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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.

5
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.
10

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-

15  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.
20
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
25  for creating a temperature field on the inside of the bottom which tempera-
ture field has a temperature gradient V\;hiCh 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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The production of |arge-volunme silicon blocks is a key step in the
production process of silicon solar cells. This nethod step has a deci sive
i nfluence on the future properties of the sem conductor material, in
particular on the achievable efficiency of the finished solar cells. A
device and a nethod for the production of silicon blocks is for exanple
disclosed in JP 2000/ 327487 A. There i s however always the need to

I nprove the controllability and repro-Ibducibility as well as the
cost-effectiveness of such nethods. It is therefore the object of the
invention to _inprove a devj ction of silicon
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i nhonogeri@ousa predpermingd eriinalizt distribneohaht @niaforicheativasiistibutienat he
silicon nelt crystallizes.. These objects are further achieved by a silicon

bl ock producd@ast angasite-whish bas giyvstilkized fifst hod according to the invention,
whi ch silicon block has '

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

15  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-
20  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.

25  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



10a predetermned grain size distribution and grain orientation

di stribution at | east one a side which has crystallized first. The gi st
of the invention is to influence the crystallization of a silicon nelt in a
targeted manner by defining a tenperature gradient at the bottomof a
15coquille. It has been found according to the invention that it is
possible to create a tenperature gradignt at the bottomof the coquille by
nmeans of a |ateral heat flow which fosters the devel opnent of |ong,
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regions of different heat conductivity. n ‘an advant ageous enbodi nent,

t he bottom camhidvable ipoptivading ahe aidel waBtwith regions of different heat con-
ductivity.
15
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
20  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
25 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



two different materials, with the proportion of the individual materials
varying at the thickness of the bottomin the direction perpendicular to

the central
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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 element. 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 1s also pbssible using side insulation elements having regions of
different heat conductivity. Regions of different heat conductivities in the
insulation elements may be achieved by reinforcements, recesses, in par-

ticular bores or different insulation materials. The term “different materi-

_ als” again refers to materials which differ in terms of their chemical com-



in the direction perpendicular to the central |ongitudinal axis. Instead of
or in addition to the bottom it is conceivable as well to provide a side
wal I which consists of at |east two different materials. 5 The bottom nay
al so conprise at |least two regions of different thickness which is another
si npl e manner of obtaining a tenperature gradient at the bottom of the
coquille. Instead of or in addition togsroviding a bottomwith a |ocally
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 10
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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
20 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 1is
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,
25 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.



10 nogeneous tenperature field inside the coquille in the further
crystal i zati on progress. In other words, it is thus possible to influence
t he devel oprment of crystallization nuclei at the bottomof the coquille in
a targeted manner while providing honbgeneous, in particular isotropic
.conditions for the further crystal growh in the coquille. 15 Furthernore,
the bottom of the coquille may be proquppd with an active tenperature
control unit for creating the i nhonbgeneous tenperature field. An active
tenperature control unit refers to a device which, when activated, allows

t he heat fl into / out th illetob troll ed,. Thi. 0 f
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el enrent and at | east one side cooling elenent. Advantageously, 25 there may
be provided several tenperature control elenents of this type. The
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| east one tenperature control elenent is a sinple manner of influencing the

heat transport into/out of the coquille which is achievable by nmeans of the
active tenperature control unit. .5 The. net hod accor.ding to the invention
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sinple and repQaduekdl e manner. The silicon bl ocks produced according to

this met hod have correspondi ng advant ages. 10 Further advantages and
details of0 the invention will becone apparent fromthe description of

several enbodinments by neans of the awi ng.. Fi 1shows a schenmtic
cross-secti o@?%%@&ﬁgﬁawr@e&%@g&g‘- e 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-

15 ing to the invention according to a first embodiment; and

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

ments.

20  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

25 may also be used for in particular controlled cooling of its interior. In order
to control the temperature, in particular 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



15ing to the invention according to a first enbodinent; and Figs. 2 to
11show schematic partial illustrations of further enbodi- nents. 20 The
following is a description of a first enbodi ment of the invention with
reference to Fig. 1. A device 1 for the production of silicon bl ocks
conprises a coquille in the formof a vessel 2 for receiving a silicon
el t. The coquille 2 is arranged in a_furnace which is generally referred
to as process chanber 3. The furnace 3 is not necessarily used exclusively
for heating. It 25 nmay al so be used for in particular controlled cooling of
its interior. In order to control the tenperature, in particular the
tenperature 418 6?> gﬁ’f expanpley héﬁete@}’eﬁ’i‘é"ef ‘iﬂnr‘iré’iémétoﬁ'dpg%ég partigylag
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control unit eemaits.bEhdsousiements Diayl Oc 202ng6d 3n péarticuddkOnAhe fiioracexanpl e. The
tenperature control unit 4 may in particular conprise one or_several
heating el ensmpundibewsssel sindratigilarshslew anext 4 pr apvelthereetssl 2.These el enent s
may be arranged in particular in the furnace 3 around the vessel 2, in
parti cul a|5 bel ow, next to or above the vessel 2. 5 The coquille 2

subst anti al | yTHeasoduliée 3habstanfialty Badtetshape off al Cubspdvahildy isoperardlkhe

coquille 2 therefore has a rectangular, in particular a square

cross- sect i ompeA. dyeicnguilteal bherpfivtel kashaviceigngulas undpastioslsr gesquath | s
however conceivabl e .as | l.. .10 1The clge\q/#i l.le 2 ha(i a baset. body, 5 in the
form of a vesSBISSREHPIvR; SHNAHGA OIS PHARE 3ToHBd STOsSFR Bal?cfvlv'al coati ng
6, in particul\RF gitedldbico¥BkelOating in particular on its inside. The
vessel wall 5 conprises at |east one, in particular four side walls 7 and a

bottom 8.10These wal | s have in each case an in- 15 side 9 and an outside 10.
(ransverse, | TPOGRILE BFS pEPBSHADCAILTE foniRa ‘6 Pl TBROTUdDal axi s
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silicon 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-
15 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,
20  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-

