SYSTEM'AND METHOD FOR DI VI DI NG SI LI CON BLOCKS The invention relates to a
system and a nethod for dividing silicon 5 blocks. The invention
furthernore relates to a method for producing silicon ingots. For producing

sem conduct or conponents, particularly solar cells, nor- ﬂwmm” mmm ol une
silicon bl ocks are initiall y produced, ich are sub- 10 s mlml ded
into bars, ingots and wafers successivel'y. Such a nmethod is kngwnefromthe
docunent DE 10 2010 029 741 Al. The object of the invention is toinpreve a
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5 blocks. The invention furthermore relates to a method for producing sili-

con ingots.

For producing semiconductor components, particularly solar cells, nor-
mally large-volume silicon blocks are initially produced, which are sub-

10  sequently divided into bars, ingots and wafers successively. Such a
method is known from the document DE 10 2010 029 741 A1.

Thé object of the invention is to improve a system and a method for di-
viding silicon blocks.

15
The basis of the invention is in dividing a silicon block initially into bars,

to rotate these and thereafter to divide the bars into ingots.

For dividing the silicon blocks, these are arranged on a retaining device,
20 particUIarIy in the form of a trolley. Then, they are divided by means of a

briquetting machiné. In accordance with the invention, the briquetting

machine is configured such that it includes a single wire web, which has

in particular, three parallel cutting sections.

25 According to one aspect of the invention, the briquetting machine is suit-
able for this purpose, for dividing the silicon block in the middle. It is par-
ticularly suitable for dividing the silicon block through a section along a
middle longitudinal plane. Here, the longitudinal direction corresponds to
the growth direction of the silicon block. Preferably, the briquetting ma-

30 chine is additionally suitable for severing two side slabs from the silicon
block.
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20  particularly in the formof a trolley. Then, they are divided by nmeans
of a briquetting nmachine. In accordance with the invention, the briquetting
pachi'ne is configured such that it includes a single wire web, which has in
particular, three parallel cutting sections. 25 According to one aspect of
the invention, the briquetting machine if suitable for this purpose, for
di'viding the silicon block in the mddle” It is particularly suitable for
dividing the silicon block through a section along a mddle |ongitudinal
pl ane. Her e Aadeedingnig omliawecﬁb?meiinxerdmn,ébp idal silieombbogktalbeect i on
Pr ef er abl the b
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square cross-sectional area in the direction perpendicudlar to the

| ongi t udp nalln giarticuilaonit haksra peystaksiracture tsuchsthat arfirst sidesof the orasssuch
that a first side of the cross- sectional area extends parallel to a <110>
ori ent at i on SgetioRakatesextands paralled te eosi1dz @riesiationans a,aesend gideal | el

to a <100> qrientation. The side |lLepnaths of .the cr ~sectiqQnal areas are,
o bartical B e sFosSBectigRalalis RiHhdE pRtalielfo B €150% Gtantafian ™ 5% Flrwe
the height of its extension in the longitudinal direction. The bl ock can
particularly have the follow ng dinensions: 830 mm x 830 mm x 410 mm

Accor di ng t dhesidesleagthebtf the crossssectional areast ares tin piarticiilag, spproxit he
10  mately twice the height of the block, i.e. twice the height of its extension
in the longitudinal direction. The block can particularly have the following

dimensions: 830 mm x 830 mm x 410 mm.

According to one aspect of the invention, in a first dividing step, the
15 block is divided into at least two bars, particularly in exactly two bars.
For this purpose, the block is particularly divided along at least a cutting

~ plane extending parallel to the longitudinal direction.

In addition, in the first dividing step, two parallel side slabs can be
20 separated from the silicon block. The side slabs have a thickness in the

range of 1 cmto 3 cm.

In the first dividing step, the block is preferably divided along several,
particularly three sectional planes extending parallel to the longitudinal
25 direction. Here, a section plane preferably extends along a middle longi-
tudinal plane of the block. It may also be advantageous to divide the
block into two unequal bars. In this case, the middle section plane ex-

tends parallel offset with respect to the middle plane of the silicon block.



15bl ock is divided into at |least two bars, particularly in exactly two
bars. For this purpose, the block is particularly divided along at |east a
cutti'ng plane extending parallel to the longitudinal direction. In
addition, in the first dividing step, two parallel side slabs can be 20
separated fromthe silicon block. The sige sl abs have a thickness in the
range of 1 cmto 3 cm In the first dividing step, the block is preferably
divided al ong several, particularly three sectional planes extending

paral | el toFtdm:armggtmmthalﬁrssdmdlagtstep, i.elefor dlwdmthe)mhpbaridopkeaer ably
ext ends alon? a m ddl e Iongltudlnal | ane of  the bl g
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step, i.e. %%Eu9n¥!d'”9 the silicon block, a briquetting machine mnth a
single wire web having three parallel cutting sections is provided. The
wire websparticularly has exactly three cutting sections. 5 According to
anot her aspect of the invention, the bars, into which the silicon block is
di vi ded in tA@qfdthjaK)Oﬂ'legﬁ%‘t%ﬁ ofﬁaeenvmmn ctae kanse intpomMBichTihe
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produce i ngot h™certalin pre erred cording to another aspect

of the i n;/erthaﬁrt 0%hAceardingasrst bitemativeagmbsodimamntoin thiel sy stepiathe
Cross-secti on
10 Dblock is divided into bars of different sizes. This may be advantageous in

order to produce ingots with certain preferred lengths.

