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The contents of German patent application DE 10 2011 087 759.2 is incor-

porated by reference.

The invention relates to a method for producing silicon ingots. The inven-

tion also relates to a silicon ingot.

Silicon ingots are used as the starting material to produce solar cells. The

10 crystal structure of the silicon ingot has a substantial influence here on the
quality of the solar cells that can be produced therefrom. A method for

producing silicon ingots is known, for example from EP 0 218 088 B1.

There is continuously a need to improve methods of this type.

15
This object is achieved by a method for producing silicon ingots, compris-
ing the following steps:
- providing a container to receive a silicon melt,
- arranging a fine-grain silicon layer in the container,
20 - arranging a silicon melt in the container in contact with the fine-grain

silicon layer,
- directional solidification of the silicon melt starting from the fine-grain

silicon layer.

25  The core of the invention consists in firstly producing a fine-grain silicon

layer, starting from which a silicon melt is directionally solidified.

According to the invention, it was recognised that a fine-grain silicon layer

can lead to a crystal structure, which is particularly low in defects, of the
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ine-grain silicon layer in the container, 20 - arranging a

In the container in contact with the fine-grain silicon |ayer,

solidification of the silicon nelt starting fromthe

licon layer. 25The core of the invention consists in firstly
Ine-grain silicon layer, starting fromwhich a silicon nelt

directionally solidified. According to the invention,
that a fine-grain silicon layer can lead to a crystal structure, which is
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in the range from 1 mm to 3 mm. The crystallites have an aspect ratio here

of less than 3 to 1. These are, in particular, not so-called dendrites.

The fine-grain silicon melt is preferably produced by rapid solidification of

- liquid silicon. For this purpose, liquid silicon can preferably be brought

10

15

20

25

into contact with a substrate, the temperature of which is below the melt
temperature of silicon. If the thermal capacity of the substrate is adequately
large and/or the quantity of liquid silicon, which is brought into contact
with the substrate, is adequately small, it is possible to very easily produce
a fine-grain silicon layer in this manner. In this regard, it was recognised
according to the invention that the temperature of the substrate has a sub-
stantial influence on the nucleation frequency and therefore on the grain
structure of the silicon layer. In general, a colder substrate leads to a more
fine-grain silicon layer. Rapid solidification of the liquid silicon is achieved
in that the temperature gradient in the silicon melt, when the latter is ar-
ranged in the container in contact with the ﬁné-grain silicon layer, starting
from the latter, has an amount of at least 0.1 K/cm, in particular at least 1
K/cm, in particular at least 3 K/cm. This temperature gradient is, in particu-
lar, achieved at the interface of the fine-grain silicon layer with the liquid

silicon melt.

The substrate may, for example, be formed by one or more silicon plates,
which are arranged on the base of a mould. A layer of fine grain or the base

of the mould itself can likewise be used as the substrate.



The fine-grain silicon nelt is preferably produced by rapid solidification
of liquid silicon. For this purpose, liquid silicon can preferably be
brought 10 into contact with a substrate, the tenperature of which is bel ow
the nelt tenperature of silicon. If the thermal capacity of the substrate
i's adequately large and/or the quantity »f liquid silicon, which is brought
into contact with the substrate, is adequately small, it is possible to
very easily produce a fine-grain silicon layer in this manner. In this
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| ayer of fine grain or the base of the nould itself can |ikew se be used as
t he substrat egroup3 The substrate is preferably supercooled. On being
brought into contact with the liquid silicon, it has, in particular, a
tenperature of at nost 1200C, in particular at nost 1100C, in particular at

most 0001% According to one aspect of the invention, the fine-grain silicon layer is

produced in the same mould, in which the silicon melt is solidified. Ac-
cording to another aspect of the invention, the fine-grain silicon layer is
produced in a different container than that in which the silicon melt is so-
lidified. In the latter case, the fine-grain silicon melt can be produced in a
15  separate process as a seed crystal layer, which can then be placed in a
mould. It can pass its grain structure to the silicate ingot growing there-

above, in particular in a Bridgman-like process.

