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Abstract

In directional solidification process for silicon ingots, temperature field is used to
control segregation behavior of impurities on the solid-liquid interface for silicon
purifying. After solidification, impurities aggregate in the head and tail of the ingots.
In the thesis, the influence of process parameters and vacuum conditions on crystal
growth is investigated with numerical simulation. Adjusting process parameters,
including crucible pulling down rates and heater temperature, on crystal growth rates,
grain morphologies and purification by directional solidification. The impurity
distributions of characteristics and migration mechanism in recycled silicon ingot are
investigated by experiments. The results are as follow

1. 3D global numerical model is established and the results show that the crystal
growth rates decrease linearly with the increase of heater temperature at a fixed value
of the crucible pulling down rate, and decrease exponentially with the decrease of the
crucible pulling down rate at a fixed value of the heater temperature.

2. Thermal fields are controlled well so that columnar crystals grow well and no
crystals are broken. The range of diameter is 5~15mm, while the sizes are between
100mm and 200mm. Crystals along radial are found in silicon near the crucible for
about 20mm thick, but there is no effect on purifiying. Tests show that removal of iron
impurity from 300 ppm wt to 1 ppm wt and the yield of primary product is 85%. By
the analysis of the distribution of radial, axial and silicon near crucible wall,
controlling thermal fields is benefical for removal of impurities.

3. Different vacuum conditions are adopted to investigate the distribution of
impurities in recycled silicon. The distribution of inclusions and volatile impurities
(such as Al, Ca, Na) are effected by vacuum condition, but this relationship does not
apply to non-volatile impurities (such as Fe). Toward the start of vacuum condition,
large amounts of volatile impurities separate from inclusions, which leads to lagre
particles and some impurities around are engulfed by solid-liquid interface at the

bottom of ingots, while small inclusions still suspend in the silicon melt and finally



gather together on the top of silicon ingots.

Key word: Multi-crystalline silicon; Numerical simulation; Impurity distribution
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