25 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 _Li, Li<L;<

. L3<L41n :_th_é_'em_bodiment shown in _F'ig. 1,_th¢ side wall 7 shoWn on the

rightl'-:h.afs the hea’t.conduCt'ivity L, while the side wall 7 on.the left has the



nitride, silicon oxynitride or silicon carbide. According to the enbodi nent
shown in Fig. 1, the bottom 8 conprises several abutting regions 12 having
di fferent heat conductivities L. The re- 25 gions 12 extend in each case.
fromthe inside 9 of the bottom8 to the out- side 10 thereof. In the
direction perpendicular to the central |ongitudinal axis 11, the regions 12
have an increasing heat conductivity Lig Li < L2 < L3 < L4. In the

enbodi ment 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 8 heat

conductivity LI. It is however .conceivable as 11t rovide side walls 7
havi ng a uni fl\?PWﬂ%(H{CtIEHM\gﬁbt £\J$ fpwever conqeryable, pp Wélpg%lﬂr%ﬂ,ge tSHE bottom 8

conpri ses at LARS ' . di fferent heat conductivity LI,

L2. The regi o‘%l@%iéh%%ﬁ%l?%%ie@enth% e@%%ﬁ?ﬁ vity Li are a neans to create

a tenperature field on the inside 9 of the bottom 8 which has a tenperature
Generally speaking, the bottom 8 comprises at least two regions 12 having

5 adifferent 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
10  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-
15  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
20  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
25 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.



gradient 13 at least in sonme regions for crystallization of the nelt when
the 10 nelt in the coquille 2 cools down, the tenperature gradient 13 being
perpendicul ar to the central |ongitudinal axis 11. The tenperature gradi ent
13 is in particular parallel to the inside 9 of the bottom8. It is in
particul ar perpendicular to the boundary surfaces 14. In the Figures, the
tenperature gradient is in each case represented by an arrow which points
in the direc- 15tion of decreasing tenperature. The tenperature gradient 13
is in particular unidirectional. The tenperature gradient 13 devel opi ng on

the inside of _.th ottom 8 en. th lt in.the coguil.l.e cool s down has a
posi tive mxi%@é?%gﬁﬂi@\ﬁ@%’éﬂ’ﬁmg theregionsduay g@?@‘?/“éﬁy $5Yarti cul ar
at least 0.5 i . | S . i 21abut
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bottom 8. The_ boundaries 14 are parallel to the central |ongitudinal axis
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heat conddcti Vi 0 e regions na eve y sefecting suitable

nmaterials. |plebbachievediby stitedlpsintepifigh dwrsmit Bdsenenéridataterial s in the
different regions 12. "Different material s" nmeans that the materials differ.
in ternms of their chem cal conposition and/or in ternms of their physi-

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

10  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.

15  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.

20 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.

25
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



5cal properties, in particular their density. Different densities may for
exam+ ple be achieved by suitably sintering a ceram c base materi al
General |l y speaking, the bottom8 conprises at least two different naterials
whi ch have a varying contribution to a thickness D of the bottom8 in the
10 direction perpendicular to the central |ongitudinal axis 11. The

t hi ckness D of the bottom 8 may be copiégnt in particular across the entire
extension of the bottom8 in the direction perpendicular to the central

| ongi tudi nal axis 11. 15 According to the enbodi nent shown in Fig. 1, the

bottom 8 has ;the s conposition in_each region 12 across the entire
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decr eases cortpidevelopl gn theningiet ofcthk dotionh8awhen the mplks inithecoquite 2

per pendi cul ar_t he central - 10 - lopgitudinal axis  11. T gttom8a in
ar {1 cul ar - heooR (ENBeerapRsEeradiea 1 o foeiia EEHALa SR y L. o
the wedge- shapegkrdi@firito tRe Sbrtfaf Iddpgubii@hkieg 1heat conductivity L1 in the
remai ni ng region 12a of the bottom8a. The heat conductivities of the
regions 1®a differ in particular by at least 5 5% in particular by at

| east 10% in partjcular by at |east 20% The different heat conductivities
of the regi orAccordinggsbe £ombadiment ﬂi’oé“’rbﬁrhgi‘%r%’ tEQ%PHOH‘e RICBPPHSCY he i nsi de

of the botto & cBAY hbRel bide $ 1d:RBrcbenmper at ure
gradient 13 g\n@un ?I]rglth %eat é)f eg‘gte %%i&ﬁ?%%dpe?%deﬁgfééu gr%?'g étrﬁe e'g’ent ral
| ongi t udi nal faxt 6r 8en thOre 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

15 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-

20  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
25 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-



.According to the enbodi nrent shown in Fig. 2, the bottom 8a conprises two

| ayers. There may however al so be provided nore, in particular three, four
or even nore layers in the bottom8a. What is inportant is that at | east
one | ayer has a varying thickness, in particular in the shape of a wedge,
in 15the direction perpendicular to the central |ongitudinal axis 11. As an
alternative to the enbodi ment shown in f[g. 2, it is conceivable as well to
produce the entire bottom8a froma unitormmaterial but with a varying
thickness D. This also results in a heat conductivity L of the bot- 20 tom

8a which differs from r.eqi to regi Th |1 i i d | pti ,
Wrth T of er endioulas BRTGIGEeg Py R ASATIRBLEY ST Huft SR Bnb oy RIERePBlE
| denti cal par ¢ d : - f in.the first
enbo mant |t T HE 6 SEPRY BITRY ahBfioRaTey et CREDEEnAWTRNAL Sarte plelp 12 ) 1S

desi gned par triul havhagest bethedroetoh Be.tlt etayadlso damvidt @d abdifferent smrialef er ence
nunerals with a b added to them_  ticular be reinforced by an additional

