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Abstract: 

The energy industry is currently very interested in designing and developing next-generation 

photovoltaic systems using organic-inorganic perovskite hybrid solar cells. They represent the 

most promising materials for high Power Conversion Efficiency (PCE), low-cost solar cells. They 

can also come up with answers to the global dilemma and the current energy requirements of 

civilization. Over the past few years, the power conversion efficiency of perovskite solar cells 

(PSCs) has rapidly increased, going from 3.8 to 24.2 %. The review, however, focuses on the most 

recent developments in the electron transport layer as perovskite solar cells are the most important 

element for enhancing the performance and stability of the device. These summaries include 

designs, electron transport (ETL) layers and perovskite active layers for efficient perovskite solar 

cells. The performance and stability issues with organic-inorganic halide perovskite solar cells are 

also covered in this article. Finally, recommendations for additional research on the ETL and 

perovskite active layer were offered. 
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1.0 Introduction 

The energy sector is particularly interested in organic-inorganic perovskite hybrid solar cells for 

the design and development of next-generation photovoltaic systems to meet society's present 

demand for inexpensive and environmentally friendly electricity. Organic-inorganic hybrid 

perovskites are therefore intriguing materials for highly efficient and inexpensive solar cells. The 

PCE of perovskite solar cells (PSCs) has rapidly increased in recent years, rising from 3.8 to 24.2 



% (Kojima et al., 2009; Tang et al., 2019). The power conversion efficiency for the most effective 

organic-inorganic red perovskite solar cells exceeds 20%. These materials offer great light 

absorption with a small band gap, extended charge carrier lifetimes, high carrier mobility, and 

long diffusion lengths, among other excellent optoelectronic properties. They are also quite 

appealing due to their superb charge transport properties (Ahn et al., 2015; Chen et al., 2015). The 

crystal structures of the perovskite have a general formula of AMX3 as shown in Fig.1 where “A” 

is an organic cation such as methylammonium (MA+) or formamidinium (FA+), “M” is a metal 

cation (e.g., P b2+ or Sn+2) and “X” stands for the halide anion (e.g., Br−, I−, Cl−) or a mixture of 

them. Methyl-ammonium lead iodide and bromide (MAPbBr3 and MAPbI3) were utilized as 

sensitizers in dye-sensitized solar cells by Miyasaka and coworkers in 2006 and 2009, and their 

devices displayed a 3.13 % and 3.81 % efficiency, respectively (Kojima et al., 2009; Lachore et 

al., 2021). Additionally, in 2011, Park and colleagues showed how to use CH3NH3PbI3 quantum 

dots (QD) placed on a nanocrystalline TiO2 surface to create a highly effective quantum-dot 

sensitive solar cell with a power conversion efficiency of 6.5%.  However, due to their device's 

unstable design, 80% of the sensitizer deteriorated after 10 minutes (Im et al., 2011). To increase 

conversion efficiency, Spiro-OMeTAD substituted a solid hole transport layer for the liquid 

electrolyte in the dye-produced solar cell with a TiO2 electron transport layer. 

                                                

Fig. 1 Configurations of cubic perovskite crystals with the AMX3 general formula (Liu et al., 

2015). 

Kim et al. (2,2,7′,7′-Tetrakis[N,N-di(4-methoxyphenyl)amino]-9,9′spirobifluorene) and achieved 

9.7% PCE (Kim et al., 2012). Planar heterojunction perovskite solar cells with TiO2 acting as an 

electron transport layer were described by Liu et al. in 2013 utilizing both vapor deposition and 

solution treatment methods. Without nanostructure and by substituting the conventional one-step 



solution approach, the power conversion efficiency of both methods was 15.4% and 8.6%, 

respectively (Liu et al., 2013). When compared to typical CH3NH3PbI3, the first organic-inorganic 

halide perovskite, CH3NH3PbCl3-XIx, performed well as a light absorber. As a result, switching 

to Al2O3 nano porous scaffolding from TiO2  has increased efficiency 7.6 to 10.9% (Lee et al., 

2012). To capture the greatest amount of visible light, scientists have been developing more 

effective photo-absorbing materials, improving the synthesis mechanism and procedures, and 

tinkering with the electrical structure of the photon-absorbing perovskite active layer. Due to their 

influence on the cell's ability to capture photogenerated carriers, the electron and hole transport 

layers have attracted a lot of study to date. To increase the effectiveness of collecting 

photogenerated charge carriers, proper consideration must also be paid to the interface between 

the photon absorption layer, electron transport layer (ETL), and hole transport layer (HTL) (Agha 

& Algwari, 2021; Yang et al., 2016). ETL’s primary job is to move photogenerated electrons from 

the perovskite photon active layer to the contact electrode while blocking the migration of holes 

to the counter electrode. Due to the type of ETL being utilized, these events improve the charge 

carrier separation kinetics and decrease electron-hole recombination at the interface (Ahn et al., 

2015; Ke et al., 2015). As a result, this review paper gives a brief overview of current 

developments in PSCs, ETLs, and the dynamics of photogenerated carriers and how the current 

development of PSCs may affect the stability and effectiveness of inorganic-organic perovskite 

solar cells. 

