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WD 2007/ 148985 PCT/ N0O2007/ 000219 1 Devi ce and met hod
for production of sem conductor grade silicon This
WO nooentsosh rel ates to a device and nethod for PCT/NO2007/000219
production of ingots of semjconductor grade silicon,
i ncluding solar grade silicon. Background 5 The world
supplies of fossil oil are expected to be gradually
Deviteusidesietlivd foe prodhttion nfj scmicomductothg s desikieon hat
our main energy source for the last century will have
Thi2 iRgertRi RIAE i d Mvicaatdmededafie prodetiontod ivgatenf t he
resent .en . S : ng increase in
SRS E EaY sy O R s ghelE SPRRAD | Soncarns
are raised that the use of fossil energy increases the
Bagkgeauwnd gr eenhouse effect to an extent that may turn

Tgé@laﬁrcpﬁﬁypngb G f(%sBﬁ ogn{e@s gﬁpecté@ﬁslﬁmta{dﬂalmfexﬁm&s&d in the

el.s shau efera r a1

fullTiBedreaie BS RIAR M for sERLAREHky oo ek e lag pentury wi

hévor toos repldced vdthing fewvdecadere REh O fOVELEIF RIREF FReTEY

cSRHIER drSariotha lcohdigh increwe ¢ the glatialbdresgy Hemead.t h wi t h
vastly nore energy than the present day consunption,

1 BelShNghaaP ¥ oh R esaRablsed inarkasse dbhfokbil buergy increagyy the
consu i on. ver

oGERSHEREL LT Bhey o8l o BB L EELSSLL pbeihelan

coussireptiopaiiossil fusdy sheuld puRiprabliebe Teplaceddcrnergy sources/carriers

tisang eedetvableadiugatapeibdnforadurafinidie asdeaviremhent.
electricity is to be realised. The cost of electricity

JeOMch Bt soRddisk sbr dightinetiichirradiatdseheaatlgyith vastly more

conversign effici . i .
SERET o LA SR o s ot
hoosmETS eI RmEERn. HPBeVSh. shy ok eferEiaHer g e ate been too
eﬁE@ﬂisﬁWe &b esBp@htiveakith auelray powed, therarad ppwet egafhis needs to

cﬁg?%egﬁ’ Ot Bhe bENRGAIMAYRL SY1aLL LRIHNR) 15l BeeAIRR. T or

Irca are cu romingots tthat are cast in
urnaces by directional sol idjf]j i :
CRESEr gy Fap AORler kbl s LB R oL B citigEfon Enion
effficicacs end ihe prodwetion easts elhibe salar Ppnel SH% ous FRISRY ffy
rBRL&hE Mo cobtPoDdoldrhelledleitEnity i< hutséasingrihnteanigyatonyarsion
éﬁéblens are oxygen and carbon. According to the
1W8B%ok of Photovol taic Science and Engi neeri ng"”,
John Wley & Sons, 2003, there is a problemin that
Ryipyast or oxi de containing materials in 30 contact

HithBay B hBRVbRRI NPV lindusBis! Mdithgysthifinatviferst for O¥gApptlivetions

rel edse coat L ntr.oduyce N L0 01 (DS) based
e e g
on the Bridgman method. A main challenge in these processes1s to maintain the
purity of the silicon raw material. Two of the elements causing contamination
problems are oxygen and carbon.

According to the “Handbook of Photovoltaic Science and Engineering”, John Wiley
& Sons, 2003, there is a problem in that oxides or oxide containing materials in
contact with the molten metal (including migration through the release coating)
introduce oxygen in the molten metal. The oxygen leads to formation of SiO gas
evaporating from the melt, and the SiO gas will subsequently react with graphite in
the hot zone forming CO gas. The CO gas enters the silicon melt and thus
introduces carbon into the solid silicon. That is, the use of oxide or oxide-
containing materials in the hot zone may cause a sequence of reactions leading to
introduction of both carbon and oxygen in the solid silicon. Typical values
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evaporating fromthe nelt, and the Si O gas wl |

subsequently react with graphite in the hot zone
WO oromi1#8983CO gas. The CO gas enters the siliconP@ENO2@MH00219

thus introduces carbon intosthe solid silicon. That

i's, the use of oxide or oxide 35 containing materials

in the hot zone may cause a sequence of reactions
assecidiedgvitio the Rtidgnias i ashodis ibtsrstitid oByacminy claigef 10n /om”
a2 600 s liseadin il eaboxal ues VIO 2007/ 148985

