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The study of novel physical properties appearing when two materials are interfaced has become one of the major 

fields of research in solid state physics over the last decade. For example, in the strive for novel non-Silicon based 

electronics, the discovery of the formation of a conductive layer right at the interface region between 2 insulators 

(for example LaAlO3 and SrTiO3); a so-called two-dimensional electron gas (2DEG) or two dimensional electron liquid 

appears. Another important example of such emergent phenomena is the appearance of interface magnetism, 

majorana bound states or superconductivity. As the materials involved in those new physical phenomena are often 

complex oxides, many factors such as strain, oxygen stoichiometry, cation intermixing, confinement effects, 

electronic reconstructions, band bending, orbital ordering… have to be considered when discussing their origin. The 

exact understanding of those phenomena is a key factor in order to turn these research ideas into working devices 

and in order to search for the most optimal materials. 

Advances in electron microscopy instrumentation and techniques such as the appearance of aberration-correctors 

of the probe-forming lens have made it possible to achieve sub-angstrom spatial resolution allowing the study the 

material on an atom column by atom column basis. High Angle Annular Dark Field (HAADF) combined with Annular 

Bright Field (ABF) imaging has made it possible to image and understand respectively the cationic and the oxygen 

sub-lattices in these materials. Furthermore, improved stability and the appearance of electron monochromators 

has made an energy resolution of 100 meV readily available in Electron energy loss spectroscopy (EELS) offering the 

benefits of an X ray absorption (XAS)-like signal at atomic spatial resolution. 

In this talk, I will present some examples of applications of those technical advances in the study of correlation 

between structure, electronic and physical properties of advanced materials and interfaces, such as the study of 

structural distortions (strain and reconstruction) and intermixing as well as characterization of the quality of the 

epitaxy of thin films and the imaging of the hybridization of orbitals.
1
 Furthermore, I will demonstrate that it is now 

possible to study, through changes in the fine structure of the ELNES, electronic reconstructions and valence 

changes up to atomic resolution at an interface and confront it to theory.
2
 The localization of specific states in real 

space (like the Zhang-Rice singlet states in cuprate superconductors) is another possible application for fundamental 

understanding of the structure-properties relationship in complex oxides.
3
 As a further example, the effect of oxygen 

octahedral coupling and orbital reconstruction on the change of the magnetic easy-axis in some ferromagnetic 

manganite films will be outlined.
4
 Finally, I will discuss new ideas of electrical measurements inside a TEM. 
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