Stabilizing High Energy Piezoelectric Polymorphs
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Many technologically relevant materials are not at in a true thermodynamic minimum, but can still be
stabilized under the right conditions. Recent work within the Materials Project has made over 1,000 first
principle piezoelectric tensor calculations publicly accessible, many of which are for metastable
materials.(/) From this list, two metastable materials, StHfO; and BaNiO;, present suitable candidates for
lead-free piezoelectric alternatives. In both of these materials the challenge is in synthesizing the desired
polymorph from a set of structures close in energy. This talk focuses on impact of stabilization techniques,
such as epitaxial strain, heterostructural alloying, and kinetic trapping, on phase formation.

For the thin films of StHfO; were deposited by pulsed laser deposition from an SrHfO; target onto single
crystal Perovskite substrates. Deposition temperatures from 250-900 °C and partial pressure of oxygen
from 107-107 Torr were investigated. Deposition rate, and energy were also varied. Transmission electron
microscopy in combination with selected area diffraction, synchrotron X-ray diffraction, and XRD pole
figures suggest the formation of a PAmm piezoelectric structure that has not previously been reported.
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