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WO 2007/ 148987 PCT/ N02007/ 000226 1 Method and

crucible for direct solidification of sem conductor
w@e@da48y8t ti - crystalline silicon ingots This PC/aORI0GI000226

relates to a nethod for direct ;solidification of

sem conductor grade nulti-crystalline silicon ingots

allowi ng i nproved control with the solidification 5

pMetk6ed andaraeible fut dievetl selidifientiopesf sendicondiador grade multi-

i%f%fuh?&li& goisngot The invention also relates to

es enab g the nethod. Background The world

S?ﬁ@'lh\?&éﬂuf Je?ahg‘g f aOI:n%th%qule gﬂg& %ﬂdff%%%n%@%gﬁ{%o:;‘lﬁ?ctor grade

ompltirerystalliae giicen ingats F%?Wmémpag‘(edc@ntml yigh the solidification
h;aweeiscaﬂderede@daeeds of bRy gensaridessirbl@c Adpsritidxoinithé ingot. The

Coehiod E1sBTERRAY, BARTOIK COMAHMIRKE ALAfE {he com ng
increase Iint ener gy n addition,
nﬁ%/ conc rns are ra| sed that the use of fossil energy
i Rackeroun earth greenhouse effect to an extent

tigd wiseld su pneﬁam@@f,lo Yl.ard Bx;&ctédetowee@aaﬁauwmuﬁﬂ@a i@ he

01f011 %3% Ide lﬁ%g STI%Q %‘éaﬂs Pr%gf ?Lg{& y e&%g&%&u%g H%C}ast century will

OGFCegs car i newa
slwteép eueBlaced Wéﬁhun 2 Fffr'\fmi%ad&ﬁdb%h\w CONFFERE P“G%t GERY
edmisginpsiotrade ths cemimy inkieghd in thbigidbal enagyalegtanidhe
earth with vastly nore energy than the present day
Cllhlhi:ldn@&ﬁ ,Qhany Edilceflisnge adiyed daegrarblof fbmlra@sgay indreases the

e%ﬂ&{‘gr%nglgoq}/sﬁ %?ﬁ%yt%pgn %ﬂ%nt}#@mg}% turﬁ%aﬁger%ﬁg Thl.%s th% gresent

c‘%ﬂ?ﬁémlpv& crf’r’f;i1 S uﬁ’ées&u’tdcpféﬁ‘*&%é betreplagedhhy gnergy sources/carriers
pihaesnde rehewible had SostainabROoe elit cléheetandcainivironmehn be
realised. The cost of electricity froma sol ar panel

| Oné shidH&ddron sdrct esaneli ght, tafthardtes !t feafth &6y vastly more

pr Odg}(’:ﬁ’d‘llfllch'IB %R}s%f??& nsEl tl?ﬁ | QAL lu ﬂ{gigmy %%Qegl;‘lg increase in

Ion ¢
elfymaen émrgY§ﬁ6w@ptw |Hfap*feo«¢éoﬁolarwéllcfé¢ﬁtﬁaltty h@s PP rdafs been too
r éxfleasiveto delcompetitias.ethis atats tpahehge ithe huge potential of the solar

% {éle&"r%ﬁ q% ki BE AP Wpfers are presently by sawing

|-crys 1 ne |ngots into bl ocks and then further

t ?he\:l\@?s% 'oF: Ileclgr? 1['}11’J %r (igxal albnleP £ é Plglo#I%Ph rf%lég Qraengg ch{versxon

di recti dna
neffigisncy ranriéh%\p@zsiuzc@@m ﬁ@&m ekt heﬁeoh% nangh Aatle #gfepmﬁu@tm cost of

| 0@t celfsalpdithath@gy iegfi¢iondyasholudd be ihproved) ty of the
silicon raw material and to obtain a sufficient

CPRd ﬂ@ﬂnnﬁi‘tlntgr}ﬁoé@gﬁ%t@tfé'f ﬁll%ﬁighé‘éﬂtsﬁlﬁlﬁahalg dffiulti-crystalline
d|r ctional n%lldlflcat on t he ot.s .;n,ord

Walgls are presently be}fc%awmg mu tis cr}fs(%alhn‘s 11{1%&:9.11’#8 blockg ang then further

V\ﬁot ‘MafébﬁtTém rnalﬂcmtalbngmg@hmry @mwdebr éere@feonarl' éohdlﬁcatlon by use
coithie lBréd gt metlodsireRited Rehmigued. I Mairs challefigé &Cthe ingot

¢ %%1.%&15?1( PJtol Iﬂgi'tnLa%? Ehﬁ’d}h%tf tﬁé‘&%gﬁﬁ?ﬁw [n%tgﬁlgleﬁnd t? obﬁam a
C?qf@p{ﬂnégogtﬁ%lbgfdhf kanRaraiuge gradianthilerang the directional solidification

of the ingots in order to obtain satisfactory crystal quahty

The problem with contamination is strongly connected to the crucible material since
the crucible is in direct contact (or indirect contact through a release coating) with
the molten silicon. The material of the crucibles should therefore be chemically
inert towards molten silicon and withstand the high temperatures up to about 1500
°C for relatively long periods. The crucible material is also important for achieving
an optimal control of the temperature since the heat extraction during solidification
of the ingot in these production methods is obtained by maintaining a lower
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inert towards nolten silicon and withstand the high
tenperatures up to about 1500 35 C for relatively |ong

w@enrod®s7 The cruci ble material is al so inporteCt/NORK07/000226

achieving an optinmal control the tenperature since

the heat extraction during solidification of the

ingot in these production nmethods is obtained by
rrad'mi;teazhtn'reru@ the lacaactie| WO tRO Oiic ik 8 S8 IPCTHIIDQ i/ €D GRREfor the heat

@&F%[l?ztaﬁ()ﬁ ahfl Stlltaﬁgp@{t&fahcbﬁ e tHReugpet Shﬁlo? tﬁéJ Flﬁﬁééea through the
25m A o ican RISt SR ROUIE P supRoLplais It upper part of
f therfaoect lepusigth of hize veliubiecahovathe suppotti plate, orojwding the crucible or

CrMeidEewlRicbRdhand support plate. The upper part of
the furnace consists of the vol une above the support

ph@ﬁteis tfaﬂ%{gdnﬂoh@h iR g)\&rr terﬁg&raHﬁE Qk@(ﬁdi’ﬂgtla Fourier’s law
ents ?1 ra I@O le g} % er t.o | ower
E}ﬁt’é}t 59@4@“&808’ Eﬁth‘l‘él gifrsignakiorm gange welien as:

conductJon, whi ch in one-dinensional form can be

wittedas: Q= T A A . ~k, wherein QL is the
heat transparied Per area, Ax; is the thickness of
material | 3 i, 10 k; is the thermal conductivity
of material i "and AT is the total tenperature

difference. Wth multiple layers, the terrperature

t WefFrr(?nrl-ﬁe Iaﬁlte%segt {8 olrt%}i %ref iars'ea AL 9P {h?c,ri&le(sjst 8% ﬁlgglrial layer i,

ance, resent day in
Ekqg' ﬂhg{}ggg,%%qu WS{}E\V dg?l%hg’?\ tito% g%{ng&laﬁh@s
S i feretcent™ flomeis Lislg devees. the TBFCTiHES 41 TqeGiyoss Sach layer is

cruci bl es ecessar.y thi akpnéss for nechani ca
sPERCTT ! (g {f]e tB rfﬂétan?eangéfs 10 cm The ther mal
conduct|V|ty of isotropic graphite is in the range 50
Inégrgsl I p é@%\#@ﬁ%l%&d&trde lgi%e&‘ gﬁﬁfﬁéjgﬁi ?%éthl)éi O[ﬁé cruc1bles
295%#& St o %ﬁfﬂl%étﬁtﬂ sy ok dimensipas sy 19igntfojcgrry;t f,[oad of the
pfitled grifcdylps. Tﬂeenetchmanyathwkrmssj trrthedhiapicel stabidity wgBde in the

