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WD 2008/ 025872 PCT/ F12007/ 000217 1 Crystal

Manufacturing Field of the invention 5 The invention
WO 20081023871 0 an apparatus and a net hod of manufBCT/ERDITY00217

crystals by nmeans of the Czo hral ski-rel at ed

techni que in general |evel, t nore particularly to

an apparatus and a net hod, V\,hl ch i nprove the

Py of production of crystals, especially

C@@%%@%@u‘%@?ﬁ%yst als. The invention relates to a

fl ow arrangenment according to the preanble of an
FitladgrBOHRRhtiGhai m on a fl ow arrangenent. The invention

relates to a flow 10 arrangenent system according to

the preanble of an independent claimon a flow
Tiarinesnenealtes yo he appaFhies and e matind ofananuiactugng crys@ishyy means of
thgrd&g&gglgg ﬁelﬁ?&c Percﬂfuﬁge 1 ﬁ&'ﬂz‘?al V28R Soff ?ﬁﬂcularly to an apparatus

érnal . arra ge
ey atethash WeFALEBIRS ﬁle qoskpihgiensy o4 ijefstion s9s pryfals, especially

se?a‘?&%ﬁéteﬂ chRtdld) el‘lwtf ﬂ%‘ﬁitl&l @él_?tﬁm tb nad@l@?n dﬂﬁ)ﬁge@iem rcestdimg to the
her mal_ar.r n ste e inventi

PriRlg 9h n dRIRERATS CHUE P T PR D IR LA o @ fow
aﬂaﬂg&ﬁ@ndgmenﬁlabmdﬂrg o Ithé -premmeblst ofuen undepeltient claim on a flow

artsn I nvent \t on h(:‘éS gse\%zelﬁ(gle n%’lﬁt%?‘ig aa?}fe%% Qﬁaﬁ%n]ielﬁ?_ according to the

almon a rturna
Preamlﬂntqfcan mdmémtsclam; ona Geowil rgrapgemed. dhe é?‘ﬂﬁé‘flalll gelates to a

th?xﬁ%?ggﬂfﬂgqrrh%tit %teﬁf q8cRhiBgab @8 ﬁr&ﬁﬁtﬂ@ nefesnt md“eb@;hdﬁnt claim on a

ent] on concer ns

. al s

thergned pappgporest gy,séer@(@my@at@p rg]ﬁtes tcl)] & @F% ﬁa%enﬁtru(g fuge m:cordmg to the
prédighi8 Qif. ar?@n@?mm@n &Serl lenduc tsanctaiandile mvystial selates to a
fu%}rqge %g 121'8%/{&} %3 (rgré:a%hyi? agsan égcbetpgxgd C%%Famxac}nsg ﬁ;ﬁ[ﬁ?ct,g' Oﬂxe invention
codc@nslalsb lacgroaiiey methpd, ofm‘ryﬁals |ac,<a>rd1ng tQ ghmgreg@b}q:egﬁ anngldependent

el e S rQ h [ gl c & Redatnble of
clanan qfer o(f )fpg %}1‘# oh &m‘ééﬂd’g alk‘l’és ucg}éégalt %@Hﬁﬁﬁ% t&\ﬁ}é Bedamble of an
mﬂfmené@écmt ¢Té0frrel t surface. A pulling mechanismis

| ocated above the <crucible to pull the crystal from

the nelt. The heat-resistant parts inside the main
BAGKROWN nber of the crystal pulling furnace, which

forms the so-call ed hot zone, are typically nmade of

Se%p %Hu%:tg)r ?131% et Cf}%rg co&rﬁon@%’%ﬂ}% ‘astu%Wﬂ% RLolirBsf method. The
semidaaldsctor omgrgsi . gssmxrom &f meled iy a paacehli anage, g{g of silica, by using
he%&?% El@&%nggeagourﬁ ﬁ'}e %‘QE P Rich&hb@’ Anki a§ ﬁo@etypﬁ%ﬁy argon, is

ot -zone. The_.cruci

usaitp Qnshoiecimtior dnd P melsatciais: &) piRGARbERAm G fegled above the
cr@&ﬁle%@ IIQﬁe Eﬁ@taﬂ Yxﬂhﬁﬁie haf. theMeat-Regishat paan@side he maln vacuum

R aan LSS IS LS ol L SRR, B BORERTNEL B ety
m&@N6T gtaphid tand |tbevmaligl insulatingsseft apd/opeigid gsiphie delt. Vanous other
o SAFEC 25 T NGB SBIR (e iC on
graptde) atchenover m:bblueed to bune sxidntdinrtha gokrsend. dgieamagible, heater and
inS1Q% 08uRE HERSHEIY Sihd (PP At LSBT tiB kit parts of the hot-zone
in known techniques. It is also known in a basic crystal growing process that magnetic
field may be used to control melt flow and/or crystal properties, e.g. oxygen concentration,
and to improve the growth yield. Use of an additional bottom heater located under the
crucible to be used during melting and/or growing of the crystal, to shorten the melting
time and to optimize the temperature distributions in the hot-zone, is also known before as

such.
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time and to optim ze the tenperature distributions in

