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INTRODUCTION 
Solar cells are an essential component in the process of transitioning the energy systems of 

the globe away from the use of fossil fuels and toward the use of renewable technologies. 

This movement is being driven by the goal of reducing the world's reliance on nonrenewable 

sources of energy. This shift is currently under way and will be completed over the course of 

the following several decades. The overall amount of energy that comes from the sun is many 

thousands of times greater than the amount of energy that is required to meet the demands of 

the population of the whole globe. This means that the sun is the primary source of energy for 

the planet. The sun is responsible for the direct production of solar energy, as well as the 

indirect production of other types of renewable energy, such as wind, wave, hydroelectricity, 

and biomass. In addition, the sun is directly responsible for the creation of solar energy. One 

example of this type of technology is photovoltaics, which stands out due to its capacity to 

transform sunlight into an electric current in a straightforward manner. There are a number of 

various methods in which the technology that underpins solar cells can be put into practice. 

Because they can be manufactured on flexible substrates from solutions and at low 

temperatures with the help of roll-to-roll manufacturing processes that are reasonably 

inexpensive, organic solar cells represent an alternative to the more typical silicon sun cells. 

Because of this, organic solar cells are an appealing alternative to the more conventional 

silicon solar cells. In addition to this, not only are they simple to carry, but they can also be 

manufactured without the use of any raw materials that may pose a risk to the environment. 

Organic solar cells have a shorter lifetime and a poorer power conversion efficiency (PCE) 

compared to silicon solar cells. Organic solar cells also degrade more quickly. This is due to 

the fact that organic solar cells are constructed using a distinct kind of material. In contrast, 

organic solar cells have a power conversion efficiency (PCE) of around 5% and a lifetime of 

approximately 5 years, whereas typical silicon photovoltaic panels have a PCE of 

approximately 17% and a lifetime of nearly 25 years.  

Because of the multiple benefits that they offer, organic solar cells (OSCs) with the bulk 

heterojunction (BHJ) active layer have caught the curiosity of a substantial number of people. 

This is due to the fact that organic sun cells (OSCs) are relatively new. A low weight, a low 

degree of opaqueness in appearance, and a high degree of mechanical flexibility are only 

some of the advantages that come with this material. It is now possible for organic solar cells, 

also known as OSCs, to attain power conversion efficiencies (PCEs) of more than 18 percent 

because to the fast advancement of organic photovoltaic materials and device engineering. 

The fact that OSCs have been able to attain such high levels of power conversion efficiency 

is what made this accomplishment conceivable. Despite the significant advancements that 

have been achieved in PCE development, the low operational stability of OSCs restricts the 

scope of the practical applications that may be carried out with them. This is the situation in 

spite of the substantial effort that has been made in bettering PCE. It is important to take note 

of the fact that the morphology of the photoactive layer degrades with prolonged exposure to 

a variety of environmental components (such as light, oxygen, and heat), since this continues 

to be a primary barrier in the path toward the commercialization of OSC technology. 

LITERATURE REVIEW 

Xiang Xu will have accomplished all of these by the year 2021. The majority of the 

progress made in organic solar cells in recent years may be credited to the discovery of new 

non-fullerene acceptors (NFAs). These acceptors have allowed for tremendous 

advancement in the field. "non-fullerene acceptors" is what "NFAs" stands for in 

abbreviated form. Although it has been reported that OSCs' power conversion efficiency 

has grown to around 18%, the technology has not yet attained commercialization due to 

concerns over its stability. This piques the curiosity of scientists, who proceed to conduct 

more research on the topic. As a result, we will investigate the processes that are 

responsible for instability in OSC devices, offer a comprehensive overview of the 
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advancements that have been made to OSC stability over the course of the previous several 

years, and suggest a number of remedies that can improve the stability. Even though highly 

stable OSCs have been recorded with a lifespan that may be projected to encompass several 

decades, the most obvious disadvantage of these OSCs is their inadequate PCE. This is the 

case even though the longevity of these OSCs has been reported. Therefore, it is absolutely 

necessary to do research on OSCs that are both exceptionally effective and astonishingly 

constant. We think that the suggestions gained from this study, which should assist to 

stabilize OSCs, will make it easier in the future to commercialize technologies related to 

OSCs, and this is something that we are excited about. 

