
Method for producing a single crystal composed of silicon by remelting granules The invention relates
to a method for producing a single crystal composed of silicon by remelting granules with the aid of a
device comprising a rotating plate composed of silicon having a central opening and a conical tube
composed of silicon, said conical tube enclosing the opening and extending below the plate composed
of silicon, furthermore a first induction heating coil, arranged shove the plate composed of silicon, for
melting silicon, and finally a second induction heating coil, arranged below the plate composed of
silicon, for crystallizing molten silicon. The method is similar to the floating zone method (El method).
The particular. difference is that, instead of a polycrystalline feed rod composed of silicon,
polycrystalline granules composed of silicon are remelted. The granules can be obtained by
precipitation in the fluidized bed. Dedicated induction heating coils ("inductor coils") are respectively
used for melting the granules and for crystallizing the molten granules, said coils. being situated above
and respectively below a rotating plate composed of silicon. The granules composed of silicon are
melted with the aid of the first induction heating coil and flow as a film of liquid silicon through the
central opening and the conical tube of the plate and form a melt which, in a manner controlled by the
second induction heating coil, is crystallized to foiw a growing single crystal composed of silicon. The
method and devices suitable for carrying out the m od are described in greater detail in DE 102 04 178
Al. DE 10 2008 013 326 Al includes the. description of an induction heating coil for melting granules
which has projecting segments in the center of the lower side, with the aid of which segments the film
of liquid silicon that flows from the plate and through the conical tube to the melt can be heated and
kept  2 



liquid. It has been found, however, that even when a coil of this type is used, is not possible reliably to
prevent a situation in which the tube end of the conical tube becomes narrower and narrower in the
course of the growth of a conically extended section of the single crystal and, finally, freezes up as a
result of silicon undergoing transition to a solid state. It is an object of the present invention to
implement measures which reliably prevent the tube end of the conical tube from freezing up in this
way. The object is achieved by means of a method for producing a single crystal composed of silicon
by remelting granules, comprising crystallizing a conically extended section of the single crystal with
the aid of an induction heating coil arranged below a rotating plate composed of silicon; and feeding
inductively melted silicon through a conical tube in the plate, said tube enclosing a central opening of
the plate and extending below the plate, to a melt that is situated on the conically extended section of
the single crystal and has contact with a tube end of the conical tube, wherein with the aid of the
induction heating coil arranged below the plate, enough energy is provided in order that the external
diameter of the tube end is not smaller than 15 mm as long as the conically extended section of the
single crystal has a diameter of 15 to 30 mm and is crystallized. At the start of the method, the conical
tube, which at this point in time is still closed off at the tube end by a layer of solid silicon, is incipiently
melted at the tube end with the aid of the induction heating coil arranged below the plate, a small
volume of liquid silicon arising. The tube end of the conical tube is. brought to a shortest possible
distance from the internal hole in the induction heating coil, in order that a high energy density can be
inductively transmitted to the  



tube end and the forming volume of molten silicon. Afterward, a monocrystalline seed crystal is
attached to the volume of molten silicon and, in accordance with the FZ method, firstly a thin neck,
then a section of the single crystal that is extended conically as far as an end diameter, and finally a
section having a constant desired diameter are crystallized. The requisite material of molten silicon is
provided by melting of the layer closing off the tube end, by partial melting of the conical tube from the
tube end, by partial melting of the plate from above and later by melting of granules composed of
silicon. In the course of the crystallization of the conically extended section of the single crystal, a melt
forms on the conically extended section, which melt extends through the internal hole in the induction
heating coil arranged below the plate and has contact with the tube end of the conical tube by means
of a solid/liquid phase boundary. When the section having the constant desired diameter is
crystallized, or if appropriate already beforehand, the induction heating coil and the melt are positioned
relative to one another such that the melt extends symmetrically through the internal hole in the
induction heating coil. . The invention it explained in greater detail below with reference to figures.
Figure 1 shows a situation that leads to the tube end freezing up, Figure 2 shows how the tube end is
prevented from freezing up. When the conically extended section of the single crystal is crystallized,
there is the risk of the conical tube narrowing to an increasing extent in the region of the tube end as a
result of solidifying silicon until the tube end is completely closed off. The consequence of this is that
the growth of the single crystal comes to a standstill because molten silicon can no longer be made
available by the conical tube and/or because molten silicon builds up in the conical tube and finally
comes  4 into contact with the first induction heating coil, arranged above the rotating plate composed
of silicon. 