the hot-zone, is also known before as such. WO
wWQR®8NLREB72 PCT/ F12007/ 000217 2 The hot - zonePUEBI2007/000217

has an inportant effect on the total cost and quality

of the crystals and productiéity. However, the

earlier hot-zones typically had a design that led to

very high heat |oss and heating power consunptlon

because of the limted or locally mssing therma

s LA ETT ] e B SRR LR s s
pgﬂacmt}s Hptdven thiichdies hot-dongs vpieplly Iradl mtésigl that dag to very high

h%{ﬂ%‘s <’%]nd ggt:h% &%&%ﬁxgsﬂé)tloﬁ%reéélﬁh Bf e }Hﬁé[doﬁ lb&llg missing thermal

ons an ow |If
inshlatibre, 47t at 60 samep fipes thsedasianeales eéitthWQr g6 fpTofheragieristios that

ifcA@isEd fidr ga@%%ﬁs@mmrwh@é/vstﬂp givigya eflativity ww s,fy@ta$ ywdld Because of

resEfct to conta qatlon or other. g allﬁg cts g&@lmnzone
PRETE R E PoRgR SubEafitRe IV ife o

pafé beiad ol strghyf feactions rb theadsundates paidor loqullaéﬂty gf tedcrystals with

%Bgcgmuﬁl nk%xg%?ﬁé’rl\mﬁé 8&%r q%ngty ra)é%{cgsct”fl‘qﬂee eﬁﬁﬁﬂ%%ﬂﬁ%ly high cost for
cpatricgty, gascaméagaﬁntetmasx esmatiingsk witly @powrys;telswehdeandmb%as well as
tl%é’ &&%&} Imd SOME for%lljé'ahﬁl%r tgg?ﬁtﬁtln octreg)? f&q’égl"a@iﬁg REOKBGohY bArYs, increased

een_ problematic ens ca ?
theatotal auodus iom EoF RK USADIS CESHEN ﬂetn;%t ggaage, the lowered productivity

hﬁ@@ée@%@bl@iﬂa’?& YAGEE8ME Préblerhd earm?& febsibd v e dsdkost sﬁefblhty / process
arts cur .hot -.zon
%Haﬁ{j eﬁ?‘bsﬁe‘%fttfl%go%‘?swz psifid of Srpite, gaésogf‘tgxu & Clrrent hot-zones,

adﬂpﬂ&himga:l infprepaytiess of ivenous surfuces, rbenguseacgfod@osumn of e.g. silicon
c?llttaﬁxgﬁ Ba o‘?‘y eAﬁﬂod(%{psreggﬁfrﬁHér%vérﬂeﬁtg Gn hcﬁé géP%ed@ecsng@Sto improve

seina of thase achts b@vedb@nu%@ecﬁmewed/mllm @ﬁquﬁﬁiu bsipw.ghe situation is

siiflicdd frdrRbphifn®pgopt i m zed. 20 In the prior hot-zone
desi gns, not much attention has been paid to the power

consunption while other aspects such as quality,
Iﬁl’dﬂﬂp&drl hblt-fzyncaﬂéhgﬂsﬁh@t thaoheatization iy keenrpaide the puwer consumption

W}H]%ucﬂg %ﬁg’ctggl\f{ch %qlg glsty,ap(%oql.ﬁcrn)(at aglrityg%cri thg% B'?ént gre in the focus.

mxetdemgnsahambftﬁmed s bmitad thesmpbinerlatier tlargeagredaidhe upper parts
o?%é/ hHPﬁ&;%t anld SHtn lbcp'ih ﬂ%nl@wef' g%ﬁﬁh vl 18K Qﬂ?y hivaestdhsulation, and

heat er e ectrodes and crucible

thesael lenkaggghrouat y@shedicast rleirades And H@GWEQ q@b&@% frough and gas

dufl6t PeHRhd hdtEzonk @o th%rpkfuriii Y dré @antsigrficdnt@r thetherhal insulation has
| nsul t| on h even beenelﬂgﬁm fied at all in sone

feﬁ‘&’: 11“?1@"‘?‘%‘]9 1°%56f the thernal

insul ation have often been | ocal, concentrating in the

’fhegi 333%‘?& hs BP nl?l%ﬁnaﬂﬂ%hlﬂfo‘n ebé‘fte'hh?egh%&?t c&f&entﬁatmg in the

e Cr I NCrease

rpgmn ishgve theem ar@l dmveenp t@&@‘s imipnpione fbe crystal guaify and/or to
1%9&6%3 HRMESE the aNMIBE B%r &ﬁ@ fl&ﬂ’ 844 Notastdh @aRBDT concern and

e Son Sy icee KSSLane Bt sLLY OIS, il
o@fﬁi’altﬁ@nhﬁé A&l trathahdro‘ﬁlohi giaelliot melk landghe dbegone tveyllow higher
ag}e{&fﬁ%ﬁo ifé%ezli?qi 0%{1}:{16 erdgoettgr%gtteg ég a/%%'?%§ %Ilé gﬁw&o&ﬁgumptmn of the
Hov-gencaasch wheler Highrpawaptlossiand ipewer gqpisumblign alé«a@lypmlly lead to higher
590Gk temperatures, at least locally, and to larger temperature non-homogeneity inside

