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ABSTRACT  

The rapid development in the field of organo-metal halide perovskite solar cells (PSCs) has led 

to the report of power conversion efficiency of >25%. However, their large-scale deployment 

and possible commercialization endeavor are currently limited due to the presence of high-

temperature processed electron transport material (ETM) such as TiO2 and the expensive hole 

transport material (HTM) in the state-of-the-art devices. By employing Solar Cell Capacitance 

Simulator (SCAPS)-1D, we attempted to propose low cost charge selective materials as ETM 

and HTM, which can deliver high photovoltaic performance. For this, the evaluation of TiO2, 

ZnO and SnO2 as ETMs was validated. Besides this, the role of thickness of ETMs was also 

investigated in a perovskite solar cells using CH3NH3PbI3 perovskite as light harvester and 

Spiro-OMeTAD as HTM. Our simulation results showed that 90nm of SnO2 layer outperform 

as ETM for device fabrication. Furthermore, in our pursuit to avoid the usage of Spiro-

OMeTAD, different organic and inorganic HTMs (P3HT, CuSbS2, Cu2O, CuSCN) have been 

investigated, and more importantly the HTM thickness was optimized for high performance 

solar cells. We have found that by using the configuration of FTO/SnO2 (90 

nm)/MAPbI3/CuSCN (100 nm)/Au can yield a PCE of 26.74% and Voc of 1180mV and 

FTO/SnO2 (90 nm)/MAPbI3/Spiro-OMeTAD (100 nm)/Au. The role of metal cathode work 

function was also studied to replace the expensive gold (Au) electrode.  

Key words: perovskite; solar cells; charge selective contacts; hole transporting materials; 

Electron transporting materials.   
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1. Introduction  

          Organic–inorganic halide perovskites have received significant attention due to their 

extraordinary and tunable electro-optical properties, leading to improve performance in solar 

cells and light emitting devices. These materials are well known for over a decade; however, 

Miyasaka et al in 2009, mentioned its first usage in solar cells(Kojima et al., 2009).  

          These materials can be represented by a general formula ABX3, where A is an organic 

methylammonium (CH3NH3
+) ion (Kazim et al., 2014) or formamidinium (NH=CHNH3

+) ion 

(Eperon et al., 2014; Koh et al., 2013; Salado et al., 2019)B is inorganic cation Pb2+, Sn2+,  and 

X can be a halogen ion, I-, Br-, or Cl-. 

         The remarkable performance of three-dimensional ABX3 perovskites in solar cells was 

due to their panchromatic light absorption throughout the visible and near infrared spectrum, 

low exciton binding energy (~2 meV), direct band gap, (Lin et al., 2015) long diffusion length, 

high charge carrier mobility, which makes them ideal photovoltaic materials (Stoumpos et al., 

2013)  with  controlling the quality of perovskite film by different methods  can decreases the 

defect density to improve the photovoltaic parameters (Sun et al., 2018; Wang et al., 2018).  

Owing to these unique characteristics, the certified power conversion efficiency (PCE) of  25.2 

% was reported (NREL,2019). Among the best efficiencies in PSCs reported till date are based 

on TiO2 as ETM. However, TiO2 needs to be annealed at high temperature (500 oC) to acquire 

the crystalline rutile phase (Burschka et al., 2013; Salado et al., 2018, 2017) which inhibits the 

application of  PSCs in flexible devices. Moreover, TiO2 has low electron mobility (Guo et al., 

2015) and is UV un-stable (Leijtens et al., 2013). To avoid these drawbacks, Liu et et.al used a 

low-temperature solution-processed based ZnO as ETM and they measured a PCE of 15.7 % in 

planar PSCs (Liu and Kelly, 2014). These results showed new directions to replace TiO2 by 

other metal oxide as ETM for high efficiency PSCs. In 2015, Ke at. al.  demonstrated a PCE of 

