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1. INTRODUCTION

Curtently, much attention have been paid to a newly-developed atomic switch based on
low-temperature AgzS,! which is expected to be able to reduce the size of device to nanoscale. Since
the working mechanism of the atomic switch is unknown but is speculated to be closely related to the
diffusion of mobile Ag ions in low-temperature AgsS, we investigated the diffusion of Ag ions in the
low-temperature Ag;S using first-principles calculations.
2. CALCULATION MODEL AND METHOD

In low-tempenature Ag:S, there are two types of Ag ions of equal number in one unit cell: they
occupy positions close to ideal octahedral (O) and tetrahedral (T) positions of the P2, /¢ space group.
We investigated diffusion pathways and enesgy barriers for the diffusion from a T (O) site to its
ncighboring T (O) vacancy by performing calculations using a 48-aom (4 unit cclls) and a 96-atom (8
unit cells) supercell, respectively. The Nudged Elastic Band (NEB) method in VASP code was
adopted. After that, molecular dynamics simulations were carried out using 2 96-atom supercell (8 unit
cells) using VASP code.
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3. RESULTS AND DISCUSSION

As illustrated in Fig. 1, the diffusion energy barriers of an Ag ion from T to T vacaacy, T to O
vacancy, O to T vacaacy and O to O vacancy by using 48-atom (96-atom) supercell are 0.461 (0.504),
0.218 (0.228), 0.318 (0.312), and 0.668 (0.734) €V, respectively, which are in good agreement with
experimental values of 0.43-0.48 €V 2 It is apparent that direct diffusions from T to Tand O to O are
not enctgetu:ally preferable to indirect one from Tto Oand O to T.

Figure 2 plots the mean-square displacements (MSD) of Ag and S ions. Note that the low-temperat-
ture was assumed and a T'and O vacancy wete inttoduced in all cases. For atoms far from the vacancy
, the MSD is small at 300K indicating no obvious diffusion (see Fig. 2 (2 ), while Ag jons diffuse sign-
ificantly at 700K (see Fig. 2 (b)). On the other hand, as seen from the MSD at T=700K shown in Fig.
2 (c) and (d), the nearest octahedral Ag (Ag(O)) ions atound a T vacaacy diffuse mote than the nearest
tetrahedral Ag (Ag(T)) ions, and the nearest Ag(7) ions around a O vacancy move mote than the neat-
est Ag(O) ions. We also observed diffusions of a tetrahedral Ag ion into neighboring O vacancy and
an octahedral Ag ion into neighboring T vacancy, which is consistent with the pathways of low diffus-
ion energy barriers found in the NEB calculations.
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