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[#FRME Brief summary of your presentation]

Single crystals of Si,_,Ge,, particularly Si;sGe,s, have attracted attention as post—-Si semiconductor
substrates, enabling the production of high—speed and low—energy devices. Recently, a traveling liquidus—zone
(TLZ) method of producing homogeneous Siy;Geys bulk crystals has been developed [1]. Although
homogeneous SiGe crystals with diameters of up to 30 mm were successfully grown by the TLZ method [2], the
production of large—diameter and long—length homogeneous SiGe crystals sufficient for electronic device
applications has not been successful to date even with the TLZ method. This is because buoyancy convection
induced by the spatial variations in temperature and solute concentration strongly affects solute transport in a
melt. Therefore, it is important to firstly verify the fundamental principle of the TLZ method under a
well-controlled environment without convection, and then to clarify the relationship between convection in a
melt and the solute concentration distributions in a crystal grown by the TLZ method. Therefore, in order to
obtain fundamental information on the TLZ crystal growth of SiGe, a series of crystal growth experiments have
been being carried out under a microgravity environment in the International Space Station (ISS) from last year.

In this work, we have developed a mathematical model to understand transport phenomena in the TLZ
crystal growth performed in the ISS, in which the temperature field in the gradient heating furnace for crystal
growth, the Ge concentration fields in the melt and grown crystal, and the melt/crystal interface shape could
be predicted. It was numerically demonstrated that when the crystal began to grow, the molten Ge zone moved
upward and became shorter owing to Ge uptake to the growing crystal, and at 7430 min, SiGe crystal grew up to
15.9 mm in length. This model could also predict the axial Ge concentration distribution in the central axis of
the grown crystal, particularly the U-shaped distribution observed in the microgravity experiment [3]. In
addition, a strategy for growing SiGe crystals which are more homogeneous than those obtained in the current
microgravity experiments was proposed by varying thermal environment in the gradient heating furnace on the
basis of the numerical investigations.

[1] Adachi, S., et al., J. Cryst. Growth, 280, pp.372-377, 2005.[2] Kinoshita, K., et al., Jpn. J. Appl. Phys., 52, pp.
04CHO02 1-04CHO02 3, 2013.[3] Kinoshita, K., et al., J. Cryst. Growth, 388, pp. 12-16, 2014.
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