The reason for this is considered by the inventors to reside in the fact that the external diameter of the
tube end of the conical tube during a critical phase in which the conically extended section of the
single crystal has a diamete,. of 15 to 30 mm and is crystallized is not large enough to enable the
liquid/solid phase boundary between the tube end the melt to have a progression that avoids freezing
up. The invention ensures such a progression of the phase boundary by virtue of the fact that, with the
aid of the induction heating coil arranged below the plate, the tube is melted from the tube end to an
extent such that the external diameter of the tube end is not less than 15 ram during the critical phase.
Figure 1 shows the crystallizing conically extended section 1 of the single crystal and part of the
previously crystallized thin neck 2, Further crystal growth is fed by the silicon melt 3 lying on the
conically extended section and by the film 4 of molten silicon that flows on the inner wall of the conical
tube 6 of the plate 5 composed of silicon to the melt 3. The film is produced and kept liquid by incipient
melting of the plate surface by the first induction heating coil 7, arranged above the plate. At a later
point in time, said induction heating coil 7 is also used to inductively melt granules 13 composed of
silicon which are conveyed through a funnel 12 onto the plate 5. The film 4 is then formed principally
by molten granules. The induction heating coil 7 preferably has the features of the induction heating
coil described in DE 10 2008 013 326 Al. The lower side of the plate 5 is cooled, for example by a
coiling device 10. The second induction heating coil 8, arranged below the plate 5 composed of silicon,
is principally operated in the same way as in the FZ method, firstly in order to crystallize in controlled
fashion the section 1 that is extended conically as far as an end diameter, and then in order to
crystallize in controlled fashion the section of the single crystal having a constant desired diameter.
During the critical phase when the diameter of the conically extended section 1 of the single crystal
has grown to 15 to 30 mm and the external diameter D of the tube end of the conical tube 6 is or
becomes smaller than 15 mm, there is a high probability of the conical tube 6 freezing up at the tube
end. The smaller the external diameter D, the more steeply the solid/liquid phase boundary 9 falls
inward from the triple Point T at the outer edge of the tube end of the conical tube 6. Owing to the
gradient, the triple point T tends to be shifted inward along the phase boundary 9. Consequently, the
distance between the melt 3 and the second induction heating coil 8 increases, as a result of which
less energy is transmitted to the melt 3 and the melt 3 threatens to freeze solid at the tube end of the
conical tube 6. Reducing the distance between induction heating coil 8 and melt 3 or increasing the
heating power of the induction heating coil 8 no longer provides a remedy in this situation. Such
measures even foster the increasing narrowing of the tube end because the electromagnetic pressure
then presses the melt 3 and the triple point T even further inward. In order reliably to prevent the
described mechanism from proceeding, with the aid of the induction heating coil 8 arranged below the
plate 5, the conical tube 6 is melted from the tube end to an extent such that the external diameter D of
the tube end is not less than 15 mm during the critical phase. This results in a progression of the
solid/liquid phase boundary as illustrated in figure 2. The solid/liquid phase boundary rises inward from
the triple point T at the outer edge of the tube end of the conical tube 6. The slope suffices to ensure
that the triple point T remains instable fashion at the outer edge of the tube end of the conical tube 6,
and the distance between the second induction heating coil 8 and the melt 3 does not increase. The
diameter of the internal hole 11 in the second induction heating coil 8 is greater than the diameter of
the melt 3 and  



6 is preferably more than 30 mm and not more than 40 mm. The ratio of the external diameter of the
tube end of the conical tube 6 and the diameter of the internal hole 11 is preferably 1:3 or greater,
particularly preferably 1:3 to 4:5, during the critical phase. If the conically extended section 1! has
already grown to a diameter of more than 30 mm, the amount of molten silicon that continues to flow to
the melt generally suffices to prevent the tube end of the conical tube 6 from freezing up, even if the
external diameter D of the tube end of the conical tube falls below 15 mm. Example:    series of single
crystals composed of silicon having a diameter of 100 mm were produced by remelting granules. The
table below shows the number of attachment attempts that were necessary on average in order to
successfully produce a single crystal, to be precise depending on the external diameter of the tube end
of the conical tube in the period of time between reaching a diameter of the conically extended section
of 15 mm and reaching a diameter of 30 mm.  !External diameter of the tube end  



Attachment attempts  less than 15 mm4 15 mm and greater  7 Patent Claims  1. A method for
producing a single crystal composed of silicon by remelting granules, comprising 



crystallizing a conically extended section of the single crystal with the aid of an induction heating coil
arranged below a rotating plate composed of silicon; and feeding inductively melted silicon through a
conical tube in the plate, said tube enclosing a central opening of the plate and extending below the
plate, to a melt that is situated on the conically extended section of the single crystal and has contact
with a tube end of the conical tube, wherein with the aid of the induction heating coil arranged below
the plate, enough energy is provided in order that the external diameter of the tube end is not smaller
than 15 mm as long as the conically extended section of the single crystal has a diameter of 15 to 30
mm and is crystallized.  2. The method as claimed in claim 1, wherein, with the aid of the induction
heating coil arranged below the plate, enough energy is provided in order that the ratio of the external
diameter of the tube end and the diameter of an internal hole in the induction heating coil is 1:3 or
greater as long as the conically extended section of the single crystal has a diameter of 15 to 30 mm
and is crystallized. 


