-1- METHOD FOR PRODUCI NG SILICON I NGOTS  The contents of Gernman patent
application DE 10 2012 201 735.6 and of Gernman patent application DE 10
12012 203 706.3 is incorporated by refer-5ence. The inveﬁwmmmmmmwmmWS to a
‘nmet hod for producing silicon ingots. The invention also a net hod
for producing seed bases for producing a silicon ingot. The“meention
further relates to seed crystals of crystalline sil+-—16-—cen—and the-use of
such seed crystals as a seed base when producing a silicon ingot. Finally
the invention rel at essSMETHODUEOR PRODUTENGCSNIACGON poGONgots. The _
production of silicon ingots is a fundanental step in the production of 15
silicon wafers, particularly for photovoltaic applications. A nethod for
producing silicon ingots_is for instance disclosed in US 2010/0203350 Al.
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silicon ingotsgpcéhe method conprising the followi ng steps: a. providing a
vessel for receiving a silicon nelt, the vessel conprising i. a bottom
whi ch extends in a direction perpendicular to a |ongitudinal direction;
25ii. at |least one side wall; b. arranging a seed_structure conprising a
plurality of dJéwdnpenity mlatento »atethed gﬁr nreduciag sdicon ingotse The daveases

having a cr ySttl%ln 2180 1l & ¥ IIECI%D(?d ?olrlpc}gdglcirngcsteé&) bases for producing a sili-

con ingot. The invention further relates to seed crystals of crystalline sili-

10 con and the use of such seed crystals as a seed base when producing a sili-
con ingot. Finally the invention relates to a crucible for producing silicon

Ingots.

The production of silicon ingots is a fundamental step in the production of
15  silicon wafers, particularly for photovoltaic applications. A method for
producing silicon ingots is for instance disclosed in US 2010/0203350 Al.

There 1s always the need to improve methods of this type.

It 1s therefore an object of the invention to improve a method for producing
20  silicon ingots. This object is achieved by a method for the production of
silicon ingots, the method comprising the following steps:
a. providing a vessel for receiving a silicon melt, the vessel comprising
1. abottom which extends in a direction perpendicular to a longitudi-
nal direction;
25 ii. at least one side wall;
b. arranging a seed structure comprising a plurality of seed bases at the
bottom of the vessel,

1. the seed bases'having a crystal structure with a <110> direction,
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-2 c. with at |east two seed bases being arranged in such a way as to have
110> directions which are tilted relative to each other at an angle in the
range of 0.2 to 10. 5 The gist of the invention is to arrange seed bases
with a known <110> direction at the bottomof a crucible in such a way that
the <110> directions are tilted relatiye to each other. They are in
particul ar arranged in such a way that at |east two seed bases have <110>
directions which are tilted relative to each other at an angle b in the

range of 0.2 to 10 rticularly in 10. the range of 0.5 to 10, particularly
in the range %f ‘fflt?épg,asb%‘q PREd bAsFS glpg@ggaglgp&ghsgqh@fvaiysasitﬁ hﬁgPti cul ar

envi saged to arrangg J : - . le i Vi j nt seed
bases in particul ar h%ée&@ﬁégﬁgﬁgre%ﬁﬁgﬁga%Y%ﬁo %@2%%§nré§%€%e to each
ot her at an angl@ebkahde dfh@2° anggeof 0.2 to 10, particularly in the range of
0.5 to 10, particularTy in the range of 1 15 to 5, particularly of |ess
than 3. The seed bases are in particular arranged in such a way that the

<110> directigns of j acent . seed bases are_jnclined towards each other. It
turned out thiRe &St AthedpyeH LS tofarangs se%iaa%ﬁ MoHs 2 fnewacak ilndi-

occurring in i C f Kk Laht in a
direction parrtgpﬁ(é]ﬁ ggg]%ﬁ]og{oé{rl (I(}?\IP %?@O‘ﬁ P%CIEI i%(%)lﬁl,ltapgabgglak g%u%!a@% Q\E%tg‘g‘s 20 ing
the seed basegedifedrtiafidettd chOofhRY.CTHdyOR t'ﬁgﬁn?édl dlpeddhsheggtion
density in theesi l'i corﬁ1 [ ﬁgote toobe re-duygeg lc nsi derably.” This greatly

i mproves t he way thalat bastistauseeddiasthhawe Ki tOr diragiéns whighent tiltetyelbf t he
seed bases is part of a seed structure. The seed structure 25 may be

di sconnect ed, tivgue cashgihesiatgnanglab m theyrapge §§9_3r°é@é0§d&ﬁi§&1§é1§ymhi ch in
cach Casq g SRR L4 B G YAl 55 gt 1o 1S SRS HBRTRS e
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respondingly. Adjacent seed bases in particular have <110> directions
which are tilted relative to each other at an angle b in the range of 0.2° to
10°, particularly in the range of 0.5° to 10°, particularly in the range of 1°
15  to 5°, particularly of less than 3°. The seed bases are in particular arranged
in such a way that the <110> directions of adjacent seed bases are inclined
towards each other. It turned out that using seed bases of this type allows
dislocations, occurring in the region of the gaps across the entire block
height in a direction parallel to the growth direction, to be reduced. Arrang-
20  ing the seed bases according to the invention thus allows the dislocation
density in the silicon ingot to be reduced considerably. This greatly im-

proves the crystal structure of the silicon ingot.

