Low stability 

• Limited natural 

tellurium reserves 

• Module and base 

material are 

expensives 

• Cadmium is toxic 

• Precisely control the 

difficulty of the four 

elements 

• Rare materials 

Reference Zhou et al., 2014 Luo et al., 2016 Salomé et al., 2017 

Thin film solar cells are valuable due to their low material consumption and 

improving efficiency. The three main thin film solar cell materials are amorphous silicon (α-

Si), cadmium telluride (CdTe) and copper indium gallium selenide (CIGS). In order to 

compete with other photovoltaic technology, thin film silicon solar cells have an efficiency 

of up to 20%. The efficiencies of CdTe and CIGS are nearly similar to those of crystalline 

solar cells, which currently have a market share of more than 55%. The thin films of copper 

Indium Gallium Selenides (CIGS) ablle to produce 21.7%, which is the highest conversion 

efficiency (Salomé et al., 2017). Due to its low efficiency and photodegradation, α-Si has 

almost extinct in terrestrial applications.  
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2.4.1 Thin Film Growth 

Thin films are formed by depositing material atoms onto a substrate. Figure 2.2 

represents the typical material atom deposition thin film growth process on a substrate. A 

random nucleation process are for thin film to form. It is used to start the nucleation and 

growth stages of all thin-film materials. The nucleation and growth phases are effected by 

several deposition conditions such as growth rate, growth temperature and substrate surface 

chemistry. The nucleation stage might be changed by external influences such as electron or 

ion bombardment. Film microstructure, film stress and associated defect structure are all 

influenced by the nuclear stage deposition situation. As a result, thin films' crystal phase and 

crystal orientation are determined. 

 

Figure 2.2 The growth models of thin film (Hideaki Adachi & Kiyotaka Wasa, 2012) 

The process of solubility relaxation is another side effect of the thin film formation 

process. Films are doped and alloyed by allowing co-deposition during the atomic growth 

process. Since thin films are made up of individual atomic, molecular, or ionic species 

without any solubility limitations in the vapour phase, hence the solubility requirements 

between the various materials are rather flexible. This makes it possible to make multi-

component materials like alloys and compounds with a larger compositions's range than bulk 

materials. As a result, materials with desired properties can be tailored, which giving 

materials technology a new and interesting dimension. This technique of tailor-made 

materials is represented by the production of hydrogenated amorphous Si films to be used in 

photovoltaic cells. By changing the optical band gap from 1 eV to around 2 eV and lowering 
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the dangling bond states’s density in the band gap, hydrogenation allows doping of a (n and 

p) in amorphous silicon (Haris Mehmood & T. Tauqeer, 2017). 

During the formation of thin films, films go through various phases, each of which 

has an impact on the microstructure of the film and hence its physical characteristics. The 

interaction between the energy on the substrate's surface and the surface energy on the thin 

film, as well as the energy of the thin film's interaction with the substrate, determines the 

thin film's growth mode. All systems aim to minimize their free energy by maximising the 

area of lowest energy surfaces while reducing interface energy wherever possible. The three 

involved interface energies, as well as maybe some strain, are the determining factors in the 

ensuing growth mode. Thin film nucleation and growth are influenced by the deposit's 

thermodynamic parameters as well as the atom-substrate interaction. 

2.4.2 Growth Modes of Thin Film 

The thin film growth is follow by nucleation process. The classification of this 

growth of thin film are divide into three modes which are layer-by-layer growth (Frank-van 

der Merve, FM), island growth (Vollmer- Weber, VW), and layer-plus-island growth 

(Stransky-Krastanov, SK). 

 

Figure 2.3 (a) Layer-by-layer growth mode (b) Island growth mode (c) Layer-plus-island growth 

mode (T. Devillers, 2008) 
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The film atoms are more closely attached to the substrate than to one other in the 

Frank-van der Merve (FM) layer-by-layer growth mode (Figure 2.3 (a)). First, a monolayer 

is produced, then the second layer is deposited. As a result, each layer is completed before 

the formation of next layer, resulting in exclusively two-dimensional growth. When the film 

and substrate are homogenous or distinct elements, such as semiconductor and oxide 

epitaxial growth, this growth mode occurs. 

The island mode, also known as Vollmer-Weber (VW) (Figure 2.3 (b) mode, 

describes the situation in which film atoms are more tightly linked to one another than to the 

substrate. Three-dimensional islands emerge and grow immediately on the substrate surface 

in this situation. The islands' continual growth has resulted in a rough surface 

of polycrystalline thin films. When the substrate and the film are both heterogeneous, this 

happens.. 

Stransky-Krastanov (SK) (Figure 2.3 (c) shows the layer-plus-island mode  which is 

mixing of the layer-by-layer growth and island growth. Both two-dimensional layer and 

three-dimensional islands is observed in this mode of growth. It happens when there is a 

stress impact as a result of two-dimensional development. The type and thickness of the 

intermediate layer are highly dependent on the substrate and chemical and physical 

characteristics of film, such as lattice parameters and surface energies , depending on the 

specific situation (for example, a surface phase that is submonolayer thick or a strained film 

that is many monolayers thick). 

2.5 Cyclic Voltammetry (CV) 

The electrodeposition method of thin film of semiconductor on ITO substrates can 

be investigated using cyclic voltammetry technique. Cyclic voltammetry plays an important 

role of tool in the study of electrochemistry since it investigates the electrochemical 
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behaviour of a system. It's one of the most important analytical properties for determining 

the current an electrochemical cell produces. The increased voltage is shown in the equation 

provided by Nernst. By cycling the voltage and measuring the resulting current, the working 

electrode performs this task. This electron transfer investigation can learn from this 

characterization study. The power of cyclic voltammetry is used to get the necessary 

information about the thermodynamic process of redox and the mechanism of electron-

transfer actions. The most important factors for standardising photovoltaic systems include 

the prominent transfer of charge from donor to acceptor, charge transport, and charge 

collecting at the electrodes. The operational mechanism scans the electric potential before 

approaching the final potential, then reverses direction and scans the initial potential again. 

It's used to investigate redox processes and determine reaction product stability (Kumar et 

al., 2016). 

During the film deposition, cyclic voltammetry is an useful electro-analytical method 

to determine electrode potential. The potential of the working electrode is continually 

changed throughout time while the current produced by redox events is measured in this 

potential sweep technique (Nasirpouri, 2016). Nowadays, cyclic voltammetry is the most 

commonly used electrochemical technique by researchers since it is an elegant method for 

analysing redox reactions at electrode solution interfaces that can be carried out with 

relatively simple equipment. A basic cyclic voltammetry experiment consists of a cell with 

three electrodes: a reference electrode, a working electrode (where the reduction or oxidation 

reaction occurs), and a counter electrode. This is a three-electrode setup. The species of 

interest is dissolved in the solution combined with an electrolyte that promotes conductivity. 

The solution is then injected with three electrodes. The working electrode has a small disc 

of electrode exposed, allowing the reaction to occur in a controlled environment. The circuit 

is completed with a counter electrode consisting of gold, platinum wire, or graphite. A 
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reference electrode with a known potential is an important element in cyclic voltammetry 

for measuring the potential supplied to the cell. Standard hydrogen electrodes, saturated 

calomel electrodes, and silver-silver chloride electrodes are all examples of reference 

electrodes (Aryan et al., 2014). According to researchers, cyclic voltammetry provides extra 

information that may be used to draw conclusions about the reduction or oxidation reaction, 

as well as the stability of the species formed by electron transfer. 

