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Select multiferroic materials exhibit ferroelectric and magnetic order, and the two order parameters are
coupled through a quantum-mechanical exchange interaction [1,2]. One of the most widely studied
magneto-electric multiferroics is the perovskite BiFeO; (BFO). The magneto-electric coupling in BFO
allows control of the ferroelectric and magnetic domain structures via applied electric fields.
Furthermore, BFO films possess high Néel and Curie temperatures and large ferroelectric polarization.
Because of these unique properties, BFO and other magneto-electric multiferroics constitute a
promising class of materials for incorporation into devices such as high-density ferroelectric and
magnetoresistive memories, spin valves, and magnetic field sensors [3,4]. Before BFO can be
integrated into devices, however, a full understanding of its ferroelectric and antiferromagnetic domain
behavior across a range of time and length scales needs to be developed [1]. In situ TEM is one
experimental technique capable of investigating the dynamics of ferroelectric domain behavior across
a wide range of length scales.

We employ a custom-built biasing holder which permits the application of a DC bias through a set of
epitaxial in-plane electrodes in the BFO thin film. By altering the magnitude and the polarity of the DC
bias, we can control the magnitude and switch the direction of the in-plane electric field. Under an
applied field, domains with ferroelectric polarization aligned with the field will increase in size, and
this growth is accompanied by necessary domain wall propagation. In areas of large strain fields, such
as those near dislocations, nucleation of a domain with polarization aligned with the applied field can
occur. We investigate in situ the dynamic phenomena of ferroelectric domain nucleation and
propagation. We capture these dynamic events using digital streaming video at 30Hz across a range of
relevant length scales and extract domain kinetics and nucleation energies from the resulting videos. A
combination of in situ biasing and high-resolution transmission electron microscopy (HRTEM) allows
us to study the motion of domain walls at the atomic level.

We will present multi-scale in situ biasing TEM experiments. Biasing experiments were carried out at
medium magnifications (Figure 1) to study domain nucleation and propagation, from which we
extracted quantitative thermodynamic data. Experiments were also performed at high magnifications
where we studied how domain walls move through line defects (Figure 2), and how domain walls
interact during collisions with other domain walls (Figure 3). These in situ HRTEM studies provide
dynamic, direct experimental evidence of the behavior of domain-defect interactions at the atomic
level. The results of our experiments will be correlated with theoretical and computational models to
better understand the mechanisms of domain-defect interactions and their effects on the ferroelectric
polarization in BFO and other ferroelectrics [5,6,7].
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Figure 1: Bright field TEM
micrograph showing a change
in the ferroelectric domain
structure of a BFO thin film
under DC bias. In A) the
direction of the in-plane electric
field is indicated. In B) the ovals
indicate areas of marked
evolution of the ferroelectric
domain structure, where “N”
marks a nucleation event and
“P” marks the propagation of a
domain.

Figure 2: Visualizing an edge dislocation in BFO. A) Figure 3: A high-resolution bright field TEM image

A high-resolution bright field TEM image of an of the junction between three separate domain
edge dislocation in BFO. B) The Fourier transform walls, indicated by arrows, in BFO.

of B). C) The inverse Fourier transform composed

from the frequencies circled in B). The edge

dislocation is easily identified.
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