2. 0 Perovskite solar cells 

2.1 Device architecture 

Like solid-state dye-sensitized solar cells, perovskite solar cells often have similar device designs 

(DSSCs). Mesoporous, planer, and inverted planar are the three primary architectures of 

perovskite solar cells, which are depicted in Fig. 2. 

2.1.1 Mesoporous perovskite solar cells 

Mesoporous materials have been extensively investigated and exploited because of their high 

porosity and substantial specific surface area. Its large surface area makes it possible to capture 

more photons per unit of area, which lowers the recombination rate and increases the efficiency 



of the solar cell device's charge collection. Methyl-ammonium lead iodide CH3NH3PbI and 

bromide CH3NH3PbBr3 were used as sensitizers on mesoporous TiO2  to introduce mesoscopic 

perovskite solar cells, and PCE of 3.82 % and 3.13 with an organic liquid electrolyte were attained 

(Kojima et al., 2006). Kim et al. investigated perovskite mesoscopic solar cells employing the 

solid hole transportation layer (Spiro-OMeTAD), TiO2  as the electrolyte transport layer, and to 

avoid rapid performance deterioration caused by the dissolving of the perovskite material into the 

liquid electrolyte (Kim et al., 2012). However, TiO2 compact thin film (ETL) and mesoporous 

materials including ZnO, SiO2, Al2O3, and ZrO2 are utilized most frequently in perovskite 

mesoscopic solar cells. Mesoscopic perovskite solar cells have reported power conversion 

efficiencies of more than 20% to date (Guo et al., 2020; Sun et al., 2019; Zhang et al., 2020). In 

addition, Table 1 provides a summary of perovskite solar cells made from distinct mesoporous 

perovskite photon-absorbing layers with varying ETL. 

                            

Fig. 2 Various device architectures of perovskite solar cells: a mesoporous, b planar, and c 

inverted planar device (Pham et al., 2020). 

 

2.2.1 Scaffold material in perovskite solar cells 

 A scaffold material acts as a support layer and frame for perovskite solar cells but is unable to 

transport electrons into the cells. Smooth electron injection into SiO2 and ZrO2 is prevented by 

these materials' large band gaps and conduction band borders, which are significantly higher than 

those of the perovskite layer. The excited electron consequently spends more time in the 

conduction band of the perovskite layer. Perovskite solar cells have been reported to use TiO2, 

ZnO, Al2O3, Nb2O5, SiO2, and ZrO2 as scaffold materials, with a PCE of about 10% SiO2. (Hwang 



et al., 2014), Al2O3 (Niu et al., 2015), and ZrO2 (Bi et al., 2013). The Al2O3 interlayer was created 

utilizing the low-temperature procedure sol-gel approach between the Li-SnO2 (Li+-SnO2) ETL 

and the CH3NH3PbI3 layer, and the Al2O3 layer sits on top of the perovskite layer. Power 

conversion efficiency has increased to 10%, and the device's performance and stability have also 

been enhanced. The weak interface contact between the perovskite layer and the carbon counter 

electrode causes the fill factor to decrease. The Al2O3 layer in the device lowers electron-hole 

recombination at the interface between the ETL and the perovskite layers, leading to improved 

perovskite solar cells. A helpful method to raise the short-circuit current density is (Qiang et al., 

2020). Xiong and others the interface between the electron transport layer and the perovskite 

active layer is altered in the reported carbon-based perovskite star cells with hole-conductor-free 

associate degreed inclusion of an Al2O3 layer. As a result, electron-hole recombination was 

prevented at the interface between the ETL, and the perovskite layer and counter conductor leads. 

This is a great insulating layer that keeps the cathode and anode apart (Xiong et al., 2018). To 

examine the stability of CH3NH3PbI3 and the sensitized film under moisture and sunshine, Niu et 

al. employed aluminum as a post-modification material. Al2O3 shields perovskite solar cells from 

moisture and UV damage, increasing their stability and effectiveness. Additionally, it lessens 

spiro-OMeOTAD and the electron-hole recombination at the TiO2 surface. When exposed to 

moisture, the gadget after Al2O3 modification showed more brilliant stability than the device 

before modification. (Niu et al., 2015).  

It was discovered that in addition to serving as an effective electron transport layer, it also aided 

in the crystallization of the perovskite film beneath, both of which are crucial components of high-

performance perovskite solar cells. Additionally, it was discovered that compared to the 

perovskite/m-TiO2 film, the perovskite layer on Nb2O5 exhibits fewer pinhole flaws. 