According to the invention, it is provided that the temperature in the region
20  of the fine-grain silicon layer during the solidification of the silicon melt be
kept at a temperature below the melt temperature of silicon, in particular
below 1400°C, in particular below 1300°C, in particular below 1200°C.
This ensures that no nucleation can take place on the fine-grain silicon lay-
er.
25
It is furthermore provided that the temperature field in the mould is to be
controlled in such a way that the solidification of the silicon melt takes
place close to equilibrium. Disregarding the region, which is in direct con-

tact with the fine-grain silicon layer, i.e. disregarding the beginning of the



5 The substrate may, for exanple, be made of silicon or a silicon conpound,
in particular silicon carbide (SiC) or silicon nitride (Si3N4) or of
graphite. The substrate consists at |east partially of a material selected
fromthis group. 10 According to one aspect of the invention, the
fine-grain silicon layer is produced in4he same nould, in which the
silicon nelt is solidified. According to another aspect of the invention,
tthe fine-grain silicon layer is produced in a different container than that

in which the silicon.melt is solidified. ln.th tter case, .the fine-grain
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cording to the invention, it was determined that the silicon ingot produced
according to the invention has a particularly advantageous crystal structure.
The silicon ingot produced according go the invention has a particularly
advantageous multicrystalline crystal structure.
15
It is, in particular, characterised by a grain number, which decreases from
the base of the ingot toward the cap thereof. The silicon ingot differs by
this from convention silicon ingots. The grain number decreases, in par-
ticular from the base to the cap by at least 20%, in particular at least 30%.
20
It is particularly advantageous in the silicon ingot produced according to
the invention that the defect proportion is substantially constant from a spe-
cific height, in particular does not grow further. The defect proportion is
constant in particular from a height of 10 cm, measured from the base of

25  the ingot.

It was recognised according to the invention that silicon ingots with a

height of at least 50 cm, in particular at least 75 cm, in particular at least



5 A further object of the invention consists in inproving a silicon ingot.
It is’'in particular an object of the invention to inprove a

mul ticrystalline silicon ingot. This object is achieved by a nmethod in
which the tenperature in the region of the fine-grain silicon |ayer, during
the solidification of the silicon 10 nel4, is kept at a tenperature bel ow
the nelt tenperature of silicon.. According to the invention, it was
determ ned that the silicon ingot produced according to the invention has a

particul arly gdvant agegus crystal structuyse. e.silicon ingot produced
according go ' )ecrflnﬂ’/%hﬁﬁeﬁﬁﬁféée Br%ﬁﬁﬂt?a@éfﬁé? P&P-[g%‘élﬁ?ﬁoé W& 0 H‘Fe('?r' ystal | i ne
crystal strucﬁ(l()j{e. 15 1t is, in particular, characterised by a grain
nunber, which déecreases fromthe base of the ingot toward the cap thereof.
The silicon ingot differs by this fromconvention silicon ingots. The grain
nunber decreases, in particular fromthe base to the cap by at |east 20%

i n particul arAdvantegest argiodetai20of theiisventian emergel fyomdhe desgygsion éfra t he
silicon ingot prqduced according to the invention that the defect

proporti of | splbl[ngYé’ @nﬁang?meaﬁsémmhermérﬂ?éh%ﬁwmg& IRSVWYER: in particul ar
does not grow further. The defect proportion is constant in particular from
a height of 10 cm neasured fromthe base of 25the ingot. It was recogni sed

according to gjgejinventi thomaﬁs&bhia@i@&ié\pgﬁlta&n%moap?@dtg%ﬁgl@mic@h l east 50

cm in particular at least 75 cm in particular at |east 00 cm can
t herefore be produced by ihpetsyret hod according to the invention.
Advant ages and details of the invention energe fromthe description of a 5

plurality of enbodinments with the aid of the draw ngs, in which:

10 Fig.2 shows an exemplary section through an ingot produced

according to the invention and

Fig. 3 shows a view of the grain number K and the defect portion
D in the silicon ingot produced according to the invention
15 (continuous line) and in conventional silicon ingots (das-

hed line) depending on the height.