The entirety of the seed bases is part of a seed structure. The seed structure
25 may be disconnected, thus comprising a plurality of separate seed bases

which in each case have a particular crystal structure, with the seed bases

being separate from each other in the region of the gaps. On the other hand,

the seed structure may also be formed as a connected crystal, thus compris-



ing a plurality of seed bases with in each case a particular crystal
Structure; the gaps between the seed bases, however, have crystallized.
Preferably a seed base is arranged in such a way that its <110> direction
is 5 parallel to the longitudinal direction of the crucible. Starting from
this seed base, its adjacent seed basesjare preferably arranged in such a
way that increasingly larger angles are forned between their <110>
directions and the |longitudinal direction. This ensures that starting from
the bottom of, the cr cible,wige <110> directions of adjacent seed bases are
ori ented towaPds HIH”E% Rfse ?SGPW@%%%°$ q36@ aPSEicHaLEy sl StrugiHst ri cal

W th respect | I [ dicul to tha.battom of the

cruci ble. 15 %grggpgh?@%emggféigﬁ%s’s (g é\begsﬁéveagrggtgﬁ}zgﬁged in such a way
that at | east one of themhas a <110> direction which is tilted towards a
pl ane that is defined by the respective common gap, is essentially parallel
to said gap afférablyes peexdchaselisarrangddia snohtaonayeidt its20 10badirgationiisi ng a
silicon nelt in the crucible, for instance by nelting solid silicon or by
pouring i R arPaprddayhednmestmdinal dimsatigepf the ¢rucible.Stpring Fomathisseedr ed t hat

h db | |y but i ticul ar. onl tiall |t ed.
e oo it AP bt P brd B E b o PSR P s
bases in 1 he Ghdiiol) ARl shOlRArd I MRH bl (eiP UPREAURRLGHR] Al ec-
5tion process. r er Yy e see ases have di nensi ons and/or an

arrangenent donghedipal di@ectivn. tihes esueésathat startiigCiom theYbottdat of te gaps
bet ween adj acent seed bases in each case extend in a region in which the

fini shed sili@oeibledhe <il$0> direcBomreotadjacant seed basesaravoridsteditbwardsed bases
are di nensi oned arrl_g arranged in such a way that the position of the gaps in
the sili Z)n i $A5BtOtB& nci des with the position of the saw cuts made during
boul e production. Correspondingly, it is advantageously intended for the
seed bases to be arranged

Preferably the seed bases are symmetrical with respect to a plane which is

perpendicular to the bottom of the crucible.

15  Particularly, adjacent seed bases are arranged in such a way that at least
one of them has a <110> direction which is tilted towards a plane that is
defined by the respective common gap, is essentially parallel to said gap

and is perpendicular to the bottom wall.

20  When providing a silicon melt in the crucible, for instance by melting solid
silicon or by pouring in an already molten silicon melt, it is in particular
ensured that the seed bases are not completely but in particular only partial-
ly melted. This allows the particular crystal structure and orientation of the
seed bases in the silicon melt to be maintained in a subsequent solidifica-

25  tion process.

Preferably the seed bases have dimensions and/or an arrangement at the
bottom of the crucible in such a way that the gaps between adjacent seed

bases in each case extend in a region in which the finished silicon ingot is



5 at the bottomof the crucible in such a way that the cuts of the
Side-slabs coincide with the position of the outernost seed edges. This
ensures that the sawing | osses due to the sawi ng process are essentially
limted:to those regions where, as a result of the gaps, the silicon
material exhibits a high dislocation degsity so that the | oss of

hi gh-quality silicon material is re- 10 duced. One way of producing the
<110> direction tilt of a seed is to produce and/or prepare seed bases wth

an identical ometry in such a way that. their <110>.orientations are
tilted to varl C‘Héé‘ l‘ég. eAI"‘fQé'Fi?réi!‘W‘é? bases azg, difaensio g9 use seed
bases with a differ . ' . S . bott om of
the crucible a sfuacﬁ a%%)( gﬁ?ﬁ% é%f%ﬁ{)%\rogg%gﬁgtllhoqﬁe gﬁﬁtg Hgﬂg‘ﬁrceogﬂ%ggii bilities

i's concei vabl @ithth#pbsition HF tBEe sy Ratanadé Guﬁﬁgbéﬁ&%mdﬁ@ﬁ&gr(%x’f@' line, i.e.
they consist of a single 20 crystal. Preferably they contain no grain

boundari es. Aspadoglyativadsintageouslysntended dostheseed besasfto thearsmgddbases,
i n other words tructu cont.aj ni ng ] arge-vol une nonqcrystalline regions
and a | ow>nun¥ _egf)ttema@ smﬁh@swc @ Weyn that thrws 9§ thesside-siabs anot her

obj ect of el e O i RefIREN30. { Qe SPCHRGGSRE, Da5ee for

t he production of "silicon i's object Ts i eve hod for

the producti ofheQhwSREbsBASAR tol the sHRAAL cfc@é@éﬂe%sﬁ'&tfa'&'l‘ifr}hﬁhé@% fifbsget hod

steps: 5 a. providing a nonocrystallinhe silicon bloc aving a known

crystal structegiais wherd] a5 altrgyglttdfehsighps; ahe bileok mdterigl exiibitd & higlpl ane, c.
with the cutti'nlg pl.ane having a normal which forns_an angle with a
dislocation density so that the loss of high-quality silicon material is re-

10  duced.

One way of producing the <110> direction tilt of a seed is to produce
and/or prepare seed bases with an identical geometry in such a way that
their <110> orientations are tilted to various degrees. Alternatively it can
15 Dbe envisaged to use seed bases with a different geometry or to place the
seed bases on the bottom of the crucible at an angle thereto. A combination

of the three possibilities is conceivable as well.

The seed bases are preferably monocrystalline, i.e. they consist of a single
20  crystal. Preferably they contain no grain boundaries. A so-called quasi-

monocrystalline structure of the seed bases, in other words a structure con-

taining large-volume monocrystalline regions and a low number of grain

boundaries, is conceivable as well.