Sidrgea. ma&ﬁr 'rﬁla tidrBm Woh sl te o‘fﬁé&ﬁio%@%fa%hﬁﬁ%eld the range 50 -
t§§¢ m nK. The cruciblé walls an ottomw |

have a thickness in the range of 1-3 cm
Thus, in the configuration presently enployed by the
[ Bams’tafy the crucible bottomis the dom nating

t Eﬁﬁ%ﬂe 15)83!? %fu%@& ?ihfw t§Ai'0 ?éaslenﬁ H‘Eé ﬁle?erﬁﬁfﬁl %pfor crucible

out

[T anpicationndis %NallaP tg&rr&lrav o0 ol hecihenal
I oma?ducsedy af tlesBisedsilicr ucatbtial ﬂwmtvd[mh the crucible is made is around

1-2 W/mK. The crucible walls and bottom will typically have a thickness in the
range of 1-3 cm. Thus, in the configuration presently employed by the industry, the
crucible bottom is the dominating thermal resistance. With typical crucible bottom
thickness of about 2 cm and support plate thickness 5 cm, 90 - 98% of the total
temperature difference is localised across the crucible bottom.

The attainable rate of heat removal is limited by the great thermal resistance of the
silica crucible. Also, any attempt to vary the heat flux locally, e.g. in the lateral
direction will be hampered by the very low possibility to control the heat flux.

The heat flux from the heat of crystallization of the silicon, the heat transported
from the top heater to the bottom heater through the ingot and crucible and the heat
stored in the materials in the hot zone should ideally be vertically oriented, i.e.,
have no lateral component. However, in current practice, the various known furnace
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The attainable rate of heat renoval is limted by the
great thermal resistance of the silica crucible.

WOR®o/ 1488y attenpt to vary the heat flux | ocal PgT/NO2@7/000226

inthe lateral direction will pe hanpered by the very

| ow possibility to control the "heat flux. 30 The heat

flux fromthe heat of crystallization of the silicon,

t B&sifieadre tallashapuetdrizdd biyrlateriliteardspprt o aker. This gikes rise to thermal

thtregs‘QE@ %ﬁﬁéﬁ{erﬁtgg N1 O 1 %gt ﬂl&%&'gﬂhkabﬁ and the

hea Int erraterlasmt ot zone shoul d
a e verticall oriented, .| have no | ater al
c%ﬁ% %HP siligem a¥ide crl?%bleaﬁsgrﬁnti}isa%moééemp oRtapiRAjlon of the
k sitieon fingatasiece/ibe 208 Tioh 48087t CT SNaRD 8D 08 @22®us 10, which may
da%seaéexﬁryees%e & %(ﬁfétlierﬁét%lﬁ Qn@Yedc@WhaéraﬁﬁlﬁhnﬁQﬁé thoPfone

heat
oEiEiing SO P 156 19 BRTPANY RaEs (e 1RO Ba G g ntroduces
Tm:,rbgg engoxggen impmthexsildeon: libet s, & edeqd asgrpeiblesofzoxide-containing

PhakdrR ﬁlfay%@aéead%da;@tehwbio;fea&tﬁ@s I8hdihg @6 inthidiktios bNB6th carbon
E%hed é}? acetn 1912hg scgh&J SIII§OI% IT %Ilcaem/%lu%l %gsoc??t?@%?nﬁfl %n%r%nan

r @@&todmsmtegqtlalp\hpqudewié OEat i% n@nf “ordi i 160/ gasof

Thebstutgasl cgdohl y enters the silicon nelt and thus
i ntroduces carbon and oxygen into the silicon. That:

i Bullﬂh@ é{S@r&fn ih tBE Hﬁicbh@nétﬁl oA (ﬂ@adc:t@rfbﬂhma%f needle shaped SiC
{a'l e01 utﬁ ua se Pé: eor?t)f {heeal% Otﬁl Ieer‘rf1 d egs a%ed SiC
Sdué KPR 10 e
sPIIYISE?éﬁwaTeW“@dP Shanrfe«é paslga%tmsaf t ﬁﬁntcn@dlmtw@q%’arheadmg to
18raRutd1bdredacédiéedr SfficidnalesoOBM{ & upl s alesstdfal oxygen may lead to

25 %Qllpzj%&:ﬂftaéEIQng@ﬁ ré]cgémylﬁﬁ?on ctlv%ﬁk?&%éﬁ U&ﬂn?féglss after annealing

carbon 1 n on ne
I%%ﬁlet fgrmegd ﬁ‘&‘lcp’éﬁleé? needl e shaped SiC crystals,
especially in the uppernost region of the ingot. These
n%démwmdnﬁi'@tlmyst als are knovvn to short-cut pn
m co duc

f
d?géﬁaglgﬁ})o Cng’d ugé'lg loé!flfs %Ipe(thfi 2 me%gﬁx{' %} dO recE solidification
i of Bvgets Wh’&h absaipem rmgrowgd\@oméol with g%tqmr@éatpret proéide and the

aad{t@mlﬁaemn‘evelabf oxly sd@tande asbotg ot peodgvtion @S hagh-pirity ingots of
%lohﬁllgctoro%raz?,gglhcgﬁmd silicon netal. Objective of
|nvent o I'n objective of the invention is

t QVi for.dir ct sol.idifi Gation

%a@f ¥ shfehvBt HReb Ghich 536 padfeh fhl-bitl ipfdnmethod

té@ﬂ@éﬁhagljﬁéhqgm@m ¢eetiie- t he contanination |evels of

oxygen and carbon for production of high-purity ingots
ofthe sbjeictivediidtednventaaemsy be cealiseAibytthe featimjes as setdorh in the

t B&schipViBRIf e inYeh@orPbAYWIBnd/OH ¢ BleSppeRddd 5ﬂ)eﬂ&1ttc|1‘zﬁms
met hod accordi ng to the main obj ectlve

@ect.lve o the ' t/entlon may be realised by the
f &4

f‘ffl‘%g()%lg e‘i“\‘VSP "W n the ~descri ption of the
i THeivennohes baved mndhe realati bre theyd plencadrqd af et sodidificion

process will be significantly improved by reducing the thermal resistance across the
bottom of the crucible to a level at the same order or lower than the thermal
resistance across the support below the crucible, and on the realisation that the
problem with contamination of the silicon ingots with carbon and oxygen is largely
connected to use of oxygen-containing materials in the crucible.