A method according to the invention for producing a silicon ingot 1 will be
described below. For this, a mould 2 to receive a silicon melt 3 is firstly

20 provided. The mould 2 is generally a container to receive the silicon melt 3.
For details of a mould 2 of this type, reference is made by way of example

to DE 10 2005 013 410 Al.

According to the invention, it was recognised that a very fine base structure
25  can be advantageous to produce the silicon ingot 1. Furthermore, it was

recognised that a fine base structure of this type can be effected by means

of rapid solidification of liquid silicon on solid silicon. One advantage of

the method according to the invention is the high process stability.



Fig. 1lshows a schematic view of a nould for producing silicon ingots, 10
Fig. 2shows an exenplary section through an ingot produced according to the
i nvention and Fig. 3shows a view of the grain nunber K and the defect
portion Din the silicon ingot produced according to the invention
15(continuous line) and in conventional-gilicon ingots (das- hed |ine)
dependi ng on the height. A nethod according to the invention for producing
a siliconingot 1 will be described below. For this, a mould 2 to receive a

silicon nelt is. firstl 0 prqvided..Jhe nould.2.is geperally .a container
to receive t cegrilingdn anésf egﬁoagpergeqf&p?-glvcﬁn% nﬂ'ﬁlfl H{Ogl‘fﬁﬁ tﬁ?ﬁ %/S Ype,
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con plate 4 preferably has a smooth surface. The surface of the silicon plate
4 is preferably oriented parallel to the base of the mould 2. In principle, it is

also conceivable to structure the surface of the silicon plate 4.

10  The silicon plate 4 is kept at a temperature T, , which is below the melt
temperature of silicon. The temperature T; of the silicon plate 4 is, in par-
ticular, less than 1400°C, in particular less than 1300°C, in particular less
than 1200°C, in particular less than 1100°C, in particular less than 1000°C.
While as low a temperature as possible is advantageous for the process of

15 rapid solidification, a large temperature difference between the silicon melt

3 and the silicon plate 4 leads more easily to mechanical problems when
the silicon melt 3 is brought into contact with the silicon plate 4. The tem-
perature of the silicon plate 4 can therefore be suitably adjusted depending,
in particular, on the thickness of the silicon plate 4 and the quantity of the

20  silicon melt 3, which are brought into contact with the silicon plate 4 to

produce a fine-grain silicon layer 5.

To adjust the temperature of the silicon plate 4, for example, a temperature
of the base of the mould 2 can, for example, be adjusted by means of a

25 temperature control device. Reference is made, for example, to DE 10 2005
013 410 A1 for details of a temperature control device of this type. The
silicon plate 4 may, in particular, be cooled by the base of the mould 2.
Heat is dissipated from the silicon plate 4 by the base of the mould 2, in

particular, by heat conduction.



According to a first enbodinent of the invention it is provided that a
silicon plate 4 is to be arranged on the base of the nmould 2. The silicon
plate 4 in this case preferably covers the entire base of the nould 2. It
preferably has a thickness in the range from1l nmto 10 nm in particular
inthe range 5 from5 mMto 5 cm in particular in the range from1l cmto 3
cm The silicon plate 4 preferably has a snooth surface. The surface of the
silicon plate 4 is preferably oriented parallel to the base of the nould 2.
In principle, it is also conceivable to structure the surface of the
silicon plate 4. 10 The silicon plate 4 is kept at a tenperature Tl , which
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brought into contact wth the silicon plate 4 to produce a fine-grain
silicon | ayerbéiwedw tiadiigust silieont ®@apeétiat siticompldtdrd, srapid soligifatadod off or
exanpl e, a tenperature of the base of .the npuld 2 can, for exarrpie, be
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for exarrql e, to 1(}%005 013 410 Al for details of a tenperature control
devi ce of Othi%rﬁg’ggfs @ silicon plate 4 may, in particular, be cool ed by
the base of the nould 2. Heat is dissipated fromthe silicon plate 4 by the
base of the nmould 2, in particular, by heat conduction. 7 To produce the

fine-grain siThefinelgayiarsiliconayehs pesdmed if ithis mantser prdferablyhas @at i on

|l ayer, liquid silicon 6 is poured into the mould 2 with the silicon plate
4. The sili cothigkngsseinthesange feamblm ©f S ams itbparticubar initherangedromie | i g-
cm to 3 cm.
15