The current is recorded by sweeping the potential back and forth between the set 

boundaries (from positive to negative and negative to positive). The data obtained from CV 

may be applied to analyze about the material's electrochemical behaviour. The redox peaks, 

which are the material's reduction and oxidation peaks, which are determined from graphical 

analysis of a cyclic voltammogram, and are used to identify the electrode's capacitive 

behaviour. As a result, the potential for oxidation and reduction of the material can be 

determined. Figure 2.4 show the example of cyclic voltammetry. 

 

Figure 2.4 Cyclic voltammetry (Ying Zhuo, 2021)  

2.6 Thin Film Deposition Method 

A variety of substrate materials have been improved through thin film deposition in 

terms of optical, mechanical, chemical, tribological, and other properties (Diego Martínez-
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Martínez, Herdes & Vega, 2017). The desired properties are determined by the resulting film 

structure, which is influenced by the deposition technique, substrate and film material. Due 

to the wide range of thin film applications, a number of deposition processes have been 

developed to optimise film characteristics. Physical vapour deposition (PVD) and chemical 

vapour deposition (CVD) are the two types of thin film deposition that are commonly used 

(Y. Deng & K. Tong, 2020). The physical characteristics of thin films are greatly influenced 

by the film preparation or thin film production procedure. 

Physical vapour deposition (PVD) is a vaporisation coating process that includes 

atomic-level material transfer while chemical vapour deposition (CVD) is a chemical 

reaction process of depositing a crytalline lattice from a vapour that take place on or close a 

typically heated surface of the substrate that includes ion plating evaporation. The solid 

substance that results is either a thin film, powder, or a single crystal. When comparing 

physical and chemical deposition techniques, chemical deposition methods are preferable. 

Although physical deposition techniques can produce high-quality films, however scaling 

them up is difficult (Lai et al., 2009). 

Since the thin film of semiconductor has ion molecule, chemical vapour deposition 

(CVD) is suitable technique to produce thin film. It's made to produce thin films with 

controlled stoichiometry and morphology, whether they're single or multi-component 

(Canan Acar & Ibrahim Dincer, 2018). As a result, photocatalysis, dye-sensitized solar 

cells and photoelectrochemical cells generally use CVD to produce photoactive materials. 

2.6.1 Electrodeposition 

Electrodeposition, also known as electroplating, is an electrochemical process to 

deposit thin films by driving cations in the electrolyte to the cathode, which is usually a 

"inert" material (such as gold or platinum), where the cations are reduced to alloys, metals 
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or interact with one another to create a compound. In the electrodeposition setup, a reference 

electrode, the electrolyte, an anode, a cathode and a power supply that generates a constant 

DC current (galvanostatic) or a constant DC voltage (potentiostatic) are shown in Figure 2.5. 

 

Figure 2.5 Electrodeposition setup (Ayotunde Adigun Ojo & Imyhamy Mudiy Dharmadasa, 

2018) 

Since the procedure is normally carried out around room temperature, 

electrodeposition equipment is cheap, and the process is energy efficient. Materials 

utilisation in electrodeposition techniques can reach 100% if stable electrolytes with high 

lifetime are applied. In the situation of zinc coatings produced by roll-to-roll methods, ED is 

already a widely used technique in industry for mass production of large-section metallic 

coating materials (deposition rates in the tens of microns per hour, several metres per minute, 

several metre large plates, etc.). The use of this method is well-suited to the large-area 

photovoltaic industry, and it can benefit in the mass production of CIGS solar modules 

(Lincot et al., 2004).  

Electrodeposition is a widely used deposition method. Submerging the substrate and 

a counter electrode in the solution and applying a potential difference between them to 

generate an ionic species reaction on the substrate surface to allow deposition on the 

conductive surface. Electrodeposition as a thin film coating method can be used for the 

protection and decoration, as well as to improve the material's specific surface qualities. 
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2.6.2 Chemical Vapour Deposition (CVD) 

The chemical vapour deposition is a versatile and fast process to promote film 

formation, leading to the formation of pure coatings with controlled porosity and 

uniform thickness, even on complicated or curved surfaces. Chemical vapour deposition 

procedures may be described as any process that involves the surface-mediated reaction of 

adsorbed precursors from the gas phase to produce a thin solid layer on a substrate. "Surface-

mediated" refers to the fact that the solid film is created as a result of a heterogeneous 

reaction at the substrate surface. Thin films are deposited by CVD when vapour phase 

precursors react chemically with a solid surface. Figure 2.6 show a process of CVD. 

 

Figure 2.6 Aspects of a CVD process (Akhtar, M., 2013) 

Chemical vapour deposition can be broken down into several stages: In order to use 

the CVD reactor, the precursor chemicals must be fed in first. Precursor molecules must be 

bring to the substrate surface once inside the reactor, generally through a mix of fluid 

transport and diffusion. The precursor molecule must stay on the surface for long enough for 

the reaction to take place once contact with the surface. The product thin layer atom must 

stay on the surface after the reaction, while the by-product molecules must desorb from the 

substrate surface to create space for further incoming precursor molecules. 

CVD is a vacuum deposition method in which a volatile component of a deposition 

material reacts chemically between other gases to generate a non-volatile solid which is then 
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deposited on a substrate. This procedure can be used as a pre-coating like a pre-coating to 

improve substrate durability, reduce friction, and improve thermal properties—this implies 

that several deposition methods, such as PVD and CVD layers, can be used in the same 

coating (Damm, D.D., 2017). Unlike PVD, this technique does not require the reaction to be 

produced under vacuum. This technique allows the deposition of a variety of structures, 

including metal alloys and compound semiconductors, with high purity and doping 

(stoichiometric film) control, due to its versatility in working with a wide range of reactants 

and precursors (K. L. Choy, 2003). 

2.7 X-Ray Diffraction (XRD) 

XRD is an useful tool for analysing materials qualitatively and quantitatively, and it 

is most commonly used to identify unknown crystalline minerals. When X-Rays contact a 

crystal, they produce a series of unique and characteristic reflections for each phase, rather 

like a fingerprint (David Tavakoli, 2020). It is one of the most important techniques in 

crystallography and is widely used for structure determination in solid state physics. The 

geometry or structure of a molecule can be determined using X-rays. The XRD pattern 

obtained helps in the identification of different crystalline phases as well as the detailed 

analysis of their internal structural characteristics (Nutan S. Satpute & S.J. Dhoble, 2021). 

XRD methods are based on the X-ray’s elastic scattering from materials having long range 

order. X-ray diffraction (XRD) is a method for identifying and analyzing atom location, 

arrangement in every unit of cell, and atomic plane spacing (Pappas, N., 2006). Minerals, 

plastics, polymers, ceramics, semiconductors, metals, and solar cells can all be investigated 

with XRD, which is a non-destructive testing process (Guma, T.N., 2012). Figure 2.7 show 

X-rays diffraction technique. 
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Figure 2.7 X-rays diffraction technique (Nutan S. Satpute & S.J. Dhoble, 2021) 

Based on knowledge of basic XRD concepts as well as the structure of crystals in the 

materials needed, Hart, 1981 investigated alternative methods of Bragg's angle 

measurement. For the situation of dd > 10-4, single-crystal techniques were found to be 

common in various phrases. Fewster, 1999 evaluated many approaches for measuring lattice 

parameters. According to this study, the crystal structure’s type has a great impact on the 

measurements methods that are acceptable. 

Powder technique with diffractometer is most commonly used for thin films. The 

counter tube, which moves along the angular range of reflections, detects diffracted radiation 

in this method. A computer system keeps track of the intensities. To identify the unknown 

substance, the data of X-ray diffraction is tabulated on paper then compared to JCPDS data. 

