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ABSTRACT 

The photovoltaic industry is very interested in designing and developing next-

generation device architectures using organic-inorganic perovskite hybrid solar cell 

materials. In fact, perovskites represent one of the most promising materials for 

high efficiency, low-cost solar cells. This is most apparent in the power conversion 

efficiency of perovskite solar cells (PSCs) going from 3.8 to 24.2 % in recent years. 

One of the primary challenges of developing PSC’s however is the realization of an 

appropriate electron transport layer. As such, this review focuses on recent 

developments in the electron transport layer (ETL) of perovskite solar cells. It 

examines and summarises designs, electron transport layers and perovskite active 

layers for efficient perovskite solar cells. The performance and stability issues with 

organic-inorganic halide perovskite solar cells are also discussed with some 

recommendations for additional research on the ETL and perovskite active layer 

were offered. 

INTRODUCTION 

The solar energy sector is particularly interested in 

organic-inorganic perovskite hybrid solar cells for the 

design and development of next-generation photovoltaic 

systems to meet the current demand for inexpensive and 

environmentally friendly electricity. In this respect, 

organic-inorganic hybrid perovskites are promising 

materials for highly efficient and inexpensive solar 

cells. This is best illustrated by the photovoltaic 

conversion efficiency of perovskite solar cells (PSCs) 

having increased in recent years from 3.8 to 24.2 % 

(Kojima et al., 2009; Tang et al., 2019). This is 

attributable to the fact that the materials offer excellent 

light absorption with a small bandgap, extended charge 

carrier lifetimes, high carrier mobility, long diffusion 

lengths and also their excellent charge transport 

properties (Ahn et al., 2015; Chen et al., 2015).  

In a generic sense, the crystal structure of a perovskite 

takes the form AMX3 as shown in Figure.1, where “A” 

is an organic cation such as methylammonium (MA+) or 

Formamidinium (FA+), “M” is a metal cation (e.g., Pb2+ 

or Sn+2) and “X” is a halide anion (e.g., Br−, I−, Cl−) or a 

mixture of them. In this respect, the development of 

PSCs represents a succession to work in the field of 

dye-sensitized solar cells. In fact Methyl-ammonium 

lead iodide and bromide (MAPbBr3 and MAPbI3) were 

utilized as sensitizers in dye-sensitized solar cells by 

Miyasaka et al. in 2006 and 2009, with their devices 

achieving an efficiency of 3.13 % and 3.81 % 

respectively (Kojima et al., 2009; Lachore et al., 2021). 

Additionally, in 2011, Park et al. showed that 

CH3NH3PbI3 quantum dots (QD) placed on a 

nanocrystalline TiO2 surface created a highly effective 

quantum-dot sensitive solar cell, with a power 

conversion efficiency of 6.5%. However, owing to the 

device's unstable design, 80% of the sensitizer 

deteriorated after 10 min (Im et al., 2011). Hence, to 

increase the conversion efficiency, Spiro-OMeTAD was 

substituted with a solid hole transport layer for the 

liquid electrolyte in a dye-produced solar cell with a 

TiO2 electron transport layer. 
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Figure 1: Configurations of cubic perovskite crystals with the AMX3 

general formula (Liu et al., 2015) Reproduced from (Liu, X., et al., 2015) 

with permission from the Royal Society of Chemistry. 

 

More recently (2,2,7′,7′-Tetrakis[N,N-di(4-

methoxyphenyl)amino]-9,9′spirobifluorene) has also 

been utilized with a photovoltaic conversion efficiency 

9.7% being achieved (Kim et al., 2012). These 

developments have led to planar heterojunction 

perovskite solar cells, with TiO2 as the electron 

transport layer, being developed by both vapor 

deposition and solution treatment methods (Liu, 

Johnston, & Snaith, 2013). Without nanostructures and 

by substituting the conventional one-step solution 

approach, the power conversion efficiencies of the 

methods were 15.4% and 8.6%, respectively.  

