A new mechanism of defect formation by electronic excitation of oxides
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We use ab initio embedded cluster calculations to develop a mechanism of defect formation by electronic excitation of MgO and SiO2. Recent experimental studies have demonstrated that hyper-thermal oxygen and magnesium atoms can be desorbed from the MgO surface by applying low-fluence laser irradiation with photons of sub-band gap energies of 4.66 eV. Detailed theoretical modeling of several photo-induced processes for both species allowed us to establish an efficient two-step desorption mechanism as an electron/hole trapping followed by an exciton excitation in the vicinity of the trapped charge. This excited state decays with emission of Mg or O atom and formation of a surface vacancy [1,2].

To investigate whether this mechanism is applicable to defect formation in the bulk of oxides where holes are known to self-trap, we considered amorphous silica (a-SiO2). We generated a 648-atom continuous random network model for a-SiO2 using classical Molecular Dynamics simulations. Then we studied the structural, electronic and magnetic properties of self-trapped holes (STH) at a set of oxygen sites. We demonstrate that the optical absorption and g-tensors calculated for STH localized on a single oxygen ion (STH1), as well as activation energy for the hole site-to-site hopping, are in good agreement with the experimental data. Finally, we considered in detail several excited states, which correspond to the electron transfer from the hole trapping site to the nearest Si ion. This effectively leads to formation of an oxygen atom. Our calculations suggest that this oxygen atom can displace from its lattice site to an interstitial position (with a barrier ~0.4 eV) resulting in formation of a positively charged vacancy (E( center) and a peroxy bridge. Thus the proposed “trapped hole + exciton” mechanism can be general to other oxides. We will compare this mechanism with a “exciton+exciton” mechanism proposed earlier in refs. [1,2] and discuss how these mechanisms can be used to design materials resistant to radiation damage via electronic excitations. 
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