:ayer 16 as Jh&wy hg/awggeﬁforeskmﬁﬁiée&nmt%theewtsiéﬁ 16; ¢f thg bottea 8Bidi t i onal
16 i st of : . i al. 8a. |
o oh o L KRR kg 08 ORI bRl Pt o BT P

may al so _ rranged on he insi de
9 or on the qykdhflgbRaphatd e 1b@élgﬁfedﬁbed thiénesd Rhiee at ddteined Hyn addi tion

to a reinforcement of the bottom the bottom 8b may have a l|ocally
reduced t hi ckaneser fveral abcdssesobt ab sbawhyonothe ghtsefvBigaB. Theaseessesi7 as

shown on the right of .Fig..3. The rec may al so be i.n the fgrm of
grooves 17. 'I*H%‘gglsag%’@ggs foyn g (grp%%eéﬁ?;%ﬁﬁ?et%gqu%*ﬁged?ca&ﬁfgﬁl of the
bot t om 8b andp§iHe JPlLBIFIAHE theafi@ns 8b RBd §0h ipk&efaBly dQoduitk! @tiRoEs.om 8b
whose thickness Dis to be reduced. The recesses I7 are in

10  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
15 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.

20  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-
25  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.



particular in the formof blind holes. They may al so be funnel -shaped.
Ceneral |y speaking, the bottom 8b has a vari able cross-section. A variable
cross-section is provided if the bottom 8b has different cross-sections in
at 15 least two planes which are parallel to each other and to the central
| ongi tudi nal axis 11. The insulation capability of the bottom 8b can be

[ ncreased by reinforcing the thickness{$ thereof and reduced by reduci ng
the thickness D thereof. 20 The thickness D of the bottom 8b nmay vary in
di screte steps or continuously, in particular linearly. The followng is a
description, wth reference i of angt er em bo inentﬂﬁf t he

ta Flg., 4,
i nvention. | dacrording t?)étﬁet %‘nﬁ?(ﬁn@é‘ﬂ&%’ﬁn H}/F’cgh ﬁ%lsrl?erf)?é ed 58 13 %'. nuner al s
as in the fi r%ﬁﬁ?%&ﬁp@g&g thB%d ﬁFfdsQfah?Hei%fmé’fm.%eF@ﬁﬁg% fd © made.

Differently c}e5|gned par ving the same tunction are dendted by the same
ref erence numproaidsd whorde than teddeattdm ihfidanon elehients ABC20.dThe botiotrhe
enbodi nent shown in Fig. 4, there is provided an_jnsulation unit 18
conpri si ng t issWaiemiemeats hq’i@naréllérfgfﬂ% contagh withdle gnisilepl) gf the ded rore

than two Rott ' | .atii o : t T M i el enent s
19, 20 ar§ [ nb%gt]iol%lggg O?E)Hnet éalocck%h?\né?ﬁ ’I[Skheéghoat}’t% gdlt éeeafg%}%gw ;31 #éérgﬁﬁ%%{tgmg& of the
coquill e 2c. dtedyitieals, By, ih pagiculewndgl< v, dCdirespendingaatthe embuditentd i es LI,
L2, in particular L1 < L2. Corresponding to the enbodi nents descri bed
above, this rdegciteedaatinivey Bds maydhe addvievad baddfaremtsmateriglshdhe dettoRsul at i on
el enent 19 may f.or ex I onsi st of hard felt il he .bott gm i nsul ati on
el enent 20 cdﬁ%‘i‘l%tt‘%n 8@%@6%?{‘3& %‘lﬁ?@?ﬂpralrﬁtcgﬁl%ﬂ %tm%rrgefglctgﬁ”ﬁ“%o&lge Fabl e as
vel | Howeveront BRWIR0RT @EmBhY26 @BASE dIf gr@dphitd OfhRIRe takE @ré @shSt ant
material. A suitable high-tenperature resi s?ant material is resistant to
t enper at ules agpvabte as wedladHow®@O.Chey rprefarably wbasistaof & dagh-tebiBOQurd t i s of
course concei vabl e as V\Bll| to. ;ﬂ,r ogu%e the bottom insul ati Pn el.e-

resistant material. A suitable high-temperature resistant material 1s 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-

15 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

20  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.

25
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 &,



15 ments 19, 20 fromthe sanme material but with a different thickness. The
heat *‘conductivity of the bottominsulation elenents 19, 20 may al so be

i nfluenced by a defined structuring. If the bottominsulation elenents 19,
20 consist of graphite, the bottominsulation elenents 19, 20 may in
particular have a different orientation of the crystal structure. This

al lows the heat 20 conductivity of the;pottominsulation elements 19, 20 to
be i nfluenced. On the other hand, if hard felt is used, the heat
~conductivity of the bottominsulation elenments 19, 20 can be influenced by
their density. The bottom ipsul.ati el ements 19, 20 may.furthernore be
provi ded wi t #h¢ é%%%ré%lr%?%e!fgﬁwlﬂééﬂ%t égﬁﬁqléFWe@E‘gﬁkgrﬁ%‘,emt Lg TMsul ati on
unit 18 CO”Prdnﬁgpe@fenéii%é‘%} 1§ MR E@aPlbheRthdiial A6 QN twhGAtheGRBEHEtHevI LY LI,
L2, in particu L1 < L2. The insulation unit 18 with the regions of