According to another aspect of the invention, the bars respectively have
an approximately square cross-section.

15
The bars can particularly have the following dimensions: 390 mm X 830

mm X 410 mm.

The bars have particularly a crystal structure with a <110> orientation
20 along their longitudinal direction. The bars preferably have <110>- and

<100>-orientation perpendicular to the longitudinal direction.

25
According to another aspect of the invention, the rotational axis, around
which the bars are rotated, extends respectively parallel to its longitudi-
nal axis, i.e. parallel to its <110> orientation. While in the initial state, the

silicon block has a <110> orientation in the longitudinal direction, i.e. in



15-The-bars can particularly have the foll ow ng di nensions: 390 nmx 830 mm
X 410 mm The bars have particularly a crystal structure with a <110>
orientation 20 along their longitudinal direction. The bars preferably have
<110>- and <100>-orientation perpendicular to the |ongitudinal direction.
25 According to another aspect of the inyention, the rotational axis,
around which the bars are rotated, extendS respectively parallel to its

| ongi tudinal axis, i.e. parallel to its <110> orientation. Wile in the
initial stathke venicalidireadion,whikh recessatilycooespondsiwith time onientation

| ongi tudinal direction, i.e. in - 4 - the vertical, di [ecbi ?n, i ch
necessar i | y Of 8¢ esyiabistructureaidheharstinthevesticakdirestion sefare e @e of
the bars in,the vertical digection.before. the r tion.of the bars: after
the rot at i ol Bhine ERrs i ABhR if 1O Ber e HBPbsiin. yOB 5k ot on
which is pat ; LRANhiLB! | [ iR €
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towards $i gMheobatars garticfiarly irotated mtt9? aroumididheeraiatiensl axisoThey t he

anticl ockwi se direction. According to another aspect of the invention, in
the rotati osan ke &ptated dowands slga?@rpgwar@m%ﬁ,ll;e.rlmtaeezip@wnetcﬂiae&i n the
first dividing step, they cone.in,contact with sawed side of the slab. '
Al t er nat i veligh Qfinthean 'IBFg&fSﬁdFﬁ?go%urpose, to rotate the bars in the
rotational step such that they conme in contact with the sides, which were
previously in the mddle of the block. 15 According to another aspect of

the inventi @gcording® anstiet g8pddiiofthe itventiordlif theaotetienaltstgpf tram t he
bars. In particular, respectively two slabs are separated in the

| ongi t udid nalbats aee tpasticaladlyootated such thatsindhedirst dividingrstepy theyaomef t he
bar .
in contact with sawed side of the slab. Alternatively, it is possible for this
purpose, to rotate the bars in the rotational step such that they come in

contact with the sides, which were previously in the middle of the block.

15 According to another aspect of the invention, in the second dividing step,
slabs are separated from the bars. In particular, respectively two slabs
are separated in the longitudinal direction and/or in the transverse direc-

tion, from each of the bar.

20  According to another aspect of the invention, in the second dividing step,
the bars are divided along a cutting plane extending parallel to a longitu-
dinal axis of the bars and along a cutting plane extending perpendicular
to the longitudinal axis of the bars. The cutting planes particularly extend
parallel to the vertical direction. In the method in accordance with the

25 invention, consequently the silicon block is divided exclusively through

the section parallel to the vertical direction.

The bars are particularly divided into silicon ingots such that the silicon

ingots have a longitudinal direction extending parallel to a <100> orien-



20~ According to another aspect of the invention, in the second dividing
step, the bars are divided along a cutting plane extending parallel to a

| ongitudi nal axis of the bars and along a cutting plane extending

per pendicular to the longitudinal axis of the bars. The cutting pl anes
particularly extend parallel to the vertical direction. In the nethod in
accordance with the 25i nvention, consequently the silicon block is divided
exclusively through the section parallel to the vertical direction. - 5 -
tation. The taliomn.cbhe isiliporsingats padiculbrly ave a ssmane crosssectioot iitve. The
cross-section of the silicon ingots prefe;abg%‘correspo ds exactly to the
cross- sect i 6h0%3-SeRoN&fdhesilignn inasis peatarabiy epresPPRgsEexactly tedhe

par bl o | 4GRSO 35 (k3o B ol AOER YEES iR 3R P 200
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I nvention, for tHe secon I ng step, a I"quetting machine 1s provided
Wi th twosw 298weivs, 260 minexi260 {on 2812 eant x 3@ mmartothet galues)Bmatiesi x
parallel cutting sections. The wire webs are particularly transverse to
each ot her; araspaections aretalsg pessibleut ti ng sections which are arranged
perpendi cul ar to each other. Alternatively for this purpose, it nmay be
advant ageous to configure one or both of the wire webs with seven parall el

