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Device and method for the production of silicon blocks

The invention relates to a device and a method for the production of silicon

blocks and to silicon blocks produced according to this method.

The production of large-volume silicon blocks is a key step in the produc-
tion process of silicon solar cells. This method step has a decisive influence
on the future properties of the semiconductor material, in particular on the

achievable efficiency of the finished solar cells.

A device and a method for the production of silicon blocks is for example

disclosed in JP 2000/327487 A.

There is however always the need to improve the controllability and repro-

ducibility as well as the cost-effectiveness of such methods.

It is therefore the object of the invention to improve a device and a method
for the production of silicon blocks. Furthermore, it is the object of the in-

vention to provide silicon blocks having an improved structure.

These objects are achieved by a device for the production of silicon blocks,
the device comprising a vessel for receiving a silicon melt, the vessel com-
prising a vessel wall comprising at least one side wall and a bottom as well
as an inside and, an outside, and a central longitudinal axis, and a means
for creating a temperature field on the inside of the bottom which tempera-
ture field has a temperature gradient which temperature gradient, when the
silicon melt cools down, is perpendicular to the central longitudinal axis at

least in some regions of the bottom of the vessel.
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These objects are further achieved by a method for the production of sili-
con blocks, the method comprising the following steps of providing a de-
vice comprising vessel for receiving a silicon melt, with the vessel com-
prising a vessel wall having a bottom, and providing a silicon melt in the

vessel, creating an inhomogeneous temperature field at the bottom of the

vessel when the silicon melt crystallizes.

These objects are further achieved by a silicon block produced in accor-
dance with the method according to the invention, which silicon block has
a predetermined grain size distribution and grain orientation distribution at

least one a side which has crystallized first.

The gist of the invention is to influence the crystallization of a silicon melt

in a targeted manner by defining a temperature gradient at the bottom of a

coquille.

It has been found according to the invention that it is possible to create a
temperature gradient at the bottom of the coquille by means of a lateral
heat flow which fosters the development of long, uniformly oriented den-
drites. This was achieved by a unidirectional temperature gradient. This
was surprising as an inhomogeneous temperature field at the bottom of the
coquille is usually avoided in the crystallization of a silicon melt to prevent

the phase boundary from being negatively affected.

The dendrites forming at the bottom of the coquille allow the further crys-
tal development in the silicon melt to be influenced in a simple manner. In
particular the structural features of the crystallized silicon blocks can be
controlled in a simple manner. In particular the distribution of grain sizes

and grain orientations as well as the shape of the grains and grain boundary
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structures can be influenced in a reproducible manner. It is therefore possi-
ble to produce silicon blocks having a predefined grain size distribution

and grain orientation distribution.

A temperature field with a predefined temperature gradient at the coquille
bottom is achievable in a simple manner by providing the bottom with at
least two regions having different heat conductivities. There may be pro-
vided at least two, in particular multiple, in particular at least three, in par-
ticular at least four discrete regions having in each case a constant heat
conductivity which for any two regions is pairwise different. Alternatively,
the bottom may have a constantly varying, in particular a linearly increas-
ing / decreasing heat conductivity. Likewise, a temperature gradient is

achievable by providing the side wall with regions of different heat con-

ductivity.

In an advantageous embodiment, the bottom comprises portions of at least
two different materials, with the proportion of the individual materials
varying at the thickness of the bottom in the direction perpendicular to the
central longitudinal axis. The materials in particular have different heat
conductivities. They may have a different chemical composition. In another
embodiment, they may also be chemically homogeneous but have different
physical properties in particular in terms of density, crystal structure or ori-
entation. The bottom may in particular consist of regions of different mate-
rials across its entire thickness. In this case, the bottom comprises discrete
adjacent regions of different materials. The bottom can have a constant
thickness throughout. It can in particular have a plane inside. It is conceiv-
able as well for the bottom to be formed of multiple layers, with the contri-
bution of one layer to the total thickness of the bottom increasing / decreas-

ing continuously, in particular linearly, across the extension of the bottom
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in the direction perpendicular to the central longitudinal axis. Instead of or
in addition to the bottom, it is conceivable as well to provide a side wall

which consists of at least two different materials.

The bottom may also comprise at least two regions of different thickness
which is another simple manner of obtaining a temperature gradient at the
bottom of the coquille. Instead of or in addition to providing a bottom with
a locally varying thickness, it is conceivable as well to design the side wall
in such a way as to have a locally varying thickness. A locally varying

thickness can be produced in a simple manner by additional reinforcements

or recesses, in particular blind holes.

Advantageously, the device comprises an insulation unit for insulating the
vessel. The insulation unit comprises at least one bottom insulation ele-
ment. Alternatively or additionally, the insulation unit comprises at least
one side insulation élement. It has been found according to the invention
that arranging a suitable insulation unit allows the temperature field on the

inside of the bottom of the vessel to be influenced in a targeted manner.

Bottom insulation elements comprising regions of different heat conductiv-
ity allow the temperature field on the inside of the vessel bottom to be in-

fluenced in a particularly effective manner.