di fferent heabquitkkducddlyddwnder argstaHhzatiomeans to create the i nhonbgeneous
tenperature field on the inside 9 of the bottom8, - 13 - the tenperature
field having at | east a |ocal tenperature gradient 13 running perpendi cul ar
to the centr [ | nal ' ' { id!lg 2 cools
down for ?rygbéb??ggﬁﬁgﬁgﬁghﬁﬁhﬁﬁéﬁéﬁggﬁ?kgﬁggghgﬁgﬂ?%Q%ngﬂﬂ!it e bottom
insul ation elm®ienidnstPackOttrbut a pietwiundéayhuefabel | aindngtlaoeglhchendar y
surface 21 running through the central longitudinal axis 11. It is

concei vabl e asniel longisuginahaxds 11 hlé lfb@lftcéﬂﬁag]@sfm vell shpevideeiie Hottom 20 with a
boundary surf.ace which is . p ndi.cul.ar t.o the nt.r-al . 1ongitudinal axis
correspondi ndnfl'ﬁatf%glﬁgltef@nf%g%a‘gg@Patforliléld?’lg %fagﬁév héﬁbbs ??g%rfd{‘glﬁ%\?m in Fig.
2. The bot t ory,itRs bdifal dhedtu RN hgis EBrresfdnaipt touHE bbay@ngh ddeerdid tom 8c of
the coquille 2c in the dirtection perpendicular to the central |ongitudinal
axis 11. 10t rthy embwdineentahswnheFgg.@dvi ded for the bottominsul ation ele- 15

ments 19, 20 to be flush with the bottom 8c or to arrange one or several
bottominsulation elements 19, 20 only in a partial region of the bottom

8c. The bottOmeL a%xﬁtihanﬁﬁérﬁeﬁﬁ{emsl%, Y %@%ﬁﬁ?go bRY e Hoitbmagidpt i on to a

base plate which 1s not shown in Fig. 4. ase, they are arranged in
particul ar ornhtheqbike2pliatthe dietom ptipealicnlat te thetdeotal hsigitadineh el enent s

2019, 20 may be provided in the base plate. ) _
axis 11. It may however also be provided for the bottom insulation ele-

15 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

20 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-
25 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



The followng is a description, with reference to Fig. 5, of another em
bodi ment of the invention. ldentical parts are denoted by the sane refer-
ence nunerals as in the first enbodi nent to the description of which refer-
25 ence is made. Differently designed parts having the sane function are
de- noted by the same reference nunerals with a d added to them According
to the enbodi nent shown in Fig. 5, theyjnsulation unit 18d conprises two
side insulation elements 22, 23 in addition to the bottominsul ation
elenent - 14 - 19d. The botton1|nsulat|on el enent 19d may be the base

pl ate descri bed 0 The s de insulation elenments 22, 23 anged
paral l el to tid: j?'ﬂé’q}ifé’m sy aﬁ@n qe‘f‘ﬁ@ may ke B‘k? aﬁﬁéﬁatﬁr‘gsﬁrﬂ?%{]ged at a
di st ance fror‘gbb side walls 7c. They may however al so be arranged in such
a way as to bein direct contact with the side walls 7c. A bottom end of
each of the side insulation elenments 22, 23 abuts against the bottom

i nsul ation el enent 19d. At their opposi te ends, theﬁ in each case protrude
beyond the sithe wide¢ insplation Qlﬁ@em@ 23 3 cre amapged pasabidriorthe sidsnyalsudi nal

axis 11. he, evr ex nS| ctlo of t he
central | 3ng|0% udi § glcogume %‘1 czﬁe éqe lsé%]ncglfh?%qhe 1d|5avly ticul ar
greater than ’Ich?ﬂle?fmi)hﬁoﬁﬂed@ 84 s a?ﬁmgéd in Sud‘lsz%f af enbeliy Anleet as wel |
to provide side insulation elenents 22,

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 7c¢ in the

10  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
15 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 8c, in other words in the upper region of the side wall 7c. This
allows one to further influence, in particular increase the lateral heat flow

20  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.

25
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.



15 having a smaller extension in the direction of the central |ongitudinal
axis *11 than the side walls 7c. It may in particul ar be advantageous to
arrange one of the side insulation elenments 22, 23 only in the region
renmote fromthe bottom8c, in other words in the upper region of the side
wall 7c. This allows one to further influence, in particular increase the
lateral heat flow 20 in the bottomregjgn of the side wall 7c. The side

i nsul ation elenments 22, 23 have differeht heat conductivities L,. Details
concerning the design of the side insulation elenents 22, 23 can be found
in the above descgrjption of the hottomingul ation _ele qis 9, 20. 25 It is
concei vabl e t0e BIAWIAG 18 agdescHBUP Rt WHR TefearRgs © big. gg) i MOEYEHFBase in one

pi ece wi Lh. O el NSe BRUODYIR YGHLAN pBLE TRMiS oML b7 She simdererT e

following is a descripti erence anot her enmbodi ment

of the inventdned nuhiéeils ks &l thedfirssebedicnote theldestgichasbwhizhaefpce
nunerals as in the first enbodi nent to the description of which reference

i s made. Dif fascens madaeBifigrently designethpamtghavieg greame finciion ase dede- 5
noted by the s reference.nuner al ith.an ded them According to
t he enboditsrrerﬂ()%ﬁmvﬁ’el Sﬁ%ﬁrg.ferg?cetr}]ilﬁeg\é\fﬁéy lfhn%rbggﬁgeo(ﬁtoetbg%nt 23e has several

openings 24. It has at |east one, in particular at least two, in particular
at least three, in particular at |least five openings 24. The open- 10 ings
result in a hhgloedingdbéhabmbedimeiit showatin dng.corthasied insulathan elegicons of t he

side insulatign . elenment. 23e.w thout, openi ngs. The openin may be bore
ol 65 havi ng e SETR GrpisZIH hat Restons, it FrdRERs BTGl e gka t o ¢ he
si de insul at i .onigligMRMead 38rden irP Par ﬁai;f"aa)( 185t 19 Ak ha §RERpLRVEl and
parallel tot elﬁjot tom 8¢ of i heBcolc(fu} e B¢, At renaglgvel Y, tWo or nore 15
rows of dpeniings rédltnaya highat l@age deandissipatvm tdrapatteo .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 2c. Alternatively, two or more

15 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-

20  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.

