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Challenge that crystal growth technology is facing nowadays lies in obtaining of higher yields 

at lower process costs. They can be achieved by e.g. up scaling of ingot sizes and/or by an 

increase of a crystallization growth rate. However, the bottleneck of these approaches is a lot 

of generated latent heat and consequently a concave bending of the s-l interface that enable 

formation of defects in growing crystal. A feasible method to overcome these drawbacks is 

forced convection by Lorentz forces, particularly if generated by KRISTMAG
 

internal 

heater–magnet module (HMM) [1], as recently reported in the literature for various materials 

and growth techniques. KRISTMAG
 

multi-coil heater positioned around the crucible is 

supplied with a combination of DC and out-of-phase AC that enables simultaneous generation 

of a heat and Travelling Magnetic Field (TMF). In contrast to other heater designs, a wide 

range of magnetic parameters is at disposal. 

 

Recently, new advanced concepts of pulsed stirring by bottom TMF and side Rotating 

Magnetic Fields (RMF) were proposed for isothermal metals and metallic alloys, to prevent 

flow-induced macrosegregation and harmful segregation freckles [2-5]. 

 

In this study, we were interested to further extend the application of pulsed TMF stirring to 

various semi-conducting materials grown by various techniques. Particularly, we performed a 

systematic numerical investigation of transport phenomena taking place during growth of 

VGF-GaAs and Cz-silicon single crystals as well as DS-silicon multi crystalline materials.  

 

The numerical models described three industrial-size furnaces provided with either top, side 

or bottom KRISTMAG
®

 HMM with at least two heating coils positioned concentrically or 

upon each other. Lorentz forces of various direction, magnitude and spatial distribution were 

induced by the variation of AC/DC ratio, frequency and phase shift among the coils (Figure 

1). Additional heat was supplied by common resistance heaters. By modulating AC 

magnitude in a sinusoidal way, pulsed TMF was generated. 

 

For 3D CFD simulations, we applied the commercial finite-volume code ANSYS CFX 14.0. 

Magnetic 3D simulations were performed using finite elements commercial code ANSYS 

Emag. 
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Our results derived guidelines for optimization of pulsed TMF stirring technique with respect 

to the design of heater magnets and identification of operational electro-magnetic parameters. 

 

 
Figure 1. Lorentz force density streamlines in GaAs melt exposed to TMF. 
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