For present day direct solidification furnaces, including those based on the
Bridgman method, the thermal resistance across the graphite support carrying the
crucible is typically in the order from 0,002 to 0,0003 m”K/W (thickness typically
from about 3 to about 10 cm and thermal conductivity in the order of 50 to 100
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Description of the invention The invention is based on
the realisation that the control of the solidification

w@e@cas®swi | | be significantly inproved by redPCI/NO260M©00226

thermal resistance across the O bottom of the
crucible to a level at the sanme order or |ower than

the thermal resistance across the support bel ow the

c Wien ). &or andueibld Wihheabinsthidkansd dfal-3tdne, thiyriadplemthat the

W'tﬁ m%PQ&?&Hcﬁ@ftg%@ tﬁé chuld®18 hla't& \ sh&gﬁtb% %@"l&fét GBSRIW/mK or

}&j’&ﬁ ]gat “gﬁ%rﬁr Hﬂgﬁfa%g§tq%nlg§$ glaEe,r]ﬁi ithgt doeg-gpt contaminate the
psé&entto dayndcceptabls degrde fandawhioh hfisiasandar oi lowlendhemgal

spﬁlsl@lgn Q118 @ﬁlc%ﬁ %l&gﬂ@ﬁﬁtéﬁm%’ siliféh ﬁi@ﬁamul\h, silicon

SIS&C acCr 0SS it Su (0] rr
i NE SEL S Rabriee AP R SEEARRIRS b AElrih b ldEvitcs and
0 cogffizienekp INhethakdmansion fipi thad materiabnmab butfognd on the website
appthe U8 NN oMAD IdshiRk BRI smdttﬁtanw Tééhhﬁlo%ge order of

100 WD 2007/ 489 2007/.,0002 4 W nK).
R R LRGSR S 15 o N
TRt o HI b B RS Dk Moo e procSiction of

Aserojconthector gridolsdiconsingdte byeliectipnal scvbnieﬁqaaﬂont where the presence
d@ﬁ&dﬂéktn i9QRt A1 P@teottthe cryfsltdlh%m)ntfﬂr@%e 4§ &%@aﬁﬁf&ﬂb@educed or

n
oS Raed o I EapET ool P rabe i gpagient curing
sﬁ@h‘bﬁﬁamrt IS évedPBN4, silicon carbide, SiC, or a
sdlligingfthé BemicoadudtsagpldesilRbntihgstireptionally also including the

C %{é bf’ {hte' f%éd Qin‘lon %S’a‘%&]iélclfneﬂlgxcfﬁle Pﬂa%%’@'sﬂ?&&%a}{iﬂcfé” Si3Ny,
t ﬁ’é‘C@BCRﬁtlii%r%p Ph%tCP{nlEPélt%‘Pf e dWQatE WARES Technol ogy;
ht t}p: wallhickeesarifalse botsém @b Viiescricibiel{ssdidmpneioped suchlat the
r i gpr 1sftér{c§tac &6 b&o ﬁh?rédﬂ\f%ﬁd Qi‘evteh 6f gt leSist the same order

uct 1 on Sem
gﬁ%&@r@?l 'feébﬁﬁamﬁ@af%“ts@e SHAPQE heb IcaEryingd; F.cewfvlsrpr lower.

where the presence of oxygen_ in the hot zone
cAysingreasehiato Al Fiysteléeation Taphiss asenesl ﬂvrméhgr@étfnb FCTOSS the

ebryﬂaﬂhiezﬂsmndn tTies prayldaese itictdasedistéskiinitlentrysaiiimeodilicon.
t\nré? %Q%rgﬂl sgre?@fnet fe Hlﬁ sﬁ&l)h gﬁdé/' 'uﬂﬁuée?l 0 even
sov %& ﬁ e senicon uct 8raﬁgl Th
elimipgied h@ gosur, b‘tﬂy § hghq *Vaa U5 1§ ¥etigakingriened ang) meﬁrg e
oﬁltudtmnf wheredicht msoaxtrmatedrinalich a way tbatube bérepemtee gfadients are
S'hlnb&oxoltﬂl'ntcfﬂedtﬁateﬁ'a?’M@er whthlrbGREt ﬁﬂ\?éﬂlgﬁ ogitﬁ)n <9arn Bt termed a
3steady chit 8?01m8e<05%aﬁ1%“g3eh. ig Paf%@ﬁﬁ%aéa HS Sifugtion over a
t hBlChtW‘lléﬁhaingﬁ @ficovhng ctheatingssiteshusitmtheqmesent m@cemcied.

to a level of at |least the sane order 20 as thernal
r ési sssartcdlyacartsally hnemtaqb beattflbeis@wsemdrbyi thgrnodley insulating the

C "sk'l%'wml? oPkhd %fble s%?gsgxq Bﬁ& %r eérbon felt to avoid transport of

coFuBraugh the e e iﬁlescrw depii i sl crystattsed and

i threfasedoder sidison mngdte cryst al I ine silicon.

A process wherein heat flux through the crystallized silicon is always essentially
vertical and the temperature gradients are essentially linear minimizes thermal
stresses on the crystallized material, and consequently the number of stress-related
crystal defects.

The method according to the first aspect of the invention may be employed for any
known process for producing semiconductor grade multicrystalline silicon ingots,
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However, thermal stress in the crystalline silicon may
be m nimsed or even elimnated by ensuring that the

whear/18498x i s vertically oriented and |inear. H¢CEND3007/000226

situation where heat is extractgd in such a way that
the tenperature gradients are |inear within one
material |ayer with respect to vertical position can
banclwtingdolar grada silisndadytsdtyadiecationhli sodid(forativaasuichg} the

'Brﬂd%nﬁﬁ%ﬁb&és@ th@b'l'&!kﬂéaﬁ;'nﬁgtp‘?bées@ett@at' on over a much
w der range of cooling (heating) rates using the

pfr?? @?(fondrh\é Qét'o?@he QR! ﬁﬁ§ﬁ rﬂ’iér@H %ro\(fﬁfeﬁ' C&u:ﬂ()lé) Jr&h acturing

ure atil n
oIt SemifoRd oz et gl crystalfipe a@aca ragm selidjication,

cesinprisihglathdt @oay eiith dir anestpamiospliere, he]artret hrough the
| o‘ﬁﬁrcrﬁé‘iﬁe m&c{beofcsrlH@drphﬁnaé déﬁ\{ﬁl |sﬂic‘8§1Q:aMi§e aélfﬁ%g)i composite

%&ga i se therefore cooler silicon ingot
JY0ARY & raneat flux through the crystalli zed

sr tiecwall mclamemy’ﬁ theskastim alf Ithe crueibld sadimgnsiongdsuch that the

t BIEPRbPicd]seardt AdkRE tife %t@orﬁ S§§é’(‘l‘hb@d {oya ldvepét%' at%ﬁ]slt Mhe @a‘-‘me order
sses 0 er

B RTmahRey ke e tprertRIE e ShedRt Eiiig oF Tower.
defects. The nethaod according to the first aspect of

t hbe upe ehsiligpn piyidper empicpearbide and yilicRn aifidscoatresite as the

f orucilodimériy) psavticatlpdlintiaategcantactnbetiveer hiqtidl dritoe silicon metal