cut g seCloangciie BB Al driaiiehish B IhERBCERE!ARANGN L e

W re webs providedsor 't I'ng step can sel ect ed

fromthe siztepfa bhigqueltded machihe idiprodiiédwithftvowireewebgeatth hagingngot s

to be produced. It is also possible to configure both the wire webs with a
di ff ered® natieastdoupapaiticellatyhaving sixgparaliel cottingheectiarns dl hig wikg ng st ep.
In particular, it may

nunber of parhs are BANG gy SN RsSa e S é&‘%?irﬁ‘pé“éfq‘m%r‘et%q%gﬁﬂn;ﬁﬂ
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part| legr I yofc’lﬁéip%trgﬁelrrg&(titiggn;ebc){io%%%n t %r\}vgrguv;/ebs provided for the second
dividing step can be flexibly selected from the size of the blocks to be
divided and from the size of the ingots to be produced. It is also possible
to configure both the wire webs with a different number of parallel cutting
sections for the second dividing step. In particular, it may be provided to
20 configure a wire web with an even number of parallel cutting sections
and the other wire web with an uneven number of parallel cutting sec-

tions.

25  According to another aspect of the method, the silicon ingots produced
from the silicon block have an extension in a longitudinal direction of the
ingot, which substantially corresponds to the extension of the silicon
block in the longitudinal direction of the block, i.e. in the direction of

growth. The ingot length particularly deviates maximum by 25%, particu-



larly maxi mum by 10% particularly maxi num by 5% fromthe extension of the
silicon block in the direction of growh. Anot her object of the
invention is to inprove the nmethod for producing 5silicon ingots with

| ongi tudinal axis parallel to a <100> direction. This object is achieved by
the features of the claim1l1l. The advantéges follow fromthe previous
deéscription. 10 A nethod of crystallizatYon is provided for producing the
silicon block. In particular, the silicon block can be produced by neans of
a Bridgnman faihowdemum iy 10%alpattiadiashy: mexireum bytdtedremdhenexteasion | n
particul ar, | y.silicon can, be .fused and solidified, particularly

di recti onal pﬂ@”@ﬁi'tﬁm klgckdp tB?(SH[%ﬁW@ @h@rawif-con bl ock. 15 In particul ar,

the silicon block has a nonocrystalline structure at |least up to 50 % by
vol une, particularly at |least 70 % by volunme. One such structure is also

referred tomptHEAS) jéeirmhéﬁﬁ@éhﬂim i$td HAPHWR thwmémbaqar@f'@d%m@ be

advant ageously applied on nulti-crystalline silicon blocks. It may be
parti cul &irl wiladveingagewith fongitdidinali axdgs palralleldoys <400>ndirectioron bl ocks,

whi ch have a varying characteristic over its height, particularly a varying
dopant concentration and/or distribution over the bl ock height.

e RO B e by BN e 1 YR BB
Fi g. 2shows g5k HESHRtthe ﬁr‘é@f&ﬁﬁ&éé&ﬂiﬁﬁbﬁf the method for dividing silicon
bl ocks,

10 A method of crystallization is provided for producing the silicon block. In
particular, the silicon block can be produced by means of a Bridgman
method or a Vertical-Gradient-Freeze method (VGF-method). In particu-
lar, lumpy silicon can be fused and solidified, particularly directionally
solidified for producing the silicon block.

15 _

In particular, the silicon block has a monocrystalline structure at least up
to 50 % by volume, particularly at least 70 % by volume. One such struc-
ture is also referred to as quasi-monocrystalline structure. The method
can also be advantageously applied on multi-crystalline silicon blocks. It

20 may be particularly advantageous for dividing multi-crystalline silicon
blocks, which have a varying characteristic over its height, particularly a

varying dopant concentration and/or distribution over the block height.

Further features and details of the invention follow from the description

25 of an exemplary embodiment with the help of drawings. They show:

Fig. 1 shows a schematic representation of a device for producing

silicon blocks,



Fig. 3shows a schematic view from above, of the briquetting ma- 5chine
provided for the first dividing step, and Fig. 4shows a schematic view of a
trolley with two bars before carrying out the second dividing step. 10In
thé method in accordance with the invention, initially .a cuboidal sili-
con block 1 is provided. The silicon blo?k 1 has a <110> crystal
orientation extending parallel to a |longitudinal direction 2 of the bl ock.
A nmethod of crystallization is provided for producing the silicon blocks 1.
15 The sili ddg. Bl ock $hows aachematic rgpreseptatibre efl thee ousttioddfor diveidiBrg dgman
met hod or a Vertical -Gadient-Freeze nethod (VG- nethod). For this purpose,
the systemin accor daS€OR BIRCkSe i nvention includes a device 3
schematically represented in Fig. 1, for fusing and crystallizing silicon.
The device 3 includes a crucible 4 for accommpdating a silicon 20 nelt 29.

