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WO 2007/ 148985PCT/ NO2007/ 000219 1 Devi ce and net hod

for production of sem conductor grade silicon This

invention relates to a device and nethod for
wPoeftigbdson of ingots of sem conductor gradepsihbsecoz19

I ncludi ng solar grade SI|IC$ Background 5The worl d

supplies of fossil oil are expected to be gradually

exhausted in the foll ow ng decades. This nmeans that

D&HEe TR hRREE BF PHOUhLEHor Of sépiiRoh@ddtor giidersilisdn | have
to be replaced within a few decades, both to cover

TﬂlE %nl%ﬁ@& Félat%yﬁi szeﬁ@dm&mn falnpkoghmmmﬂdﬂg?s of
n a 11 0on,
Seﬁﬁ?ﬁ}l Sﬁ’égfaﬁfe Séf’cqm 1é\llgse % E%@ﬂSEOAOf f ossi |

energy increases the 10earth greenhouse effect to an
Baglkggpind hat may turn dangerous. Thus the present
TEeOﬁ}%ﬂm@ fbs Off £6598 9ill aré eepesteahioitechrpielly reabiuystdden the

r e Wi {f rxgé(aré Qi l%g§ fér&%i Elhé?é% is&{i'@é fRHRe last century will

hayyP SﬁFéﬁ‘fer& i ?awad%ﬁaec}ea beefiaf efver B8R ]
comsimbtipn padithstcomingimceagpt %ﬁt%"%%ﬂﬁ én%ner gy’

than the present day consunption, including
Inf agidiatéere asing conearenare reised thah theatse of S5y BeHE a?ﬁiF?SBﬁthe
ea!F@M@%&ihouS@bﬂéct ¢@hh egkaicthhi @by yurha’angmomm Thas thelpzesent

T
mﬁb@@ﬁ?ﬁn’é’r’a%iealfﬁ%“ :l @é POFF glimate 3og PYIPENTE e

real i sed. The cost of [i.C fr a ol
Ope suely eRFEEY RIS SR Bﬁ &é‘l@o’ﬁ%ﬁ . ﬁéﬁ%@ﬁf{# e
ertengy mandh@preemtdagpsn@mpﬂ@& elusing %mf oresqr?ﬂ?ée yREease 1
h&h&.@&@}g todsugRtien L[Qbﬁgvetrhﬁ)lm&lafm&w laas wpelol date been too

ex&egggé L& Bé Xoﬂﬁ?e‘cﬁt{%rﬁﬁﬂ[‘xﬁ@eﬁ WD et'h%aq PBWRF 8icOThis needs to

t t t Lt
chanan &4 1By Dy pPiERU 0 ths siss eI EerRiy RS R 3kfiekl ) e
are cut. from.in otstg?t are cast |nf naces

Ty pest oF SiFAIMBITP AiSELEE PBRCL (DS DR ohvorsion
efficicbgyand tet productinrmeits of ke $Céwgﬁ.ﬂﬂﬁh Tthﬁégée ﬁr%@@é@é
rddSicing tHRbabNsoli@eNeldctiycitf istilressihg therenemy conversion
terial. Two of the elenents causing contam nation
%%gfﬂcgrm are oxygen and carbon. According to the
"Handbook of Photovoltaic Science and Engi neering",
PHigh @t 1 ey & Sons, 2003, there is a problemin that
IrOwiddEs phiotawsitdie (PUNiafusirpgnuititysiatiine wafeSJooRVapplications

a%é!' duff f}oﬁgg{@ sttﬁélttélifﬁ& In% f‘ﬁﬁ%‘ﬁg E@%ﬁbgéﬂ sOdiFBAQIOIDS) based
ﬁg%eaﬁndgaﬁén B;g%&)élnAl aigshallegee r]ﬁa éég I;?rr]ocfegsgts %eto'mé_lhﬁﬁln the
pentypdithe sitigon ramatesiakel wo ofthe ftlﬁée%ﬁ eRuFHRE %ﬂltﬁmma on

pEIPRERS Uenbkybeh@ad tatbohh graphite in the hot zone
form ng CO gas. The CO gas enters the silicon nelt

