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Effect of Co substitution on NiSi and NiSi,: ab initio calculation
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ABSTRACT

Effect of Co substitution on crystal structures of two nickel silicides, NiSi and NiSi,, is investigated by using an ab
initio calculation. Relaxed NiSi and NiSi, structures are calculated and the calculated lattice parameters are in good
agreement with experimentally determined lattice parameters within about 2%. A Co atom substitutes a Ni and Si site,
respectively, to evaluate the preferable site between them. Co prefers Ni site to Si site in both NiSi and NiSi,. The
calculated total energy also indicates that the Co substitution to Ni site stabilizes both the NiSi and NiSi, structures. Co
also prefers Ni site in NiSi, to that in NiSi, indicating that NiSi, becomes more stable than NiSi with Co substitution.
As Co addition to NiSi improves its thermal stability experimentally, this indicates that the energy barrier between the
two phases is high enough to prevent the phase transformation from NiSi to NiSi, up to high temperature.
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2. Ajdrety

¥ AF= Vienna ab-initio Simulation Package (VASP)
2 F8 ¥ first-principle local density approximation
LDA)E ol-&ate] S = AT9] AAs} o] &7+l
potential2 ultrasoft pseudopotential®l ™, A=A} vl
B & A|4FEL7] 93l residual minimization scheme —
direct inversion in the iterative subspace (RMM-DIIS)
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Fig. 1. Unit cell structures of (a) NiSi and (b) NiSi,. Dark
gray spheres are Ni atoms and light gray spheres
are Si atoms.

Table 1. Lattice parameters of NiSi and NiSi, from literature
and calculation

NiSi** NiSi,

a b c a
Literature* 5175 3332 5.609 5.420
Calculation 5.075 3.327 5.461 5.352
Difference[%] | -1.929 | -0.138 | -2.640 | -1.255

*[12, 13], **[8]
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Fig. 2. 2x2x2 NiSi, lattice structures. (a) pure NiSi,, (b)
Co substitution in Ni site, and (¢) Co substitution
in Si site. Dark gray spheres are Ni atoms and light
gray spheres are Si atoms. A black sphere is a Co
atom.
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Table 2. Calculated energies of several materials. Elements’
energies are per atom, and energies of metal silicides are of
2x2x2 structures.

Materials E [eV]
Ni -6.516
Si -5.956
Co -7.979
NiSi -440.304
Niy_Co,Si -442.123
NiSiCo, -440.201
NiSi, -636.315
Ni..CoxSi, -638.690
Ni(Si,..Co,)z -639.018

Table 3. Energy changes with Co addition to 2x2x2 NiSi
and NiSi, superlattice structures.

Materials Substitution E [eV]
Co Ni -0.355

NiSi
Co Si 2.127
Co Ni -0.913

NiSi,
Co Si -0.680
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First nearest neighbour’s atoms

Fig. 3. Atomic distances as a function of the first nearest
neighbour’s atoms. Ni-Si indicates that a Ni atom
is surrounded by Si atoms.
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