The cruci bl ‘?:iél gar ti cuhahea kahehhatic JRRE froim %‘F'tlﬁ’%iﬁgiq?eéféﬁ@n%é’-p- It

can particularly have a square cross-section. [he ¢ruci I nes an

i nner chgnber 5 open ehirmmprevided fohenhe firstrdicitiamdpetep, s be filled through
an opening 6. One or nore seed defaults 30 can be arranged at the bottom of

the crucible 4. 25 In addition, the device 3 includes a tenperature control
device 7. The tenperatyre control device 7.in turn includes several heating
chommont s 8. Tg: finy ar SHOWRA RIBCEURNG ME L AdRRLS S Witvinp BRES BERror e

tempera- - 8 - carrying out the second dividing step.

10 In the method in accordance with the invention, initially a cuboidal sili-
con block 1 is provided. The silicon block 1 has a <110> crystal orienta-

tion extending parallel to a longitudinal direction 2 of the block.

A method of crystallization is provided for producing the silicon blocks 1.

15 The silicon block 1 can particularly be produced according to a Bridg-
man method or a Vertical-Gradient-Freeze method (VGF method). For
this purpose, the system in accordance with the invention includes a de-
vice 3 schematically represented in Fig. 1, for fusing and crystallizing
silicon. The device 3 includes a crucible 4 for accommodating a silicon

20 melt 29. The crucible 4 particularly has the shape of a cuboid open at
the top. It can particularly have a square cross-section. The crucible 4
confines an inner chamber 5 open on one side. The inner chamber 5
can be filled through an opening 6. One or more seed defaults 30 can be
arranged at the bottom of the crucible 4.

25
In addition, the device 3 includes a temperature control device 7. The
temperature control device 7 in turn includes several heating elements

8. It may also include cooling elements 9. With the help of the tempera-



ture control device 7, it is possible to selectively heat and cool the

I nner chanber 5 of the crucible 4. For further details of the device 3 for
produci ng the silicon block 1 and 5 about the method of producing the sane,
reference may be nade to the docunent DE 10 2010 029 741 Al, which is
hereby conpletely incorporated in this aﬁ a part of the present

application. The net hod according to the docunent US 13/561350 can al so
be pro-10 vided for producing the silicon block 1, which is also hereby
conpl etely itmneocmtraf device 7,1t is pessibleata selfectme|yplneat9amdaqgal theinrer. The
silicon blocﬁ 1 has_a nnnocrg Lglllne structure, at least up to 50 % by

vol une, par CNaMREN § ofthe €auéibimde, by vol une, particularly at |east 90 15 %
by vol une. Therefore, it is also referred to as a quasi nonocrystalline
silicon block 1. The silicon block 1 has square cross-sectional area with a

first side ggﬁuﬂhér%@&@oﬁw@dé&mwor pr&ducﬁhg%é%nﬁe&ﬁa%kpeéﬁendl cul ar

to a 20 <11 orientation e second side 11 exTends perpendicular to a

<100> or § entadiout the Thethodyof produorngttlae|srarmse,arrefereermmmawbeynaddrtoahed by
arrows in FEP' 2. The silicon has an extension of 410 mTmin
o

| ongi t udi naldogumeent BE 12@2@1&02%34& Ac‘!kWhI@h traberely sompietalninceipea of
830 mm x 830 oth di nensi also possi ble. In principle,
t he bl ocks 6?ﬁ%%9r@v§ésékﬂaﬂé gJHQ§Pn§ EQB they can be divided into
silicon blocks 1 of suitable sizes before further processi ng, where

necessary. In addition, it is possible to use silicon block 1 with a
non- squar e (s methoti auvdrdidg to the document US 13/561350 can also be pro-

10  vided for producing the silicon block 1, which is also hereby completely

incorporated in this as a part of the present application.

The silicon block 1 has a monocrystalline structure, at least up to 50 %
by volume, particularly at least 70 % by volume, particularly at least 90
15 % by volume. Therefore, it is also referred to as a quasi monocrystalline

silicon block 1.

The silicon block 1 has square cross-sectional area with a first side 10
and a second side 11. The first side 10 extends perpendicular to a

20 <110> orientation. The second side 11 extends perpendicular to a
<100> orientation. The crystal orientations are respectively indicated by

arrows in Fig. 2.