Influencing the temperature field at the bottom of the vessel in a targeted
manner is also possible using side insulation elements having regions of
different heat conductivity. Regions of different heat conductivities in the
insulation elements may be achieved by reinforcemeﬁts, recesses, 1n par-
ticular bores or different insulation materials. The term “different materi-

als” again refers to materials which differ in terms of their chemical com-
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position or their physical properties. The insulating effect of the insulation
elements can also be influenced by their arrangement relative to the vessel,

in particular by their distance to the vessel.

Preferably at least one of the insulation elements i1s displaceable relative to
the coquille. This is a simple manner of influencing the inhomogeneity of
the temperature field. A displaceable insulation element in particular al-
lows one to influence the starting point of the silicon melt crystallization in
the coquille by an inhomogeneous temperature field before creating a ho-
mogeneous temperature field inside the coquille in the further crystalliza-
tion progress. In other words, it is thus possible to influence the develop-
ment of crystallization nuclei at the bottom of the coquille in a targeted
manner while providing homogeneous, in particular isotropic conditions

for the further crystal growth in the coquille.

Furthermore, the bottom of the coquille may be provided with an active
temperature control unit for creating the inhomogeneous temperature field.
An active temperature control unit refers to a device which, when acti-
vated, allows the heat flow into / out of the coquille to be controlled. This
may for example be performed by means of a heating element or a cooling
element which allows for an active heat transfer. The heating element is
selected from at least one bottom heating element and at least one side
heating element. The cooling element is selected from at least one bottom
cooling element and at least one side cooling element. Advantageously,
there may be provided several temperature control elements of this type.
The temperature field in the coquille can be influenced in a more targeted
and precise manner by means of several temperature control elements

which are controllable independently of each other.
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A displaceability of the at least one temperature control element is a simple
manner of influencing the heat transport into/out of the coquille which 1is

achievable by means of the active temperature control unit.

The method according to the invention allows silicon blocks having a pre-

defined structure to be produced in a simple and reproducible manner.

The silicon blocks produced according to this method have corresponding

advantages.

Further advantages and details of the invention will become apparent from

the description of several embodiments by means of the drawing.

Fig. 1 shows a schematic cross-section through a device accord-

ing to the invention according to a first embodiment; and

Figs.2to 11  show schematic partial illustrations of further embodi-

ments.

The following is a description of a first embodiment of the invention with
reference to Fig. 1. A device 1 for the production of silicon blocks com-
prises a coquille in the form of a vessel 2 for receiving a silicon melt. The
coquille 2 is arranged in a furnace which is generally referred to as process
chamber 3. The furnace 3 is not necessarily used exclusively for heating. It
may also be used for in particular controlled cooling of its interior. In order
to control the temperature, in paﬁicular the temperature field, in the furnace
3, the furnace comprises a first temperature control unit 4 which is only
schematically shown in Fig. 1. Details concerning the design of the furnace

3 and of the temperature control unit 4 can be found in DE 10 2005 013



10

15

20

25

-7 -

410 Al, for example. The temperature control unit 4 may in particular
comprise one or several heating elements as well as one or several cooling
elements. These elements may be arranged in particular in the furnace 3

around the vessel 2, in particular below, next to or above the vessel 2.

The coquille 2 substantially has the shape of a cuboid which is upwardly
open. The coquille 2 therefore has a rectangular, in particular a square

cross-section. A cylindrical coquille having a round cross-section is how-

ever conceivable as well.

The coquille 2 has a base body 5 in the form of a vessel wall which may be
provided at least with a partial coating 6, in particular an all-over coating in
particular on its inside. The vessel wall 5 comprises at least one, in particu-
lar four side walls 7 and a bottom 8. These walls have in each case an in-
side 9 and an outside 10. The coquille 2 has a central longitudinal axis 11.

The bottom 8 is transverse, in particular perpendicular, to the central longi-

tudinal axis 11.

The vessel wall 5 may comprise components of a selection of quartz,
graphite and ceramics, in particular on the basis of silicon dioxide, silicon

nitride, silicon oxynitride or silicon carbide.

According to the embodiment shown in Fig. 1, the bottom 8 comprises
several abutting regions 12 having different heat conductivities L;. The re-
gions 12 extend in each case from the inside 9 of the bottom 8 to the out-
side 10 thereof. In the direction perpendicular to the central longitudinal
axis 11, the regions 12 have an increasing heat conductivity L;, Ly <L, <
L; < L4. In the embodiment shown in Fig. 1, the side wall 7 shown on the

right has the heat conductivity L4 while the side wall 7 on the left has the
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heat conductivity L;. It is however conceivable as well to provide side

walls 7 having a uniform heat conductivity L.

Generally speaking, the bottom 8 comprises at least two regions 12 having

a different heat conductivity L, L,.

