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The behavior of transition metals (TMs) in silicon has been an important subject on Si manufacturing 
due to the fact that TMs are unwanted contaminants in Si, being responsible for the creation of deep 
levels and therefore act as “lifetime killers” for minority carriers. These deep levels depends not only 
on the isolated form of the TM but also on its complexes with other impurities or defects, and thus on 
its occupied lattice site. Although being extensively studied for the last four decades, the understanding 
of its occupied lattice sites is still poor. One unique technique to investigate the positions of impurities  
is emission channeling (EC) which relies on doping single crystals with radioactive probe atoms that 
decay by the emission of beta particles, which, on their way out of the crystal, experience channeling 
effects along crystallographic directions, depending on the lattice site occupied by the probe atom. 

We have studied the lattice location of the transition metals 59Fe (t/2=44.6 d) and 65Ni (t/2=2.5 h) in Si 
single crystals of various doping types [(n+ and p+) for Fe and (i, n+, p+) for Ni] by means of off-line  
and on-line experiments. These exotic isotopes were produced at the on-line isotope mass separator 
(ISOLDE)  facility  at  CERN.  Our  results  show  Fe  and  Ni  in  three  different  lattice  sites:  ideal 
substitutional (S), displaced substitutional (near-S) and displaced tetrahedral interstitial sites (near-T). 
While in p+-Si Fe prefers near-T sites for all annealing treatments, in n+-Si Fe prefers near-S sites after 
low temperature anneals and moves to ideal S sites after high temperature anneals. Unlike Fe, Ni does 
not show significant differences from doping type to doping type. Near-S positions are the preferred 
sites of Ni for low annealing temperatures. Only after 500-600ºC anneals Ni moves to near-T sites and 
disappears at 600-700ºC. We suspect that the origin of these sites is related with the vacancies produced 
by the implantation of the TMs. Complexes of Fe with B are also a possibility for the observed near-T 
sites after room temperature implantation in p+-Si. In this presentation one will present the technique 
and discuss the obtained results.


