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Abstract 

This paper aims to discuss significance of thin film deposition in photo voltaic applications and various preparation techniques.Thin 

films preparation by chemical methods are currently attracting considerable attention as it is relatively inexpensive, simple and 

convenient for large area deposition. A variety of substrates such as insulators, semiconductors or metals can be used since these 

are low temperature processes which avoid oxidation and corrosion of substrate. These are slow processes which facilitates better 

orientation of crystallites with improved grain structure. All deposition methods involve growing a film whose thickness can vary 

from tens of A.u.to millimetre on pre-existing substrate depends on various operating conditions. Depending upon deposition 

conditions, film growth can take place by ion by- ion condensation of the materials on the substrates or by adsorption of colloidal 

particles from the solution on the substrate. Using these methods, thin films of group II±VI, V±VI, III±VI etc. have been deposited. 

Solar selective coatings, solar control, photoconductors, solid state and photoelectrochemical solar cells, optical imaging, hologram 

recording, optical mass memories etc. are some of the applications of thin film deposition. 
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1. Introduction 

A thin film is a layer of material ranging from fractions of a nanometer to several micrometers in thickness. The controlled 

synthesis of materials as thin films, which is a process referred to as deposition is a fundamental step in many applications. 

Nowadays, the synthesis of new materials for developing highly efficient thin-films solar cells is currently one of the scientific 

research challenges. Semiconductors based on earth-abundant elements could contribute to obtaining the sustainability of 

photovoltaic 

technology. The deposition of materials in the thin film form has been the subject of intense research over the past decades due 

to applications in various fields such as antireflection coatings and optical filters, surface acoustic wave devices, electronic 

components (both discrete and integrated), fabrication of large area photodiode arrays, solar selective coatings, solar cells, 

photoconductors, sensors, etc. The 

chemical deposition  methods are low cost processes and the films are found to be of comparable quality to those obtained by 

more sophisticated and expensive physical deposition process. Among these chemical methods, chemical bath deposition (CBD) 

which is also known as solution growth, controlled precipitation, or simply chemical deposition, recently has emerged as the 

method for the deposition of metal chalcogenide thin films [1]. The CBD method is presently attracting considerable attention, 

as these do not require sophisticated instrumentation like vacuum system and other expensive equipments. Simple equipments 

like hot plate with magnetic stirrer are needed. The starting chemicals are commonly available and cheap. Thiourea, 

thioacetamide, thiosulphate and sodium sulphide are generally used as sulphide precursors. Metallic precursors are metal 

complexed ions with ammonia ligands, for instance. 

1.1 Nucleation 

Nucleation is an important step in growth that helps determine the final structure of a thin film. Many growth methods 

rely on nucleation control such as atomic-layer epitaxy (atomic layer deposition). Nucleation can be modelled by 

characterizing surface process of adsorption, desorption, and surface diffusion.[1] 

1.2 Absorption and desorption 

Adsorption is the interaction of a vapor atom or molecule with a substrate surface. The interaction is characterized 

the sticking coefficient, the fraction of incoming species thermally equilibrated with the surface. Desorption reverses 

adsorption where a previously adsorbed molecule overcomes the bounding energy and leaves the substrate surface. 

The two types of adsorptions, physisorption and chemisorption, are distinguished by the strength of atomic 

interactions. Physisorption describes the Van der Waals bonding between a stretched or bent molecule and the surface 

characterized by adsorption energy. Evaporated molecules rapidly lose kinetic energy and reduces its free energy by 
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bonding with surface atoms. Chemisorption describes the strong electron transfer (ionic or covalent bond) of molecule 

with substrate atoms characterized by adsorption energy. The process of physi- and chemisorption can be visualized 

by the potential energy as a function of distance. 