The regions 12 of different heat conductivity L; are a means to create a
temperature field on the inside 9 of the bottom 8 which has a temperature
gradient 13 at least in some regions for crystallization of the melt when the
melt in the coquille 2 cools down, the temperature gradient 13 being per-
pendicular to the central longitudinal axis 11. The temperature gradient 13
is in particular parallel to the inside 9 of the bottom 8. It is in particular
perpendicular to the boundary surfaces 14. In the Figures, the temperature
gradient is in each case represented by an arrow which points in the direc-

tion of decreasing temperature. The temperature gradient 13 is in particular

unidirectional.

The temperature gradient 13 developing on the inside of the bottom 8 when
the melt in the coquille 2 cools down has a positive maximum value which

amounts to at least 0.1 K/cm, in particular at least 0.5 K/cm, in particular at

least 1 K/cm.

The regions 12 abut against each other at boundaries 14. According to the
embodiment shown in Fig. 1, the boundaries 14 are perpendicular to the
inside 9 of the bottom 8. The boundaries 14 are parallel to the central longi-
tudinal axis 11. The different regions 12 therefore have a cuboid shape.

Alternative shapes of the regions 12 are however conceivable as well.
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The different heat conductivity L; of the regions may be achieved by select-
ing suitable materials. In other words, the bottom 8 has different materials
in the different regions 12. “Different materials” means that the materials
differ in terms of their chemical composition and/or in terms of their physi-
cal properties, in particuiar their density. Different densities may for exam-

ple be achieved by suitably sintering a ceramic base material.

Generally speaking, the bottom 8 comprises at least two different materials
which have a varying contribution to a thickness D of the bottom 8 in the
direction perpendicular to the central longitudinal axis 11. The thickness D
of the bottom 8 may be constant in particular across the entire extension of

the bottom 8 in the direction perpendicular to the central longitudinal axis

11.

According to the embodiment shown in Fig. 1, the bottom 8 has the same
composition in each region 12 across the entire thickness D thereof. The
contributions of the different materials to the thickness D of the bottom 8

vary in discrete steps in the region of the boundaries 14.

The following is a description, with reference to Fig. 2, of another em-
bodiment of the invention. Identical parts are denoted by the same refer-
ence numerals as in the first embodiment to the description of which refer-
ence is made. Differently designed parts having the same function are de-

noted by the same reference numerals with an a added to them.

The bottom 8a of the coquille 2a shown in Fig. 2 comprises two different
materials of different heat conductivity L;, L,, in particular L, < L,, whose
contribution to the thickness D of the bottom 8a increases or decreases con-

tinuously, in particular linearly in the direction perpendicular to the central
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longitudinal axis 11. The bottom 8a in particular has a wedge-shaped insert
15, with the heat conductivity L, of the wedge-shaped insert 15 differing
from the heat conductivity L in the remaining region 12a of the bottom 8a.
The heat conductivities of the regions 12a differ in particular by at least
5%, in particular by at least 10%, in particular by at least 20%. The differ-
ent heat conductivities of the regions 12a cause a temperature gradient 13
to develop on the inside of the bottom 8 when the melt in the coquille 2
cools down, the temperature gradient 13 amounting to at least 0.1 K/cm

perpendicular to the central longitudinal axis 11.

According to the embodiment shown in Fig. 2, the bottom 8a comprises
two layers. There may however also be provided more, in particular three,
four or even more layers in the bottom 8a. What is important is that at least
one layer has a varying thickness, in particular in the shape of a wedge, in

the direction perpendicular to the central longitudinal axis 11.

As an alternative to the embodiment shown in Fig. 2, it is conceivable as
well to produce the entire bottom 8a from a uniform material but with a

varying thickness D. This also results in a heat conductivity L of the bot-

tom 8a which differs from region to region.

The following is a description, with reference to Fig. 3, of other embodi-
ments of the invention. Identical parts are denoted by the same reference
numerals as in the first embodiment to the description of which reference is
made. Differently designed parts having the same function are denoted by

the same reference numerals with a b added to them.

According to the embodiment shown in Fig. 3, the bottom 8b of the co-

quille 2b has regions of different thickness D. The thickness D may in par-
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ticular be reinforced by an additional layer 16 as shown by way of example
on the left of Fig. 3. The additional layer 16 may consist of the same mate-
rial as the rest of the bottom 8a. It may also consist of a different material.
It may be arranged on the inside 9 or on the outside 10 of the bottom 8b.
As an alternative or in addition to a reinforcement of the bottom 8b, the
bottom 8b may have a locally reduced thickness D which is obtained by
one or several recesses 17 as shown on the right of Fig. 3. The recesses
may also be in the form of grooves 17. These grooves 17 are located on the
inside or outside of the bottom 8b and run preferably across the entire co-
quille bottom 8b whose thickness D is to be reduced. The recesses 17 are in

particular in the form of blind holes. They may also be funnel-shaped.

