
Supplementary Material 

Proposal and Design of Flexible All-Polymer/CIGS 

Tandem Solar Cell 

Tarek I. Alanazi and Mona El Sabbagh 

Table S1. Main factors of the top and back metal contacts for polymer and CIGS cells. 

Contact Material 
Work 

function (eV) 

Electron surface 

recombination  

velocity (cm/s) 

Hole surface 

recombination 

velocity (cm/s) 

Polymer cell 
Front metal ITO 4.8 1×107 1×106 

Back metal Ag 3.72 1×106 1×107 

CIGS 

cell 

Front metal ITO 4.7 1×107 1×106 

Back metal Mo 5.5 1×106 1×107 

Table S2. Defects parameters at the interfaces of polymer cell. 

PEDOT:PSS/Polymer Polymer/PDINN 

Defect type Neutral Neutral 

Electron capture cross section (cm2) 3.2×10-16 1×10-15 

Hole capture cross section (cm2) 1×10-15 8×10-16 

Energetic distribution Single Single 

Energy level with respect to the highest Ev (eV) 0.6 0.6 

Total density (cm-2) 2.5×1011 1×1011 

Table S3. Trap states parameters for the PM7:PIDT, CIGS and CdS layers used in device simulation. 

Parameter PM7:PIDT CIGS CdS 

Defect type Donor Donor Acceptor 

Energetic distribution Single Single Single 

Capture cross section (cm2) 1×10−15 1×10−15 1×10−15 

Energy level (eV) 0.88 (above Ev) 0.57 (above Ev) 1.2 (above Ev) 

Total density (Nt) (cm−3) 1×1010 1×1013 1×1012 



Table S4. Basic parameters of CdZnS and CBTS layers. 

Parameters 
CdZnS 

[S1] 

CBTS 

[S2] 

Thickness (nm) 30 30 

Energy gap (eV) 3.18 1.9 

Electron affinity (eV) 3.71 3.6 

Relative permittivity 10 5.4 

Electron mobility (cm2/Vs) 340 30 

Hole mobility (cm2/Vs) 50 10 

CB effective density of states (cm-3) 2.5×1018 2.2×1018 

VB effective density of states (cm-3) 2.5×1019 1.8×1019 

Shallow donor density ND (cm-3) 5×1018 - 

Shallow acceptor density NA (cm-3) - 5×1018 
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Figure S1. Performance parameters dependency on top and bottom absorber thicknesses. 

 

 

 

 

 

 



Regarding the dependence of Voc on the intensity (I), it can be given as [S3], 

𝑉𝑜𝑐 = 𝜀𝑉𝑇 𝑙𝑛(𝐼) + constant (S1) 

Where VT is the thermal voltage and ε is the ideality factor [S4]. It was realized that the solar cell displays 

extra SRH recombination rates when ε is more than one [S5, S6]. The values of ε were determined as 1.973 

and 1.823 for initial and optimized TSCs, respectively as shown in Figure S2. 

 

Figure S2. Dependence of Voc on the incident light intensity. 
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