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Potential profiles across interfaces can provide useful information about variations in 
structure, composition, density, ionicity of their constituents, the presence of space 
charge layers, etc, showing that the ability to measure potential profiles across 
interfaces is of great importance in the field of material science. 

 

Transmission electron microscopy (TEM) techniques, based on phase contrast 
imaging, can determine local variations in electrostatic potential. In this work we 
report on a new, parameter-free a method to determine local variations in the mean 
inner potential from a series of Fresnel contrast image line profiles across an interface. 
A modified version of the iterative wave function reconstruction (IWFR) [1], is 
applied to reconstruct the exit face wave function from a through focal series of TEM 
image line profiles across an interface. Apart from high-resolution images recorded 
with small changes in defocus this method works also well for a large defocus range 
as used for Fresnel imaging. Using the phase-object approximation the projected 
electrostatic (elastic interaction of the electrons with the specimen) as well as the 
absorptive potential (inelastic scattering in addition with elastic scattering outside the 
objective aperture and thermal diffused scattering) profiles across an interface are 
determined from this exit face wave function. A new alignment procedure of 
experimental line profiles has been introduced and its robustness in the presence of 
high noise and uncertainties in defocus has been tested using simulated images. For 
the present study, it produces the best alignment in comparison with alignment 
procedures existing in the literature [2]. The reconstruction method is applied to both 
simulated and experimental images. For simulation it is shown to retrieve a potential 
drop across the interface quite accurately. For experimental data, mean inner 
potentials retrieved by this method agreed well with literature values [3], as shown in 
Fig. 1. Fig. 2 shows that while the reconstructed absorptive potential depends strongly 
on the local diffraction conditions and thus dynamical scattering, the relative 
reconstructed phase does not. It proves the validity of the phase object approximation 
for thicker specimen also. The resolution of the reconstruction is determined by the 
size of the objective aperture, as was confirmed by tests on an abrupt interface.  
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Fig. 1.(a) Four experimental 1D intensity profiles across this interface (corresponding 
defocus values are indicated in the figure).  The inset shows an image of the vacuum- 
Si3N4 interface at an overfocus value of 1.1µm. (b) reconstructed electrostatic 
potential. 

 

 
Fig. 2. Comparison of the reconstructed absorptive as well as the electrostatic 
potentials of an Al / Al2O3 interface.  The line scans are taken from regions 1 and 2 
of the image shown in the inset (overfocus of 2µm, contrast variations due to local 
bending). 
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