Generally speaking, the bottom 8b has a variable cross-section. A variable
cross-section is provided if the bottom 8b has different cross-sections in at
least two planes which are parallel to each other and to the central longitu-
dinal axis 11. The insulation capability of the bottom 8b can be increased

by reinforcing the thickness D thereof and reduced by reducing the thick-

ness D thereof,

The thickness D of the bottom 8b may vary in discrete steps or continu-

ously, in particular linearly.

The following is a description, with reference to Fig. 4, of another em-
bodiment of the invention. Identical parts are denoted by the same refer-
ence numerals as in the first embodiment to the description of which refer-
ence is made. Differently designed parts having the same function are de-

noted by the same reference numerals with a ¢ added to them.
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According to the embodiment shown in Fig. 4, there is provided an insula-
tion unit 18 comprising two bottom insulation elements. There may also be
provided more than two bottom insulation elements 19, 20. The bottom
insulation elements 19, 20 are in direct contact with the outside 10 of the
bottom 8c of the coquille 2¢c. They have at least locally different heat con-
ductivities Ly, L,, in particular L; < L,. Corresponding to the embodiments
described above, this may be achieved by different materials. The bottom
insulation element 19 may for example consist of hard felt while the bot-
tom insulation element 20 consists of graphite. Other materials are con-
ceivable as well. However, they preferably consist of a high-temperature
resistant material. A suitable high-temperature resistant material is resistant

to temperatures up to at least 1000°C, in particular at least 1500°C.

It is of course conceivable as well to produce the bottom insulation ele-
ments 19, 20 from the same material but with a different thickness. The
heat conductivity of the bottom insulation elements 19, 20 may also be in-
fluenced by a defined structuring. If the bottom insulation elements 19, 20
consist of graphite, the bottom insulation elements 19, 20 may in particular

have a different orientation of the crystal structure. This allows the heat |
conductivity of the bottom insulation elements 19, 20 to be influenced. On
the other hand, if hard felt is used, the heat conductivity of the bottom insu-
lation elements 19, 20 can be influenced by their density. The bottom insu-

lation elements 19, 20 may furthermore be provided with recesses or open-

ings.

Generally speaking, the insulation unit 18 comprises at least two regions of
different heat conductivity L;, L,, in particular L; < L,. The insulation unit
18 with the regions of different heat conductivity serves as a means to cre-

ate the inhomogeneous temperature field on the inside 9 of the bottom &,
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the temperature field having at least a local temperature gradient 13 run-

ning perpendicular to the central longitudinal axis 11 when the melt in the

coquille 2 cools down for crystallization.

In the embodiment shown in Fig. 4, the bottom insulation elements 19, 20
abut against each other at a plane boundary surface 21 running through the
central longitudinal axis 11. It is conceivable as well to provide the bottom
insulation elements 19, 20 with a boundary surface which is perpendicular

to the central longitudinal axis corresponding to the bottom 8a according to

the embodiment shown in Fig. 2.

The bottom insulation elements 19, 20 protrude beyond the bottom 8c of
the coquille 2¢ in the direction perpendicular to the central longitudinal
axis 11. It may however also be provided for the bottom insulation ele-
ments 19, 20 to be flush with the bottom 8c or to arrange one or several
bottom insulation elements 19, 20 only in a partial region of the bottom 8c.
The bottom insulation elements 19, 20 may be provided in addition to a
base plate which is not shown in Fig. 4. In this case, they are arranged in
particular on the base plate. Alternatively, the bottom insulation elements

19, 20 may be provided in the base plate.

The following is a description, with reference to Fig. 5, of another em-
bodiment of the invention. Identical parts are denoted by the same refer-
ence numerals as in the first embodiment to the description of which refer-
ence is made. Differently designed parts having the same function are de-
noted by the same reference numerals with a d added to them. According to
the embodiment shown in Fig. 5, the insulation unit 18d comprises two

side insulation elements 22, 23 in addition to the bottom insulation element
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19d. The bottom insulation element 19d may be the base plate described

above.

The side insulation elements 22, 23 are arranged parallel to the side walls
7c¢ of the coquille 2¢. They are arranged at a distance from the side walls
7¢. They may however also be arranged in such a way as to be in direct
contact with the side walls 7c. A bottom end of each of the side insulation
elements 22, 23 abuts against the bottom insulation element 19d. At their
opposite ends, they in each case protrude beyond the side wall 7¢ in the
direction of the central longitudinal axis 11. In other words, they have an
extension in the direction of the central longitudinal axis 11 which is at

least equal to, in particular greater than that of the side walls 7c.

It is however conceivable as well to provide side insulation elements 22, 23
having a smaller extension in the direction of the central longitudinal axis
11 than the side walls 7c. It may in particular be advantageous to arrange
one of the side insulation elements 22, 23 only in the region remote from
the bottom 8¢, in other words in the upper region of the side wall 7¢. This

allows one to further influence, in particular increase the lateral heat flow

in the bottom region of the side wall 7c.

The side insulation elements 22, 23 have different heat conductivities L.
Details concerning the design of the side insulation elements 22, 23 can be

found in the above description of the bottom insulation elements 19, 20.

