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Table 2.1 Measured segregation coefficients of main impurities in silicon

Method

Technique
Reference

Growth speed

Element

Segregation coefficients

FZ Cz mc-Si

kel keff keff keff

DLTS
Lemke[4]

20 cm/h

NAA
Coletti[5]

~9 cm/h

NAA
Davis[6]

7 cm/h

NAA
Coletti[7]

~1.5 cm/h

Dopants Al 3×10-2 

(2.8×10-3)
B 0.8
P 0.35

Transition 
metals

Ag 5.0×10-7

Au 5.0×10-5

Co 1.0×10-7 1.0×10-5

Cr 2.5×10-6 1.1×10-5 3.1×10-6

Cu 3.0×10-7 8.0×10-4

Fe 5.0×10-6 4.0×10-6 6.4×10-6 1.5×10-5

Hf 1.0×10-8

Ir 1.6×10-6

Mn 5.0×10-6 1.3×10-5

Mo 1.5×10-7 2.0×10-7 4.5×10-8

Nb 1.0×10-7 10-7

Ni 1.5×10-7 3.2×10-5 8×10-4

Os 1.5×10-8

Pd 1.6×10-6

Pt 3.0×10-5

Re 5.0×10-9

Rh 1.8×10-6

Ru 5.0×10-8

Sc 1.8×10-7

Ta 1.8×10-8 2.1×10-8

Ti 1.8×10-6 2.0×10-6 3.5×10-5

V 1.9×10-6 4×10-6

W 1.0×10-8 1.7×10-8

Zn 10-5

Zr 1.8×10-8 <1.5×10-7

Other
C 0.05

Mg 3.2×10-6















24 Chapter 3: Role of metal impurities in crystalline silicon

Figure 3.2 SRH lifetime of several impurities in Si as a function of defect 
concentration at low injection level for a bulk resistivity of 1 &cm. In the legend a) 

means acceptor and dd) double donor.

The importance of this expression is that it allows modelling of the impact of the 
impurities on the lifetime, once the recombination parameters, defect concentration 
and operational injection level of the solar cell are known.
In Fig 3.2 the lifetime predicted by the SRH theory for several impurities is plotted as 
a function of the defect concentration. The lifetime is calculated at low injection 
level (#n<<p0, n0, #n<<n1) for p-type silicon with a bulk resistivity of 1 &cm. The 
lifetime at low level injection is a reasonable approximation for typical solar cell 
operation conditions, especially in case multiple types of defects are present. 
Multiple defects may occur simultaneously, such as decorated grain boundaries or 
dislocations, or boron-oxygen complexes. The lifetime increases in inverse 
proportion to the defect concentration. In these conditions (#n<<p0, n0, #n<<n1), the 
device lifetime in Eq. 3.3 reduces to:
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At low defect concentrations this assumption is not necessarily satisfied, and 
therefore the injection level dependency of the SRH lifetime can play a role. In Fig.
3.3 the lifetime versus injection level of two different levels of interstitial Fe is shown 
for p-type and n-type silicon. For interstitial Fe in p-type silicon the injection level 
dependency is very steep (Fig 3.3 bottom graph) because the minority/majority 
capture cross section ratio is high ( n/ p.10-3). This means that by increasing the 
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