S. Peng Wang (2020) Organic solar cells, also known as OSCs, have attracted a significant 

deal of interest over the course of the last several decades due to the multiple desirable 

qualities that they possess. Their cheap cost, versatility, semitransparency, nontoxicity, and 

limited environmental effect make them excellent for large-scale roll-to-roll production. 

Other properties that make them good for this type of production include their 

semitransparency. In addition to this, the manufacture of organic solar cells on a massive 

scale is feasible. In recent years, there has been substantial progress achieved in the field of 

organic semiconductor capacitors, sometimes known as OSCs. In addition to a mix of high-

performance active layer materials, electrodes, and interlayers, these organic semiconductor 

capacitors have innovative device topologies. The development of active layer materials, 

which has included the introduction of novel acceptors and donors, is a significant element 

in the huge growth in PCE in OSCs, and it is one of the most essential factors. It has been 

demonstrated that the conversion rate from input power to output power has improved, 

leading to a higher overall efficiency. In this line of study, a comprehensive exploration of 

the realm of high-performance acceptors is undertaken. Acceptors may be broken down 

into several different categories, such as polymeric non-fullerene acceptors (NFAs), tiny 

molecule acceptors, and fullerene derivatives. During this period, we will also demonstrate 

high-efficiency donor materials that have been adapted specifically for fullerene- and NFA-

based OSCs. In addition, this article discusses the most recent findings from research on 

ternary and tandem OSCs, both of which have been inspired by the continuous 

development of donor and acceptor materials. This article offers an in-depth review of the 

current developments in question. 

Descriptions 
Series Resistance in Organic Solar Cells- 

It is important to note that a series barrier will have an opposite effect on the properties of the 

solar cells. The series blockage that was present in the dim characteristics has been 

eliminated, and the identical circuit model can be fused in two different ways; this does not 

affect the dull characteristics in any way.. 

 
Fig.: solar cell equivalent model when (a) [(a)] series resistance is placed in series of 

both current source Iph and the diode D (b) [(b)] series resistance is placed in series of 

diode D but in parallel of current source Iph 

In figure (a), the series obstruction is connected in series with both the current source Iph and 

the diode D. On the other hand, in figure (b), the series obstruction is connected in series with 

the diode D but not with the current source Iph. In the following part, boundary extraction is 

completed for the two models shown in figure by making use of the dark characteristics; after 

that, the recreated light characteristics are fitted back in by making use of the extricated 

borders.. 
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Statement Of The Problem 

Even though significant progress has been made in the field of organic solar cells over the 

past few decades thanks to a lot of hard effort, there are still certain phenomena that are not 

fully understood and there is opportunity for additional development. Some examples of such 

phenomena are as follows: 

• Production of excitons  

• Exciton diffusion 

• Transport of carriers from one layer to the next Electron-hole separation 

caused by the buildup of the field Transport of carriers to the electrodes 

Advantages of Organic Solar Cells over Inorganic Solar Cells 

It has been demonstrated that organic solar cells (OSC), as opposed to their inorganic 

equivalents, offer three important benefits over their inorganic counterparts [15,16]. To 

begin, in terms of the materials, the limits of the silicon wafer technology result in the 

fabrication of materials that are ponderous, inflexible, brittle, and bulky. This is due to the 

fact that silicon wafers are made of silicon. In addition, the color possibilities that are 

available for these materials are somewhat restricted. On the other hand, the materials that are 

used for OSC are not only light in weight, but they are also thin, flexible, and changeable in 

color, and they can be molded into any pattern that you can dream of. This allows for OSC to 

be utilized in a wide variety of applications. Second, the process of synthesizing inorganic 

solar cells is not only laborious and time-consuming, but it also requires a significant amount 

of energy, mandates that the process be carried out at extremely high temperatures, and 

imposes limits on the largest possible size of the fabrications that are feasible.  