16.02 %, when  low temperature solution-processed SnO2 layer was used as an ETM in a normal 

planar structured PSCs with less hysteresis (Ke et al., 2015). In another report, SnO2 has been 

used as an efficient ETM in planar PSCs synthesized using low temperature ALD method, 

yielding a PCE of 18% along with no hysteresis (Baena et al., 2015). The recent results using 

SnO2 as an ETM in PSCs showed high performance similar to TiO2 and ZnO in planar 

architecture, with Voc of 1090 mV and PCE of 20.3% (Anaraki et al., 2016) and also SnO2 have 

received more attention due to its electronic structure (Salmani et al., 2018). However, these 

promising PSCs still suffer from the use of small organic molecule based Spiro-OMeTAD as 

HTM. To work as an efficient HTM, this Spiro-OMeTAD needs dopant and additives such as 

hygroscopic LiTFSI salt and t-BP, which makes the perovskite solar cells unstable (Reyna et 

al., 2016). Besides, degradation of perovskite in the presence of doped Spiro-OMeTAD, the 

other reasons includes 33.9% of the total device cost occurs  due to the HTM synthesizing steps 

along with cost ineffective gold (Au) working as cathode in devices. (Gong et al., 2015). To 

replace Spiro-OMeTAD, several other organic small molecules, polymers,  inorganic p-type 

semiconductors and organometallic complexes have been employed as HTM in PSCs and 

exhibited significant PV performance. (Calió et al., 2017, 2016a, 2016b; Cogal et al., 2018; Di 

et al., 2018). However, in terms of atmospheric  stability, few of them were found to be 

encouraging.  

Recently, Cu-Based ternary chalcogenide semiconductors described by a general formula 

CuaBXb(B=Sn,Sb,Bi and X=Se,Te,S) are showing more attention as new HTMs in thin film 

solar cells (Garza et al., 2011), such as CuSbS2 is from the family of abundant and cheap sulfates 



in nature (Zhou et al., 2009). Similarly, others Cu based  inorganic HTMs  includes Cu2O (Yu 

et al., 2016), CuI and CuSCN (Hossain et al., 2015; Qin et al., 2014) demonstrated   promising 

HTMs in PSCs to enhance the performance and importantly due to their low cost. These 

inorganic HTMs have high conductivity and high carrier mobility as compared to organic 

HTMs and can be used without doping but still need more investigation with the best  electron 

selective layer for efficient PSCs .          

To address these challenges which have hindered the commercialization of PSCs, in the present 

work, we have used simulation programme named (Solar cell capacitance simulator) SCAPS 

for the screening of the HTMs which can be tested experimentally in optimized condition. The 

main goal of this study is to propose efficient PSCs, using low-temperature processed ETM 

(SnO2) with other alternative efficient HTMs.  

           Here in, firstly, ETM will be optimized and for the second step through comparative 

study of three devices using TiO2, ZnO and SnO2 as ETMs, MAPbI3 as light harvester and 

Spiro-OMeTAD as HTM with the gold (Au) and FTO as back and front contact respectively 

was performed. The first step was executed through the screening of ETM, while the second 

step was focused on finding the efficient HTM using the configuration: 

FTO/SnO2/CH3NH3PbI3/HTM/Au. For this different HTM such as Spiro-OMeTAD poly(3-

hexylthiophene-2,5-diyl) (P3HT), Copper antimony sulfide (CuSbS2), Cuprous oxide (Cu2O) 

and Copper thiocyanate (CuSCN)  was simulated. The effect of different back contact on the 

device performance was also studied using SnO2 as an ETM and CuSCN as HTM.   

