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in transparent conducting oxides [30,31], Zn vacancies in
Zn chalcogenides [32], and divalent acceptors in GaN [33].

The m-HfO2



instructive to examine the origin of this different stability.
For this purpose, we consider a hypothetical process in
which we distort the equilibrium geometry of the neutral
system into the geometry of the polaron and subsequently
remove an electron vertically. We interpolate linearly be-
tween the positions of atoms in the ideal lattice (R0) and
the positions corresponding to the (meta)stable polaron
state (R3Cð4CÞ



An important consequence of this result is that large
polarons in m-HfO2 have an essentially 2D character, and
the formation of small polarons requires a 2D-to-0D local-
ization transition. To assess the mobility of hole polarons,
we calculate activation energies for hole hopping, Ed, by
linear interpolation. We predict hole polarons can move
freely between 3C oxygen sites (Ed ¼ 0:14 eV); however,
the relatively high energy of the 4C localized hole suggests
that even the transient formation of a 4C hole is improb-
able. Therefore, hole polarons, both large and small, must
be confined to exist within 2D planes of 3C oxygen ions.

The predicted activation energy for hole mobility is in
good agreement with experimental high-temperature hole
conductivity data [20,21
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