The silicon block 1 has an extension of 410 mm in longitudinal direction
25 2 of the block. It has cross-sectional area of 830 mm x 830 mm. Howev-
er, other dimensions are also possible. In principle, the blocks of any
size can be used. If applicable, they can be divided into silicon blocks 1
of suitable sizes before further processing, where necessary. In addition,

it is possible to use silicon block 1 with a non-square cross-sectional ar-



ea The silicon block 1 can particularly have a cross-sectional area, the
side lengths of which is in a random whol e-nunbered ratio, particularly in
the ratio of 1:2, 1:3, 1:4, 2:3, 3:4. An application of the follow ng
descri bed nmethod for dividing such blocks is possible in a sinple manner. 5
In a first dividing step 12, the silicon9block 1 is divided. The silicon
block 1 is particularly divided into two”bars 13. In principle, it can also
be divided into nore than two bars 13. 10For dividing silicon block 1, this
i s arranged ean The siicorplack 1T¢an padidularip haver acressrsedtingabiarga; dheor

e i £.85 S Bl R
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hol di ng pl alg@riB@dhadsst for (‘iiggiihg%mﬁih%lbcké% R%sible il ResiAgldimanakbat e 32

I ncl udes a surroundi ng edge ecesses 34 are introduced in the edge 33.

The receSses 34 are slotted. They are arranged at the positions, at which
the cutting planes pass. The holding plate 32 can _particularly be arranged

r epl aceabl e lo@ finsé dividing,siep i?oﬂh%?i”g@n ek dds divged: Hine silicon dIpeksi bl e
f the trol]l 23, ti Ly th | dj | ate 32 . | fiical ly. i h
divi di ng. st doeRATGuB AR nfg G BArs ha- kbafb@inif. TREAASS Bediect i on
provi ded he!\ﬁde&?"to%?i’?&% § Bdrs 9PN block 1, this is divided in the

ep 25a

first dividing s ong three cutting planes 14 extending parallel to
the longitudinal direc- tion 2 of the block. The block is particularly
divided at | east along a cutting plane extending parallel to the

| ongi t udid nalFatidivicing sileoor bloeck hitbikis asargedon aftralley 28t Thadralleynes 14
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The holding device is a component of the system. The trolley 23 particu-
larly includes a transporting element, particularly in the form of a
transport trolley 31 and a holding element arranged thereon, particularly -

15 in the form of a holding plate 32 placed on the transport trolley 31. The
holding plate 32 includes a surrounding edge 33. Recesses 34 are intro-
duced in the edge 33. The recesses 34 are slotted. They are arranged at
the positions, at which the cutting planes pass. The holding plate 32 can
particularly be arranged replaceable on the transport trolley 31. Because

20 of this, it is possible for the trolley 23, particularly the holding plate 32
specifically in the dividing step 12, particularly to match the course of the

cutting section provided here.

For dividing the silicon block 1, this is divided in the first dividing step

25 along three cutting planes 14 extending parallel to the longitudinal direc-
tion 2 of the block. The block is particularly divided at least along a cut-
ting plane extending parallel to the longitudinal direction 2 of the block.
Here, one of the cutting planes 14 passes along a middle longitudinal

plane of the silicon block 1. The other two cutting planes 14 extend par-



ali’el to this mddle |ongitudinal plane. They are used for renoving two
side slabs 15 in the first dividing step 12. The side slabs 15 are oriented
parallel to each other. They are separated fromthe opposite sides of the
silicon blocks-1. They are part of the marginal surrounding region of the 5
silicon block 1. The crystal structure gfythe silicon block 1 can have
defects in this marginal region. The side slabs 15 have a thickness in the
range of 1 cmto 3 cm The side slabs 15 are renoved after their separation
fromthe si dllebie tiseniddle langitusioak piang. di rmyearelusgdtf@rntarpevmgzwtarl y

par al | el toave I C tlonl Ther for the s are r rred
to as vertis4le i’%én r%tlc\i)l lﬂﬁ'ﬂ% sidgy %@ﬁsﬂq\}nﬁrq F?Qef‘&‘g

di vi di ng st has a
Single w re%%f%ﬁe'-tbﬁcxw 8??%?{"@3%%%%@’%%@&?#? I fe TS Fides uhe, I &
saw for roughnc@anl@bRQ 0THdY hfPpabl ofcthe rharginat safioRhding @é%@nbéﬂ eet ting
machi ne. A schenmatic rep- resentatlon of the briquetting nachine 17 is
shown i n5 Fi gilicen Bloekbt.i Thescrystgl strubiune of theesilicin blookdt Impnshmteadbe

nodi fication of the sawi ng device known fromthe docunent DE 10 2011 004

341 Al. For wtédnéhlszmara@al region. Jie sidegslaRenisbaye a thickness buthg , the

whion are-niehGPETITEM § 3. Bhbide STHe B A Biatkd BrBLife SepBracr S
ref erence stﬁ@hlfr@,ch ﬂ@ﬁh&@n |@churrent DE 10 2011 004 341 Al for the basic
details of the construction the bri quetting machine 17, which shall

hereby be conplete- 25y |ncorporat ed in this as a part of the present
application_ The mddle cutting section 18 is used for dividing the silicon

bl ock 11@I oddg ctsﬁlmgd@laaeso%e@(tmdwaartmldady resaliel toea yertigal ditadtion
sections 18 use at i n sl abs 15 fromthe silicon

bl ock 1 LHCNerere; e sBRlifks AiRgeTRIERs 1@ A YartaR! SPEUMIRL i ve wire veb
is al so p055|ble for carrying out the first dividing step 12. However, a
briquetting machine with a single wire web with exactly three parallel

cutting secfdr divieisg ife sHicopPBIbER!T i R fikst divitling sfbpaNP aBROEgstem

includes a briquetting machine 17, which has a single wire web with ex-

15 actly three parallel cutting sections 18. A wire saw for rough division of
silicon blocks 1 is referred to as a briquetting machine. A schematic rep-
resentation of the briquetting machine 17 is shown in Fig. 3. The bri-
quetting machine 17 was obtained by suitable modification of the sawing
device known from the document DE 10 2011 004 341 A1. For produc-

