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The most significant complication for modelling defects in amorphous materials concerns
variations in their local environment caused by structural disorder. Any computational study should
involve a statistical analysis of many different models to credibly predict the defect-state
configurations, to investigate the probability of defect formation and to identify the atomic
environment that can host these electronic states within the glass network. In amorphous
chalcogenide phase-change memory materials the time-dependent drift in the electrical resistance
and the threshold-voltage switching phenomenon have been attributed to localized states in the band
gap and also to the electron-trapping kinetics associated with defect-related electronic states.
The Gaussian Approximation Potential (GAP) developed for Ge–Sb–Te materials [1] was
employed to generate an ensemble of 30 independent, periodic models of amorphous Ge 2Sb2Te5
(GST-225), each containing 315 atoms, using classical molecular-dynamics simulations and by
following a melt-and-quench approach [2]. The output glass structures were then used as input
configurations to further optimize the atomic geometry of the modelled glassy systems and to obtain
their electronic structures using hybrid density-functional theory (DFT) calculations. The
simulations demonstrated that 5-coordinated Ge atoms are the dominant local defective bonding
environments which are mostly responsible for hosting mid-gap electronic states in the band gap of
the amorphous material. The analysis revealed that the mid-gap defect states are strongly spatially
localized on crystalline-like atomic fragments within the amorphous network, consisting of groups
of high-coordination Ge atoms and 4-fold ring structures. The results from the calculations for a
900-atom glass structure increased the statistical accuracy of the observations for the atomistic
nature of the mid-gap states expected to be present in a real sample of amorphous GST-225.
In a follow-up study, seventeen (17) models were selected from the ensemble database not to
contain defect-related electronic states inside the band gap in order to focus on the simulation of
charge-trapping processes at the conduction- and valence-band edges of the amorphous models [3].
The hybrid-DFT calculations showed that spontaneous electron- and hole-trapping events are
energetically favourable in amorphous GST-225. One-electron traps produce deep occupied states in
the band gap, while one-hole traps lead to the creation of unoccupied states around midgap. Nearlinear triatomic Te–Ge/Sb–Te/Ge/Sb environments have been found to be the structural motifs
where the extra electrons and holes are trapped inside the glass network, demonstrating that the
intrinsic axial bonds of octahedral-like sites in amorphous GST-255 can serve as charge-trapping
centres. 5-membered chain-like structures comprised of two connected triads have been also
identified as potential charge-trapping sites.
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