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Abstract

Directional solidification is an effective method to remove typical impurities in
multi-crystalline silicon. In the present paper, multi-crystalline silicon growth was
carried out by directional solidification method. Transfer and distribution
mechanism of metallic-impurities, insoluble inclusions and bubbles were
investigated by experiments during the directional solidification of multi-crystalline
silicon, as well as analysis from the perspective of thermodynamics and kinetics.
The law of transfer and distribution of typical impurities, mechanisms of insoluble
inclusions formation and mechanisms of nucleation and growth of bubble during
directional solidification were studied in detail, and the main results of research
were shown as follows:

(1) Law of transfer and distribution of iron impurity during the directional
solidification of multi-crystalline silicon were studied. It was found that the content
of iron kept constant and increased dramatically at last along crystal growth
direction, but not completely meet the law of Scheil equation. Compared the
content of iron in grain with the content of iron at grain boundary, the content at
boundary was higher than that in grain with an order of magnitude. Convection in
silicon melt played an important role in the transfer and distribution of impurities,
resulting in the content of iron in the middle was higher than that in the edge.
According to the law of mass balance, the effective distribution of iron was
obtained as 2.98%x10-4, and effective solute boundary layer was further got as
appropriately as 4 mm.

(2) The chemical state of calcium impurity in the feedstock has a significant
impact on the calcium removal during the directional solidification of multi-
crystalline silicon. It was found that calcium not only existed as solid solution
impurity, but also as inclusions, CaO, in the feedstock. Since CaO transfer as

refractory particle during the melting and solidification procedure, it naturally



settled down at solid-liquid interface, and was engulfed at solid silicon at last. In
consequence, the content of calcium was much higher than the normal position
with an order of magnitude. The sedimentation behavior of CaO particle was
thermodynamically analyzed in detail.

(3) Insoluble inclusions, SiC and Si3N4, as foreign materials in the feedstock,
and
they settled down at solid-liquid interface during directional solidification of multi-
crystalline. The mechanism of sedimentation of insoluble particles and distribution
were analyzed from the perspective of thermodynamics and kinetics. Meanwhile,
it was found that SiC and Si3N4 did not have significant impacts on the minority
carrier lifetime of multi-crystalline silicon ingot.

(4) Quartz crucible could break out free oxygen during directional solidification of
multi-crystalline silicon, and oxygen diffused through coatings into melt silicon.
Oxygen reacted with silicon to produce gaseous SiO. Gaseous SiO aggregated
together and heterogeneously nucleated against insoluble particle, SiC, resulting
in
bubble. The nucleation and growth of bubble were thermodynamically analyzed in

detail.
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