20 ing the briquetting machine 17, in particular, the number and arrange-
ment of deflection rollers 19 and wire guiding rollers which are not visible
in Fig. 3, was suitable adapted. Moreover, a reference shall be made to
the document DE 10 2011 004 341 A1 for the basic details of the con-
struction of the briquetting machine 17, which shall hereby be complete-

25 lyincorporated in this as a part of the present application.

The middle cutting section 18 is used for dividing the silicon block 1
along its middle longitudinal plane. Both the outer cutting sections 18 are

used for separating the side slabs 15 from the silicon block 1.



The bars 13 have identical dinmensions. The di nensions of the bars 13
nmeasure, for instance 390 mm x 830 mm x 410 mm Their | ongitudi nal
direction extends parallel to the <110> orientation. They have an ap- 10
proxi mately square cross-section. The side | engths of the transverse
section of the bars 13 differ, particulgfly by about less than 10% The
bars 13 can al so have a rectangul ar cross-section, wherein the side |engths
differ fromeach other by nore than 10% particularly by nore than 30%
particularly by nore than 50% 15 In a turning step 20, the bars 13 are
respectively rotated by 90 around a respective rotational axjs 21 extendin
per pendi cul In prcinle. a&{wqﬂanganaehm@cwﬂﬁ@maﬁernaiyeowef&we He AR at i onal -
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protrudi ng through t e cutting plane are turned such™that they

form an Sippdionsi tBiapparentty paditulafly edvahtadeosus.ng, which is al so
referred to as tipping, the bars 13 have a <100> orientation, which extends
parallel or antiparallel to the 25vertical direction 16. The turned bars 13

are in turn-arrange n a trolley.,23. It may,be.,the same trplle whi ch
" sad for T RT3 defiticBl dftengions: v dimensiafs dtits s o
rinciple, SGE ' I3@pem ' - - sk ~d) Vi di n
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arrangenent of recesses 34 can also be used. It is also possible to use
sever al 10r olpreyisnai®ly square cross-section. The side lengths of the transverse
section of the bars 13 differ, particularly by about less than 10%. The
bars 13 can also have a rectangular cross-section, wherein the side
lengths differ from each other by more than 10%, particularly by more
than 30%, particularly by more than 50%.
15
In a turning step 20, the bars 13 are respectively rotated by 90° around a
respectivel rotational axis 21 extending perpendicular to the longitudinal
direction 2 of the block. The rotational axis 21 extends respectively par-
allel to a <110> orientation of the bars 13. The bars 13 are turned such
20 that they come on the slab side 22 sawed in the first dividing step 12.
Here, the side surfaces of the bars 13 protruding through the middle cut-
ting plane 14 are turned such that they form an upper side of the bars
13. After the turning, which is also referred to as tipping, the bars 13
have a <100> orientation, which extends parallel or antiparallel to the

25 vertical direction 16.

The turned bars 13 are in turn arranged on a trolley 23. It may be the
same trolley 23, which is used for holding the silicon block 1 in the first

dividing step 12. In principle, the same holding plate 32 as used in the



I ma second dividing step 24, the bars can be divided along the first
cutting plane 25 extending parallel to the |ongitudinal axis of the bars
and al ong the second cutting planes 26 extendi ng perpendicular to the
| ongi tudi nal axis of the bars. Al the cutting planes 25, 26 extend
parallel to 10 the vertical direction 1qEZ In the nmethod for dividing

h

si'licon block 1 into silicon ingots 27, us exclusively vertical sections,

i.e. sections along the vertical cutting planes are provided. For the
second di vi firstgdividing step d2sgarcalspebg used. fAccsrding ta the afrangenzentiaf and
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| i kewi se, a wire saw, suitably nodified with respect to the one which is

known fr®m the docunent DE 10 2011 004 341, can be used. The briquetting
machi ne provided for the second dividing step 24 particularly differs from

the bri quet in @gerad dviging\stepd4.dhetharsicarns bedividgdaloagdherfrst getel y by
t he arrangegent t | re.web. The artangenent. of, the Lre web is
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direction otudihel bais off thesteaa. Hlethef cuttingasianes25, 26 erterat paralletto two
side slabs 28 opposite to each other in the direction perpendicular to the
| ongi t ut® nathelivertical sliregtion 16.enbihe methed far dividingrsiicemblodkal in®. The

conbination Qf the side_slabs 15 separated fromthe silicon block 1 in the
Foret "o L dsflisobt BEOIS ST exauab/aly beion) Hniang: b8 BECHRRHSIMNG s 13 i1

t he second %glvg%t i s&lﬁléﬁ@é gﬁgﬁ{é@@?averall surface of the 10silicon

bl ock 1. Therefore, con | fully and conpletely orig-

For the second dividing step 24, respectively six first cutting planes 25

15 and six second cutting planes 26 are provided. These are generated by
a briquetting machine with two wire webs with respectively six parallel
cutting sections. Both the wire webs of the briquetting machine provided
for the second dividing step 24 are transverse to each other; they extend
particularly perpendicular to each other. For the second dividing step,