25  Another object of the invention is to provide a method for producing seed
bases for the production of silicon ingots. This object is achieved by a
method for the production of seed bases, the method comprising the fol-

lowing method steps:



5<110> direction of the crystal structure of the silicon block in the range
of 0.2 to 10. The gist of the invention is to divide a silicon block al ong
a cutting plane, the cutting plane having a nornal that fornms an angle b
with a <110> direc- 10 tion of the crystal structure of the silicon block
in the range of 0.2 to 10, in particulag.dn the range of 0.5 to 10, in
particular in the range of 1 to 5, in particular of |less than 3. The
silicon block to be divided is preferably a single-crystalline or nono-

15crystalline silicon block. Another abject. of .the invention is to inprove
a seed crystdl dIoridjes amenacTistalling siidan bgfk hayinga Kapwi el 5 seed base

in the productiqﬂ%ﬁgn@.silicon ingot froma silicon nelt. These objects are
achi eved by a seed crystal of 20 crystalline silicon conprising at |east

one region hayi rdvRlingthd sii€or blotk atbfiea Whitify planer i ented perpendicul ar to
a first normal; and b. a crystal structure having a <110> direction, c.

with the <110 diitkeéhé cuttihgplameghanngagiosmal whicthfornsranedngle withea r ange of

0.2 to 10, 25 and use of a seed crystal according to_the jnyention as a

seed for Phe pr oﬂ]u&ﬁ e“&onapétgf:ic&‘ﬁﬁali%Wﬁrogrﬂq%lsgﬁcppé’ﬁﬁﬁﬁﬂ%? I8ge gi st of

the invention is ft(pzp{(?%u:e a seed crystal having a plane first side which
) iTs

I s per pendi cul ar’'to-a t normal and a crystal structure with a

The gist of the invention is to divide a silicon block along a cutting plane,
the cutting plane having a normal that forms an angle b with a <110> direc-

10  tion of the crystal structure of the silicon block in the range of 0.2° to 10°,
in particular in the range of 0.5° to 10°, in particular in the range of 1° to

5°, in particular of less than 3°.

The silicon block to be divided is preferably a single-crystalline or mono-

15  crystalline silicon block.

Another object of the invention is to improve a seed crystal of crystalline
silicon, in particular for use as a seed base in the production of a silicon
ingot from a silicon melt. These objects are achieved by a seed crystal of
20  crystalline silicon comprising at least one region having
a plane first side which is oriented perpendicular to a first normal; and
b. a crystal structure having a <110> direction,
c. with the <110> direction forming an angle with the normal in the range
0f0.2° to 10°,
25 and a use of a seed crystal according to the invention as a seed for the pro-

duction of a silicon ingot from a silicon melt.

The gist of the invention is to produce a seed crystal having a plane first

side which is perpendicular to a first normal and a crystal structure with a



6 <110> direction, the <110> direction formng an angle b with the nornal
in the range of 0.5 to 10, in particular in the range of 1 to 5, in
particul ar 'of less than 3. The first side whose nornmal is tilted relative
to the <110> direction nmay be the upper side or the | ower side of the seed
crystal. The seed crystal preferably hag _a nonocrystalline structure. The
seed crystal nmay be cuboi d-shaped, cylindrical, wedge-shaped or in the
shape of a truncated wedge. The seed crystal can in particular be used as a

onyect of  h*| Tybiergion. 8t o1 | Apticr Eritngen o0g alaf"' el i
Produci ng S1 | headnge s: i B ParEaben R RIEL P § &5 4 Qg%uiaqr a

met hod accor inventiio r-sin on I I'rection, at

l'east one si d@fl\e@d tha@B®, Thé Frbtide Wh@ﬁ@h&‘rﬁél%h%ﬁ%l‘a’tﬁe t@ﬂasklmbfrom a
central region, fornmed in such a way as to rise towards the side wall and

t he surface rmremionahaybclthmuppnnmabemrﬁgllowsr‘srollemfahe sé¢ad erystahgl e of 0.5 to
10 relative 20 to each other. The advantages are the sane as descri bed
above. Thé crucible in particul ar has a bottom which, on a side facing the

interior of t C h pons which are in
each case pl a 'Elg %hegl 4{5%/@ %}ezﬂg\b%ciéa \r%% rﬁﬁiﬁn?%]%u ef’ace normal s of at

| east two 25regions, in particular adj acent regions, being tilted relative
to each other. In other words, the bottom plate of the cruci ble is concave

on its side fHke S@dtdrgsﬁahhﬁlyibrrcuboue-shaﬁeﬂ eltidrical, Weodges skapedrorar
pol yhedr on mhlch |s oPen on one side.
the shape of a truncated wedge.
10 _
The seed crystal can in particular be used as a seed base in the production

of a silicon ingot from a silicon melt.

Another object of the invention is to improve a crucible for a method for

15  producing silicon ingots. This object is achieved by a crucible for a method
according to the invention, comprising a longitudinal direction, at least one
side wall and a bottom, wherein the bottom is, starting from a central re-
gion, formed in such a way as to rise towards the side wall and the surface
normal of various bottom regions form a tilting angle of 0.5° to 10° relative

20  to each other. The advantages are the same as described above.

The crucible in particular has a bottom which, on a side facing the interior
of the crucible, is provided with several regions which are in each case
plane and have a surface normal, with the surface normals of at least two

25  regions, in particular adjacent regions, being tilted relative to each other.

In other words, the bottom plate of the crucible is concave on its side fac-
ing the interior, i.e. the interior forms a convex polyhedron which is open

on one side.



7 Further features and details of the invention wll beconme apparent from
the description of several enbodinments with reference to the drawings in
which 5 Fig. 1shows a diagrammatic cross-section through a crucible for
pro- ducing silicon ingots, the bottom of which being provided with an
arrangenent of seed bases; 10 Fig. 2shows a viewsimlar to Fig. 1 with an
alternative arrangenent of the seed bases; Fig. 3shows an exanple
illustrating the effects of the various ar- rangenents of the seed bases at
the bottom of the crucible; and 15 Fig. 4shows a view of a crucible
according to the invention.

