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Most electronic structure calculations on transition metal impurities in semicon­

ductor1-6 were performed within the local density formalism7 , implemented either in an 

extended-crystal Green's function approach1- 2 , or within finite cluster models3- 6 • In­

volving a local (statistical) approximation to exchange and correlation, the local den­

sity approximation, much like its predecessor, the Thomas-Fermi model involves an un­

physical interaction of each spin-orbital with itself8 (self-interact ion). Whereas 

this interaction has a vanishing effect on extended delocalized states, it may have a 

significant effect on localized states. Such is the case for isolated transition 

atoms, where a self-interaction corrected model shows8 that relative to LSD (i) the 3d 

orbitals move to substantially more negative energies (increasing thereby the s-d 

separation), ( il) the 3d orbitals become more localized, whereas the non-d (valence) 

orbitals become more expanded, (iii) the exchange splitting between spin-up and spin­

down 3d orbitals increases, ( iv) the contact spin density at the nucleus is reduced, 

(v) the total exchange energy becomes more negative, whereas the total correlation 

energy becomes less negative, and (vi) the total ground state density becomes more 

localized. Whereas self-interaction corrections (SIC) were applied recently with great 

success to atoms, 8 molecules9 and solids8 •10 , showing substantial improvements relative 

to the uncorrected formalism, until recently11 they were not considered for impur­

ities. Of particular interest here are the interstitial 3d impurities that are likely 

to maintain their localized atomic-like characteristics more than the substitutional 

impurities, (the former have only weak bonds with the chemically saturated host ligand 

atoms). Following the 
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5. Hyperfine Interaction of the Iron Impurity Nuclei at the Tetrahedral Interstitial Site in Silicon 735 

Table I: Comparison of different orbital 
contributions (in KG) to the contact 
hyperfine field in Si·Fe0 . 

Orbital LSD LSD-SIC exptl. (Ref. 14) 

ls -19.61 -24.50 
2s -202.23 -278.52 
3s 136.81 179.70 
4s 5.21 8.18 (absolute value 

Total -79.82 -115.14 152.4 - 147.6 

Table II: Effective occupation 0 
numbers of Fe in Si:Fe • 

Orbital LSD LSD-SIC 

Core 18.0 18.0 
4s -0.1128 0.0605 
4p 0.0773 -0.1312 
3d 7.9069 8.17941u4s 

4s 

va0.0588.50EMCc 622.0186 -0.0169 8328.08  /Suspect <</Conf 0 >>BDC MCc79 EMEMCc670.0167[(25j E4 <)-3898(25j7456 )]TJ<</C138  /S-5j7 -1164928d2 Net  -0.0169 8.7 2328.0 Core 
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