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Table S1: Electron transport layer’s (ETLs) parameters

Table S2: Hole transport layer’s (HTLs) parameters

Fig. S2: Variation of photovoltaic performance parameters as a function of the absorber 

bandgap for perovskite solar cells employing (a) IGZO, (b) SnS2, (c) WO3, and (d) ZnO as the 

electron transport layer.

Fig. S3: Dependence of key photovoltaic performance parameters  on the absorber electron 

affinity for perovskite solar cells with (a) IGZO, (b) SnS2, (c) WO3, and (d) ZnO electron 

transport layers.

Fig. S4: Effect of absorber electron mobility variation on photovoltaic performance parameters 

(VOC,  JSC, FF and PCE) for perovskite solar cells using (a) IGZO, (b) SnS2, (c) WO3, and (d) 

ZnO as the electron transport layer.

Fig. S5: Influence of absorber hole mobility on photovoltaic performance parameters (VOC,  

JSC, FF and PCE) in perovskite solar cells incorporating (a) IGZO, (b) SnS2, (c) WO3, and (d) 

ZnO electron transport layers.

Table S1: Electron transport layer’s (ETLs) parameters 1-4
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ETLs
Parameters TiO2

1,2
PCBM

2
CdS

3
ZnS

4

Thickness (μm) 0.05 0.05 0.08 0.075

Bandgap (eV) 3.2 2 2.43 2.8

Electron Affinity (eV) 4 3.9 4.4 3.8

Permittivity (rel.) 9 3.9 10 9

Electron thermal 
velocity (cm/s) 1×107 1×107 1×107 1×107

Hole thermal velocity 
(cm/s) 1×107 1×107 1×107 1×107

CB Effective Density of 
States (1/cm3) 2×1018 2×1021 2×1018 2.20×1018

VB Effective Density of 
States (1/cm3) 1×1019 2×1021 1×1019 1.80×1019

Electron Mobility 
(cm2/Vs) 2×101 2×10-01 1×102 1×102

Hole Mobility (cm2/Vs) 1×101 2×10-01 2×101 2.5×101

Shallow Uniform Donor 
density ND (1/cm3) 9×1016 2×1017 1×1018 1×1019

Shallow Uniform 
Acceptor Density NA 

(1/cm3)
0 0 0 1×106

Total Defect Density Nt 
(1/cm3)

1×1015 1×1015 1×1015 1×1015

Table S2: Hole transport layer’s (HTLs) parameters 2,3,5-6
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HTLs
Parameters CBTS

2
Spiro

5
PTAA

3
MoS2

3
CdTe

6
CuI

5
CuO

5

Thickness (μm) 0.1 0.2 0.05 0.35 0.2 0.1 0.05

Bandgap (eV) 1.9 3 2.96 1.29 1.5 3.1 1.51
Electron Affinity 

(eV) 3.6 2.2 2.3 4.2 3.9 2.1 4.07

Permittivity (rel.) 5.4 3 9 3 9.4 6.5 18.1

Electron thermal 
velocity (cm/s) 1×107 1×107 1×107 1×107 1×107 1×107 1×107

Hole thermal 
velocity (cm/s) 1×107 1×107 1×107 1×107 1×107 1×107 1×107

CB Effective 
Density of States 

(1/cm3)
2.2×1018 2.2×1018 1×1021 2.2×1018 8×1017 2.2×1019 2.2×1019

VB Effective 
Density of States 

(1/cm3)
1.8×1019 1.8×1019 1×1021 1.8×1019 1.8×1019 1×1019 5.5×1020

Electron 
Mobility 
(cm2/Vs)

3×101 3.1×10-3 1×101 1×102 3.2×102 1×102 1×102

Hole Mobility 
(cm2/Vs) 1×101 2.1×10-3 4×101 1.5×102 4×101 4.3×101 1×10-1

Shallow Uniform 
Donor density 

ND (1/cm3)
0 0 0 0 0 0 0

Shallow Uniform 
Acceptor 

Density NA 
(1/cm3)

1×1018 1×1018 1×1018 1×1018 2×1014 1×1018 1×1018

Total Defect 
Density Nt 

(1/cm3)

1×1015 1×1015 1×1015 1×1015 1×1015 1×1015 1×1015
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Fig. S1: Electronic band structure of RbYbCl3 (PBEsol + TBmbj with SOC).

Fig. S2: Variation of photovoltaic performance parameters as a function of the absorber 
bandgap for perovskite solar cells employing (a) IGZO, (b) SnS2, (c) WO3, and (d) ZnO as the 
electron transport layer.
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Fig. S3: Dependence of key photovoltaic performance parameters on the absorber electron 

affinity for perovskite solar cells with (a) IGZO, (b) SnS2, (c) WO3, and (d) ZnO electron 

transport layers.
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Fig. S4: Effect of absorber electron mobility variation on photovoltaic performance parameters 

(VOC, JSC, FF and PCE) for perovskite solar cells using (a) IGZO, (b) SnS2, (c) WO3, and (d) 

ZnO as the electron transport layer.

Fig. S5: Influence of absorber hole mobility on photovoltaic performance parameters (VOC,  

JSC, FF and PCE) in perovskite solar cells incorporating (a) IGZO, (b) SnS2, (c) WO3, and (d) 

ZnO electron transport layers.
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