Powder, single crystals, or thin films may be used as samples. Scherrer's formula, which is 

as follows, is used to calculate the size of crystallite of the deposits: 

DXRD = 
0.94λ

βcosθ
    (2.1) 

From Equation 2.1, 𝐷𝑋𝑅𝐷 is the crytalline size (nm), λ is X-ray wavelength (nm) used 

(λ=1.5418), β is the diffraction line widening measured at half from its maximum intensity 

and θ is diffraction angle (Tlemçani et al., 2015). 
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When electrons orbiting all around nucleus of an atom get to contact with solid 

objects, they scatter X-rays. These scattered waves interfere with each other since they are 

released in multiple directions. Depending on the type of wave interaction and direction, 

interference can be positive or negative. Diffraction is the constructive interference of 

dispersed X-rays. It's important to note that constructive interference is caused by the atomic 

structures of systematic arrangement in solids. As a result, it is evident how to evaluate 

crystalline substance of XRD graphs. Periodicity and diffraction have a close connection, 

with greater angle of diffraction associated with less periodicity and vice versa (Fultz, B, 

2013). Figure 2.8 (a) and (b) show amorphous and crystalline materials in XRD graphs, 

respectively, from Lamas, D.G., 2017. Because amorphous materials lack a periodic 

arrangement, the XRD graph just shows the maximum average peak at a given in angle of 

diffraction, whereas crystalline materials have varoius peaks of XRD due to the atoms' 

periodic arrangement. XRD is also used to estimate the effects of treatment on the material 

crystallinity. For instant, a previous research (Sjöström, J.K, 2019) used XRD to investigate 

the effects of crystallinity on their tested samples with different treatments. 

 

Figure 2.8 (a) XRD pattern of an amorphous material and (b) crystalline material (Lamas, 

D.G., 2017) 

2.8 Scanning Electron Microscope (SEM)  

Scanning electron microscope (SEM) are a useful tool for analyzing and 

photographing a variety of properties of materials, including structure, topography, light 
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emission and composition ( J. Goldstein, 2007). SEM are commonly used to image 

topography by rastering the secondary electrons' intensity over a material's surface as a 

focused electron beam with an energy ranging from 100 eV to 30 keV. Components of 

Scanning Electron Microscope (SEM) are shown in Figure 2.9. 

 

Figure 2.9 Components of Scanning Electron Microscope (SEM) (Dr. Tapanendu Kamilya, 

2020) 

            In scanning electron microscope (SEM), microstructure morphology and chemical 

composition characterizations are examined and analysed by using a high-energy electron 

beam which is focussed. An electron beam on sample surface is interacted with using this 

technique. Due to elastic, inelastic, or photon scattering, this interaction creates the 

emission of electrons with varying energies from the sample, which are collected by a 

detector to produce a distribution map based on the signal intensities. The beam of electron 

is deflected in a magnetic field and moves in a raster pattern so that can capture the 

samples’s surface. SEM scans a material's surface with a low-energy electron beam 

(generally between 1keV and 30 keV) with low nanometre-level resolution to produce 

images. Electron-sample interactions provide signals that show the crystalline structure, 

external morphology of sample (texture), chemical content and orientation of the materials 

used to produce the sample (Stokes, Debbie J., 2008). Due to the contrast produced by the 
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secondary electrons, this technique allows viewing of the crystalline columns forming at 

the sample surface, as well as the different material phases, either crystalline or amorphous, 

while a cross-sectional SEM study can be used to determine the film thickness. 

Figure 2.10 shows deposition of CdTe films of SEM micrographs at temperatures 

which are from 500 °C to 700 °C. The grain size is proportional to temperature, as may be 

shown in SEM morphological images. The SEM images might show a huge grain formed 

by a group of small crystallites that is difficult to resolve to individual crystallites (Rahman 

Kazi Sajedur, et al., 2019). Size of grain grown by an average of 20μm at high 

temperatures. As shown by the SEM results, the structure of bulk and average grain size is 

initially related to the deposition temperature with relation to the thickness. 

 

Figure 2.10 SEM images of CdTe thin films in surface morphology and cross-section view 

(Rahman Kazi Sajedur, 2019) 
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2.8.1 Scanning Electron Microscopy (SEM) Based Energy Dispersive X-ray 

Spectroscopy (EDX) 

Energy Dispersive X-ray Spectroscopy (EDX) is a method that is used in 

combination with electron microscopy to determine elemental analysis and chemical 

composition. The procedure is produced as a result characteristic X-rays that show the 

identification of the components shown on the sample. This technique is commonly used 

with scanning electron microscopy (Karina Torres-Rivero, 2021). The EDX has been used 

in a number of sectors for compositional analysis. For example, the composition of the thin 

film deposited can be determined by EDX analysis. Erat et. al (2008) investigated CdSe 

thin films using the EDX method. Figure 2.10 shows the study results. 

 

Figure 2.11  EDX result on CdSe thin film (Erat et. al, 2008) 

Figure 2.11 shows the EDX result on a CdSe thin film. The presence of Cadmium 

and Selenium in the thin film composition can be seen from the results. The peak obtained 

from the EDX result is used to determine the composition. 

2.9 Optical properties by Ultraviolet-Visible-Near Infrared (UV/Vis/NIR) 

Spectrophotometer 

When a material is exposed with light, electrons are moved from lower to higher 

levels atomic or molecular orbitals, therefore spectroscopy in the ultraviolet (UV), visible 
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(Vis), and near-infrared (NIR) regions of the spectrum of electromagnetic is referred to as 

electronic spectroscopy (Weckhuysen, B. M., 2000). The band gap energy and optical 

properties of thin films were investigated using a UV/Vis/NIR spectrophotometer. 

The absorption of light by a sample is the basis of UV/VIS spectrophotometer. 

Absorption by crystalline lattice, interband (fundamental) absorption, excitonic absorption, 

dopant absorption and absorption by free charge carriers are all examples of light absorption 

processes in semiconductors. When electrons are optically excited from the valence band to 

the conduction band, they create electron-hole pairs, which is known as fundamental 

absorption. Light absorption processes must correspond to energy and momentum 

conservation principles. If the energy of photons reaching a material more than the band gap 

energy, the emitted photon will move an electron from the valence band to the conduction 

band. The energy change of a quantized system can be described using the following 

formula: 

ΔE = hν = hc/λ = Eph (2.2) 

where v indicates electromagnetic radiation frequency, c represents the light speed in 

vacuum, and w means the vacuum wavelength of photon. Absorption spectroscopy are used 

to gain data on electronic transitions inside the d-orbitals of transition metal ions, defects, or 

band gap transitions in between valance and conduction bands in the UV-Vis range which 

are from 200nm to 350nm in this case (Förster, H., 2004). The Tauc Plot is a technique for 

determining the band gap using spectrophotometer results. According to the Tauc, Davis 

Mott relation,  

(αhν) 1/n = 𝐵(Eph − Eg) (2.3) 

where h is Planck's constant, v is frequency of vibration, α is coefficient of absorption, 𝐸𝑔 is 

band gap, n is 1/2, 3/2, 2 or 3 depending on band gap type, B is constant of proportional and 
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n is the transition probability; it takes values as 0.5, 1.5, 2 and 3 for direct allowed, direct 

forbidden, indirect allowed and indirect forbidden, respectively. 