Further features and details of the invention will become apparent from the

description of several embodiments with reference to the drawings in

which
5
Fig. 1 shows a diagrammatic cross-section through a crucible for pro-
ducing silicon ingots, the bottom of which being provided with
an arrangement of seed bases;
10 Fig.2 shows a view similar to Fig. 1 with an alternative arrangement
of the seed bases;
Fig. 3 shows an example illustrating the effects of the various ar-
rangements of the seed bases at the bottom of the crucible; and
15
Fig. 4 shows a view of a crucible according to the invention.
In a method for producing silicon ingots 1, a vessel 2 designed as a crucible
or coquille for receiving a silicon melt 3 is provided in a first step.
20

The vessel 2 has a bottom 5, which is perpendicular to a longitudinal direc-
tion 4, and four side walls 6 which have at least a component extending in
the longitudinal direction. The bottom 5 is in the shape of a square, i.e. the
vessel 2 has a square cross-section. It is however conceivable as well for
25  the vessel 2 to have a different cross-section, in particular a round, in par-

ticular a circular cross-section.

At the bottom 5 of the vessel 2, there is arranged a plurality of seed bases

7. The entirety of the seed bases 7 is referred to as seed structure. The seed



In a nethod for producing silicon ingots 1, a vessel 2 designed as a
crucible or coquille for receiving a silicon nelt 3 is provided in a first
step. 20 The vessel 2 has a bottom 5, which is perpendicular to a

|.ongi tudi nal direction 4, and four side walls 6 which have at |east a
~conponent extending in the |ongitudinal gdirection. The bottom5 is in the
shape of a square, i.e. the vessel 2 has a square cross-section. It is
however conceivable as well for 25 the vessel 2 to have a different
cross-section, in partl%uhgﬁ a.round, in particular a f;ﬁcular

cross- sect i onP35eg 7jile BLe ¥ ohp Zenacgyspalhpe siligonsrystal. Aheyhaveiini con

crystal. They. L 4 . i | € Ly have a
crystal st_ruc&’e{}rﬁé&lva\lll_k B R%g{i‘&ln%}m%a?ﬁ%ﬂ &?r%&gﬁgﬁp@dﬁnfgwlﬁzggﬁg%ﬁé ?JrllﬁlFl gs. 1
and 2 for illgghéwhi<anoPUiRRESH-8 WARHSIERHORASATFids. A #nd P fePRIsEAEEN

separated fromeach other by 5 gaps 9 between the seeds. The gaps 9 between

t he seeds ar epurpoges: flhesbed bases&aare ih waeh dasesseparatepfropeeathcather by o t he
| ongi tudi nal direction 4, the seed bases 7 have a rectangular, particularly

a square or os&ansctbstyieen theseesiseThe gaps 9 betweentthe seedsarens parapdarnt a

cuboi d. They lqr?%/?g in particular one plane first side 10 each which is in
endi

each case perp cular to a first normal 11. The first side 10 is in
particular the | ower side of the seed bases 7. The first side 10 may
however al so be the upper side of the seed bases 7. 15 The seed bases 7 are

arranged at thea Goedtéon perpbndicalay es sied lodgitadsdt Hiractvay4 fthatseed bhgast two
different seed bases 7 have different <110> directions 8. At |east two seed
bases 7 are aidgrigagtangulascpariicikaylysss square srass-segion.diheycare dnpagiomhi ch are

tilted lative.t h h t le.b in.t 0.2 . to 10, i

e P it e B At TheS A skl SRR bR B 1o
5, In parti Cuééb%h »%jc[}q PEP%é“cht&%Q grpendidul o fi%t hbrrhl 1 .tﬂ{%dﬁ&t%% .
adj acent seed bases %o e AoeacH Case arranged In such a way Nat their

<110> directi b0 i@ pargcilar gRAbweRsRlctdfIthe deddebael 7eThe fRRdidO 0@fiayat an
angle b in the range of 0.2 to 10, in Eartlcul ar in the range of 0.5 to 10,

i n particul arhowevdralsabetheafpper slexf the sgett bases7ar of | ess than 3. The
seed 25 bases 7 are tilted in such a way that their <110> directions 8 are
tilted towards each other in the longitudinal direction 4, i.e. starting

fromthe 1%0 ttpH g’ee?ifbatsQ? 7%¢E iﬁlanged at the bottom 5 of the vessel 2 in such a way
that at least two different seed bases 7 have different <110> directions 8.
At least two seed bases 7 are arranged in such a way as to have <110> di-
rections 8 which are tilted relative to each other at an angle b in the range
of 0.2° to 10°, in particular in the range of 0.5° to 10°, in particular in the
20  range of 1° to 5°, in particular of no more than 3°. Particularly it is intend-
ed for adjacent seed bases 7 to be in each case arranged in such a way that
their <110> directions 8 are in each case tilted relative to each other at an
angle b in the range of 0.2° to 10°, in particular in the range of 0.5° to 10°,
in particular in the range of 1° to 5°, in particular of less than 3°. The seed
25 bases 7 are tilted in such a way that their <110> directions 8 are tilted to-
wards each other in the longitudinal direction 4, i.e. starting from the bot-

tom 5 of the vessel 2.