 

2. Device Simulation  

          The 1-dimensional Solar cell capacitance simulator (SCAPS) version. 3.3.07 was used as 

simulation platform (ELIS, University of Gent, Belgium). It is based on three coupled 

differential equations, namely, Poisson’s (1) and continuity equations for holes (2) and electrons 

(3) as follows: 
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Here, ε is the permittivity, q is the charge of electron, Ѱ is the electrostatic potential and n is  

electrons concnetration, p is free hole concentration, nt is trapped electron, pt  is trapped hole, 

ND
+ is the ionized donor-like doping and NA

− is the ionized acceptor-like doping concentrations, 

Rn(x), Rp(x) are electrons and holes recombination rate, G(x) is the generation rate, Jn and Jp 

are  the electron and hole current densities respectively. 

         Planar structure was used in this simulation, where the n-type transparent semi-conducting 

metal oxide was modelled by investigating ETM such as TiO2, ZnO and SnO2, CH3NH3PbI3 

used as light harvester, and Spiro-OMeTAD as HTM (Fig. 1a). Second part on this simulation 

was modelled by the SnO2 as ETM with CH3NH3PbI3 as absorber layer, using P3HT, CuSbS2, 



Cu2O, CuSCN and Spiro-OMeTAD as HTMs (Fig.1b). Moreover, the gold (Au) is used as the 

back contact and fluorine doped tin oxide (FTO) as the front contact. 

 

Figure 1 a & b. Device structure of simulated perovskite solar cell used in present study 

The input parameters used in SCAPS-1D for simulation that are extracted from theories and 

literatures are summarized in Table 1. (Ahirrao et al., Anwar et al., Baumann et al., 2008; 

Behrouznejad et al., Fabregat-Santiago et al., Hussain et al., Khaliq et al.,Laban and Etgar, 

2013; Liu et al., 2014; Poplavskyy and Nelson, 2003; Stoumpos et al., 2013; Teimouri et al., 

Wang et al., 2009).  

In the device simulation, ETM/MAPbI3 and MAPbI3/HTM interface defect layer (IDL) are also 

introduced. The work function of HTM layers is calculated with respect to the valence band 

energy level (Anwar et al., 2017.) and input parameters are given in Table 2. Simulated current 

density-voltage (J-V) curve under illumination were obtained using standard AM 1.5G solar 

spectrum.  

 

Table1. Simulation parameters of the perovskite solar cell, where Ɛr is dielectric constant, Eg is 

bandgap,  is electron affinity, Nc is effective conduction band density, Nv is effective valence 

band density, μn is electron mobility and μp is hole mobility, ND is  donor concentration while 

NA is acceptor concentration,  

Parameter MAPbI3 

 

n-TiO2 

 

n-SnO2 

 

n-ZnO  

 

Spiro-

OMeTAD 

P3HT 

 

CuSbS2 

 

Cu2O 

 

CuSCN 

 

thickness 

(nm) 

450 Wide-

range  

Wide- 

range 

Wide-

range 

Wide-

range 

Wide-

range 

Wide-

range 

Wide-

range 

Wide-

range 

Eg (eV) 1.5 3.2  3.6 3.3 2.9 1.7 1.58 2.17 3.6 

(ev) 3.93  4 4 4 2.2 3.5 4.2 3.2 1.7 

Ɛr 30  100  9 9 3 3 14.6 7.1 10 

Nc (1/cm3) 2.5×1020 1×1021 2.2×1018 3.7×1018 2.5×1020 2×1021 2×1018 2.5×1018 2.2×1019 

Nv (1/cm3)  2.5×1020 2×1020 1.8×1019 1.8×1019 2.5×1020 2×1021 1×1019 1.8×1019 1.8×1018 

μn(cm2/Vs) 50  

 

0.006 100 100 0.0021 0.0018 49 200 100 

μp(cm2/Vs) 50  

 

0.006 0.256 25 0.0026 0.0186 49 8600 25 



NA (1/cm3) --  

 

- - - 1×1018 1×1018 1×1018 1×1018 1×1018 

ND (1/cm3) -- 5.06×1019 1×1017 1×1018 - - - _ - 

Work 

function 

(eV) 

 --- --- --- 5 5.1 5.15 5.27 5.2 

 

Table 2. Parameters of interface layer. 

