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 Table S1. Physical parameters of the incident, transmitted spectrum definitions, and their units. 

Table S2. Materials parameters of the top sub-cell used in SCAPS-1D simulator. 

Symbol Definition Unit

𝑆 𝜆  
The power density of the light spectrum 
transmitted from the top sub-cell to the 

bottom sub-cell W/m2 𝑆 𝜆  The incident spectrum is AM 1.5 
x The layer number 
n The total number of layers of the sub-cell 
α The absorption coefficient cm‒1 
d The thickness of each layer cm 

Aα A pre-factor of 105 cm‒1.eV‒1/2 ℎ The Plancks constant eV.sec 𝜈 The spectrum frequency Hz 𝐸  The energy gap of the material eV 

Parameters TCO MAPbI3-xCIx Cu2O ZnOS 
Thickness (nm) 500 500 100 50

Eg (eV) 3.5 [45] 1.55 [31] 2.1 [58] 2.83 [59] 
Electron affinity (eV) 4 [31] 3.9 [31] 3.2 [58] 3.6 [30] 
Relative permittivity 9 6.5 [3] 7.11 [58] 9 [59] 

Effective conduction band density 
Nc (cm-3) 2.2 × 1018 

Effective valence band density Nv 
(cm-3) 1.8 × 1018 

Thermal velocity of electrons vth,n 

(cm/s) 
1 × 107 [56] 

Thermal velocity of holes vth,p 

(cm/s) 
Electron mobility µe (cm-2 V-1s-1) 20 2 [58] 3.4 100 [25] 

Hole mobility µp (cm-2 V-1 s-1) 10 2 [58] 3.4 25 [25]
Acceptor concentration NA (cm-3) 0 0 1 × 1018 [56] 0 
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Table S3. Materials parameters of the top bottom-cell used in SCAPS-1D simulator. 

(a) (b) (c) 

Figure S1. Performance metrics variations of the simulated PSC depending on the NA Cu2O: (a) 
FF, (b) Jsc, and (c) Voc. 

Donor concentration ND (cm-3) 2 × 1019 0 0 2 × 1018 [25] 
Electrons capture cross-section 

(cm²) 2 × 10−14 [56] 1 × 10−15 
Holes capture cross-section (cm²) 

Energy level with respect to Refer-
ence (eV) 

0.6 [56] 

Characteristic energy (eV) 0.1 [25] 
Nt (cm-3) 1 × 1015 [45] 2 × 1011 [45] 1 × 1015 [45] 1 × 1015 [45]

Parameters GeTe CdS ZnO
Thickness (nm) 2000 50 50 

Eg (eV) 0.8 [60] 2.45 [61] 3.30 [61,62] 
Electron affinity (eV) 4.8 [57] 4.4 [57] 4.6 [57] 
Relative permittivity 36 [60] 10 [46] 9 [46] χ (eV) 4.8 4.4 4.6 

Nc (cm‒3) 1016 2.2 × 1018 2.2 × 1018 
µe (cm‒2 V‒1s‒1) 100

ND (cm‒3) 0 1020 1020 
Nv (cm‒3) 1017 1.8 × 1019 1.8 × 1019 

µp (cm‒2 V‒1 s‒1) 20 25 25
NA (cm‒3) 2 × 1016 0 0

FF
 (%

)
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(a) (b) (c) 

Figure S2. Performance metrics variations of the simulated PSC depending on the thickness of 
HTM: (a) FF, (b) Jsc, and (c) Voc. 

(a) (b) (c) 
Figure S3. Performance metrics variations of the simulated PSC depending on the Eg of 
the absorber layer: (a) FF, (b) Jsc, and (c) Voc. 

(a) (b) (c) 
  Figure S4. Performance metrics variations of the simulated PSC depending on the Nt of the ab-

sorber layer: (a) FF, (b) Jsc, and (c) Voc. 
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