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For almost two decades, surface photovoltage (SPV) imaging by Kelvin Probe 

Force Microscopy (KPFM) has been used for local investigations of charge photo-
generation, transport and recombination mechanisms in an ever-growing class of 
photoactive materials. From the most basic vantage, the SPV can be defined as an 
illumination-induced change in the surface electrostatic potential, arising from charge 
transfers and redistributions within the sample. The surface potential is thus linked to 
any illuminated region within the sample where a photovoltage can be generated due 
to band bending or defects.  

The contact potential shift probed by KPFM under illumination is simply referred to 
as an SPV since it is measured at the sample surface with a scanning probe 
technique. However, from what precedes, it is clear that sub-surface contributions 
can contribute (or even sometimes dominate) the SPV signal. 

A second issue inherent to SPV measurements by conventional KPFM is that it is 
quite hard (not to say impossible) to evaluate how the dynamical process impact the 
signal. In photovoltaic systems, the steady state SPV results from an equilibrium 
between generation and recombination mechanisms. Unfortunately, much of the 
information about the sample’s physics is lost when one maps simply the SP shift 
under continuous wave illumination.  

These past ten years, powerful extensions of the Electrostatic (EFM) and Kelvin 
probe force microscope (KPFM) have been successfully implemented to monitor 
dynamical charge (and also ionic) processes at the nanometer scale in organic, 
inorganic and hybrid photovoltaic materials and devices. 

In this communication, we will present the works undertaken in our teams to 
implement time-resolved electrostatic modes based on pump-probe KPFM1 
combined with non contact AFM under ultrahigh vacuum. The performances of our 
setups, and the technical improvements made since our first report2 will be illustrated 
through a series of experiments on inorganic and organic photovoltaic samples. We 

will show that a sub-s time-resolution is easily achievable, and that 2D dynamical 
images can be mapped by performing spectroscopic measurements in data cube 
mode. We will also illustrate how these quantitative time-resolved SP measurements 
allow analyzing much more precisely the origin of the charge distributions at the 
source of the surface photovoltage.    

 
1. J. Murawski, T. Graupner, P. Milde, R. Raupach, U. Zerweck-Trogish, and L.M. 
Eng, J. Appl. Phys, 118, 154302 (2015).   
 
2. B. Grévin, O. Bardagot, R. Demadrille, Beilstein J. Nanotechnol., 11, 323 (2020). 

  


