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Abstract

In this paper it is shown that due to the pressure p in the furnace there are three limitations ac, ac, ac for the contact

angle ac. The lower limit ac is in the range ð0; p=2 � aeÞ, depends on p and on the half-thickness w of the die. The upper

limit ac is in the range (p=2 � ae; p=2Þ and increases when p increases. The limit ac is in the range ðp=2 � ae; acÞ and

depends on p and w. It is shown also, that there exist two limitations w1(p) and w2(p) for w. If w is in the range (0, w1(p)),

then the growth angle is achieved for the contact angle in the range ðp=2 � ae; acÞ, and if w 2 ðw1ðpÞ;w2ðpÞÞ the growth

angle is achieved for the contact angle in the range ðp=2 � ae; acÞ. The menisci are concave. If w4w2ðpÞ, then the growth

angle is achieved for the contact angle in the range ðac; acÞ and the meniscus is convex–concave. Numerical examples are

given for thin silicon sheets of half-thickness 0:5ðcm � 10�2Þ.
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1. Introduction

The edge-defined film-fed growth (EFG) method is performed to achieve sheets with constant half-
thickness when the pulling rate v, melt temperature at the meniscus basis T0, pressure in the furnace p are
constant and the bottom line of the melt/gas meniscus is fixed to the outer edge of the die. In reality v, T0, p
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can change during the growth and for some materials the bottom line of the melt/gas meniscus on the die
can move.

In the last 20 years, many experimental and theoretical studies have been reported regarding the growth
process [1–44]. In this paper mainly the effects of the pressure changes are investigated in the case of the
growth of a thin sheet.

2. Theoretical results

The system of differential equations which governs the evolution in time of the half-thickness x ¼ xðtÞ

and the meniscus height h ¼ hðtÞ is

dx

dt
¼ �v tan a x; h; p;wð Þ � a1½ �;

dh

dt
¼ v �

1

Lr2

l1G1 x; h; v;T0ð Þ � l2G2 x; h; v;T0ð Þ½ �:

8>><
>>: (1)

For details see Fig. 1 and Refs. [19,20,32,33,39,42,43]. The significance of these quantities and their values
for Si (see [38,43,45]) are given in Table 1.

The function a ¼ aðx; h; p;wÞ is obtained from the Young–Laplace equation of the capillary surface in
equilibrium in the presence of pressure:
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For sheets, solutions z ¼ zðxÞ depending only on the coordinate x are searched, i.e. the Ox axis is normal to
the sheet surface. For this type of functions Eq. (2) becomes
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Eq. (3) is transformed into the system

dz
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¼ � tan a

da
dx

¼ �
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1
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for which the following boundary values are considered:

zðwÞ ¼ 0; aðwÞ ¼ ac; ac 2 0;
p
2

	 

. (5)

The solution of the boundary value problem (4)–(5) is denoted by:

z ¼ zðx; ac;w; pÞ and a ¼ aðx; ac;w; pÞ. (6)

For physical reasons these functions has to be considered only for x 2 0; wð � (w—small for thin sheets) and
only if the following conditions hold:

(i) z ¼ zðx; ac;w; pÞ40 for x 2 ð0;wÞ; (7)
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