The fine-grain silicon layer 5 has a crystal structure, which consists pre-
dominantly of fine-grain crystallites. The crystallites of the fine-grain sili-
con layer 5 in particular have an equivalent diameter of a maximum of 5
mm, in particular a maximum of 3 mm, in particular a maximum of 2 mm,
20  in particular a maximum of 1 mm. The have an aspect ratio of at most 3 to

1. These are, in particular, not so-called dendrites.

The liquid silicon 6 is firstly present as a silicon melt 3 1n a region above
the fine-grain silicon layer 5 in the mould 2. The silicon melt 3 is direction-
25  ally solidified to produce the silicon ingot 1 starting from the fine-grain
silicon layer 5. The solidification of the silicon melt 3 takes place close to
equilibrium. The silicon melt 3 is, in particular, slowly cooled for this. The
cooling rate is, in particular, at most 1 K/min, in particular at most 0.1

K/min. A crystallisation region 8 is formed between the fine-grain silicon



5 uid silicon 6 is brought into contact to produce the fme-grain silicon

| ayer 5. The liquid silicon 6 can, as schematically indicated in Fig. 1,
have been nelted in a separate crucible 7. Because of the large tenperature
di fference between the liquid silicon 6 and the silicon plate 4, a rapid
solidification of the liquid silicon 6 ogcurs on the silicon plate 4. The
fine-grain silicon lay- 10 er 5 forns here. The fine-grain silicon |ayer 5
produced in this manner preferably has a thickness in the range from1l cm
to5cm in parti [ e range fro mto 3.cm. 15 The flne-grain
1 con | ayerasersand to il bt o el @ﬁwaéﬁélfsgpgnmlaarﬁ Py of
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particular a maxi rumof 1 mm The have an aspect ratio of at nost 3 to 1.

These are, i nsmall hitemberatureqiradient 81 T-eas pessibie pesvailshie the grain selettieron 6 is
firstly present as a silicon nelt 3 in a region above the fine-grain
silicon | dyerzdneito dloev theutrdwzh clidse teieljudibmumel Thetenspetatuee gradient25al | 'y
solidified to_produce the silicon ingot 1 starting fromthe fine-grain
silicon | ayer V5l ke g@am@chcaanlzene fistiReasiicylanmt mast 13 K/aredn prace cl ose
to equilibrium The S|I|con mejt 3 , in particular, slowy cooled for
this. The cooli¢ylar atapest 3K/¢m, Elal?itrﬂé@]laé?t mest hESEM K/ nin, in particular at
nost 0.1 IC/mn. A crystal lisation region 8 is forned between the
fine-grain silicon 8 layer 5 and the still liquid silicon nelt 3. The

crystal | i satippe §#igbRMdt 8 AbGHe the crystallisation region 8 is kept during the so-
10  lidification process at a temperature T3 , which is just above the melt tem-
perature of silicon. The temperature Tj is, in particular, at most 1500°C, in

particular at most 1450°C.

In the previously known methods for producing silicon ingots, the grain

15 number is substantially constant over the entire height of the ingot.

It was found according to the invention that owing to the solidification,
which is close to equilibrium, of the silicon melt 3 on the fine-grain silicon
layer 5, silicon ingots 1 with a particularly advantageous crystal structure
20 can be produced. The silicon ingots 1 produced in this manner have a grain
number, which decreases from a region adjoining a base 9 of the silicon
ingot 1 toward a region adjoining a cap 10 of the silicon ingot 1 (see Fig. 3;
curves K). The grain number of the silicon ingot 1 decreases from the base
9 toward the cap 10, in particular by at least 20%, in particular by at least
25  30%, in particular by at least 50%.