All of these factors make it difficult to manufacture inorganic solar cells. On the other hand, 

the OSC technology is straightforward, easy to understand, does not call for a significant 

amount of energy, can be fabricated at room temperature, does not have any restrictions on 

the size of fabrication, and has high speed production in addition to numerous possibilities of 

printing and coating fabrication techniques (including inkjet printing, screen printing, and 

spray printing). In conclusion, roofs and open fields are the only viable uses for inorganic 

solar cells. The uses of organic solar cells (OSC), on the other hand, allow an almost infinite 

number of options. These applications include things like windows, displays, smart glasses, 

cars, and the charging of mobile devices and laptops. On rooftops and in open fields, 

inorganic solar cells are utilized to generate electricity..  

Challenges for Organic Solar Cell Technology 

Silicon is the material that is employed by the vast majority of businesses in the commercial 

solar industry, making it the material of choice in this sector. This is due to the fact that 

silicon has a high power conversion efficiency, which is why it is the material that the 

majority of businesses choose to work with. Inorganic solar cells have a number of 

drawbacks, the most prominent of which is the excessively high cost of their production, 

which is in addition to the manufacturing processes, which are difficult and demand a 

substantial amount of power. The rapid growth in demand for organic solar cells over the past 

several years is partially attributable to the ease with which these cells may be manufactured. 

To this point, the private sector has not demonstrated a significant level of interest in the OSC 

technology that is being developed.  

This might be a result of the low power-conversion efficiency (PCE) of the technology as 

well as its short lifetime. The open-circuit voltage (OSC) is dependent on the heterojunction, 

which is generated whenever donor and acceptor materials are brought into close contact to 

one another. The OSC technology has a variety of hurdles, some of which include restrictions 

on the absorption efficiency of donor materials; blockages to the dispersion of excitons; 

difficulty in charge dissociation and transfer; and charge transfer. The length of the exciton 

diffusion, the structure of the crystal, and the collection of photogenerated carriers are all 

areas that have the potential to be improved by applying various approaches to handle these 

difficulties. These problems may be solved in a number of different ways. These 

advancements are made possible by the utilization of polymer-based nanocomposites, 

plasmonics, and tandem structures, in that order. In addition, hybrid nanocomposites, which 
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are made up of both organic and inorganic materials, have the potential to be a synergistic 

combination that makes the most of the one-of-a-kind characteristics of each of the distinct 

components. [25,26,27]. This is due to the fact that hybrid nanocomposites contain 

components that are both organic and inorganic in nature. When compared to traditional solar 

cells, hybrid solar cells operate in a manner that is a great deal more analogous to that of an 

OSC. High power conversion efficiencies (PCEs) may be attained by hybrid solar cells 

thanks to the presence of both n-type inorganic material and p-type semiconductor polymer 

within their composition. PCEs are a measurement of how efficiently a solar cell is able to 

convert the energy it receives from the sun into a form that can be utilized. 

Materials for Organic Solar Cells 

It is possible for the organic materials used in the manufacture of organic semiconductors to 

be derivatives of very small molecules or semiconducting polymers [28]. Organic 

semiconductors have been shown to contain conjugated organic moieties, which can take the 

form of dendrimers, pigments, dyes, polymers, and even very small molecules. There is a 

possibility that organic semiconductors will prove to be an effective replacement for OSC. In 

order for an OSC to operate effectively, there must be present both a kind of material known 

as an electron pair donor and a type of material known as an electron pair acceptor. In this 

procedure, the donor material is typically comprised of conjugated polymers. Poly(1,4-

phenylenevinylene) (PPV) and its derivatives garnered a great deal of attention in the very 

early stages of research due to the fact that they exhibited appropriate optoelectronic features. 