ARBER AR hoEHRsReE o@ PhBOR oIt BcidhRe 8Ad EflgibbritgnTohn Wiley
gons, b303 ttﬁere S8 pr% 14 1r‘1:j fhaf oxﬂ)éﬁ B€sxide 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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35containing materials in the hot zone may cause a
sequence of reactions leading to introduction of both
carbon and oxygen in the solid silicon. Typical
wo 3d0Y8 085O 2007/ 148985PCT/ NO2007/ 000219 2 apepROBe6b219
w th the Bridgman net hod i 32i nterstitial oxygen
| evel s of 2-64017/cnR2 and 261017/ cn® of
substitutional carbon. Build-up of carbonin the =,
ai%i%h&g Q,,iﬂiggh@ IBrmﬁg@a?ammeMﬁhbmmn heeti & 26rap ]Ee(j:m
rystad s t he uppernost region o
an "6?19572’3? %SU%ggﬁﬁb%Jg&gﬁgbed Si C 5crystals are

ese nee
k hort -,CUt+: DN~ ' . ; 4 5iC
BE@%‘G’Q q&'g%r Pﬁré“ pjgeusélﬁcg)gtl%l%%b 154 % £drhRtisR ot GoulISHapE

reduced | .
crystlsc papaeinll In Hi HpeTRPshFeg: %“%gf ok Thisgs gegdis shaped SIC
clyeils droknowygensiprecitpintiateipna of fgrscrdeRFiRE £7lpAcading to
d:%&]‘iéaYl‘g DXNIE Rl QERireRs. Bhll® bp af iredsiitig ofygthmay deaddd

SIl1C

- OBigeR @E‘?%n%%%l atl;ﬁlgyl r%c\:(ioten'ﬁl%“llgatgn dciiGe bRy dodp1dRE RGei@inBaling

e n on 1s to provide a production
ofiibe Homnegfsiigaphmetdhir i t y bi gots of semi conductor grade
silicon which substantially reduces/elimnates the
Opjativersf ohe vebtionand oxygen cont nmi nation of the

TR HaEPOEBIAl ot RS is Db RAAS/ £ pRITubieh iBTDLE bigh-
%mtagl% Dbt A Ctor aradecsili eriQr g t&lﬂl%ﬂ DY L/ MEminates
PWEHBEOCLS 06 THRICERFUGLAL; R %eﬁlﬁﬁg]eﬂ?ﬁ an n’gwgeﬁg ‘
theaabblsmcbimprhidnearideny gereeoniamisation of th silipoppgetal.
description of the invention below, and/or in the
Acfapledetcgatearfithe inyention e provifd pfeBee for @eripTang i,
invRBidMeoon is based on the realisation that the

probl emwi th carbon and/or “oxygen contam nation of

T% Bbfklil € Oftht $nfeptiph ethylie rpiled by ehofeatireies sof fathi igdhe

cO

) dgﬁﬁp&%ﬁ hgt#q%?&%tﬁ)réll l:%iosw | Bakolen ﬁﬁtagﬁéﬁd&i pagnt claims.

urnraces, and at the presently
used materials in_the hot zone, such as electrical
Deperiptien shthedn¥er 8% | oad carrying building el enents
885 eRE6HR bdss oh alkd ealisueiyn et tepprableah iiheathopiagdior
'o\fé%e%nc‘toofnta%ﬁbgﬁéﬂ of the silicof) ¥Scdupled thiprsdenesprnlidobr dtide-

o mechiech o U B o g om o

Q re the. '
ppsserstEasdohaton3ig o tierhot Hend SR RICa o ipR gy Gp(ples: load
chePine @flilaneeliémEma baditheymal insulatied hay beigeridnsd by matérials

) V?)ﬁg%fcoong%ct or grade silicon.ingot, gptl onal _I y also.

Udi g t he ) S
Thus in a first aspect of the im}enti(_)n there is provided a method fo_r_progi_uction of

"semiconductor grade silicon ingots, where the presence of oxygen in the hot zone 1s

substantially reduced or eliminated by . ‘ _ ‘
- crystallizing the semiconductor grade silicon ingot, optionally also including the

' melting of the feed silicon taterial, in a crucible made of silicon nitride, silicon”
_ carbide, or a composite of these, optionally coated with a oxide free release coating,

- containing the cruéiblé in a sealed hot zone with an inert atmosphere duri_ng- .
crystallisation of the ingot, optionally also including the melting of the feed silicon
material, . | .