S hrll &%rlelérﬂgﬂlt& ggng%x%Q/Yc{ 28{mb; sé;[/ M%%Qg/tﬂé’ Ql%,%ﬁnle P practically

i nc e sl |con |n |rect| L
S BFE 0f PREaan o hnis deauseswilh gut it bé!hn Bt Rgdens dgsgribed above
bleadlngrtashe grqpiuoties of ogygen durd earbem: ondamspdions af thehwlicon

| DR 1208 tﬁ&esru%sﬂaﬁtlgl'iﬁ‘i’rhﬂﬁﬂfee%hg bHGEER!18vEI96S 0xygen and carbon
manuf act urin conductor grade

nﬁ‘i”ftflmélia;pé’f‘ %Iql'ﬁlé‘ %rP'F‘ia@H}? By rect solidificati on 5
i si.ng .a hot e h an inert atnosphere,
n‘E‘éHE? \iésistencs of ﬁ‘Q'G%Std © S3Me A 28t thgema @@R&Pnce ¢ of the
Suhcﬂcfrb,nng aupiodestrsitGe arloweconjplasbvethecheried gradientafinom being
V"Q@I’bgs fhetc|?§c1l9’f%| botldM EKRRSS Qﬁer!i a&%gst fh@f@fm&h Erystals, crucible

sl on d suc

b ot e el
e 20 TBRS S s RES £ B Tod thegerystllizafiogprocess
aWIﬂheagunudhevsiamn@ﬁ adrcrystalliastiothmtesand i istpaaxed control of the

aﬁﬂh@ﬁﬁt 61*19ea$ep@wtéd Bﬁér&Wo@ﬂ{erBﬂllﬁgvd@ﬁoé%iﬁilﬁh@é .e or i d
Sl |1 carplae

angfe%*}tﬂgc"o?{yﬁﬁa PP%}S“‘%" s n% izh Ss"?‘tdﬁtéca??ﬁféf" ‘Eherem the
qraquranseséwlyalangpeélbe&n\ﬁ shemelig poant Qfe&lh@éhaq theansade of the
Otrutdhile Hottbmanlovaha) 1ar%md1ets§1 arahedreﬂytstao@(wgﬁme(a% ovi ded

t h?)b%&%%pglceﬁro‘ﬁé?vs?%r{ cr&{ fél?lii%n?)ni \?l}é?% A &rﬁ@i!blé( is thr?cﬁng ona

r é%r@pnéwerd@mdeo@a TRBbLIPEIeBic| @éoqrrfgltqdogr@a@te made into a pattern.
| The adsteinatical Df varyingeteat flaxdanboplane riakes itgiossibte fonfurther

I%rvle tﬁ(ﬁtgtaft' &Qﬁﬁal}&gf#oﬁ Qﬁ'&t lﬂﬁia‘?m‘lhﬂ)le{ 4f b%gfa%/ ?er area.
of %mttensf%wgt%gﬁw%éor& Ky Boaling Which will remove the most st

most strained
crystals and further improve crystal quality.

List of figures

Figure 1, part a) to c) is a schematic view of plate elements that may be assembled
to form a crucible for DS-solidification of silicon according to one embodiment of
the invention. Figure 1 d) illustrates the assembled crucible.
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A thermal resistance of at |east the sane size as the
thermal resistance of the underlying support

W@ R00aass9se or lower, will nove the thermal grapkBEND2007/000226

frombeing 20 across the crucigple bottomto nore

generally across the formed crystals, crucible bottom

and support. This nmakes it possible to control the

cFigata?l partal) iand bplioe esematict View of platetelametds thahmgey befassembled

Clroyt%hﬁld él@l@fb‘l(?fbé)r(l?i;) ggltldl@ﬁgnéﬁ' ef bﬂRBﬁ‘é@Qox‘aﬁfgt o se@bnd he
ﬁ?%‘mem PERte SR PR 300 IR S e ispebe o spicitie

t e SO i ficat] cle wherein the 25 tenp eis
sTIBWS |S Pyea CBtﬂqu‘%/ P?é“RFé‘T‘tPF‘h@mE@? Atross thei qu%‘gf‘F ftom and

tlhmlelrlyasmgimmfortt inethe casecithisengdbaptiomaset!silona argeiblear ger ,

| ess strained crystals to nucleate. - Cbtaining a

cblrghf@h lskews b @alcubifted teyificadth ez proifide avvoss ﬂletdmclbrelhnttmlne and

IO R CFERY M LRI e pgnon
TREuRY S LRORL LGNl asﬁogmeg%amsﬂgoglﬂc?,gﬁl B 05 W%tha

es I pOSS
chafterngd ¢arhen platapadarpeath the ercible mfear ceyfveptignal silicaggpcible and

ad efucible @t eatlinaxoai€ inventibn.occasi onal re-nel ting which
will renove the nost strained crystals and further

'ﬁPfa‘i’l\éﬁ &Jsxggaﬁbm%a venlao%t of figures Figure 1,

part emati c view of plate elenents
t Flag lrwaptlbre val derdsberibed3dn fughendetnid byrwasi of examples of

Denb&dilféntd eRthe Qﬂvéﬁftloﬁl Th&,@rexaﬁ@wsobhaqld By Adeneans be considered

teﬁrprb I‘%dII'S Se:}‘ba[ erautélﬁlaré of | eé]fi%?ag db‘ﬁ‘%{gg@#g& of lelrnup%ylgé %fucibles of
PofieRe ko0l @f @2z sen Gnctwgtbraethzrrp%lmwat)anaﬁ acrgys the hettom of at least
stheamiei gt den &vwhefm4llradietanteamoisthehappombeloty eas@fiptiederucible

t& sfn‘i’zgmraA@g %At?ﬁﬁ Ja@&bl@%f%g q ofrfn%gtt{) %r&n?&bl%'\lu'ﬂ? Q¥ficient
Fmsmaén%? ésrengqhagtca%Wé%e EHIGOR SR G MR TANE 2b beygfated
3reghoementsc and whathechnt et arad thieehigh odmperatmeesoms reliecing
O#Mfoﬁh’?en'?%ﬂ%(ﬂ%ne ) Hﬁé&f&ﬂé’l 9(911(?1%‘39@55 filrfadeld ‘?%agyal%employed

using a prior art silica crucib Figure 4's

Cﬂg% %@B&}&?Qgﬁé)ﬁaﬂﬁgls 1%9“2 ln% b‘%‘fﬁ 9@161@? w?trhl“hcé af"e cross-

cyestippilearez Bgdgioh @ltflée tbﬁ@dffdnvbﬁ?m gHride Flngur e 5 s hovvs a
FEMixdal cillcni rotridef poordes tvaltt sisicony psivdec dor exangsle imgohqueous slip,

W fJan’i‘n RALL G é(;lﬁgtf Bé‘&@?fh #ledbfin %@gﬂt@?ﬁh@ abd\® HrHHE bB bB¥t6m and

or._a nventl 'l ca ru0| bl and 10 a crucl

arels 8 ﬁ@qwet%%ﬁﬁ%?ﬁ PRIPleDet ai | ed descri pti on of
t hmountieg theoplatEhadempnte e fam aickucible witls squdpe drdss-sectional area

f&H& fling Qﬁ@jdm@)b yiplRhe 8pa5R! @mpsing Sifiesdh ﬁ@ﬂfﬁ& aﬁfd optionally

ese exanples shoul d by no neans

Cgﬁg?ragﬁgae pflglcl dent a limtation of the gener aI
i nheatmig\the @melmdl@fmearmtrogcm gtragspbietsl, dyisgfonverting the green
bodies and the sealing paste to a nitride bonded silicon nitride (NBSN) plate

elements by nitriding the silicon particles in the green body and the sealing paste
according to reaction (I).

