
Adv. Space Res. Vol. 24, No. 10, pp. 1245-1250, 1999
Pergamon              © 1999 COSPAR. Published by Elsevier Science Ltd. All rights reserved

Printed in Great Britain
0273-1177/99 $20.00+ 0.00

www.elsevier.nl/locate/asr
PII: S0273-1177(99)00727-9

DOPANT DISTRIBUTION IN CRYSTALS GROWN BY THE
SUBMERGED HEATER METHOD UNDER STEADY AND
OSCILLATORY ROTATION

N.G. Bourago, A.I. Fedyushkin, V.I. Polezhaev

Institute for Problems in Mechanics, RAS, 101 prospect Vernadskogo, 117 526 Moscow, Russia
(E-mail: burago@ipmnet.ru)

ABSTRACT

The submerged heater method of crystal growth is simulated and the influence of steady and oscillatory rotation of
crucible and/or heater on dopant distribution in crystals is investigated. Initial boundary value problem for the
system of Navier-Stokes-Boussinesq equations is solved by the finite element method using the code ASTRA. The
calculated history of dopant concentration at the solid-liquid interface is used to determine the dopant distribution
in the grown crystals. © 1999 COSPAR. Published by Elsevier Science Ltd.

INTRODUCTION

The submerged heater method of crystal growth was introduced in Ostrogorsky et al (1990, 1995). An
experimental study of the influence of rotation on dopant distribution in Ge-Ga crystals was carried out in Meyer
et al (1997). The scheme of the method is shown in Fig. 1. The z-axis is the axis of axial symmetry, The
submerged heater is moving slowly up and provides the desirable distribution of temperature inside the cylindrical
crucible. The solid-liquid interface follows the heater so that the distance between the heater and the solid-liquid
interface stays constant. The fat lines show the moving computational domain.

Fig. 1 Scheme of the Submerged Heater Method. The configuration is shown at two instants: tj and t2 > t], the
fat lines show the moving computational domain.
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(iv) surface of heater:

       
(v) the solid-liquid interface:
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where Vs - growth rate, )2cos( 0

* tHH ΩΩ=Ω π  - frequency of submerged heater rotation , CΩ  - frequency

of the crucible rotation,  0Ω  - frequency of oscillations,  к - segregation coefficient,  С - concentration of dopant

in the melt. The dopant concentration in the crystal CRC  is defined by the segregation ratio (Ostrogorsky (1990)):
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The initial conditions read:
0=t  :  0=u ,  0=v ,  0=w ,  0=T ,  0=C

NUMERICAL METHOD

The finite element code ASTRA (Bourago (1988,1994)) was used to solve the problem.  For a typical convection-
diffusion equation
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 the following implicit finite difference scheme in time was implemented:
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Here the correction of the viscosity terms is used to provide a monotonous behavior of the solution:
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Linear finite elements in space were used. Auxiliary algebraic problems were solved by  the  non-matrix  conjugate
gradient method with preconditioning by using the diagonal approximation of the stiffness matrix. The algorithm
is unconditionally stable but for good accuracy the time step should approximately correspond to the Courant  time








