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Introduction

 Czochralski process Is used to
obtain single mono-crystal,
which then is usually used In
electronics industry

 Creating mathematical model for
CZ process allows to study
model parameters during crystal
growth



Mathematical model

e Heat transfer by conduction:
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* Heat transfer by thermal radiation
* radiation is dispersed
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Mathematical model

T heat balance: q. = qm + P90 Vn
VpuII

=2 — de = 9m o —
vn=Vn_Vpull'n= _Vpull'n
Pcqo

interface translation: AX = n - v, At

qo - crystallization heat

V;, - crystallization speed in 71 direction relative to crystal
reference frame

vy, - crystallization speed in 71 direction relative to laboratory

Free surface shape reference frame
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y — surface tension

I = /L - capillarit

c g~ capillarity

h = 1.V2 — 2 sin a - meniscus height

a — angle between free surface and vertical

direction
Xo -is found fromy(x = 0) = h



Mathematical model

New physical time j
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~ Generation of new mesh,
‘temprerature interpolation
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Iterative 2D radiation and

temperature calculation
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calculation algorithm

PID controller:
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Adjust heater power curve

Pif =P+ AP, (t+1)

algorithm for obtaining
power curve

« after each simulation, necessary power
curve computed by a PID controller is
added to power curve

e T=40minis used
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Mathematical model

make mesh for given get initial state
system geometry condition
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Simulation results
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Simulation results
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Thermal stresses

stress tensor
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obtained temperature
field is used to find
thermal stresses in
crystal
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Thermal stresses

von Mises stress:
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Conclusions

* Transient model of CZ process has been used to
simulate crystal growth

* To get optimal values for PID controller and time-shift t
parameter study Is required

 Using obtained crystal thermal field, thermal stresses in
crystal were found

e Obtained thermal stress field could be used for further
study of point defects in crystal