These studies led to the development of the first 

organic-inorganic halide perovskite, CH3NH3PbCl3-XIx 

(Lee et al., 2012). This performed well as a light 

absorber when compared to the typical CH3NH3PbI3 

used in many PSCs. Furthermore, it was shown that 

switching to a nano porous Al2O3 scaffolding from TiO2  

increased efficiency 7.6 to 10.9%.  

Given the desire to capture the greatest amount of 

visible light, scientists have been developing more 

effective perovskite photon-absorbing materials. This 

work has aimed to improve the synthesis mechanism 

and procedures whilst also addressing the electrical 

structure of the photon-absorbing perovskite active 

layer. Owing to their influence on the ability of the cell 

to capture photogenerated carriers, electron and hole 

transport layers have attracted considerable research 

attention.  

Specifically, efforts have been made to increase the 

effectiveness of collecting photogenerated charge 

carriers. However, in doing this, proper consideration 

must be given to the interface between the photon 

absorption layer, electron transport layer (ETL), and 

hole transport layer (HTL) (Agha & Algwari, 2021; 

Yang et al., 2016) such that photogenerated electrons 

migrate from the perovskite photon active layer to the 

contact electrode, whilst blocking the migration of holes 

to the counter electrode.  

The type of ETL being utilized, affects these events, and 

can be used to improve the charge carrier separation 

kinetics and decrease electron-hole recombination at the 

interface (Ahn et al., 2015; Ke et al., 2015). Given the 

significance of this, this review paper provides a brief 

overview of the current developments in PSC ETLs, and 

the dynamics of photogenerated carriers, and how the 

current development of PSCs may affect the stability 

and effectiveness of inorganic-organic halide perovskite 

solar cells. 

 

Perovskite solar cells 

Device architecture 

As noted previously, perovskite solar cells have a shared 

history with other similar device designs, such as dye-

sensitized solar cells. In this sense,  mesoporous, planar, 

and inverted planar (as illustrated in Fig. 2) are the three 

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

planar device (Pham et al., 2020). Reproduced from (Liu, X., et al., 2015) with permission from the Royal 

Society of Chemistry. 

 

Mesoporous perovskite solar cells 

Mesoporous materials have been extensively 

investigated and exploited owing to their high porosity 

and substantial specific surface area. These materials 

possess large surface area, that makes it possible to 

capture more photons per unit area. Furthermore, they 

lower the rate of recombination, and increase the 

efficiency of charge collection in solar-cell devices. As 

one example, methyl-ammonium lead iodide 

CH3NH3PbI3 and bromide CH3NH3PbBr3 were used as 

sensitizers on mesoporous TiO2 to introduce mesoscopic 

perovskite solar cells. This delivered efficiencies of  

3.82 % and 3.13% with an organic liquid electrolyte 

(Kojima et al., 2006).  

Similarly, Kim et al. investigated perovskite mesoscopic 

solar cells employing a solid hole transportation layer 

(Spiro-OMeTAD) with TiO2  as the electrolyte transport 

layer to avoid rapid performance deterioration caused by 

the dissolution of the perovskite material into the liquid 

electrolyte (Kim et al., 2012). Although TiO2 compact 

thin films (ETL) have been widely used, mesoporous 

materials, including ZnO, SiO2, Al2O3, and ZrO2 are 

frequently used in perovskite mesoscopic solar cells. 

These mesoscopic perovskite solar cells have reported 

power conversion efficiencies of more than 20% to date 

(Guo et al., 2020; W. Sun, K.-L. Choy, & M. Wang, 

2019; Zhang et al., 2020), and Table 1 provides a 

summary of perovskite solar cells made from distinct 

mesoporous perovskite photon-absorbing layers with 

varying ETL. 