It is conceivable to form the side insulation elements 22, 23 in each case in

one piece with one of the bottom insulation elements 19, 20.
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The following is a description, with reference to Fig. 6, of another em-
bodiment of the invention. Identical parts are denoted by the same refer-
ence numerals as in the first embodiment to the description of which refer-
ence is made. Differently designed parts having the same function are de-

noted by the same reference numerals with an e added to them.

According to the embodiment shown in Fig. 6, the side insulation element
23e has several openings 24. It has at least one, in particular at least two, in
particular at least three, in particular at least five openings 24. The open-
ings result in a higher lateral heat dissipation compared to the regions of
the side insulation element 23e without openings. The openings may be
bore holes having a circular cross-section. They are preferably arranged in
the side insulation element 23e in such a way as to be on the same level
and parallel to the bottom 8c of the coquille 2¢. Alternatively, two or more

rows of openings 24 may be arranged one above the other.

The temperature gradient 13 perpendicular to the central longitudinal axis
11 may also be increased by producing the side insulation element 22 from

a material having a lower heat conductivity L; than the side insulation ele-

ment 23.

It is conceivable as well to provide an opening 24 in the shape of an oblong
hole in the side insulation element 23e. In this case, the oblong opening 24

is preferably parallel to the bottom 8c.

In a particularly advantageous embodiment, the openings 24 may be clos-

able.
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Corresponding openings 24 may also be provided in the bottom insulation

elements 19, 20.

The following is a description, with reference to Fig. 7, of another em-
bodiment of the invention. Identical parts are denoted by the same refer-
ence numerals as in the first embodiment to the description of which refer-
ence is made. Differently designed parts having the same function are de-

noted by the same reference numerals with an f added to them.

According to the embodiment shown in Fig. 7, the side insulation element

22fhas an additional insulation element 25.

The additional insulation element 25 is arranged in the bottom region of the
side insulation element 22f. It is a component of the side insulation element
22f. It has an extension in the direction of the central longitudinal axis 11
which is smaller than the extension of the side wall 7¢ in this direction. The
extension of the additional insulation element 25 in the direction of the
central longitudinal axis 11 is in particular in the range of 5 cm to 50 cm, in

particular in the range of 10 cm to 30 cm.

The following is a description, with reference to Fig. 8, of another em-
bodiment of the invention. Identical parts are denoted by the same refer-
ence numerals as in the first embodiment to the description of which refer-
ence is made, Differently designed parts having the same function are de-

noted by the same reference numerals with a g added to them.

According to the embodiment shown in Fig. &, the side insulation element
23g has a thickness in the direction perpendicular to the central longitudi-

nal axis 11 which linearly decreases with increasing distance from the bot-
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tom 8c of the coquille 2c. The insulating effect of the side insulation ele-
ment 23g therefore decreases with increasing distance from the bottom 8c
of the coquille 2c¢. At its end remote from the bottom 8c, the side insulation
element 23g has a thickness Dg which is just equal to a thickness Dg of the
side insulation element 22 on the side which is opposite thereto relative to
the central longitudinal axis 11. On the side of the side insulation element
23g whose thickness increases towards the bottom 8c, the temperatures at
the bottom 8¢ of the coquille 2¢ are higher than on the opposite side of the
bottom 8c when the silicon melt cools down for crystallization. The side
insulation elements 23g, 22 thus serve as means for creating an inhomoge-
neous temperature field on the inside 6 of the bottom 8c. The inhomogene-
ous temperature field reduces across the height of the continuously de-
creasing thickness Dg of the side insulation element 23g. This allows the
positive effect of the temperature gradient 13 in the direction perpendicular
to the central longitudinal axis 11 to be focused on the bottom region 8c of

the coquille 2¢ but still be maintained in the direction of the central longi-

tudinal axis 11,

The following is a description, with reference to Fig. 9, of another em-
bodiment of the invention. Identical parts are denoted by the same refer-
ence numerals as in the first embodiment to the description of which refer-
ence is made. Differently designed parts having the same function are de-
noted by the same reference numerals with an h added to them. In the em-
bodiment shown in Fig. 9, there are provided two additional insulation
elements 25h. The additional insulation elements 25h are spaced from the
side insulation elements 22, 23 when seen in the direction perpendicular to
the central longitudinal axis 11. They may also abut against the side insula-
tion elements 22, 23. In this case, the bottom insulation element 19d advan-

tageously does not protrude beyond the bottom 8¢ of the coquille 2¢ in the
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direction perpendicular to the central longitudinal axis 11. The additional
insulation elements 25h are displaceable parallel to the central longitudinal

axis 11 in a direction of displacement 26.

Generally speaking, at least one of the additional insulation elements 25h is

‘ displaceable relative to the coquille 2. Displacement may take place in a

" direction parallel or perpendicular to the central longitudinal axis 11. It is

possible as well for the additional insulation elements 25h to be pivoted in

particular about a pivot axis which is parallel to the respective side wall 7c.