25
In a particularly advantageous embodiment, the openings 24 may be clos-

able.



The tenperature gradient 13 perpendicular to the central |ongitudinal axis
11 may al so be increased by producing the side insulation elenment 22 froma
material having a | ower heat conductivity L, than the side insulation ele-
20 nment 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
obl ong opening 24 is preferably parall_ﬂil_to the bottom8c. 25 In a
particul arly advant ageous enbodi nent, e openings 24 nmay be closable. -
16 - Correspondi ng openings 24 may al so be provided in the bottom
i nsulation el ements 19, 20. The following is a description, with reference
to Fig. 7, ofCUFesPRBIING Apenings ditfasy alsp berpoyided ar tmbotteia irsudaiionparts are
denot ed by t_flﬁer\aﬁg@lgq rence nunerals as in the first enbodinment to the
description o Ich"térerence is made. Differently designed parts having
the sane function are denoted by the sane reference nunerals with an f
added to them 10 According to the enbodi nent shown in Fig. 7, the side
insul ation elErefalloydnghag descepdon.i with| refarenseator big. &l efeamotizs. emrhe
addi ti onals T gk 8LLOFr BleSTRRNiAS thén Rl BRSS! Berldl BYOBAHETLRP. Of the
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.

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

221 has 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
15  22f It has an extension in the direction of the central longitudinal axis 11
which is smaller than the extension of the side wall 7c 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 c¢m, in
particular in the range of 10 cm to 30 cm.
20
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-

25 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-



side insulation elenent 22f. It is a conponent of the side insulation

el ement 15 22f. It has an extension in the direction of the central

| ongi tudi nal axis 11 which is snmaller than the extension of the side wall
7c in this direction. The extension of the additional insulation elenment 25
in the direction of the central longitudinal axis 11 is in particular in
the range of 5 cmto 50 cm in particngr in the range of 10 cmto 30 cm
20 The following is a description, with'reference to Fig. 8, of another
enbodi ment of the invention. ldentical parts are denoted by the sane
reference nunmerals as in the first enbodi ment to_ the description of which

(rj ef erence i 3 tig’é}d%c. obilrer eaqaillg Ye.dBrg selatipg efiechal thegside ansslationtelerct i on are
- 25 .
ccordi ng. o THY SR BET S MR ol bR AR IEE Pl

According to ) Wi e 1 nsu ion el ement

239 has a thigihessquile RBEALiY efd tedibte Eope thdl Kutlond 8¢,ahé bRleGadlataIn
| ongitudi- nal axis 11 which linearly decreases with increasing distance

from the bot -element723¢g hagranth@kness Phwhachgigijnsteqnal torhdicknssy Bt iohgheef f ect  of

th i de i L at i I t th f dec. th.i i
i stance 1 o GhESHaNPE ARt A A L TE U FPETIS OPROSI BB BRI 1 om t he
bot t om 8¢, 1t hge el IBAHALAA G PO (RIGABRS e Liab GHARARI BB 13 ] ust

equal to a thickness Ds of the 5 side insulation elenment 22 on the side
whi ch i s oppdSigt whoseethetkmesseinatdaves towardsetheenttioal 8tothgittmgemalreasi s 11. On

the side of the side jnsulation, elenent.23g whose _thickness. . increases
t owar ds t he btgf’IbBW? Ce ti‘etcéﬂ%‘élfegﬁﬂr%i“é??mf’é‘ YothepPesitnside R hoqui 1 1e 2¢

are hi gher thﬁ@t : PRASI:{: nﬂ}lg . §d i con nelt
cool s down for 8?@%3%2%@22% %ltrllso eﬁsélgé)ést %W?(r)@tl%g’%s?%lﬁ% ehetﬂ%tgsﬁdzég, 22
t hus servi® asinsiaticn élementseZzig, 19 thiks ssioaDgraro e dredatingy &t inhendoged d on t he
inside 6 of the -bottom 8c. The i nhomygeneoqus tenperature field reduces

across the heleghs tanparaare Hald gludigdnside 6o dbe botdomfice ik he sshomogsnet ne sj de

insul ation el epent 23q. This allows_the posilLi ffect pof the tenperature
gradient 13 i St tﬁglp&f%hér& F‘SIrsﬁi f)eg}lﬁ%snﬁérgﬁﬁ_ g}e hélg}ég 0? ﬁ%e ccgﬁﬁ?%cfusfyoﬁg_i t udi nal
axis 11 to becr_fe&&@t&%ﬁﬂcl_&ibsﬁ e, MOthidd GBuRIROR Cl&hedthE3 L Othid hliewehdut stil |
be maintained in the direction of the central |ongitudinal axis 11.
positive effect of the temperature gradient 13 in the direction perpendicular
15 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-
20  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
25 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 8c of the coquille 2¢ in the



The followng is a description, with reference to Fig. 9, of another em 20
bodi.ment of the invention. ldentical parts are denoted by the sane refer-
ence nunerals as in the first enbodi nent to the description of which refer-
ence is made. Differently designed parts having the sane function are de-
noted by the same reference nunerals with an h added to them In the em
bodi ment shown in Fig. 9, there are preyided two additional insulation 25
el enents 25h. The additional insulation elenents 25h are spaced fromthe
side insulation elenents 22, 23 when seen in the direction perpendicular to
t he central |9ngi.tudinal '

i nsul a- ti on I8 H%‘P]tpgpf?,d%ga.sr t%#h? EE&@QEQ%@@&@JB&% éﬁ\g?hgéhgihggﬁlsﬁgnem
1o, advan L aqgniglycenonh atshomies AR ekckan Bngelapie coou |
11. The addi taxinHl in adivé@ionat didptacenicnit 26h are di spl aceabl e parallel to the
-central longitudinal axis 11 in a direction of displacenent 26.
5 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 1s
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.
10 |
Generally speaking, the insulation units 18, 18d to 18h are asymmetric in
such a way that the lateral heat dissipation from the coquille 2c¢ 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-
15 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.

