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Multicristalline Silicon ingot growth by Directional
solidification/Casting
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typical D5-grown me-Si ingots
A Miiller 2006

today’s research is on 800 kg ingots, but there is no reason to think that this
represents an ultimate limit

use of silicon feedstock of lesser purity than standard electronic grade material
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l Research objectives

*Understanding of melt convection particularities

Study of the influence of melt convection on interface shape,
Impurities segregation and coating stability

Investigation of different methods to tailor the melt
convection (like mechanical stirring)

Numerical simulation is an efficient tool to improve the
understanding and the control of the heat and mass transport
phenomena occurring during the crystallization process



Partners:

Faculty of Physics, West University of Timisoara, Romania
~Prof.dr. Daniel Vizman

« 2L aboratoire Matériaux et Procédes pour le Solaire, Institut
National de I’Energie Solaire CEA/DRT/LITEN/DTS
~Dr. Jean-Paul Garandet



I CONSIL Objectives

Objectives:

*O1 Experimental and numerical study of natural convection effect
on impurity segregation and coating stability in a Bridgman
method for multicristalline Si growth (WUT, INES)

*O2 Modelling of Si crystal growth process in furnaces with
stirring devices (WUT)

*O3 Growth of multicristalline silicon in laboratory (2 kg ingots)
and pilot scale (60 kg ingots) furnaces with a stirring device
(INES)
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* L=I=38 cm; h=40 cm (G2)
*D=8cm
*T,q=1713 K

* vy, =10 mm/h
*0=0,5,10,20,30,40 rpm



Conservation of mass
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Bouyancy forces (gravitation):
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Azimuthal force:
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Simulations with STHAMAS3D software

* Direct solution of Navier-Stokes equations; phase boundary
tracking; Finite Volume method; parallelization with MPI

* Consideration of Lorentz force by solving additional scalar

potential equation

* Higher efficiency for parallel version on a PC cluster
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v Regularity of a flow pattern is defined in relation with the number of
symmetry planes.
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Zone 1l

Zone 2

Zone 3

G, =1K/cm

G, =2K/cm

Vg = 10 mm/h

G,, =3 K/cm
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Flow pattern regularity increase
with the increase of G,

In all zones there is a symmetry
along the Axy plane

For G,,, = 1K/cm common flow
structure appear in all 3 zones

In zone 3 the flow structure
symmetry increases along the
AXx, Ay and Ayx planes

Convection roles appear near the
crucible wall for G, = 3K/cm

v" Tn zone 3, regularity increases

much more once with the
inversion of S-L interface
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v'"With the increase of stirrer rotation the interface deflection increases



Central stirrer position

Temperature
1702

-------
%

--------

Tvg Melt

Crystal

Q=20rpm

<

—— =20 rpm; central

-0.005 — @ =20 rpm; no central

&
=

-0.015

&
5

(=3
f=]
2
S T T T I T T I T T

-0.025

Interface deflection (m)
s
2

=
=

-0.045

PR T T TS S S B ST A M S A B

0.05 0.1 0.15 0.2 0.25 03 0.35 0.4
Horizontal coordinate (m)

=
3

v/ Stirrer position can influence the symmetry of the interface shape.
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Characterization of photovoltaic silicon ingots by measurements of lifetime of
minority carriers.
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Study of the directional solidification process by means of numerical methods
Author: Popescu Alexandra
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