Generally speaking, the insulation units 18, 18d to 18h are asymmetric in
such a way that the lateral heat dissipation from the coquille 2¢ in the re-
gion of the bottom 8c is different on sides of the bottom 8c which are op-
posite to each other. They are therefore means for creating an inhomogene-
ous temperature field on the inside 9 of the bottom 8 which temperature
field has a temperature gradient 13 which is perpendicular to the central

longitudinal axis 11 at least in some regions when the melt in the coquille 2

cools down for crystallization.

The following is a description, with reference to Fig. 10, of another em-
bodiment of the invention. Identical parts are denoted by the same refer-
ence numerals as in the first embodiment to the description of which refer-
ence is made. According to the embodiment shown in Fig. 10, there is pro-
vided an active temperature control unit 27 for creating the inhomogeneous
temperature at the bottom 8c of the coquille 2¢. The temperature control
unit 27 is in particular a second temperature control unit 27 which is pro-
vided in addition to the first temperature control unit 4 and which is con-
trollable independently thereof. The temperature control unit 27 comprises

at least one temperature control element. The at Jeast one temperature con-
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trol element is selected from a heating element 28 and a cooling element

29.

The heating element 28 is again selected from at least one bottom heating
element and at least one side heating element. There may in particular also

be provided several heating elements 28 which are preferably controllable

independently of each other.

Accordingly, the cooling element 29 is selected from at least one bottom
cooling element and at least one side cooling element. There may in par-

ticular be provided several cooling elements 29 which are preferably con-

trollable independently of each other.

The heating element 28, which is a side heating element, is arranged at a
distance from the side wall 7c. It is in particular arranged on the side of the

side insulation element 22 which is opposite to the side wall 7c.

The cooling element 29, which is a side cooling element, is arranged at a
distance from the side wall 7¢. It is in particular arranged on the side of the

side insulation element 23 which is opposite to the side wall 7c.

The heating element 28 is arranged on the side of the coquille 2 opposite to

the cooling element 29.

According to the embodiment shown in Fig. 10, the temperature control
unit 27 comprises both the heating element 28 and the cooling element 29.
It is however conceivable as well to dispense with one of the elements 28,
29. In this case, the temperature control unit 27 comprises exclusively one

or several heating elements 28 or one or several cooling elements 29.
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The side temperature control elements preferably have an extension in the
direction of the central longitudinal axis 11 in the range of 10% to 120%, in
particular in the range of 10% to 30%, or in the range of 80% to 120% of

the extension of the side walls 7¢ in the direction of the central longitudinal

axis 11.

At least one, in particular several, in particular each of the temperature con-
trol elements 28, 29 may be designed in such a way as to be displaceable
relative to the coquille 2c. They may in particular be arranged in such a
way as to be displaceable in the direction parallel or perpendicular to the
central longitudinal axis 11. They may also be pivotable about a pivot axis

which is in particular parallel to one of the side walls 7c.

The following is a description, with reference to Fig. 11, of another em-
bodiment of the invention. Identical parts are denoted by the same refer-
ence numerals as in the first embodiment to the description of which refer-
ence is made. Differently designed parts having the same function are de-
noted by the same reference numerals with a j added to them. According to
the embodiment shown in Fig. 11, the temperature control unit 27j com-
prises both a side heating element 28j and a side cooling element 29j. Fur-

thermore, the temperature control unit 27j comprises several bottom heat-

ing elements 30.

As in the embodiment according to Fig. 10, the side heating element 28]

and the side cooling element 29j are arranged on opposite sides of the co-

quille 2c.
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The bottom heating elements 30 are arranged at a distance from the bottom
8c of the coquille 2¢. They are arranged on the side of the bottom insula-
tion element 19d of the insulation unit 18d which is opposite to the bottom
8c. The bottom heating elements 30 are controllable independently of each
other. Likewise, the side heating element 28] and the side cooling element

29j may also be divided in several segments which are controllable inde-

pendently of each other.

As an alternative to the bottom heating elements 30, there may be provided

bottom cooling elements as well.

The features of the embodiments according to Figs. 1 to 11 may of course
also be combined with each other. In particular the inventive design of the
coquille 2, 2a, 2b according to one of the embodiments shown in Figs. 1 to
3, the design of the insulation unit 18, 18d to 18h according to one of the
embodiments shown in Figs. 4 to 9 and the design of the temperature con-
trol unit 27, 27j according to one of the embodiments shown in Figs. 10
and 11 may be randomly combined with each other. For example, it may be
particularly advantageous to combine an embodiment in which the bottom
8, 8a, 8b of the coquille 2, 2a, 2b has at two least regions of different heat
conductivity L; with an insulation unit 18 comprising several different bot-
tom insulation elements 19, 20 and/or a temperature control unit 27, 27j, in

particular with several bottom heating elements 30.