the hot-zone. These are harmful because they lower the lifetime of the hot-zone parts or
cause a drift of the temperature distribution in the hot-zone and the crystal because of
increased or locally enhanced reactions. As these changes become too large, the parts have
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35 maxi num tenperatures, at least locally, and to

| arger tenperature non-honogeneity inside the
whoiosmezase2 These are harnful because they | owePCT/RER007/000217

lifetime of the hot-zone parts or cause a drift of

the tenperature distribution Bn the hot-zone and the

crystal because of increased or |ocally enhanced

reactions. As these changes becone too | arge, the

toPEd fe‘ﬁlaQ@& viiEd 2ROGEEHS E3stPml/ red R WxBA0RIK and tinge, kiecreasing the

P H P OB EEs S bSOl bR LRSS b 1o the
ciueibpesaihay epeedtupt ihe mfamrdbneeehmges innthe rcflmlde ané ablo smake the melt
ﬂgﬁr n&%w%%]? le &ﬂ(ﬂ%ﬁ&) @%r &Er gﬁed up the

anges I'n e cr e and al so nmake the
mel t fIOM/behaV|or Iess st abl e and | ead to | ower

THE Ydrf é’ {sehfl moat ThRs) MBolu@astol the Hob-zomS frofngiese, passmg by the
I'ntrod t he hot-zo e fro above B€SS|n

b
crysipk pag tge, dnq%h surfaqe, agd, afipry PASSHig Pagougly &5 Xot—zone flowing
t}ﬁa%fﬁ Afletshto @lh!@{'fhdltim pudip Hmeonﬁéomﬂ toghe lowenpatts oflthe etagn vacuum

ot AR BTGRPy A e o o
gﬁﬁnéme in bt regime sclaticdiontbe melt Kurfang while in mesierth knejsg hot-zones a
?a\flly o\;\’]h?&][rz)taﬁyaﬂo% tihe n‘ié?tgisoﬂﬁerp hé%?leférot}ﬂshﬁurBBéet see, e.g., patent

dem known hot-zo ¢
DS e T toavin. o6 Dol o e SRt HoVEy oy Ak guiding o
tHRUEROSIBw H86ug hesdbh a pattesiiters @%@Bﬁn@ea ﬁcﬂmgt 3o intensify the

g{h%az?tfpé é ns%p{:]lgé ﬁj&obleﬁtrn‘g% gq:qgw hwgerﬁai S L{%Pomes a problem.
Fafth&hiire aaévmntta@eme ¢ds fimy pabses thetesis pirfacehthe accidental particles,
\x{?r“f}ggrrﬁzglegs%dq{orﬁ R ngér &\&%@}é g@*ﬁ@a&uﬁq cﬁa&ﬁé’redbo’{}@ @leChot-zone or

ones a ernore, as nost

t he
figas thel wms@e@s qﬂtbe h@mongmva@elarae Wéote?@elﬁué%berranspoﬂed with the
gQ?&fo\w&F & oach WY ﬁfél@e@m&%ﬁ@r@ Qﬁegerlﬁdﬂlélbﬁ chid l[tfaﬂ ®Uudikldcatons in the

crsid @ggﬁﬁggglgg/gbargf% af %ﬁ%xet%e E}S%}E%Jg ﬁ&‘or glt-crys{gl ntllterface Such
p@ftﬁl[b%bcbd tHestrfacébeoItdSrﬁﬂﬁmnaﬂGefdow the nhdterialg ased‘ fayvéhe dnot-zone, from

rea&%ap§ 19 CcaqnI 8]?153{191% gwhtggl} eﬁl%ﬂ%%é Z r?g aﬁ‘élhc{h%s Ffé@ﬁlné €89 maintenance
oy)e]ehdns iTh addsipnr fealmét!rtntlﬂ@eﬂ’met ctaﬁ@mméomevqpo@zgﬁs eefptamination from

dgﬁ{)&sr Ces,iSHGH ta‘? 3:56 3¢ t%%m@ réc&e@@ toStHE hasemr@atd. en

efromt mat eri al’s used for the hot-zone,
from reactl ons or condensation inside the furnace, or

Tfh[?glffteﬁﬁ@ c{i" | g?@é]ﬁtt@qga@trs gl rﬁétﬁﬁ@éﬂﬁﬁmcmaﬁf thei IleEmelby suitable gas flow

addi nto particu e co nation, .V

S S S o B AR, AR Wovere

knewn gds rotitignbslstiaecepsestn dtiel-atend selutione én vigciTths gas ﬂow has
| !Flff E%ﬁaﬁ% cgffrogn Iﬁfh%%a?erpa%dyo RO ERE Otgsleﬁ%hhﬂ‘ ﬁ{eﬁaﬁﬁtﬂtﬁeand/or the

y su gg I'ow ™ rout’es an
lrfd&mg of hdleer bgrephigirased pads, i with me JoResn P& n@mp@g,ature distribution.

