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Abstract: Solar cell layers technology has achieved global standing in the solar cell layers deposition 

process, and it covers the innovative methods and techniques in significant applications. Recent 

solar cell layers technology has an advanced interest in a refined approach to enhance performance 

and highlights the importance of recent proficient procedures for manufacturing. For example, the 

application is used to search for novel materials for solar cells' layers to clarify the current energy 

crisis. The technological process and various types of solar cells depend on climate change. Among 

them, layers of solar cells and silicon wafer solar cells are very encouraging. Solar cell layers tech-

nology has led to solar cells being a more reasonable active option in design and production. The 

productivities facilitated by new solar cells still need to be enhanced for the various processes in-

volved in the additional enhancement from Copper Indium Gallium Selenide (CIGS) microfilms to 

solar cell crystal structure dye-sensitized solar cells. The hydrophobic coating works as an anti-dust 

coating, enhancing efficiency and decreasing the cost of cleaning solar cells. In Saudi Arabia 

Majmaah City, most solar projects are in dry regions, where the dusty weather reduces solar cell 

efficiency. Therefore, combining these two properties and applying an anti-reflective and superhy-

drophobic coating will increase solar cell efficiency by 20%. Solar cells' crystal structure results are 

substituted with layers or new materials to balance environmental impact and toxic nature. 

Keywords: Copper indium gallium selenide layers; Solar cell efficiency; Self-cleaning; Superhydro-

phobic coatings; Vapour deposition technique. 

 

1. Introduction 

The quest for a viable alternative to hydrocarbons has drawn an excessive deal of 

consideration during the current energy crisis, and alternative platforms include solar, 

wind, and nuclear energy. Furthermore, an attractive form of limitless alternative energy 

is provided by solar cells. Solar cell placement can offer a thermal energy source and elec-

tricity as well [1, 2]. On the contrary, the progression and integration of effective photo-

voltaic cells are hampered by two primary aspects: efficiency and cost. Recently, research 

into more efficient and effective research in photovoltaics has resulted in the existing of 

emerging solar cells and enhanced conventional efficiency baseline designed CIGS solar 

cells [3, 4]. New chalcopyrite materials accomplished greater than 24% efficiency from 

expanding thin-film solar cells with efficiencies larger than 10% [5-7]. However, the elec-

tricity price is approximately one order of magnitude higher when related to commercial 

prices from current solar cells [8, 9]. In this regard, this study aims to explore the materials 

for solar cell development generally, and the recent technologies obtainable.  

Photovoltaic cells are devices utilized for converting solar radiation into photovoltaic 

effects via electrical energy. The architecture is presented by photovoltaic cells based on 

two semiconductor areas with various electron concentrations. These materials can be 

kind n or type p, even though the material is electronically neutral in both cases. Holes 
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flow from electrons, and the p region from the p-n junction via the n region when both 

the n and p regions come into contact. Additionally, the fixed ions produce an electric 

field near the junction in the opposite direction of diffusion, leading to an implication ex-

isting. At stability, the diffusion is adjusted with the implication existing so that the net 

existing is zero. A potential barrier, in this regard, is framed at the p-n junction.  

Previously, different types of semiconductor materials and technologies were intro-

duced for designing solar cells at low cost and with high conversion productivity. Con-

ventional solar panels fabricated from silicon crystalline wafer modules are bulkier, mak-

ing transportation complicated. These are, fundamentally, large-sized solar panels ob-

served with glass panels. A bulky and heavier solar panel needs a large space, and per-

haps big rooftops, to balance such large solar panels and provide high power applications. 

In this article, solar cell research and improvement focusing on solar energy's efficient 

application is studied based on different solar cells. This study presents the existing state 

of the art photovoltaic cell technology concerning materials utilized for fabricating de-

vices, its productivity, and related costs. A comprehensive comparative examination has 

been performed on the four solar cell generations to focus on the different architectures, 

materials and methods, and their benefits and challenges. 

Theoretical physics of coatings and their applications are also discussed in this paper. 

Several approaches on both industrial and laboratory-scale levels have been reviewed for 

syntheses or fabrication of these coatings. This paper emphasizes the use of recent ad-

vances in the application of solar cell materials. 

 

1.1 Literature Review 

1.1.1 Material Used in Solar Cells Development 

The solar cell's main material is silicon. Regarding the semiconductor material ap-

plied, these materials have the properties of intensifying the absorption of the sun. Solar 

cells are mainly combined into initial, second, and third age batteries. The original battery 

is a silicon wafer. The second-generation battery is a thin-film solar battery (cadmium tel-

luride, amorphous silicon, and CIGS battery), applied in photovoltaic power plants. The 

third is coordinated photovoltaic constructions or small independent electrical structures 

[10]. The solar cell thin film involved durability, aging material nascent voltaic photog-

raphy (various meager cinematic developments).  

 

Table 1. Comparison of selected materials and their properties for solar cell efficiency. 

Material CuInSe2 Ge Ga Si CdTe 

Category Direct Indirect Direct Indirect Direct 

Band Gap 

(eV) 
1.04 0.67 1.43 1.11 1.49 

Absorption 

edge (µm) 
1.19 1.85 0.87 1.12 0.83 

Absorption 

Coeff (cm-1) 
1.0 x 105 5.0 x 104 1.5 x 104 1.0 x 103 3.0 x 104 

 

The third age unit has been checked and is not used for monetary purposes. No mat-

ter how expensive solar cell innovation is and how low productivity is, improvement in 

solar cell innovation is still sought due to the growing demand and the prospect of unlim-

ited flexibility. Figure 1 presents the types of the different materials utilized for photovol-

taic solar cell systems, comprising mainly of silicon, cadmium-telluride, copper-indium-

gallium-selenide, and copper-gallium-sulfide. The photovoltaic solar cell systems are dis-

tributed into different types, as displayed in Figure 1. 
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Figure 1. Solar Cell Classification. 