The following is a description of the method according to the invention for
producing silicon blocks. The device 1 comprising the coquille 2 for re-
ceiving the silicon melt is provided in a first step. Then the silicon melt is
provided in the coquille 2. It is conceivable to fill the silicon melt into the

coquille 2 when the silicon melt has already liquefied. The silicon melt
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may however also be molten in the coquille 2 in the furnace 3. In order to
crystallize the silicon melt in the coquille 2, an inhomogeneous temperature
field is created at the bottom 8 of the coquille. The temperature field in par-
ticular has a temperature gradient 13. The temperature gradient 13 at the
bottom 8 of the coquille 2 causes directed dendrites to form at the bottom 8
of the coquille 2. Adapting the temperature gradient 13 to the geometric
details and thermal properties of the coquille 2, in particular the heat con-
ductivity thereof, in a suitable manner allows particularly long directed

dendrites to form at the bottom 8 of the coquille 2.

The method according to the invention in particular allows at least 10%, in
particular at least 30%, in particular at least 50% of the dendrites forming
at the bottom § of the coquille 2 to have a length of at least 25%, in particu-
lar at least 50%, in particular at least 75% of the entire extension of the bot-
tom 8 in the direction of the temperature gradient 13, in other words in par-

ticular in the direction perpendicular to the central longitudinal axis 11.

The dendrites have a preferred orientation corresponding to the direction of
the temperature gradient 13. This means that at least 10%, in particular at
least 30%, in particular at least 50% of the dendrites forming have an angle

of less than 45°, in particular less than 30°, in particular less than 15° with

the direction of the temperature gradient 13.

As the crystallization progress of the silicon melt in the coquille 2 is deter-
mined to a significant extent by the dendrites serving as crystallization nu-
clei, the method according to the invention allows blocks to be reproduci-
bly formed in such a way as to have a predetermined structure, in particular
a predetermined grain size distribution and grain orientation distribution, as

well as a predetermined shape of the grains and grain boundary structures.
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The structure of the silicon block, in other words a predetermined grain
size distribution and grain orientation distribution, is defined on the side of

the silicon block which crystallizes first. |



10

15

20

25

24 —

Wiss oL

Claims

1. A device (1) for the production of silicon blocks, the device (1) com-
prising
a. avessel (2; 2a; 2b; 2c¢) for receiving a silicon melt, the vessel (2;
2a; 2b; 2¢) comprising
i. avessel wall comprising at least one side wall (7; 7c) and a
bottom (8; 8a; 8b; 8c) as well as
- aninside (9) and
- an outside (10); and

ii. a central longitudinal axis (11);

b. means for creating a temperature field on the inside (9) of the bot-
tom (8; 8a; 8b; 8c) which temperature field has a temperature gra-
dient (13) which temperature gradient (13), when the silicon melt
cools down, is perpendicular to the central longitudinal axis (11) at
least in some regions of the bottom (8; 8a; 8b; 8c) of the vessel (2;
2a; 2b; 2¢); and

c. aninsulation unit (18; 18d) for insulating the vessel (2, 2a; 2b; 2¢)
by means of at least two bottom insulation elements (19, 20), with
the first bottom insulation element (19) comprising at least one re-
gion with a heat conductivity (LLB;) which differs from the heat
conductivity (LLB,) in a region of the second bottom insulation el-

ement (20).

2. A device according to claim 1, characterized in that the vessel wall

comprises at least two regions of different heat conductivity (L;).

3. A device according to claim 1, characterized in that the bottom (8;

8a; 8b) comprises at least two different materials whose contribution to

e
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a thickness (D) of the bottom (8; 8a; 8b) varies in the direction perpen-

dicular to the central longitudinal axis (11).

A device according to claim 1, characterized in that the bottom (8b)

comprises at least two regions in which it has a different thickness (D).

A device according to claim 1, characterized in that at least two side
insulation elements (22, 23; 23e; 22f; 23g) are provided, with the first

side insulation element (22; 22f) comprising at least one region with a
heat conductivity (LB;) which differs from the heat conductivity (LB,)

in a region of the second side insulation element (23; 23e; 23g).

A device according to claim 1, characterized in that at least one of
the insulation elements (19, 20, 22, 23; 19d; 23e; 22f; 23g) is displace-
able relative to the vessel (2; 2a; 2b; 2¢).

A device according to claim 1, characterized by at least one active
temperature control unit (27; 27j) comprising at least one temperature
control element (28, 29; 28;j, 29j, 30) for creating the inhomogeneous
temperature field at the bottom (8; 8a; 8b; 8c) of the vessel (2; 2a; 2b;
2¢).

A device according to claim 7, characterized in that the at least one
temperature control element comprises one of the group of at least one
bottom heating element (28; 30) and at least one side heating element

(28; 28j).

A device according to claim 7, characterized in that the at least one

temperature control element comprises one of the group of at least one
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bottom cooling element (29; 30) and at least one side cooling element

(29; 29j).

A device according to claim 7, characterized in that the at least one
temperature control element (28, 29; 28j, 29j, 30) is arranged relative
to the vessel (2; 2a; 2b; 2¢) in such a way as to be changeable in posi-

tion.