(D 3 8i(s) +2 Ny (g) = SizsNa (s)

The green bodies of the wall and bottom elements of the crucibles may be formed
by making an aqueous slurry comprising > 60 weight% silicon nitride particles and
< 40 weight% Si particles. Applying the aqueous slurry into a mould, preferably
made from plaster with the net shape of plate element that is to be formed, including
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15 materials void of oxygen and with a thernal
resi stance across the bottomof at | east the sane

wo@r@en4sas7 t her mal resistance across the supporPCHEDRW7/000226

carrying the crucible or smallfer. Any materi al

capabl e of being formed to a crucible with sufficient
mechani cal strength to carry the silicon netal, which
nmgaicvet hed apaveacsimbeldr to ebain plaestssitabledonhssembiyinto crucibles.

WAtnIaSth@ﬁ] ﬂea{tl}%ftlﬂk%p Wé@ﬁﬂ'ﬁﬂeﬁ rg\; 1€ Q)'f% é%gltl%ﬁy pure nitrogen up

envi r onnent ct I.Oﬂa

tcé age In
si G?I?Peéa'iulr%ﬁb?‘ifr He §ng & highoihgsueon pajticles in the green
ebbdnds wel treact fané famp kdichnanitide veltieh botds thewstlidresitmde grains and

zlgﬁé)g%t‘é [ﬁa?g]fv%s ?ﬁ&ﬁéé@@f’gatlﬁérﬁ‘in 'iafﬁ'ﬁ"o 8dn Binldsh H@rqu'&gﬁt@nued until
WU SRR B RS Birer gﬁ %&8@9@5’%” Fy g silicon

- nftoderiargobiained. Binegessery, thalhiégdé¢dplares thay be pplighedtand shape-

t RhnRdeicd cb@hﬁ@ﬁ)rbﬂﬁilﬁlﬁga&@ul?a'ie widhdrisidHs, é‘n&ﬁlﬁ@raﬂflowmg forming
¢ 1g$ ?ﬁ l?é'l?lg% l%%(llil Cflc V\F(PRICS ul§> Hrz]:tts%erngoslt h'g\’eli:%l ?atgsﬁearﬁbl?ﬂip e crucxbles a
aﬁ@ﬁl@@a?a.swgm@ciﬁefrpm $1¥1§01b91599f|§13%1h@ liguishmey advargpgasualy be
Sdepaxded pavbe reas @ f ot pl@t’bﬁéthenﬁltha‘[QOﬂl e i ¢dd@act with adjacent

P [atté glleﬁlsén ARflen a&gﬁfb'tl% Thidf tl% Qt%ﬁﬁ& 4 a?sernobéed and the

rogen a rmsp S COI’]VG |ng

b ERetbleris subiget [0 ﬁ%%)p heat teatment H)earb%tmahere of essentially
splrecitropen atntesph&iBSNEh phatttke Separtiehdsoflihie nedlimgdpasy: is nitrided

84 S L0631 1 080 Bl LB g The
S%ONE%&Ss e U S B2 Sl g CElg e whic

andriles &lb /1 -phetivdestin thé sedmggrasts. bl es may be formed 35
by maki ng an aqueous slurry conprising > 60 wei ght %
Sigkkhmple nitride particles and < 40 wei ght % Si

particles. Applying the aqueous slurry into a npuld
prT b sFugibly aCﬁ%réen& fogHapIRAS d df swemtltcaﬁy Agstefedhin Bigure a to 1d.
plate elenment that is to be formed, including WO
2b0zyra 48 YgwstpE the ot pmoplete2b wiich isodqeadratiel Plase miitliraegroove 2
| Bn@li¢lepwid fabingisirfat@uRhgsdath ablite sidek. Blssgftlvk Vs Fifte to the

Elﬁgﬁlpeﬁggf the@q(ge El@g‘[}m&ﬁ%&fnﬂ% {hlg%%q{s oqr{h? %gdc?ﬁle slcRthat the lower
t é%fe ﬁherSéieawe)lJﬁeerfmont? ﬁ\@rgrﬁngdcﬁmﬁ@ tight; fttBﬁg Alternatively,
péiet didé el%melntsta’ﬁﬁl the deronbgdioes syl He gieat t cantplémerntary shape such

skl £6oQ gh bonds the silicon nitride grains
and % ate g@%ltlves The heat treatnent in a

n !FE%u?g?B ﬁ})&? %Rggﬁarg%lgro\%]% E}éﬁ%’eb‘t’@t There%lél lac usedhtwo of these at

een
t REPOsiRg Pidep|sae Eswe 14 ITh side clmentdeis gABIRASH aYiHaa eraqve 4 along
néodsaiey ontthesurifidel fdethgihatrls inmythberyables e gaswles 4 are

Shﬁﬂ&sl&{e'drfg?#vfgﬁgﬁt F‘Ich\Qﬂhft d si QE&Q&' @Wf Atfhents 5 placed
Ui

di nensi,.on or m ng
I éﬁﬁ’l’*’rpﬂ@u%{@dfn @}eoﬁ?} bekm ﬁﬁ}’éi,s W! ﬁlde e(glges of the wall
askants hgayHe givex ablcesgruantléhgdahbiiaigaars swchnthdetlerveall element

ShLLHRE HapPehS S idodcded trIpiAuTBYheRIURMBABRR YR YipP&r side edges
are parallel and the side edges are forming congruent angles. This isosceles
trapezium make the assembled crucible tapered such that the cross sectional area of
the opening of the crucible is larger than the cross sectional area of the bottom of
the crucible. The upper direction is indicated by the arrow in Figure 1b. Also, at the
upper part of the side edges, the wall element 3 may be equipped with a protrusion 7
which may form a locking grip with a corresponding protrusion on wall element 5,
see Figure 1d.
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deposited on the areas of the plate elenents that wl|

be in contact with adjacent plate el enents when
w@s®etidoed. Then the plate el ements are assenbP@NOawd/000226

the formed crucible is subjectgto a second heat

treatnment in an atnosphere of essentially pure

ni trogen atnosphere such that the Si-particles of the

sEgurefic plasw ethesconiesportiitolg $allariemeits of el dragbleneecording to the

J ﬁfsme aﬂ‘lf)let {lﬁhg EEnBbR. Hf‘ﬁ‘éi'e Qﬂﬂ%@&eﬁh@o%f@ﬂ@s@t@all elements at

Seco t .t r eat SIm
ot gqsmgail IS PTROEIaHY e SeRrhe Gl CFIRERTIS . o Bigire 1d. The
awhll Slements Sab etsthemp!phes@efabqlngpghwlth a pEotrupios 6] thataes given a