ﬁﬂ?ﬂ%\é?&f kio¥h dég SR, %1& riedl uhbﬁrg@anaeﬂr@sﬁmh of the exhaust
stand one sol the s.fl ow has

lg@rfgma@(g@nftpdhe H%ratagp Sgﬁ ?qUth]tg ii’%lt § gas §¥§tem, and are not
daSIRghitssted ﬂﬁlstankialfdefu!rﬂiﬁbeﬁﬁd‘e’hcut hapr rhodifitdtions of tid fenace and the

AL b S ARET Mol 8y o st s o
fdembepn and moayelvave, advyrse ampaqx quethd potential gmgh@pyrsystems to be used in

Roshd bl%@esgés.t he exhaust

After growing a crystal the furnace and the hot-zone have to be opened for cleaning or
maintenance operations, which include for instance the removal of the used e.g. quartz or
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l'ine connection to the chanber, also special equipnent
for the gas system and are not easily adopted for

W@ @amzse f ur naces wit hout maj or nodi fi cati onsPOf/FRNE/000217
furnace and the «crystal grow ng process. Such designs
are not easily adaptable as sych to standard types of
furnaces, and nay have adverse inpact on the potentia
auxiliary systenms to be used in 35 various processes.

sifith %f'uc%l@"éﬂnﬂgh@ rédidtat alatdring thereinane poseibldeentioial pHdest and other

| .
gty 206 GASORRCER frae b pe Rl AL APfifbe fipaty charged for
tiichextBech.eTlg. caseiaf dpenimg andhaodig/e0s5BF Rot-zone is a factor contributing to
tl}?gérr/gg':&cillv%w 2998 ghe to%l Sdst | bfgﬂe %&}]{%’r@wﬁ% %}Qﬁaﬂfb‘ # B dhse of larger

tfer &i n
hottmies, aabetesire Tiiee ey oHtto fhat FEes £asibrke G s hand, but this

p‘éﬁ)‘fé}ﬁ ds ﬁl&dbéeﬁ%nﬁdhr dHAfRsdd 1ﬁ3ché Mt&ﬂﬂfe%dfaf @xtemhbapwatus could be

e ease of o eni

R Tor RS D A B RPOIYY BURHTIGAtD ARG OO I,y time or
d@ﬂﬁng anidhendoekiak eOHe afpatdtes oo i ghovgeromidig, to the hot-zone parts.

al,ly. t he.case 0 r el
5L b hardihe o s B o S B e GBBER, uE el RN furmaces
showeh direckledning ari csherpcqmteémpmgoman@&wﬁ tha ik %fd’&nﬂess ed
inthe literature so far. External apparatus could be
d f lift but it [ Ol ut | d ..
Fiquilihoet BORE TR TEar BF SLRBTRG Bed © piddtce different
PN CidngeR! Fbh &(@ﬁﬂ@hﬁ‘thbssm fuleacgrioweed wnghoor 81 end h2 silicon or

hot - zone ecl a t.he
gEEPAN K C r&%ﬁ]{ss 0]&%5 2 (VTS ecieayga s kﬂngbaa%g} bﬁtgu%fful Gy optlrn:lzed for both
ckystalati@netersO The @rawthtdfer 67 eqiahdroand hot-rete design fos$” without any

81 & 32\{1&1@5 1e 9 }hé}{‘éf' cBQleog{e %P&fu'cﬁﬁt}g Hb® Biybtal Yuldhy and/or lower

1 0on megrovver IS.,US

crystadr yidlde él"h@rff #Seﬁefrﬁpd for ysheitzonp aiesigar 14 procedehit & %mh only a
thinith SRRGer! Y Hage ré:l&tl\ltb‘}:&3 thdxPertbivihét-zoad thafts ase bastilgrand quickly
or ermanl um cr% fals, qoine hot - zogg design is
o e5ie BHPPT LAROMSF both 15 cryst al

di arreters The grow h of a 6" crystal froma hot-zone

i.gn e\ changes would lead to
W@ﬁﬂwgﬁﬁ ivity, lower crystal quality
and/or |ower crystal yield. There is a need for a

PR GO Em 09 ﬁlealﬂde oﬁ%?éj éﬁ'ir?ea tb BoMBige Bt Ibﬁét)fco @nitigate the drawbacks

m ni mum nu , rela |nex Si Vv
aisbe lsagren fsahiiquct @h@@m fap B FORY {1 CCHRAGRENS R bR dnvention.
adapt ati on from one di ameter to anot her 20 SUI\/MARY CF

THE |.NVENTI The errb
Em m(egtsscg%l%mgpnt 8&’53( ?t ozome {168151’% ¥: ﬁ%ﬁ%%}(fm a grower, a
iﬁlfnaicb,eaddrmmthbé ofimEigg eshot-fhm dasigng a«ﬂnldjnecaa(dep@a@jthg yotal production
25 Enbodi nents of
tﬁggﬂjﬁ on s 1%\5/5‘3%43%%%15}\25% ti‘@@& n, a flow
arrangenent for a grower, a furnace and a net hod of

