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Abstract of Thesis

Semiconductor materials form the fundamental basis of modern electronic devices. Among them, InGaSb, an I1I-V
compound semiconductor, has gained significant interest due to its tunable properties, such as lattice constant and wavelength.
This unique characteristic makes InGaSb suitable for various applications, including thermophotovoltaic devices, gas sensors,
and infrared detectors. High quality crystals are naturally desirable as substrates for device applications. However, the growth
of such homogeneous InGaSb alloy bulk crystals on Earth is difficult because of the adverse effects of natural convection,
compositional segregation, etc. These undesirable effects can be minimized under microgravity, an appropriate environment
for investigating the growth kinetics and gaining deeper insight into the transport phenomena. Additionally, employing
appropriate growth conditions is vital to prevent undesirable solid-liquid interface deformations and ensure compositional
uniformity. In this regard, we conducted a comprehensive numerical analysis to determine the optimal conditions for achieving

an ideal flat interface shape during InGaSb crystals growth using a combination of different techniques.

In the first place, as it is important to employ accurate physical properties in our numerical model, the diffusion coefticient
of GaSb in InSb melt was estimated by using the microgravity experimental results performed onboard the International Space
Station, where the effect of natural convection was minimized. Furthermore, it was deduced that the growth rate is dominated
by the solute diffusion in the melt. the crystal growth rate was well explained by adopting a diffusion coefficient with function

of GaSb concentration, obtained by analyzing the available experimental results and utilizing Bayesian optimization.

Then, the growth of high-quality InGaSb crystals by Vertical Gradient Freezing (VGF) method under microgravity was
numerically simulated, with a focus on controlling the growth interface which directly affects the quality and homogeneity of
the grown crystals. Initially, Bayesian optimization was utilized to search for the most favorable temperature gradient that
promotes a desirable flatter growth interface shape. Afterwards, an adaptive control recipe (reinforcement learning model) was
developed. The system was subjected to a lower temperature gradient near the feed crystal and to crucible rotation with a rate
ranging according to the obtained optimal strategy. As a result, the interface deformation is considerably reduced, and a flatter

growth interface could be maintained. The growth rate and solute concentration uniformity were also improved.

Subsequently, the growth of InGaSb crystals by VGF method under normal gravity was numerically investigated. In order to
obtain a flatter growth interface and better compositional uniformity in the melt, the applications of crucible rotation and
external magnetic field are considered. We used Bayesian optimization to optimize the related control parameters. Such an
optimization has led to a significant reduction in the growth interface deflection and a flatter growth interface was maintained
during the entire growth process. Strength of natural convection in the melt was minimized and melt solute uniformity was

improved. The growth rate was also increased without compromising crystal quality.

The findings of this research study demonstrate the effectiveness of employing crucible rotation, external forces, and
optimized temperature gradient for controlling the growth interface shape and composition uniformity. Additionally, machine
learning proves to be a valuable tool for the fast search for optimal growth parameters. This thesis not only contributes to a

deeper understanding of InGaSb crystal growth process but also can serve as a foundation for future ground experiments.
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