20 likewise, a wire saw, suitably modified with respect to the one which is
known from the document DE 10 2011 004 341, can be used. The bri-
quetting machine provided for the second dividing step 24 particularly
differs from the briquetting machine provided for the first dividing step
12, merely by the arrangement of the wire web. The arrangement of the

25  wire web is specified here by the arrangement of the deflection rollers 19

and the wire guiding rollers.

In the second dividing step 24, the bars 13 are respectively divided into
a plurality of silicon ingots 27. In addition, in the second dividing step 24,



inate froma core region, i.e. froma region spaced apart fromthe surface
of the sane silicon block 1. Therefore, they are particularly froma
defect-free region of the silicon block 1. 15 In the second dividing step
24, silicon ingots 27 are separated fromeach of the bars 13. In
particular, two parallel rows of each fijye silicon ingots 27 are separated
fromeach bar 13. Therefore, the total A§ﬁber of the silicon ingots 27
separated fromthe silicon block 1 is 20. The silicon ingots 27 have a
| engt h whi cﬁldﬁ)smaieﬁ@pa@a@pﬁoﬂbtha bars Hﬁckmpgstl@llazdwmeldg de sl abs
account, of the |oss 0 npst h of, the first side 10
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maxi mum by 25% particularly maxinu % particularly maxi num by 5/0

from t heS exoétise bllr(a‘retsim)a'ated:fmnbbach bar 13t he | ongi tudi nal direction 2
of the block. - 14 - The division of the silicon block 1 into silicon
I ngots 27 thus incI udes ex- actly two dividing steps 12,24 independent from

ori ent ed si MEROMBIRRISH P BYE Sicl leban P sebpeecbholrc BubhhdIocRd 1 <.
di viding stgp H@ g%lkia‘fn?s’ﬁétﬁqwaﬁd élsRie Slbis 26 sepafated fombtiRePar at ed

fromthe 5|I|con e first dividing step are turned around

their | ongi bads nNd inathessedard dinidinghstegi 24 uhcﬂldesehme ol2ralR4urface cfithiecon
block 1 or the .bars 13 are respectively placed on the trolley 23 and fixed

t o t hi s10Fosilices bleckrd Thereforey tee spicon ingotaddi fullyrand sompletsilyierigean be

provi ded for fi both 10 the.bars 13. The additipnal zl ab tP}Ol der is
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of the trollgafed3frethegidn bEfHe Qihggh blo€k 1t he bars 13 can respectively be
pushed into the brlque?tlng machi ne 17 provided for the first dividing step
12 or for the second dividing step 24. 20
15 Inthe second dividing step 24, silicon ingots 27 are separated from each
of the bars 13. In particular, two parallel rows of each five silicon ingots
27 are separated from each bar 13. Therefore, the total number of the
silicon ingots 27 separated from the silicon block 1 is 20. The silicon in-
- gots 27 have a length which corresponds to, except for the thickness of
20 the side slabs 15 and taking into account of the loss of almost half of the
first side 10 of the cross-sectional area of the silicon block 1 during the
cutting. The length of the silicon ingots 27 particularly substantially cor-
responds to the extension of the silicon block 1 in the longitudinal direc-
tion 2 of the block. The length of the silicon ingots 27 deviates, particu-
25 larly maximum by 25%, particularly maximum by 10%, particularly max-
imum by 5% from the extension of the silicon block 1 in the longitudinal

direction 2 of the block.



25 - 15 - 5 Patent Clainms 10 1. Systemfor dividing silicon blocks (1)
conprising: a. a holding device (23) for holding a silicon block (1) to be
divided, b. a first briquetting nachine with a wire web, and 15c. a second
briquetting nmachine with two partial wire webs, which respectively have
several parallel cutting sections, mherghn the cutting sections of the
partial wire webs extend respectively perpendi cular to each other. 20 2.
Met hod for dividing silicon blocks (1) conmprising the follow ng steps: a.
provi di ng aThebdivisaon of Ithe@iiidﬂmblooéqj into silicon ingots 27 thus includes ex-

actly two dividing steps 12, 24 independent from each other. The <110>
- oriented silicon block 1 is divided into <100> oriented silicon ingots 27

by the dividing steps 12, 24. Between the first dividing step 12 and the

5 second dividing step 24, the bars 13 separated from the silicon block 1
in the first dividing step 12 are turned around their longitudinal axes. For
both the dividing steps 12, 24, the silicon block 1 or the bars 13 are re-
spectively placed on the trolley 23 and fixed to this. For the second di-
viding step 24, an additional slab holder can be provided for fixing both

10 the bars 13. The additional slab holder is preferably arranged on the

holding plate 32. In particular, it is arranged in the region between the
two bars 13. It is also possible to arrange several additional slab holders

on the holding plate 32.

