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Abstract 

Indium-doped tin oxide (ITO) is the most common transparent conductive oxide layer used as front contact 

in perovskite-based solar cells. However, due to the high cost of indium, it is imperative to further explore 

alternative front contact in perovskite solar cells. In this study, lead-free perovskite solar cell in planar 

configuration; MoO3/TiO2/CH3NH3SnI3/Spiro-OMeTAD/Au was designed and studied using SCAPS 

software. In order to achieve an optimum performance, MoO3 and CH3NH3SnI3 layer thickness were varied 

and studied. The simulation results show no significance effect on the efficiency of the devices when the 

MoO3 thickness increased from 100 nm to 1000 nm. Moreover, the results also show that the efficiency of 

the devices is exclusively depends on the absorber layer thickness. The CH3NH3SnI3 layer exhibited the 

optimum performance at 700 nm with short circuit current (JSC), open circuit voltage (VOC), fill factor (FF) 

and power conversion efficiency (PCE) of 33.5566 mA/cm2, 0.9722 V, 80.38 %, and 26.22 % respectively. 

The results obtained show the possibility of designing and fabricating tin-based perovskite solar cells with 

MoO3 as a front contact. 
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Introduction 

Perovskite based solar cells have revealed momentous development of power conversion efficiency 

(PCE) in less than two decades from initial efficiency of 3.8 % [1] to 25.6 % [2]. This outstanding 

performance is attained owing to their unique properties such as direct and tunable band, high absorption 

co-efficient, excellent charge carrier mobility, long diffusion length, and simple methods of production [3 - 

4]. However, one of the major issues of concern is the used of toxic divalent lead (Pb2+) cation in the 

perovskite absorber layer. Hence, it is imperative to explore an alternative non divalent metal to lead 

(Pb2+). One of the suitable divalent metals to replace Pb2+ is tin (Sn2+) due to their comparable electronic 

configuration and close effective ionic radius [5 - 6]. 

 Perovskite solar cell (PSC) is made up of various layers on top of a substrate. Transparent 

conductive oxide layer (TCO) is one of the basic layers in PSCs and has significant impact on the efficiency 

and stability of the device. TCO can only achieve best performance, if it possesses a band gap energy of 

greater than or equal to 3.1 eV [7]. The most common commercial TCO used in PSC is indium-doped tin 

oxide (ITO) due to its excellent properties such as high transmittance and low resistivity [8, 9]. However, 

indium can easily migrate from ITO into the perovskite absorber layer, results instability in PSCs [10]. 

Moreover, indium metal is non abundant, costly and toxic [11 -12].In this numerical study, we examined 

the possibility of using MoO3 as a front contact for tin-based perovskite solar cells with a configuration; 

MoO3(TCO)/TiO2/CH3NH3SnI3/Spiro-OMeTAD/Au by varying the thickness of the MoO3 and CH3NH3SnI3 

layer using SCAPS. 
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Materials and Methods 

Materials 

The perovskite –based solar structure adopted in this simulation is MoO3 /TiO2/CH3NH3SnI3/Spiro-

OMeTAD/Au. The materials used for this simulation are MoO3 and Au as a front contact and back 

contact respectively, TiO2 and Spiro-OMeTAD used as a electron transporting layer and hole 

transporting layer respectively, and CH3NH3SnI3 acted as the light absorbing material. The input 

parameters used for these layers are tabularized in Table 1. 

 

   Table 1: Input parameters used for the simulation 

Input Parameters MoO3 TiO2 CH3NH3SnI3 Spiro-OMeTAD 

Thickness (nm) 100 varied 100  500 varied 200 

Band gap (eV) 3.8 3.2 1.3 3.0 

Electron affinity (eV) 4.1 3.9 4.17 2.45 

Dielectric permittivity 9.0 9.0 8.2 3.0 

CB effective density of state (cm-3) 2.2 x 1018 1 x 1021 1 x 1018 1 x 1019 

VB effective density of state (cm-3) 1 x 1019 2 x 1020 1 x 1018 1 x 1019 

Electron mobility (cm2s-1) 30 20 1.6 0.0002 

Hole mobility (cm2s-1) 6 10 1.6 0.0002 

Donor density (cm-3) 1 x 1017 1 x 1019 0 0 

Acceptor density (cm-3)  0 0 1 x 1016 1 x 1018 

Defect density (cm-3) 1 x 1014 1 x 1015 1 x 1015 1 x 1015 

 

 
Methods 

In this work, the simulation and the analysis were carried out using Solar Capacitance Simulation (SCAPS) 

software. AM1.5G solar illumination with an incident power density of 1000 W/cm2 (1 Sun) was adopted 

from the software and the physical parameters listed in Table 1.1. SCAPS-1D is designed and developed 

at the University of Gent, Belgium. It works by solving the three basic equations for semiconductors; 

Poisson equations, the continuity equations for electrons, and holes and carrier transport [13]. The SCAPS 

interface is presented in Figure 1. 