Direct band gap semiconductors and indirect band gap semiconductors are the two 

types of semiconductors. The top of valence band and bottom of conduction band in figure 

2.12 (a) overlap in the k-space position (wave vector’s space), however they do not 

overlap in figure 2.12 (b). In direct-gap semiconductors, the electron move from 

valence band to conduction band towards the fundamental absorption's edge requires only 

photon absorption. In indirect semiconductor, however, the presence of an extra particle that 

may affect the electron's momentum is necessary. A phonon (quantum vibrations of crystal 

lattice) is an example of this type of particle. It is commonly known that as the number of 

particles involved in the process increases, the probability of the process decreases. As a 

result, indirect semiconductors have low intensity light absorption at the absorption edge 

than direct-gap semiconductors. This fact is very important in the field of photovoltaic 

devices. Solar cells made of indirect band gap semiconductors (such as silicon) require thick 

(a few hundred micrometres) layers to absorb the heat effectively (Roy, P. & Srivastava, S. 

K., 2006). As a result, as material consumption increases, the requirements for material 

quality (recombination losses will be considerable if optical carriers are produced out from 

the p-n junction in a highly imperfect semiconductor). However, in direct band gap 

semiconductors (such as CIGSS or CdTe), absorber layers as thin as a few micrometres are 

sufficient, and material quality can be relatively poor. As a result, solar cells made of thin 

films with a direct band gap materials attain the lowest cost produced photovoltaic energy 

(N. R. Paudel & Y. Yan, 2014). 
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                   (a)  (b) 

Figure 2.12  Band diagram of semiconductor for (a) direct band gap and (b) indirect band gap 

(Amelia Carolina Sparavigna, 2014) 

Tin oxide (SnO2) films are ideal for solar cell applications according to 

Rameshkumar and co-workers (B. Rameshkumar, A. Anderson, D. Ananth & T. Mohan, 

2021). These materials will absorb the most UV light before dropping into the visible range. 

The maximal optical transmittance was at 70-80%, with a 287 nm cut-off frequency. Another 

study of the optical absorption of CdTe/CdS thin films was carried out using a UV–Visible 

spectrophotometer has shown a wavelength range of 300–1100 nm. Figure 2.13 shows the 

optical band gap of CdTe and CdS thin films, which was determined from the graph (αhv)2 

versus photon energy (hv). The intercepts of a straight-line that extrapolated zero absorption 

coefficients on the axis of photon energy. The band gaps meet the reported values very well 

(F.Lisco, 2015). CdS has a 2.4 eV band gap, while CdTe has a 1.36 eV band gap. The values 

of band gap of CdTe and CdS thin films were calculated using Equation 2.3. 
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Figure 2.13  (αhv)2  plots with respect of photon energy (hv) for CdTe/CdS thin film (K. N. 

Nithyayini & Sheela K. Ramasesha, 2015) 

2.10 Photoelectrochemical Studies 

The semiconductor parameter can be used to determine the photoelectrochemical 

solar cells factor of a semiconductor compound. Semiconducting properties like as doping 

density, band bending, valence band edge, and others can be calculated using the Mott 

Schottky plot. The inverse of square of capacitive versus the applied potential to thin films 

is plotted to tabulate potential-capacitive behaviour data (Anand & Shariza, 2012). In Mott-

Schottky graphs of 1/CSC
2 against VSCE, the interception of give that flat band potential 𝑉fb. 

The Mott-Schottky equation is as follows in experimental voltages: 

1/CSC
2 = 

2(V− Vfb − (k T/q))

ƐSƐ0qND
  (2.4) 

where C is the space charge capacitance, 𝑉fb  is the flat band potential, ƐS  is the 

semiconductor dielectric constant, Ɛ0 is the free space permittivity (8.854 × 10−12 F/m), q 

is the electronic charge (1.603 × 10−19 C), ND is the doping density, k is the Boltzmann’s 

constant (1.38 × 10−23 J/K) and T is the temperature of the operation. The slope of straight 

line can also be used to calculate ND. 
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The dielectric constant, Ɛ for the thin films can be calculated by using: 

Ɛ = Cd/AƐ0 (2.5) 

where the C represents for capacitance, d is the thickness for crystal and A for area of contact. 

The width of the depletion layer (W) and the band bending (Vb) are two important key 

parameters to determine:  

Vb = VF,redox - Vfb (2.6) 

  

W1/2  =  (2ƐƐ0 Vb/eN)  (2.7) 

where Vb is the built in voltage or the band bending and VF,redox is the redox potential of the 

2I−/I2 redox couple, which is equal to 0.295 VSCE (Lokhande et al., 2002). NC is the density 

of states, NC that can be written as: 

NC = 2/h3 (2πme ∗ kT) 3/2 (2.8) 

where h is the Plank’s constant (4.136 × 10−15 eVs), me is the effective electron mass in the 

conduction band. The measurement of capacitive as a function of applied voltage (i.e.Mott-

Schottky plot) gives useful data such as the type of conductivity,  depletion layer width and 

flat band potential ( Vfb ), which could provide an understanding about the critical 

semiconductor properties of thin films for use as photoelectrochemical cell elements. 

The semiconductor's flat band potential, Vfb is a key factor to undestand movement 

of the electrons across the semiconductor-electrolyte junction. Since band bending provides 

the highest feasible output photovoltage from a semiconductor-based device, selecting redox 

systems with VF,redox near to Ev for n-type semiconductor photoanode solar cells would be 

preferable from an efficiency stand point. In general, the efficiency of a material's conversion 

depends greatly on its properties. The maximal efficiency under light excitation is given by 

(Gujarathi et al., 2006): 

ηmax = eVb / Eg (2.9) 
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where Vb is band bending and Eg refers to the energy gap (obtainable via Mott-Schottky 

plots and optical properties). The maximum efficiency is defined by band bending and the 

energy gap, as shown in the formula above. As a result, in a photoelectrochemical cell, the 

higher the value of band bending, the higher the photoconversion efficiency. As a result, 

higher photoconversion efficiency is related to increased thickness of the film, which is the 

result of 

(i) reduction in the band gap (Eg); 

(ii) increase in the band bending, Vb of the material in longer-deposited films (i.e. 

higher thickness). 

The Mott-Schottky plot for of NiSSe thin films is a good example. S.Shariza and 

Anand (2018) investigated the thin film of NiSSe by plotting the Mott-Schottky is shown in 

Figure 2.14 and its corresponding flat band potential of the thin film of NiSSe from the Mott-

Schottky plots in Table 2.3. The flat band potential value of the junction is determined by 

the intersections of plots on the voltage axis. The Mott-Schottky plot for NiSSe thin films at 

different deposition times is shown in Figure 2.14. It shows a Mott-Schottky plot with 

negative slopes, highlighting that the deposition of films have p-type conductivity. In solar 

cell applications, the value of Vfb is important since it defines the maximum allowable cell 

photovoltage. 
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Figure 2.14  Mott-Schottky plot of NiSSe thin film (S.Shariza & Anand, 2018) 

 

Table 2.2  Flat band potential for thin films of NiSSe (S.Shariza & Anand, 2018) 

As deposited sample with 

respect to deposition time 

 

Flat band potential 

(Vfb) 

-0.9 V, 10 min 4.0 ± 0.02 VSCE 

-0.9 V, 15 min 7.0 ± 0.02 VSCE 

-0.9 V, 20 min 4.5 ± 0.02 VSCE 

-0.9 V, 25 min 5.0 ± 0.02 VSCE 

-0.9 V, 30 min 3.75 ± 0.02 VSCE 

As shown in Figure 2.15 below, the positive slope confirms the n-type conductivity 

of the NiS2 film. The semiconductor electrode potential at which bond bending is zero is 

determined as the intercept of the linear plot (1/2 CSC = 0). This potential is equivalent to 

0.48 VSCE and is called the flat-band potential. 
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Figure 2.15  Mott-Schottky plot of NiS2 thin film (Anand, 2013) 

2.11 Summary or Research gap 

The literature review informs us about provides proper photoclectochemical cell 

materials and their semiconducting characteristics, as well as the properties of Molybdenum 

diselenide (MoSe2) thin films. Existing materials including Silicon, Molybdenum dilsufide 

(MoS2), Cadmium Telluride (CdTe) and Copper Indium Gallium Selenides (CIGS) have 

been used in the PEC, but the efficiency is only around 13-14%. It was also found that 

existing materials are very costly. Electrodeposition, a CVD process, was chosen as a 

synthesis method because of its high deposition scale, low cost, and efficient control of layer 

thickness of thin film. The band gap range of good semiconducting materials is 1-3 eV in 

nature. 

