ROLE OF CARRIER INJECTION IN DEGRADATION OF OXIDE FILMS
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Most current electronic and electrochemical devices are stacks of thin films and interfaces operating under
electrical stress. Nanometre-thick oxide films play crucial role in performance of these devices. In particular,
injection of excess electrons and holes into oxide films and the nature of electron trapping sites are important for
our understanding of the mechanisms that govern the formation of conductive filaments in resistance switching
memory devices, the dielectric breakdown in microelectronic devices, and the performance of photoelectrochemical and oxide fuel cells. It is usually assumed that excess electrons and holes induced into
crystalline oxides as a result of irradiation, doping or electron injection from electrodes contribute to conductivity
or become trapped at shallow or deep states. Our theoretical modelling combined with experimental
observations demonstrates that structural disorder in amorphous SiO2, Al2O3 and HfO2 films creates precursor
sites which can spontaneously trap up to two electrons or holes in deep states in the band gap [1,2]. This results
in weakening of Me–O bonds, which can be broken upon thermal activation, creating an O 2- interstitial ion and a
neutral O vacancy. O2- interstitial ions can easily diffuse through the oxide and in devices are guided to the
positive electrode by the electric field [3,4]. Hole injection in amorphous HfO 2 films facilitates the formation of
stable V2+ oxygen vacancies and interstitial O atoms, both of which can diffuse relatively fast. Thus electron and
hole injection can lead to the formation of new defects and significantly alter the structure of oxide films at large
injection densities. I will discuss the implications of this effect for the mechanisms of electrical breakdown and
resistance switching in electronic and memory devices. The creation and field-driven movement of oxygen ions
causes changes in oxide structure on a much larger scale than previously thought. I will discuss the
mechanisms of oxygen release from stressed oxide films [5] and we show that these changes are apparent at
electric fields comparable to those routinely used in microelectronic and photonic devices.
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