Later on, polythiophene and its derivatives, notably poly(3-hexylthiophene), also known as 

P3HT, began to see broad application (as a donor material) due to the material's stability, 

high carrier mobility, and soluble nature. In particular, poly(3-hexylthiophene) began to see 

widespread application (as a donor material) because of its high carrier mobility. In reference 

to the OSC technology, the following is a list of the structures of some key donor materials, 

which may be found in Figure In spite of the fact that fullerene and its derivatives were the 

most essential components of OSC technology in the beginning very small molecules such as 

3,9-bis(2-methylene-(3-(1,1-dicyanomethylene)-indanone) have subsequently gained the 

lead.. The three-dimensional architectures of many important fullerene and non-fullerene 

acceptor materials are depicted in Figure 1, which may be found here.. 

 
Figure: The structures of some important donor and acceptor materials of OSC. 

It is feasible for the organic materials employed in the production of organic semiconductors 

to be derivatives of extremely tiny molecules or semiconducting polymers [28]. This is one of 

the ways that organic semiconductors may be created. It has been demonstrated that organic 

semiconductors contain conjugated organic moieties, which can exist in the form of 

dendrimers, pigments, dyes, polymers, and even very tiny molecules. These conjugated 

organic moieties can take any of these forms. There is a chance that organic semiconductors 

will show promise as a viable alternative to organic semiconductor components (OSC). In 

order for an OSC to function properly, it is necessary to have both a kind of substance known 

as an electron pair donor and a type of substance known as an electron pair acceptor in the 

circuit at the same time. In this method, the donor material will frequently be made up of 

conjugated polymers. In the very early phases of research, Poly(1,4-phenylenevinylene) 

(PPV) and its derivatives attracted a great deal of attention due to the fact that they 

demonstrated acceptable optoelectronic properties [29,30]. Later on, polythiophene and its 

derivatives, most notably poly(3-hexylthiophene), also known as P3HT, began to have 

widespread application (as a donor material) due to the material's stability, high carrier 

mobility, and soluble nature [31,32,33]. In particular, poly(3-hexylthiophene) is the 
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derivative that has received the most attention. Due to the great carrier mobility that it 

possessed, poly(3-hexylthiophene) in particular started to see extensive application (as a 

substance for donor cells). In relation to the OSC technology, the following is a list of the 

structures of a selection of important donor materials; these structures may be found in Figure 

In the beginning [34,35,36,37,38], fullerene and its derivatives were the most fundamental 

components of OSC technology. However, extremely tiny molecules such as 3,9-bis(2-

methylene-(3-(1,1-dicyanomethylene)-indanone) have since taken the lead. Figure 1, which 

may be seen at this link, provides a visual representation of the three-dimensional structures 

of a number of significant fullerenes and non-fullerene acceptor materials..  

Fabrication of Organic Solar Cells 

Single-layer organic photovoltaics (OPVs) are just what they sound like: organic 

photovoltaics that only have one active layer. On the other hand, organic photovoltaics that 

are built with many active layers are referred to as hetero-junctions or multiple layers [88]. 

Organic photovoltaics that only include a single active layer are referred to as single-layer 

OPVs. This is also a common abbreviation for the term "single-layer organic photovoltaics." 

Due to the fact that they only have one layer, OPVs with only one layer do not have 

particularly outstanding performance in terms of PCE. When OPVs are built with a high 

number of layers or heterojunctions, there is a rise in the ON-State Current (OSC), which 

may be measured. This phenomenon can be observed. It is possible to see this phenomena. 

The operation of a heterojunction organic photovoltaic device can be broken down into four 

distinct steps, which are as follows: (i) the generation of an electron-hole pair (exciton) by the 

absorption of the photon; (ii) the diffusion of the exciton to the interface; (iii) the generation 

of free carriers by the dissociation of excitons; and (iv) carrier transport and collection at the 

electrode. Each of these steps is described in more detail below. The following provides a 

more in-depth explanation of each of these stages. The details of each of these steps are 

broken down into the following sections for your convenience. The first generation of organic 

semiconductor chips, known as OSCs, consisted of a single layer that had an extremely low 

power carrier efficiency (PCE). This was a direct result of the inefficiency of the dissociation 

exciton, which caused the layer to have such a low efficiency. This was due to the fact that 

organic semiconductors are single-layer devices, which is one of the characteristics of these 

materials.. (Figure 2A). 

