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Device for holding silicon melt
The invention relates to a device for holding silicon melt.

Usually, in the field of melt metallurgy moulds can only be used once.
There 1s however a need for crucibles that can be used many times, in par-
ticular to reduce costs. It has been established that large volume crucibles
are particularly prone to cracking, which is caused by inhomogeneous
thermal expansion when melting silicon. As liquid silicon has a very low

viscosity it is essential to avoid in a reliable manner the formation of open

cracks to prevent damage to the furnace lining.

Vessels for directly or indirectly holding the melt of a semiconductor mate-

rial are known from JP 3279289 A, JP 58009895 A, JP 58095693 A, JP
58190892 A and JP 60137893 A.

The invention is therefore based on the problem of creating a device for

holding silicon melt with an improved resistance to thermal stress.

This problem is solved by means of the features of claim 1. The core of the
invention consists in the fact that an equalising means is provided in the
crucible wall for equalising mechanical thermal stresses. In this way the

resistance to thermal stress is considerably increased.

Preferably, the equalising means is arranged in the side wall of the cruci-
ble. In this area the temperature gradient is at its highest. Measures for pre-

venting the formation of cracks are therefore particularly important.
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In the simplest case the equalising means is in the form of a cut-out, in par-
ticular an elongated slot. This makes it possible in a particularly simple

manner to compensate for uneven thermal expansion.

In the present invention the wording substantially horizontal should be un-
derstood as comprising slots which are basically horizontal but whose pre-
cise orientation can vary depending of the method of making slots. The

slots can be made by handsaw, sawn by different suitable machineries, an-
gle grinder of different kinds or similar tools. Further, the slots can also be

made during the production of a crucible.

For the given purpose it is sufficient for the slot to have a width of in the

region of 0.1 mm to 100 mm. Preferably, widths are in the order of magni-

tude of a few millimetres.

To prevent the cracking of the crucible at the end of the slot, the slot pref-

erably has a rounded end, which is preferably slightly wider than the width

of the slot.

Advantageously, the slot is arranged in the half of the side wall furthest
away from the base of the crucible. In this way the slot can preferably be
designed so that during the melting of the silicon in the crucible its lowest
point is always higher than the melt. In this case, no further, special precau-

tions are necessary to prevent the melt from running out through the slot.

With a slot that is open at the end furthest from the base any stresses in the

side wall are avoided in a particularly efficient manner.
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Filling the slot with a filler material, in particular powder packing, prevents

the melt running out through the slot in a particularly simple and efficient

manner.

By specifically selecting a material with a specific thermal conductivity
coefficient the thermo-mechanical properties of the crucible can be adapted

to the corresponding requirements.

Series of trials have shown that multiple use crucibles can be produced

with a cross sectional area of up to 90 x 90 cm’” and greater.

By having an edge strip with a lower thermal conductivity coefficient than

the base material of the crucible the temperature gradient in the crucible

can be reduced.

The displaceability of the side wall relative to the base of the crucible pre-

vents the formation of cracks in the transitional area between the latter.

According to the invention a device for holding a silicon melt comprises a
crucible, which partly surrounds an inner chamber for holding the melt,
with a base and at least one side wall made of a base material, wherein the
crucible comprises at least one equalising means for equalising mechanical

thermal stresses. Preferably the equalising means is arranged in the at least

one side wall.

Preferably the equalising means is designed in the form of a slot with slot
edges, wherein the slot edges are designed in particular to be parallel at

least in sections or run towards one another.
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Preferably one or more substantially horizontal slots are arranged in one or

more of the side walls.

Preferably the one or more substantially horizontal slots extend circularly

through all side walls.

Preferably the one or more substantially horizontal slots extend non circu-

larly but partly in one or more side walls.

Preferably two or more horizontal slots are arranged without substantial

horizontal overlap.

Preferably the slot at one end comprises a crack-preventer in the form of a
rounding, whereby the rounding preferably has a radius of curvature, which
is at least as large, in particular at least one and a half times as large, pref-

erably at least twice as large as the width of the slot.

Preferably the at least one slot is arranged in the half of the side wall fur-

thest from the base.
Preferably the at least one slot is open as its end furthest from the base.

Preferably the equalising means is filled at least partly with a filler mate-
rial, whereby the filler material is a tightly packed powder, in particular a

combination of the elements silicon, nitrogen and/or oxygen.

Preferably the side wall for reducing the temperature gradient comprises at

least one area of inhomogeneous thermal conductivity.
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Preferably the inner chamber has in particular a quadratic, cross sectional

area of at least 400 cm? and preferably 8,100 cm? to 12,100 cm?.