 

Table 1 The performances of mesoscopic perovskite solar cells with ETL layer 

Perovskite active layers ETLs Voc(V) Jsc(mA/cm2) PCE (%) Ref 

MAPbI3(CH3NH3PbI3) c-TiO2 /mp-TiO2  1.04 20.44 15.51 (Kojima et al., 

2009) 

(FA0.83MA0.17)0.95Cs0.05Pb(I0.9Br0.1)3  

(CsFAMA) 

mp-TiO2 -Ba(OH)2 1.09 20.81 17.53 (Lachore et al., 

2022) 

MAPbI3(CH3NH3PbI3) MgTiO3/mp-TiO2  with 

hole-conductor-free 

0.95 14.05 22.62 (Lee et al., 2012; 

Liu & Kelly, 

2013) 

MAPbI3(CH3NH3PbI3) Bl-Mg-SnO2/mp-SnO2 1.112 22.80 19.12 (Li et al., 2015) 
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MAPbI3(CH3NH3PbI3) c-TiO2 /mp-Sb doped  

SnO2 

1.10 23.81 20.1 (Niu, Guo, & 

Wang, 2015) 

(FA0.83MA0.17)0.95Cs0.05Pb(I0.9Br0.1)3  

(CsFAMA) 

c-SnO2/mp-Sc3+doped 

brookite  TiO2  

1.145 23.63 21.75 (Niu et al., 2013) 

CH3NH3PbI3-xClx/ (GO or m GO) c-TiO2 / mp-TiO2  0.85/0.93 20.49/ 24.43 8.96/13.25 (Pan et al., 2020) 

MAPbI3(CH3NH3PbI3) PET/ITO/SnO2/meso-TiO2  1.036 ± 

0.011 

20.70 ± 0.28 14.07 ± 

0.58 

(14.8) 

(Pham et al., 2020) 

MAPbI3  (CH3NH3PbI3) c-TiO2 /mp-TiO2  1.059 19.62 15.12 (Qiang et al., 

2020) 

(FAPbI3)0.85(MAPbBr3)0.15 c-TiO2 /GQD-x/mp-  TiO2  1.08 24.92 20.45 (W. Sun, K. L. 

Choy, & M. 

Wang, 2019) 

MAPbI3(CH3NH3PbI3) O-mp-TiO2  1.13 22.4 19.7 (Tang et al., 2019) 

CH3NH3PbI3-xBrx c-TiO2 /mp-TiO2  1.141 23.42 20.43 (Tomulescu et al., 

2020) 

MAPbIxCl3-x mp-Al2O3/mp-TiO2  1.069 20.78 16.84 (Zheng et al., 

2020) 

CH3NH3PbI2.6Cl0.4 c-TiO2 /mp-TiO2  1.045 20.1 12 (Yang et al., 2016) 

MAPbI3-XBrx Bl-TiO2 

/H3PW12O40·nH2O/mp-

TiO2  

1.03 23.55 18.20 (Yu et al., 2022) 

(FAPbI3)1-X(MAPbBr3)3 c-Nb2O5/m-Nb2O5 1.04 23.2 17.4 (Zhang et al., 

2020) 

 

Scaffold materials in perovskite solar cells 

When developing perovskite solar cell architectures, it 

is important to consider the role of scaffolding 

materials. 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 materials with large 

bandgaps and conduction band borders, which are 

significantly higher than those of the perovskite layer. 

Consequently, the excited electrons spend more time in 

the conduction band of the perovskite layer. Perovskite 

solar cells have been reported to use TiO2, ZnO, SiO2 

(Hwang et al., 2014), Al2O3 (Niu, Guo, & Wang, 2015),  

Nb2O5, and ZrO2 (Bi et al., 2013b) as scaffold materials, 

with a PCE of approximately 10%.  

A helpful method for increasing the short-circuit current 

density was described in (Qiang et al., 2020). In this 

study an Al2O3 interlayer was created using a low-

temperature sol-gel procedure between the Li-SnO2 

(Li+-SnO2) ETL and CH3NH3PbI3 layers. The Al2O3 

layer was placed on top of the perovskite layer resulting 

in the power conversion efficiency increasing to 10%, 

whilst the device performance and stability were also 

enhanced. However, the weak interface-contact between 

the perovskite layer and carbon counter electrode caused 

the fill factor to decrease. In summary the Al2O3 layer in 

the device lowered the electron-hole recombination at 

the interface between the ETL and perovskite layers, 

leading to improved perovskite solar cells.  

