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Figure S1. Refractive index (n) and extinction coefficient (k) of CH3NH3PbI3    perovskite 

adapted from Löper et.al [S1].
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Figure S2. Measured and simulated reflectance, transmittance, and absorbance of a 

ITO film with a thickness of 240 nm prepared on a glass substrate. A Lorentz and an 

extended Drude Model was used to describe the complex refractive index of the ITO 

film. Parameters used for the calculation of the reflectance, transmittance and 

absorbance are given in Table S1. The measured data is adapted from Ref. S2.
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Figure S3. Measured and simulated reflectance, transmittance, and absorbance of a 

IOH film with a thickness of 240 nm prepared on a glass substrate. A Lorentz and an 



extended Drude Model was used to describe the complex refractive index of the ITO 

film. Parameters used for the calculation of the reflectance, transmittance and 

absorbance are given in Table S1. The measured data is adapted from Ref. S2.

The complex refractive index of the metal oxide films is required as input parameter for 

the optical simulation. 
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The dielectric function is determined by using a Drude Lorentz model. The dielectric 

function is given by
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where D() and L() are the Lorentz and Drude contributions to the dielectric function. 

The Lorentz dielectic function is given by 
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where N, 0 and  are the plasma frequency, resonant frequency and damping 

frequency. The Drude dielectric function is given by 

, (S4) 






  i

N
D 2

2

The Drude dielectric function is given by where  , N and  are the high frequency 

dielectric function, the unscreened plasma frequency and the damping frequency. 

Equation S1 to S4 were used to describe the complex refractive index of the zinc oxide 

film [S3]. To describe the ITO and IOH film the Drude model was extended by the 

following expression for the frequency dependent damping frequency,
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where min and max are the minimal and maximal of the damping frequency, while cross 

and width are the crossover frequency and the width of the transition region [S4-S6]. 

The extented Drude model accounts for the frequency dependent mobility, where the 

conductive for 0 corresponds to the DC conductivity. The measured reflectance, 

transmittance and absorbance in Fig. S2 and S3 was fitted by using equation S1 to S5. 

The parameters used to fit the experimental data are summarized in Tab. S1. 

Based on the extracted plasma frequency the doping concentration was determined by   
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where 0, me, and q are the vacuum permittivity, mass of an electron and elementary 

charge. Furthermore, the DC conductivity (DC) and resistivity (DC) of the metal oxide 

films can be determined by  
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Based on the optical determined electrical parameters of the films the charge carrier 

mobility can be calculated by
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Material
Extracted parameters ITO IOH ZnO
Nopt:= Doping concentration [1/cm3] 101020 3.91020 2.51019

opt:= Carrier mobility [cm2/V/s] 22.5 66 35

opt:= Electrical Resistivity [cm] 2.310-4 2.410-4 710-3

Tab. S1: Summary of Drude, extended Drude and Lorentz dielectric model. Extracted 

doping concentration and charge carrier mobility and experimental data from literature 

[S1,S2]. 
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