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EFFECTS OF CHARGES AND CHARGE TRANSFER ON DEFECTS 
AND DEFECT GENERATION IN CERAMICS 

F. Gao (fei.gao@pnl.gov), H. Y. Xiao (haiyan.xiao@pnl.gov), W. J. Weber 
(bill.weber@pnl.gov) 

Pacific Northwest National Laboratory, Richland, WA 99352, USA 

Large-scale ab initio simulation methods (up to a few thousand atoms) have been 
developed for the study of ion-solid interactions in materials, and these methods have been 
employed to investigate defect properties in SiC and GaN. Atomic structures, formation 
energies and binding energies of small defect clusters (both vacancy and interstitial clusters) 
have been investigated, and their relative stabilities are determined. These results provide 
insights into the configurations and binding properties of these native defects. Significant 
charge transfer is observed to occur between carbon vacancy clusters and surrounding atoms, 
which results in the formation of charged defect clusters, whereas silicon vacancy clusters are 
uncharged clusters. 

In addition, ab initio molecular dynamics methods have been used to calculate threshold 
displacement energies and to simulate the primary damage states for PKA (primary knock-on 
atom) energies up to 1 keV in SiC and GaN. These simulation results provide important 
insights into electronic effects on ion-solid interaction processes, and reveal that significant 
charge-transfer occurs between recoiling atoms. The charge variation of the PKA can 
decrease the energy barrier for stable defect formation, and the corresponding dynamic 
evolution of a stable defect is a charge-assisted process, which is expected to have significant 
effects on defect creation in covalent and ionic materials. Thousand-atom ab initio simulation 
provides a feasible path to study low-energy ion-solid interaction, charge transfer and charge-
redistribution, with first-principle accuracy, in covalent materials. In addition, the migration 
behavior and mechanisms of point defects, with and without charge, and some small defect 
clusters are investigated using the nudged-elastic band method in SiC and GaN, where the 
atomic forces are evaluated by ab initio methods. The activation energies for these defects are 
determined and compared with available experimental data. 
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