It has been found to be particularly advantageous that a defect proportion

in the silicon ingot 1 produced according to the invention is substantially



a grain selection zone. It is provided according to the invention that the
tenperature field in the mould 2 is to be controlled in such a way that as
smal|l a tenperature gradient V T2 as possible prevails in the grain
selection 5 zone to allow the gromh close to equilibrium The tenperature
gradient VT2 in the grain selection zarne.8 is, in particular, at nost 15
Kiecm in particular at nost 5 K/'cm in particular at nost 1 K'cm The
silicon nelt 3 above the crystallisation region 8 is kept during the so- 10
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ing to the invention, the defect proportion is substantially constant from a
specific height Hy. Therefore, it is possible with the aid of the method ac-
cording to the invention, to produce silicon ingots 1 with any desired height
in principle. In particular, it is possible to produce silicon ingots 1 with a
15  height of at least 50 cm, in particular at least 75 c¢m, in particular at least
100 cm. This is particularly efficient and economical, in particular as the
base 9 always developing due to the process, which has to be removed la-
ter, only develops once. The overall yield can therefore be improved with
silicon ingots 1 with a greater height.
20
The silicon ingots 1 produced according to the present invention have in

particular a multycrystalline structure with a constant defect proportion

from a specific height H,.

25  Further details and alternatives of the method according to the invention

will be described below.

For example it is possible, instead of a single silicon plate 4, to place a plu-

rality of flat silicon pieces on the base of the mould 2. The base of the



VWhile, in the previously known nethods for producing silicon ingots, the 5
déf ect’ proportion increases substantially nonotonically, in particular
substantially linearly, with an increasing height (see Fig. 3; curves D),
which leads to the fact that the correspondi ngly produced i ngots have too
hi gh a defect proportion froma specifigQhei ght and can therefore only be
produced with a limted maxi mum height, this limtation is no |onger
necessary in the 10 silicon ingots 1 produced according to the invention.
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w th a greateg.height . L1l i : . : f.d to the
pr esent gi nven(?rill%ﬁblﬁgvtge .gﬂ“%gﬁ’tli&glﬁ’ gﬁfz}h%ﬁl;ﬁ/g ?i;‘/dg{“gﬁ??‘ﬁg ngfl%g(?? L e wth a

const ant def éﬁﬁm@acug;qrabid)gblfdjﬁmtﬁ,rﬁpecifi c height Ho. 25 Further details
and alternatives of 'the nmethod according to the invention will be described

below. - 10 - nmould 2 may be parqueted here, in particular conpletely
covered with flat siljcon pieces. Furtherqpre, it may be provided that

solid siliconinsicad&f thesiicen platg 404 lays ofitmeclicon mvie materaalicangalso bg,y g 2
for rapi ol i di,f i iLon.of the ligui iLliecan . be. npl t the top
o the’ btk omstdids TR 58ufiie S Tobf WEpBRICL TS A PEieRE e e el ng
of the solid pid 5caN A & ,ibeé%b@%,%ti;ﬁ’d%ﬁ?c,oﬁ'd,'vﬂﬁ@h Rh@bBerfmeltBg i hne-grain
silicon layer 5 1n turn being formed by rapid solidification. Instead of

t he silicon picpaeatd cricibleykemayf bé powredj o1 suiid sihvompieees atranged, nthebe 10
used as the substrate. The | ayer, intBarti cular, has a _height in the range

from1l to 5 chyerandimedted Seam dpniep, tolthg bpton. (hedineagraihoe thenbasesden nel t ed
i t ible 7, b d Lid sili. i d,
on the |ayer  teanaedEemel i b meRey e i BrtpBnRt WIS HRRENGE n on ¢ he
?ﬁ:e of tfxe LAt RN i8imfaRe. The Had HenSifilHMalBEs i@Prodiked M furfloMENt

by rapid solidification of the incompletely melted fine grain on the base of

the mould 2. -

It is furthermore possible to firstly only produce the ﬁne—gfain silicon layer
20 5, as described above. The silicon layer 5 can then be placed in a separate
mould 2. It is then used as a seed crystal layer for a silicon melt 3 to be so-
lidified, which is arranged in the mould 2 in contact with the fine-grain si-
licon layer 5. The silicon melt 3 may in turn be produced here in a separate
crucible 7. It can also be produced by melting pieces of silicon in the

25 mould 2.