2067/ 0 8219 2 associated with the Bridgman

hod 4 s 4 0t erstitqi :
SRS Spldl 29t 1 duaonny A aophadoSot fidlabgen sic
craaialsofsioFialHeinote UeBrRRE HERAg! [isAdept sy Sl sic
ciyeail eredhapadoShert-ar patjahetjonssydbe atmicondugtre cell, leading to
d Q@%@pgégggagegfﬁé@%s?gg? -upTc{fQﬁ&rﬁﬁﬁmo_%ygﬁaﬁﬁgi 1&d0

. - CGU - .
oSS e e A 35 B PR Bt Bncaling
of:tel fomhéd silienninessal. Bui | d up of interstitial oxygen may
|l ead to oxygen precipitates and/ or reconbi nation

()g,i(jfg%téﬁgen@%tgqlﬁvsﬁ&rgm e?_es af%erhanneal ing of the fornmed
: met.al . ective of t N tion.10 T i
Thpusin piEcEre CREN HVEMITLR 1P @f?ﬂhgﬁﬁa?f)é@cq%%@ od fieb-
phittshiogotfoftegtieorplncidrigradegstisonhedniubsitatiets redjicse/gliminates
t}ge'r fgﬁfege% g‘?b%og WA RPEL Rt dtakafeaIfeht Bilitahesetal he

carbon and oxygen contam nation of the

If]'gl'r{h%? %b@é‘éﬁ% gfﬁlef HVEARn QRj g%{bi&@ aQfevideerot RYEDELRR the
) provide a device tor performng the inventive
injenkiyeg mefhodrhe obj ective of the invention nay be

realised by the features as set forth in the :

Tho@bidcpE o 1bF B PR FEHITRABRI (hEriGRBHS 45 Seh orth in the

d@ﬁlﬁﬁﬂﬁﬁ%ﬂlﬁé Qlﬂx_fenﬂiiloﬁibréh)w, dddsarih phe epperiled petenhekamg.on
The invention is based on the realisation that the

Iﬁ%ggbgghwhgﬂeqﬁggﬂ:Ipnd/or oxygen contam nati on of
€SIl

I'con 1s coupled to presence of oxide or oxid
T2@ inverttainnis hgsedor HiexteelisationHatibe Preilaws yygh carbon and/or

&Y¥id estBRinAfor! dfetht ilitag &S cowed tdptestine ofpmadent byide-
c%s‘geagqina.t ea:%(lerq | 1|% il .rt?]%)t Hc?[ r@{f ci @ﬁvir&ﬂﬁg'nt tﬁ{: %ﬁbé‘s?hnd that the
CREHHAE TN EP UMY €8 T oad® “carr g bui [di ng. :
pabontintused erterials nihel s EBEiUAN AR L e S lpmy grucibles, load
JAREd Bhifdiny @ldh@fts axd thesmallinwslation andyi betepdaeddty ofterials
‘;QS FDyention there is provided a nethod for
6? Juéti'on of 25 semiconductor grade silicon ingots,

ﬁﬂggg t liesggffrfgefscf gﬁﬁ‘é’gf vé;rfr{%%ﬁﬂ?%e%g ﬁ)E(ﬁViEQ& a 7880 ?c?r production of.
semiconductor grade silicon ingots, where the preser%:e of oxygen in the hot zone is
substantially reduced or eliminated by

