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Abstract

Abstract

Crystalline silicon solar cells currently occupy the mainstream PV market, more
than 70% crystalline silicon solar cells are polysilicon solar cells. Solar grade
polysilicon from physical process route will possibly become one of the mainstream
technologies in the increasingly competitive polysilicon market because of its safety,
environment friendly and low energy consumption. Therefore, it is significant to study
high efficient ingot casting of solar grade silicon from physical process route. The
coexist B and P in such SoG-Si feedstock has different segregation coefficient of 0.8
and 0.35, respectively, which makes p-n transition easily occur in the top of the ingot.
This transition will inevitable reduce the p-Si yield of ingot. As well as, the yield of
ingot will be influenced by the metal impurities’ content in physics process silicon. In
the present thesis, effects of effective crucible, Ga doping and remelting process on
the performance and the yield of silicon ingot from physical process route have been
investigated. The main results are summarized as follows:

(1>  When effective crucible is used, the resulting silicon ingot consists of
columnar crystals with large size, and the resistivity distribution of the ingot is
uniform with small dispersion. The unqualified red zone is rare in accordance to the
requirements of minority carrier lifetime greater than 2us. The bottom resection is
significantly smaller than other ingots.

(2) With the same growing conditions of ingot, the higher the degree of
compensation, the earlier the p-n transition occurs in the silicon ingot, resulting in the
lower the yield of ingot. Ga doping process can postphone or eliminate p-n transition,
but the resistivity and minority carrier lifetime of the ingot will decrease significantly.
Ga doping process can also significantly improve the yield of the high compensated
physical-process-silicon. The yield of silicon ingot is 10mm thicker than the
conventional silicon ingot with the same compensation. In addition, at the time of
slicing silicon ingot with SiC hard particles, it is easy to leave wire-sawing defects on

the silicon wafers.



Abstract

(3) Compared with the conventional process, the metal impurities
segregation in the remelt process is more obvious, the measured segregation
coefficient of P and B from remelting process is closer to the theory value, and the p-n
transition position of obtained ingots is higher. The resistivity of obtained ingots is
higher and more uniform. The head average resection of small square spindles by
remelting process is 9 mm thinner in accordance to the requirements of resistivity
range of 1 to 3Q €¢m. Meanwhile, the minority carrier lifetime is larger and the
unqualified red zone is rarer. Silicon wafers from such remelt process have uniform
grains and few twins. As well as, the photoelectric conversion efficiency of the
corresponding silicon solar cells are more uniform with low dispersion, and the
average value is 0.065% higher than the conventional silicon solar cells.

(4) From the measurement data of B and P concentrations in different
positions of 10 silicon ingots from physical process route, the segregation coefficients
of B and P has been derived as 0.84 and 0.38 by curve-fit, respectively. They are
slightly greater than the theory value of 0.8 and 0.35. It makes sense to predict the
feedstock ingredients and yield of silicon ingot from physical process route.

Keywords: Compensated polysilicon, Ingot Casting, Resistivity, Minority carrier

lifetime, Yield of silicon ingot
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