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In-situ TEM observations of ferroelectric domains: 

Where are we at?
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Ferroelectrics are known since 1950’s and play an important role in a large variety of applications including piezoelectric actuators, sensors, dielectric capacitors, memory devices, etc. One of the main characteristics of this class of materials is domains, which form to minimize the free energy of the system by forming pockets (or regions) with different structural shear (ferroelastics), magnetic moments (ferromagnetics) or electrical dipole moments (ferroelectrics); and it is the reversible switching of domains is what enables ferroics’ functionality. 
It is known that domain configuration plays a significant role in the ultimate properties of ferroelectrics and it is crucial to understand domain evolution and dynamics under external stimuli but it is only in the last decade that there has been an increasing interest in domains dynamics and novel domain structures, mainly due to advances in the resolution of commonly techniques for domain observation (particularly x-ray diffraction, TEM and PFM). These techniques have been particularly important with the continuing trend towards miniaturization of devices, which clearly necessitates an understanding of domain dynamics on the micro-nanoscale, where a single defect could dominate the switching process.

Transmission electron microscopy (TEM) in particular has advanced such that in-situ experiments are now a reality, making the technique an increasingly powerful tool for the direct observation of domain switching with simultaneously high spatial (<1 nm) and temporal (30 ms) resolution [1-5]. In-situ TEM allows the observation of domain evolution under electrical bias and/or heating in real time such as nucleation events, domain wall motion, pinning characteristics, etc., and a direct correlation can be established between the switching behavior and the underlying physical microstructures.
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