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Background
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Background
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Wafer Annealing Process
Cross section of an annealing furnace

Silicon wafers

Wafers holder
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OutOut--diffusion of oxygen from wafer surfacediffusion of oxygen from wafer surface
Precipitation of resolved oxygen in bulk waferPrecipitation of resolved oxygen in bulk wafer
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OutOut--diffusion of oxygen from wafer surfacediffusion of oxygen from wafer surface

Modeling for Oxygen Precipitation
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OutOut--diffusion of oxygen from wafer surfacediffusion of oxygen from wafer surface

Modeling for Oxygen Precipitation
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Oxygen precipitationOxygen precipitation

Modeling for Oxygen Precipitation
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Oxygen precipitationOxygen precipitation

Modeling for Oxygen Precipitation
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S: Solubility of O in Si
Cp: O concentration at

precipitate site
D: Diffusivity of O in Si
Ω: molecular volume of

precipitate 
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Morphology of oxide precipitatesMorphology of oxide precipitates

Modeling for Oxygen Precipitation
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Diffusivity and Solubility of O in Diffusivity and Solubility of O in SiSi

Numerical Analyses
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Behaviors of precipitates different depthBehaviors of precipitates different depth

Numerical Analyses

1200

1100

1000

900

0.04

0.02

0
0 100 200 300

Pr
ec

ip
ita

te
 R

ad
iu

s  
 /μ

m

Time  /min

Te
m

pe
ra

tu
re

   
 / 

C

1 hour

3 μm 7 μm

9 μm



TOSHIBA CERAMICS CO., LTD.

Effect of annealing time on precipitatesEffect of annealing time on precipitates

Numerical Analyses
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Infrared Infrared tomography tomography images of silicon wafersimages of silicon wafers

Numerical Analyses
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Behaviors of inhomogeneous precipitatesBehaviors of inhomogeneous precipitates

Numerical Analyses
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Behaviors of inhomogeneous precipitatesBehaviors of inhomogeneous precipitates

Numerical Analyses
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Effect of initial oxygen concentration on DZ depthEffect of initial oxygen concentration on DZ depth

Numerical Analyses
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Summary
A numerical model concerning behaviors of A numerical model concerning behaviors of 
oxide precipitates in silicon crystal grown by oxide precipitates in silicon crystal grown by 
CzhochralskiCzhochralski technique has been established technique has been established 
on the basis of diffusion theory.on the basis of diffusion theory.
Simulation results of the annealing processes Simulation results of the annealing processes 
for silicon wafers with present model show for silicon wafers with present model show 
good agreement with good agreement with observations. Annealing observations. Annealing 
processes can be designed with present modelprocesses can be designed with present model..


