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The advent of aberration-corrected microscopy has enabled the coupling of structural 
information with spatially resolved compositional information [1-3]. Several studies have 
shown the ability to study composition at the atomic scale through core-loss 
spectroscopy. However, it is also important to consider the delocalization of the EELS 
signal [3-5], while attempting quantitative information on atomic-scale composition.  

At the outset, this study attempts to highlight some of the key factors controlling 
elemental quantification at the atomic scale. Through a detailed study using strontium 
titanate as a model system, the importance of the apparent delocalization of the EELS 
signal is highlighted. For example, in an EELS line profile along Sr-O-Sr atomic columns 
in [001] oriented SrTiO3, the modulation of the Ti-L signal and its maximization on O 
columns can be observed (FIG 1a). EELS line profiles along the Ti/O-O-Ti/O atomic 
columns, as shown in FIG 1b, demonstrate the modulation of the O-K signal, and its 
maximization on the Ti/O columns, even though the linear density of O atoms is the same 
along both the Ti/O and pure O columns in [001]-oriented SrTiO3. Possible factors 
affecting such a behavior will be discussed.  

As a related and continuing study, the nature of faults and interfaces in off-stoichiometric 
SrTiO3 films (grown on stoichiometric STO substrates) is investigated. While the direct 
interpretation of EELS signals at the atomic resolution can be complicated, the ability to 
directly interpret HAADF-STEM images at the atomic scale (i.e. HAADF-HRSTEM) 
enables us to identify the nature of planar faults in Sr-rich compositions (see Figure 2a). 
Based upon the experimental observations, a simple mathematical model is proposed to 
explain the nature of these planar faults in Sr-rich compositions, similar to the 
Ruddlesden-Popper (RP) faults observed in other studies [references: see our draft paper 
on Sr-rich STO]). On the other hand, deviations to the Sr-deficient compositions appear 
to trigger a rather interesting phase separation mechanism (see Figure 2b). These 
experimental observations are supplemented with the results from atomistic and DFT 
calculations aimed at understanding the stability and energetics of various defect 
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structures in off-stoichiometric STO compositions [reference: our work as unpublished 
research].  
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FIG 1: EELS signals for line profiles across (a) Sr-Ti/O-Sr columns, (b) Ti/O-O-Ti/O 
columns. Corresponding HAADF-HRSTEM images for each case are also shown 

 
FIG 2: Atomic Resolution HAADF-STEM images of (a) Sr deficient STO, (b) Sr rich 
STO 
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