 

1.1.2 Monocrystalline silicon solar cell 

These solar cells are primitive solar cells and are named ordinary or ordinary solar 

cells. As the name suggests, these solar cells are made up of a single silicon gem. These 

silicone gems are cut from huge, hollow, round measured rods [11]. The strategy used to 

assemble these cells is called the Cheklausz measurement; the cell's edge looks like an 

octagon. These solar panels show a typical example, such as small white gems [12]. The 

productivity of these batteries is between 17% and 18%. Figure 2 shows the production 

steps for the monocrystalline silicon surface. Fundamentally, the all-silicon wafer surface 

is degreased and cleaned. The wafer is ultrasonically washed, anisotropically digested, 

rinsed with deionized water, dried, and immersed in acetone, dissolving organic pollu-

tants.  
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Figure 2. Monocrystalline Silicon Solar Cell [13]. 

 

1.1.3 Polycrystalline Silicon Solar Cell 

Polycrystalline PV components are usually collected of various precious stones cou-

pled together in a single cell. The battery is made using the cooling and hardening tech-

nology of the protruding candy cane, in which the assembly efficiency is very high [14]. 

In 2008, these batteries were the most used solar cells, accounting for 48% of total solar 

cell production, increasing their performance to around 12-14%. Ribbon-shaped silicon is 

an example of a glass-like polysilicon solar cell [15]. This type of battery can usually re-

duce silicon waste, but productivity is low. Figure 3 shows the first commercial solar cells 

based on silicon wafer technology, including the elevating progress. At present, solar cell 

contribution is more than 1% of the global energy demand, which shows that the price 

per kWh must be mitigated to become competitive in more regions globally and acquire 

substantially higher market shares. 

  
  

Figure 3. Polycrystalline Silicon Solar Cell [16]. 

 

1.1.4 Second Generation Thin-Film Solar Cell 

Light film solar cells are identified as second-generation solar cells and are further 

practical than the original solar cells. These solar cells have an extremely thick, thin light 

retention layer, while the original silicon wafer cells have a light incident layer [17]. These 

advances have reduced the number of dynamic materials in the battery. This dynamic 

material is created as a sandwich between two glass sheets. Samples of such thin-film in-

novations are amorphous silicon, cadmium telluride (CdTe), and gallium indium copper 

diselenide (CIGS) [18]. Figure 4 shows the materials promoted different types for thin-

film solar cells. It was apparent that thin crystalline Silicon films represent the most used 

material of approximately 2.5 µm thickness. Other candidates include cadmium tulleride 

and amorphous Si, along with other thin-film materials. Modules for the second-genera-

tion have been promoted, but they have not achieved the first-generation solar cells' suc-

cess because of module stability and technological issues.  
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Figure 4. Thin-Film Solar Cell of Second Generation [19]. 

1.1.5 Amorphous Silicon Thin Film Solar Cells 

Silicon solar cells are a sample of the best widespread innovation in thin-film solar 

cells. These solar cells were the first to be produced in a modern way. They can be pro-

duced at extremely low manufacturing temperatures, so different polymers and other 

laminated substrates can be used in moderation rather than other materials [20]. There-

fore, these solar cells are very inexpensive and extensively used. The batteries are fabri-

cated of miniature silicone, not glass or translucent. The aperture (1.7ev) of amorphous Si 

is larger than that of crystalline silicon [21]. The amorphous state here means that the sil-

icon material contained in the battery has an apparent iodine effect in the opaque lattice 

structure. This is created by fixing the doped silicon material to the glass plate back using 

plasma-improved chemical vapour deposition (PICVD) [22]. The top cell is made of amor-

phous silicon, leaves, and absorbs visible light from the base cell area infrared part. The 

fundamental disadvantage of amorphous silicon solar cells is their instability, which has 

increased from 4% to 8%. These batteries can be simply handled at high temperatures and 

are suitable for adverse weather conditions [23]. Figure 5 demonstrates the device-struc-

ture in the experimental section, along with the present density-voltage characteristics 

and the fabricated solar cell EQE spectrum.  

 
  

Figure 5. Thin Film Solar Cell of Amorphous Silicon [24]. 
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1.1.6 Cadmium Telluride Thin Film Solar Cell (CDTC) 

Cadmium is a dangerous substance, and the amount of tellurium is restricted. How-

ever, this is the right choice for the further development of the financial photo gadget. In 

terms of the cost of translucent silicon, this is the leading photovoltaic innovation to date 

[25]. These batteries have a gap of material close to 1.5ev and have high adhesion strength. 

Therefore, it is the most preferred material for the innovation of light, and thin-film solar 

cells. These batteries have tape holes that can absorb light more efficiently and increase 

their efficiency [26]. During the initial assembly of these solar cells, the CdTe -based solar 

cells are made of polyglass-like materials, and glass is selected as the substrate. Subse-

quently, various techniques can be used to cover the multilayer CdTe solar cells on the 

substrate [27]. This cycle is named education. These batteries are fabricated by sliding lay-

ers of tellurium between cadmium telluride layers to build on junction diodes. As men-

tioned above, CdTe has a gap size of about 1.48ev and a high absorption coefficient of 

5x1015/ cm, so the efficiency is between 9% and 11% [28, 29]. However, the use of these 

cells must also consider the climate because cadmium is a toxic component (accumulates 

in humans, organisms, and plants), and so their removal during assembly and after use is 

a big problem. Consequently, proper cadmium control and the natural hazards were as-

sociated with it limit the use of this innovation [30]. 

 

1.1.7 Copper Indium Gallium Selenide (CIGS solar cell)  

Comparable amorphous silicon, and cadmium telluride CIGS solar cells are also an 

innovation involving thin-film solar cells. The CIGS layer is lightweight and adaptable so 

that it can be stored on an adaptable substrate. CIGS is a mixed quaternary transmitter 

medium containing four precise components: gallium, indium copper, and selenium [31]. 

These batteries have high applicability of about 10% to 20%. The CIGS assembly is com-

pleted through the following procedures: the electrochemical masking strategy, printing, 

and electronic wave declaration. It is made by placing indium, gallium, thin copper layer, 

and selenium on glass or plastic casing next to the cathodes on the back, and front to as-

semble electricity [32]. The CIGS material substrate could be a polymer, glass plate, sub-

strate, steel, or aluminum, and so on. It has a maximum retention factor and therefore 

requires a thinner film than any supplementary semi-directional material. The CIGS thin-

film solar cell's main feature is that its existence is delayed without extensive damage. 

Pie's weak solar cell film has deteriorated by about 15% and left the market base [33]. In 

2013, the entire CIGS industry's share was only 2%, and any potential negative film pro-

gress was 10%. CIGS batteries continue to evolve because they ensure that silicon produc-

tivity can be easily matched.  