15  With the help of the trolley 23, the silicon block 1 or the bars 13 can re-
spectively be pushed into the briquetting machine 17 provided for the

first dividing step 12 or for the second dividing step 24.

20

25



b.”in a first dividing step (12), dividing the silicon block (1) into at
| east two bars (13), 25c. turning the bars (13) in a turning step (20) by
900 respectively around a rotational axis (21) extendi ng perpendicular to
the longitudinal direction (2) of the block, d. in a second dividing step
(24), dividing the bars (13) into siligq@_ingots (27). - 16 - Method
actording to claim2, characterized in that, in the first dividing step
(12), the silicon block is divided al ong several cutting planes (14)
extending parallel to the longitudinal direction (2) of the block. Method
according to claim 3, characterized in that, a cutting plane (14) passes
along a mddle plane of the silicon block (1). Method according to one of
the clains 2 to 4, characterized in that, in the first dividing step (12),
two side slabs (15) are separated fromthe silicon block (1). Method
according to one of the clains 2 to 5, characterized in that, the
rotational axis (21) extends respectively parallel to a <110> orientation
of the bars (13). Method according to one of the clains 2 to 6,
characterized in that, in the second dividing step (24), slabs (28) are
separated fromthe bars (13). Method according to one of the clains 2 to 7,
characterized in that, in the second cutting step (24), the bars (13) are
di vided along a cutting plane (25) extending parallel to a |ongitudinal
axis of the bars and along a cutting plane (26) extending perpendicular to
t he I ongitudinal axis of the bars.

Patent Claims

10
1. System for dividing silicon blocks (1) comprising:
a. a holding device (23) for holding a silicon block (1) to be divided,
b. afirst briquetting machine with a wire web, and
15 c. a second briquetting machine with two partial wire webs, which

respectively have several parallel cutting sections, wherein the
cutting sections of the partial wire webs extend respectively per-

pendicular to each other.

20 2. Method for diViding silicon blocks (1) comprising the following steps:

a. providing a cuboidal silicon block (1),
b. in a first dividing step (12), dividing the silicon block (1) into at
| least two bars (13),

25 c. turning the bars (13) in a turning step (20) by 90° respectively
around a rotational axis (21) extending perpendicular to the longi-
tudinal direction (2) of the block,

d. in a second dividing step (24), dividing the bars (13) into silicon
ingots (27).
30



9.7 Met hod according to one of the clains 2 to 8, characterized in that, for
the second dividing step (24), a briquetting machine with two wire webs is
provi-ded respectively having at |east four parallel cutting sections. - 17
- 10. Method according to one of the clains 2 to 9, characterized in that,
exclusively vertical cutting planes (14,1 25, 26) are provided. 511. Method
for producing silicon ingots (27) with'l'ongitudi nal axes paral- lel to a
<100> direction conprising the follow ng steps: a. producing a silicon

bl ock (1) w3t hMethodgacaatding talclaia 2 cohargcterizedcimthalk ipdhaifirst divid-a
11 : . dadli: O .
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(14) extending parallel to the longitudinal direction (2) of the block.

5 4. Method according to claim 3, characterized in that, a cutting plane

(14) passes along a middle plane of the silicon block (1).

5. Method according to one of the claims 2 to 4, characterized in that,
in the first dividing step (12), two side slabs (15) are separated from
10 the silicon block (1).

6. Method according to one of the claims 2 to 5, characterized in that,
the rotational axis (21) extends respectively paraliel to a <110> ori-
entation of the bars (13).
15
7. Method according to one of the claims 2 to 6, characterized in that,
in the second dividing step (24), slabs (28) are separated from the
bars (13).

20 8. Method according to one of the claims 2 to 7, characterized in that,
in the second cutting step (24), the bars (13) are divided along a cut-
ting plane (25) extending parallel to a longitudinal axis of the bars
and along a cutting plane (26) extending perpendicular to the longi-
tudinal axis of the bars.

25

9. Method according to one of the claims 2 to 8, characterized in that,
for the second dividing step (24), a briquetting machine with two wire
webs is provided respectively having at least four parallel cutting

sections.
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10. Method according to one of the claims 2 to 9, characterized in that,

exclusively vertical cutting planes (14, 25, 26) are provided.

11. Method for producing silicon ingots (27) with longitudinal axes paral-

lel to a <100> direction comprising the following steps:

a. producing a silicon block (1) with a longitudinal direction (2) of the

block parallel to a <110> direction,

b. dividing the silicon block (1) according to one of the claims 2 to
10. |