- employing load carrying building elements including heat insulation elements 1m at
least the hot zone which are made of carbon and/or graphite materials, and

- émploying clectric insulating elements in at least the hot zone which are made of

silicon nitride, SiaNa.
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WO 2007/ 148985PCT/ NO2007/ 000219 3 The net hod

according to the first aspect of the invention may be

enpl oyed for any known process including for ,
“&ﬁﬁfﬁ%&kgsing sem conductor grade silicon i Rgehdor006219

including solar grade silicop ingots, such as the

Bri dgman process or related direct solidification

nmet hods, the bl ock-casting process, and the

"ﬁé ﬂétﬁ&c?a?c%ofd?ﬁg & &Mﬂistﬁﬁsp&ﬂﬂﬂ theriysdntiohinney Isé trnployed for any

I
mg%s aseﬁclélaﬂjéﬁcceg’fsga?ﬁﬁ u@ﬁl‘;&{tﬁdﬂo@\g@% m&nhlﬁggzsd N
B AelatETgre SHAER oL, SBFE S51BRGESEHRPTTASS g rlated direo
sﬁliﬂiﬁlcﬁ:tﬁgtsmaﬂhbds; ¢he blmnb{castmgg)racegaaalﬂédhfhﬁﬂ"memaﬁs\fmt growth of

ngah %@h@mﬁwgﬂs\/\here all load carrying

ng el ements” of the device including heat

Th QCSTHJ: g'ec% g?bﬁﬂﬁ@&&dnﬁhé&% i ﬁ@ﬁdeﬂ helchite fophenafacturing

n, and ra h
iBgaR Py ?CPIFW(%HF%{ el Pohde fg’%%ﬁi;&lh 8t SpidIaliine,
compsusmg@cmalﬁdhm%@e‘at@mm OSR 8 ble is made

—fil 184d Eeetyisd biibding elehrentteof(tBe 8dvid) inchidingrlorat msrlstign
eﬁe%'is mgaill rg.éﬁg§ k&rlﬁ‘ee&fe gie!é!@ € car®bh bAdrat Qﬁépﬁﬁ@hﬁdenals
Eﬁ@ﬁ%‘mf%@ﬂd§ éxé F%gti?t l]%op? quml;ﬁg of 511%111 hﬁﬁﬁé SizNa, and

an_at.nosp

ctbmmlblmsmwdwrfw@h%%ﬂéﬁ%mﬁm%ﬁ(SES%):&QWE‘éﬂgmge( 1C), or a

* cdhdpbGeNofTaER| optivriatly doated avitten wkiile frep seleawawntieg | y

chenmically inert towards the materials of the device
‘Bidein) Einsiit |atrﬁé1iphai&t’ab upbbBepinbontans an atehesphotei id cantget with

thd Gt ?lessol’j}{rtg O? & &I g ﬂ%ﬁﬂnﬁ@a& ;ﬁbﬂzddé?krhidﬁi’s aByntially
%Lﬁ%#y foFgatasc IIFH% aél g}%@o Sdﬁw% g%d il A?I‘fiﬁﬁnnrgetal phase,
totlyettht kol angl liartl ctel Jdedemypus éiiemw& AEHERS pressure

JfAkd it AEnERhare, Hoheting vhduman i ngots, such as
furnaces for carrying out the Bridgman process or

TRl RYRE nhy lﬁ’,CdnyS@iohndi ddviat fop orypratitsimsesyiconductor grade silicon

Cré@ﬁﬁ‘éﬂﬂ%%‘gbﬂf‘ ’gﬁ‘a é&'hlﬂgété QLB Eagfdrﬁh%e? diGhe
C

B oo P and st SR LD Fasil ﬁ%ézaolﬁ s is for
meefoeming]the block-eesting preesss, @amubgrstp éP fﬁ’%% %fo

hénbehyatdiisadilieoh &etalssol ar grade silicon, the problem
wi t h ‘bot h carbon ‘and oxygen contam nati on of the -

I§§ hdig@RodBkiak nﬂi‘ﬁéﬁﬁs iisthelHobkarat ddinguhs iehifhgpdr dyerystallisation
o§° 5 ag g%lde Hﬂgg Ilp E@Q@tﬁ% Btﬁhlc&ﬂoﬁqﬁﬂ@ @l QB i ARinGfion of

car

the silisen mgtah PRI < dbphpis/asianiely 1 B?%r:?@“ Lyl %“bs";ﬂ{}“aﬂy .
redide fomaiohrodsilidoa cagdfide crystab lnéhe matel phadee pEATRRjingdrigh solar

é&h@&@ﬂm OB Fhe PN ellesdecBomshd efer. Another factor leading to
: é’? g%‘éﬁge%@\%/ ?ﬁﬁ%ﬁ% af tﬂlenlteﬁﬁccﬁdnt/dv%rdance of mterstmal

BN IR e T

! anmgm bévanthysequat tbprsubmgen'fgormessuhe of thej sebwm?tal into solar -

=R B sﬁﬁ?ﬁﬁéé A8 Yo BissesbdBH Hdrd 6l Biilctiaclakivasnceciohs
a%r an xg{ tle inclusions, such as carbi des and
L|

Sof fi gures-35Figure 1 is a schematic
view of a prior art furnace for direct solidification
Igst efdigwehduct or grade ingots.

