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Estimation of the impurity segregation in the multi-crystalline silicon ingot
grown with UMG (Upgraded Metallurgical Grade) silicon
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Abstract Production of the silicon feedstock for the semiconductor industry cannot meet the requirement for the solar cell
industry because the production volume is too small and production cost is too high. This situation stimulates the solar cell
industry to try the lower grade silicon feedstock like UMG (Upgraded Metallurgical Grade) silicon of 5~6 N in purity.
However, this material contains around 1 ppma of dopant atoms like boron or phosphorous. Calculation of the composition
profile of these impurities using segregation coefficient during crystal growth makes us expect the change of the type from
p to n : boron rich area in the early solidified part and phosphorous rich area in the later solidified part of the silicon
ingot. It was expected that the change of the growth speed during the silicon crystal growth is effective in controlling the
amount of the metal impurities but not effective in reducing the amount of dopants.
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Fig. 1. Impurity concentration changes with different boron
initial impurity concentrations.
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Fig. 2. Type change points of several boron initial impurity

concentrations.
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Fig. 3. Resistivity variations in the type change point.
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Table 1
k. values change of variation Gg

exp (— Gg6/D) = 0.1

G ke B) kg (P) ke (Fe) ke (AD)

s 0.9756 0.8434 0.00008 0.01964
0.1 Gg 0.8343 0.4040 0.00001 0.00251
0.25 Gg 0.8767 0.4892 0.00001 0.00355
0.5 Gg 0.9267 0.6300 0.00002 0.00629
2 Gg 0.9975 0.9818 0.00079 0.16694
4 Gg 0.9999 0.9998 0.07407 0.95247
10 Gg 1.0000 1.0000 0.99998 0.99999
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Fig. 4. Phosphorous, boron concentration changes with different
solidification rate.
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Fig. 5. Aluminum, iron concentration changes with different
solidification rate.
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