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Science:

The primary focus of this multidisciplinary, experimental/theoretical research effort is to investigate equilibrium and non-equilibrium defects in ceramics, including their formation, interactions, transport, and roles in the evolution of nanostructures and phase transformations.  A combination of experimental and computer simulation techniques are employed in integrated studies of defect formation, defect migration, defect-defect interactions, ion diffusion, and the kinetics of defect-mitigated processes and phase transformations, such as amorphization, order-disorder, and nanoclustering, in nonmetallic oxides, carbides, and nitrides (e.g., SrTiO3, SiC, GaN).  A variety of processing and ion-implantation techniques are utilized to introduce defects.  Defect characterization, properties, interactions, and kinetics are determined by a variety of experimental techniques including:  in situ ion channeling, X-ray and neutron diffraction, electron microscopy, laser spectroscopies, and X-ray absorption spectroscopies.  Computer calculations and simulations employing density functional theory, molecular dynamics, energy minimization, and kinetic Monte Carlo techniques are used to study defect formation, defect stability, defect energies, electronic excitations, and kinetic processes of defect interactions, transport, nanostructure evolution, and phase transformations.  The long‑range goal is developing a fundamental understanding of defects and defect processes in complex ceramic structures, including defect/property relationships, the effects of defects on transport processes and solid‑state phase transformations, the aggregation of defects to form complex nanostructures, and the development of predictive models of behavior.

Relevance to Counter Terrorism:

The fundamental science and experimental/computational expertise and capabilities being developed under this project, particularly with regard to silicon carbide, gallium nitride, and selected oxides, could lead to new materials for high-efficiency detectors and sensors, new detector technology based on nanotechnology, radiation-hard electronics, and electronics for harsh environments (e.g., high-temperature, corrosive, high-radiation).