A device (1) for the production of silicon blocks, the device (1) com-
prising
a. avessel (2; 2a; 2b; 2¢) for receiving a silicon melt, the vessel (2;
2a; 2b; 2¢) comprising
i. avessel wall comprising at least one side wall (7; 7c¢) and a
bottom (8; 8a; 8b; 8c) as well as
- aninside (9) and
- an outside (10); and
ii. a central longitudinal axis (11); and
b. means for creating a temperature field on the inside (9) of the bot-
tom (8; 8a; 8b; 8c) which temperature field has a temperature gra-
dient (13) which temperature gradient (13), when the silicon melt
cools down, is perpendicular to the central longitudinal axis (11) at
least in some regions of the bottom (8; 8a; 8b; 8c) of the vessel (2;
2a; 2b; 2¢);
wherein the vessel wall comprises at least two regions of different heat

conductivity (L,).

A device (1) for the production of silicon blocks, the device (1) com-

prising
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a. avessel (2; 2a; 2b; 2¢) for receiving a silicon melt, the vessel (2;
2a; 2b; 2¢) comprising
i. avessel wall comprising at least one side wall (7; 7c¢) and a
bottom (8; 8a; 8b) as well as
- an inside (9) and
- an outside (10); and
ii. a central longitudinal axis (11); and
b. means for creating a temperature field on the inside (9) of the bot-
tom (8; 8a; 8b) which temperature field has a temperature gradient
(13) which temperature gradient (13), when the silicon melt cools
down, is perpendicular to the central longitudinal axis (11) at least
in some regions of the bottom (8; 8a; 8b) of the vessel (2; 2a; 2b;
2¢);
wherein the bottom (8; 8a; 8b) comprises at least two different materi-
als whose contribution to a thickness (D) of the bottom (8; 8a; 8b)

varies in the direction perpendicular to the central longitudinal axis

(11).

13. A device (1) for the production of silicon blocks, the device (1) com-
prising
a. avessel (2; 2a; 2b; 2¢) for receiving a silicon melt, the vessel (2;
2a; 2b; 2¢) comprising
i. a vessel wall comprising at least one side wall (7; 7¢) and a
bottom (8b) as well as
- aninside (9) and
- an outside (10); and
ii. a central longitudinal axis (11); and
b. means for creating a temperature field on the inside (9) of the bot-

tom (8b) which temperature field has a temperature gradient (13)
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which temperature gradient (13), when the silicon melt cools
down, is perpendicular to the central longitudinal axis (11) at least

in some regions of the bottom (8b) of the vessel (2; 2a; 2b; 2c¢);

wherein the bottom (8b) comprises at least two regions in which it has

a different thickness (D).

14. A device (1) for the production of silicon blocks, the device (1) com-

prising

a.

a vessel (2; 2a; 2b; 2¢) for receiving a silicon melt, the vessel (2;
2a; 2b; 2¢) comprising
i. avessel wall comprising at least one side wall (7; 7¢) and a

bottom (8; 8a; 8b; 8c) as well as

- an inside (9) and

- an outside (10); and
ii. a central longitudinal axis (11);
means for creating a temperature field on the inside (9) of the bot-
tom (8; 8a; 8b; 8c) which temperature field has a temperature gra-
dient (13) which temperature gradient (13), when the silicon melt
cools down, is perpendicular to the central longitudinal axis (11) at
least in some regions of the bottom (8; 8a; 8b; 8c) of the vessel (2;
2a; 2b; 2¢); and
an insulation unit (18; 18d) for insulating the vessel (2, 2a; 2b; 2¢)
by means of at least two side insulation elements (22, 23; 23e¢; 22f;
23g), with the first side insulation element (22; 22f) comprising at
least one region with a heat conductivity (LB;) which differs from
the heat conductivity (LLB,) in a region of the second side insula-

tion element (23; 23e¢; 23g).
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15. A device (1) for the production of silicon blocks, the device (1) com-
prising
a. avessel (2; 2a; 2b; 2¢) for receiving a silicon melt, the vessel (2;
2a; 2b; 2¢) comprising
i. avessel wall comprising at least one side wall (7; 7¢) and a
bottom (8; 8a; 8b; 8c) as well as
- aninside (9) and
- an outside (10); and

ii. a central longitudinal axis (11);

b. means for creating a temperature field on the inside (9) of the bot-
tom (8; 8a; 8b; &c) which temperature field has a temperature gra-
dient (13) which temperature gradient (13), when the silicon melt
cools down, is perpendicular to the central longitudinal axis (11) at
least in some regions of the bottom (8; 8a; 8b; &c) of the vessel (2;
2a; 2b; 2¢); and

c. an insulation unit (18; 18d) for insulating the vessel (2, 2a; 2b; 2¢)
by means of one of the group of a bottom insulation element (19,
20; 19d) and a side insulation element (22, 23; 23e; 22f; 23g);

at least one of the insulation elements (19, 20, 22, 23; 19d; 23e; 22f;
23g) being displaceable relative to the vessel (2; 2a; 2b; 2¢).



