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Effect of Beam Density of Electron Beam on Phosphorus Impurity in
Metallurgical Grade Silicon
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Abstract: In order to evaluate the effect of dephosphorization in silicon during melting and solidifica
tion, three-group electron beam melting experiments with the same melting power but different time
for extinguishing beam density were carried out. According to the distribution of the phosphorus con
tent in the obtained ingot, the formulas for the estimation of the phosphorus content in silicon is de-
veloped and the removal rate of phosphorus is calculated to be over 80%. Phosphorus in silicon could
be effectively removed by evaporation when the beam density is over 235mA.
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Fig. 1 The morphology of silicon ingots after melting in different solidification rates
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Fig.2 The location of samples in silicon ing ot
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Table 1 Results of phosphorus content in No 1 to
No3 ingots obtained by different beam density

reduce time(mass fraction/ 10~ %)

1# 2# 3# 4# 5# 6 T# 8# o#

Raw material 14.2 14.2 14.2 14.2 14.2
No lingot 5.19 1.07 0.8 0.91 1.04
No 2 ingot 1.1 1.1 1.2 3.2 416 1.7 1 1.2 0.4

No 3 ingot 3.3 3.4 7.2 4.7 2.1
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Fig.3 The distribution of phosphorus in silicon ingot
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