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Project background and description

Polycrystalline ferroelectrics belong to a strong and well-defined class of advanced functional materials,
with remarkable piezoelectric, ferroelectric, dielectric and electrical properties. They are widely used
for devices such as actuators, sensors, ultrasonic devices, transducers, high precision positioning
equipment and in ceramic capacitors, which are ubiquitous throughout all electronics and electrical
engineering (>10'* units p.a.; e.g., >1000 units per smartphone). Their low cost and accessible
fabrication, compared to their single crystal or thin films counterparts, present exceptional opportunities
for microstructure engineering.

Their functional behaviour arises from the motion and interaction of their domains and domain walls
(the nanoscale interfaces separating regions of different polarisation or strain orientation). In single
crystals, domain wall dynamics are realtively well understood, but in polycrystalline ferroics, the form
actually used in devices, a key question remains open: When a domain wall meets a grain boundary,
does it stop or can it pass through?

This phenomenon, known as domain wall (DW) continuity, could fundamentally reshape how we
understand and engineer ferroelectric and related ceramics. If walls can propagate across multiple
grains, they could form long-range networks that enhance electromechanical coupling, reduce switching
barriers, and improve energy efficiency, turning a collection of grains into a cooperative system.

The most exciting possibility is that DW continuity could allow a collective switching response over
several grains, meaning that the domain structure within one grain would change due to the switching
of domains from neighbouring grains. In this picture, those grain boundaries that do not promote DW
continuity could be considered as pinning sites, reducing the bulk polarisation during switching. Up to
date DW continuity has been elucidated to be key in developing novel ferroelectric ceramics, as an
alternative route to tailor (and enhance) properties such as piezoelectricity. However, the true impact of
this phenomenon on ferroelectric properties, and the conditions under which DW continuity develops,
are not yet fully understood, with limited theoretical">? and experimental reports.[* 41 Recently, we
established an extension of the crystallographic theory of martensite and provided good predictions of
the conditions needed for DW continuity between adjacent grains where an agreement of minimal strain
and polarisation mismatch for a pair of domain variants were found in cases where domain wall
continuity across grain boundaries was observed.’) The theory was tested on experimental data for
BaTiO; (Fig. 1). However, its wider applicability remains speculative and requires experimental
confirmation.

Fig. 1. a) SEM image of a polished ceramic indicating areas where DW
continuity has been identified. b) representative EBSD map.
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This project will explore DW continuity across proper and improper ferroelectrics. By comparing these
systems, we aim to identify universal mechanisms linking grain-boundary character (misorientation,
coherency, local chemistry) to domain wall behaviour and its impact on dielectric and piezoelectric
response.

This project involves characterization by electron backscatter diffraction (EBSD), as shown in figure 1,
thin lamellae fabrication of selected grains by focused ion beam (FIB) and transmission electron
microscopy (TEM), including in-situ heating.

Furthermore, specific parts of the project will be carried out in collaboration with world-leading
advanced electron microscopy centres such as the Ernst Ruska-Centre, leading experts in the field of
ferroelectrics and modelling.

Entry requirements: Applicants are expected to possess a first or upper-second class degree in physics,
chemistry, mathematics, or a relevant discipline (or an equivalent overseas qualification), or a lower
second-class degree along with a Master's degree.

How to apply: Applications should be submitted via the Direct Applications Portal.
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