20 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

25 temperature at the bottom 8c of the coquille 2c. 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 least one temperature con-



5CGeneral | y speaking, at |east one of the additional insulation elenments 25h
s di-spl aceable relative to the coquille 2. Displacenent may take place in
a direction parallel or perpendicular to the central |ongitudinal axis 11.
It is possible as well for the additional insulation elenments 25h to be
pivoted in particular about a pivot axis which is parallel to the
respective side wall 7c. 10 Gbnerally_§§gaking, the insulation units 18,
18d to 18h are asymretric in such a way that the | ateral heat dissipation
fromthe coquille 2c in the region of the bottom8c is different on sides
of the bottom 8c which are opposite to each other. They are therefore neans
for creating EH slémerogsalectedsiromsa hesting elemieat £9 and afealme slggirae 9 of t he
bottom 8 whi cfy tenperature field has a tenperature gradient 13 which is

per pendi cular 'to the central |ongitudinal axis 11 at |east in sone regions
when the nelt in the coquille 2 cools down for crystallization. 20 The
following is a description, with reference to Fig. 10, of another em

bodi nent of tHe hepfiagtalesnent| 2feistaget sqegted frgneatdiepstag hpjtonheating: refer-

ence nuneral s;as _i.n the.first emodi pent. to descri.ptign_ of ich refer-
ence 15 mde caBEbARIS Nt Phe SERIRaMRren b ool ey F paitufiial® o oro:

vi ded an act ipeepro@iied seletaPheRiNg’ emefts 2820hicArars pedbiaBy Eh@rdiBRITOgENeoUs
25 tenmperature at the bottom 8c of the coquille 2c. The ‘tenperature control
unit 27 is i nngependentlyaof cacketivard t enperature control unit 27 which is pro-

vided in addition to the first tenperature control unit 4 and which is con-
troll abl e i ndependently thereof. The tenperature control unit 27 conprises

Accordingly, the cooling element 29 is selected from at least one bottom
10  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
15 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 7c. It is in particular arranged on the side of the

20  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.

25 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.



at | east one tenperature control elenent. The at |east one tenperature con-

= 19~ trol elenent is selected froma heating elenent 28 and a cooling

el enent 29. The heating elenent 28 is again selected from at

bottom heating 5 el ement and at | east one side heating el enent.
in particular also be provided several heating elenents 28 which are

preferably controllable i ndependently each other. Accordingly,

| east one

There may
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cooling element 29 is selected from at “I'east one bottom 10 cool i ng el enent
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trol elements 28, 29 may be designed in such a way as to be displaceable

10  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.

15  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-

nthis
sever al

noted by the same reference numerals with a j added to them. According to -

20  the embodiment shown in Fig. 11, the temperature control unit 27j com-

prises both a side heating element 28] and a side cooling element 29j. Fur-

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

ing elements 30.

25  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.

~



- 20 - The side tenperature control elenents preferably have an extension
i'n 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 5the extension of the side walls 7c in the direction of the central
| ongi tudi nal axis 11. At least one, in particular several, in particular
each of the tenperature con- trol elenmgpts 28, 29 may be designed in such a
way as to be displaceable 10 relative to the coquille 2c. They may in
particul ar be arranged in such -a way as to be displaceable in the

They may al sol IscbpicsPEREE SFBEHS B0gHG Baast Can REHRFS P BERRHeR ar
parallel to one,dfhelddGuiicite Wale sar%%rraﬁ%ﬁ"ﬁ% fgpé Liﬁ&"'o‘??hé BoftolER&1aPL i on,

with reference to Fig.” 11, of ahother e I ment of the iInvention.
| denti cal partion demedeh®d efitheyingiaticeumet i 8d erhécics oppositatsthadottont he fir st

enbodi nent to th escription of which refere is mde, Differently

desi gned par t&- # 9?@9&0%56%@&56?%%% ggﬁr%@tb(g}%&ee@dswdﬁet?wﬁ@aq ference
nuneral s wt j t i h I own in
Fig. 11, \tglher}ftger#pé‘r aqﬁrgeé t@%tﬁ{@gﬂeaﬁng 1(23 feg{f]wgg a&#)g}{eessq%%?ﬁ&glgia g@eﬁgati ng

el ement 28] a9 mayphle wodivided ial evemat séihentswiidte arocantrdilablet @dper at ur e
control unit 27j conprises several bottom heating elenments 30. 25 As in the
embodi ment adwadenthigof eachiqgher10, the side heating el ement 28] and the side
cooling element 29) are arranged on opposite sides of the coquille 2c.

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

10  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
15 l3, 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 bqttom
20 8, 8a, 8b of the coquille 2, 2a, 2b has at tWo least fe’gions of different heat
conductivity L; wi.th 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.

