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Abstract Grown-in defects like OISF and FPD in the large diameter (> 8 inch) of silicon
crystal are characterized. It was revealed that the presence of the ring- patterned OISF would
deteriorate the minority life time of the silicon crystal. Through the cooling experiment from the
1250°C, the nucleation of the OISF was confirmed to follow the homogeneous nucleation and
growth process. In addition to OISF nucleus, crystal originated particle, which was known to be
closely related with FPD (Flow Pattern Defects), was found to depend on the pulling rate of
the crystal. Combination of the lower rate of the pulling and the faster cooling near the 950°C is
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proposed to be effective method in reducing the generation of these grown - in defects.
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Fig. 1. X-ray topograph of the CZ-silicon
wafer containing ring - patterned OISF (440
reflection, Mo, heat treated at 1100°C).
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Fig. 2. Axial variation of oxygen and OISF
ring along the length of crystal. The charge
size i1s 100 Kg. = represents oxygen concen-
tration, @ represents distance of the OISF
outer ring from the surface of the crystal
(mm) and a represents the distance of the
OISF' inner ring from the crystal surface

(mm).
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Fig. 3. Life time mapping of silicon wafers. (A) is the mapping of the silicon wafer without
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OISF ring, (B) is the mapping of the silicon wafer with OISF ring.
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Fig. 4. Axial distribution of the particle in

the size range of 0.106 ~ 0.157 um counted
on the polished silicon wafer. Resistivity of
9.5 ohm-cm represents the tail of the crys-
tal and 12 ohm-cm represents the head of
the crystal. m represents the number of par-
ticle in the crystal which was pulled with 0.7
mm/min. + represents the number of parti-
cle in the crystal which was pulled with 0.6

mm,/min.
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Fig. 5. Axial distribution of the particle in
the size range of 0.157 ~ 0.198 um counted
on the polished silicon wafer. Resistivity of
9.5 ohm-cm represents the tail of the crys-
tal and 12 ohm-cm represents the head of
the crystal. = represents the number of par-
ticle in the crystal which was pulled with 0.7
mm/min. + represents the number of parti-
cle in the crystal which was pulled with 0.6

mm/min.
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Fig. 6. The OISF density variation with cool-
ing rate from the 1250°C. The silicon wafers
are doped with boron. X - axis represents the
cooling rate from 1250°C. The oxygen con-
tent and the resistivity of the wafers are

shown in Table 1.
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Fig. 7. The OISF density variation with cool-
ing rate from the 1250°C. The silicon wafers
are doped with phosphorus. X-axis repre-
sents the cooling rate from 1250°C. The oxy-
gen content and the resistivity of the wafers

are shown in Table 1.

Table 1

O1 content and resistivity of the samples

Sample Oi(ppma) Resistivity Dopant

(Q-cm)
A 15.7 16.0 boron
B 16.85 5.12 boron
C 12.0 19.0 boron
D 11.9 15.5 boron
E 15.6 15.6 phosphorus
F 18.7 18.25 phosphorus
G 15.45 3.05 phosphorus
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