Figure 6 represents a representation diagram of a categorized bandgap. A three-stage 

co-evaporation method was prepared using CIGS films based on a double-graded con-

duction band shape, with an in-depth notch point handier to the absorber front surface. 

A narrow bandgap is positioned at the notch point, and a varied bandgap is positioned at 

both sides such that: Eg3>Eg1>EG2. 
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Figure 6. Solar Cells of Copper Indium Gallium Selenide. 

1.1.8 Third Generation Solar Cells  

Solar cells founded on nano-gemstones are often referred to as quantum dots. This is 

just the name of the quantity that flows within a few nanometers, such as absorbent silicon 

or porous TiO2 (titanium dioxide) [34]. There is the possibility that nano-gemstones will 

be used as moderate and successful solar cells. It is expected that nano-gemstones' form 

and size will be adjusted by absorbing light in the whole area. 3D control requires more 

remarkable information ionization, and results in transporters that produce various 

changes from a single photon [35]. The incarceration extends the thickness of the condition 

along the edge of the belt to some extent, as innovations to develop nano-gemstones focus 

on replacing materials like amorphous silicon, CIGS, and cadmium telluride solar cells 

[36].  

These batteries are made by involvement nanomaterials in showers and coating them 

with Si. In common compound semiconductor solar cells, when photons excite electrons, 

they form an electron pair. However, when photons encounter a small number of rela-

tively semi-directional materials, different electron apertures can be modeled (in some 

cases, 2 or 3 plus 7 are usually seen) [37]. Because of its measurement capabilities, this type 

of clustering is cheaper to manufacture than other photography options. Compared to the 

assumed capacity of 44%, these solar cells' productivity is only around 2.5%. The natural 

coating's carrier portability reduces the solar cells' efficiency on the nanoscale [38]. 

 

  

Figure 7. Nano-particles Material Schematic Diagram. 
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These batteries have the advantage of adaptability due to their polymer materials. 

They consist of light-weight wear layers (usually 100 nm) connected one after the other, 

which are laid on polymer films or strips [39, 40]. The benefactor (polymer) and the ac-

ceptor (fullerene) are mixed. The materials that exist for this reason are polyphenylene 

vinyl, branched carbon fullerenes, and so on. Hegger, Shirakawa, and Mac Diarmid re-

ceived the Nobel Prize in Science in 2000 for determining another polymeric material 

called lead polymer. Polymer solar cells are also divided into PU impact standards. They 

can be handled by liquid devices and provide basic scrolling functions for changing the 

print size [41].  

Poly (2-methoxy-5- (2-ethylhexyloxy) phenylene vinylene) (PPV), C60, and its vari-

ous minor blends could be applied to construct key polymer solar cells and realise a high-

performance conversion effect. After careful study, they achieved PPY polymer solar cells' 

competitiveness over 3% [42]. In 2011, the Massachusetts Institute of Technology and 

Michigan studied solar cells made with 2% competitiveness and 65% simplicity. At the 

California University in Los Angeles, scientists recently used a similar method to con-

struct very similar polymer solar cells with 70% simplicity and 4% force conversion 

productivity. The productivity of energy changes previously achieved with conductive 

polymers is less than that of inorganic materials [43]. Even so, Konarka Power Plastic com-

petence in 2012 was 8.3% and that of natural tendon cells 11.1%. Fluid Gemstone (LCD)’s 

display capacity expanded, and an advanced reuse idea called Polarized Natural Photog-

raphy (ZOPV) was developed. This uses an equivalent polarizer, photographic equip-

ment, and an approved solar panel. 

A series of phenomena will occur because of the association between the semicon-

ductor materials and the electron beam, when a highly energetic electron beam is empha-

sized on the semiconductor. Initially, elastic scattering procedures backscatter the occur-

rence of primary electrons. This segment is approximately uniform for silicon at 10% in 

the energy range below 60 keV. The remaining primary electrons offer their energy to the 

semiconductor lattice through inelastic scattering procedures such as the generation of 

excess-hole pairs, generation of x-ray, and generation of secondary electrons. The follow-

ing expression explains the dissipation of the occurrence of electron energy: 

𝐸𝑜 = 𝐸𝑒ℎ + 𝐸𝑆𝐸 + 𝐸𝑋 + 𝐸𝑅𝐸 + ⋯    (1) 

Where 𝐸𝑜 is the overall occurrence of electron beam energy; the energies utilized 

for generating excess electron-hole pairs, backscattered electrons, secondary electrons, 

and x-ray are represented through 𝐸𝑒ℎ + 𝐸𝑆𝐸 + 𝐸𝑋 + 𝐸𝑅𝐸.. The energy loss in silicon is 

very minimal and can be avoided, so the energy used to produce excess electron-hole pairs 

is almost: 

𝐸𝑒ℎ ≈ 𝐸0 − 𝐸𝑅𝐸 ≈ (1 − 𝛾)𝐸0 = 0.9𝐸0   (2) 

The electron-hole production pairs in silicon occur by influencing the ionization of 

the valence band electrons in the conduction band, which leaves holes at the valence band. 

The excitation may occur with reduced energies compared to the valence band edge at the 

different sub-valence band. The electrons can further be brought to different conduction 

band levels, which outcomes in the produced electron-hole pairs' kinetic energy. There-

fore, the average energy 𝑒𝑖 needed to produce one electron-hole pair is superior to the 

bandgap energy 𝐸𝑔. The silicon lattice absorbs the generated carriers' kinetic energy be-

cause of lattice vibration, making electrons return to the conduction band minimum, and 

holes to the valence band maximum, also generating phonons. ei is approximately 3.6 eV 

in silicon; therefore, the number N of generated electron-hole pairs can be anticipated as: 

𝑁 =
𝐸𝑒ℎ

𝑒𝑖
=

900

3.6
𝐸0 = 250𝐸0     (3) 
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The production of carriers happens in a place called generation volume. The follow-

ing empirical function can be used for the distribution of the produced electron-hole pairs 

by: 

𝑁(𝑧) =
𝑁

𝑑
𝜆 (

𝑧

𝑑
)                           (4) 

With 

𝜆 (
𝑧

𝑑
) = {

5.69 (
𝑧

𝑑
)

3

− 12.4 (
𝑧

𝑑
)

2

+ 6.21 (
𝑧

𝑑
) + 0.6; 0 ≤

𝑧

𝑑
≤ 1.1

0; 0 ≥
𝑧

𝑑
, 𝑜𝑟 

𝑧

𝑑
≥ 1.1

  (5) 

1.2 Solar Cells Preparation 

Photovoltaics (PV) is a progressively developing field with its rapid technologies and 

expanding markets. The solar cell is the fundamental construction block of PV, and the 

cost of this element comprises a sizable portion of the budgeting of an entire PV system 

[44]. The development of high-efficiency PV modules is aimed at through thin film com-

pound solar cell research programs that can be conducted on large-area substrates via 

high-throughput and low-cost processing techniques [45]. These devices are characteris-

tically developed on polycrystalline absorber layers with thicknesses in the 1-10   range. 