It is furthermore possible to firstly produce the fine-grain silicon layer 5, as
described above, but to leave it in the same mould 2, in which it was pro-

duced. The mould 2 can then be filled in a separate, further process step



15 crystallisation is initiated. The fine grain silicon layer 5 is produced
inturn by rapid solidification of the inconpletely nelted fine grain on

the base of the nmould 2. It is furthernore possible to firstly only produce
the fine-grain silicon layer 20 5, as described above. The silicon layer 5
can then be placed in a separate nould-21-1t is then used as a seed crystal
| ayer for a silicon nelt 3 to be solidified, which is arranged in the nould
2 in contact with the fine-grain silicon layer 5. The silicon nelt 3 may in

t b d h i.n. .at ible 7. Lt. . b .oduced b
o1 i ng pi eceSTBPIER REOEoR PRdng b o a3 erept PLOEIRPIRORSBERE brc Y
firstl due I Ra ' PRE , | but t
cave 111 i oafen TP 808 dtadl QSR Slean ASHAETE HATSATRY Can

then be fill egndmduRkPRanavBichfthé tiliRbnRhEIE 84S solidified Wb pFodiiceahs sitf- si |l i con
and installed in a different Bridgman-like crystallisation system The

fine-grain siddrciogot hyEhe fincgraintreliedmlayens cpn abhededprioducekisadidieroul d 2,

in which the silicor t i S, idified. t t il [ t 1.
The 11 no- d ai SNt EPRIARA (hasy iatincahichths SBisoB Bl guspAIGER I PERCS ony

container th that., .in ich the silicon nelt 3 is solidified to produce
the silicon ﬁ%ﬁgpﬁ?mlpgomg al so possible for the base of the nould 2 itself
to be used as the substrate to rapidly solidify the liquid silicon 6.
According to this enbodinent, 10 it is provided to only pour a small vol une
of liquid silltéoalsé possible foe tiobast ¢f the npoudd Acigselfite He wsedgisahe seb i con

| ayer 5. The volune of liquid silicon is, in partigular ured in such a

way that a | asteate i@ rapidlyrolighy the liquihsiligpmdof coordmg F%ﬂ‘égglﬂa‘i%@@né?ma

[ f .3 cm is. d.in th | d.2. The.vol foliquid sili 6
her of or a thast & RISVSELD Y Pobhdsmathiy e ViR SRR § bt dbld oo
possibl e for 3 hgohafieedhe e oMM dicod fayet 5. THe DEIUMRSSF Rauid skl fsat e Tor
rapid solidifrcation of the Iiquid silicon 6. It is cooled accordingly for

this. The tenpepaticilar,ahedsheedassichia why tharal ldyer with achdightpefiamaxe of | ess
than 1200C, in particular less than 1100C, in particular |ess than 1000C,
in particul armuguef Agm,he ppoiculanp maxohumrhef 3 capidfosmed-in the gwwlé2. The

Insertion of ?hg 38 urrr% of Iciiqlllf.dcs?ﬁccpll 3 ttl?erg'fo%g %ag & c%rnrill}atraGt?veil}rf] s}ngiﬁhgrrrrnbﬁdi rent.
15  capacity. It is therefore possible for the base of the mould 2 itself to be
used as a substrate for rapid solidification of the liquid silicon 6. It is coo-
led accordingly for this. The temperature of the base of the mould 2 has a
temperature of less than 1200°C, in particular less than 1100°C, in particu-
lar less than 1000°C, in particular, during the pouring in of the liquid sili-
20 con 6. The insertion of a separate silicon plate 4 can be omitted in this em-

bodiment.