ﬂﬂr&t NRenfONR viesd aﬂshe\mdt Ghut 658 ndBEsdemsien Ediair ieahal insulation
pro

i5r eryol JInl'Flt%]rt y&%?hsgt c(:)efrtalnh How ttHaeI %pﬁaer}dp ClI eeai%ethtehpulhng end of the

arrangement of crystal pulling, considerably improves the temperature distribution in

certain parts of the crystal, melt and/or close to the interface between the melt and the
crystal to be pulled. Additionally, it is not only the crystal to have a certain desired
temperature distribution, but also the temperature around the crucible is desired to be
controllable with suitably small temperature differences. As a side effect, the formation,
deposition and/or reactions of harmful substances with/to sensitive surfaces can be
considerably decreased. Consequently, the corrosion of heating resistors can be slowed
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30 The current invention is based on the fact that it
is noticed that a certain thermal insulation in

w@oresiozssri on with a certain flow at the upper P&Er/F2007/000217

i.e. in the pulling end of the arrangenent of crystal
pul i ng, considerably inproves_the tenperature
distribution in certain partssof the crystal, nelt
and/or close to the interface between the nelt and the

%Wﬁ tTaladéi®iohcalyibtheepard @ ithd RA3ohy last Iongér ﬂﬁthfgﬂi‘ﬂn& of iR insulating

s st Raed Bl bt ooTE seta BPe ool ook e sasc o opening
ﬂl’[dj ahtihginisg des i thedhotzdne aframgemdnt ats| eonsitidraslyi timptoved by the
?rHB&hgn‘é El'fﬁ ﬁbltlf'fﬁee gé: 58 of SAn%emgfnt Snitnb Jf-"g]ceis brought up

e ositron and/or r Bohs OF
fomsthe ﬁ@b@dweﬁllfﬁ/ efghe énvention alsg gmﬁab@tgs ttahmbbvel of contamination and

agﬁaeg&é apbl)éaxﬂﬁﬁﬁﬁﬁ&@che%%\%&%%%éM Jdpg, corrosion of
heati ng resistors can [ owed WO 2008/ 025872

PCT/ F12007/ 000217 5 dovvn In addi ti on, al so other
pds gaitotiffibdt oimprone tHeaBtrnhad ﬁmﬂatlohhﬁnlbss‘ 6id v withe somehow

| h
T L
wﬁtwaratqo)il nyedive hetidedtthat drasnless-mokmgatitcontnuities in the insulation may

i nverﬁ?ﬁer (ﬂﬁ ey%%rﬂgg%g eﬁ?égg “ICQE A &E’?@Q{r{%{ﬁ E)Esga%f alw?]ﬁovi'n as thermal or
e bgAgesu prsxprpia Wivairaiptia |r?ﬂérﬂf§tr@¢mtah eriphite penairating through the

ket Goof & h@ﬂi(ﬁ%ldg@lghfdz]\lgr &1Rbn Gfow®N Sﬁéﬁr lg%ﬁe?lpgf;] ﬁi@lﬂaﬁon is industry
r
Restband i i p- %Pftfuﬁ’et‘% FIRF o€ R alﬂananlﬁ?%%oq A, he SHgorted in an

appseyiritd omgnnen| ehfcho nesahe giroyser Wedrtacd 90 ﬁﬁhﬁn&ionally stable structural

ﬁXt%hgﬁaﬁ“hg e}?ptl%élquerhgergt'ugadd@fé einE@ B& egﬁ %3?%& o glgﬁ% df\)%)t-zone for

usi n
ﬁhﬂm ﬁf@wﬂ&eﬁjabMtSOH 1 Crrlaad - |S¢ngl¢ gtpplite plete imailiot-gené nf 1 m outer

diB@elcR SHE EIa‘té)Bmﬁg)bn@CG Hh PR hEH it %re%kg gisf Ly ‘fi‘ﬁ‘ﬁ:k insulation, would

These wea 0 t lass are al so known

taHES Aglpeap loss %fI ﬁleb?rﬁarggg 10 AWV e fgther | pople: af%e@Ot% hole in the

inouleticf c_;@tsm;c t}qﬁcﬁil heatApsy %ﬂéth@ R ot B0 wlv THeughetdRSiens for silicon
on. of ahot-zone de i.con gr owt

AR o R 3 sr G SR S 6° FEe G R Al Bueds o fow outof

thp QOhmnezhm/@ ap@mmnadrmeaj avhidth tsrn@mm@tﬂym thlS']]Sing@.bf 100 cm?.

must be supported in an 15 appropriate manner, which

nmeans_pr.oper contact to_di mensionally stable
Ryenu#isiridentiffggethe dhermat heidggspiteaconsmstiemofirsuch a hot-zone, where

hﬂrﬁlﬁﬂreﬂéﬁtﬁ OFehANe Qbak RHb1E Foraidt RIdh ﬁeq%oﬁérlyk@ddrés%@ 1§ ?e[r from being

