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ELECTRICAL MATERIAL PARAMETERS 

Table S1. Single junction PSC parameters [S1, S2, S3]  

 

 

ITO PEDOT:PSS Lead-free 

Perovskite* 

C60 Ag 

Thickness (nm) 150 31 212 25 130 

HOMO (eV)  4.9 5.68 5.9  

LUMO (eV)  3.6 4.06 4.2  

εr  3.5 7 5  

Nc (cm−3)  1021 2×1018 2.2×1018  

Nv (cm−3)  1021 2×1018 1.8×1019  

NA (cm−3)  1018    

ND (cm−3)    2×1018  

µn (cm2/Vs)  8×10-5 0.01 0.08  

µp (cm2/Vs)  8×10-5 0.01 0.0035  

Nt (cm−3)   1013   

Et (eV)   0.9   

Cn (cm−3s−1)   10-10   

Cp (cm−3s−1)   10-10   

Work function (eV) 4.3    4.3 
* The lead-free perovskite is GA0.06(FA0.8Cs0.2)0.94SnI2Br. At A site, a bigger organic cation, guanidinium (GA+) is used in addition 

to formamidinium (FA), and cesium (Cs) cations. At the B-site, bivalent cation tin (Sn) is placed. X is a combination of monovalent 

halide anions I and Br. (Remark: the perovskite material structure is generally denoted by ABX3 where A is a monovalent cation, 

B is a divalent cation, and X is a halide anion.) 

Table S2. Single junction OSC parameters [S1, S4] 

 

 

ITO PEDOT:PSS DPPEZnP-TBO: 

PC61BM 

PFN Al 

Thickness (nm) 116 15 117.5 5 70 

HOMO (eV)  4.9 5.23 7  

LUMO (eV)  3.6 3.9 3.9  

εr  3.5 3.5 3.5  

Nc (cm−3)  1021 1021 1021  

Nv (cm−3)  1021 1021 1021  

NA (cm−3)  1018    

ND (cm−3)      

µn (cm2/Vs)  8×10-5 5×10-4 10-4  

µp (cm2/Vs)  8×10-5 5×10-4 10-6  

Nt (cm−3)   2×1014   

Et (eV)   0.5   

Cn (cm−3s−1)   10-10   

Cp (cm−3s−1)   10-10   

Work function (eV) 4.4    4.1 



OPTICAL MATERIAL DATA 

Table S3. The references used in obtaining the refractive index n and extinction coefficient k of 

the various materials of the tandem layers 

Subcell Layer REF 

PSC ITO Setfos material database (from Woollam VASE) 

PEDOT:PSS Setfos material database (from www.hcstarck.com) 

ASnI2Br lead-free perovskite [S3] 

C60 Setfos material database (Measured by Thomas Stuebinger at 

the University of Bayreuth [S5]) 

OSC PEDOT:PSS Setfos material database (from www.hcstarck.com) 

DPPEZnP-TBO:PC61BM [S6] 

PFN [S7] 

Al Setfos material database (from Woollam) 
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Figure S1 Molecular structures of (a) DPPEZnP-TBO, (b) fullerene PC61BM.   
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