Interface Defect 

type 

Capture cross 

section 

electrons /holes 

(cm2) 

Energetic 

distribution 

Reference for 

defect energy 

level Et 

Total density 

(integrated over all 

energies) (1/cm2) 

Total density 

(integrated over all 

energies) (1/cm2) 

ETM/MAPbI3 Acceptor  1×10 -17 

1×10 -18 

 

Single  Above the VB 

maximum 

0.32 1×109 

MAPbI3/HTM Acceptor  1×10 -18 

1×10 -19 

 

Single  Above the VB 

maximum 

0.07 1×109 - 1×1012 

 

3. Results and discussion  

3.1. Performance of PSCs based on Spiro-OMeTAD as HTM using different ETM 

          The role of ETM is to facilitate diffusion of the electrons from the photoexcited 

perovskite layer (MAPbI3) into the FTO glass and thus to the external circuit. Materials have 

most used in the common devices suffer from the high temperature processing which has a 

deleterious effect on the cost of PSCs fabrication. To address such challenges, two categories 

of ETMs, were compared in this work, one based on high processing temperature such as TiO2, 

while the other was based on ZnO and SnO2, which can be processed at low temperature. The 

photovoltaic parameters obtained from our simulation are presented in Table 3. 

 

Table 3. Performance of PSCs with 90 nm thick ETM layers. 

Device Architect Jsc 

(mA·cm−2) 

Voc 

(mV) 

FF (%) PCE (%) 

FTO/ZnO/MAPbI3/Spiro-OMeTAD/Au 25.10 1120 81.86 23.21 

FTO/TiO2/MAPbI3/Spiro-OMeTAD/Au 24.98 1120 81.68 23.04 

FTO/SnO2/MAPbI3/Spiro-OMeTAD/Au 25.59 1130 81.54 23.55 

 

ETM thicknesses were kept same in all three different type of solar cells investigated. From the 

Table 3, it can be observed that for the same thickness of all the ETM, the efficiency of PSC 

based on SnO2 as ETM was higher than of ZnO and TiO2. It can be deducted from Table 3 and 

J-V curve in Figure 2 a and b, that the device based on SnO2 as ETM showed higher current 

density than other ETMs employed here, due to increase light absorption by the perovskite, 

which also reflects in the EQE increment in the 300-450 nm spectral region. SnO2 has a wider 

band gap (3.6 eV) and shows higher transmittance between 300-400 nm as compared to   ZnO 

(3.3eV) and TiO2 (3.2eV) (Huang et al., 2017; Ke et al., 2015; Khan et al., 2010; Martínez-

Denegri et al., 2018; Pinpithak et al., 2017; Roose et al., 2016). These results suggest that low 

temperature processed SnO2 as ETM in PSCs can be an effective candidate for efficient devices 



fabrication. Our results are in accordance with the other reported experimental studies and 

numerical simulations (Adhikari et al., 2016; Anaraki et al., 2016; Guo et al., 2018; Huang et 

al., 2018.).   

 

Fig. 2. a) Simulated EQE curves and b) J-V curves of perovskite solar cells with 90 nm thick 

ZnO, TiO2, and SnO2 ETL layer. 

 

3.2. Effect of ETMs Thickness on photovoltaic parameters   

Fig.3 shows the variation of PV parameters open circuit voltage (Voc), short circuit current 

density (Jsc), fill factor (FF) and PCE as a function of ETMs layer thickness.  It is worth to note 

that in this simulation study, the highest donor dopant concentration (ND) was used for all the 

ETL layer and reported in Table 1. All the devices were simulated using MAPbI3 (450 nm) as 

light harvester and Spiro-OMeTAD (400 nm) as HTM layer. The thickness of ETM layer used 

here was varied from 90 nm to 200 nm. It can be noted that with the increase of thickness >90 

nm, led to decrease in Voc, Jsc and thus PCE in case of TiO2 and ZnO, while in case of SnO2, 

there was no noticeable change in its value. It was found that TiO2 was more affected than ZnO 

and SnO2 due to its lower transmittance in 300-400 nm range and possesses low electron 

mobility, thus reduction in Jsc value occurs as a function of increased ETM thickness, which 

can be ascribed to the partial absorption of incident light by thicker TiO2 and ZnO layer. Hence 

it decreases the rate of charge generation and collection and consequently short circuit current 