- crystallizing the semiconductor grade silicon ingot, optionally also including the
melting of the feed silicon material, in a crucible made of silicon nitride, silicon
carbide, or a composite of these, optionally coated with a oxide free release coating,
- containing the crucible in a sealed hot zone with an inert atmosphere during
crystallisation of the ingot, optionally also including the melting of the feed silicon
material,

- employing load carrying building elements including heat insulation elements in at
least the hot zone which are made of carbon and/or graphite materials, and

- employing electric insulating elements in at least the hot zone which are made of

silicon nitride, SizNy.
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- crystallizing the sem conductor grade silicon ingot,
optionally also including the nelting of the feed
wapdorgesessrat erial, in a crucible made of sili cPi/NO2007/000219
nitride, silicon carbide, ory a conposite of these,
optionally coated with a oxide free rel ease coati ng,
30 - containing the crucible in a sealed hot zone with
The nietiesd acbrdisghetle st asppct of hetiaventing may befemmlayed for any

kl#l(g’sgqg'ﬁg?cf%?% ion‘r%ﬂﬁﬁﬁ%’ gdilj c;r?stbﬂﬁir&gd%dﬁﬁ_cbﬁtﬁldﬁ@{ driaig siticoh liggots,
. i. - € . ' .
b o e e B i A TR R SR eped v
solidifitatidremsthodhethh dlockoprstinginspcesh-cnielie (of-PEagepbpr growth of
nRRBESSst B RPSiiben BRLaNs.al s, and 35 - enploying electric
Insul"ating el ements in at |east the hot zone which are
Ig%%? fél as%:&t'o?‘%ﬂe MHiehtif thepb NVrovided20Pet/1d4 88Ghanufacturing
) 007/ 0 0%19 a The met hod a ar di 09108 A NGailihbE St
inge et SOHCPRUTTRARAS O iy "o dgr i rap e alRE S,
cpmpcieing d seeladdiotgohe Wit ysingrt gteoppbEentReRduct or
- nggffls éérkyiﬁ% BuilBpRt SemehRGfURE dgviseimiudingdeatsinsulaton
ch. as the Bri i
LB 1 070 el R PE OO0 o S BB, Sl
- theecleptrisrisdsidon Bt atglp@wthe bet zanedy FFE?@F)PEt élﬁqqnn]@%rlde, E§13 4, and
—felirl]é EeRIbl€ fymhad 6f eitirerailb@manitids(aiN,) ofilictue carpidn(Sich or 2
er e r.ovi i . fractMdrd j t
cgﬁpgalﬁ% 3 e P G BB ol DR R e cokibtot =
ticrystallin £ i Sid | i .
LR LN, bty 00 o v
thaiatiriags ef tpeqindiHecQTeRERL 1 18 RRIFAGS RUeh is essentially
chBsidadly 188t tdPardk eneniaserials af theeksicetdnd thotsilmwnenetpkphase,
bénf?lgf“ B 5l l&ﬁp 11?]?1% QL I TRRRL IS 2B R heBbiBy incluldBS any gas pressure
'ectric 1nsulation 1n at |least the hot zone is rrage
offthe inericmosPRETF JECIUGInANACUIRY - the crucible is made
of either silicon nitrjde (Si3N4%,,siIicon car bj de -
Tsi dgyjceonan be prpagprelegicerine sb/staping SaPGPRdSios grade silicon
ilﬁ%ét@, AchiesdlaegradesBroa ingat, sugh Bhdutnaces farmerrying out the
S " i Nqs . e
%‘r(g@‘@géc’\{‘ E{Ia%gﬁsaérl%ﬁﬁﬁde H%@es?}g?éﬁfﬁﬁggéégg&? Egyrsgalhéhtlon pots for
R Tardne FeLiPCh-RAING MO oG TICEh i EegRe L' rgromth of
fbesrgghllineisiiéoon drostaisds the materials of the device
and the silicon netal phase, both in the solid and
By @sing ndhad:@de Mhaeeris M A hos eondéudng thenoklithesarainyy gfaBisation
(%r o5 U Sde QlicdGné g%ﬁl LR g@ﬁf&vrbéﬂ‘ Shd gk PgV@midiination of
hsé)_aaegw ce ray be ny_ﬁno evice for crystalli ing..
thesilisondneiebPhase a8 1R It DsTRATly SPduced dpfigy fsubttantially
%ahey fogmatien sif kilivon cartjde srystalen the thetrhpleass, promoting high solar
éo%ﬁ%{e%’s}i#]?g%&lﬁ%ﬁcp%f B PYITENMBAO &R ESHRIwAfet. A 8sthel faetr leading to
higher conversion Qf cgeon%?essﬁgéhe geﬁ%%’}lgéfg{f&agﬁgenoﬁ%t[esrstfit%l
recombination-active oxygen complexes. The reduced contamination levels will
also give advantages in that the subsequent processing of the silicon metal into solar
wafers may be simplified due to absence of hard and brittle inclusions, such as

