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There is an important challenge to develop so-called shaped crystal growth 
techniques offering ready-to use crystals with form similar to the devices dimensions. 
In those studies, spherical crystals have recently been paid much attention because those 
spherical crystals can be applied to solar cell and gas sensor. However, there are many 
problems to grow high quality spherical crystals with low-cost, and also there is no 
growth technique to grow spherical oxide crystal.  

In this paper, substrates repelling melts has been developed and high quality Si and 
L2B4O7 spherical crystals have been successfully grown on such substrates. The 
phenomenon in which the contact angle of a liquid varies depending on the relief 
structure on the substrate surface is known as the Cassie-Baxter theory. Based on the 
Cassie-Baxter theory, melt are shaped a sphere by putting on such a relief structure, and 
spherical melt are subsequently crystallized to spherical crystals. Fabrication of 
substrates repelling melts was investigated by pore-forming agent removal method and 
ink-jet printing. Also, high temperature in-situ observation of melts on prepared 
substrates was carried out to evaluate substrates, and the contact angle of melts against 
substrates was measured. Relief structures with size of several tens micron-order dots 
were fabricated by ink jet printing, and spherical Si has been successfully grown on the 
substrate with such surface structure. However, contact angles between Si melt and 
prepared substrate was about 130°. But it is revealed that preparing relief structure by 
the ink-jet is required long time and spherical Si is frequently fused with the prepared 
substrate. Therefore, substrate with another structure was investigated to repel melt. 

Porous ceramic substrates were developed by thermal decomposition of polymethyl 
methacrylate (PMMA) spherical micro-particles. The ceramic substrate prepared has a 
porous structure in which pores formed by thermal decomposition of PMMA spherical 
particles are connected to each other. Spherical Si was grown on these prepared 
structures and the contact angle formed by the Si melt and the surface of prepared 
substrate was a maximum of 160°, and the infiltration of Si melt into the substrate was 
not observed in this porous substrate prepared with PMMA which indicates that Si melt 
did not fill inside the holes at the surface of substrate. On the other hands, the contact 
angle was 77° for the substrate prepared without PMMA and it was clearly observed 
that Si melt infiltrates into the substrate prepared without PMMA. Therefore, it was 
confirmed that porous substrates prepared with PMMA have high characteristics of 
repelling Si melt and reuse of substrates prepared with PMMA was multiple possible. 
The impurity concentration of carbon and oxygen in grown spherical Si are below the 
values contained in the specifications of Si for use in solar cells which grown Si crystal 
satisfies the specifications for light elements for solar cells. From the etching result, it 
was confirmed that grown spherical Si crystals are composed of single grain or twin. 
Growth of high quality spherical Si crystals is possible on the developed substrate 
repelling Si melt. 

Growth of spherical Li2B4O7 crystal has been investigated using a substrate repelling 
melt. The substrate repelling Li2B4O7 melt have been fabricated with platinum and 
carbon, and spherical Li2B4O7 was grown on porous carbon substrates for the first time. 
Contact angle between porous carbon substrate and Li2B4O7 was about 140°.  Also 
grown spherical Li2B4O7 are composed of several crystals. Further investigations were 
required to grow single spherical Li2B4O7 crystal. 

As conclusions, new substrate structure repelling melts was developed and repelling 
properties of substrates such as contact angle was revealed. High quality spherical Si 
crystals have been successfully grown on prepared substrate. In addition, spherical 
Li2B4O7 crystals were also grown successfully on the substrate repelling melt. Therefore, 
it is expected that growth of high quality and varied types of spherical crystals is 
possible using the developed substrate repelling melt. 
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Fig.1-3 Schematic figure of a liquid drop showing the quantities in Young's equation. 
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Fig. 1-6 Schematic figure of prepared porous ceramic substrate. 
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Fig. 2-2 Microscope images of the droplets that form near the ink-jet printing head. 

Fig. 2-3 Microscope images of fabrication surface structure with conditions shown in 

Table 2, (a)-(c) conditions, respectively.
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Fig. 2-5 Contact angle between a substrate and spherical Silicon. (a) As-grown Silicon 

on a fabrication surface structure. (b) As-grown Silicon on substrate for which surface 

structure was not fabricated. 
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different diameter; (b) not used, (c) 2 d) 5 e) 10 
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Fig. 3-3 Photograph of solidified silicon on fabricated substrate after melting 

experiment. Solidified silicon on (a) the porous substrate and (b) the non-porous.  

Fig. 3-4 Repetitive melting experiment of silicon on the same porous ceramic substrate 

with hollows. Numbers shown in upper left side indicate repeat times.  
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Fig.3-5 Photograph of (a) as-grown spherical silicon crystals and (b) polished section of 

grown spherical silicon crystals after 10%NaOHaq etching. 
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Fig.3-6 In-situ observation of crystal growth of spherical silicon on porous substrate in a 

tube furnace. (a) Spherical silicon melt before solidification. (b) Grown spherical silicon 

crystals from melt. 
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Fig. 3-7 Photo image of polished and etched section of spherical silicon crystals. (a) 

Cooling rate 100~200 /h and (b) 300~600 /h. The arrow is growth direction 

estimated. 

Table 1-1 Degree of supercooling estimated from the cooling rate. 

Cooling rate ( /h) 100 200 300 400 600 

Supercooling degree ( ) 50 60~70 80 80 80 
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Fig. 4-1 (a) Photograph of high temperature in-situ observation unit and (b) schematic 

figure of the furnace. 
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Fig. 4-2 Crystal growth of spherical silicon from low under cooling melt. Crystallization 

started at t=0 s and finished at t=15 s, when projection was formed at bottom left 

position due to volume expansion of silicon accompanied by solidification. 
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Fig. 4-3 Photographs of in-situ observation of the silicon melt on substrate. Variation of 

contact angle of Silicon melt on substrate prepared without PMMA spherical 
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Fig. 5-6 Polarizing microscope photograph of polished section of grown spherical 

Li2B4O7 crystals.  
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