Xiong et al. also altered the interface between the 

electron transport layer and the perovskite active layer 

in carbon-based perovskite star cells with a hole-

conductor-free associate-degree inclusion of an Al2O3 

layer. As a result, electron-hole recombination was 

prevented at the interface between the ETL, the 

perovskite layer and the counter conductor lead. This 

insulating layer kept the cathode and anode separate 

(Xiong et al., 2018).  

To examine the stability of CH3NH3PbI3 and its 

sensitized film under moisture and sunlight, Niu et al. 

also employed aluminum as a post-modification 

material. Al2O3 was used to shield perovskite solar cells 

from moisture and UV damage, thereby increasing their 

stability and effectiveness. Additionally, it reduced 

spiro-OMeTAD and electron-hole recombination at the 

TiO2 surface. Furthermore, when exposed to moisture, 

the Al2O3 modification showed better stability (Niu, 

Guo, & Wang, 2015).  

(Dong et al., 2015) also presented a technique for 

interface modification utilizing extremely thin Al2O3 

films to increase the stability of perovskite solar cells 

under ambient conditions. The results demonstrated that 

the environmental stability significantly increased 

without noticeably reducing their efficiency. 

Additionally, they used molecular structure modelling to 

explain the mechanisms of degradation of 

organic/inorganic hybrid structures and discovered that 

the stability of CH3NH3PbI3 is significantly influenced 

by the hydrogen bonding interactions between the 

inorganic PbI3 unit and the organic CH3NH3 unit.  

For perovskite thin-film solar cells, Bi et al. synthesized 

ZrO2 and TiO2 as mesoporous layers using two- and 
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one-step deposition techniques, respectively. Two- and 

one-step techniques were used to compare the power 

conversion effectiveness of ZnO2 and TiO2. The one-

step and two-step procedures for TiO2 -based solar cells 

were outperformed by the two-step methodology for 

ZnO2 (PCE: 10.8% for ZnO2)-based solar cells (PCE: 

9.8 % for TiO2). Consequently, at the same voltage the 

electron lifetime in solar cells based on ZrO2 was 

greater than that in solar cells based on TiO2, as shown 

in Fig. 3 (Bi et al., 2013a).  

(Inami, Ishigaki, & Ogata, 2019) described N b2O5 as a 

scaffold layer (SL) and contrasted the ability of 

perovskites to remove electrons from interfaces with 

Nb2O5 and m-TiO2. The photoluminescence 

spectroscopy results showed that the perovskite/Nb2O5 

interface had a greater electron-extraction capability 

than the perovskite/m-TiO2 interface, as shown in Fig. 

3. They suggested relaxing the photoexcited carriers in 

the perovskite film, as shown in Fig. 3d. In addition to 

serving as an effective electron transport layer, it 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 with the perovskite/m-TiO2 film, the 

perovskite layer on Nb2O5 exhibited fewer pinhole 

flaws. Consequently, the mesoporous perovskite solar 

cells enhanced optoelectronic characteristics, and 

improved photovoltaic efficiency, and stability.  

 

 
Figure 3: description of a schematic a graph of the device’s energy levels after modification by Al2O3, b a model for 

the charge separation processes and the energy levels in the two solar cell interfaces, c PL spectra of the perovskite 

films on the scaffold layers made of Nb2O5 (blue), mesoporous TiO2 (red), and compact TiO2 (black). d Schematic 

representation of the perovskite film's photoexcited carriers relaxing (Bi et al., 2013a; Inami, Ishigaki, & Ogata, 

2019; Niu et al., 2013). Reproduced from (Liu, X., et al., 2015) with permission from the Royal Society of 

Chemistry. 

 

(Inami, Ishigaki, & Ogata, 2019) observed mesoporous 

TiO2 films with high roughness reticulated structures 

that could be sprayed over large surfaces in the open air. 

The average power conversion 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. The deposition of 

a thicker perovskite and an extension of the TiO2 and 

perovskite interface, as well as improved 

photogenerated charge collection and less hysteresis, 

were all made possible by decreasing charge losses 

within the most resistive component layer (Tomulescu 

et al., 2020).  

