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Purification of Metallurgical Grade Silicon to Solar Grade for Use in Solar Cell Wafers

Yoshiei KaTo, Kazuhiro HANAZAWA, Hiroyuki BaBA, Naomichi NAKAMURA, Noriyoshi YUGE,
Yasuhiko SAKAGUCHI, Shoichi HIWASA and Fukuo ARATANI

Synopsis : A pyrometallurgical process for manufacturing solar grade silicon (SOG-Si) from metallurgical grade silicon (MG-Si) was developed.

Metallic elements in MG-Si such as iron, titanium and aluminum, which show low partition coefficients, were removed by directional solidi-

fication practice. Phosphorus removal was carried out by evaporation for high vapor pressure, and boron was changed to boron oxide effec-

tively by water vapor addition, because partition coefficients of phosphorus and boron are close to unity.

To satisfy the impurity specification of SOG-Si, each purification process was combined as follows: (first process) dephosphorization by

electron beam melting — first step directional solidification—(second process) oxidation of boron and carbon during plasma practice —deoxi-

dation —second step directional solidification.

MG-Si (purity level; 99 mass%) was successfully purified to the solar grade impurity level, that is, 6N (99.9999 mass%) except carbon and

oxygen elements, by 20kg scale and 150-300 kg scale equipments. The manufactured ingot was directly sliced to wafers and prepared to

solar cells of multicrystalline silicon through the NEDO standard cell production process. The maximum conversion efficiency of solar cells

attained to above 14%, which is almost equal to that of solar cells on the market.

Key words: physical chemistry; purification; solar grade silicon; metallurgical grade silicon; multicrystalline silicon; electron beam; plasma; boron; phos-

phorus.
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Table 1. Impurity contents in silicon before and after pu-

rification.
(mass ppm)
B P Fe | Al | Ti C 0
socsi® 04 | <01 | <01 <01 [ <01 [ <5 | <6
Cip® 7| 005 | 0012|0007 | 006 |4x10-5] 3 4

Table 2. Partition coefficient of impurities in silicon.
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Fig. 1. Relation between vapor pressure of impurities and
temperature.
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Fig. 2. Equilibria of B(in Si}-H,0-BO-H,, Si-H,0-SiO,-
H, and C(in Si)-H,0—CO-H, systems.
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Fig. 3. Relation between impurity contents of the first
solid and number of equilibrium solidification

practice.
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Fig. 4. Schematic view of two types of directional solidifi-
cation practice.
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Fig. 5. Calculated aluminum content profile in solidified
silicon.
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Fig. 6. Relation among calculated ratio of silicon loss, rate
constant of phosphorus removal and temperature.
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Fig. 8. Process flow for purification of MG-Si to SOG-Si.
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Table 3. Experimental conditions.

items 20 kg scale 150 - 300 kg
dephosphorization 100 750
EB power &W) - 1" lidification 300 750
;:tocess supplied rate of MG-Si (kg/hr) 5 50
amount of solidified silicon (kg) 20 150
solidification rate (m/s) 1.4x10°5 | 1.4x10°3
plasma power (kW) 150 700
amount of charged silicon (kg) 20 300
and high frequency induction power (kW) 800
process| A180N flowrate for deoxidation (Nm>/min) 0.05 0.1
heater for directional solidification (kW) 50 300
solidification rate (m/s) 5x10°© 5x10°6
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Fig. 9. Change in impurity contents for each purification
step.
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Table 4. Properties of wafers manufactured for trial and
those solar cells.

s Stivi maximum diffusion | maximum conversion
resistivity( Q m) length ( 4 m) efficiency (%)
20 kg scale | 0.008 - 0.011 159 14.6
150 - 300 kg
scale 0.009 - 0.012 136 14.1
product 0.007-0.015 100-200 14-15
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