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Properties of new multifunctional materials strongly depend on the composition and atomic structure down to the level of single atoms, and thus characterization at the atomic scale has been a key technology in materials science. In terms of ferroelectric materials, the propagation of polarization can be promoted by the mixture of polar and nonpolar phases; or by using the nanocomposite materials embedding the ferroelectric nanoparticles, each of which exhibits the flexible single domain. In this regard, apart from the traditional Bloch-type domain walls in ferromagnets and the Ising-type domain walls in ferroelectrics, notable experimental studies demonstrated that peculiar types of domains and their walls could appear in the various functional oxides films. Therefore, investigations of their physical properties have been central issues in seeking to understand the correlation between the ferroelectric/ferromagnetic domain morphology and their switching behaviours. In terms of ferroelectric domains, aberration-corrected STEM can be utilized to determine the local atomic polarization and also in-situ TEM technique to observe the dynamic behaviour of domains by biasing the electric field. Together with the atomic scale analysis, the differential phase contrast in STEM becomes attractive with increasing importance of nanoscale electric/magnetic domains and less analytical complication compared to the phase contrast methods such as holography and Lorentz force TEM. This presentation will introduce the methodology to analyze the atomic polarization in the ferroelectric oxides via electron microscopic approach and then briefly show the diverse examples of a new level of insight into various functional oxides in the viewpoint of electron microscopic technique.
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