1.3 Structure and Morphology of Thin Films 

Thin-film microstructure and properties depend on the growth mechanism, deposition parameters (i.e., low temperature 

or vapour pressure) and techniques we employ during the manufacturing process. Microstructures consist of three 

types:Amorphous: Forms a perfect crystalline lattice, Polycrystalline: Forms nano/micro crystallites of varying 

sizes,Epitaxial thin films: Forms solid crystalline film with latticework [8]. 

Thin film applications depend heavily on thin-film morphology, and that depends on various factors. It includes 

deposition technique and atom adsorption during film growth. Also, the type of material and the flux of vapour and 

atoms impact the final morphology, growth structure, and film thickness.  

 

2. Theoretical background of chemical deposition 

2.1. Concept of solubility and ionic product 

Sparingly soluble salt AB, when placed in water, a saturated solution containing A and B ions in contact with 

undissolved solid AB is obtained and an equilibrium established between the solid phase and in the solution as 

𝐴𝐵(𝑆) ⇔ 𝐴+ + 𝐵− 

. 

Applying law of mass action, 

𝐾 =
𝐶𝐴+   𝐶𝐵−

𝐶𝐴𝐵

 

  

The constant Ks is called solubility product (SP). When the solution is saturated the ionic product is equal to the 

solubility product. When the ionic product exceeds the solubility product i.e. IP/SP.S>1, the solution is supersaturated 

(S.degree of supersaturation), precipitation occurs and ions combine on the substrate and in the solution to form nuclei. 

Rate of growth = K₀ A(Q-S) 

where a is the surface area of the exposed solid and K₀ constant which is the characteristic of the particular precipitate. 

2.2 Fundamentals of Chemical Bath Deposition 

Most of the chemical baths (medium) consists of one or more 

metal salts Mnþ, a source for the chalcogenide X (X ¼S, Se, Te), and 

typically a complexing agent, in an aqueous solution. The deposition 

of metal chalcogenide occurs via following four steps. 

(i) Equilibrium between the complexing agent and water; 

(ii) Formation/dissociation of ionic metal eligand complexes [M (L)i]n_ik, where Lk_ denotes one or more ligands; 

(iii) Hydrolysis of the chalcogenide source; and 

(iv) Formation of the solid. 

3 .Thin Film deposition Methods 

Thin Film Deposition is the technology of applying a very thin film of material – between a few nanometers to 

about 100 micrometers, or the thickness of a few atoms – onto a “substrate” surface to be coated, or onto a 

previously deposited coating to form layers. Thin Film Deposition manufacturing processes are at the heart of 

today’s semiconductor industry, solar panels, CDs, disk drives, and optical devices industries. 

Thin Film Deposition is usually divided into two broad categories – Chemical Deposition and Physical Vapor 

Deposition Coating Systems. 

(a) Chemical Deposition is when a volatile fluid precursor produces a chemical change on a surface leaving a 

chemically deposited coating.  One example is Chemical Vapor Deposition or CVD used to produce the 

highest-purity, highest-performance solid materials in the semiconductor industry today. 

(b) Physical Vapor Deposition refers to a wide range of technologies where a material is released from a source 

and deposited on a substrate using mechanical, electromechanical or thermodynamic processes. The two most 

common techniques of Physical Vapor Deposition or PVD are Thermal Evaporation and Sputtering. 
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Fig1 : Thin film deposition process 

4.Various Techniques 

4.1 Chemical Vapour Deposition 

Chemical vapor deposition (CVD) is a deposition method used to produce high-quality, high-performance, solid 

materials, typically under vacuum. CVD is the process involving chemical reactions taking place between an 

organometallic or halide compounds to be deposited and the other gases to produce non volatile solid thin films on 

substrates. 