As a result, in response to the above-mentioned problem, there is a research way to 

discover, study and build new, efficient and integrated techniques and methodology for the 

Molybdenum diselenide (MoSe2) thin films used in photoelectrochemical solar cells. 

Therefore, there are some summaries that can conclude from this research gap are: 
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i. Molybdenum diselenide (MoSe2) thin films can prepared by using cyclic 

voltammogram reduction potential. 

ii. Optical analysis of Molybdenum diselenide (MoSe2) thin films can studied by using 

a UV/Vis/NIR spectrophotometer. 

iii. Semiconductor parameters can determined from a Mott-Schottky plot. 

The goal of thin film is to achieve efficiency and high accuracy. This thesis is mostly 

concerned with this topic. The following Chapter 3 would cover the experimental technique 

used in this research. 

. 
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METHODOLOGY 

3.1 Introduction 

The experimental technique performed in this research for the synthesis and 

optical of Molybdenum diselenide (MoSe2) thin films was discussed in this chapter. Physical 

and chemical vapour deposition techniques are the two basic types of thin film deposition. 

Sputtering, molecular beam epitaxy (MBE), sulphurization, spray pyrolysis, chemical bath 

deposition and electrodeposition are among the most often used processes. Due to its 

intrinsic benefits, such as high deposition rate, accurate control over film thickness and 

morphology, mass production, and low manufacturing costs, the electrodeposition process 

has recently attracted great attention (Yang et al.,2015). 

For electrodeposition, potentiostat and galvonostat modes are available. Potentiostats 

are electronic devices that control the voltage differential between the reference and working 

electrodes, whereas galvonostats are used to control the device's ability to maintain the 

current flowing through the process. In order to synthesis MoSe2 thin films in a potentiostatic 

mode, an electrodeposition technique would be used. Then, the thin film's structure and 

its morphologies are investigated using X-ray diffraction (XRD) and Scanning Electron 

Microscope (SEM). Energy Dispersive Spectroscopy (EDX) used to determine the 

compositional analysis that would give their stoichiometric relationships. UV/Vis/NIR 

Spectrophotometer and Mott-Schottky plot are used to determine the optical studies of the 

of MoSe2 thin films. Figure 3.1 shows the flow chart for the experimental proecedure for the 

research. 
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Figure 3.1 Flow chart of this project 
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3.2 Substrate Preparation 

In this project, the substrates for depositing MoSe2 thin films would be indium tin 

oxide (ITO) coated glass. For the thin film deposition, the ITO coated glass substrate would 

be cut into 2.50 cm ×1.50 cm ×0.20 cm size using a diamond cutter. The substrates would 

be dipped in 50% dilute hydrochloric acid (HCI) (Sheet, 2013) for 15 minutes, rinses with 

double distilled water and then clean with hot air before film deposition. This type of 

treatment improves electrodeposit adhesion to surfaces, allowing for thicker deposition 

without peeling. As a result, the substrates are prepared for cyclic voltammetry (CV) and 

electrodeposition. 

3.3 Synthesis of MoSe2 thin film 

The cyclic-voltammetry (CV) used to determine the deposition potential of MoSe2 

and the standard potential range of +2.0V to -2.0V and +1.0V to -1.0V was used for the 

analysis. The MoSe2 were synthesized using electrodeposition method. The 

electrodeposition setup was using the three-electrode cell deposition method with counter 

electrode (anode) that made up using graphite or platinum, working electrode (cathode) that 

made up using an Indium Tin Oxide (ITO) coated glass substrate and reference electrode 

(RE) that made up by using Saturated Calomel Electrode (SCE). Mo4+ and Se2- ion sources 

were employed as predecessors in this investigation. The ratio of each material for Mo:Se is 

selected to be 1:2. Using the Princeton Applied Research Model VERSASTAT 3 

Potentiostat, the cyclic voltammetry (CV) of range of potential value is changed to -1.20V 

to define the best potential value for electrodeposition to occur. After determining the 

appropriate deposition potential, the thin film deposition times were set to 10 minutes, 20 

minutes, 25 minutes, and 30 minutes. The electrolyte solution is kept at a room temperature 
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in the bath. The cyclic voltammetry and electrodeposition experimental setup is shown in 

Figure 3.2. 

  

Figure 3.2 Electrolytic cell setup of MoSe2 thin film deposition 

3.4 Film Thickness Measurement 

The gravimetric weight difference method was used to determine the thickness of 

film. In this method, the thin film sample must be thoroughly cleaned to remove all 

interfering contaminants. The ITO-coated glass substrates were carefully cleaned and dried 

before the electrodeposition. An analytical balance weighing equipment with four decimal 

points was used to weight the ITO-coated glass substrates. The weight of the ITO-coated 

glass substrate is obtained immediately after deposition to determine the weight gain die to 

the thin layer formed. The difference in weight before and after deposition was inserted into 

Equation 3.1 to determine the film thickness. 

Thickness (cm) = 
Mass (g)

Density (g/cm3) ×Area (cm2)
 (3.1) 
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3.5 Structural Studies by X-ray Diffraction (XRD) 

The MoSe2 thin films were analyzed using X-ray Diffraction (XRD) for its structural 

characterization. Molybdenum diselenide (MoSe2) in the film can be confirmed using XRD. 

The thin film's X-ray diffractograms were obtained by using a PAN analytical XPERT 

PROMPD PW 3040/60 diffractometer (Figure 3.3) in order to calculate the lattice 

parameters to ensure that the results were supported by the report values and to analyse the 

crystallography of the thin films’s stoichiometric. The structural information of the MoSe2 

thin film can be obtained with the use of monochromatic CUKα radiation (λ = 1.54056 Å) 

at 2θ angle in the range of 10°-90°. The Joint Committee of Powder Diffraction Standards 

(JCPDS) document was used to index the XRD peaks that were identified. The spacing 

between the interplanar (d-values) were compared from X-ray diffractograms using the Joint 

Committee on Powder Diffraction Standards (JCPDS). 

 

Figure 3.3  X-ray diffractometer XPERT PROMPD PW 3040/60 (Mohd Shahrulrizan Bin 

Ibrahim, 2021) 

3.6 Surface Morphological Studies by Scanning Electron Microscope (SEM) 

The MoSe2 thin films were investigated by using SEM, JSM-6400 JEOL have been 

shown in the Figure 3.4 for its morphological properties. The SEM is a detector that converts 

X-ray radiation into voltage signals, which are then transmitted to a pulse detector to be 

measured. The signal would then be sent into an analyzer, which would display and evaluate 
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the data. The resulting micrograph is in planar view, and the surface structure was analysed 

to identify the shape forming on the substrate surface. The microstructural surfaces of the 

thin films were observed using SEM analysis. The state of the grain would be shown, and it 

would be determined whether the pin-hole-free morphology would improve grain contact. 

