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Measurement of the temperature and velocity fluctuations occurred by the
baroclinic instability in the melt for Czochralski crystal growth method
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Abstract The temperature and velocity fluctuations occurred by the baroclinic instability in the melt for Czochralski
crystal growth method were experimentally investigated. Wood's metal, which has similar Pr number to the silicon melt,
was used as the working fluid and azimuthal velocity was measured using incorporated magnet probe. The azimuthal
velocities near the free surface are faster than velocities near the bottom and the rotational velocities near the model
crystal become very fast. The results of measured temperature fluctuation as increasing rotation rate were shown that
baroclinic instability occurred at the region of Ro<1.01, Ta>9.63x10% In these region, the fluctuations of temperature
and velocity have the same frequency.
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Fig. 1. Schematic diagram of local velocity and temperature
measurement system.

Table 1
Geometrical and operational conditions for the expert-
ments

Parameter Experiment
Crucible diameter (mm) 200
Crucible height (mm) 200
Diameter of model crystat (mm) 56

Melt depth (mm) 100
Crucible rotation rate, Qc (rpm) 1~5

Wall temperature of crucible CC) 96
Temperature of model crystal C) 60
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Fig. 2. Schematic diagram of the incorporated magnet
probe for local velocity measurements.
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Fig. 4. Calibration results of the probe. Line is the lineat
fitting the experimental data.

Table 2
Physical properties of Wood's metal
Composition (wt %) 50Bi-25Ph-12.55n-
12.5Cd
Melting temperature (°C) 70
Density (kg/m® 8.37x10°
Specific heat (J/kg K) 1.225x10°
Electrical conductivity (2'm™) 9.0%10°
Thermal conductivity J m* s* K  1.405%10
Volume expansion coefficient (K 1.0x10*
Prandtl Number 0.0197
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Fig. 5. Azimuthal velocity at constant crucible rotation rate. a) 1 rpm, b) 2 rpm, ¢) 3 rpm,d) 4 rpm, €) 5 rpm, 2 cm (M), 5 cm
(O),8cm (@), 9 cm (O) from bottom, respectively.
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Table 3

Phase velocity and wave number at (r, z) = (70, 90)
Crucible rotation rate 2 pm 4 rpm

o (rad/s) 0.177 0.358

2nf (rad/s) 0.184 0.705

m = 2nf/© 1.04 1.97
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Fig. 6. Temperature profile and FFT spectra of temperature data at (r, z) = (70, 90). a), b) Qc =2 rpm ¢), d) Qc = 4 rpm
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