4.2 Chemical bath deposition method 

CBD is also known as solution growth, controlled precipitation, or simply chemical deposition, recently has emerged 

as a method for the deposition of metal chalcogenide thin films. It is an analogue, in the liquid phase, of the well known 

chemical vapour deposition in the gaseous phase. The reaction takes place between the dissolved precursors generally 

in aqueous solution at low temperature (30±808C).Pin hole free and uniform deposits.Based on operation, experimental 

set up is employed for the growth of the films from bulk precipitation of the 

solution, details of which can be seen from Fig.2. In this technique substrates and solution are stationary and solution 

is stirred with the help of magnetic stirrer. Water or paraffin baths with constant stirring are used to heat the chemical 

bath to the desired temperature. In some cases, stirring is continuous from room temperature, while in some cases, it 

is started after attaining the desired temperature. 



 
Fig. 2. Experimental set up of chemical bath deposition. 

4.3 Thermal Evaporation Process 

Thermal Evaporation involves heating a solid material that will be used to coat a substrate inside a high vacuum 

chamber until it starts to boil and evaporates producing vapor pressure. Inside the vacuum deposition chamber, even a 

relatively low vapor pressure is sufficient to raise a vapor cloud.  This evaporated material now constitutes a vapor 

stream which the vacuum allows to travel without reacting or scattering against other atoms. It traverses the chamber 

and hits the substrate, sticking to it as a coating or thin film. 

There are two primary methods of heating the source material during Thermal Evaporation.  One is known as Filament 

Evaporation, as it is achieved with a simple electrical heating element or filament. The other common heat source is 

an electron beam or E-Beam Evaporation where an electron beam is aimed at the source material to evaporate it and 

enter the gas phase. 

Thin Film Evaporation systems can offer the advantages of relatively high deposition rates, real time rate and thickness 

control, and (with suitable physical configuration) good evaporant stream directional control for processes such as Lift 

Off to achieve direct patterned coatings. 

 

Fig. 3. Experimental set up of Thermal Evaporation 
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4.4 Sputtering 

Sputtering involves the bombardment of a target material with high energy particles that are to be deposited on a 

substrate like a silicon wafer or solar panel.  The substrates to be coated are placed in a vacuum chamber containing 

an inert gas – usually Argon – and a negative electric charge is placed on the target material to be deposited causing 

the plasma in the chamber to glow. 

Atoms are “Sputtered off” the target by collisions with the Argon gas atoms, carrying these particles across the vacuum 

chamber and are deposited as a thin film.  Several different methods of plasma vapor deposition coating systems are 

widely used, including ion beam and ion-assisted sputtering, reactive sputtering in an Oxygen gas environment, gas 

flow and magnetron sputtering. 

 

Fig. 3. Experimental set up of Magnetron Sputtering 

4. Major Research in Thin film deposition 

Chalcogenide thin films have attracted a great deal of attention because of they can be used in solar cell, corrosion 

resistant coating, microelectronics, optics, magnetic, laser devices and gas sensor application. Here, chemical bath 

deposition method was chosen because of its cost effectives and simplicity for the preparation of films on various 

substrates such as soda lime glass (Prabukanthan et al., 2010; Noikaew et al., 2008), molybdenum coated-soda lime 

glass (Noikaew et al., 2008; Lugo et al., 2015), corning glass substrate (Lugo et al., 2014), stainless steel (Pawar et 

al., 2013), indium tin oxide (Zhou et al., 2008; Ordaz-Flores et al., 2006; Herrera et al., 2006), quartz glass (Khallaf 

et al., 2008), fluorine doped tin oxide (Barote et al., 2011; Ahire and Sharma, 2006; Bansode and Wagh, 2014; Islam 

et al., 2012; Zyoud et al., 2013), titanium (Lokhande, 1990) and microscope glass slide (Anuar et al., 2012; Ezugwu 

et al., 2010; Oladiran et al., 2012; Sadekar, 2014; Al-khayatt and Jaafer, 2014). 