I-III-VI2 and CdTe ternary and multi-notaries are amongst the polycrystalline compounds 

formed as absorber layers for the thin-film of high-efficiency solar panels. These semicon-

ductors are specifically attractive for a solar cell of the thin-film applications due to their 

high visual absorption quantities and their versatile visual and electrical features, which 

can be fabricated and tuned to meet the requirements of a predefined device configuration 

[46].  

The solar cell researcher is provided with the I-III-VI2 ternary compounds and their 

quaternary and pendency solid solutions with an array of optical bandgap values varying 

from 0.96 eV to 3.49 eV. The classical structure of high-efficiency I-III-VI2 compound solar 

cells is presented. For this device, the most used substrate is a (Mo) glazed soda-lime glass 

sheet [47]. The p-type absorber film is placed over the Mo layer, which performances as 

the back ohmic surface to the cell. The rectifying junction is established among the n-type 

window layer and the absorber film, comprising of either a thin structure or a thick film. 

The solar cell is accomplished by placing metallic grid trends over the window layer if 

required. The absorber layer is the heart of the solar cell configuration [48]. The optical 

and electrical properties of I-III-VI2 compound films have majorly relied on their defective 

chemistry and structure and stoichiometric composition, which are, consequently, ma-

jorly associated with firm growth indicators. Therefore, the processing approach's selec-

tion is essential to obtain compound films that possess high-efficiency solar cells.  

 

1.3 CIGS Layer Solar Cells 

Solar cell fabrication costs per kilowatt can be reduced based on the promising role 

of Copper Indium Gallium Selenide (CIGS), which facilitates solar cells competing with 

existing power production technology. High-efficiency CIGS solar cells can be formed up 

to a bandgap of approximately 1.2 eV. The point is to use a higher open-circuit voltage, 

and a reduced temperature coefficient [49]. Recently, there have been substantial enhance-

ments in CIGS solar cell efficiencies. In particular, the highest energy conversion efficiency 

was achieved through the CuIn1-xGaxSe2 (CIGS)-based solar cells among PV thin-film 

materials. Those solar cells are fundamentally made from CIGS, which allows represent-

ing low Ga content, and results in absorber energy band gap values [50].  

CIGS solar cells are complex thin-film solar cells, and the supreme ascertained alter-

native to silicon solar cells. Recently, solar conversion productivities of approximately 
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20% have been accomplished in CIGS solar cells. The buffer layer is the furthermost sig-

nificant factor for influencing the conversion efficiency (Figure 8). On the contrary, the 

buffer layer structure and its actual effect have not been clarified for conversion efficiency.  

 

  
Figure 8. CIGS Layer Solar Cells with quantum efficiency of SnO2 layers.  

Besides, some researchers have indicated how to achieve maximum solar cell perfor-

mance. The optimum composition can be identified as having an atomic ratio of 0.088 

absorbers in their bandgap and other device parameters. CIGS solar cells produce a cur-

rent via a p-n junction like that of silicon solar cells [51]. There is a positive charge in the 

p-type layer because of the holes in its structure where electrons are missing, whereas the 

n-type layer has a negative charge because of an excess of electrons. The CIGS material is 

the p-type layer in a CIGS solar cell. The n-type layer comprises cadmium sulfide covered 

by transparent showing oxide layers, such as aluminum-doped zinc oxide and intrinsic 

zinc oxide [52].  

It is witnessed that CIGS is the primary layer that determines the properties of the 

junction as well as device performance. Its development tends to be the core obstacle fac-

ing manufacturing, since the highest performance CIGS needs a complicated combination 

of increased temperature, controlled composition, the four features' reaction, and ex-

tended deposition times [53]. It has also been revealed that the enhancement of cell per-

formance can be accomplished by Zn doping after CIGS development. In addition, it has 

been indicated that SIMS, QR, and JEQIC measurements can be doped on the CIGS layer 

by Zn evaporation, and that the conversion occurs at the surface from p-type to n-type.  

 

2.0 Methods and Techniques 

2.1 Sputtering Method 

Sputter deposition is a physical vapour deposition approach for sputtering a thin film 

deposition. This encompasses material from an objective that is a source placed onto a 

substrate such as a silicon wafer [54]. Throughout the deposition process, sputtering is the 

re-emission of the deposited material by atom bombardment or ions. Wide energy distri-

bution in sputtered atoms ejected from the objective is fundamentally up to tens of eV 

(100,000 K) [55]. The sputtered ions can characteristically fly from the objective in straight 

lines and energetically influence the vacuum chamber or the substrates [56]. In particular, 

the gas atoms are collected with the ions that act as a moderator and transfer diffusively 

to reach the vacuum chamber wall or substrates and condense after experiencing a ran-

dom walk [57]. The broad range from high-energy effect to low energy thermalized mo-

tion is accessible by altering the background gas pressure. The sputtering gas is typically 

an inert gas, including argon. The sputtering gas' atomic weight must be closer to the tar-

get's atomic weight for gaining effective momentum transfer, so neon is preferable for 

sputtering light elements. In contrast, xenon or krypton are used for heavy elements [58]. 

Compounds can be sputtered through reactive gases. The multiple sputtered can be 

established on the targeted area, on the substrate, or in-flight, relying on the progression 
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parameters. The obtainability of numerous parameters makes it a complicated process for 

controlling sputter deposition but further facilitates a high control level over the solar 

cells' microstructure and development [59]. Sputtering is comprehensively utilized in the 

semiconductor industry for depositing in different thin-film materials in combined circuit 

processing. Sputtering further deposits thin antireflection coatings on glass for optical ap-

plications [60]. Sputtering is the ultimate method for depositing contact metals for thin-

film transistors due to the low-substrate temperatures.  

