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Abstract

With the production of 12" silicon wafers, the flow control of molten silicon in larger crucibles be-
came a new technical problem in the production of silicon single crystals by the Czochralski process.
Facing the problem, observations of the changed molten liquid flow using temperature measurements
with CCD images and numerical simulations based on the observations for the purpose of clarifying the
flow characteristics and working out methods to control the flow were carried out by Nippon Steel and
Nittetsu Electron. [Nippon Steel and Nittetsu Electron carried out observations of the changed molten
liquid flow using temperature measurements with CCD images and numerical simulations based on the
observations for the purpose of clarifying the flow characteristics and working out methods to control
the flow.] The temperature measurements made it clear that the enlarged crucibles and change in the
rotation speed caused a transition of the liquid flow from an axisymmetric flow to baroclinic waves and
geotrophic turbulence. It was also clarified that the Coriolis force hitherto neglected in the 2-dimen-
sional axisymmetric model of the molten liquid had a determining role on the flow. The temperature
measurements suggested that these phenomena could be simulated by unsteady 3-dimensional nameri-
cal calculations and the authors carried out the simulation. The result well reflected the behaviors of the
real molten metal flow, reproducing the axisymmetric flow, the baroclinic waves and the geotrophic
turbulence as well as the transition phenomena from one of them to another. Applicability of the nu-
merical simulation to the molten liquid of the CZ process was thus confirmed.
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