4.1 Influence of Various Parameters 

According to various scientists, the properties of films can be controlled by different deposition conditions such as pH, 

bath temperature, deposition time, annealing temperature and concentration of solution. In this review study, an 

analysis was carried out to study the influence of deposition parameters on the chemical bath deposited films. 

pH: As we know, there was no deposition of films when the solution pH is inappropriate. Therefore, a series of 

experiments will be conducted in order to determine the best conditions for the deposition process. We can conclude 

that alkaline media is needed for the chemical bath deposition of PbS (Mousa et al., 
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2014), CdS (Ahmed et al., 2013; Zhou et al., 2012; Kariper et al., 2011), ZnS (Luque et al., 2015) and CuS (Singh et 

al., 2013) thin films from solutions. In contrast, Ni4S3 (Anuar et al., 2010c), In2S3 (Yahmadi et al., 2005), FeS (Anuar 

et al., 2011d), ZnS (Kang et al., 2010), ZnSe (Anuar et al., 2011c) were prepared from an acidic bath according to 

literature reviews. In acidic medium, dissociation of thiosulfate takes place and will produce sulfur. Next, the released 

electrons react with sulphur to form sulfide ions. Finally, these sulfide ions combine with cation ions to form thin films. 

Effect of deposition parameters: The vast preparation and studies of metal chalcogenide thin films by various 

researchers worldwide could be grouped into binary, ternary and quaternary compounds. 

Influence of the complexing agent: The use of complexing agents is very common in the preparation of thin films 

through chemical bath deposition process. It is very clear that the quality of thin films depends on the nature of the 

complexing agent. 

Influence of bath temperature: As can be seen from the different literature reviews, it is very common to study the 

influence of the bath temperature on the properties of films range from room temperature to 90⁰C. Mousa and Ali 

(2008) have reported that the PbS film thickness and grain size is increased from 217 to 750 nm and from 7 to 15 nm, 

respectively as the bath temperature was increased from 20 to 50⁰C. 

Influence of deposition time: In order to study the influence of deposition time on the properties of thin films, the 

deposition process was carried out at different periods by researchers. The obtained experimental results conclude that 

an increase in deposition time allows more materials to be deposited onto substrate and thicker films to be formed. 

The influence of annealing process: Annealing is one of the most commonly used surface treatments. It was chosen 

to improve the crystallinity of the thin films. 

Concentration of solution: The influences of solution concentrations towards the properties of the films were 

investigated by varying the concentration of solutions 

used in the chemical bath. 

Band gap: Nowadays, there are various binary, ternary and quaternary thin films have been reported for photovoltaic 

cells. Because production costs are low in the semiconductor technology and optical band gaps in the range of 1-2 eV 

match the solar spectrum 

6.Applications 

 

(i) Zinc Oxide-Based Thin-Film Applications 

ZnO thin film applications (zinc oxide) are commonplace in several industries, including thermal, optical, magnetic, 

and electrical. However, primary uses of ZnO thin films include semiconductor devices and coatings. [8] ZnO films 

are also suitable for these applications: Displays, Solar cells ,LED, OLED, Gas sensors, Lasers, Biosensors, 

PhotodetectorsZnO is also physically and chemically stable, readily available, inexpensive, and has excellent 

conductivity. For those reasons, it’s a popular alternative to other materials in the thin film sector, like indium tin oxide 

or gallium nitride. [8] 

(ii) Thin Film Resistor Applications 

Thin-film resistors are widespread in modern technology and crucial among thin film applications. Its applications 

range from radio receivers and circuit boards to computers and radiofrequency devices. Additional applications include 

monitors, wireless routers, Bluetooth modules, cell phone receivers, and electronics, where they’re invaluable. 

For example, nickel-chromium alloy-embedded resistors are vital for manufacturing smaller, thinner electronic devices 

due to their high resistivity [9]. Researchers discovered that embedding these resistors into a printed wiring board 

improves electrical performance and reliability while increasing device functionality. They can also enhance 

temperature stability by infusing the alloy with small amounts of aluminium and silicon [9]. 

