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Abstract of Thesis

Marangoni convection develops along an interface between two fluids due to variation of surface tension caused by
temperature and/or concentration gradients, which is called thermal and/or solutal Marangoni convection. It develops during
crystal growth whenever there exists surface tension gradients. However, Marangoni convection may adversely affect the crystal
quality by forming growth striations by temperature fluctuations and solutal gradients. Therefore, it is important to investigate
the dual effects of thermal and solutal Marangoni convection. Due to the opaqueness of semiconductor melt and expensive
experiment equipment, numerical simulation provides an effective tool to examine Marangoni flow and make mechanism of heat
and mass transfer available, with assumption of zero-gravity condition to eliminate effect of natural convection in the simulation.
A floating-zone (FZ) system in a cylindrical shape growing SiGe is selected as the numerical domain. By creating temperature
and concentration gradients in the same/opposite directions along the free surface and choosing a full zone or half zone, thermal
and solutal Marangoni convection are observed in the same/opposite directions.

Firstly, numerical simulation of thermal and solutal Marangoni convection in a full floating zone under zero gravity has
been performed to investigate the actual process of crystal growth with heating coils outside the melt. In the system, thermal and
solutal Marangoni convection develop along the free surface in the same/opposite directions depending on the region selected.
The ambient temperature outside the system is taken as a Gaussian profile, and the radiative heat transfer is considered dominant.
The features of concentration pattern in the floating zone vary due to different Marangoni numbers. The flow velocity field
exhibits two or four main vortices along the free surface by effects of suppression or augmentation of the two Marangoni flows.

Secondly, the separated lower-half zone is selected as the numerical domain with thermal and solutal Marangoni convection
developing in the opposite directions. Due to the complexity of the opposite-direction flow, the supercomputer is required to
conduct the simulation. Compared to the study of thermal and solutal Marangoni convection in the same direction in a half
floating zone, the flow patterns of opposite directions behave diversely in various regimes with 2D axisymmetric flow, chaotic
flow, oscillatory rotating flow, 3D steady flow, and even switching flow under different Marangoni ratios and combinations of
(Mac, Mar). Furthermore, two kinds of flow transitions are predicted with the increase of |Mat| depending on value of Mac.

Thirdly, numerical simulation of thermal and solutal Marangoni convection in a floating half zone with radiation effects
under zero gravity has been performed. The ambient temperature is kept constant and radiation due to heat loss and heat gain is
considered as dominant heat transfer from the ambience. Transition mode maps, based on concentration distribution with respect
to Marangoni ratio and ambient temperature have been developed to investigate the radiation effects at unequal or equal (Mac,
Mar) values. Furthermore, two sorts of oscillatory modes are observed in the same-direction Marangoni flows under either heat
loss or heat gain. While two kinds of stabilizing effects are predicted under heat loss in the opposite-direction Marangoni flows.

This thesis demonstrates the characteristics of thermal and solutal Marangoni convection developing in a full or half floating
zone during crystal growth of SiGe with different heating boundaries under zero gravity. Unique findings, such as characteristic
flow patterns, as well as transition mode predictions and suppressions of flow instability, would contribute to the control of

unsteady Marangoni convection and obtaining the crystal with higher quality.
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