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Aberration-corrected electron optics, novel detection techniques, and advanced computational 
capabilities have transformed scanning transmission electron microscopy (STEM) into one of the 
most powerful characterization techniques for a wide range of materials. Its versatility stems from the 
availability of different imaging and diffraction modes, as well as analytical techniques such as 
electron energy-loss spectroscopy (EELS) and energy-dispersive X-ray spectroscopy (EDXS). These 
methods allow us to deduce information about structure, elemental composition, and chemical 
bonding with atomic resolution, leading to numerous breakthroughs in understanding fundamental 
phenomena in physics, chemistry, and materials science in recent years. 
However, in practice, atomic-level structural and chemical characterization, such as the detection of 
impurities or analysis of point defects, is often hindered by experimental challenges in sample 
preparation, limitations in signal-to-noise ratios (SNR), and the high current densities introduced by a 
highly focused electron beam. These factors often lead to steady, yet often unrecognized, specimen 
transformations, especially when applying atomic resolution imaging and spectroscopic techniques 
that generally require higher acquisition doses. Consequently, many sensitive material systems—
such as battery materials, nanoporous materials, and nanoclusters - require the development of 
novel methodologies in preparation, characterization, and data analysis. 
The seminar talk will provide an overview of analysis strategies, addressing the aforementioned 
challenges and exemplifying selected research questions with different nanoscale material systems. 
Specifically, lithiation processes at the atomic level in LiFePO4 [1], mapping of electronic states and 
distribution of oxygen vacancies in complex oxide thin films [2], and the three-dimensional 
localization of single atoms in the pores of beryl [3] will be discussed. Emphasis will be placed on the 
use of low-dose imaging and diffraction techniques, as well as on the advantages of utilizing modern 
direct detection EELS. 
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