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Abstract of Thesis

InGa, ,Sb alloy semiconductor is a promising substrate material for various optoelectronic and
thermos—photovoltaic devices because of its tunable lattice constant and bandgap. A microgravity environment
such as the International Space Station can minimize all adverse effects and serve as an ideal platform to
obtain deeper insight into the transport phenomena and growth mechanism during the crystal growth. Because
of the rare opportunities of space experiments and the limitations for experimental settings, numerical
simulation is necessary to analyze the experimental results, to explain the phenomena, and to shed light for

the future space experiments

First, a volume-averaging continuum model for the GaSb (feed)/InSb/GaSb (seed) growth system was developed
successfully in OpenFOAM. Using this model, numerical simulation of the InGaSb crystal growth with experimental

size was carried out under microgravity to investigate the interface change of feed and seed crystals

Second, a series of numerical simulation under different temperature conditions were performed under zero
gravity to study the temperature distribution and its effects on the InGaSb crystal growth. Through this
simulation, the mechanism of final seed interface dissolution length and the effects of heat flux through
the bottom wall was explained. Simulation results also indicated the actual temperature value of the inside

growth ampoule should be around 3 K lower than that measured on the outside protective cartridge

Third, in order to find the optimum heating rate to avoid the feed over—-dissolution problem and optimize
the future experiments in space, numerical simulations with different heating rates were carried out under
zerogravity during the dissolution process of InGaSb crystal growths. The heating rate has a significant effect
on the dissolution length of feed and seed crystals; a higher heating rate will cause more dissolution of
feed and seed crystals. In addition, a heating rate lower than 3.6 K/h is suggested to be utilized in the

future space experiments of InGaSb crystal growth.

Finally, to find the dominant factor, which determines the crystal growth rate in space, and explain the
crystal growth mechanism, simulations were performed to investigate the effects of the diffusion coefficient
on the InGaSb crystal growth under zerogravity. Numerical results indicated that the actual diffusion
coefficient value of Ga solutes in In—Ga—Sb solution can be expressed as the function of GaSb concentration
as [=6.9372X 10X exp(-2.6855/C) m’/s. Based on this, the differences of crystal growth rates between
space—grown InGaSb with different GaSb crystal orientations 111A, 111B and 110 were explained by numerical

simulation.

In summary, numerical studies of InGaSb crystal growth have been performed to shed light into the transport
phenomena and growth mechanisms on the International Space Station, as well as optimize the condition for

future experiments and explained the current experimental results/
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