Preferably in the region of one free end of the side wall opposite the base at
5 least one cover strip is provided, whereby the cover strip is preferably

made of a material with a thermal conductivity coefficient (A;), which is at

least as high as the thermal conductivity coefficient (Ag) of the base mate-

rial, A < Ag, in particular Ap, £ 0.9 x As.

10 Preferably the cover strip covers the free end of the side wall by at least

50%, in particular at least 80%, preferably completely.

Preferably the side wall is designed at least in part to be displaceable rela-

tive to the base, in particular to be removable from the base.

15
Preferably the base has a lateral edge, which surrounds the side wall pe-

ripherally.

Preferably between the edge of the base and the side wall a free space is

20 formed, which is filled with a filler material for sealing the crucible.

Preferably the base 1s made at least partly from a first material with a ther-
mal conductivity coefficient (Ag) and the side wall is made at least partly of

a second material with a thermal conductivity coefficient (Ag), whereby Ay

25  differs from Ag, in particular Az > Ag.

Further advantages and details of the invention can be taken from the de-

scription of several exemplary embodiments with reference to the draw-

mgs.
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Figure 1 shows a schematic view of a crucible according to an exem-
plary embodiment of the invention,

5 Figure 2 shows an enlargement of a section of area II of Figure 1,
Figure 3 shows an enlargement of a section of area III of Figure 1,
Figure 4 shows a schematic view of a crucible according to an exem-

10 plary embodiment of the invention,

Figure 5 shows a cross sectional view of the side wall of the crucible

according to Figure 4,

15 Figure 6 shows a view according to Figure 5 according to an exem-

plary embodiment of the invention,

Figure 7 shows a cross sectional view of a crucible according to an
nft 11

exemplary embodiment of the invention,

20
Figure 8 shows a partial cross sectional view of a crucible according to

a further exemplary embodiment of the invention,

Figure 9 shows a view according to Figure 8 of a further embodiment

25 of the mvention,

Figure 10 shows a view according to Figure 9 of a further embodiment

of the invention,
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Figure 11  shows a schematic view of the embodiment according to Fig-

ure 10,

Figure 12 shows a view of a crucible according to an exemplary em-

bodiment of the invention and

Figure 13 shows a view according to another exemplary embodiment of

the invention.

In the following an exemplary embodiment of the invention is described
with reference to Figures 1 to 3. A device according to the invention for
holding a silicon melt comprises a crucible 1, which surrounds an inner
chamber 2 for holding the melt at the bottom and around the edge. The cru-
cible 1 comprises a base 3 and four side walls 4. The side walls 4 are ar-
ranged parallel to a longitudinal direction 14. They can also be aligned

obliquely to the longitudinal direction 14 for easier removal of the hard-

ened melt 9 from the crucible 1.

h1ie ha

The inner chamber 2 has a rectangular design. It thus has a rectangular,
preferably a quadratic cross sectional area Q. The side length of the cross
section Q of the inner chamber 2 is at least 20 cm and preferably 90 to 110
cm. The cross sectional area Q is thus at least 400 cm® and preferably
8,100 to 12,100 cnr’. In principle, a crucible 1 with an alternative, in par-

ticular a round cross section, is also possible.

The inner chamber 2 is delimited by the crucible 1 in a liquid-tight manner

from the outside.



WO 2011/067201

10

15

20

25

PCT/EP2016/068378

-8 -

The base 3 and the side walls 4 are made of a base material. The base mate-
rial has a thermal conductivity coefficient Ag. The base material preferably
has a low longitudinal expansion coefficient og. The longitudinal expan-
sion coefficient ag is in particular less than 20 x 10° K™, preferably less
than 5 x 10° K™, preferably less than 3.5 x 10° K. The base material can

be selected in particular from silicon nitride and/or silicon carbide and/or a

different silicon-ceramic.

To equalise mechanical stresses, which may be caused by the uneven
thermal expansion of the crucible 1 when heating or cooling the latter, at
least one cut-out is provided in the side walls 4. The cut-out is designed in
particular as a slot 5 with slot edges 6. The slots 5 form an equalising
means for equalising thermo-mechanical stresses. In general, the equalising

means has a thermal conductivity coefficient A, which differs from that of

the base material.