carbides and oxides.

List of figures

Figure 1 is a schematic view of a prior art furnace for direct solidification of
semiconductor grade ingots.
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perform ng the bl ock-casting process, CZ-pullers for
performng CZ-gromh of nonocrystalline silicon

w@roo3tiadoss By using non-oxide materials in theP@DNO2@1®00219

during the nelting and crystajlisation 25 of solar

grade silicon, the problemw th both carbon and oxygen

contanination of the silicon metal phase is
Esdag{pleaf aﬂllemlhﬁhmhlt af tye mswotied. This wil |

ubstanti a uce.t f

Ti]]e)}g‘tf%tlgn ﬁgriugf:d nﬁ g@g{er %r%téa?rlolg? bl %T’Qﬁce%.{ﬂg?eeof an
eotodengitod ﬂeef d¢‘@P%ﬁtr>Pr©fiu<ttH@ ﬁvnekwysgﬂa@eﬂ Loy ipgots. This
eiﬁ@i’hﬁl’e shAaRt Bieho haahobe isadira@dtas a lhghton obtheegepiernh inventive

CPHYG(:P? g? Q}gc!)ﬁfngg%rfr)%% %IE% ?%g%énown@éﬂinQﬁBﬁ% yvoiding use of oxygen-

L on-a
cThiaining maderials it v 1eAZPBR n%?v’é‘lvgan 1de§§i(‘]as‘/gbe‘g?‘% oyed or any
kagwaricagese ivhetehaimitbedwtdrsergdesilicpn dckbssgmpdst t he

silicon netal into solar wafers may be sinplified due

T @1@§&P§}§mgﬂe oy ey fofrdct fer perfdrsing directsomdh sakdification of

ng@h faﬁléne s1118x111 da% shobinSth ﬂéulfe' BWhich 1§% fREGHAR of Hig. Bof the

ssolipaiis latarneiongl pasShERifindY Ol %&gt LBE fygmace
c%%ﬂséé@%85t1€ﬁTdrb@t2ﬂ[)sﬁ16ﬂ@Bm‘beﬂdﬁi«m&dﬂ@n@ﬁlaann walls marked 2

o%”éﬂ?‘i‘i é‘tArPI @hérﬁgﬁms 'd@ﬂnéf@%y i@ Bt @R find 10&walls 10, and

B e T e i e i
it titmosphesd ini the imidrichembien gdtesnethi & is eonipippe i pingi e 1, and
Ry nﬂ:@alni%ai@ FirBembREEhRA Eﬁe%dsuﬂfecﬁtd i direed oo sofidifieation by

gg&grgﬁg %(}/]ge[%thé}e 9%1;5&3{];1%: t gnts% afﬂddi ln%nﬁ%%gﬁﬂg ABuit 4,15, 16,

use @
KhriPa2hid¥g andférial s in the hot zone. The i nvent ive
i dea may be enpl oyed for any known hot zone where
ﬁl@e’fblﬁéaﬁ\k&éﬂm G eeahgiofi wiheoappiled vai thip fweckee e be hbigared by

n&ng a g’ruglbtl%l P é)‘f‘"g hido rrﬁﬁi:cf‘e gﬂfcoﬁ%ﬁfﬂ?ﬂ@ (ﬁ”gl composite of these,

on_of

@qqr@gﬁ coated KA OKH e r@qﬁeéeafe\mfttgpg gxerna]elgnoﬁlal Séutgple silicon
Hitgde drueiblé edisdOseaipipl WOit7 G0, mheqctnmapmmhamslémn nitride with

