
  

Lattice location and thermal stability of the 
implanted transition metals Fe, Ni and Co

in silicon of different doping types

D.J. Silva1, U. Wahl2, J.G. Correia2, L.M.C. Pereira3, L. Amorim3, 
V. Augustyns3, A. Costa2, E. Bosne4, M. R. Silva5 and J.P. Araújo1

ISOLDE Workshop and Users meeting 2013

1 IFIMUP and IN-Institute of Nanoscience and

   Nanotechnology,  Universidade do Porto, Portugal
2 Instituto Superior Técnico, Instituto Tecnológico e

   Nuclear,  Universidade de Lisboa, Portugal
3 Instituut voor Kern- en Stralingsfysica, KU Leuven,      

    Belgium
4 Departamento de Física, Universidade de Aveiro,        

    Portugal
5 Centro Física Nuclear da Universidade de Lisboa,

   Portugal



  

Outline

●   Transition metals in Si

●   Emission channeling

●   Lattice location of 59Fe and ⁶⁵Ni in Si

●   Results on 61Co in n- and p+-type Si

●   Conclusions



  

Transition metals in silicon

Recombination
centers

from S. Pizzini Sol. Energy Mater Sol. Cells 94 (2010) 1528-1533

Concentration (cm-3)

Deep levels

N
o

rm
al

iz
e

d
 e

f f
ic

ie
n

cy
 o

f 
so

la
r 

ce
lls

 (
μ

/μ
0)



  

Transition metals in silicon

Recombination
centers

from S. Pizzini Sol. Energy Mater Sol. Cells 94 (2010) 1528-1533

Concentration (cm-3)

Solutions

Deep levels

N
o

rm
al

iz
e

d
 e

f f
ic

ie
n

cy
 o

f 
so

la
r 

ce
lls

 (
μ

/μ
0)

segregation, passivation, gettering



  

Transition metals in silicon

Recombination
centers

from S. Pizzini Sol. Energy Mater Sol. Cells 94 (2010) 1528-1533

Concentration (cm-3)

Solutions

Deep levels

N
o

rm
al

iz
e

d
 e

f f
ic

ie
n

cy
 o

f 
so

la
r 

ce
lls

 (
μ

/μ
0)

segregation, passivation, gettering

Trapping 
into p-type 
Si (Fe+B- 

complexes)

Trapping into 
implantation 

deffects

Phosphorus 
diffusion 

(involving n+ 
regions)



  

Transition metals in silicon

Recombination
centers

from S. Pizzini Sol. Energy Mater Sol. Cells 94 (2010) 1528-1533

Concentration (cm-3)

Solutions

Deep levels

N
o

rm
al

iz
e

d
 e

f f
ic

ie
n

cy
 o

f 
so

la
r 

ce
lls

 (
μ

/μ
0)

segregation, passivation, gettering

Trapping 
into p-type 
Si (Fe+B- 

complexes)

Trapping into 
implantation 

deffects

Phosphorus 
diffusion 

(involving n+ 
regions)

A clear microscopic picture is not yet available, 
e.g. lattice sites of the transition metal.
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Results: 59Fe and 65Ni in Si
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Complexes where Ni and Fe occupy near-BC sites might
play a role on phosphorus diffusion gettering.
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Ni and Fe are trapped into the R
p
/2 region on near-T sites.



  

Results: 59Fe and 65Ni in Si

Fe fractions

59Fe 65Ni

Annealing temperature (ºC) Annealing temperature (ºC)

F
ra

ct
io

n
Fr

ac
ti

o
n

Fr
ac

ti
o

n

Fr
ac

ti
o

n
Fr

ac
ti

o
n

Fr
ac

ti
o

n

BC

BC



  

Results: 59Fe and 65Ni in Si

Fe fractions

59Fe 65Ni

Annealing temperature (ºC) Annealing temperature (ºC)

F
ra

ct
io

n
Fr

ac
ti

o
n

Fr
ac

ti
o

n

Fr
ac

ti
o

n
Fr

ac
ti

o
n

Fr
ac

ti
o

n

BC

BC

Fe+ sits also on near-T sites when paired with B-.



  

Results: 61Co in n- and p+-Si

Same three lattice sites are observed
(S, near-BC, near-T)
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Results: 61Co in n- and p+-Si

Same three lattice sites are observed
(S, near-BC, near-T)

● Formation of Co-dimers in n-
type Si on near-T sites (T

A
 

=475-650ºC), by comparing 
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Results: 61Co in n- and p+-Si

Same three lattice sites are observed
(S, near-BC, near-T)

● Formation of Co-dimers in n-
type Si on near-T sites (T

A
 

=475-650ºC), by comparing 
with [1]?

●  near-T is the prevailing 
fraction in p+-type Si, in the 
whole annealing temperature 
range (CoB pairs).
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Near-T

Multivacancies, FeB 
and CoB pairs in p+-
Si and Co-dimers in 

n-Si.
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