Molybdenum thin films were placed on soda-lime glass substrates under different 

coating circumstances through a DC magnetron sputtering device, as demonstrated in 

Figure 9. The Molybdenum sample was placed in an argon gas atmosphere through a base 

pressure of approximately 4 x 10-6 Torr. The substrate's rotation and substrate-to-target 

distance were positioned at 85 mm and 10 rpm about the vertical axis, respectively. The 

aim was pre-sputtered for 5 minutes to eliminate any contamination before coating, and 

the substrates were ultrasonically prepared in acetone, dried in nitrogen, and rinsed with 

deionized water.  

 
  

Figure 9. Sputtering System of the DC Magnetron Antireflection Coatings Sputtering Sys-

tem. 

 

2.2 Dye-Sensitized Solar Cells 

Dye-sensitized solar cells (DSSCs) have emerged economically and technically for p-

n junction photovoltaic devices. It has been reported that illuminated organic dyes could 

be used to generate electricity in electrochemical cells [61], with spinach (photosynthesis) 

used to extract chlorophyll. Initially, a chlorophyll-sensitized zinc oxide electrode was 

produced in 1972. Moreover, photons were converted into electricity via the electron in-

jection of excited dye molecules into a semiconductor wide bandgap [62]. A DSSC com-

prises four fundamental parameters: the working electrode, redox-mediator, counter elec-

trode, and sensitizer [63]. DSSC is the construction of a working electrode saturated with 

a sensitizer or a dye and sealed to the counter electrode saturated with a thin electrolyte 

layer through the assistance of a hot melt tape to avoid any electrolyte leakage (Figure 10).  
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Figure 10. Illustration principle of Dye-Sensitized Solar Cells.  

There are several attractive features in the DSSC, and it is straightforward to use tra-

ditional roll-printing techniques. Practically, it has been proven to eliminate several costly 

products, most significantly, ruthenium and platinum. However, the liquid electrolyte 

presents a severe challenge in making a cell appropriate for all-weathers [63]. The 

price/performance ratio of DSSC must be sufficiently relevant to consent them to partici-

pate with fossil fuel electrical generation by accomplishing grid parity, even though its 

conversion the efficiency is less than the best thin-film cells [64]. Due to chemical stability 

issues, commercial applications are predicted to contribute towards renewable electricity 

generation substantially. 

 

2.3 Doctor blade Technique 

Doctor blading, also represented as blade coating or knife coating, is a well-estab-

lished thin-film fabrication method. It encompasses either moving a substrate underneath 

the blade or running a blade [65]. There is a minimal gap that demonstrates how many 

solutions can get through. The ultimate thickness is a fraction of the gap between the blade 

and the substrate, and thus it is affected by the viscoelastic properties of the solution and 

coating speed [66]. Doctor blading is a method that is well-absorbed for large-scale coat-

ings. The approach has been further well-established to create thicker films from a viscous 

solution. However, it cannot provide the nanoscale uniformity or extremely thin films 

covered by spin coating [67]. On the contrary, this approach's simplicity, scalability, and 

versatility make it accurate for solar cell preparation. It is further used across various re-

search fields such as thin electronics, paints, ceramics, and battery technology [68]. 

Figure 11 illustrates the TiO2 thin films micrograph arranged by modified and tradi-

tional doctor-blade methods. A perfectly smooth shape is represented through the TiO2 

thin film designed with an improved doctor-blade, which can be based on the occurrence 

of lubricating oil. The oil prevents quick evaporation of water in the TiO2 throughout the 

computation process. Nonetheless, several micro-cracks occur on the TiO2 thin film sur-

face arranged using the traditional doctor-blade method. These macrocracks will reduce 

the entire conversion efficiency of dye-sensitized solar cells (OSSC). Figure 12 presents the 

solar cell structure and the solar cell flow diagram fabrication process. The subsequent 

thin film layers of the solar cell were arranged, and this is described next. 
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Figure 11. The Ti02 thin films micrograph prepared by (a) conventional and (b) improved 

doctor-blade methods [69]. 

 
  

Figure 12. Doctor-blade Technique. 

 

2.4 Spin coating Method 

The spin coating solution is dispensed onto a flat substrate, which begins to rotate or 

is ready to rotate. The solution is sheared by the centripetal force, which causes it to be 

distributed consistently across the exterior as a thin film [70]. The shearing force applied 

determines the deposited film's thickness, which is comparative to the rotational rate. Uni-

form films are produced through spin coating, reliably and instantly, over a small surface 

area [71]. It is accurate to be used in research and development laboratories working on a 

minimal surface area. Besides, spin coating is efficient and easy to set up and use, making 

it a popular method across various research fields. It is usually utilized to process photo-

resists on wafers and for thin electronic devices [72]. 

Lastly, some washed FTO glasses were used as substrates for collecting powder from 

a burning candle as spongy carbon counter electrode. The soft carbon fibers materials/FTO 
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composite counter electrode was then hard-pressed on the Spiro-OMeTAD layers of in-

complete devices. The entire process was conducted in air conditions with a comparative 

humidity of up to 23% at room temperature. The overall preparation process is presented 

in Figures 13 and 15 below. 

 

  

Figure 13. Working Principle of the Spin-Coating Method. 

 

3.0 Solar Cell Properties 

3.1 Ultra-high Band Gap Solar Cells 

The Selenium (Se) photoconductivity was exposed by Willoughby Smith in 1873 [73]. 

The first solid solar cells were created 10 years later by Charles Fritts by coating metal foils 

with thin gold and Se layers. Modern science and technology rendered the propagation 

of the photoelectric result and other essential phenomena. This also led to the Nobel Prize 

work that includes sensors, machines, rectifiers, and other technologies. The rapid expan-

sion of the silicon microelectronic industry led to a decline in SE research by offering high-

quality material with bandgap. Still, the bandgap is most suitable for single-junction solar 

cells, and science and technology are likely to benefit from the development of silicon for 

integrated circuits that propel silicon photovoltaic devices. The efficiency of this device 

ranges between 6 and 26.6% [74]. On the contrary, in initial demonstrations, less than 1% 

was achieved, culminating in 5%. Significant growth in the silicon photovoltaic industry 

has reduced module prices and costs, which has further helped achieve good module ef-

ficiency of 24.1% [75]. Increased conversion efficiency is enabled by passivation, material 

quality, and improved device structure. Additionally, this approach is likely to limit the 

practicability for Si single junction. The most realistic part of tandem solar cell architecture 

with several bandgaps is offered by higher photovoltaic efficiencies that surpass single 

junctions' limitations.  