25  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



- 21 - The bottom heating elements 30 are arranged at a distance fromthe
bottom 8c of the coquille 2c. They are arranged on-the side of the bottom
insul ation el enent 19d of the insulation unit 18d which is opposite to the
bottom 8c. The bottom heating el ements 30 are controll abl e i ndependently of
each 5 other. Likew se, the side heating element 28 and the side cooling
el ement 29] may al so be divided in sevegjal segnments which are controllable
i ndependently of each other. As an alternative to the bottom heating
el enents 30, there may be provided 10 bottom cooling el enents as well. The

features of the enbodi nents accordi to Fj .. 1.ta 11 of .course al so
bo combi ned T EREFErGIRbe Mltepap it eoauile B dn the, BHARSES GETSR B ¢ he

e 2, - i i !
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particul ard y i u C i i F } i ttom 20
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heat conduct iofi th¢ doiquidiet i Adapthiguihat tetipethtire gri8dieatmpBt itsithg geometrd

different bottominsul ation elenents 19, 20 and/or a tenperature control
unit 27, 27j ,detailspand theumarprapemics of dreatoqvidile dninhearticwlgr Seehgshcen30. 25 The

followng is escriptien of t met hod agcording to the inyention for
broduct ng. s 1941 bBeE e slGr Ean St a0l R ek el ok YRS,

recei ving t hedenidhitesQ0 fo@h ht the bBfteMl §6LkhkRoguillerst step. Then the silicon
melt is provided in the coquille 2. It is conceivable to fill the silicon

melt intd®&he coquille 2 when the silicon nelt has already |iquefied. The
silicon nelt _- 22 .- m owever also be.nmolten in.the cogquj 2 in the
Furnace 5. | i HerodGREPRERE s SNVeREOR: T PESOMSAIONS o RSk 1 e 2. an

i nhonbgeneou & at fooelid dasti b forinftes coqui |l e.
The tenperat ﬁ‘?%ﬁﬁng{%%%élﬁgg?@ilgtﬂaz?&ﬂg?tgg%%tr?gé? gtf %&gﬁﬁ?ﬁﬁt 137 The

t enper at ur e gatahi¢ bottorit 3 @ftthe bequbllbdttd havda tdngtthef tdeast 5%, 2n patises di r ect ed

dendrites to format the bottom 8 of theocoggli | 1e 2. Adapting the
tenperat ure gehdi leatt S9%0.ip PaRiculiE Shisast ©%e8 el@“é‘?lé“@ﬂ%@%fgﬁr%erti es of
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manner allows parti cular ong rites orma e bottom 8
of the coqui lfigilZ 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
20 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-
25 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.



10 The nethod according to the invention in particular allows at |east 10%
i'n particular at least 30% in particular at |east 50% of the dendrites
formng at the bottom8 of the coquille 2 to have a |l ength of at |east 25%
in particular at least 50% in particular at |east 75%of the entire
extension of the bot- 15tom 8 in the direction of the tenperature gradi ent
13, in other words in par- ticular in_%fie direction perpendicular to the
central longitudinal axis 11. The dendrites have a preferred orientation
corresponding to the direction of the tenperature gradient 13. This neans

that at |east_10% in 0.l east 30 rticul.ar at |east
50% of the d ?tf%'s“rf’o(ﬁjntﬁ" gfgﬁ%aﬁ’gp erqug/%é l?rﬁa%te%mefirgﬁ@rtl cul ar
less than 30ije 1&?155!1&951% gl'ﬁﬁ%ﬂ’éﬁ‘ﬁﬂoﬁs_a@sn\{yﬁtwh G GetHedSst heRid of! he
tenperature gradi ent . e crystallization progress of the silicon
nmelt in the ctbﬂsnihbdneblbckswdeh erystallivewifitstd to a significant extent by the
dendrites serving as crystallization nuclei, the nethod according to the
invention allows blocks to be reproducibly formed in such a way as to have
a predeterm ned structure, in particular a predeterm ned grain size

di stribution and grain orientation distribution, as well as a predeterm ned
shape of the grains and grain boundary structures. - 23 - The structure of
the silicon block, in other words a predeterm ned grain size distribution
and grain orientation distribution, is defined on the side of the silicon
bl ock which crystallizes first. - 24 -



Claims 1. A device (1) for ‘the production of silicon blocks, the device (1)
comprising 5a. a vessel (2; 2a; 2b; 2c) for receiving a silicon nelt, the

vessel (2; 2a; 2b; 2c) conprising i. a vessel wall conprising at |east one
side wall (7; 7c) and a bottom (8; 8a; 8b; 8c) as well as an inside (9) and
10an outside (10); and ii. a central longitudinal axis (11); and b. neans

for creating a tenperature field on thesinside (9) of the bottom (8; 8a;
8b; 8c) which tenmperature field has a tenperature gradient (13) which
tenperature gradient (13), when the silicon nelt 15 cools down, is

per pendi cul ar_to the central |ongitudinal axis (11) at least in sone

regi ons of tHel2HBFtom (8: 8a; 8b; 8c) of the vessel (2: 2a; 2b; 2c).

2. A device according to claiml, characterized in that the vessel wall
20conprises at least two regions of different heat conductivity (Li). 3. A
devi ce accor di.n\ doevick &i nfdt, the pascactien iofsilidon Hlbeks, theeddatd O doBn- 8a; 8b)
conprises at least tw different materials whose contribution to a

t hi ckness (D) ofPTSH¥ bottom (8; 8a; 8b) varies in the direction perpen-

25di cular 5t ot h%. C%r\;ersgél (b;ogzg,i iblilcac'j'%!)r f’a@&ieii/ir(gl%)silicon melt, the vessel (2;
2a; 2b; 2¢) comprising
i. a vessel wall comprising at least one side wall (7; 7c) and a
bottom (8&; 8a; 8b; 8c) as well as
- aninside (9) and
10 - an outside (10); and
il. 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
15 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¢).

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

20 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

a thickness (D) of the bottom (8; 8a; 8b) varies in the direction perpen-
25 dicular to the central longitudinal axis (11).

4. 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).