-9 One of the seed bases 7, in particular a central seed base 7, may
preferably be arranged in such a way that its <110> direction 8 is parallel
to the longitudinal direction 4. 5 Starting fromthe central seed base 7,
the seed bases 7 are arranged in such a way that increasingly |arger angles
bi are formed between their <110> directgions 8 and the | ongitudinal
direction 4 which is shown as a dashed arrow in each of the Figures 1 and
2. The closer a seed base 7 is arranged to the edge, i.e. the closer to the
f.ormed 1 di.nal

d |1 , he | h bi
et on 4 H? of Bisked rer dphartiuar facntal stk Baset ey Fretttitions
such that t hevsdedd BEGEHGNSoPunk 180A0S SRR PRIARITLIT fy Rugich case

tilted tovvards eac artl cul arl acent se ases arranged
in such a waymidhail dﬁ*ech@@ﬂt one of them has a <110> direction 8 which is
tilted towards a plane which is defined by the respective 15 gap 9 between
themand is perpendicular to the bottom5 Except for the gaps 9 between

the seeds ,and_ - i f present - p refer e entire bottom
Surt ace of 1 i Bors i ccnpRLse Kast T, SntpoR ees 7 AreHENE D SPRh
particul ar pr ection. It
i s however coén)}:ﬂeg' %ﬁ‘rigérfgs@gﬁf'l g& c,gYe_Lshﬁj%}ggseeclé%g"lgteggV e‘iﬂhgﬁ??g’%

rectangul ar, @gédtipd 8Ce{ﬂ2§t§1e516ﬁgﬂuﬂﬁnal| dirddton £a%foh fsRBoWANEBES dahdg of the
seed base 7 preferably just corresponds to the extension of the bottom5 in

a direction pargendicach af thedFighees| bangiﬂu?ihe\e]osdraeeﬁdbuselv parmnged to the
side wall 6. 25 The seed bases 7 are in particular mrror-symetric to a

central pl anetodhe €Hged. epéhq)@ﬁarrctartae sids Wald 6b8tetlargﬂstma@gié Efggaqd 2. - 10
- In the rect ar to the.|lon directi t he seed
bases 7 i]?!rJ paWthgﬁ?g 53%\9 eapﬂné ScHRS {F§ l%f‘sﬁ&ot??ag ?5‘ g i nt egr al
mitiple of a<pi@! firelidR SRt MaPheSaMRe @irdcr rﬁaﬁpédeﬁ%eédm%s , if
necessary, the wdth is chosen such as to i nel U espective saw ng
gaps. The 7 are in each case tilted towards each other. Partlcularly, adjacent seed ba-

ses 7 are arranged in such a way that at least one of them has a <110> di-

rection 8 which is tilted towards a plane which is defined by the respective

15 gap 9 between them and is perpendicular to the bottom 5.

Except for the gaps 9 between the seeds and — if present — an edge gap 12,
preferably the entire bottom surface of the vessel 2-is covered with seed
bases 7. There are in particular provided 5 x 5 seed bases 7 having a square
20  cross-section. It is however conceivable as well to use 1 x 5 seed bases 7
having a rectangular, striped cross-section. In this case, the longer side of
the seed base 7 preferably just corresponds to the extension of the bottom 5
in a direction perpendicular to the longitudinal direction 4 paraliel to the
side wall 6.
25
The seed bases 7 are in particular mirror-symmetric to a central plane

which 1s perpendicular to the bottom 5 of the vessel 2.



5 wdth B of the seed bases 7 may in particul ar essentially just be equal
to the final boule width. This neans that it differs fromthe wdth of the
boul es to be sawed out of the silicon ingot 1 by no nore than 10% in
particular by no nore than 5% Correspondingly, the edge gaps 12 may have
dimensions in the direction perpendiculgg-to the longitudinal direction 4
whi ch corre- 10 spond to a thickness of the flanks to be renoved. Starting
fromthe central seed base 7 of the enbodi nent shown in Fig. 1, the <110>

direction 8 he,.seed bases .7 forns.increasingly |arger .angl bi with
the Tirar nor b Fiecefn Seammaiw gl s iogfRltng direcBpd . 1 s tasts 15
duci ng or pr L g 5 | Tboéna' ' re detail
bel ow. Al terﬁgﬁ Bgﬁlfpth?tlﬁﬁgqc‘g@g?v‘gmjgg év’gér{'e%sptg(ﬁ;dsg acehit? alsglél bases 7
on the bot - '(Ejpl@l(ﬁaovaidtl‘i@fbﬁﬁfe@tobeahw@ﬂ oub gf ehe diHeSH thgord ; shasvesdary Fi 9. 2.

In this embod- 20 inment, the <110> direction 8 of each seed base 7 may just
coi nci de wi t hthetwidtle spdisen such asto mehudgl the tespeative shwinggapsetheel y defi ne

th it f db 7 t.ne bott 5 of th | 2, :
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be wedge- shapgslsfiyed auttds&héf@ﬂm)n%ﬁ@t ! b?fiﬁ)&h@fb MaHd9% AntRiiailhyeyy, it is
conceivable as well to structure the bottom5 of the vessel 2 in such a way
t hat the <110no diaretharo$’e8 Cofrreshendingly, asedgergdps i2nmegdiave demensibned

relative to the_ | ongitudinal directiop 4 of the vessel as. requi red.
: in the dll'geCtIOIl perpenglcu?ar to the longitudinal d1rect10n%1 Wﬁlclil c%rre-

10 spond to a thickness of the flanks to be removed.

Starting from the central seed base 7 of the embodiment shown in Fig. 1,

the <110> direction 8 of the seed bases 7 forms increasingly larger angles

b; with the first normal 11. This can be ensured by a particular way of pro-
15  ducing or preparing the seed bases 7 which will be explained in more detail

below.

Alternatively, it is conceivable as well to place the seed bases 7 on the bot-
tom 5 of the vessel 2 at an angle thereto, as shown in Fig. 2. In this embod-
20  iment, the <110> direction 8 of each seed base 7 may just coincide with its

respective first normal 11.