(Jsc) decreases (Adhikari et al., 2016; Kirchartz et al., 2012). However, in case of SnO2, due to 

its high transparency, active layer absorption is less affected and Jsc did not decrease 

significantly up to a certain thickness of 150 nm thus rate of charge generation rate increases as 

compared to the recombination. Moreover, due to high carrier mobility and high carrier 

concentration of SnO2, the series resistance decreases with the thickness due to increase in 

conductivity and thus fill factor also increases up to certain thickness of 150 nm and beyond 

this insignificant changes occurs. 

 



 
Fig. 3. Effect of different ETM thickness on photovoltaic parameters of MAPbI3 based planar 

perovskite solar cells using Spiro-OMeTAD as HTM. 

It is worthy to mention, that we have used high donor dopant concentration (ND) for ETLs and  

as in previous reports (Adhikari et al., 2016; Kirchartz et al., 2012). The high value of donor 

dopant concentration (ND) for ETLs leads to increase the conductivity of ETLs and reduces the 

resistivity and thus fill factor. Similar observation was seen in organic solar cells that FF 

increases with high ND and vice versa (Trukhanov et al., 2011). For better understanding, the 

effect of ETLs thickness on the fill factor as a function of dopant concentration (ND) was 

investigated (Figure 4a-c). We noted that with low ND, the fill factor become very sensitive to 

high thickness. If we increased the thickness of ETLs the fill factor drops inversely to high ND  

(Fig.4 a-c), due to  improvement in the conductivity of ETLs as mentioned above. Thus for high 

value of ND, the FF is less or independent up to certain thickness.  
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Figure.4. The effect of ETLs thickness a) SnO2, b) ZnO and c)TiO2 on the  fill factor as a function of 

dopant donor concentration(ND).   

4. Solar cell performance with SnO2 ETM and using different HTMs 

 

4.1. Photovoltaic parameters 

Figure 5a shows the energy level diagrams of PSCs using SnO2 as ETM and different inorganic 

and organic HTM which affect the valence band offset (i.e.  the deference between the valence 

band of the HTM and of the absorber layer. The energy level alignment plays an important role 

in the high performance of the solar cells. The photo generated electrons in the perovskite are 

injected to the SnO2 conduction band and hole to the HTM and then these extracted electrons 

and holes are collected to their respective front (FTO) and back contact (Au metal) respectively. 

To extract the electron at SnO2/MAPbI3 interface, the electron affinity (E.A.) of SnO2 should 

be higher than of perovskite and to extract the holes at HTM/ MAPbI3 interface, the ionization 

energy (I.E.) of HTM should be lower than of perovskite. The energy level mismatching at 

ETM/perovskite and perovskite/HTM interface influence the PV properties more importantly, 

open circuit voltage (Voc) and short circuit current (Jsc). 

 

Fig 5b and Table 4 illustrates simulated J-V curves of PSCs based on MAPbI3 as perovskite 

(thickness 450 nm), SnO2 as ETM (thickness 90 nm) with P3HT, CuSbS2, Cu2O, CuSCN and 

Spiro-OMeTAD as HTMs. It can be deducted that the devices fabricated with CuSCN as HTM 

outperformed and gave a Voc of 1190 mV, Jsc of 25.60 mA/cm2 and FF of 87.85% with an 

overall PCE of 26.74% can be achieved. This was followed by Cu2O, which showed high 

performance after CuSCN with PCE of 25.97%, Jsc of 25.61 mA/cm2, Voc of 1150 mV and FF 

of 88.39%. Cu2O, P3HT also gave promising results achieving PCE of 20.8% with Voc of 1140 

mV, Jsc of 25.55 mA/cm2 and FF of 77.88%. The relatively low PV performance was found 

when CuSbS2 was used as HTM which gave a PCE of 19.88%, Voc 960 mV, Jsc of 25.59 mA/cm2 

and FF of 77.88%. The values of the energy levels of the layers used in the simulation with 