%1! : ﬁ%ﬁh 'g%n‘g‘r?g%# "¢ Rl 2 é’?/aﬁ%{]ﬁ%rge ﬁ@pﬁqaar% differences
li_]aewmgl arphsy isidenarich bulkldﬂhffrtheIHot-hm&ﬁkr&uBttﬁnC(B)tTha‘J Kmited space for
%%ﬁi{w} %EB?tWhg &&9 datRe %ﬁgzckr??; ngéogitefqﬁ ﬁ:}gﬁ%qupical thermal
qopdudtivities ol eueitabie WWﬂldaditeﬂﬂ@at@) Sigwifisfant dimeosideal chinges caused
5301akd/ teﬁﬁ&raﬁﬁ’@ @1@&&&&@% (/é?Hou§ gafté’ 8P the 90RO ltl?a% nle&i to be absorbed

ver he ones al
‘ﬁ‘@?‘@% ?Cﬁag PQ)S“F‘PT@@F‘%S’H{“&S# or bcr??é‘a%? tilé Rarts.have a

conbi ned area which is commonly in this range of 100

ter| ntifying the.the | bridges, the
conseteglfgf © aélggﬁ e %&Sg’?oar@ tl%h%)n@e %}Vﬁi}%ﬁﬂo purge the melt
SGﬁﬁ@tt;tlscmase_s heile impakvedpthesndloinstiletion |odsthe alict-zonapor| §zochralski
g@ﬁ\gf S5 8bon! FhisAs bfeéaglg% B&teR Qher%% s&f&h&? rlééﬁg go I%We? temperatures at

C a enges are cause g
he fnt @‘ﬁc@ween the quartz or 5111ca crucible and the s1hcon melt, decreasing the

dissolution rate of oxygen to the melt, which should be compensated by decreasing also the
gas flow directly passing the melt surface and the evaporation of oxygen from the melt, to
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bet ween areas inside and outside of the hot-zone

insulation. (2) The limted space for insulation vs.
w@eoms/0ef87t he grower and the hot-zone conponent BCT/FRP07/000217

Hi gh typical thermal conductivities of available

structural materials. (4) Signjficant dinensional

changes caused 30 by | arge teré)erature differences in

various parts of the hot-zone that need to be absorbed

rt@%cqlhﬂfét ok2% ﬁr h&fncﬁﬁ%h%hﬁ@ BdcifagiC wraw cr §talb I”Fh%kﬁﬁeﬂ Qis flow should,
e a e nee r.o S rou 1 N,
A A S B}?afgoé 8 Seactions between

thel E1ﬂ1a@eox1kia an@ dregapiiitel) 1b kpepihediftthae Hﬂthel gws;ﬂht&tpadn l@fg and keep

f}eh ace at ggﬁ%%%%? g?é%rr% e, t?b x%ﬂci) e Ba;‘dgg iifogﬁ] too low argon
gaa\ﬂew, gewﬁmuéd be geided alspy éhrpnghacmalcmutﬁéttw@@wlmt@nmpccz’aﬂy in the
c%ﬁee&‘ bl \HE’H IEHsﬁla?erdqiottQSneS 'Alb&f?l@ eﬁ?&ttg’as ?1%9/" Ieoﬁﬁab '?19 the inner parts

e Q;leégg tion ratélg 81;; Oxépgeg@t%@hﬂ §@1qq$élpa§%?§”¥11’mﬁ“ surface,

ok frgsdrtayt. passi ng the nelt surface and the evaporation

of oxygen fromthe nelt, to WO 2008/ 025872

PCT/ F12007/ 000217 6 reach t he oxygen concentrations

16 peotitedbly fherinvdugors thas thed therfited and gal flaya dedigroandsttoudatiristics of the

}ﬁ??@ﬂeeglre c%%n%ﬁt&bvﬁntﬁé’ ggbetc% cﬁf tLg %Lde%ﬂﬁl)ﬁ( Jndliﬁal% a.hrﬁajor impact on the

reacti
coystaleyight anf eqeplisp hfmcteéheyf @amé% pbg Iflesigngde coraplabelyt spparately. The

F6R6MNd iBel & ﬂomgraa&ﬁsﬂf&e@e atib@ed by RROBIGLAAOSigd, WK defines
articles. SEb to avoid the drtgv\/oachs frOflntoo

the &ASHYY ﬁo‘geﬁefg yd Pﬁ’&%“éﬁfﬂﬁ‘i‘e&efﬁéorg £ gagitlgpasych as gas mass flow

ant rpmesginreahshée theogrbwﬁl tianitee. Owthezather, handpaoi @ldt\or iontlet in the hot-

ztoﬁg fof A gases tl{l ?fsgaa ggtteﬁ\ﬁéll Ie Q%glrgﬁt%dfop% %% ngib‘l 1‘2&! routes and

€ "exact owr es |n. e | nner part
oh@ltac@untecslaﬁceneﬁbréogabe followagitsaty entered the

(ﬁgt T4 R A5 HR %? E&het ]zﬁtsnﬂ)lt ex lﬁl@‘iﬁ the @e{s% df 951{1@"51‘ graphlte felt

