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Function from frustration: Taking advantage of complexity, 
heterogeneity, and nonlinearity in electrical ceramics


Abstract
One common method for improving—or at least altering—the behavior of materials and integrated materials systems is to frustrate them, for example via proximity to a phase transition or by kinetically hindering the march towards thermodynamic equilibrium. This presentation will discuss a couple of case studies that illustrate some of the challenges and opportunities associated with chemical heterogeneity in complex materials and microstructures, with a particular focus on resulting effects on electrical and electromechanical response in dielectric ceramics. In one case, we alloy AlN and ScN at compositions that would require >5000°C to be at equilibrium and manage to triple the electromechanical response in the process.  In another, we take advantage of kinetic hindrance to develop and integrate high-performance heterogeneous Bi-based dielectrics with low-cost metallic Cu electrodes. Time permitting, we will also discuss how the promise of nonlinear dielectrics is currently hindered by incomplete descriptions of ferroelectric domain dynamics under large driving fields.
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