At present, the limitation is imposed on the multi-junction cells for expensive semi-

conductor photovoltaic and low-efficiency silicon materials. Sophisticated solar tracking 

concentrator systems are required by these devices, which are not useful for mainstream 

disposition compared to planar Si modules. An efficient high-Eg top cell lacking is con-

sidered a significant challenge to making effective and low-cost tandem PV devices for 

large-area applications. This process is compatible with the creation of a lower E g ab-

sorber. The planar tandem photovoltaic devices research was reinvigorated by metal-or-

ganic hybrid perovskite materials offering high-efficiency solar cells with high tunable 

band gaps being treated at low temperatures [76]. The examination for stable and fewer 
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toxic substitution is motivated by concerns regarding long-term stability and heavy metal 

content.  

Depending on the fabrication conditions, Trigonal selenium is reported Eg between 

1.83 and 2 eV [73], which is likely to be processed at temperatures under its around 220 ˚C 

melting point. This condition is an ideal triple-junction photovoltaic device, as well as a 

top absorber in monolithic tandem [79]. The Se solar cell reported in 1985 utilized n-type 

TiO2, dumped on SnO2: F (FTO) coated glass. There is a further similarity between this 

structure and some current hybrid perovskite solar cells, while an innovative hole-

transport layer is completely ignored [77].  

Recombination is likely to be reduced, and collection can be improved by introducing 

a consistent inorganic MoO x high-work-function hole-selective layer between the sele-

nium and the gold back [78]. Moreover, the selenium absorber thickness is reduced to only 

100 nm to escalate the back-surface field's advantage and decrease fabrication time and 

material consumption. There is the optimization of a tunable bandgap Zn x Mg1-x O 

(ZnMgO) buffer constructed on the field of chalcogenide photovoltaics with combinato-

rial experiments for producing a measured open-circuit of 969 mV voltages. However, 

there is a need to improve voltage in these cells as it is nearly 700 mV lower than the 

Shockley–Queisser (SQ) limit for the (Se) bandgap (1.95 eV). 

In this early semiconductor, other fundamental phenomena broadcast and the pho-

toelectric effect via modern science and technology, led to the sensors and rectifiers, and 

photocopy machine, among other technologies [80]. Selenium investigation failed in the 

face of the appearance of the promptly increasing silicon microelectronic manufacturing, 

which provided a high-quality material with a bandgap and adequate single-junction so-

lar cell. The silicon advancements for combined circuits led to both the technology and 

science that drove silicon photovoltaic device the efficiency from approximately 6% to 

27% today [81, 82]. On the contrary, less than 1% of Se was accomplished in the earliest 

studies, and it culminated at 5% in the 1980s. After the silicon PV industry was developed, 

production costs as well as module prices were mitigated, rather than accomplishing an 

effective module efficiency [83, 84]. Material quality and passivation have allowed im-

proved conversion efficiency, although enhancements are required to reduce Si angle 

junction's practical restrictions in these areas.  

Up till now, expensive III-V semiconductor photovoltaic and low-efficiency amor-

phous silicon materials have been restricted by multi-junction cells. These devices need 

adequate solar tracking concentrator systems and have shown modest useful usage for 

mainstream applications compared to planar Si modules. A core issue for constructing 

low-cost and efficient tandem PV devices has been the efficient high-Eg top cell lacking 

that is process compatible for fabricating reduced Eg absorbers. More recently, the re-

search into planar tandem photovoltaic devices has been reinvigorated by metal-organic 

hybrid perovskite materials, which provide high-efficiency solar cells with high bandgaps 

that could be processed at low temperatures [73, 76, 85-87]. On the other hand, issues re-

garding the lasting stability of such compounds and their heavy metal contented have 

encouraged the examination for more stabilized and less toxic options.  

 

3.2 Self-Cleaning Superhydrophobic Coatings 

Most people are not aware of the word “superhydrophobic.” Water drops do not stay 

on superhydrophobic surfaces but roll-off. The lotus leaf's low surface energy and its rigid 

nanostructure/hierarchical micro/ result in extreme non-wettability. Water is disabled by 

the air trapped inside the rigid protrusions for impregnating, maintaining a stable liquid-

air interface with a reduced interface to minimum solid fraction [88]. Dust is compiled 

from rough superhydrophobic surfaces by the rolling drops, unlike the normally smooth 

glass-like surface. Most individuals are attracted to the cleaning ability of superhydropho-

bic surfaces, and it is possible to apply this cleaning technique to daily activities such as 

the body of vehicles, as well as skyscrapers, fabrics, metals, sponges, marbles, wind-

shields, glass windows/doors, solar cell panels, sports shoes, papers, and woods [89-91]. 
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As the name proposes, such materials are certainly cleaned by a natural water stream, 

including rainfall, which substantially mitigates routine maintenance costs. Self-cleaning 

is widespread in nature; for instance, the lotus plants leave, butterfly wings, rice plants, 

fish scales, etc. These naturally occurring superhydrophobic coatings portray the lotus 

effect and their individual properties, as shown in Figure 14.  

  

 

Figure 14. Self-Cleaning Superhydrophobic Coatings [92]. 

There has been an increased demand for transparent and durable superhydrophobic 

coatings in the industrial sectors. Xu and He [93] used modified hollow silica nanoparti-

cles to prepare a highly transparent superhydrophobic coating on the glass. After modifi-

cation, hollow silica nanoparticles were dipped and coated glass substrates. The chemical 

vapour deposition of perfluorooctyltrimethoxysilane completed the post surface chemical 

modification. It has been shown that Liu et al. [94] obtained a transparent superhydro-

phobic film on the glass substrate through a simple coating by using the sol-gel processing 

of long chains. Another study by Xu et al. [95] modified silica nanoparticles on glass by 

preparing a transparent superhydrophobic coating through simple spin or dip coating. 