Energy Dispersive X-ray Spectroscopy (EDX) based on SEM had also applied in the 

research to study the thin film’s composition. The stoichiometry of the MoSe2 thin film was 

determined using SEM based EDX. 

 

Figure 3.4 JSM-6400 JEOL Scanning Electron Microscope (SEM) (ebay, 2022) 

3.7 Optical Studies by UV/Vis/NIR Spectrophotometer 

A UV/Vis/NIR Spectrophotometer was used to analyse the optical absorption 

spectrum of MoSe2 thin films with wavelengths ranging from 200 nm to 1100 nm in order 

to investigate their optical properties. A spectrophotometer is shown in Figure 3.5. The 

optical band gap of thin film is calculated from transmittance and reflectance according to 

Equation 3.2 by using the graph plot of  (αhυ)𝑛 versus photo energy (hυ). 

E = hυ 

   = 
hc

 λ
 

(3.1) 

where h is the Plank’s constant (6.63 × 10−34 J/S), υ refers to the frequency, λ refers to the 

wavelength and c is speed of light (3 × 108 m/s). 
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The optical band gaps of these compounds are determined by the intercepts on the energy 

axis at α=0. Optical absorption measurements at the fundamental edge are predicted from 

the films, which is then used to analyse the band gap of the MoSe2 thin film. 

 

Figure 3.5 UV-Vis-NIR Spectrophotometer (EVISA, 2003) 

3.8 Semiconductor Parameter by Mott-Schottky Plot 

A potential-capacitance data of MoSe2 thin film would be tabulated to establish its 

suitability for use as a solar cell material. The graphing of the power of negative 0.5 of space 

charge capacitance versus the applied potential VSCE  to the thin film is known as Mott-

Schottky plots. Using an LCR Bridge meter, the capacitance value reflected by the voltage 

applied to MoSe2 would be measured. The flat band potentials on the graph of 1/CSC
2 versus 

VSCE was shown the flat band potentials, Vfb of the junction, according to the intercept of 

Mott-Schottky plot on the applied voltage axis. 

Other semiconducting parameters, such as semiconductor type (n-type or p-type), 

width of the depletion layer (W), band bending (Vb),  conduction band density of states (Nc), 

energy gap (Eg ) and Fermi level of the semiconductor below conduction band can be 

determined using the Equation 3.3. 

1/CSC
2 = 

2(V− Vfb − (k T/q))

ƐSƐ0qND
  (3.3) 
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where C is the capacitance of space charge, k is the Boltzmann’s constant (1.38 × 10-23 J/K), 

ƐS is the semiconductor dielectric constant, Ɛ0 is the free space permittivity (8.854 × 10-12 

F/m), q is the electronic charge (1.603 × 10-19 C) , T is the temperature of the operation and 

ND is the doping density. 
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RESULTS AND DISCUSSION 

4.1 Introduction 

This chapter describes the experimental results and the findings of this research. To 

achieve a better understanding, the information obtained through the procedures stated in the 

preceding chapter was identified and translated into graphical forms. The data analysis is 

used to create a brief description and discussion. This chapter includes some technical 

opinions and professional insights to enrich the collected results and help the discussion. 

Molybdenum diselenide (MoSe2) thin film synthesis used the electrodeposition 

technique. The technique was used with various deposition times. All of the samples were 

electrodeposited at a potential of -1.2V. These samples are then left in the open air to dry 

before going through the material characterisation procedures. Before and after the 

electrodeposition procedure, the mass of the ITO-coated glass substrate is measured on a 

micron scale to determine the thin film's thickness. 

Other material characterization techniques include X-Ray Diffraction (XRD) 

analysis, Scanning Electron Microscope (SEM), UV-Vis-NIR spectrophotometer, Mott-

Schottky measurement, and UV-Vis-NIR spectrophotometer. These techniques are used to 

analyse the structural and crystallinity of thin films, to study the surface morphology of all 

the samples, and to determine the optical properties. Through tables and graphs, data from 

various material characterization methods are analysed and understood. The initial goal of 

this study, which was to synthesise stoichiometric Molybdenum diselenide (MoSe2) thin 

films using the electrodeposition method, was accomplished using the electrodeposition 
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process results. Additionally, interpretation of the results allows for validation of the optical 

characterization of Molybdenum diselenide (MoSe2) thin films. After the results and 

discussion are finished, the Molybdenum diselenide (MoSe2) thin film semiconductor 

parameters are determined. 

4.2 Film Thickness Measurement 

The mass of the ITO coated glass substrate before and after the deposition process is 

measured using a micron scale weight machine. The mass of deposited thin film on the 

substrate is defined as the difference between the two masses. The density for Molybdenum 

Chalcogenide (MoSe2) film is 6.90 g/cm3 (Haynes, W. M, et. al., 2011) and the dimension 

of the substrate is 2.50 cm ×1.50 cm ×0.20 cm.  The formula below determines the space 

area of ITO coated glass used to deposit. 

Surface Area = Length × Width 

         = 2.50 cm ×1.50 cm 

         = 3.75 cm2 

The thickness of thin films is estimated using Equation 3.1, which is discussed in 

Chapter 3. The result is determined as given in Table 4.1 below. 

Table 4.1 Thickness of MoSe2 thin films 

Deposition Time 

(minutes) 

Mass of thin films (g) 
Film thickness 

(μm) Before 

Deposition 

After 

Deposition 
Difference 

10 minutes 0.5344 0.5462 0.0118 4.560 

20 minutes 0.6116 0.6363 0.0247 9.546 

25 minutes 0.5420 0.5166 0.0254 9.816 

30 minutes 0.5631 0.5891 0.0260 10.048 
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Figure 4.1 Thickness of MoSe2 thin film with deposition time 

Figure 4.1 shows the thickness variation with deposition time of a MoSe2 thin film 

deposited on an ITO-coated glass substrate. The graph shows that the trend of film thickness 

grows as the deposition time increases from 10 minutes to 30 minutes. Initially, the thickness 

of the MoSe2 thin film for a 10 minutes deposition time is 4.560 μm, indicating a very thin 

enough film and an incomplete electrodeposition procedure. The thin films are considered 

well deposited on the substrate and have uniform and good adhesion after 20 minutes. At 25 

and 30 minutes, the thickness thickens and tends to be over-deposited. 

4.3 XRD Structural Analysis 

Figure 4.2 shows X-ray diffraction (XRD) patterns of an electrodeposited 

Molybdenum diselenide (MoSe2) thin layer on a stainless-steel substrate. This method is 

used to analyse several relevant elements such as phase existing, phase density, crystalline 

type, and crystalline size or strain. Since glass substrate is a transparent material that is 

amorphous solid, thin films deposited on it are not studied when XRD measurements are 

performed on it. As a result, stainless steel substrate is used. 
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Table 4.2 XRD comparison of standard JCPDS values with experimental MoSe2 values 

Angle 

(2θ) 
(h k l) 

Standard 

(Å) 
Experimental (Å) 

‘d ’ JCPDS 10 min 20 min 25 min 30min 

12.23 0 0 3 6.460 7.23631 6.93607   

23.35 1 0 0 3.770   3.80936 3.79556 

29.02 1 0 1 3.010  3.07674 3.09253 3.06793 

44.05 1 0 7 1.985 2.05591 2.06035 2.07251 2.06626 

50.70 0 1 8 1.846 1.80059 1.80059 1.80073 1.80333 

74.68 0 2 7 1.265 1.27096 1.27061 1.27090 1.27151 

82.03 1 1 12 1.152 1.17476    

The diffractogram of Figure 4.2, MoSe2 thin films deposited on stainless steel 

substrate determined from XRD measurement, shows a sharp peak, indicating that MoSe2 

thin films was found to be polycrystalline in hexagonal structure. (Huan Lin, 2021). The 

Joint Committee of Powder Diffraction Standards (JCPDS) document is used to identify the 

XRD peak and its pattern. According to Table 4.2, the standard values of d were chosen 

based on the experimental values of which exist in the same range. As a result, the peak 

angle element has been identified. Figure 4.2 represents the investigation of peaks from 

various deposition times. Within 30 minutes, the peaks are defined as planes of selenium 

(Se) with the reference of JCPS Card, No. 00-001-085 shows two peaks that indicated at (1 

0 0) and (1 0 1) with 2θ =23.35° and 2 =29.02°, respectively. MoSe2 peaks were obtained. 

