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Introduction
Si single crystal growth with FZ technique
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Introduction
Actual mathematical model
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Introduction
Motivation for 3D gas flow calculations

* Previous axisymmetric calculations:
Insufficient agreement of radial
resistivity variations with experiment
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Mathematical models
3D gas flow and dopant transport

Continuity and momentum equations Turbulence:

k-omega SST
VipU) =0

2
4 (PU XU+ 3 MertVU — Z.Ueffe) = VP —9gxVp, Py =p — pgx

Energy equation ldeal gas law
_ U? M,
Speciﬁc entha'py E — CpT DOpant transport equation
(pUV)C = V(pD 7 C), pDoy = - + cht

Viscosity: Sutherland’s law
ANT Dopant mass flux
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Creation of 3D mesh

penFOAM utility snappyHexMesh
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Creation of 3D mesh
Mesh influence study
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Both meshes resolve temperature and
concentration boundary layers well
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Calculation results
Temperature field

~1.5m/s
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Calculation results
Temperature field
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Calculation results
Gas cooling heat flux density
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Calculation results
Dopant concentration
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Calculation results
Dopant concentration
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Conclusions and outlook

1. 3D gas flow calculations in FZ puller have been carried out
for the first time

2. shappyHexMesh is hard to master, but it is suitable for
mesh generation in a complex geometry

3. Calculated fields are strongly three-dimensional; symmetry
IS obtained with respect to the plane of main inductor slit

4. 3D calculations predict stronger gas cooling than previous
axisymmetric simulations

5. The obtained concentration field and dopant mass fluxes at
Si surfaces are used to create non-symmetric boundary
conditions for 3D HD simulation of liquid Si flow (these
results are not included in the present talk)
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