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Abstract

Solar energy resources are widely distributed and can be obtained easily, so that
the photovoltaic power generation has become an important direction of
development of new energy. It has been widely accepted by people because of its
short construction period, safety and reliability, flexible placement. Silicon is the
main basis of photovoltaic power generation, has accounted for more than 90% of
the market share. Due to the advantages of fast construction, short purification
process, and low cost in the process of production and construction, the
development of metallurgical technology for purifying polysilicon has been

developing rapidly in recent years.

Directional solidification (DS) is the core of metallurgical process. Compared with
tiny and medium purification, large directional solidification has high productivity,
low cost, but the solid-liquid interface is difficult to maintain level, grain growth is
not easy to keep perpendicular to the direction of neatly arranged, crack
probability of the ingot is larger in solidification and annealing process, the higher
requirements are put forward on temperature field, material, control strategies.
The purification process of volume 1000mmx1000mmx450mm silicon ingot is
researched, put forward a suitable to large directional solidification by annular
heating and non uniform cooling method, constructing the non-uniform
temperature field, is designed to keep the interface level, enhance the natural
convection, reduce the thermal stress while reducing equipment and purification
cost, reduce the pollution come from heating device. The solid-liquid interface,
silicon temperature field, flow field and thermal stress, solidification rate changes
are the research objects, the utility of purifying polysilicon and verified by

theoretical deduction and the experiment.



In the process of directional solidification, the morphology of the solid-liquid
interface has a direct influence on the grain size and the arrangement of the
polysilicon. The solid-liquid interface can not only improve the efficiency of
impurity elements, but also increase the lifetime of minority carriers and resistivity,
and improve the photoelectric conversion efficiency of photovoltaic cells. The
general expression of the interface form is obtained by mathematical modeling.
The theoretical basis of the non-uniform temperature field oriented solidification is
put forward. The solid-liquid interface is researched in the case of different heat
exchange through the experiment. The experimental results show that the grain
size of the horizontal interface is the largest and the impurity content of the micro

convex interface is the lowest.

The temperature field and the natural convection caused by the annular
arrangement of the heating device can accelerate the diffusion of the impurities in
the interface to the liquid phase surface, and improve the efficiency of the
purification. Through establish the mathematical model of temperature field and
flow field, the analytical expressions are obtained. Using numerical studies verify
and complement the theoretical results, and expounds the principle of annular

heating. At the same time, the heating control method is put forward.

Reducing stress concentration is a direct method to improve the quality of silicon
ingot. The thermal stress will lead to the increase of the silicon defect, and reduce
the minority carrier lifetime in the process of directional solidification and
annealing,. Through the research of directional solidification process in silicon
ingot thermal stress distribution and variation, a non-uniform heat dissipation
method is proposed for sparse heat stress. The average stress of the method can
be reduced to about 30%, and can be used for the crystal growth with higher

solidification rate. In addition, the general expression and function image of the



annealing process are obtained by theoretical derivation.

Based on the experimental platform of large directional solidification equipment,
the non-uniform temperature field is constructed, and the experimental results are
based on the experimental platform. The ingot size reaches 1000mm x 1000mm
x 450mm, and the arrangement of grains is neat, the average grain size is greater
than or equal to 4mm2, B, P content reached 1 grade level base on GB/T 25074-
2010, the metal impurities content is in 1~2 grade level, the lifetime of minority
carrier and resistance rate is slightly lower than GT furnace. The control curves

were corrected by experiments.

Keywords: polysilicon; directional solidification; purification; temperature field
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