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Polarization-dependent conductivity of grain boundaries in BiFeO3 thin films 
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Many efforts have been devoted so far to achieve the control of interfaces in ferroelectric 

materials based on their polarization. These efforts resulted in the discovery of a variety of 

different phenomena such as polarization-dependent tunneling effect, resistive switching, 

symmetry breaking, etc. [1, 2] In particular, domain wall conductivity [3], formation of topological 

defects [4], phase boundaries [5] and ferroelectric-insulator interfaces [6] have been studied. 

Charge transport across the interfaces in complex oxides attracts a lot of attention because it allows 

creating novel functionalities useful for device applications. In particular, it has been observed that 

movable domain walls in epitaxial BiFeO3 films possess enhanced conductivity that can be used 

for reading out in ferroelectric-based memories [3]. In this work, the relation between the 

polarization and conductivity in sol-gel BiFeO3 films with special emphasis on grain boundaries 

(GBs) as natural interfaces in polycrystalline ferroelectrics is investigated. The grains exhibit self-

organized domain structure in these films (Fig. 1), so that the “domain clusters” consisting of 

several grains with aligned polarization directions are formed. Surprisingly, GBs between these 

clusters (with antiparallel polarization direction) have significantly higher electrical conductivity 

in comparison to “inter-cluster” GBs, in which the conductivity was even smaller than in the bulk. 

As such, polarization-dependent conductivity of the GBs was observed for the first time in 

ferroelectric thin films. The results are rationalized by thermodynamic modelling combined with 

finite element simulations of the charge and stress accumulation at the GBs giving major 

contribution to conductivity.  

 

Figure 1. (a) Domain structure and (b) current response in BiFeO3 sol-gel thin films. 

This work was developed within the scope of the project CICECO-Aveiro Institute of 

Materials, FCT Ref. UID/CTM/50011/2019, financed by national funds through the FCT/MCTES. 

The equipment of the Ural Center for Shared Use “Modern nanotechnology” UrFU was used. For 

the financial support, we also express our gratitude to the Brazilian agencies: FAPESP (Project N° 

2017/13769-1) and CNPq (Research Grant 304604/2015-1 and Project N° 400677/2014-8). This 

project has received funding from the European Union’s Horizon 2020 research and innovation 

program under the Marie Skłodowska-Curie grant agreement No 778070. 

1. T. Eshita; W. Wang, K. Nomura, K. Nakamura, et al., Jpn. J. Appl. Phys. 57, 11UA01 (2018). 

2. A.Q. Jiang, Y. Zhang, NPG Asia Mater. 11, 2 (2019). 

3. J. Seidel, L.W. Martin, Q. He, Q. Zhan, Y-H. Chu et al., Nat. Mater. 8, 229 (2009). 

4. N. Balke, I. Bdikin, S.V. Kalinin, A.L. Kholkin, J. Am. Ceram. Soc. 92, 1629 (2009). 

5. Y. Heo, L.J. Hong, L. Xie, X. Pan, C-H. Yang, J. Seidel, NPG Asia Mater. 8, e297 (2016). 

6. Y. Zhang, H. Lu, L. Xie, X. Yan, T.R. Paudel, et al., Nat. Nanotechnol. 13, 1132-1136 (2018).  


