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Aberration correction has allowed the formation of scanning transmission microscope (STEM) 
probes of an Ångström or less, leading to the prospect of core-loss electron energy loss spectroscopy 
(EELS) measurements at true atomic spatial resolution.   The interpretation of images based on 
EELS however is complicated by many factors including nonlocality of the effective inelastic 
potential [1], channeling of the incident electrons and inelastic scattering of the probe to high angles 
[2].  In addition, size of the core state from which ionization occurs becomes crucial in the image 
formation process for small probes [3]. 
 
In Fig. 1 we show images formed by the integrated EELS signal from the O K-shell and La N45 
edges in [100] zone axis oriented LaMnO3.  The experimental data was taken using VG 
Microscopes’ HB501UX fitted with a Nion aberration corrector, with a probe size of approximately 
1.3 Å.  The line scans were taken in the <011> direction across alternating La and Mn/O columns 
using a Gatan Enfina with a collection semi-angle of 12 mrad.  We see that despite the large 
difference in binding energies for these two edges (~500 eV for O K vs ~100 eV for La N45), the 
contrast and width of the images are very similar.  We also see that there is a reduction in intensity 
above the columns containing the atoms from which the signal has originated.  Such “volcanoes” 
have been seen in simulations based on inelastic STEM images of isolated atoms [3,4], but the 
formation of these features in the bulk has not been previously reported.  
 
In Fig. 2 we show the simulated single atom images formed for the same probe and detector 
parameters used in the experiment.  This allows an examination of the image features due to the 
ionization interaction rather than the dynamical scattering of the probe by the sample.  The solid 
background indicates the projected electron density of the bound state orbital from which the 
ionization has occurred.  We see that the width of the O K-shell orbital is far smaller than that of the 
La N45 orbital as expected from the relative binding energies.  However the O K-shell image has a 
half width at half maximum that is significantly broader than that of the La N45 image.  This is 
counter to simple impact parameter models which predict increasing image localization for larger 
binding energies [5].  In addition we see that there is a distinct reduction in the intensity of the O K-
shell signal directly above the atomic site.  There is however no corresponding dip in the La N45 
signal above the atomic location.  The dip in the La N45 image above the La column seen in Fig. 1 
can not be due to the nature of the interaction alone. 
 
We will discuss the mechanisms leading to the formation of these images and the need for 
simulation in order to correctly understand images based on core-loss spectroscopy at atomic 
resolution.  Using LaMnO3 as a model we will show that images formed from different edges from 
the same atomic species can lead to totally different interpretations of the sample’s structure. 
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FIG. 1.  Images formed from integrated core-loss EELS line scans in the <011> direction for 
LaMnO3 in the [100] zone axis orientation.  The scan was taken using VG Microscopes’ 
HB501UX operating at 100 keV with a probe size of approximately 1.3 Å.  Reductions in 
intensities above the atomic columns containing the atomic species of interest can be seen in 
both cases.  

FIG. 2.  Simulated integrated STEM EELS images for isolated oxygen and lanthanum atoms.  The 
projected electron density of the orbitals from which the ionization has occurred is indicated by 
the solid background. 
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