It is possible in all the embodiments described above to use, instead of the

silicon plate 4, one or more plates made of a different material as the sub-
25  strate. The substrate is in general at least partially made from a material

selected from the group of silicon, silicon carbide, silicon nitride and gra-

phite.



It is possible in all the enbodi nents described above to use, instead of
the silicon plate 4, one or nore plates nade of a different material as the
sub- 25 strate. The substrate is in general at |east partially nade froma
material selected fromthe group of silicon, silicon carbide, silicon
nitride and graphite. - 12 - Cains: 1]2A nethod for producing silicon
ingots (1), conprising the followi ng steps: providing a container (2) to
receive a silicon nelt (3), arranging a fine-grain silicon layer (5) in

t he contai ner &éh# arranging a silicon nelt, (3) in the container (2) in
contact with ¢ fne-grain silicon layer (5), directional solidification
of the silicon nelt (3) starting fromthe fine-grain silicon [ayer (5. A
nmet hod according to claim1, characterised by the follow ng step: producing

the fine-grain salmeBodlfaygioduting sidi ﬁfg@tgsa@g,oé(ﬁh?_ﬂsih thé 81M8wWing
characterised in that liquid silicon is rapidly solidified to produce the
fine-grain silicteps-ayer (5). A nethod according to claim2 , characterised
inthat liquid silicon,j.s brought [ 5&0 cont act ¥VI th a S&Sst rate having a

t enper at uPe bel ow tINEVIFNG ArgniaaRgsd 2 aiQFecebie a3iliceBMelb(Pr oduce the

fine-grain silicon Al%egring a fine-grain silicon layer (5) in the container (2),
- arranging a silicon melt".(3) in the container (2) in contact with the
fine-grain silicon layer (5),
- directional solidification of the silicon melt (3) starting from the fi-

10 ne-grain silicon layer (5).

2. A method according to claim 1, characterised by the following step:

producing the ﬁhe—grain silicon layer (5).

15 3. A method according to claim 2, characterised in that liquid silicon is

rapidly solidified to produce the fine-grain silicon layer (5).

4. A method according to claim 2 , characterised in that liquid silicon is
brought into contact with a substrate having a temperature below the

20 melting temperature of silicon to produce the fine-grain silicon layer

(5).

5 A method according to claim 4, characterised in that the substrate is
selected from the group of one or more plates (4), a layer of fine grain

25 and a base (9) of the container.

6. A method according to claim 4, characterised in that a layer of a fine-

grain raw material with a mean grain size in the range from 0.1 mm to



(5)- A nethod according to claim4, characterised in that the substrate is
sel ected fromthe group of one or nore plates (4), a layer of fine grain
and a base (9) of the container. A nethod according to claim 4,
characterised in that a layer of a fine-grain raw material with a nmean
grain size in the range from0.1 mMmto-13-13 - 3 mMmis used as the
substrate and is placed directly on a base (9) of the container (2). 7.
A met hod according to claim®6, characterised in that the |ayer of a

5fine-grain rawjmaterial has,a thickness.in the range frogm1l cm 5cm 8.
A net hod accor dii:gm?bs yesian the SBH%H“E%?E&?%&GC?(ﬁdFﬁ% Pﬂ@obfﬁﬁg)r%ﬁt € when
brought into co%ﬁgi &1({62 ~the liquid silicon, has a tenperature of at nost
1200C. 10 9. A et 3 according to claim4, characterised in that the
substrate, when brought into contact with the liquid silicon, has a
tenperature of at nost 1100C. 1510. A nethod according to claim 4,
char act eri sedl.i PAtmethod hecerding toaglaim dheharacserisad imthatdbelayer ohiat h t he
liquid silicon, bhas a.tenperature of at nost.1000C. 11. A net bod
accor di ng St o cf ie-8TaiR FaY eatennLhar 4 HigHess iththeganes aps 1 SOBhS LGt s at
| east partially of a material selected fromthe group of sili-

8. A method according to claim 4, characterised in that the substrate,

when brought into contact with the liquid silicon, has a temperature of
at most 1200°C.
10
9. A method according to claim 4, characterised in that the substrate,

when brought into contact with the liquid silicon, has a temperature of
at most 1100°C. |

15 10. A method according to claim 4, characterised in that the substrate,
when brought into contact with the liquid silicon, has a temperature of

at most 1000°C.