Various alternatives are possible for the design and arrangement of the
slots 5. The slots 5 are arranged in a side wall 4. Depending on the size of
the crucible 1 one or more slots 5 can be provided on each side wall 4. Tt is
also possible, to arrange the slots 5 in an area of a side edge 7 of the cruci-
ble 1 where two side walls 4 abut with one another. The slots 5 each have a
width B of in the region of 0.1 mm to 100 mm, in particular less than 10
mm, preferably less than 5 mm. At one end the slots have a crack-
preventer in the form of a rounding 8 to prevent the cracking of the cruci-
ble 1. The rounding has a radius of curvature R of at least 0.05 mm, in par-
ticular at least 0.1 mm, in particular at least 0.25 mm, in particular at least
0.75 mm. Preferably, the radius of curvature R of the rounding 8 is at least
as large, in particular at least one and a half times as large, preferably at

least twice as large as the width B of the slot 5. The slots 5 are designed to
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be open at their other end furthest from the base 3. They are preferably ori-
ented to be vertical. They can however also run obliquely or horizontally in

the side wall 4. According to the exemplary embodiment described with

. reference to Figures 1 to 3 of the mvention, the slots 5 are arranged respec-

tively in the half of the side wall 4 furthest from the base 3. They are ar-
ranged in particular such that their lowest point lies above the maximum

filling level hp., of the melt 9 in the crucible 1.

The slot edges 6 are aligned to be parallel to one another. They can also be

designed to run conically towards the inner chamber 2 or to widen towards

the inner chamber 2.

To produce the crucible 1 according to the invention the slots 5 are made in
the side walls prior to sintering. Alternatively, the slots 5 are made in a pre-

sintered crucible 1 or formed in the latter after the sintering of the crucible

1.

In the following, with reference to Figures 4 to 6 another embodiment of
the invention is described. Identical parts are given the same reference
numbers as in the exemplary embodiment described with reference to Fig-
ures 1 to 3, the description of which is referred to here. In this exemplary
embodiment the slots 5 extend below the maximum filling height hy., of
the melt 9 in the crucible 1. As shown in Figure 4, the slot 5 can extend in
particular along the entire height of the side wall 4. In principle, it is also
possible to have a slot 5 in the base 3. In order to prevent the melt 9 run-
ning out, the slot 5 is filled at least up to the maximum filling level hy,,y
with a filler material 10. Preferably, the slot 5 is filled completely with the
filler material 10. The filler material is preferably a tightly packed powder,

which is also referred to as powder packing. The powder packing is pref-
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erably a metallic non-wetted material. The filler material 10 fills the slot 5
in a sealing manner. The filler material 10 comprises in particular a combi-
nation of the elements silicon, nitrogen and/or oxygen. For insertion into
the slot 5 the filler material 10 can comprise organic and/or inorganic addi-
tives, for example vinyl and/or acetate and/or cellulose. It can also contain
up to 1 % of a liquefier and/or up to 5 % of a binding agent. Further injec-
tion moulding additives are also possible. To insert the filler materials 10
into the slot 5 an injection method is used, in particular a powder injection
moulding method, preferably a ceramic powder injection moulding method

(CIM). Alternative methods are also possible however.

According to the variant represented in Figure 5 the slot edges 6 are ar-
ranged parallel to one another. According to an alternative variant shown in

Figure 6, the slot 5 has a cross section with a wedge-shaped area.

In the following with reference to Figure 7 another exemplary embodiment
of the invention is described. Identical parts have the same reference num-
bers as in the preceding exemplary embodiments, the description of which
is referred to here. Structurally different, but functionally similar parts have
been given the same reference numbers with an additional a. The differ-
ence from the preceding exemplary embodiments is that, in the exemplary
embodiment according to Figure 7, the side walls 4 are arranged displace-
ably relative to the base 3a. In this case the side walls 4 are still connected
in a liquid-tight manner to the base 3. The side walls 4 can be connected in
particular in a removable manner to the base 3a. The base 3a has a lateral
edge 11, which surrounds the side walls 4 around the outside. The edge 11
is arranged in particular to be parallel to the side walls 4. Between the edge

11 of the base 3a and the side wall 4 a free space 12 is formed. The free

space 12 is filled with a filler material 10 for sealing the crucible 1a. In this
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way a liquid-tight connection is ensured between the side walls 4 and the
base 3a. Preferably, the base 3a is completely covered with filler material
10. In this way at the same time as sealing the crucible 1a any adhesion of
the melt 9 to the base 3a can be prevented. For details about the filler mate-

rial 10 reference is made to the preceding exemplary embodiment.

The base 3a can be made at least in sections from a material with a thermal
conductivity coefficient Ag, which differs from the thermal conductivity

coefficient Ag of the material of the side wall 4. In particular the value is 2p

> A,

Of course, the crucible 1a can comprise one or more equalising means ac-

cording to the preceding exemplary embodiments.