It 1.s not|ced I nvent o
ngHs, 3 ﬁlbwru%hg%pda%em& @@@%Pf gifiry éh%hfem,c hrﬁ%@tlozblﬁéargely due to

r@d&mﬁ@ﬁﬂ%&ﬁ dlnbbﬁ okh aaﬁpgﬁplﬁtepﬁeaﬁhg mrﬁﬂ@mﬂ @lﬂbldéfﬂ'&matlon on the

sk el ChEaedp GhecRBi itvRres, sk o Hiegmaianductiviy,

eprissiwtyt andg i ﬂnercasegﬁsthé heatercreaistieityeos, finalty eaembwfakmt ®be changes,

eg%ecﬁan@r’ i %%@eglg}g?]%ﬁﬁh&ﬁ in MM G- AGE 'V@fflschfaﬁgee }%acémjml-:ﬁwlre distribution

'OCESS par anget er's
iB lﬂ@f’nh(li§0§9§n¢rﬂ§§rfﬂt@mwh8h&@ﬂlddp@%m€él ontisniged pmsess conditions and,

tﬁﬁsom\}&‘ercd??ﬂm%eld%dﬂo? Rrdtd ualGNHor Sitvnyl&ltRE oQ%géﬂ%dn@éntratlon of
*}nthe ho eforthe asgéls al so,"a poten

the aage Poisk R Jrom dis or oF 165 Soundls Gl structure may

resudy; act eri st cs have an effect on the follow ng itens:

(Fﬁze f ggfsécéﬁe )61 E‘F?e so ho‘éﬁg‘%ﬁ efss'g?(ggsr gggif ?ogab ZeVaﬂorr]ating from the

naglt ambpremts theaﬁodnwm Qﬁpdnﬂudemmga 06151Q) tlossto thhanelt surface, where

t%éeyf %Bhﬂeréa'cﬂ" R R Ay, ! lerl ¥hdug §t§l-m§l@ hRAGE, OQﬁen leading to
tween silicon oxide an |te ea gfto sil'icon

deslpestign fognation; wichnveH r@ﬁ@ ¢ ceystal oF 3B OT4h ¥selprindreseasing the

ctﬁ:t%l RecldBA &ditighal BT ap@et b@ﬁaxﬁiiﬁﬂts@%pédil@ lch® Form in or originate from the

nduct.i VI

S5 s b G Gvipetreim i ol St SRR e patiapts can comprise

acgaaergs snd/oe pxticulatel phasd, wiriehvesn! driftiiosthe infelit Highily dopeel crystals (with
Atb? Eb,zlg’,%r e%ﬂle)%ﬁ:%@&ﬁat% Qﬁothqgﬁ)%n%gfﬂ{ﬁioﬂb of {He%bhﬁg in the melt, and

the doping elements may evaporate as oxides, which may later form particles, or they may

cause wear of the hot-zone parts they are brought to contact with.
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in the hot-zone and the crystal, which could lead to
non-optim zed process conditions and, 25 thus, |ower

w@eosHz87yi el d and/ or crystal quality. For exap@l/BlR20471060217

oxygen concentration of the crystal could drift from

its target value, or |oss of sj7ngl e crystalline

structure may result. (B) The'crystal yield. The gas

fl ow purges the species (e.g. SiO evaporating from

(@)e Oxpden cancenprative of thetdigstdl THAEAOMoW in BRI Fibigdt§Df the melt surface

Q. ' I to t |t f . 30 ..
%%e@l %fg‘{ﬁ[ ?nrQ}elea ge %{c’o%%‘uooﬁeﬁapee%ﬂ%fygpﬁ Kélgla %se S{d:,g)? ro?her oxygen containing
g5y palvapask) fromt thef mek, argf tseaméreathiengainofadioss oomtdliflg the oxygen

I ' : { Oof Jt
ot e 1y RHE SR Gl ot v
vorld harcallydeathiorfdlatver ereyrss icorceatipfigndinithe eryetel. or i gi nat e

@)onCiybtal ichguritteer OREIOE $he MahlithplitfiBARLsiHOMSEERTS thBon. A large

-t rface, ch contani nant.s can conprise’ a
il SO sortifihafian pARR N Bou T rahor hAtren fhe pygporating SO
gase@ndrbbt graphitrpartsdohiet genyratealCO fau thht By Asich 8ie. mBlt if the gas flow

. . i.t at .hi t,rati f
e BRSSP LSR
&) affersatomsumpioon eassbe vduess bynymbediorenfsoofithp antentibesand the related

dokt WiEYe [Ber. BatRem¥RAheYrolabAit

br u&lht;efgo. éont act wit h.e%v@) Zobg;a grzlé‘g{?lg c&ﬂ&ﬁ‘&ahﬁeé‘an@ﬁcﬁted by the
PIHOTFOOHT1L7 7 (C) Oxygen concentration of the

crystal. The gas flowin the vicinity of the nelt

s_an effect t.he evaporation rate aof

B BT T (o ot o
rockrafsbi-tpefproenss efersetot mamrfactinsng b oystalitnemmaterial in a process, in

r | L : At | the . . .
e o o9 b M SORAHAE o SORSE LA e A\t i
Bisglenlgh EFRiE R erisial pbdhe sSibip defiyas bbP peadeaarstalo a
| oner oxygen concentration in the crystal. (D) Crystal
inpukities. .One of, the pain iLnpurities in silicon )
%?Eesfollf’gufgs R EHB n SToX qraisglése‘ll %Felf?rotﬂ sg¢h 1y pRpgement that comprises
thon¢cassamapartnfoo ciygtah atansfat toinp tabeordi@gad id2oclaals el s includes

