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Abstract The CZ-silicon crystal was annealed at 1350C to dissolve the vacancy type grown-in defects. At this
temperature, the equilibrium concentration of the oxygen in the silicon crystal is around 1.7 10" which induces the
oxygen undersaturation in the silicon crystal. This situation results in the faster dissolution of the grown-in defects in
the bulk of the silicon wafer than near the surface. This indicates the possibility that the presence of the higher
concentration of silicon interstitial hinders the dissolution of the grown-in defects, which were known to compose of
the vacancy clusters with surrounding silicon oxide film. This expectation was confirmed by the observation that the
slower dissolution of the grown-in defects near the surface of the silicon wafer in the oxygen atmosphere than in the
argon atmosphere. This result is quite opposite to the previous argument that presence of the excess silicon interstitial
leads to faster dissolution of the vacancy type defects.
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Table 1

Classification of wafer

Type Orientation Dopant o) Res. Diam.
(ppma) (Qcm)  (mm)

p 100 Boron 12~15 5~8 125
n 100 Phosphrous 12~15 1.6~2.6 125
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Fig. 1. Thermal cycles for determining effect of different
times on shrinkage of grown-in defects
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Table 2

Oxygen solubility [O]; as a function of temperature
Temperature Oxygen solubility Oxygen solubility
0 (/em”) (ppma)

1200 5.6x10" 11.2

1250 8.3x10"7 16.6

1300 1.2x10" 24

1350 1.7x10" 34
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Fig. 2. Calculated values for oxygen diffusion (a) annealed at 1200°C for 2 hours in Ar ambient, (b) annealed at 1350°C for
2 hours in Ar ambient, (c) annealed at 1200°C for 2 hours in O, ambient, (d) annealed at 135¢°C for 2 hours in O, ambient.
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where,

[O];= Solid solubility of oxygen in silicon at SiOy
Si

[O]y = Initial oxygen concentration in the wafer

D,y = Diffusion coefficient of oxygen
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Fig. 3. Schematic model for annealing behavior of the thin
oxide film at supersaturation.
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Fig. 4. Schematic model for annealing behavior of the thin
oxide film at undersaturation.
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Fig. 5. Variation of void radius with annealing times
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Fig. 6. FPD density variation with dwell time at 1350°C in
Ar ambient.
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Fig. 7. FPD density variation with depth in Ar ambient for
2 hours at 1350°C.
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Fig. 8. Microphotographs of p-type sample (a) non-an-
nealed sample, (b) annealed for 2 hours at Ar ambient, (c)
annealed for 2hours at Ar ambient. respectively (b) is
surface, (¢) is 150 um from the surface [magnification X50].
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Fig. 11. Microphotographs of p-type sample (a) annealed
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ambient. respectively (a) is surface, (b) is 150 um from the
surface [magnification X50].
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