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ELECTRONIC STRUCTURE OF SUBSTITUTIONAL 3d TRANSITION ATOM IMPURITIES IN SILICON 

A. ZUNGER and U. LINDEFELT 

Solar Energy Research Institute 

Golden, Colorado, 80401 USA. 

We report the results of a self-consistent calculation wlthin the local denslty 

approxlmatlon for al l  the substltutlonal 3d transition atom (TA) impuritles In an 

extended sil icon host crystal uslng the quasi band Green's functlon method. Chemical 

trends in the gap state enerqles and 3d-llke resonances are discussed as well as 

trends in the effectlve electronlc configuration of TA impur~tles. An explanation for 

the remarkable property that many dlfferent charged states of TA lmpurlties exlst in 

the narrow band qap, despite the fact that the corresponding ionized states of the 

free TA span a ranae of ~ 60 eV, is proposed. 
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FIGURE 2. 

3e etc. indlcates the gap level occupatlon for 

the neutral state of the impurlty. 

The major localized defect level of highest 

energy is the t 2 dangllng bond hybmd (DBH), 

appearlng for Sl:Zn just above the valence 

band maxlmum and dlsappearing into the conduc- 

tion bands for Sl:CO. The ~=I component of the 

t2-DBH wave functions Is qual i tatwely charac- 
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ter is t ic  of a host-llke dangllng bond (vacancy) 

wave function. However, a 
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St abi l l ty  of charged states: TA impurities in 

s~llcon exhlbit the remarkable property that 

many dlfferent charged states (e.g., Mn +2, 
Mn +I, Mn O, Mn 

charge is concentrated to the CC region. Our 

calculation explains thls remarkable behaviour 

in terms of two related effects: ( i )  As the 

occupation N of the impurlty gap level is chan- 

ged, the effectwe electronlc charge Q(N)=ZQ~N) 

in the CC region varies considerably slower. 

This Is il lustrated in Figure 3 for SI:Mn. 

F~gure 3a shows the contrlbutlons from the 

valence 