In a preferred embodiment the crucible 1a works together with a furnace,
not shown in Figure 7, so that closing the furnace leads to the pressing of
the side wall 4 onto the base 3a with a defined force. In this way the tight-

ness of the crucible 1a is ensured in a particularly reliable manner.

In another embodiment of the present invention, removable side walls 4 are
arranged at a bottom plate as the base 3. According to this embodiment
said bottom plate is equipped with depressed slots. This embodiment is not
shown in the figures. The inside of the sidewalls arranged at the depressed

slots of the bottom plate can also be coated by a chosen silicon containing

material.

In the following with reference to Figures 8 to 13 several variants of a fur-
ther exemplary embodiment of the invention are described. Identical parts

are given the same reference numbers as in the previous exemplary em-
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bodiments, the description of which is referred to here. Structurally differ-
ent, but functionally similar parts have the same reference numbers with an
additional b. According to these exemplary embodiments, the side wall 4b
in the region of its end remote from the base comprises one or more cover
strips 13. Thus the side wall 4b to reduce the temperature gradient in longi-

tudinal direction 14 has an area of inhomogeneous thermal conductivity.

The cover strip 13 is preferably designed to be peripheral. It covers at least
50 %, in particular at least 80 % of the free edge of the side wall 4b. Pref-
erably, the cover strip 13 covers the entire peripheral edge of the side wall
4b. The cover strip 13 has in longitudinal direction 14 a wall thickness W
of at least 2 mm, in particular at least 5 mm. The cover strip 13 has an ex-
tension in longitudinal direction 14. The extension of the cover strip 13 is
in particular at most 50 %, in particular at most 30 %, in particular at most

10 % of the extension of the side wall 4.

The cover strip 13 can be designed to be of one piece. Preferably, the cover
strip 13 is designed to consist of several pieces. The cover strip 13 can
comprise in particular one or more pieces per side wall 4. In this way
cracks caused by thermal stresses are prevented from being formed in the
crucible 1b between the cover strip 13 and the side wall 4. The cover strip
13 can lie loosely on the side wall 4b. It 1s then displaceable in particular in
a direction perpendicular to the longitudinal direction 14 against the side
wall 4b. Alternatively, the cover strip 13 can rest in a form-closed manner
on the side wall 4b. It can, as shown in the Figures, have an L- or U-shaped
cross section. A rectangular cross section 1s also possible. The cover strip
13 can be designed in particular as an aligned extension of the side wall 4b.
This variant corresponds essentially to the exemplary embodiment of the

invention described with reference to figures 1 to 3 with a peripheral slot 5
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running parallel to the base 3 with an infinitesimal width B. In other words,
the side wall 4 in this variant is provided with a peripheral subdivision. The
subdivision runs obliquely, in particular perpendicular to the longitudinal
direction 14. It can run parallel to the base 3 or obliquely in relation to the
latter. The subdivision can also be profiled, as shown in Figures 8 and 10,

for example stepped, in particular L-, V- or U-shaped.

The cover strip 13 is made from a material with a thermal conductivity co-
efficient A, which is at most as great as the thermal conductivity coeffi-
cient Ag of the side wall 4, preferably A, < Ag, in particular Ap <0,9 x Ar.
The material for the cover strip 13 can be selected for example from reac-
tion bonded silicon nitride (RBSN) and/or nitrite bonded silicon nitride
(NBSN) with a lower density. NBSN with lower density has a greater po-

rosity and therefore a lower thermal conductivity than RBSN.

The cover strip 13 can also comprise an outer strip 15. The outer strip 15 is
arranged on the outside of the crucible 1b. It is firmly secured to the inner

part of the cover strip 15, in particular adhered. The outer strip 15 is made

of graphite for example.

The features of the various exemplary embodiments, in particular the
equalising means designed as a cut-out or subdivision, the side wall 4 con-
nected removably with the base 3a and the side wall 4 with an area of in-
homogeneous thermal conductivity, in particular with cover strips 13, can

of course be combined freely with one another.

The crucibles 1, 1a, 1b according to the invention have a reduced tendency

to crack and an improved resistance to thermal stress. They are therefore

particularly suitable for multiple use.
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Fig. 13 shows a crucible with horizontal slot 5 above the surface of the
melt 9. The slot level in the side wall 4 can vary in longitudinal direction
14 and can be arranged above or below the melt level. For slot level below

5 the melt level an application of filler material 10 is to be used. The substan-
tially horizontal extension of the slots 5 can vary. The slot 5 can be

arranged around all side walls 4 or partly at one or more side walls 4.