 
Figure The following stages are involved in the production of an OSC: (A) the single 

active layer; (B) the bilayer heterojunction; (C) the bulk heterojunction; and (D) the 

tandem heterojunction. 

Further advancements in OSC technology led to the development of heterojunction cells as 

the final product. It is possible to further subdivide these cells into bilayer heterojunctions, 

bulk heterojunctions, and tandem heterojunctions. In a configuration known as a bilayer or 

planar heterojunction (Figure 2B), layers of donor and acceptor materials are positioned 

between two electrodes. A low PCE is also an issue for planar heterojunctions, which is 

caused by their short diffusion length and the restricted mobility of the excitons that they 

form. This difficulty is created by the fact that planar heterojunctions are very simple 

structures. In order to achieve an optimal power conversion efficiency (PCE), it is essential to 

synchronize the diffusion length with the dimensions of the bilayer heterojunction. Because 

of this, the final product will be films that are extremely thin and have a low optical 

absorption. 

On the other hand, heterojunctions can be either distributed or bulk, and in either case, they 

are composed of combinations of materials that can act as either donors or acceptors (Figure 
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2C). Excitons have an easier time diffusing to the interface and achieving high power carrier 

efficiency when bulk heterojunctions are used, as opposed to planar heterojunctions. PCBM 

is the combination of donor and acceptor materials that is used in bulk heterojunctions more 

frequently than any other [89,90]. P3HT is an abbreviation for polycrystalline bulk metal–

organic framework. Up to an 18 percent increase in power conversion efficiency (PCE) has 

been shown in bulk heterojunctions as a result of recent research [91,92,93]. In single-layer, 

bilayer, and bulk heterojunction structures, the capacity to absorb light is limited to a narrow 

band of the visible light spectrum. Depending on the structure, this band is either in the short- 

or the long-wavelength region. When using a tandem heterojunction, one has the possibility 

to make use of a large wavelength region that is based on two sub-cells whose absorption 

spectra are complimentary [94,95]. This gives an excellent chance to maximize one's profit 

potential. Interlayers divide the sub-cells from one another and are responsible for aligning 

the quasi-Fermi level of both cells (Figure 2D). The sub-cells are separated from one another 

by the interlayers. As a result of the many benefits that were just gone over, tandem solar 

cells have lately attracted a lot of interest in recent times. An obstacle for tandem inorganic 

solar cells is the enormous expenditure that must be paid in order to accomplish the requisite 

crystal growth and lattice matching. This expense is a significant barrier. On the other hand, 

tandem OSC is experiencing an increase in both attention and application due to the fact that 

its manufacture is simple and cost-effective. This is one of the reasons why. For bulk 

heterojunctions, the input materials have to have absorbance spectra that are a perfect match 

for one another, correct energy level alignment, nanoscale phase separation, and high charge 

mobility. 

The Working Principles Behind Organic Solar Cells 

The operation of organic semiconductor sun cells (OSC) is completely different from that of 

conventional silicon-based inorganic solar cells, both in terms of the material properties of 

the OSC and the design of the OSC. Organic semiconductor sun cells, in contrast to their 

normal inorganic counterparts, do not immediately result in the production of free charge 

carriers upon the absorption of light. This is because organic semiconductor solar cells 

include a double layer structure. Excitons are pairs of electrons and holes that have no net 

charge whatsoever and are created as a byproduct of this process. It is a pair of electrons and 

holes that is extremely tightly linked and has a life span on the order of nanoseconds. The 

excitonic property of the organic semiconductor material has a considerable impact on both 

the design and the geometry of organic photovoltaic (OPV) devices. To be able to deal with 

the limitations and challenges that are presented by the materials and the production process, 

it is very necessary to have a fundamental understanding of how OPV works. The exciton 

must first dissociate into its component components in order for the photovoltaic effect to be 

