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1. Introduction

Diffusivities in vapors are several orders of magnitudes larger than in liquid crystal growth nutrients. Therefore, in crystal growth by vapor transport (VT), diffusion-advection can dominate over buoyancy-driven transport in relatively wide regions in the vicinity of the vapor solid interfaces. The actual dimensions and shape of these interfacial regions, in which convective transport is insignificant, depends on the intricate interplay of momentum, mass, species and energy transfer in the specific system of interest. Hence, the details of this complex interplay largely determine the transport rates. This has not been fully recognized in earlier VT modeling efforts.


1D problem (Klosse & Ullersma), 2D models (Rosenberger & al.) (in general with linear temperature profile = unwanted crystal nucleation and growth in the cooler part of the VT ampoule)

Countermeasure : apply a temperature hump between source and crystal (steep gradient at the growing interface)

Experimental indications of multicellular flow patterns in vapor growth ampoules (Paorici, Pelosi, Kaldis....)

Due to this three dimensional flow , transport in the end regions of an ampoule, outside the vertical mid-plane, must be diffusion-limted over larger distances from the interface than in the mid-plane. Hence, for transport limited VT in ampoules, we must expect that 2D models in general overestimate the vapor transport rate.

We present a systematic experimental and numerical study of PVT in a cylindrical ampoules.

1D, 2D and 3D results are obtained and compared

We describe a 3D numerical model which for realistic conditions yields quantitative agreement between simulated and measured transport rates.

The numerical model is based on a spectral method.

2  Benchmark experiments

Geometry : horizontal cylindrical ampoule with optically monitored, planar vertical vapor-solid interfaces separated by a known distance

Vapor composition : iodine transport through cyclobutane (C4F8) ; (Molecular weight close enough to avoid Soret effect)

Equilibrium partial pressure of Iodine as a function of temperature is well known

Interfacial kinetics : assupmtion of interfacial equilibrium

Temperature distribution : continuous monitoring of the wall temperature distribution

Temperature rates : continuous monitoring by differential weighing of the net mass transferred between the two interfaces

A total of 15 transport rate determinations were carried out with :


three ampoules at different C4F8 filling pressures


5 different axial temperature distributions

The temperature distributions have been fitted in the following form :


Twall(z) = a0 + a1 z/L + a2 (z/L)**2 + a3 (Z/L)**3 + a4 (Z/L)**4

Pfill = 8.5 Torr ;

Pfill = 30 Torr ;

Pfill = 150 Torr

we have used a general purpose finite volume code : PHOENICS

Phoenics solves equations of the following type:




Conservative forms of the equations

Cartesian coordinates

Main features:

· Use the SIMPLEST algorithm
· Staggered finite volume 
· Solution of the coupled differential equations in an iterative manner.

We have solved for:

Velocity + pressure + temperature distributions+mass fraction

· in 3D and 2D geometry

· For Steady state




Second International WorkShop On Modelling in Crystal Growth

Durbuy, Belgium          13-16 October 1996


_891771543.unknown

