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Abstract: Materials research is largely concerned with the study and manipulation of the spatial and temporal evolution of structural, mag-
netic, electric polarization, and chemical domains in a material as well as their responses to external stimuli. One of the powerful computa-
tional techniques to model the mesoscale microstructures is the phase-field method. However, the majority of the existing applications of
phase-field method have been focused on modeling, reproducing, and understanding the evolution of experimentally observed materials
microstructures during processing and in-service conditions or to test analytical theories. This presentation will discuss a few examples on
our recent attempts to employ the phase-field method to not only interpret and understand experimentally observed ferroic domain
patterns but also provide guidance to experimental synthesis and characterization to discover new mesoscale domain states of ferroic mate-
rials or achieve dramatically enhanced properties. These include the computation-guided discovery of polar vortex lattices, skyrmions, and
unusual negative capacitances in ferroelectric superlattices, design of record-high piezoelectricity in ferroelectric relaxor ceramics and single
crystals, and the discovery of simultaneous near-perfect light transparency and ultrahigh piezoelectricity through AC poling.
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