2PRLT §iR tp%?os tt%{%%é&%%ﬁé 6omuﬁle<r/mﬁﬁewﬁ&w 16865@% of the

gas tl sat

anbe
qu§§| PR Ebﬁlr |aze A geihan theoweft% glaflileéﬁrr 2 thgsnél?NAh%amcles does
shtantidiquid sitiebh sech that thooncidlewilh ewmlmbe sphidiizedygetal.
ﬁgq'evéf gnys crubie ‘fmdd% TNy 9B o8 Wetrideranduvhieh lo2dnatnlet liquid

uksE brars Shepret: A Dird BhhE bkiad cARiblk OBhipins no, or negligible
grontas 8 0xy gendoxidph| s, th%lﬁagrailanﬂf @beé%fbfrolfsthescrwl?%“t to the
ﬁlﬁ‘%ﬂetﬁpﬁ difngRadbiegi thioingersiitidlatiygemlevels in the solid metal and

gqrgwgiﬂ b Qﬂgﬂ]gél/ §1ﬁygsganﬁtah? edii8d ¥R %[ﬁﬂﬂlﬁgd Ofy 4188t {o"iminate

ing clLrc
all oxygen sources in the hot zone, the ex%mple oy th ﬁlrnace accotding to the

invention employs walls 10, floor 9 with frame 11, 1id 5, and lances 24 and 12 made
of carbon. Thus there are no oxygen containing elements defining the inner sealed
zone of the crystallization chamber, such that both the migration of oxygen into the
melt and the formation of CO-gas which comes into contact with melt is practically
eliminated.
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17, 19, 20, 22, and 23. The objective of the invention
when applied on this furnace nay be obtai ned by

wenproyiossy a crucible 1 of silicon nitride, siPCTNO2007/000219

carbide, or a conposite of these, 20 optionally coated

with a oxide free rel ease coating. An exanple of a

suitable silicon nitride crucible is disclosed in NO

317 080, which teaches that a silicon nitride with a

QQﬁ@WSopen porosity between 40 and 60 vol une% and

where at | east 50 % of_the res on.the surface are

| a-gofcthed FreRradiRtion of sePRICUSTOr RIS IERAT Rt ol isde the

does presetcenet oxtyiggniinl tiss hotcmme dusubstandiallyvedegedcirisiligninated by

W -%F'fs'ta{m i %'t?e theioakhsbf bRdle Bl @ ingst, bpuenary alsay
e_hade o

cruci ble_. onl ildcon.nitride.and

not wetluding (hemekiing %%ﬁ;erfgvfﬂgcgwag réaj,_ A pﬁlﬁl%teblg%%e of

si | | siivoninitriddesiticon ichtbéde ontaadompase obthasegl i gi bl e

?munkﬁnﬁiniﬁéﬂ%ﬁéﬁl@iﬂléiﬁﬁa scl?ehé@ hbeon@i witla kb ero tnoosphere during
romt r yci to the | : ,

such wagﬁlﬁﬁﬁloé}%fﬁﬁl? - i b?@/%éengalﬂl%ga\}%ﬁe%%lluﬁf lﬁ%g{ésrgwgg% the feed

met alsilznog miteriplat i on of SiIOw Il be substantially

r educeshbyiakilsddedregng lboildigeslemeonts inctidiagehedimilation

oxyg%:“l entd ficthe! ttzgﬁ? g@)ﬁ%}é%%a&m EXBEPASI/BF graphite materials,

DS- f ace accordi ng invention enploys walls
10, fandor 9 with frame 11, lid 5, and lances 24 and 12
made - efploginb@iectiTh issul dtargeelaments on theyrronenvkichiargmade of

