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0000 OO0 Sofar,we have discussed melt convection and its con-trol for ZM and Bridgman bulk crystal
growth through a few examples.As illustrated,the interface shape,which is a key factor for crystal quality,and the
com-position uniformity are significantly affected by the convective heat and mass transports due to the flow.We
have introduced the basic flow structures through flow visualization experiments and numerical simulations.From
these,one can better understand the interplay of the transport processes and the interface in crystal growth
processes. The melt flow is affected by body forces,which can be the buoyancy (gravitational and
centrifugal),Coriolis,and Lorentz forces.With a free surface,the thermocapillary force can also drive the melt
flow.Thermal and solutal gradients are the sources for the buoyancy convection.Therefore,if these gradi-ents are
antiparallel to the gravitational or centrifugal acceleration,the convection can be minimized,and this is typically the
case for vertical Bridgman growth in normal gravity or growth in a centrifuge under a free-swing configuration.In
such a configuration,the flow is much more stable.Nevertheless,the residual flow can induce significant
composition nonuniformity. The use of microgravity,magnetic fields,rotation or vibration is useful in manipulating
the flow and thus improving crystal uniformity.Furthermore,suppressing the flow also helps improve axial
composition uniformity,and a static magnetic field is particularly effective if the melt is electrically conductive.
Although we have not been able to discuss the flow and its control for Czochralski crystal growth,the concepts
learned from previous examples are still useful.For example,similar to that in the FZ growth,in Czochralski growth
of oxide crystals,the inter-face inversion can be easily controlled by crystal rotation [36.88].However,the
convection in the CZ configuration is much more complicated and hard to elucidate.
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