
HAL Id: hal-04286402
https://hal.science/hal-04286402v1

Submitted on 16 Nov 2023

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY 4.0 - Attribution - International License

Frequency Dependence of Modulated Surface Photovoltage
(SPV) to Characterize Surface Defects

Davide Regaldo, James P. Connolly, Kiril Kirilov, Vesselin Donchev, Christophe
Longeaud, Jean-Baptiste Puel, J Alvarez, Philip Schulz, Jean-Paul Kleider

To cite this version:
Davide Regaldo, James P. Connolly, Kiril Kirilov, Vesselin Donchev, Christophe Longeaud, et al.. Frequency
Dependence of Modulated Surface Photovoltage (SPV) to Characterize Surface Defects. 40th European Photo-
voltaic Solar Energy Conference (EU PVSEC 2023), Sep 2023, Lisbonne, Portugal. , à paraître. ⟨hal-04286402⟩

https://hal.science/hal-04286402v1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


sds
V. Donchev, Surface photovoltage spectroscopy of semiconductor materials for optoelectronic applications, Mater. Res. Express. 6 (2019) 103001. https://doi.org/10.1088/2053-1591/ab3bf.
Bojar A, Regaldo D, Alvarez J, Alamarguy D, Donchev V, Georgiev S, Schulz P, Kleider J-P. Surface photovoltage characterisation of metal halide perovskite on crystalline silicon using Kelvin
probe force microscopy and metal-insulator-semiconductor configuration. EPJ Photovolt. 13 18 (2022).
Donchev V, Regaldo D, Georgiev S, Bojar A, da Lisca M, Kirilov K, Alvarez J, Schulz P, Kleider JP. Surface Photovoltage Study of Metal Halide Perovskites Deposited Directly on Crystalline
Silicon. ACS Omega. 2023 Feb 24;8(9):8125-8133.

Frequency Dependence of Modulated Surface Photovoltage (SPV)
to Characterize Surface Defects

REFERENCES

▪ Modulated SPV simulations

SPV = the illumination-induced 

change in the surface potential Vs = 

Vs
light - Vs

dark as a result of the spatial 

separation of the photogenerated 

electrons and holes, for instance 

driven by the built-in electrical field 

in the surface space charge region of 

the semiconductor.
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▪ The Metal-insulator-
semiconductor SPV experiment

▪Frequency and flux dependence of SPV
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▪ Interpretation with the DD model

250W halogen 

tungsten lamp

photon flux 

density  constant 

at each wavelength

λ=850 nm

scanning from long toward 

short wavelengths

When the structure is illuminated with chopped light, the periodic changes of Vs due to the 
photovoltaic effect induce a periodic voltage between the capacitor plates (SnO2 electrode and 
Cu platform). This voltage is fed to a high-impedance unity gain buffer (UGB) and measured by a 
lock-in amplifier (SR830) that extracts amplitude and phase of the fundamental frequency.

               

             

     

     

     

     

    

     

     

     

     

    

     

 
 
 
  

 
 
   
 
 
 
  
 
 

              

               

               

                     

             

    

     

    

     

    

     

    

 
 
 
  

 
 
   
 
 
 
  
 
 

              

               

               

Frequency

The model reproduces the 
measured surface defect density of 
states across the Si bandgap

Amplitude/Phase curves experiment vs model:

Similar trends were achieved by varying p-
doping, defect density, and capture cross-
sections.

Other defect distributions could be lead to a 
better reproduction of experimental data

Journal of Applied Physics 56, 2844 (1984); 

doi: 10.1063/1.333819

(230 a.u  ≈ 

1.4 x 1013 cm-2s-1)
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