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Multiferroic, magnetoelectric, piezoelectric and lead-free - BiFeO3 (BFO) thin films exhibit exciting 
physics and fascinating properties for tuning their functionality [1-4]. Over the past two decades, an 

upsurge of interest has been witnessed in the growth of epitaxially strained BFO. The realisation of a 

morphotropic phase boundary (MPB) in highly-strained BFO leads to a functionally active mixture of 
two ferroelectric phases, one being rhombohedral-like (R) and the other tetragonal-like (T), whose 

response can, in principle, be controlled by external stimuli. Here, we reveal the subtle differences in 
crystal and electronic structure in native phases and phases created through the application of 

electrical bias and localised stress using an atomic force microscope (AFM) tip. 

  

In a novel exploration of the local structure of these newly-written phases, in particular stress-written 
regions which display enhanced conductivity as measured by conducting-AFM, we combine state-of-

the-art scanning transmission electron microscopy (STEM), see Figure 1, and electron energy loss 
spectroscopy (EELS) to provide an insight into the origin of the enhanced conductivity. To do this, we 

have examined three distinct regions consisting of: native (as-grown) R and T phases, an electrically-
written (pure) T phase and stress-written R' and T' phases. We highlight the benefit of using nano-

beam electron diffraction (NBED) to directly compare strain gradients across the R/T interfaces in the 

native and stress-written regions. By examining the Fe-L2,3 and O-K edges we reveal changes in 
ELNES features which suggest octahedral distortion variations between native and stress-written 

phases (see O-K edges in Figure 2). Using multiple-scattering calculations based in the FEFF9 code 
we correlate ELNES spectral features in the O-K and Fe-L2,3 edges (using BFO unit cells varying in 

strain levels) with the experimental spectra. Furthermore, by precisely measuring the energy onset of 

the O-K and Fe-L2,3 edges we demonstrate that the stress-written regions (R' and T') contain a higher 
distribution of onset energies compared to a native region of R and T phases, providing a possible 

rationalisation for increased conductivity in the stress-written regions as originating from an enhanced 
level of defect energy levels in the bandgap at these highly-strained interfaces.  

  

By revealing the local structure of stress-written R' and T' phases at the atomic scale, we provide a 
valuable insight into the possible mechanisms responsible for enhanced interfacial conductivity in BFO 

thin films at the microscale, thus advancing our understanding of the phases created by external 

stimuli and allowing us to gain control over ferroelectric mixed-phase systems to tune their functional 
behaviour for broader applications. 
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