In order to precisely define the position of the seed bases 7 on the bottom 5
of the vessel 2, particularly in order to precisely define the <110> direction
25 tilt relative to the longitudinal direction 4 of the vessel 2, spacers 15 are
provided at the bottom 5 of the vessel 2. The spacers 15 may in particular
bé wedge-shaped or in the shape of a truncated wedge. Alternatively, it is

conceivable as well to structure the bottom 5 of the vessel 2 in such a way



After arranging the seed bases 7 at the bottom5 of the vessel 2, the
Silicon 5 nelt 3 is provided in the vessel 2. To this end, solid silicon
may be arranged and nelted in the vessel 2. It is conceivable as well to

melt silicon in a separate vessel and to fill it into the vessel 2 in |
liquid form i.e. as silicon nelt 3. 10jJn both alternatives, a
correspondi ng tenperature control ensures that the seed bases 7 will nelt

only partially but not conpletely. When seen in the |ongitudinal direction
4, no nore than 70%_.in partjcul af .no e than 50%.in ticylar no nore
Chan 3006 of 1At Gecel 165 B& oo SRt bastsaf Ponvarhsasd whed feledte el T 3
is solidified., QI'H%E Iy i i the nelting of
silicon and gtgltﬁg;f?ﬁﬁ ng Hjle Sl flp{g(‘)‘no{]n%ﬁl;%?bé&(lzgﬁdgggé%%d in DE 10 2005 013
410 B4. Once the silicon nmelt 3 has solidified to formthe silicon ingot 1,
the silicon 20 ingot 1 is sawed into boules with cuts that are parallel to
t he | ongi t udi Afier dirarging cle deed baseh 7 at phcobatsem 5 dfthke siessehi2e theasilcenxt ensi ons
of the edge gaps 12, occur .as a vvasteﬁlgoroduct. The silicon ingot 1 is in

particul aP saMel 3 ispsoyided ar thy vessel-nkp this epd. Solidstigaromapdeaart el to the
| ongi tudi nal dir ' Q h ' Cl re. a raight. extensi on
of the | ongi t1%8g§§%ﬁ(§ﬁei@?i18&#}%%%%%@?.Sli\i\ﬁgg%l@?\éayagiwepﬁé @@gﬁél.cglf‘hi S
reduces the ctdd i i Lbd i liouibformt PEN ich
cont ai ns thec%hrait %éifﬁa%teigse%i %ggggﬁgqmtﬁﬂ%igéggsggg1%11%13612“%%%1 ’ 1? E'e?fci %‘li’iﬂl | ed by
crystallizaticon meit 3advant ageously be used as a seed structure for a

subsequent crystallization process. 5 Fig. 3 shows an exenpl ary
cross-section through a silicon ingot 1 produced in a nanner according to

the inventj o T eed bases 7 corresponding to the individual yegi ons and
thei t ™ oot iR AlEEES & s rE RN SRRt ol ensufes dont th oons an
well. As can i : i : fheir
<110> di recti%ﬁg%gg%7&gg]r@g\?vg?%sp%géﬁygpﬂg?g%nn@l%ﬁyl g?laséfff/vié{eh(?uces t he
extensi on of ngltadiahl dire@ivies, d3more than 70%, in particular no more than

50%, in particular no more than 30% of the seed bases 7 are melted.

15  Afterwards, the silicon melt 3 is solidified in a targeted manner. Details
concerning the melting of silicon and solidifying the silicon melt 3 can be
found in DE 10 2005 013 410 B4.

Once the silicon melt 3 has solidified to form the silicon ingot 1, the silicon
20 ingot 1 is sawed into boules with cuts that are parallel to the longitudinal
direction 4. In this process, flanks, which are extensions of the edge gaps
12, occur as a waste product. The silicon ingot 1 is in particular sawed into
pieces by cutting it in a direction parallel to the longitudinal direction 4 so
that the sawing cuts are a straight extension of the longitudinal direction 4
25 of a gap 9 between the seeds. This reduces the cutting loss of high-quality

silicon.

Furthermore, a bottom and a cap of the silicon ingot 1 are removed by cut-

ting in a direction perpendicular to the longitudinal direction 4. The bot-



The followng is a description of a nethod for producing the seed bases 7.
In order to produce the seed bases 7, a nonocrystalline silicon block
having a known crystal structure is provided and divided along cutting

pl anes. *15 The cutting pl anes have in each case one normal which fornms an
angle with a <110> direction of the crypial structure of the silicon bl ock
in the range of 0.2 to 10, in particular in the range of 0.5 to 10, in
particular in the range of 1 to 5, in particular of no nore than 3. The

roduced fronlt

db 7 k b
means of tvio CHLMBER CARtNy S AR PR RSy Saacb BAPEMUERFEbORE}  The
cutting pl anegy Ry 0B GAGDa G iy ScRafbbShslY BeSREN 0L N8Ed sfhiire ey can

each have norm i‘ch are ti Ive 1o each other at an ang ein

the range of PDsubsequéit.cristadizatiog ptddess.n the range of 0.5 to 10, in
particular in the range of 1 to 5, in particular of no nore than 3. The

first alter nat ive is particularly advan- 25 tageous for produci ng cuboid

seed bases Th econd al ternative allows wedge s ed seed b ses. 7 or
seed base® 7 Tig§ ﬁBoyﬁ&a@xsmpAquxﬁw%l%Bw@a %}5 &melopro uced; .
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directions fornms an angle with the first normal 11 on one of their plane

sides 10 in tfoe iHastgeiongfurfosestas vmﬂl Amcambdz sexn fromi Figt Beanrangieg tic 0.5 to
10, in particular in the range of to 5, in particular of no nore_than 3.

