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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 BiFeO3 (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]. However, the 
magneto-electric coupling in BFO is mediated by volatile ferroelastically switched domains that make 
it difficult to incorporate this material into devices. To facilitate device integration, an understanding 
of the microstructural factors that affect ferroelastic relaxation and ferroelectric domain switching 
must be developed. 

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. We 
investigate the evolution of ferroelastically switched ferroelectric domains in BFO thin films during 
many switching cycles using in-situ TEM. We present evidence of domain nucleation, propagation, 
and switching even at applied electric fields below the coercive field (Figure 1). Quantitative kinetic 
data is extracted from these in situ videos (Figure 2). These observations indicate that the occurrence of 
ferroelastic relaxation in switched domains and the stability of these domains is influenced by the local 
microstructure of the BFO film. These biasing experiments provide a real time view of the complex 
dynamics of domain switching and complement scanning probe techniques [5,6]. 
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Figure 1 – The TEM image in (a) depicts the configuration of domains, the finger like structures with enhanced contrast, prior to
application of +45V in (b). The yellow arrow in (a) indicates a visible dislocation. In (b), an image captured less than 100ms after
applying a 150kV/cm electric field shows newly formed domains growing orthogonal to existing domain walls before later fully
relaxing. Domain area over time is calculated for three specific domains, each of which exhibits different behavior.

Figure 2 – Differing relaxation behavior is evident for the selected domains depicted in 1(b). Domain 1 is observed to expand both
parallel and perpendicular to its growth direction under the applied field before gradually fully relaxing, whereas Domain 3
rapidly relaxes after removal of the field. Domain 2, however, is stabilized against relaxation by the dislocation highlighted in
Figure 1(a).

0

5000

10000

15000

20000

25000

30000

0 200 400 600 800 1000

Do
m
ai
n
Ar
ea

(n
m

2 )

Time (milliseconds)

Domain Area Vs Time

Domain 1 Area

Domain 2 area

Domain 3 Area

Microsc. Microanal. 17 (Suppl 2), 2011 449

https://doi.org/10.1017/S1431927611003114 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927611003114