Figure 1 is a schematic view of a prior art furnace for direct solidification of
semiconductor grade ingots.
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WO 20071148985PC T/ NO2007/ 000219 4 Exanpl e of an
enbodi nent of the invention The invention will be
explalned in further detail by way of an exanpl e of

““?HP? |nent of the device for production ?EHN mmwmmzw
icrystalline silicon ingots. This exanple

by no neans be interpreted & a limtation of the
general inventive 5 concept of avoiding carbon and

E%éﬁ f@ofﬁﬁ&ﬁﬂbm&én%fme avehdbng use of

en-contalning materials i.n the hot one
The Meﬁntlwmlhb‘amﬁé?ﬂﬁ@ g sy defa &Y W)P Eet ot A e
ciiediEncaet thodevict for gpduheiosidf nmdticiystalbiersiligpadBgotynkhis

%4}8@@@ &ﬁ&“ﬂp 'nS lﬁéané bt YREGMted WE Baiggtation op djef gemeiah gnventive

| | n r -
canqgepf. %ﬂ (f %& Qi c%&taﬁ tL%. %ﬁiﬁt al.%g Iﬁse 0f§ ofxyfgen
chitgining wAteriple 111@@&% |Z€8"htTh§ leﬂéWﬁ é‘t?adﬂ%éf %S?Bg’]ty od tor any
k8pRh heBidne WhAR 200660BR6A pradehelifanrindemednids i ses a
gas tight crystallisation chanber defned by
TheSHbRhie@AmpRIik & tygcA ddrmdeoforteefofhipgrdirechpndl spkdification of
nﬁ.ﬁé&?ﬁ%ﬂ#ﬂ% 4sbh n-fsdshg%nf ih 998urd 1Witkibh {y asiiille ot 240f the

e 1S .prov 0

agpilbcaph § @%F?‘&HOI}% ot nt_:l_%pglp ﬁoﬂ 256'@/53%35 ‘ﬂl!e Blra

.an, L.nhert
canprisgstregas tight etyetallipgten chapbrs R fiyped by istsnatips walls marked 2
o@tQHé ﬁgﬁl%dAhmnﬂ ¢hithbe id defimei] H;sﬂh@ Srwithl fraage 1 b wallsghO, and
"Igtglf'el"’ig gt i S%Uﬁbl? SﬁtlétQ 22 afl# i1§6éticANahce 12 for maintaining an

1@%%@11@@6 i eé%n ﬁﬁngt ! %etx&?alqgetg @i%tgﬂl gfm PRRIIOY, and
thomeRD 13 zazﬁrsbwgltg@andrw@néspeetto\ﬁedltﬂm? SP& iispomOY
rehigatiaPRE opetation bhh&tﬁmgreﬂmnmm&yn@él,omda}médg Bycult 4,15, 16,
ﬁﬁp%o%,légg a3 ucible 1 of silicon nitride, silicon

of a conposite of these, . 200pt|onally

ed .wt f .
j%cd\xlf\% g T.h% 1%)7(?13%%13 1;5}%% f.l{pﬁ &Q@EE {1i9 b@ Kﬁﬁﬁ{ g by

Gon L e e I S sﬁé% these,
employing a pigge 1\Mf|8é1r?°t1é%‘€ Sl{lﬁ%ﬁ c ao?f”ﬁ?‘t
opitibhaly ¢oatel witipe pxjlerfos teleabe tantiog. AQ eéﬁfﬁp Boriagilaplgsilicon

Iﬂﬁfﬁe%ﬁe & dlls&6§ctd 1§Q'~I@(03in 0‘80 ewBﬁh&Sacﬁas thiaea silicdmeiride with
ar e

o 9P P?ro%tpy etwag%% %Q(ti el Q% @re at least 50 % of the
i i o
Akl liquid Silldoneue thaathe aneiblebiidl ensde slip theroidifiad mefal.