(iii) Magnetic Thin Film Applications 

Magnetic thin films are essential components of many devices, including electronics, data storage, radio-frequency 

identification, microwave devices, displays, circuit boards, and optoelectronics. Beyond that, they’re critical for 

fabricating wearable electronics, including biomedical sensors. By far, this is one of the most uses that drive thin film 

applications to be so important. [7] 

Magnetic films are ideal for use in those industries due to their lightweight, portable size, flexible substrates, and 

biocompatibility. These properties make them highly suitable for photonic, spintronic, and recording 

devices. [7] Sensors containing magnetic films that use a flexible substrate (instead of a flat substrate) during 

deposition may even have the potential to detect the magnetic field of living organisms. [7] 
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(iv) Optical Thin Films 

Optical thin films have firm roots in today’s modern technologies. Standard applications include optical coatings and 

optoelectronics, which have an impressive range of uses. For example, manufacturers can create optoelectronic thin-

film chips (semiconductors) using molecular beam epitaxy. MBE involves depositing a single atom at a time onto the 

substrate to create epitaxial films. [1,5,6] 

A high vacuum environment is necessary to fabricate optical coatings, which have numerous uses, including lenses 

(i.e., glasses, telescopes) and mirrors. The coating itself affects how the optics reflect and convey light; for example, 

we can create anti-reflective coatings or the opposite, highly reflective coatings. [6] 

(v) Polymer Thin Film Applications 

Applications for polymer thin films range from solar cells and electronics to healthcare and memory chips. 

Advancements in chemical deposition methods (CVD) allow greater control over polymer film coatings, including 

coating thickness and conformity. Certain chemical reactions allow for solvent-free fabrication, eliminating the risk of 

adverse reactions to human tissue. [2] 

Now, there are “smart membranes,” which change permeability or selectivity based on environmental stimuli, like low 

temperatures, very low pressures or pH changes. [2] These polymer thin film coatings have many biomedical 

applications, including drug delivery systems, tissue engineering and biosensor creation. [1] 

(vi) Thin-Film Battery Applications 

Today we are using  a lithium-ion battery, These rechargeable batteries power many of the world’s mobile phones and 

laptops. The technology has grown exponentially in the last decade, but the integration of thin films has advanced it 

further than ever before. 

Now, thin-film batteries are the superior choice over lithium-ion. They’re thinner, lighter, and denser without 

sacrificing voltage or current. [6] Their narrower proportions are ideal for use in complex electronics, like ultra-thin 

laptops. Another application for thin-film batteries is in the healthcare industry, where they power implantable medical 

devices. [6] 

(vii) Thin-Film Coating Applications 

Thin-film coatings provide many practical uses in various industries and technologies. During deposition, 

manufacturers use coating techniques to improve the chemical and mechanical properties of target materials. Common 

examples include anti-reflective coatings, anti-ultraviolet or infrared coatings, anti-scratch coatings, and lens 

polarisation. [1] 

(viii) Thin-Film Solar Cells Applications 

Thin-film solar cells are invaluable to the solar energy sector, providing clean, low-cost energy generation. The two 

primary technologies are thermal energy and photovoltaic systems. [1] At first, solar cell technology used amorphous 

silicon thin films. However, now the standard is copper indium gallium selenide, which has greater stability and higher 

efficiency (around 23%). [1]Thin-film solar cells are also prevalent in the solar energy sector because their absorber 

layer has a high absorption coefficient. That allows for a considerable reduction in cost and material thickness while 

increasing conversion efficiency. 

6. Conclusion 

 

Thin-film applications are so numerous in everyday life that it would be difficult to find an industry that doesn’t rely 

on this advanced technology. Keeping in view this , in this paper thin film deposition starting from theoretical 

background to various methods involved in  deposition is discussed. Various thin films were successfully deposited 

onto substrate using chemical bath deposition technique. Because of its simplicity in the experimental set up involved, 

scientists are always expanding their 

investigation in this field in order to produce good quality films. Lastly, this review study presented some applications 

of thin film deposition based on controlled parameters. Thin films  have practical uses in almost every sector, from 

healthcare and memory chips to electronics and solar energy. 
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