C&%%gf;l?hfengég :@frlléjﬁl:e:"& the peN@IRbEs A of ﬁlesﬁﬂmtTl&aMoYrusmns 6, 7 will
it 05 bl S b ot 28 MRyt

ate t ve 2 on the ward f sur f .
CFBinee L4 i GreRistBe e et yhEY el iaeyE EprRg. The sealing
t pusm(rseesfrpheﬂ in heclsgr@eveﬂeﬁénfcsefasmmbig Iftiee grdoives @f 4 and edges
t@ﬁth@p‘ﬁ&t’e Ri&gn&tsh, § Bad 1‘&/@1@ a sﬂante(ﬁﬁ&n%n&l%cﬁf&? the cru01ble

ISl Br oL Dl B &SP SRRt e g crcivie.
bibis easegthsaise ofmgalbit Ristectndasecondhesting may bs raped.ubh wall

28 eRRnf- \9}11Beﬁélauﬁlmaaﬂadaytmew&ruﬁbma | b shows one
rect angul ar wal |l el enent There will be used two of

tP)eg, opposi ng si des, see Figure Id. The side

rrept 3 I's equi pped W|th a groove 4 along both
efihesrueible hecadifgaoexhmping is sohancisically dlushetedrindiiplire.2a to 2c.
The grooves 4 are dinmensioned to give a tight fitting

V\Figlnré be ilbistiatesdie bonndmtpiatevidl, whidteivendwadbatpl platdwitB@wo

gH &g& G dlfl’ﬁrleX 1?%1(%[%6 Wﬁldf i&l &@%ntfﬁe %m&ﬁ? B FAKE Ap élrtures are
ele
ﬁﬁwewaa P GF FONTSAER Hhd ltoﬁ%lswau qf the Sidéwalls and
efoema:nn ghibﬁtlmgei;t is labgoenh vass ozl tlososkudb gsodves (extishmwn) running

i A el T
S

a@?ﬁ%lp&teq qugggjf} the assenbl ed cruci bl e
tapered such that the cross t|o reao 35 the
oﬁerweng ghownane palialpraenicl 3 3@5&% Slphe R i b iements, see
sErurodal Tlar @de ofentené 1D a¢ equippéd witheéworproirbsiens Téhel 5 on each side
UWfW(SjHQS@ﬁWaEH‘pI‘o%uSME qat ?He I@Met @trﬁéﬁ&%’\éﬂerﬂllﬁeﬁﬂfﬁed such that
e Preitisiane sy Hsnegh o nvél B Eeq s a tght

© Pf8TrBﬂ8Ht FHEY UheSRaqnPHeE Fﬁ“’ér‘ﬁr“&‘tsr Sqrishhioyms a tig
whitotg whyn fwe wiadl dlemkitad 2qre psseinttiedfaroring edjestitrigplls of the
g%%'%mlli Is THe &mwmhﬂd fgl:f? ogggséon§ e afd (ﬂlkﬂl{e‘hsﬂt)ngd tA/\@t into the

DEiFng Tuat ¥ SBRCRENS S8 Fitpe 9L T e SRS el

t gletrmts 3 m@v beneamn @ cotgrupet gnglecherigiatiameyed thpy thepygall element
Ub&bnid¥shaped heseisoaddiescirgyeRnimg vitere tHeiagiongasd dpperaide edges

pglre LPeal?gllqumafhé( sfﬁgt ﬁggg’]?rtqur[ﬁﬁlgscoﬁl ﬁ@p%ﬁ%@s ﬁﬁ? 1sos<(:jeles
eqap??p@a Mplenthg ameé@b adcoisilye tappaed F‘éChg‘ih%‘rlileéross sectional area of

the opening of the crucible is larger than the cross sectional area of the bottom of
the crucible. The upper direction is indicated by the arrow in Figure 2b.

Figure 2c¢ illustrates the plate elements 10, 12 when assembled into a crucible. The
sealing paste is applied on each side edge and the lower edge of each wall element
12 before assembly.
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5 conpl enentary shape as the protrusions 7 of the

walls 3. The protrusions 6, 7 will forma | ocking
w@eiop/1¥49€N the protrusion 6 is thread i nto proPCTUNORV7/000226
7. Figure Id illustrates the pl@ate el ements when

assenbled into a crucible. The sealing paste is
applied in each groove 2, 4 before assenbly. If the
gvesifieatian of thethwagioan of the plate elenents 3, 5 are

EM@E 2 ﬁHlfl f1§ A rrng@ St a &? Gy EQ@MI’aﬂBH? P{Héctblkﬂb@rature
ﬁ%a%w% SIReBe batipm at@% ideriing sfpor ?fhe apigts Carrying

oﬂles:emtlhh;t paste and second heating may be omtted,
the wall elements will be held in place by the
' i bl K< acord|
-d . lf el a _' _7_; d 2
2@@1@ Figure 2a ill ustrates t he bottom pl ate 10,

V\ﬂ' dalcul tich m&ea&y §tatdl @Ieedﬂﬁdnblﬁﬂptenﬂie@itg?é &@ddient at the start of

Pl aher e pBBtubhacs oS oW Rl IR %
rt@@mevaéu@ ddhpimside ofibe sgugblsthotionbis 1l 5t°ﬁeTb¢ guicjile bgttom is 2
and thicRl it t@hnal tédduagvity s 1.5 WIBK. dheisappsre@ldt®is 60 mm
' ﬂl‘?f%ly d6d %s%é’r?@l Qﬂﬁﬁu&m%)s 8()"\5’%119 In ?tdeg h& ge x‘}ebld RE/m>, the

gieatpEauLe gifthe hattor Qdbe émﬂrbt’lételmaft el wercbto 1398°C. This rate
exfinglt éanffeguaregiRie csyiukizatien vaed ueteO®nim/h2 dependirg on the

%;gt)utteoff&u{trgtspt)ﬁ%&%&h%e ThaffPr. Figure 2c. The

| ement IS equl pped two protrusions 14,
15 on each S|de and t wo domnmard protrusions 13. The
: ad : chatera prafiledn afomach arith & kaicible according to
pﬂ@hﬁu§h 14 enters the space bet ween the protrusions

13 Céllaé&or ?fba %taa ﬁf n%]ne %ﬁn-éeggwpagg‘ﬂperaﬂqu %rélceheng‘\?vltth a silicon
chifddbrrcibin s siwwmﬂgﬂm:‘i nkhepradeulaisooHbistrateg e situation at the
dstﬁﬁfbflc@ﬂ@ﬂhkﬁlcfd {THent@ptfagure AP eid kRIS okth@beicitle Bofiom is

?{Bt" LIlhgzlcr 1bl%g)%rt%|ng%rlec%c[hlci;h§n(§ tg?he% Feol ucé ﬁy is 10

W/ehKaifh@ ﬁumhpltatpats ﬁtoﬁern/@mk ang r‘r@%belﬁ&% Gﬁégu“éwatpfééi 80
aw/arKi Bpsciet esreni@pery kW/ifiethe téthperanirt anttaitsbttoppef the support

S ﬂ?e Iﬁqgte&: lo%%r@d' f P?f4ab| hsar'agi S ¥ead Fﬂﬁs@g g&v %We%rrﬁ/stalhzatlon

rmng congru I'S 1S0S
nreﬂte Wihio Q3 aHby P gwafm etaaﬁé%a?geeﬁr%a?ﬂtcﬁaom the top
cclosisbesect i onal area of the opening of the crucible
is larger than the cross sectional area of the bottom
t ath r_rc:|sb1e_ T‘t;ve upper di ec{)lon IS indi ca hecx)(lmble

pAave dhensiongl HBM m2delhie nsed et wate the effeccolintdstionally
TO&yinkothe 9k N8k aa§rpsuer$1 RPPsitBE beARoMAFhE Iu;gz)t eslgRledfdl promote