As a scaffold for perovskite solar cells, Asl et al. 

examined a thin film in 2020 with mesoporous 

nanoparticles, nanorods, and nano-branching nanorods. 

However, nano-branched nanorods outperformed 

nanoparticles and nanorods in photovoltaic performance 
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because of their superior optical properties. These 

demonstrated 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. Moreover, they increase the efficiency of 

electron extraction from the electrode to the ETL 

interface at the perovskite absorber layer interface.  

 

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 absorber 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 are reduced (Kim, 

Lim, & Song, 2020).  

To enhance the efficiency of perovskite solar cells it is 

critical to address carrier separation and reduce interface 

electron-hole recombination. This is influenced by ETL 

characteristics, including charge mobility, energy level 

alignment, trap states, interface, and surface shape. High 

charge mobility resulting from the ETL is crucial for 

perovskite solar cells to function properly because it 

promotes effective charge transfer and collection while 

preventing charge recombination at the interface (Pan et 

al., 2020; Yu et al., 2020).  

Further, appropriate energy-level alignment is another 

factor that increases the performance of perovskite solar 

cells. The extraction and transmission of electrons are 

simplified when the ETL is properly aligned with the 

perovskite absorber layer. This delivers an increase in 

the open-circuit voltage, fill factor, and short-current 

density (Jsc) (Voc). Similarly, charge extraction, 

transport, and recombination at the interface are 

important issues to be resolved in the delivery of high-

efficiency PSCs. Trap states, which affect charge 

extraction and transport and result in a high 

recombination rate at the interface, are among the most 

important elements in ETL. As such, interface 

engineering can be used to enhance the electron 

transport layer whilst the surface morphology of the 

ETL can be improved to improve the device 

performance. Consequently, all the components 

contribute to determining the characteristics of these 

devices (Chen & Park, 2020; Yu et al., 2020).  

 

Electron Transport Layers 

Now as it has been noted the ETL has a significant role 

to play in the performance of an effective PSC. The 

electron transport layer (ETL) transfers the electrons 

generated from the intrinsic perovskite layer. In effect, 

there are three different types of electron transport 

layers; the first type of electron transport layer is an n-

type material, which only has the function of 

transferring electrons. For example, mesoporous TiO2 

normally plays an important role in PSCs. In 

conventional PSCs, a blocking layer, normally between 

the electron transport layer and conductive glass, is 

used. This prevents the electrons from being recaptured 

by the hole-transport layer. Nanostructured materials, 

such as nanotubes, nanorods, nanowires, and 

nanocrystalline mesoporous layers, are normally used in 

this type of electron transport layer (Burschka et al., 

2013; Qin et al., 2015; Salado et al., 2017). 

The second type of electron transport layer still has the 

same function; however, it is for inverted-structure 

PSCs. A blocking layer is normally placed between this 

layer and the metal back-contact. Based on the 

morphology, this layer is normally prepared as a dense 

thin film. This is because the perovskite was deposited 

beneath this layer; thus, a planar structure can have the 

maximum contact area on the perovskite/electron 

transport layer interface. Organic hole electron transport 

layers such as organic [6,6]-phenyl-C61-butyric acid 

methyl ester (PCBM) can be attributed to this type of 

electron transport layer (Fu et al., 2015; Wang, 2018).  

The third type of electron transport layer is a 

bifunctional layer that functions as both an electron 

transport layer and blocking layer. This is normally a 

thin film formed between the perovskite layer and 

conducting glass. For example, SnOx in planar PSCs 

functions in this manner (Zhang et al., 2017). This 

requires the layer to be dense enough to maximize the 

shunt resistance of the device and thin enough to reduce 

the series resistance. In this respect, there are three 

different types of materials in the electron transport 

layer: inorganic materials, organic materials, and 

polymers. An ideal electron transport material has a 

conduction band that aligns with the conduction band 

edge of perovskite materials, with a faster electron 

transfer time than its recombination speed with the hole 

transport layer, and uniform contact with perovskite 

materials. Moreover, in conventional PSCs, the ETL 

should be transparent to maximize the incident photons 

captured by perovskite materials (Mahmood et al., 

2018). 