11. A method according to claim 4, characterised in that the substrate
20 consists at least partially of a material selected from the group of sili-

con, silicon carbide, silicon nitride, graphite.

12. A method according to claim 1, characterised in that the fine-grain

silicon layer (5) is produced in the same container (2), in which the

25 silicon melt (3) is solidified.

13. A method according to claim 1, characterised in that the fine-grain
silicon layer (5) is produced in a different container (2) to the one in

which the silicon melt (3) is solidified.



con, silicon carbide, silicon nitride, graphite. 12. A nethod according
to cldiml1, characterised in that the fine-grain silicon layer (5) is
produced in the sane container (2), in which the 25silicon nmelt (3) is
solidified. 13. A method according to claim 1, characterised in that the
fine-grain silicon layer (5) is produceqgi.n a different container (2) to
the one in which the silicon nelt (3) is solidified. -14- 14. A nethod
according to claim1l, characterised in that the tenperature in the region
of the fine-grain silicon layer (5), during the solidification of
the silicon nelt (3), is kept at a tenperature below the nelt tenpera-

S5ture of siligpn C My ' | I n that
the solidifi _5 %nrﬁgﬁl’o_@ﬁg%s@?%gona%ﬂtl’ ?E%‘P%%é@ééﬁp?“aﬁ@ﬁf‘%?eﬁﬁ%ﬁﬁﬂ?

equi librium 1018 thé rédibh @Fhd ﬂﬁ@lgréiia)silﬁéd?ﬁlé%ﬂgi)}’d@riﬂgEﬁ%lﬁﬁﬁ@é‘[_ﬁhrﬂ9 to
claiml. 17. A silicon ingot (1) according td claim16, characterised by a
grai n nunber, whottheddosomanek (3 Y, osrkeptia sdemPeratomebelow thamdltl @mprfra+t he

i ngot. 15 .
5 ture of silicon.

15. A method according to claim 1, characterised in that the solidifica-

tion of the silicon melt (3) takes place close to equilibrium.
10  16. A silicon ingot (1) produced by a method according to claim 1.

17. A silicon ingot (1) according to claim 16, characterised by a grain
number, which decreases from a base (9) toward a cap (10) of the in-
got.

15

18. A silicon ingot (1) according to claim 17, characterised in that the

grain number décreases from the base (9) to the cap (10) by at least

20%.

20 19. A ssilicon ingot (1) according to claim 17, characterised in that the
grain number decreases from the base (9) to the cap (10) by at least
30%.

20. A silicon ingot (1) according to claim 16, characterised in that a de-

25 fect proportion is constant from a specific height (hy).

21. A silicon ingot (1) according to claim 16, characterised by a height of

at least 50 cm.



18. A silicon ingot (1) according to claim17, characterised in that the
grai n ‘nunber decreases fromthe base (9) to the cap (10) by at |east 20%
2019. A silicon ingot (1) according to claim17, characterised in that the
grai n nunber decreases fromthe base (9) to the cap (10) by at |east 30%
20. A silicon ingot (1) according to clLgikm 16, characterised in that a

de- 25fect proportion is constant froma specific height (h0). - 15 - 22. A
silicon ingot (1) according to claim 16, characterised by a height of at

| east 75 cm

characteris edz%ﬁéﬁﬁ@%dsﬁ{ggtﬁggaﬁ%gﬁﬁé% iol%lﬁggﬁﬁ ghgpacttgrigé&i’g'na]}%ight of

at least 75 cm.

23. A silicon ingot (1) according to claim 16, characterised by a height of

5 at least 100 cm.