General |y spesfefdbgses ?né"lﬁ’e@élfcﬁWa@%ecéms&}b]&@%‘ﬁdééaadwﬂhﬁha?m%%

wedge- Shal%ed erabfynrehlqceessttﬁg%?{te%smn ofr c&llrs]ﬁ)%%tefgn \é/(e)dgsen They can in parti cul ar

The following is a description of a method for producing the seed bases 7.
In order to produce the seed bases 7, a monocrystalline silicon block hav-
ing a known crystal structure is provided and divided along cutting planes.
15 The cutting planes have in each case one normal which forms an angle with

a <110> direction of the crystal structure of the silicon block in the range
of 0.2° to 10°, in particular in the range of 0.5° to 10°, in particular in the
range of 1° to 5°, in particular of no more than 3°. The seed bases 7 may be
produced from the monocrystalline silicon block by means of two such

20  cutting planes which are spaced from each other. The cutting planes may in
each case be parallel to each other. Also, they can each have normals which
are tilted relative to each other at an angle in the range of 0.2° to 10°, in
particular in the range of 0.5° to 10°, in particular in the range of 1° to 5°,
in particular of no more than 3°. The first alternative is particularly advan-

25 tageous for producing cuboid seed bases 7. The second altemative allows
wedge shaped seed bases 7 or seed bases 7 in the shape of a truncated
wedge to be produced.



10 be used as seed bases 7 in the production of the silicon ingot 1 from
the silicon nelt 3. According to another aspect of the invention, the seed
bases 7 are tilted by a particular design of the bottom5 of the vessel 2.
The vessel 2 in particu- 15 lar has a bottom5 which is forned in such a
way as to rise froma central region toprds the side wall 6. Different
bott om regi ons have in each case one surface normal which are tilted
relative to each other at a tilting angle in the range of 0.2 to 10, in
particul ar in.the ran

e.of Q.51to0 . 20 The bqgttom 5 rises. continuously
P rar 48 he oty PPgSag dioss eetpiscs | 28 PlOG RO s S EDIAF St o1 1 nt

pl ane regi ons,J; ' i '&@ﬁ]' . L rect of a side
wal | 6 incr ezosdelgs. Hﬁk}i‘ég)tf tﬁgfco\%\lbﬁ%‘st&h(l)z{rg i@?nélag)es acél nglglrc{}ﬁ’e‘%é%eéﬂyg@ of the

vessel 2, thethRhiredd dridhtedNBLLIS 8 wHLHAL She bEHHANS] W Efe@ichs forBach case
pl ane and have in each case surface normals 11, with the surface normals 11
of at |east tamanglematisthedimgnoinhaldd orebm¢ of theiroplane kides A6rin dhe eamgangl e i n

the range of 0.2 to 10, .in particular in the range of 0.5 to 10. In
particul aP t HE G271l i particalarinhe rangeot0.50 HYfj, i paticulagiiAle ar e i n

each case til atl ye . faore, the bottomwall 5 has a
concave shape&gge :(’)fg g(% %e? @%@ﬁ?ﬁﬂgﬁ%ﬂﬁp@}?@?ﬁﬁ 15 - dains 1. A nethod

for the production of silicon ingots (1), the nethod conprising the
foll ow ng steps:
Generally speaking, the seed crystals are cuboid-shaped, cylindrical,

wedge-shaped or in the shape of a truncated wedge. They can in particular
10  be used as seed bases 7 in the production of the silicon ingot 1 from the

silicon melt 3.

According to another aspect of the invention, the seed bases 7 are tilted by
a particular design of the bottom 5 of the vessel 2. The vessel 2 in particu-
15  lar has a bottorn 5 which is formed in such a way as to rise from a central
region towards the side wall 6. Different bottom regions have in each case
one surface normal which are tilted relative to each other at a tilting angle

in the range of 0.2° to 10°, in particular in the range of 0.5° to 10°.

20  The bottom 5 rises continuously towards the side wall 6. The bottom 5 in
particular has several distinct plane regions in which the rise of these re-

gions 1n the direction of a side wall 6 increases.

In other words, on its side facing the interior of the vessel 2, the bottom 5
25  comprises several regions which are in each case plane and have in each

case surface normals 11, with the surface normals 11 of at least two regions

being tilted relative to each other at an angle in the range of 0.2° to 10°, in

particular in the range of 0.5° to 10°. In particular the surface normals 11 of



5a. providing a vessel (2) for receiving a silicon nelt (1), the vessel (2)
‘conprising i. a bottom (5) which extends in a direction perpendicular to a
| ongi tudinal direction (4); ii. at |east one side wall (6); 10b. arrangi ng
a seed structure conprising a plurality of seed bases (7) at the bottom (5)
of the vessel (2), 1. the seed bases (/)4 bhaving a crystal structure with a

<110> direction, wth at | east two seed bases (7) being arranged in
such a way as to 15have <110> directions (8) which are tilted relative to
each other at an inther .. A et hod

accor di ng. t o WeHAGRGENT stPas fis Wikt Sqﬂﬁ?gae%gté‘éﬁtmch.%th%@ﬁ&ed n such

?oﬁSYtLg?Lal f?é%??Sﬁb%ﬁ§5H§n“§ ﬁ% a@ég@@%ﬂgp Qi f&%Whéﬂugﬁaracterlzed

in that starting froma



first seed (7), adjacent seed bases (7) are arranged in such a way that
theit <110> directions (8) are tilted relative to the <110> direction (8)
250f the first seed (7) at increasingly |arger angles. 4. A nethod
according to claim1, characterized in that one seed (7) is arranged in
such a way as to have a <110> directiani§8) which is tilted towards the

| ongi tudi nal direction (4). - 16 - A nethod according to claiml,
characterized in that in at |east one of the seed bases (7), the <110>
direction (8) Iorns an angle (b) with a normal (11) to a plane side (10) of
t he correspoﬁgiﬂﬂmseed (7) in the range of 0.2 to 10. A nethod according to
claiml, characterized in that a normal (11) to a plane side (10) of at