Consequently, the mesoporous perovskite solar cells enhanced optoelectronic characteristics, and 

improved photovoltaic efficiency, and stability (Inami et al., 2019). Inami et al. in 2019 saw the 

publication by Tomulescu et al. of mesoporous TiO2 films with high-roughness reticulated 

structures that could be sprayed over huge surfaces in the open air. The average power 

conversation efficiency was between 10 and 12 % greater than devices with a spin-coated smooth 

surface mesoporous scaffold in PSCs with small and large active surfaces up to 1 cm2. Deposition 

of a thicker perovskite and an extension of the T iO2 and perovskite interface, as well as improved 

photogenerated charge collection and less hysteresis, were all made possible by decreasing charge 



losses within the solar cell's most resistive component layer (Tomulescu et al., 2020). As a scaffold 

for perovskite solar cells, Daneshvar Asl et al. published a thin film in 2020 that had mesoporous 

nanoparticles, nanorods, and nano branching nanorods. Nano branched nanorods, on the other 

hand, outperformed nanoparticles and nanorods in photovoltaic performance due to superior 

optical properties, demonstrating excellent electron transport properties and desired light-

harvesting performance, which are desirable features for boosting the efficiency of perovskite 

solar cells (e Asl et al., 2020). Overall, scaffold materials are crucial in perovskite solar cells 

because they shield recombination electrons from the electrode and electron transport layer 

interfaces and increase the efficiency of electron extraction from the electrode to the ETL interface 

at the perovskite absorber layer interface. Additionally, the pinhole and fracture between the 

perovskite electrode and the FTO substrate were reduced. 

3. 0 Electron transport materials in perovskite solar cells 

Overall, scaffold materials are crucial in perovskite solar cells because they shield recombination 

electrons from the interface between the electron transport layer and the perovskite absorb 

layer/electrode and increase the ability to extract electrons from the perovskite absorber layer 

interface to the ETL interface. Furthermore, the pinhole and fracture between the FTO substrate 

and the perovskite electrode were reduced (Kim et al., 2020). Additionally, to enhance carrier 

separation and lessen interface electron-hole recombination The efficiency of perovskite solar 

cells is influenced by ETL characteristics including charge mobility, energy level alignment, trap 

states, interface, and surface shape. High charge mobility as a result of ETL is crucial for 

perovskite solar cells to function properly because it promotes effective charge transfer and 

collecting while preventing charge recombination at the interface (Pan et al., 2020; Yu et al., 

2020). Energy level alignment is a further factor that raises the performance of perovskite solar 

cells. The extraction and transmission of electrons are made simpler when ETL is more properly 

aligned with the perovskite-absorbed layers. This entails raising the device's open circuit voltage, 

fill factor, and short-current density (Jsc) (Voc). Charge extraction, transport, and recombination 

at the interface are important additional characteristics that characterize high-efficiency 

photovoltaic perovskite solar cells. Trap states, which affect charge extraction and transport and 

reveal a high recombination rate at the interface, are one of the most important elements in ETL. 

Interface engineering is one method for enhancing the electron transport layer and the 



performance of photovoltaic perovskite solar cells. The surface morphologies of ETL can be 

improved to increase device performance. As a result, all components contribute to determining 

the characteristics of the gadget (Chen & Park, 2020; Yu et al., 2020).  

4. 0 Conclusion and future perspective 

In perovskite solar cells, charge transport layers may act as n-type to connect the halves in a p-n 

junction, lessen surface recombination at the interface, channel the current to the metal electrode, 

and enable the amount of incoming light to flow through and reach the absorber layer. We have 

therefore discussed efforts to enhance the PCE using an ETL, as well as the interface between the 

ETL and the perovskite absorber layer, in this review. There was a short discussion of how doping 

affected the characteristics of ETL in perovskite solar cells. Numerous metal oxides have been 

studied and used in perovskite solar cells, including TiO2, ZnO, SnO2, WOx, and fullerene. The 

reduced charge carrier recombination at the surface, which improves the layer’s ability to conduct 

current, may be the cause of the better charge collection performance utilizing ETL. Additionally, 

it was mentioned that improving charge extraction and transportation depends on the interface 

between the charge transport layers and the perovskite active layer changes with useful self-

assembled monolayers (SAMs). Additionally, limiting charge recombination suggests improved 

performance and stability in perovskite solar cell apparatus. Therefore, careful ETL and interface 

design is required to utilize the greatest amount of visible light-generated charge carriers utilizing 

perovskite solar cells. A hysteresis-free perovskite solar cell device was built for commercial use, 

which may increase efficiency. Therefore, by increasing the current conduction through them to 

the metal electrode, increasing the quantity of light reaching the photon active layer, and 

decreasing charge carrier recombination at the surface and interface, ETL will enhance the PCE 

of perovskite solar cells. 
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