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A study on the brownish ring of quartz glass crucible for silicon single
crystal ingot
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Abstract A brown ring (hereinafter referred to as BR) on the inner surface of a quartz glass crucible used in the manufacturing
process of a silicon ingot for semiconductor wafers was studied. BR is 20~30 um in size and has an asymmetric brown
ring shape. The size and distribution of BR were different depending on the crucible location, and the size and distribution
of BR were the largest and most abundant in the round part with the highest crucible temperature during Si ingot growth.
BR contains cristobalite, which has a higher coefficient of thermal expansion than quartz glass, so it is considered that
surface cracks appear. The color development of BR and pin holes are presumed to be due to oxygen vacancies.
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Fig. 1. Optical micrographs of brownish rings on the inner surface according to the position of quartz glass crucible after reaction
with silicon melt; (a) wall, (b) bottom, (c) round.

Fig. 2. Photo images of each parts of the quartz crucible for analysis; (a) wall, (b) bottom, (c) round.
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Fig. 3. (a) The average of diameter of brownish rings accord-
ing to part of quartz crucible (b) The number per unit area of
brownish rings according to part of quartz crucible.
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Fig. 4. The average thickness of brownish ring according to
part of quartz crucible.
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Fig. 6. Raman spectrum of (a) quartz glass, (b) brown, and (c)
white parts of brownish ring.
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Fig. 7. Residual stress profile of brownish ring surround transparent inner layer.

Fig. 8. Section view images of brownish ring. (a) thick brown part, (b) white part, (c) thin brown part.
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