Superhydrophobic polyester fabrics and cotton were prepared by Gao et al. [96] through 

the deposition of the surface modification and silica sol using hexadecyltrimethoxysilane 

(HDTMS). The preservation of the superhydrophobicity of fabrics is possible for up to 30 

laundry cycles. Xue et al. [97] depressed the cotton fabric surface energy by depositing 

TiO2 sol using stearic acid to accomplish superhydrophobicity. This superhydrophobic 

cotton fabric exposed satisfactory UV shielding characteristics. 
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Figure 15. The superhydrophobic coating preparation process [136]. 

Superhydrophobic coatings assist in the initiation of metallic corrosion, which is a 

huge challenge. For instance, the single-step electrodeposition technique was adopted by 

Wu et al. [98] to guarantee a hybrid silica sol-gel film on mild steel. It is possible to achieve 

superhydrophobicity by excellently modifying the deposition potential and allowing time 

to reveal enhanced corrosion resistance in a NaCl solution. Thermal welding treatment 

was used by Naderizadeh et al. [99] to achieve an exceedingly abrasion-resistant super-

hydrophobic silica nanoparticle-polymer coating on aluminum substrates. The process of 

etching lowers the surface energy of stainless steel in sulphuric acid to modify methyl 

trichlorosilane. Excellent anti-corrosive and self-cleaning properties have been exhibited 

by superhydrophobic stainless steel. The testing of the coating's wettability showed integ-

rity in extreme bending, abrasion, and jet impact. There is increased susceptibility of cel-

lulose paper to observe moisture from the developed wet and surroundings. Ogihara et 

al. [100] sprayed a deferral of hydrophobic silica nano-size particles onto hydrophilic pa-

per to attain transparent and superhydrophobic silica nanoparticles on the hydrophilic 

paper. 

Superhydrophobicity is likely to be exhibited by coating with silica nanoparticle sus-

pension in ethanol because of ethanol hydrocarbon chain length. The wetting state of su-

perhydrophobic paper is maintained after rolling, pressing, and folding. It is also possible 

to modify the nanoparticles of SiO2, Al2O3, and TiO2 using a spray-coating on paper and 

silane coupling agents. Superhydrophobic behavior was revealed by paper coated with 

improved SiO2 nanoparticles, as it possesses the residual hydroxyl lowest amount groups; 

hydrocarbon groups easily replace these groups. Moreover, a transparent superhydro-

phobic coating was observed by Zhang et al. [101] via the wet deposition of an emulsion 

of carnauba wax and beeswax followed by annealing. 

 Continuous contact with water also results in wood degradation; therefore, a study 

by Jia et al. [102] was using a sol-gel process for preparing a durable superhydrophobic 

coating for use on wood surfaces. Good mechanical stability is likely to be demonstrated 

by applying vinyl improved silica nano-size particles on the wood using a simple solution 

immersion method against a sandpaper abrasion test. A study conducted by Wang et al. 

[103] cultivated ZnO nano-rods on a wood surface by fabricating a superhydrophobic 

wood surface with successive stearic acid modification. The hydrophobic silica suspen-

sion nano-size particles were used by Chang et al. [104] in a polydimethylsiloxane (PDMS) 

solution for coating wood surfaces.  

Excellent superhydrophobicity is depicted by wood coated with SiO2-PDMS compo-

sites, along with decent mechanical durability against ultrasonic washing and abrasion. 
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Another serious issue is oil spills in the environment, as superhydrophobic-superoleopho-

bic sponges can provide efficient oil and water separation. A study conducted by Zhang 

et al. [105] it incorporated methyl-modified silica nano-size particles in porous PU matrix 

with the help of PDMS as an epoxy resin for fabricating superhydrophobic-superoleopho-

bic polyurethane (PU) sponges. These sponges have an essential character in collecting oil 

from the water surface at high speed. Sponges have shown exceptional wetting stability 

touching alkali/acid immersion and abrasion. The sponges are modified for practical oil-

water separation application with hydrophobic silica nanoparticles [106]. Previous studies 

have shown that the conservation of marbles, plastics, and frictional drag reduction is 

possible through superhydrophobic silica coatings [107]. The hydrophobic silica nanopar-

ticle suspensions were coated on the various substrates. These substrates include a wall, 

solar cell panels, cotton shirt, paper, metal, marble, motorcycle’s body, mini boat, window 

glass, fabric shoes, plastic, wood, and sponge.  

 

3.3 Materials Used in Superhydrophobic Coatings 

It is a core requirement that the surface must be rough at the nanoscale to make the 

surface hydrophobic. Techniques including deposition, self-assembly, lithography, and 

etching are used to prepare nanoparticles for superhydrophobic surfaces. Deposition 

methods encompass spin coating, spray coating, and dip coating, chemical vapour depo-

sition, and sol-gel methodology [108-110]. These techniques can be categorized into two 

approaches: bottom-up and top-down. There is control of nanoscale structures in the bot-

tom-up approach, whereas only the preferred nano/microstructures can be developed in 

the top-down approach. Lithography, micromachining, plasma treatment, etching, and 

templating are used to prepare superhydrophobic in a top-down approach. Material is 

added in a top-down approach onto the micro-or nanostructures and surface. This tech-

nique comprises the LBL approach, sol-gel method, and CVD [111].  

Deposition took place due to a chemical reaction in a chamber in the CVD technique, 

where heated materials are present, and gases are flushed into the chamber, which is to 

be coated. This was completed in a cold-wall and hot-wall reactor, with or without carrier 

gases, at a temperature varying from 200°C to 1600°C [118]. Recently, several improved 

techniques have been created for CVD, including ion, plasma, laser, and photon, for in-

creasing or decreasing the deposition rate. CVD's main benefit is that it can instill various 

materials and, along with that, high stability [112]. Trimethylmthoxysilane is also utilized 

for producing hydrophobic surfaces by PECVD.  

Microelectronics-based photolithography is used in many universities and institu-

tions for fabricating synthetic superhydrophobic surfaces. Bell Labs are likely to be used 

for manufacturing a photolithography-based array of silicon rods [113]. The hydrophobic 

solution is used to treat various one-micron diameter silicon rods to provide the right 

surface chemistry and microstructure for the rods to generate a static contact angle and a 

superhydrophobic surface of around 153°, as shown in Figure 16. 
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Figure 16. The images showed rods surface chemistry and microstructure generate a su-

perhydrophobic surface and static contact angle of around 153° [136]. 