I%V(z{,\}eg ?'?:guéﬁﬂb HhHQESnhPsil8eE nitfi@ihll which doss natywdidiquid

%ng) nd¥ egf:lﬁgllur S Si%'ﬁ%rags{ﬂﬂg LR cﬁ'[l Glell ﬁta&ﬁ%ﬁ@'o? %eghgﬂnle

OXl

AMapiY ¢fmxyg¢n/e&lgleeﬁfhﬂlﬁ & Wate?%gﬁffye@? %‘éh% "ﬁ’lﬁe‘o the
Inpfi@ineta iedliminarteshchshathintehsitial axygostlpvdlam tggy metal and

?ﬁiﬁ!u%; &SRNGS hbshBtAly %&cé@éﬂimﬁﬁwdf TnSér@etiol dliminate
Fotesa sty e BOTAREC R ox € urnhlh HolRfind & the

Sources | ne,
igxentisneenufloyssralif Hﬁ 0&8@6@?&6‘ ﬁé f“i‘ﬂ/éﬂf i {613 12 made
SRk nts Thad thereldte nbl otxggetgcwmtmhlﬂgreémﬂi& definigig She inper scaled

io@lg P $heidy @RGiz Ao Ben IR, ét'l%h@]@d’i botkis riigeftdnafexygen into the

L 0S
]?g% éﬂgfhet ﬂg&l{‘?l o a(?‘{)?gfn‘g& dc] C ﬂ% E%ﬁ% ?élggg }T%QGﬁcally

¢lhmeingiedr at i on of oxygen into the nelt and the
formati on of CO gas which cones into contact with
nelt is practically 35elimnated. 5 CLAI M5 Met hod
for production of sem conductor grade silicon ingots,
where the presence of oxygen in the hot zone is
substantially reduced or elimnated by -
crystallizing the sem conductor grade silicon ingot,
optionally also including the nelting of the feed
silicon material, in a crucible made of silicon
nitride, silicon carbide, or a conposite of these,
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- containing the crucible in a sealed hot zone with
an inert atnosphere during crystsllisation of the
ingot, optionally also including the nelting of the
feed silicon material, - enploying |oad carrying
bui | di ng el ements includi ng heat insulation el enments
in the hot zone which are nade of carbon and/or
graphite materials, and - enploying electric
insulating elements in the hot zone which are nmade of
ClAINMEon nitride, Si3N4. Method according to claim1,
where the crucible is coated with .a oxide
r ) edsBod faprodyction pheaiseRBICH FEH9F 83’6108#%%,&%%%3&? the o
the seu ConduGEer inghatle: ammpds albisisgtalloiedpret ted Oy
he "8F1 IR0, BL.AGEAS Ry ERLBkERolitgestoptionally alse
sol i catlon process,.the.. ast sl @%&le o
theinﬂu@psé@§§dﬁaﬁ°3§§W?ﬁ?%¥£h§ﬁ%§%%§§%?%Fﬁi silicon
cr y ssilados nithlde reldcanceopidf-riy at"d’ff&}‘f'frlteo% P m1 to i dur
wher ..t he i ofRgudbleiin ancaladbotszoar m@@@eﬁ@%g ;ﬂzg
silicon higots. VA ndﬂ%qggdigamuﬁn ghé iz ¢ fee
.seﬁﬁﬁiﬂg @Oﬁgfggg%%ggfgﬁéon, conprisi%g a hot zone
W t rslagenimpEfiidiat nosphere, where - all lo arr
bui | dinigloyihg teadtcernying tvéldins slementy Eﬁ}chﬁ%‘ aﬁﬁ"‘gé%s"}@ﬂ 1
i ”Suél%&ﬁé‘}n%e KBPcnel whith erdhasdafertan angt greghite materials,
carbon and/or graphite materials, - the electric

i ns ion in the hot zone is d Lid h are made of
ni t r4 eploging chepiric igsyatng Flemeptian @Jreg{“.t 25% e of

ei t hg@licgf nigidel 8BNani tri de, Si 3N4, of silicon carbide,
SiC, or a conposite of these, Device according to
Claai Mefhodwldedrtingite caimdli,bl e is coated with. a oxide

free t el eas6 CRM isBated with a oxide free release coating.

- 3. Method according to claim 1, | - -
where the semiconductor grade crystallisation process is the Bridgman

process ot a related direct solidification process, the block-casting process,
or the CZ-process for growth of monocrystalline silicon crystals.

4, Method according to any of claim 1 to 3, o
where the formed silicon ingots are solar grade silicon mgc‘)ts. _

5. Device for manufacfming ingots of semiconductor grade silicon, comprising g
4 hot zope with an inert atmosphere, where ™~ - ‘_
" _ ail Joad carrying building elements of the device including heat 13‘Jsu1at10n
elements in the hot zone are made of carbon and/or graphite'maten?}s, )
- t].:w olectric insulation i the hot zope is made of silicon nitride, _S_13N1:§., and
tho erucible is made of cither of silicon nitride, SisNs, of silicon carbide,

SiC, or a composite of these,

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