created. This is a prerequisite for the process. Excitons have a binding energy that ranges 

anywhere between 0.3 and 1.0 eV. In addition to the energy required to bind the excitons 

together, an evident amount of more energy is needed in order to dissociate the excitons and 

free the carrier. This shows a requirement for a large quantity of energy as compared to its 

inorganic equivalent, which means that it is necessary. Excitons are created as a direct 

consequence of the acceptor absorbing part of the light that is passing through it. If the 

amount of thermal energy generated is less than the amount of energy required to bind an 

exciton, the electron and hole states will ultimately unite into a single state. On the other 

hand, if the thermal energy is greater, it will surpass the exciton binding energy if it is 

compared to that value. Because of this, free charges will be generated, which will ultimately 

result in the electron and hole becoming structurally distinct from one another. Because of 

this, photogenerated carriers begin to accumulate on the electrodes, with electrons beginning 

to gather at the cathode and holes beginning to gather at the anode. The operational idea that 

underpins OSC is illustrated in Figure 3, which may be found here. The act of absorbing and 

processing light from the sun results in the development of an electron-hole pair, which is 

also referred to as an exciton. Because of the high energy absorption, the donor's valence 

electrons jump from their highest occupied molecular orbital (HOMO) level to their least 

unoccupied molecular orbital (LUMO) level. This causes the excitons to split into electrons 
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and holes at the HOMO level. HOMO and LUMO are both abbreviations for molecular 

orbital levels. After that, electrons hop from the lower unoccupied shell (LUMO) of the donor 

to the lower unoccupied shell (LUMO) of the acceptor, which has a lower energy level than 

the donor's LUMO. When the holes from the HOMO of the donor are moved to the anode, 

the circuit is complete. The circuit is completed when the electrons from the LUMO of the 

acceptor are transferred to the cathode, where they are collected. In this context, some of the 

most important considerations to take into account are the alignment of the energy levels of 

the donor materials and the acceptor materials, the absorption profiles, the mobility of 

charges, and the miscibility of the materials. 

CONCLUSION 

Solar cells are what you name the devices that do the work of turning light into energy. This 

theory is based on the organic solar cell because of the many benefits it provides, such as low 

material and energy requirements, low temperature and energy handling requirements, low 

material necessity, the ability to be used on a flexible substrate, and the capability to be 

molded to suit a compositional purpose. These benefits serve as the foundation for this 

theory. Both the light absorption and the exciton dispersion processes fall within the category 

of optical processes, whereas the remaining phases are driven by electrical forces. Light 

retention, exciton dissemination, charge movement, charge transport, and charge assortment 

are the main phases that are involved in the creation of electricity from light in an organic 

solar cell. These phases are essential to the process. The four most essential types of 

architectures for organic solar cells are single-layer, double-layer, mixed, and coated organic 

solar cells. This theory is based exclusively on the MATLAB-based 1D float dispersion 

electrical display of a bilayer organic solar cell, and it is relied on it alone. MATLAB, a high-

performance programming language with particular registration capabilities, is used to carry 

out the simulation. Calculation, disclosure, and programming are all part of this language's 

feature set, and it operates in an environment that is free of demanding scenarios. A large 

amount of numerical documentation is used to present both the problems and the answers. 

The bilayer organic semiconductor capacitor (OSC) employs two extremely thin layers (100 

nm each) of organic material (a contributor and an acceptor) in the space between the 

cathodes. Each layer is a contributor to the OSC. 

1. This test system uses MATLAB programming to successfully work through each and 

every step involved in the translation of light into electricity by bilayer organic solar cells. 

This testing device performs exceptionally well for a modest range of voltages, which is 

typical for areas with solar activity. 

2. It has been discovered that the open-circuit voltage is dependent not only on the difference 

in the cathode work works but also on the force and the charge densities at the terminals. 

An increase in open-circuit voltage can be achieved either by increasing the infusion 

hindrance in the polymer or by reducing the charge densities at the anodes. In an open 

circuit, the voltage rises in a logarithmic fashion with increasing light force. 
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