 

Researchers at ORNL used glass fiber drawing techniques to make a glass cone spikes 

array in 2004. A seven microns periodicity and a height of 12 microns were possessed by 

the cones [114]. Handling the glass array with a fluorinated saline solution changed the 

glass cone array's surface chemistry to hydrophobic from hydrophilic. This solution of-

fered covalent bonding on the surface of the cone. The radius of treated cone tips was 

<10nm. The world’s most water disgusting surface is provided by a superhydrophobic 

array of nano-sharp glass cones with a contact angle of >179° [115]. It has been shown that 

there are around one million cone spikes surrounded by water in monophony of a 14mm 

diameter glass disc. Water seems to be repellently surrounding the SH cured cone array 

and the disc. This shows the disc surface no wetting. Borosilicate glass is separated by 

nano-porous silica and superhydrophobic nanostructured through a different etching 

phase [137]. 

 
  

Figure 17. Demonstration of various techniques of meniscus coating [138]. 

  

In the decision, there are other physical and chemical methods presently being con-

ducted for fabricating self-cleaning surfaces. Layer-by-layer, spin coating, and lithogra-

phy are included in other solvent-based methods, whereas vacuum and thermal evapora-

tion are amongst the gas phase coating strategies [139]. Nonetheless, these strategies rely 

on comparatively simple tools that could be enhanced to fabricate them more environ-
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mentally friendly. Besides, a specific method can be selected if the user is relying on spe-

cific applications, as exposed in Figure 17. The altered materials and methods utilized for 

anti-reflective, self-cleaning coatings are summarized in Table 2 below. Table 2 contains 

water contact angles, each coating's reflectance, and the light transmittance of materials. 

 

Table 2. Methods and Materials used for Antireflective Self-cleaning Coatings Fabrication 

with Technical Details. 

Materials 

Water 

Contact 

Angles 

Transmittance 

(%) 
Wavelength 

Reflectance 

(%) 
Reference 

Silica sol 108 99.63% 529 - [116] 

SiO2 157 -95% 580 - [117] 

Mesoporous 

silica nanopar-

ticles 

- - 530  [119] 

TiO2 4.3 97.7% 494 - [120] 

Aluminum ox-

ide 
- - 550 -2% [121] 

Aggregated 

SiO2 particles 
165 92% - - [122] 

Silica thin films - - 567-573 <1% [123] 

SiO2 sol-gel - 99.2% - - [124] 

TiO2/SiO2 - - 480-500 0.15% [125] 

Scallion-like 

ZnO 
150 - 400-700 <1% [126] 

ITO - - 350-450 UV-resistant [127] 

Reduced GO-

TiO2 
- - 540-560 -10% [128] 

SiO2 - 75% - - [128] 

Hollow Silica 

nanoparticles 
- - 520 -1% [129] 

Ag/TiO2/Si <5 - 300-650 0.5% [130] 

PVC template - - 300-1000 3.5% [131] 

Anodized alu-

minum oxide 
3 - 550 -5% [132] 

Ag nano mask - - - 1.39% [133] 

AAO mem-

branes 
- - 200-500 <1% [134] 

 

 

4. Conclusion 

In conclusion, solar cells' evolution has been reviewed established on a series of ap-

proaches and materials used all years. Solar cell materials range from crystalline silicon to 

the most advanced inorganic quantum dots. This study has shown how novel materials 

and techniques have facilitated researchers looking beyond silicon as an alternative solu-

tion to solar cell technology. The significance of using earth-abundant aspects in selecting 

active materials has been discussed for solar cells concerning reducing the cost/Watt of 

electricity. The need to use non-toxic elements in determining functional materials has 
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also been discussed for accomplishing environmentally friendly and industrially viable 

solar cells for prospective events.  

Photovoltaic technology is considered part of the solution for addressing energy con-

cerns, and a fundamental aspect of upcoming energy production globally. In this paper, 

a detailed state description of the art research on photovoltaic cells has been founded. The 

altered methods and technologies proposed have been discussed comprehensively along 

with their characteristics, benefits, and challenges. In recent years, most first-generation 

and second-generation technologies have undergone several modifications involving 

highly standardized aspects. Moreover, while they portray high efficiency, they are usu-

ally expensive, even though there has been mitigation in the silicon-based cells costing.   

On the contrary, most third generation and fourth-generation technologies are 

closely linked to the so-called fundamental research in this area. Laboratory prototypes 

have been developed, leading to better outcomes, even though they have not been inte-

grated at an industrial level. Nonetheless, the third generation of multi-junction cells have 

been integrated commercially and have accomplished very high energy conversion rates. 

Fourth-generation cells comprise a potential field to be examined based on G, CNTs, or 

their derivatives in a state of initial research. The versatile nature of carbon nanostructure 

allows the implementation of PSC architecture, including the active layer, electrodes, and 

transport layers, to attain economically stable devices with enhanced performance.  

 

Future Recommendations  

Photovoltaic solar cells have not been made available on the market yet despite their 

progressively evident improvements in performance using carbon nanostructures. There-

fore, there is a dire need to develop new approaches that facilitate the synthesis of high-

quality and G thin films or high-purity CNT with electronic properties and well-ordered 

morphology, as the bandgap, quality, and the carbon nanostructures morphology purity 

links back to the photovoltaic solar cell’s performance.  

Solution-processed films are needed with an optimum balance between sheet trans-

parency and resistance. Besides, the ultrasonication and functionalization utilized 

throughout the fabrication of photovoltaic solar cells should become chief to a significant 

reduction in the carbon electrical conductivity nanomaterials. Therefore, the requirements 

of counter electrodes in photovoltaic solar cells cannot be fulfilled by the presence of the 

most conjugated polymer electrical properties of carbon nanotube composites.  

Novel synthetic methods are needed for the prevention of aggregation. Novel func-

tionalization or doping approaches compatible with photovoltaic solar panel fabrication 

procedures need to be devised to attain higher stability, tunable energy levels, and en-

hanced charge transport in carbon-based nanomaterials. Furthermore, new economic 

techniques that facilitate the synthesis of G and CNTs are required on a large scale; their 

low yields seriously confine existing methods, which should be addressed before their 

commercial applications. 
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