| east one of the seed bases (7) forns an angle with the | ongitudinal

direction (4)1.0of Athethuégsethe(pidbductidmef siHo@eirgotd( 1D, the hethod dcomiprisd
according to claiml, characterized in that in at |east one of the seed
bases (7), the <ngahe folteemgnies8) forms an angle (b) with the | ongitudinal

direction _(4) in ther e of 0 tpo 10. .A nmethad for .t roduct i of
seed bases (7), &hdPTR¥t acV&ﬁiﬁ]i%%Ho?éfP‘FFéV‘P&% %&F%%&ﬂgd&&t@ﬁ%ﬁﬁ @
provi ding a mnocr%ﬁﬁﬂg silicon block (1) having a known crystal
structure; b. dividing the®silicon block (1) along a cutting plane, ¢c. with
the cutting plane ﬁaVldlﬂot@omqswm&heﬁbn(ﬂs)ﬁf@dﬁéct@dmb@'géhdicm&hoa <110>

o

direction of the crystal structure of the silicon blo (1) in the range of
0.2 to 10. longitudinal direction (4);
ii. at least one side wall (6);
10 b. arranging a seed structure comprising a plurality of seed bases (7)
at the bottom (5) of the vessel (2),
‘1. the seed bases (7) having a crystal structure with a <110> di-
rection,
¢~ with at least two seed bases (7) being arranged in such a way as to

15 - have <110> directions (8) which are tilted relative to each other at

an angle (a) in the range of 0.2° to 10°.

2. A method according to claim 1, characterized in that a seed (7) is
‘arranged in such a way that its <110> direction (8) is aligned parallel

20 with the longitudinal direction (4).

3. A method according to claim 2, characterized in that starting from a
first seed (7), adjacent seed bases (7) are arranged in such a way that
their <110> directions (8) are tilted relative to the <110> direction (8)

25 of the first seed (7) at increasingly larger angles.

4. A method according to claim 1, characterized in that one seed (7) is
arranged in such a way as to have a <110> direction (8) which is tilted

towards the longitudinal direction (4).



A seed cr ystal of crystalline silicon conprising at |east one region having
‘a. a plane first side (10) which is oriented perpendicular to a first

normal (11); and b. a crystal structure having a <110> direction (8), - 17
- Cc. wth the <110> direction (8) formng an angle (b) with the normal (11)
in the range of 0.2 to 10. 10. A spgd crystal according to claim9,

characterized in that said seed 5 crystal has several regions with crystal
structures whose <110> directions (8) are tilted relative to each other at
an angle (a) in the range of 0.2 to 10. 11. A use of a seed crystal

according to claim9 as a seed (7) for the pro-10duction of a silicon ingot

(1) froma sidi CR'?néfﬁb%l aé@ér{iix%ztr?aﬁaglﬁ qcbfﬂlleac@%ljféd){l% ﬁriﬁhtﬁ?ﬁeaﬁ‘f:&% ot ng t 0

claim1, conprising a Iongi réction ast one sidée wa

(6) and a bOttOrﬂléﬁéedbﬁs%ﬁgﬂ“th@elbw&iﬁﬁbﬁ@ﬂ (8)Sforgis ahtangle q‘b)cml@acentral
region, forned in such a 1 as to rise towards the side wall (6) and

the surface nor rgrmgd (bb)rtpcmfslabostd@rhlﬂbgfﬂwstrmsmadmgIStee@gﬂanghe of 0.5 to
10 relative to each o r. 13. A crucible (2) according to claim12,
wherein tRe bot traﬁg%%of?i 484 02on- 20t i nuous! y towards a side wall (6). 14. A
crucible (2) according to claim12, wherein the bottom (5) conprises

several distinct plane regions in which the rise of these regions in the

direction of @ sAdfeth8llacéSingr Qanes; characterized in that a normal (11) to
a plane side (10) of at least one of the seed bases (7) forms an angle
with the longitudinal direction (4) of the vessel (2) in the range of 0.2°
10 to 10°.

7. A method according to claim 1, characterized in that in at least one of
the seed bases (7), the <110> direction (8) forms an angle (b) with the
longitudinal direction (4) in the range of 0.2° to 10°.

15
8. A method for the production of seed bases (7), the method comprising
the following method steps:
a. providing a monocrystalline silicon block (1) having a known crys-
tal structure;
20 b. dividing the silicon block (1) along a cutting plane,

c. with the cutting plane having a normal which forms an angle (b)
with a <110> direction of the crystal structure of the silicon block
(1) in the range of 0.2° to 10°.

25 9. A seed crystal of crystalline silicon comprising at least one region hav-
ing
a. a plane first side (10) which is oriented perpendicular to a first
normal (11); and

b. a crystal structure having a <110> direction (8),
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c. with the <110> direction (8) forming an angle (b) with the normal
(11) in the range of 0.2° to 10°.

A seed crystal according to claim 9, characterized in that said seed
crystal has several regions with crystal structures whose <110> direc-
tions (8) are tilted relative to each other at an angle (a) in the range of
0.2° to 10°.

A use of a seed crystal according to claim 9 as a seed (7) for the pro-

duction of a silicon ingot (1) from a silicon melt (3).

A crucible (2) for a method according to claim 1, comprising a longi-
tudinal direction (4), at least one side wall (6) and a bottom (5), where-
in the bottom (5) is, starting from a central region, formed in such a
way as to rise towards the side wall (6) and the surface normal of vari-
ous bottom regions form a tilting angle of 0.5° to 10° relative to each

other.

A crucible (2) according to claim 12, wherein the bottom (5) rises con-

tinuously towards a side wall (6).

A crucible (2) according to claim 12, wherein the bottom (5) comprises
several distinct plane regions in which the rise of these regions in the

direction of a side wall (6) increases.