SnO2 as ETM are illustrated in Fig.5 a.  
Among all the HTMs simulated here, the best PV performance was noted with CuSCN followed 

by Cu2O as HTMs in PSCs using SnO2 as ETM. These two upright performing HTMs have 

deeper valence band energy level with respect to MAPbI3 perovskite absorber compared with 

other HTMs, which allowed to maximize the Voc, and large optical band gap (Eg = 3.6eV) of 

CuSCN guarantees high electron blocking properties to prevent photogenerated electrons 

transfer from perovskite to itself. Further it´s optical transparency in UV-visible region allow 

to increase the absorption in absorbing layer and thus enhanced the short circuit current (Calió 

et al., 2016b, 2016a; Madhavan et al., 2016) 



 

Figure 5. a) Corresponding band energy diagrams of planar perovskite solar cells using SnO2 as ETM 

and different HTM 

 

Figure 5. b) Simulated J-V curves of perovskite solar cells using SnO2 as ETM and P3HT, CuSbS2, 

Cu2O, CuSCN and Spiro-OMeTAD as different HTM. 

4.2. Effect of HTMs thickness on photovoltaic parameters     

Fig 6a-e depicts the influence of HTMs thickness in the range of 20-200 nm on PV parameters 

with various HTMs, Spiro-OMeTAD, P3HT, CuSbS2, Cu2O and CuSCN with SnO2 and 

MAPbI3 as ETM and absorber layer respectively. These results suggest that PV parameters 

depends on the type and thickness of HTM used. The optimization of HTM thickness is 

paramount not only to improve the performance but also this HTM layer act as capping layer 

and prevent direct contact between the perovskite and cathode.  It can be deducted from the Fig 

5a-e, in case of thickness exceeds 100 nm, the PCE decreases (in case of Spiro-OMeTAD and 

P3HT) or showed negligible changes in case of CuSbS2, Cu2O, and CuSCN. For the same 

thickness, Voc increases in case of Spiro-OMeTAD, Cu2O, and CuSCN and showed low Voc 

with rest of HTMs (CuSbS2, P3HT). The FF increases dramatically (Spiro-OMeTAD, P3HT 

and CuSbS2) or with negligible value, finally Jsc showed a very small increment (in case of 

Cu2O) or a decrease in other HTMs.  

The P3HT and Spiro-OMeTAD possesses low conductivity and low charge carrier mobilities 

as compared to the inorganic HTMs. Thus increased thickness in case of organic HTMs will 

increase the resistance of the layer and consequently, it will decrease the fill factor (FF) due to 

lower mobility, rate of recombination will be higher and thus will yield poor device 

performance. While in case of inorganic HTMS, due to their high mobility and high 

conductivity, thickness does not play an important role. Taiho Park co-workers (Kim et al., 
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2015)  also showed  experimentally optimization of HTL layer and discovered that  a thicker 

HTL with high mobility can provide high performance and reproducibility.  

Table 4. Summary of the photovoltaic parameters for planar perovskite solar cells using optimized SnO2 

ETL thickness (90 nm) and optimized HTM thickness for maximum light harvesting.  Based on the 

results illustrated in Table 4, we can speculate that all the devices perform effectively when the thickness 

was 100 nm, on contrary with literature value where 400 nm was simulated.  

Table 4. Performance of SnO2~PSC with different HTM with optimum thickness. 

