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Abstract

The fast pulling is easy to modify the distributicn of grown-in defects toward fine size, which can be
readily removed by additional treatment. In this experiment, The fast pulled crystals with high pulling
late over 1.0 mm/min were grown and their grown-in defect distributions were investigated. In our
recent developments in the growth of Cz-Si, it could be found that the cooling rate in a specific tem-
perature range and the uniformity of temperature gradient at solid/liquid interface are more important for
the formation of grown-in defect than the pulling rate itself. We analyzed these cooling rates and tem-
perature gradients for the various fast pulled crystals and compared them to the observed formation
behavior of the grown-in defects. The effective factor (€2) for the void defect formation was introduced
and it could explain the radial distribution of void defects in the fast-pulled crystals effectively.
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Fig. 1. The p-PCD(photo-conductivity decay) lifetime maps of Cz-Si wafers grown at various pulling rate,

(a) 0.6 mm/min, (b) 1.3 mm/min, and (c) 1.6 mm/min.
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Fig. 3. The size distribution of the measured localized
light scatterer (LLS) for the crystals pulled at rates
of 1.3 mm/min and 1.6 mm/min.
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Fig. 4. The radial distribution of the measured flow
pattern defect (FPD) for the sample wafers taken from
various positions from the crystals pulled at rates of
(a) 1.3 mm/min and (b) 1.6 mm/min.
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Fig. 6. Cooling rates in the specific temperature
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Table 1. Effects of cooling in the sfecific temperature ranges for the formation of grown-in defects

Item® Effects Direction” Value
A Determine the amount of excess point defect + K \4 3 5
(origin of the vacancy supper-saturation) G,
v Affect the degree of supper-saturation of excess vacancy + V-G
Cool (control the vacancy cluster nucleation) !
v Affect the reaction time of vacancy clustering + V-G
Caol (control the vacancy cluster growth) 2
Affect the consumption process of residual vacanc
Ve puon b y O V-G,

(i.e. oxygen precipitation, OSF nuclei formation)

YA is supesaturation at the solid-liquid interface, V..., is cooling rate in A T,: 1412~1200°C, V%, is cooling rate
in A T,: 1200~1000°C, and V2, is cooling rate in A Ty 1000~800°C.
1’ means the positive contribution to the void defect formation. ‘O’ means no ctribution.
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Fig. 9. The radial variations of the calculated Q values in the equation (6) with different values for impact
factors, (a) n=1 and m=1, (b) n=3 and m=1, (c) n=1 and m =10 for the crystals pulled at rates of

1.3 mm/min and 1.6 mm/min.
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