5G5S PSR BB rystals. The

veraphite seprat plate ised () mpethi¢koand has a thermal conductivity of 80 W/mK.
Above there is a patterned plate, 10 mm thick with a base plate made of a low

r art silica
U

conductive graphite material, for instance CFC, with a thermal conductivity in the
direction of heat flow of 10 W/mK. In this plate there is inserted pieces, 10 mm
thick of highly conductive isotropic graphite with thermal conductivity of 80
W/mK. On this support structure there is placed a crucible according to the present
invention with bottom thickness 10 mm and thermal conductivity 10 W/mK. With
1415 °C on the inside of the crucible bottom and 1200 °C under the graphite support
plate, the heat flux is as shown in Figure 5 (fully drawn curve). It is characterised
by distinct local maxima at the position of the high conductive graphite pieces.



The invention is verified by performng a set of
cal cul ations of the tenperature profile across the
W@ eweilkd9e7 bot t om and t he under|yi ng support of PQI/APRI0TH00226
carrying the crucible. 5 Exanphe 3. Cal cul at ed
tenperature profile in a furnace with use of a prior
art silica crucible A calculation of a steady state
ORer ebmpdrsoanatkalcelaion & made gviddihe n;hmatsupb@rt stratture©find the same

%é(lﬁ{d@hl &%ﬂ“l@& gﬂ.lf thtﬁ asérﬁ@l@?ff gorﬁleoﬂ QGRS §rtﬁ§eI 3 ade of

own._ I'n ure e .1 ns
/mK.

at.ur

02 bt °%&Pt¢8ﬁ?§s§ 1@@ ﬂFL%ﬂ%ﬁf{E‘é “88%’ t¥
cth¢ hmokint @fitckat estradied isahucoledsictnidwthe ﬂlatelsal YaBatiwmis. very small
Th% Mﬂ@%{g @ﬂl&hfal kéls@&a@nfthb tAleibignd its thernal
conductivity 1Is nK. In order to renove 10 kW n2,
t he tenperature at the bott om of the support plate
nmust be lowered to 1398C. This rate of heat transfer
can give crystallization rates up to 0.9 cnmh
dependi ng on the 15 anobunt of heat transported from
the top chanber. Exanple 4. Cal cul ated tenperature
profile in a furnace with a crucible according to the
invention A calculation of a steady state
one-di nensi onal tenperature gradient with a silicon
20 nitride crucible is shown in Figure 4. The
calculation illustrates the situation at the start of
crystallization. The tenperature at the inside of the
cruci ble bottomis 1415C. The cruci ble bottomis 1 cm
thick, and its thermal conductivity is 10 WnK The
support plate is 60 mmthick, and its thernal
conductivity is 80 WnK In order to renmove 10 kW n2,
the tenperature at the bottom of the support 25 plate
must be lowered to 1274C. This rate of heat transfer
can give crystallization rates up to 0.9 cmh,
dependi ng on the anount of heat transported fromthe
top chanber. Exanple 5. Crystallising wwth a
patterned carbon plate underneath the crucible. 30 A
two di mensi onal FEM nodel is used to cal culate the
effect of intentionally varying the heat flux in a
pattern across the bottomof the ingot in order to
pronote crystal nucleation in certain areas and
thereby obtaining larger crystals. The graphite
support plate is 50 mmthick and has a therna
conductivity of 80 WnK. Above there is a patterned
plate, 10 mmthick with a base plate nmade of a | ow 35
conductive graphite material, for instance CFC, with a
thermal conductivity in the direction of heat flow of
10 WnK. In this plate there is inserted pieces, 10 mm
thick of highly conductive isotropic graphite with
thermal conductivity of 80 WnK On this support
structure there is placed a crucible according to the
present
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invention with bottomthickness 10 nm and t her nal
conductivity 10 WnK. Wth 40 1415 C on the inside of
W bh@7a48987 bl e bott om and 1200 C under the grapPCT/02007/000226

support plate, the heat flux is as shown in Figure 5
(fully drawn curve). 1t is characterised by distinct

| ocal maxima at the position of the high conductive
graphite pieces. WO 2007/148987 PCT/ N02007/000226 10
F@LA&R?parison, a calculation is made with the sane

support structure and the sane boundary conditions,

but \ith cr.uci bl nl used i he art. It s
miradenod Eptaitéc deRaHEARPE of miifienedaligf SSoisandunts? grace
t hersthidondpaeisct i vity of 1.7 WnK. The arount of heat
ext rcmwale'risem fhdtahis metisl ¢ ﬂi@ése:r al variation If S

ver . . [ I - I I St.an . -

! e IR it R il oyt B 9Fade N I8 inbFE 58 BA%Y ko including
cLAIthgmelting pf thedeedpiligpn smateriad) ingg equsthle sradsfof silicon nitride, or
mul tih ackysbR madeof £ 0ompos tecd iligsrackabidel dndadlicdmgitiide, and
chaga&% rised in that the nethod conprises 5 -

cryst i zi ng . the sem conductor grade siljcon_ingot,
opt - harell diicpers et i%HEiothféLﬁﬁP’cCFW@ i fimesiqnedguch that the

si | itcomaha¢sestamde, adrossahe buttodnl ie redhded b adevdl bt least the same
Ni t Igr @& asGherhdl rdsiSlakéd Rr6ssmd %uﬁﬁor@b@l‘é(ﬂp@ﬁfﬁﬁ ®fe crucible or
S|Ihcon carbide and silicon nitride, and mher% - the

wal I'°Yfi-ckness of the bottom of the crucible is
d%nggshoned sych that. the 10 thernal resistance

atr odethed aceRgdingnioidaifbliyced to a | evel of at |east

t he chanzctenseikin Hmttthe method dso sdmposesatbensally haulating the

SUPRQetv PR TMhE BAlcIO% bHGiCidEdsBh&alBS verkiR4RY ori€nted hﬁat flux.
Met hod according to claim11l, charactérised 1n that the

n@tQQQ??Q%g?ﬁgﬂgg%ﬁﬁépt?ernalIy i nsul ating the 15

side ) ‘e to obtain ap essentially
ver ﬁﬁ%ﬁ?qtyna? Uhthat aayer ¢fj grgphitesor ‘F\?ég%gel%\b“‘(?é‘illb‘%@i gpthermal
cl aiimuPgtiarhef thetsédd walls ofithereatciblel ayer of graphite or
carbon felt is enployed as thernmal insulation of the
s4 devishbl acedrdidpetodiaied diyeof dainVttbadd according to

cl ai f ' '

¢ AL ool PIRLASLABNALL Me sa
mul fruldrsrystallineralicqn ingets byndisrcsions! spliditieationa|
solidification, 5. Method according to claimany of
ch-aiMgthod according to claim any of claim 4,

characterised in that the directional solidification method is the Bridgman
process or the block-casting process.

6. Method according to claim 1,
characterised in that the number of crystals formed at the beginning of the
crystallisation is controlled by use of a composite sheet of graphite under the
crucible with patterns of highly conducting oriented graphite and areas of
isotropic graphite.