One of the most frequently applied ETL materials is 

mesoporous anatase TiO2. The application of this 

material in PSCs was inspired by dye-sensitized solar 

cells, which typically use this material. The size of the 

nanocrystal TiO2 was approximately 20-30 nm, and the 

pore size was above 50 nm. This is done, as the 

perovskite band edge typically aligns with the 

conduction band of the anatase TiO2. The nanocrystal 

and mesoporous structure of the film ensures high 

loading of perovskite materials (Burschka et al., 2013). 
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However, the necessity of a high perovskite loading is 

questionable because of the ultrahigh absorption 

coefficient of the perovskite materials (Song et al., 

2015).  

In this vein, several studies have reported the efficiency 

of PSCs using mesoporous TiO2 as an ETL (Burschka et 

al., 2013; Jeon et al., 2014). To further improve the 

electron conductivity, several groups have applied Li 

doping of TiO2 and has been shown to improve the 

conductivity of the ETL resulting in efficiencies of 20% 

(Giordano et al., 2016). However, there are several 

problems associated with mesoporous TiO2 in PSCs. It 

has a high annealing temperature ( 450–500 °C), which 

limits its application to flexible substrates, and, with 

more input energy, the fabrication cost increases. 

However, perovskite/TiO2 interfaces are unstable under 

intense light, thus TiO2 can act as a catalyst to 

decompose the organic components in perovskite 

materials (Bryant et al., 2016).  

Mesoporous Al2O3 ETLs have been applied as a 

substitute for TiO2, with higher stability and comparable 

efficiency, even though its band edge does not align 

with perovskite materials. The authors of one study (Lee 

et al., 2012) proposed a mechanism in which the 

electrons of the perovskite do not need to cross the bulk 

of the ETL and can be transferred to the surface state of 

Al2O3. In addition, SnOx and ZnO have also been used 

in PSCs. Both can be prepared in the conventional 

device and inverted device with improved stability and 

lower fabrication temperature (Ke et al., 2015; You et 

al., 2016)  Figure 4 listed several materials for the ETL 

in PSCs. 

  

 
Figure 4: Materials for ETL in PSCs showing conduct band minimum/LUMO levels (Yang et 

al., 2016). Reproduced from (Liu, X., et al., 2015) with permission from the Royal Society of 

Chemistry. 

 

For high-efficiency solar cells with a PCE of 20%, 

researchers (W. Sun, K.-L. Choy, & M. Wang, 2019) 

have also employed 20–30 nm thick SnO2 (rather than 

TiO2) in the planar regular structure (n–i–p) and a 20–30 

nm compact TiO2 layer for the mesostructured. They 

showed that significantly thicker layers (of 152 nm), 

corresponded with the highest efficiency achieved (PCE 

of 18.32 %). However, the thickness of the layers in 

ALD layer deposition technology might be substantially 

lower. Conversely, Lu and colleagues (Lu et al., 2015) 

showed that the optimal thickness for the ALD 

technique is considerably smaller, equal to 10 nm (PCE 

of 13.6%). This suggests that the ETL may be very thin 

but must also be of good quality. 

 

CONCLUSION 

In perovskite solar cells, charge transport layers may act 

as n-type to connect the halves in a p-n junction. They 

may also reduce surface recombination at the interface, 

channel the current to the metal electrode, and enable 

the maximum amount of incoming light to flow through 

and reach the absorber layer. In this review, we discuss 

efforts to enhance the PCE using an ETL, as well as the 

interface between the ETL and perovskite absorber 

layer. 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 ability 

of the layer to conduct current, may be the reason for 

the better charge collection performance utilizing ETL. 
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Furthermore, 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). In addition, the limiting charge recombination 

suggests improved performance and stability of the 

perovskite solar cell apparatus. Therefore, carefully 

selecting ETL and interface design are required to 

utilize the greatest amount of visible-light-generated 

charge carriers in perovskite solar cells. One finding 

from the review, was that there has been little discussion 

on how doping affects the characteristics of ETL in 

perovskite solar cells and this may be an area of future 

exploration. 
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