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Adsorption of (Mn, Cr, Ti) transition metals on the silicon surface is intensively
studied due to possible spintronic applications. Recent studies of the oxidation of
the Si(001) surface covered by submonolayer transition metal films had shown
significant increasing of the sticking coefficient for the molecular oxygen on such
systems compared to the clean Si(001) surface [1].

The Cr, Mn atoms adsorption and co-adsorption with atomic oxygen on Si(001)
surface was studied using density functional theory (DFT) method and cluster
models. All calculations were carried out by the GAMESS program [2].

The geometric structures and adsorption energies of Cr and Mn atoms adsorbed
at different positions on the Si(001) surface were analyzed for the states with
different multiplicity. The “hollow” site on top of surface dimers row and the
“interstitial” site under top Si layer of the Si(001) surface were found to be
energetically favorable. The most favorable paths - along and across silicon surface
dimmers - were obtained. The transitions between the states with different
multiplicities can take place during diffusion.

Several metastable structures of an oxygen atom adsorbed on the Cr/Si(001)
and Mn/Si(001) surfaces were considered and compared with those on clean
Si(001) surface. Oxygen atoms can form metastable structures with transition metal
atoms as well with silicon atoms in agreement with recent AES and EELS studies
of those systems. Oxygen atoms tend to bind with (Cr, Mn) transition metal atoms
adsorbed on the Si(001). The formation of the Cr-O (Mn-O) structures is more
favorable the Si-O-Si or Cr-O-Si (Mn-O-Si) bridge structures formation.
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