Device Architect HTM thickness 

(nm) 

PCE (%) Voc 

(mV) 

Jsc 

(mA/cm2) 

FF 

(%) 

FTO/SnO2/MAPbI3/Spiro-

OMeTAD/Au 

100 24.18 1130 25.60 83.50 

FTO/SnO2/MAPbI3/P3HT/Au 100 21.52 970 25.56 86.52 

FTO/SnO2/MAPbI3/CuSbS2/Au 100 19.70 960 25.59 80.18 

FTO/SnO2/MAPbI3/Cu2O/Au 100 25.97 1140 25.61 88.59 

FTO/SnO2/MAPbI3/CuSCN/Au 100 26.74 1190 25.61 87.81 

 

 

Figure 6. Effect of HTM thickness on photovoltaic parameters in n-i-p configuration using  SnO2 

(90nm) as ETL in MAPbI3 based perovskite solar cells; a) Spiro-OMeTAD, b) P3HT, c) CuSbS2, d) 

Cu2O and e) CuSCN. 



5. Impact of work function of back contact on the PCE of SnO2~PSCs with CuSCN as 

HTM 

To further optimize each stacking in PSCs, we have simulated the PSCs with different back 

contact in the device configuration of FTO/SnO2/MAPbI3/CuSCN/back contact (adaptable), to 

ratify whether another alternate back-contact (cathode) with similar performance as of Au can 

be used. Figure 7 showed the PCE of our simulated solar cell containing different back contact 

such as Ag (4.74eV), Fe (4.81eV), C (5eV), Au (5.1), Ni (5.5eV) and Pt (5.70eV). The PCE of 

PSCs first increases with increasing the work function of metals up to a certain value of  5.2 

eV then it saturates at 5.4 eV that might be related to the work function of CuSCN (-5.2 eV), 

the start of saturation in the efficiency was observed  due to the alignment with the work 

function of HTM and the valence band of the absorber layer. With high metal work function, 

the fermi level energy decreases due to band bending at the metal-semiconductor interface, 

leading the contact more ohmic (Behrouznejad et al., 2016). From these values of metal work 

function, illustrated in Figure 8 for different back contacts, we can confirm that the carbon with 

work function at 5eV, can be used as an effective alternative to replace the expensive Au 

electrode, and an efficiency of 25.55%, can be achieved using the structure 

FTO/SnO2/MAPbI3/CuSCN/C for low cost PSCs. 

 

Figure 7. Effect of work function of different back contact (metal contact) on the power conversion 

efficiency of planar perovskite solar cells, MAPbI3 as perovskite absorber, SnO2 as ETM and CuSCN 

as HTM. 

 

 

 



 

Figure 8.  Energy levels for different back contacts with SnO2, MAPbI3 and CuSCN. 

6. CONCLUSION  

To summarize, performance of planar PSC with SnO2 as ETM was studied and a comparative study was 

made using other conventional ETMs and HTMs through a numeral simulation by SCAPS package for 

the first time. These results illustrated that the application of SnO2 as an alternative ETM holds great 

promise in terms of PV performance as compared with TiO2 and ZnO in the device architecture   

FTO/ETM/MAPbI3/Spiro-OMeTAD/Au, and PCE of 23.21 %, 23.04 % and 23.55% can be simulated 

using ZnO, TiO2 and SnO2 respectively. Additionally, the effect of various organic and inorganic HTMs 

such as, P3HT, CuSbS2, Cu2O and CuSCN on the PV parameters was also studied and it was found that 

the PCE improved from 23.55% to 26.74 % and Voc from 1130 mV to 1180 mV, when Spiro-OMeTAD 

was substituted by CuSCN as HTM. In order to reduce the cost of fabricated PSCs, the effect of ETM 

and HTM thickness was simulated, which suggest that by employing low thickness in range of 30 -100 

nm of HTMs can produce similar or high performance compared with 400 nm reported in literature.  

Further, by using the carbon as back contact can allow achieving a PCE of 25.25 %, which is a model 

material to replace the expensive gold electrode (Au). Our results will pave way to optimize the PSCs 

cost and performance. 
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