 

 Figure 1   The SCAPS interface. 
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Results and discussion 

Effect of the absorber layer thickness  

In order to investigate the effect of the absorber layer thickness on the performance of the devices, the 

thickness of the CH3NH3SnI3 was varied from 100 nm to 1000 nm while the remaining input parameters 

tabulated in Table 1 kept constant. Table 2 presents the photovoltaic parameters obtained for the devices.  

From Table 2 (a), it could be observed that VOC slowly decreases with the increase in the absorber layer 

thickness. This drop of the VOC might be due to the increase in band gap of the absorber layer as the 

thickness increases as reported by [14]. The JSC increases rapidly from 16.6863 mA/cm2 to 33.82mA/cm2 

as the thickness increased from 100 nm to 1000 nm. This rapid increase in JSC is due to the increase in 

the generation of carrier concentration by the absorber layer. The PCE rises from 13.86 % and peaks at 

26.22 % and then gradually decreased.  From the results obtained, the desirable thickness of the 

CH3NH3SnI3 layer is 700 nm.  

 

Effect of the TCO layer thickness  

The effect of MoO3 layer thickness was studied and discussed. The MoO3 thickness was varied from 100 

nm to 1000 nm and the rest of the input parameters kept constant. Table 2 (b) presented the electrical 

outputs obtained.  It could be seen from the Table 2 (b) that no significant change in PCE is observed as 

the thickness of the MoO3 increased from 100 nm to 1000 nm. This indicates that MoO3 thickness could 

not influence the device performance. This simulation shows the possibility of using MoO3 as a front 

contact to achieve inexpensive and stable tin-based perovskite solar cells. 

 
Table 2: Electrical output obtained at (a) CH3NH3SnI3 thicknesses and (b) MoO3 thicknesses 

    (a) CH3NH3SnI3 thicknesses 

Thickness (nm) Voc (V) Jsc (mA/cm2) FF (%) PCE (%) 

100 1.0091 16.6863 82.32 13.86 

200 0.9965 24.6866 82.28 20.28 

300 0.9888 28.8561 82.32 23.49 

400 0.9830 31.1543 81.99 25.11 

500 0.9785 32.4525 81.38 25.84 

600 0.9750 33.1747 80.84 26.15 

700 0.9722 35.5566 80.38 26.22 

800 0.9701 33.7403 80.01 26.18 

900 0.9684 33.8117 79.74 26.10 

1000 0.9671 33.8228 79.53 26.02 

    (b) MoO3 thicknesses 

Thickness (nm) Voc (V) Jsc (mA/cm2) FF (%) PCE (%) 

100 0.9785 32.4525 81.38 25.84 

200 0.9785 32.4484 81.38 25.84 

300 0.9785 32.4448 81.38 25.84 

400 0.9785 32.4411 81.38 25.83 

500 0.9785 32.4380 81.38 25.83 

600 0.9785 32.4351 81.38 25.83 

700 0.9785 32.4324 81.38 25.83 

800 0.9785 32.4299 81.38 25.82 

900 0.9785 32.4277 81.38 25.82 

1000 0.9785 32.4256 81.38 25.82 
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Conclusion 

In this work, lead-free perovskite solar cell in planar configuration; MoO3/TiO2/CH3NH3SnI3/Spiro-

OMeTAD/Au was designed and studied using SCAPS software. MoO3 and CH3NH3SnI3 thicknesses were 

varied from 100 nm to 1000 nm to investigate their influence on the efficiency of the devices. From our 

simulation results, no significance effect on the efficiency of the devices was observed as the MoO3 

thickness increased from 100 nm to 1000 nm. However, the results also reveal that the efficiency of the 

device is solely depends on the absorber layer thickness. The CH3NH3SnI3 layer exhibited the optimum 

performance at 700 nm with JSC, VOC, FF and PCE of 33.5566 mA/cm2, 0.9722 V, 80.38 %, and 26.22 % 

respectively. The results obtained show the possibility of designing and fabricating low cost and stable tin-

based perovskite solar cells with MoO3 as a front contact. 
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