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Abstract Calcia (CaO) stabilized cubic-HfO is studied by density functional theory (DFT) with generalized
gradient approximation (GGA). When a Ca atom is substituted for a Hf atom, an oxygen vacancy is produced
to satisfy the charge neutrality. The lattice parameter of a 2 X 2 X 2 cubic HfO, supercell then increases by
0.02 A. The oxygen atoms closest to the oxygen vacancy are attracted to the vacancy as the vacancy is positive
compared to the oxygen ion. When the oxygen vacancy is located at the site closest to the Ca atom, the total
energy of HfO,; reaches its minimum. The energy barriers for the migration of the oxygen vacancy were
calculated. The energy barriers between the first and the second nearest sites, the second and the third nearest
sites, and the third and fourth nearest sites are 0.2, 0.5, and 0.24 eV, respectively. The oxygen vacancies at
the third and fourth nearest sites relative to the Ca atom represent the oxygen vacancies in undoped HfOs.
Therefore, the energy barrier for oxygen migration in the HfO, gate dielectric is 0.24 eV, which can explain
the origin of gate dielectric leakage.

Keywords DFT calculation, cubic-HfO,, CaO substitution, oxygen migration.
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Fig. 1. (a) The Unit cell of HfO,, (b) Ca substitution in 2X
2X2 cubic HfO,, and (c) Oxygen vacancy numbering.
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Table 1. Lattice parameters of 2X2X2 cubic HfO, as a
function of oxygen vacancy location.

Oxygen Lattice parameter(A)
Vacancy Site X % 7

Vol 10.128 10.128 10.128
V2 10.123 10.126 10.126
Vo3 10.125 10.125 10.125
Vo4 10.126 10.123 10.126
V,5 10.126 10.126 10.123
V,6 10.125 10.125 10.125
Vo7 10.126 10.126 10.126
V8 10.125 10.125 10.125

Average 10.126
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Fig. 2. Relative free energy of 2X2X2 cubic HfO, as a
function of oxygen vacancy.
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Fig. 3. (a) Oxygens moving to the oxygen vacancy located at
the fourth nearest site from Ca atom and (b) Oxygens moving
to the oxygen vacancy located at the first nearest site from Ca
atom.
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Fig. 4. (a) Coordinates of six oxygen atoms around oxygen
vacancy and (b) Displacement distance of oxygen atoms as a
function of the coordinates of the six oxygen atoms. The
positive displacement values indicate the movement of O
atoms toward the O vacancy, while the negative values indicate
the movement of O atoms away from the O vacancy.
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Fig. 5. Energy barriers (a) between the first nearest site and
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third nearest site, and (c) between the third nearest site and
fourth nearest site.
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