MoSe2 planes (0 0 3), (1 0 7), (0 1 8), (0 2 7) and (1 1 12) were found as peaks at 2θ =12.23°, 

44.05°, 50.70°, 74.68°, and 82.03°. 
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Figure 4.2 XRD pattern of MoSe2 thin film at different deposition times 

The peak of MoSe2 at 2θ = 44.05°, 50.70° becomes more significant as the deposition 

time increases, indicating that the (1 0 7) and (0 1 8) planes films grew with the deposition 

time. The deposition times of 10 minutes and 20 minutes are noted to be consistent and 

almost identical. The peak is observed to be different from other peaks from peaks of W at 

2θ = 12.23°, 2θ = 29.02°, 2θ = 44.05° and 2θ = 82.03° at deposition time of 25 minutes and 

30 minutes, respectively. This is due to the extended deposition time, which contributes to 

over-deposition and makes the deposit ununiform when compared to deposition times of 10 

minutes, and 20 minutes. Peaks of MoSe2 are almost similar at 10 minutes and 20 minutes 

deposition time before they continue to fluctuate for the next two deposition times. The (1 0 

7) plane has a greater peak intensity and is the best plane orientation for the formation of 

MoSe2 films. This indicates that the formation of polycrystalline structures that take place is 

consistent at 10 minutes and 20 minutes deposition times but not at 25 minutes, and 30 

minutes deposition times. It is assumed that extending the deposition time will result in 

uneven crystalline growth. 
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According to JCPDS data, the lattice parameter value of MoSe2 is a = b = 3.2920Å 

and c = 19.3920Å, which has been reported to be hexagonal in structure and matches the 

lattice parameter determined from XRD measurement results. As a result of strong evidence 

from JCPDS data, Molybdenum diselenide thin films formed on the substrate can be classed 

as hexagonal crystal structure. 

4.4 SEM Surface Morphological Analysis 

Scanning Electron Microscope (SEM) is used to examine the surface morphology of 

MoSe2 thin films on the substrate in order to determine surface uniformity. Table 4.3 shows 

the surface morphology of MoSe2 thin films at various deposition times using magnifications 

of 3000x, 5000x, and 10000x to provide a more consistent view of the film's growth. The 

surface of the film is observed in the micrograph, and it can be seen in the state of uniform 

and the MoSe2 thin coating completely covers the substrate's surface. 
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Table 4.3 SEM planar images of MoSe2 films with different deposition times 

Thin films 

deposition 

times 

Magnification of SEM 

3000× 5000× 10000× 

10 minutes 

  
 

 
 

 

20 minutes 

 
 

 
 

 
 

25 minutes 

 
 

 
 

 
 

30 minutes 

 
 

 
 

 
 

The micrograph shows that MoSe2 thin films started to form in the ion-ion growth 

phenomenon during the 10 minutes deposition time. Films are not well adherent to substrate 

in which an atom or molecules that develop on the substrate could be sulfur or molybdenum 

only. In comparison, thin films deposition time of 30 minutes have high adhesion of MoSe2 

with substrate. MoSe2 thin films grew unevenly on the surface of substrate after 20 minutes 
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of deposition. The thin film has well adhered between substrate with the increasing of 

deposition time. 

The surface morphology of the MoSe2 film becomes piled up or thicker than the first 

two deposition times as the deposition times increase. This is due to MoSe2 being over 

deposited as time increases. The pile up grain structure seems to form in an uneven structure 

during deposition times of 25 minutes and 30 minutes, which can cause pin-hole morphology 

to form on the surface. It can obstruct the interaction between the grains. As a result, the 

quality of the film will decrease. Knowledge of grain size and distribution is critical since 

the grain size governs the most significant properties of solar cells such as series and shunt 

resistances. 

4.5 Optical Analysis 

The optical characterization of Molybdenum diselenide (MoSe2) thin films is 

investigated using a UV-Vis-NIR Spectrophotometer. The test is evaluated using the light 

absorbance spectrum from 200 nm to 1100 nm. The results are shown in Figure 4.3. The 

corresponding bandgap energy of MoSe2 thin film was analysed using the transmittance 

spectrum and a Tauc plot of the films. The resultant plot has a straight line to the energy axis 

at x-axis that contributes to the onset of absorption. Thus, by extrapolating this linear region 

to an x-axis, one can determine the energy of the material's optical bandgap. 
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Figure 4.3  Graph of (αhυ)2 versus photon energy (hυ) with different deposition times 

The optical transition in transition metal chalcogenides films is discovered to be 

direct and allowed type. As a result, the graph was drawn and the optical bandgap energy 

was determined by extrapolating the straight-line portion to cut the energy axis. The linear 

portion of the plot energy is more than 2 eV, which is a noticeable characteristic in the 

(αhυ)2 vs. hυ plots. This indicates that the material is a direct transition type. Figure 4.3 

shows the (αhυ)2 vs. hυ plots of MoSe2 thin films deposited at various deposition times. 

According to the figure above, energy bandgap of MoSe2 thin films with different deposition 

times for 10 minutes, 20 minutes, 25 minutes and 30 minutes is determined which are 1.44 

eV, 1.34 eV, 1.32 eV and 1.26 eV respectively.  

Figure 4.4 represents the variation of bandgap energy (Eg) with deposition time, 

which shows non-linear decrease. The bandgap energy of the film is seen to decrease with 

increasing deposition time. The reported bandgap value of MoSe2 thin films with various 

deposition times for 10 minutes, 20 minutes, 25 minutes, and 30 minutes is determined from 
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Figure 4.4 and is 1.44 eV, 1.34 eV, 1.32 eV and 1.26 eV respectively and this bandgap 

energy within a reasonable range with reported value of MoSe2 by M.M. Vora et al. and 

A.M. Vora et al. (2008). 

It could be determined that the optical bandgap energy of thin films decreases with 

increasing deposition time.  This result relates to thickness of film, with higher deposition 

times resulting in thicker films. 

 

Figure 4.4 Graph of bandgap versus deposition time 

4.6 Mott-Schottky Analysis 

For the study of the semiconductor parameters, Mott-Schottky graphs have been 

drawn. The space-charge capacitance was measured using an LCR bridge meter and the 

Mott-Schottky graphs were then drawn using the capacitance data. It is created by plotting 

space charge capacitance versus the applied potential (VSCE). The graph of the Mott-Schottky 

plot of MoSe2 thin films with various deposition times is shown in Figure 4.5. Table 4.4 

provides an overview of the semiconducting properties. As shown in Figure 4.5, the 

intersections of plots on the voltage axis determine the flat band potential value of the 
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junction. As the deposition time increases, the flat band potential (Vfb) value decreases from 

0.87 V to 0.76 V. The Vfb value is important for solar cell applications because it determines 

the maximum feasible cell photovoltage. 

