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The interplays of lattice, charge, orbital, and spin degrees of freedom in strongly correlated oxides 

covers a broad spectrum of intriguing functionalities, such as high temperature superconductivity, 

multiferroics, colossal magneto-resistance, and offers tremendous opportunities for next-generation 

electronic devices. In ferroics, domain structures emerge as naturally functional unities as a 

consequence of minimizing of the elastic and/or electrostatic energies. Through novel domain 

engineering process, these domain structures could provide a new template to interact and couple 

with strongly correlated oxides and in turn to create new functionalities. In this talk, we demonstrate 

to use the multiferroic BiFeO3 as a model terrace to tune the fundamental properties (electrical, 

magnetic and optical) and trigger new phenomena (nematic and smectic stripe phases) in the 

strongly correlated systems (manganite family and superconducting cuprates). The periodic domain 

structures in BiFeO3, which are electric-field controllable, provide a variety of strain modulation, 

electrostatic modification and magnetic interaction to interact order parameters in strongly 

correlated systems. Our results show a strong anisotropic transport behaviors captured by different 

metal-insulator transition and superconducting temperatures, which are also electrical controllable. 

The combinations of these materials would offer the insights of the interplays between order 

parameters as well as new solutions to next-generation electronic devices. In addition, in ferroic 

oxides, such as ferroelectrics, domain walls emerge as natural interfaces and exhibit a lot of 

interesting properties, which can differ from the bulk material. The functionalities created at the 

domain walls give rise to novel device architectures and applications, including sensing, memory, 

and logic devices. These domain wall devices may have advantages over the conventional 

semiconductor devices for added functionalities, which open a new avenue for the next generation 

nanoelectronics. In this talk, I will take multiferroic BiFeO3 as a model system to build up a 

standard procedure to explore and understand the fundamental (electrical, magnetic, and optical) 

properties of the domain walls by applying various characterization tools, such as X-ray diffraction, 

transmission electron microscopy, scanning probe microscopy, scanning tunneling microscopy, 

X-ray absorption spectroscopy, etc. 
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