Author’s Accepted Manuscript

ooooooooo CRYSTAL
GROWTH

Validation, verification, and benchmarking of
crystal growth simulations

K. Dadzis, P. Bonisch, L. Sylla, T. Richter

..............

wwnnsclencediectcom

www.elsevier.comylocate/jcrysgro

PIIL: S0022-0248(16)30960-5
DOI: http://dx.doi.org/10.1016/].jcrysgro.2016.12.091
Reference: =~ CRYS23950

To appear in: Journal of Crystal Growth

Cite this article as: K. Dadzis, P. Bonisch, L. Sylla and T. Richter, Validation,
verification, and benchmarking of crystal growth simulations, Journal of Crystc
Growth, http://dx.doi.org/10.1016/j.jcrysgro.2016.12.091

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com/locate/jcrysgro
http://dx.doi.org/10.1016/j.jcrysgro.2016.12.091
http://dx.doi.org/10.1016/j.jcrysgro.2016.12.091

Validation, verification, and benchmarking of crystal growth simulations

K. Dadzis", P. Bonisch, L. Sylla, T. Richter
SolarWorld Innovations GmbH, Berthelsdorfer Str. 111A, 09599 Freiberg, Germany

Abstract

The variety of physical phenomena in crystal growth processes requires various software tools
for the numerical simulations. Both, dedicated 2D or 3D ready-to-use software for coupled
simulations of a crystallization furnace and general-purpose 3D simulation packages have
been used in the literature. This work proposes a general strategy for model development:
validation of the physical model using model experiments; verification of the numerical
model using analytical or high-accuracy solutions; testing of the computational efficiency
using complex benchmark cases. The application of these steps is demonstrated for various
models in directional solidification of silicon showing the capabilities of various open source

or commercial software packages.
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1. Introduction

Crystal growth processes are distinguished by a complex interaction between a variety of
physical phenomena on multiple length scales. This is exemplary illustrated in Fig. 1 for the
directional solidification of silicon. The heat transfer by high-temperature radiation and gas
convection takes place globally in the entire crystallization furnace. The local convection in
the silicon melt resulting from buoyancy and electromagnetic forces has a crucial influence on
the processes at the solid-liquid interface on both, macroscopic (interface shape, impurity
concentration) and microscopic (interface stability, nucleation, striations) scales. In the silicon
crystal, macroscopic thermal stresses interact with dislocations on the atomic scale. Both,
qualitative and quantitative understandings of these complex, interacting phenomena can be

greatly improved by using numerical simulations as it has been reviewed in [1-4].
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