el eneg E Nl he inner sealed zone of the
cr yswfsglﬁﬁn?gﬁrﬁd(yﬁ%mhber, such that both the m gration

of 40 n.i.n |t rand the formati on of CO gas
wh?tﬁ%g@ﬁgfcgﬁp%ﬁggﬁgggéIMA h nelt .is ractic§lly 35

el i mivieare dhe Apcbe s qopsTRylt @fﬁ’ﬂé‘%&@%@%ﬁﬁ@a g

CLAIM5 1. Method for production of sem conductor grade

si Bi ddnthiodgecerdinghierdaihd, presence of oxygen in the

hot zpR&eitise Sanbisbadidtal finde echustatsafonegdronessas ek Byidgman

Cr ySt al | | Zi ] 3 | i |_ ﬁh rocessg
opt 1 dRETS ARe A G PR ALoAER R gl SRR ke

ot | 1 caosherbiZepiogess fon OV} HPROTRTAUBE STisqn Gantar
nitride, silicon carbide, or a conposite of these, -

codt aMiatheg acherdingitd ameod elamn ddailed hot zone with an

| ner twhtEAEY hahfdilitdigingetsyat ablar geddemiliam inigetsi ngot ,
optionally also including the nelting of the feed

Si lsi COByiRBES thahufadirim QAP Y REmidaduedt gitdeGilicon, comprising

bU|Id|H%S$Iene ts an{udu% hh%a %R§ulat|on el enent s

in t RGOS LD GRSt APROSPRES- SRl bon and/ or . .

gr aphi alélondtcariyingbuilding elements of the device including heat insulation
elements in the hot zone are made of carbon and/or graphite materials,
- the electric insulation in the hot zone is made of silicon nitride, SizN, and
- the crucible is made of either of silicon nitride, Si3Ny, of silicon carbide,

SiC, or a composite of these,

6. Device according to claim 5,
where the crucible is coated with a oxide free release coating.

7. A crystallisation furnace for the casting of ingots for multicrystalline wafer
production for photovoltaic applications characterised in that all load-
carrying and functional components in the hot zone are made from non-oxide

materials.



- enploying electric insulating elenments in the hot

zone which are made of silicon nitride, Si3N4. 15 2.
wokiohagstcording to claiml, where the cruci bPEr/N©2007/000219

coated with a oxide free rel gase coating. 3. Method

according to claim1, where the sem conductor grade

crystallisation process is the Bridgman process or a

r e atefirticeactosiing t ¢launti oy, priveedhs, casting crucible is made from

bl 05\%@8@5&@&%8&?8& <i1i2h QrbideeSICT-dRlaQRessoskielof these.

nonocrystal l'ine silicon crystals 4. Met hod

ngfdfu@ga Dl pTotp 3 here LD or e

iconin radé.silic i ngot s.
DeV|Uﬁﬁﬁ%ﬂwﬁﬁﬁﬁﬂﬁ@ﬂﬁﬂiﬁ@ogﬁb%?gehf g£¥%onductor gr ade
silicon, conprising a hot zone with an inert
atnusphere, where 25 - all load carrying building

el enents of the device including heat insulation
elements in the hot zone are made of carbon and/or
graphite materials, - the electric insulation in the
hot zone is made of silicon nitride, Si3N4, and - the
crucible is made of either of silicon nitride, Si3M,
of silicon carbide, SiC, or a conposite of these, 30
6. Device according to claim5, where the crucible is
coated with a oxide free rel ease coating. 7. A
crystallisation furnace for the casting of ingots for
mul ticrystalline wafer production for photovoltaic
applications characterised in that all |oad- carrying
and functional conponents in the hot zone are nade
fromnon-oxide 35 materials. WO 2007/ 148985

PCT/ N0O2007/ 000219 6 8. A furnace according to claim5
or 7, where the casting crucible is made from silicon
nitride, Si3N4, of silicon carbide, SIC, or a
conposite of these. 9. A furnace according to claim5
or 7, where the electrical insulation is made from
Si3Nd. 5