 

Figure 4.5 Mott-Schottky plot for MoSe2 thin films at different deposition time 

The flat band potentials, Vfb, of the junction are shown in the graphs of 1/Csc
2 against 

VSCE, interception on the voltage axis. Flat band potentials, Vfb, rapidly decrease as 

deposition time increases. This is explained by Anand et al. (2012), who stated that the 

crystallinity of films increases as their thickness increases. The results of Vfb for 30 minutes 

deposition times are found to be in good agreement with the values reported in the Anand et 

al. (2012) study on the photoelectrochemical response of MoSe2. 

The figure's negative slope implies that MoSe2 thin films are p-type semiconducting 

materials. As deposition time increases, the value of depletion layer width, W (Å) decreases, 

which is similar to the values of energy bandgap determined by optical analysis. The values 

of band bending, Vb, obtained from the literature review (Anand et al., 2012). The dielectric 
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constant, Ɛ values are in good agreement with those reported by Anand et al. (2012) for 

MoSe2 thin films. Table 4.4 shows the data value. The dielectric constants of the films are 

also observed to decrease as the thickness of the films increases. Although the dielectric 

constant of MoSe2 thin films decreases with time, this is a positive trend because a higher 

dielectric constant is not really desired. Substances with high dielectric constants often 

degrade faster when exposed to strong electric fields than those with low dielectric constants 

(Anand et al., 2012).  

In conclusion, the semiconducting characteristics of Molybdenum diselenide 

(MoSe2) thin films obtained using Mott-Schottky plots are compared with those of other 

transition metal dichalcogenides, and the results show that the semiconducting parameters 

of MoSe2 thin films are reasonable. As a result, MoSe2 thin films can be established as an 

appropriate material for solar panels. 

Table 4.4 Summary of results obtained from Mott-Schottky plots for MoSe2 

Semiconducting Parameters 

Results 

10 minutes 20 minutes 25 minutes 30 minutes 

Type of semiconductor p p p p 

Flat band potential, Vfb (V) 0.87 0.84 0.81 0.76 

Band bending, Vb (V) -0.575 -0.445 -0.345 -0.255 

Dielectric constant, (Ɛ) 44.1 37.3 34.1 33.5 

Doping density, ND ×1029 ( m-3) 1.83 1.10 0.83 0.72 

Depletion layer width, W (Å) 2.98 1.94 1.49 1.24 

Energy gap, Eg (eV) 1.44 1.34 1.32 1.26 

Maximum conversion efficiency, 

ηmax 
6.40 5.32 4.19 3.24 
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CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

This chapter provides the research's conclusions, recommendations, and sustainable 

elements. Conclusions are reached based on the study's goals and findings, and 

recommendations for resolving the problem that this research encountered are presented. 

Project potential show how this research can futher be used and has impacted a number of 

related fields. 

According to the previous results, it is approved to produce stoichiometric 

Molybdenum diselenide (MoSe2) thin films using the electrodeposition method based on 

objective one. The ITO-coated glass substrate was successfully deposited in MoSe2 thin 

film. Additionally, the fact that the deposition procedure continues even as the deposition 

time increases may be seen. In all of the various times of the deposition process, the 

stoichiometric still may be identified. 

The XRD structural study of the thin film using the MoSe2 thin film can be clarified 

as a polycrystalline structure with crystals that are hexagonal. With longer deposition times 

and thicker films, the XRD peaks for thin films become more intense. With regard to the 

surface morphology of the MoSe2 thin film, which was examined using a scanning electron 

microscope (SEM), the micrograph shows that the lengthening of the deposition time is 

causing an uneven structure, which may affect the quality of the thin films and result in less 

effective performance from developing future appliances. The optical characteristics of 

MoSe2 thin films with various deposition times show the direct bandgap and the energy 
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bandgap ranges from 1.44 eV to 1.26 eV, which is compatible with and required for a 

suitable semiconducting material. 

In conclusion, all of the results for the semiconductor parameters of MoSe2 thin films 

are investigated and p-type semiconductor material is seen to be present in the thin films. 

The value of the depletion layer width shows a decreasing trend, which complies with the 

requirements for a good semiconductor material, and the flat band potentials are decreased 

as a result of the growth of crystalline as the deposition time increases. As a result, thin films 

of Molybdenum diselenide (MoSe2) can be categorised as appropriate semiconductor for 

solar panels. 

5.2 Recommendations 

Heat treatment, such as annealing, could be used to remove the oxygen content that 

adheres to the surface of the ITO coated glass substrate. The presence of oxygen has an effect 

on the stoichiometry of the MoSe2 thin film. The oxygen can form a combination with 

molybdenum or selenium, influencing the stoichiometry of the MoSe2 thin film. As a result, 

in order to obtain the stoichiometry MoSe2 thin film, the oxygen content must be eliminated 

by annealing the previously deposited layer. Annealing treatment can improve thin film 

surface uniformity and crystallinity that improved transmittance. The crystallinity of the film 

improved significantly when the annealing temperature was increased. The increased 

crystallinity is thought to be related to greater energy provided to the film in terms of 

temperature, and it could cause less defects (Parashurama Salunkhe & Dhananjaya Kekuda, 

2022), which can improve thin film characteristics for solar panel applications. 

It is possible to look at the deposition's condition for future research. The results of 

the MoSe2 thin film's stoichiometry can be impacted by the deposition's time and 



62 

temperature. It is simple to achieve the MoSe2 thin film's stoichiometry by using the proper 

time and temperature for deposition of the film. 

According to the analytical method, Transmission Electron Microscope (TEM) 

analysis need to be used instead of the current Scanning Electron Microscope (SEM) analysis 

to characterise the surface morphology of MoSe2 thin films with atomic scale resolution and 

higher magnification micrograph. By comparing the transmitted and diffracted electron 

intensities, TEM can provide additional details about the films' characteristics, including 

their morphology, local structure, and chemistry of the transition metal dichalcogenides 

(TMDs) material. 

5.3 Project Potential 

In contrast to fossil fuels and natural gas, which have recently taken control of the 

energy sources and create significant environmental damage, solar energy is free and 

available in enormous numbers. Furthermore, solar energy requires significantly less 

manpower than traditional energy production techniques (Mohd Rizwan Sirajuddin Shaikh, 

2017). Since sunlight is inexhaustible, solar energy is a renewable resource that won't run 

out in the future. Solar energy is a renewable energy source that may be used to replace 

current non-renewable energy sources and reduce environmental damage. Therefore, in the 

current state of solar cell research and development, thin films for solar cells are the most 

critical concern. 

However, silicon is currently the most expensive semiconducting material for solar 

panels because to its high manufacturing complexity and alignment requirements. Then, due 

to the fact that transition metal dichalcogenides (TMDs) such as such as Cadmium, Tungsten 

and Nickel are candidates for absorbed layer in solar cells thin films due to their absorption 
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coefficient and energy band gap, research has focused on using TMDs as a replacement for 

silicon material in new generation photoelectrochemical cells (Wu. L, 2019). 

Last but not least, TMDs thin films will be the solar panel candidates for now and in 

the future due to their simplicity of production and cheaper cost compared to silicon wafer 

preparation for solar panels. 
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APPENDICES 

APPENDIX A Gantt Chart for PSM 1 (Semester 6, March, 2022) 
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APPENDIX B  Gantt Chart for PSM 2 (Semester 8, October, 2022) 

 