- 25 - A device according to claim1l1, characterized in that it conprises
an insulation unit (18; 18d) for insulating the vessel (2, 2a; 2b; 2c) by
means of one of the group of a bottominsulation elenment (19, 20; 19d) and
a side insulation elenent (22, 23; 23e; 22f; 23g). A device according to
claim5, characterized in that at |east two bottominsul ation elenents (19,
20) are provided, with the first bottp?gLnsulation el ement (19) conprising
at | east one region with a heat conductivity (LBO which differs fromthe
heat conductivity (LB,) in a re-gion of the second bottom insul ation

el ement (20)._A device accqrding.to clajm5, characteri.zed in that at |east
two side insulath gﬁ“&? ST E‘g(té’z?lal?si» %’éﬁacﬁ%‘%e zwgﬁt"aér”e“BPBWe&&H‘, with the

first side insulati e . ; : i S I . gion with
a heat conducti \}?étd)llé% &@m?%’hi%@f ?%ﬁégqlggﬁﬁmibﬁ%gﬁ%gﬁﬁ%f ioj\}?tl{f(LBZ) in
a region of the nsemeondoat dé thengolipbt aboabaniastlalidd cleadar (KBQP; 18d)devi ce
according to claimb5, characterjzed in that at | east one of the insulation
el enents (19, 2@ndazideomsulaten elegient @9 230230, 228 7Higdp| ace-abl e rel ative to
t he vesselc (2; 2a; 2b; 2c). A device according to claim1, characterized by
at | east One active tenperature control unit (27; 27j) conprising at |east

one tenperat ug.e £dsticeac&réiinb dah 5. 28iardGerizé@jin tBY) atfledst ewedjotng t he
i nhonogeneous tenperature field at the bottom (8; 8a; 8b; 8c) of the vessel

(2; 2a; 2b; 2c).tom-ingdatiohelemenisidat 2Mgare psoraded, (wigh thedfjrsabeltem iheast one
side heating elenent (28; 28) 11.. A device according. to.claim?9,
char actor | 2ed- | HOPHAR SHed(PLSePPHNREST drpR B PE BT &1 af Shtnt
conprises one OfdukﬂﬁitQ(EEp_ whicRldiffeRYtoR ke RetiRmGARNHNAE) agre- (29; 30)
and at | east one side cooling elenment (29; 29j).

10 gion of the second bottom insulation element (20).

7. A device according to claim 5, 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

15 heat conductivity (LB,;) which differs from the heat conductivity (LB,)

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

8. A device according to claim 5, characterized in that at least one of
the insulation elements (19, 20, 22, 23; 19d; 23e; 22f; 23g) is displace-
20 able relative to the vessel (2; 2a; 2b; 2¢). -

9. A device according to claim 1, characterized by at least one acti?e
temperature control unit (27; 27j) comprising at least one temperature
control element (28, 29; 28j, 29j, 30) for creating the inhomogeneous

25 temperature field at the bottom (8; 8a; 8b; 8c) of the vessel (2; 2a; 2b;
2¢).

10. A device according to claim 9, characterized in that the at least one

temperature control element comprises one of the group of at least one



12. A device according to claim10, characterized in that the at | east one
20 tenperature control elenment (28, 29; 28j, 29j, 30) is arranged relative
to the vessel (2; 2a; 2b; 2c) in such a way as to be changeable in

posi tion. 13. A method for the production of silicon blocks, the

nmet hod conprising 15the follow ng steps: providing a device (1) conprising
-a vessel (2; 2a; 2b; 2c) for receiving 8. silicon nelt, with the vessel (2;
2a; 2b; 2c) conprising a vessel wall h&aving a botton1(8 8a; 8b; 8c); and
20- providing a silicon nmelt in the vessel (2; 2a; 2b; 2c); creating an

i nhonbgeneous t ture field at t tom (8; 8a; 8b; 8c) of the vessel
(2: 2a; 2b; 2c)%§}1 almémg.q?r%m fer]] §8b?‘V£@taeP$tz%’§ Sl@ﬁsﬁaatm&e;?mp%n bl ock
produced by a n? @qﬂ; onprising the follow ng steps: providing a device (1)

conprising -- VESS (2; 2a; 2b; 2c) for receiving a silicon nelt, with
t he vessel (2; 2a; 2b; 2c) conprising a vessel wall having a bottom (8; 8a;
8b; 8c); and

11. A device according to claim 9, characterized in that the at least one
5 temperature control element comprises one of the group of at least one
bottom cooling element (29; 30) and at least one side cooling element

(29; 29j).

12. A device according to claim 10, characterized in that the at least one
10 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.

-13. A method for the production of silicon blocks, the method comprising
15 the following steps:
- providing a device (1) comprising
-- a vessel (2; 2a; 2b; 2¢) for receiving a silicon melt, with the
vessel (2; 2a; 2b; 2¢) comprising a vessel wall having a bottom
(8; 8a; 8b; 8c); and
20 - providing a silicon melt in the vessel (2; 2a; 2b; 2¢);
- creating an inhomogeneous temperature field at the bottom (8; 8a;
8b; 8c) of the vessel (2; 2a; 2b; 2¢) when the silicon melt crystal-

lizes.

25  14. A silicon block produced by a method comprising the following steps:
- providing a device (1) comprising
-- a vessel (2; 2a; 2b; 2c) for receiving a silicon melt, with the
vessel (2; 2a; 2b; 2¢) comprising a vessel wall having a bottom
(8; 8a; 8b; 8c); and



- 27 - - providing a silicon nelt in the vessel (2; 2a; 2b; 2c); creating
an 1 nhonogeneous tenperature field at the bottom (8; 8a; 8b; 8c) of the
vessel (2; 2a; 2b; 2c) when the silicon nelt crystallizes, 5characterized
i'n that it has a predeterm ned grain size distribution and grain
orientation distribution at | east one a side which has crystallized first.

-27-

- providing a silicon melt in the vessel (2; 2a; 2b; 2¢);

- creating an inhomogeneous temperature field at the bottom (8; 8a;
8b; 8c) of the vessel (2; 2a; 2b; 2¢) when the silicon melt crystal-
lizes,

5 characterized in that it has a predetermined grain size distribution and
grain orientation distribution at least one a side which has crystallized

first.



