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Applicability of the local-density theory to interstitial
transition-metal impurities in silicon
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It is shown that the local-density formalism does not describe correctly the symmetry of the many-

electron ground state of unrelaxed interstitial transition-atom impurities in silicon, but that a self-

interaction correction to it produces the observed ground-state symmetries.

Transition-atom (TA) impurities in silicon have provoked
considerable interest both because of their profound influ-
ence on the performance of silicon devices and because of
the wealth of unique physical phenomena they exhibit (e.g.
Refs. 1 and 2, and references therein). Experimental evi-

dence suggested that, under normal conditions, all 3d TA
impurities appear in silicon as tetrahedral interstitials. ' Such
impurities show two localized defect levels in the fundamen-
tal band gap: an e level above a t2 level with a crystal field
(CF) splitting dcp between them. The optical, electrical,
and spin properties of the system are determined by the
lowest-energy many-electron multiplet states that derive
from the various possible one-electron t2 e configurations.
Application of the Sugano-Tanabe diagrams' for n + m =4,
5, 6, and 7 (Si:Ti, Si:V, Si:Cr, and Si:Mn, respectively)
shows that a bistable ground state is possible: If the
crystal-field splitting is smaller ive
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State Commun. 34, 511 (1980)j. Finite-cluster models with hy-

drogen terrninators (Ref. 7) introduce a finite band gap.
"L. A. Hemstreet and J. P. Dimmock, Phys. Rev. B 20, 1527

(1979). For consistency, we apply this original procedure (rather
than the one used in Ref. 7 where a variable b, ~& is utilized)
identically to the MS-Xn and QBCF results. The modified pro-
cedure (Ref. 7) produces a better agreement with experiment for
Si:Cr when a spherical potential is assumed.

' In principle, the spherical potential can also lead to a crystal-field

splitting if P, and P, differ radially. The present calculation'2
shows, however, that most (70% in Fe, 82% in Mn) of the differ-
ence between the A&i-. values in MS-Xa and QBCF is accounted
for by the neglect of the anisotropy in the former model.

' However, application of the SIC to the wave functions of the MS-
Xa cluster model is expected to exaggerate
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