Another embodiment of the invention is to provide more than one substan-
10 tially horizontal slot 5 at different slot levels in the side wall 4, Those sub-
stantially horizontal slots 5 can be arranged circular at all side walls 4 or
partly at one or more side walls 4. A preferred embodiment is the arrange-
ment of several non circular slots at different slot levels with or without

substantial horizontal overlapping as shown in Fig. 13.

15
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Claims

1.

Device for holding a silicon melt comprising

a) a crucible (1; 1a; 1b), which partly surrounds an inner chamber (2)

for holding the melt, with
i. abase (3;3a)and
ii. atleast one side wall (4; 4b) made of a base material,

b) wherein the base material is selected from silicon nitride and/or sil-
icon carbide and/or a different silicon ceramic,

c) wherein the inner chamber (2) is limited by the crucible (1; 1a; 1b)
in a liquid-tight manner,

d) wherein the crucible (1; 1a; 1b) comprises at least one equalising
means (5) for equalising mechanical thermal stresses,

e) wherein the equalising means (5) is designed in form of a slot, and

f) wherein the inner chamber (2) has a cross sectional area (Q) of at

least 400 cm?.

Device according to claim 1, characterised in that the equalising

means (5) is arranged in the at least one side wall (4; 4b).

Device according to one of the preceding claims, characterised in
that the slot (5) has slot edges (6), wherein the slot edges (6) are de-

signed in particular to be parallel at least in sections or run towards one

another.

Device according to one of the preceding claims, characterised in
that one or more substantially horizontal slots (5) are arranged in one

or more of the side walls (4).
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Device according to claim 4, characterised in that the one or more
substantially horizontal slots (5) extend circularly through all side

walls (4).

Device according to claim 4, characterised in that the one or more
substantially horizontal slots (5) extend non circularly but partly in one

or more side walls (4).

Device according to claim 6, characterised in that two or more hori-

zontal slots (5) are arranged without substantial horizontal overlap.

Device according to any of the claims 3 to 7, characterised in that the
slot (5) at one end comprises a crack-preventer in the form of a round-
ing (8), whereby the rounding (8) preferably has a radius of curvature
(R), which is at least as large, in particular at least one and a half times

as large, preferably at least twice as large as the width (B) of the slot
(5).

Device according to one of claims 3 to 8, characterised in that the at
least one slot (5) is arranged in the half of the side wall (4; 4b) furthest
from the base (3; 3a).

Device according to one of claims 3 to 9, characterised in that the at

least one slot (5) is open as its end furthest from the base (3; 3a).

Device according to one of claims 3 to 10, characterised in that the
equalising means (5) is filled at least partly with a filler material (10),
whereby the filler material (10) is a tightly packed powder, in particu-

lar a combination of the elements silicon, nitrogen and/or oxygen.



MCSLLP
-17 -

12. Device according to one of the preceding claims, characterised in
that the side wall (4; 4b) for reducing the temperature gradient com-

prises at least one area of inhomogeneous thermal conductivity.

13. Device according to one of the preceding claims, characterised in
that the inner chamber (2) has in particular a quadratic, cross sectional

area (Q) of 8100 cm? to 12100 cm?.

14. Device according to one of the preceding claims, characterised in
that in the region of one free end of the side wall (4b) opposite the
base (3; 3a) at least one cover strip (13) is provided, whereby the cover
strip (13) is preferably made of a material with a thermal conductivity
coefficient (Ar), which is at least as high as the thermal conductivity

coefficient (Ag) of the base material, A;, <Ag, in particular A;, <0.9 x Ag.

15. Device according to claim 14, characterised in that the cover strip
(13) covers the free end of the side wall (4b) by at least 50%, in particu-
lar at least 80%, preferably completely.

16. Device according to one of the preceding claims, characterised in
that the side wall (4) is designed at least in part to be displaceable rela-
tive to the base (3; 3a), in particular to be removable from the base (3;

3a).

17. Device according to one of the preceding claims, characterised in that
the base (3a) has a lateral edge (11), which surrounds the side wall (4,
4b) peripherally.
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18. Device according to claim 17, characterised in that between the edge
(11) of the base (3a) and the side wall (4; 4b) a free space (12) is

formed, which is filled with a filler material (10) for sealing the crucible

(1; 1a; 1b).

19. Device according to one of the preceding claims, characterised in that
the base (3a) is made at least partly from a first material with a thermal
conductivity coefficient (Ag) and the side wall (4; 4b) is made at least

partly of a second material with a thermal conductivity coefficient (Ag),

whereby Ap differs from Ag , in particular Ag > Ag.