7. Method according to claim 1 or 6,
characterised in that the method also comprises, after the initial
crystallisation, reversing the heat flux resulting in a partial remelt of formed
crystals before again reversing the heat flux to accomplish crystallisation.

8. Crucible for manufacturing ingots of semiconductor grade multi-crystalline
silicon,
characterised in that
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characterised in that the directional solidification
met hod is the Bridgman process or the bl ock-casting

w@emcasws7 25 6. Met hod according to claiml, PCT/NO2007/000226

characterised in that, the nunber of crystals fornmed at

t he beginning of the crystallisation is controlled by
use of a conposite sheet of graphite under the

cr uci the enwiithlh ipatatie rofi silafonhiighldey oc ofial uempogtcoof @hit@dcarbide

grapiydtﬁllmlﬁq@@%ngfwhérgotrop| c graphite. 30 7.

t hod, ac a|m1 or a arise

et e Sl diskher cof R Peds i FUAbEE S heRTaAcd such that the
cr ysheinhdl gegistance acevmtéuer’og’ttpmelshed\mceﬂltgﬁ leeddftat hepst the same
a paJrHéIaAs th@ﬂ}&lltreﬁgtaﬁ@é AEdss HeYubpb® b@@c\ﬁéﬁ'rflgg'tﬂe crucible or
reversing the heat flux to acconplish crystallrsation.
8. UeFbl e for manufacturi ng i ngots of sem conduct or

gr.ad ti-crystalline 35 silicon, characterised in

ﬁat&%@%“fﬂi IRg49 CL%‘T“/*Nozoow 000226 12 - the
crumlialracuesisuhuethﬁt silicon nitride, or of a conposite
of sitht cARIMRLPAGCMbA S difeOBbtinh blade elelR@t YIS and Tour wall

e Bt 105 b S A U L 50 e

t he dbesurrmeoss sastigneldcrueible,lagdel of at | east the same

S ordge jeiitstbeewsdl adﬁ&érﬁtvé’dlpﬁeﬁ&ﬁfgss(s 5h192)5‘a|lﬂldﬂ5éhbeéiﬁﬂh@\/\halls

car r r |
ﬁ\{éxﬂgmgr(‘?, £ 145 2Bk BoRbm i0WEh: (17107 3CERE AR TR0

assewbéag psdiRoBFOnEIRIgHeplaat Basis befors a?(Sim bosl Fedjin a

f oursubstahtiallOp@learivrogen §t3nospherk2) faurh arvatie phhsenof dilicken nitride.

bonded silicon nitride (NBSN) defining a square cross

seglid@bie gdsdd,@allggqo chdigh 4, the joints between adjacent
wal |

el er 3 12) ‘and bet ween t he vval I s
el errc\%lﬁ1 sé%f E} and bottom el enent (1,

seal-dhe awlbleekwewle%ﬁjn& PRY baﬁ@mml%téﬁlbéwwmﬁ wglls (3), and
Seglltmtsuﬂ)ﬁﬁlhﬂs bHfiarae iacseitdn sh@@etneel | n a 15

subst \V r
ohas etﬁg?)bﬁl)xllnl pclgéﬁi (? {LJ 4 QQ%Qti%bﬁ%cf gg% gi)%glé‘n QAdhdmde

cl ai§ded onéh%mawgf g THifachednd Wos ?gaqVﬁFéZ ye fitfed such
assehin ledensdgroHthe shdet walls (1, &) (en(eis into Wi siodeesn@)land forms a
(3) . ti@R%etihyQndi de walls (5) in an intermttent

SEQUENCE: 11 elements (3) are equipped with a groove (4) along both edges on the

surface facing inwards into the crucible, which are dimensioned to give a tight
fitting with the side edges of the wall elements 5.

11. Crucible according to claim 35,
characterised in that
- the grooves (4) and side edges of the wall elements (3) are given an
congruent angled orientation such that the wall element becomes shaped as an
isosceles trapezium where the bottom and upper side edges are parallel and the
side edges are forming congruent angles,
- the wall elements (3) are equipped with a protrusion (7),
- the wall elements (5) are equipped with a protrusion (6), and
- the protrusions (6, 7) are shaped such that the form a locking grip holding
two side elements (3, 5) tight together when assembling the crucible.

12. Crucible according to any of claim 4 to 6,
characterised in that the wall elements (3, 5) and bottom element (1) are
assembled without use of sealing paste.
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20 - the bottomplate (1) is a quadratic plate with a
groove (2) along each side edge on the upward facing

W@ 7/aese87 and where the groves (2) are fitted BCIYNO2007/000226

that |ower edge of the side walls (3, 5) enters into

the grooves (2) and fornms a tight fitting, and - the
wal |l elenents (3) are equipped with a groove (4) al ong
bi.ICrecipbsaaordihg to 2himu f ace facing inwards into the

cr U‘Ehmfcteyyﬁ%@ ﬁ{g di msnS| oned to give a tight
fitt t f 5
I ol SEHE e bt Piais ( EDrER Todesiitp walls

tha(l2)the grooves (4) and side edges of the wall
el enRpd 50‘&3&1 p@z{tS (%)"1@@ %Ad%c%%rmtwéﬁﬂé@ﬂes (11) along each

orien ea%p ﬁ i) el enment becones shaped
as alf° 99688 ‘éélp}NF“é @ff”{%ﬁ &fe the bottom and upper
si de teelgel clgrecrgaf bd)lace camippehwithsiwged amgjsardafpeing protrusions

for ngﬁﬁ@mgaraﬂeﬂtharagm@ne d 1) hed Yerhi a GleBNBAing With baftém
?gylepgfeqltgﬁé)p o Qfd%t;{]&?{lﬁgn @4% .on én'(%%d@é&ﬁ J,;@W%t otrusions
pro(?ﬁﬁﬂbﬂ@”ﬁ $§e%¥§:§ﬁ%ped such that the forma

| ockiwlgrg thegnbfrhﬁibﬁg(léﬂ; W) aieddineingivand sudtBthabjhet prgtrtision (14)
t 09%}1{}% tht Qc@ﬁégé@ﬁ 'tﬁ%g[?nlrogﬁ%sﬁ)ﬁlg?i %)' dird fbfms ik !?iltt?ng when

accor cl al haracteris

£ hatworghelemeatodahiie a(sgem@f AN BgdiAceRt W P*M)crumble
are assenbled wi thout use of sealing paste. WO

2007/ 148987 PCT/ N02007/000226 13 13. Crucible
according to claim4, characterised in that - the
cruci ble is assenbl ed using one bottom plate (10) and
four side walls (12), 5 - the bottomplate (10) is a
quadratic plate with two apertures (11) al ong each

si de edge on the upward facing surface, - the wall

el enents (12) are equi pped with two downward facing
protrusions (13) fitted to enter the aperture (11)
and forma tight fitting with bottom elenent (10),
two side protrusions (14) on one side edge and two
protrusions 10 (15) on the other side edge, and -
where the protrusions (14, 15) are di nensioned such
that the protrusion (14) enters the space between the
protrusions (15) and forns a tight fitting when two
wal | elenents (12) are assenbl ed form ng adj acent
wal | s of the crucible.