' i hj art.s, whi

YARSAALL R Gou 0L, BE ARG PO s iglamosptere an
presswie 1a1the @ vwihickambpers ae avsilag théeequanet) systems denmosingahe crucible

a0fl thderysRl tn &E‘@gﬁr’%ﬁﬂ%%ﬁa{rﬁlﬂ. &%&vﬁ' c@ﬁst:oﬁﬁ)?lég ﬁ'IEBias%geral additional

pgﬁn b°$'1 reducedggﬁl, er}bodl nment s e 1 nvent

B Y AgtROYor SBRRISR;1PY sayeral Beaksrs of difarent s, cquikol system, as well

ap pednadnehti thygrets dndxorrE:caombgigidiant s transported by the

gas to the nelt is lower. In the following, a crystal

manuf acturing according to a Czochral ski-type method

Iy rthey foli®viagodter temkhotyzpee”pisoesed stor eff@r ®© tGuch an arrangement that
# : [ €ss, .in

O PHIAahY ety s o Bnd Bl Tncifin TBRBESHAL afe heded 10

ciatena rgfteble Hhernpad andngasi Aew ¢amdifions rfgtithe erystabrgrowth. A hot-zone

cQipMbd®. @ LEMUEILR toddnthik AR BbK,WieWrsed8hl RERLrDYf Wi¥ferent types, as
t folla term " grower”

S cryst . In th ng,, the s
"GEdhe B! Fsflatof aretat s bleRiisii Bete) CbRpPATS dEhanging dovn
fiztn tthe tore qests af ythpavdcaul_hochmbeegraﬁi_d m_&ihuli1a3§igﬁiiﬁ6&1t contribution to

. i1t ks incl.udes 0
RPN MO e B! e ot o
provi de a suitabl e atnosphere and

In the following, the term “furnace” is used to refer to the combination, which the grower
and the hot-zone form together, and which can, if connected to proper electric power,
cooling and gas systerms, to be used for crystal growth as such.
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pressure in the growh chanber, as well as the
requi red systens for noving the crucible and the

w@eosHz87i n an appropriate nmanner. A grower caPCT/FI2007/000217

conprise al so several additional parts such as power
supplies for several heaters OE di fferent types,
control system as well 25 as®pernanent magnets

and/ or el ectronagnets. In the follow ng, the term

%nﬁﬁ% fARNENg, | the téﬁﬁd‘cﬁiél‘tﬂ@f Rferd ® dhy tsdéﬁéél Qﬂ’aa%[er i];%F 96¥BfIng a charge to
a rise parts inside Q

BisispS FHB AU E RS &P oC Bk wB sty 6 Peghspb g material of the
Grumbbbdnd/drhhe finé sﬁmthn@aﬁ‘ thé omicibde) df hotasnBerivie }idﬁﬁculaﬂy pointed out.
ﬁfs}ﬂstérﬂ “ s?é/&&” a3 E&{nh]ésg f’e(}er tﬁqapc E‘télggd %F a (‘tlblF ghaped vessel.
Af“S@ﬁcppt@r tusc@/t@emeclmgicauﬁ stppokethengucitie, ublkich omtams timedimelt. If no
§uBGodriie h@detlﬁr%&’(fr@F‘sﬁs@@pt&@%ﬁfs(t%)ﬂ?e YibRALIr, | f

hangi ng down fromthe top part t he vacuum chanber
and with no significant contribution to tenperature

K thie rfblﬂkbiﬁmgﬁthlerteﬁnh EtoCHIL fl elatibs t@ UzoRARkIdSHE @he’#ﬁod or process, is

n f the ho the follown
PR e BT B il Frrefing Reviihirmpggment of the sead
upistelwitihesspead veethe saladintefiteinteohezone f or m t oget her, and
which can, if connected to proper electric power,

cool ing and gas systens, to be used for crystal growth
%)Wlmt otysnihsger’ ipevgdazdrieobatiy usal torronkert other sources

(ﬁtédeﬁ%vl ﬂég%eaf he dhgfg@ t‘lferd#géﬂgieether&ffﬁzﬂsortaﬁy%@lyer Siitide the grower.
i or .contal ni n
T8 AR Pot e S8R ap Sritloyeetedameer (a7 Bee PolBohe lovel of the

bdttannaf drd aucible diring theugrotvite ofitid/ lﬁtfdyt drethbiongstal, for the most of its

hc‘etafl%fg %vag QI‘fhe tOLI%‘rt] f‘{engfﬂ R%a%er”i id o%ttg? &R 5 §%\15°€gt§[1 Oolu.tsu?‘eagf the crucible
puernradive ﬁbrt m@fog;xty pbitshessing @pwek iIipd teyn “Ssurface heater” is a heater that

iS 1oLt ifsi@aae cMR I buterrafius Séb%@@ Eﬁe%elﬂ kifdeged to

mechani cal |y support the crucib whi ¢ contalns t he
melt. If no susceptor is used, the word "susceptor”

Iltlefher ﬁ)lloolnth ethe rterh bhvaciniselrferd o tah Badebhd AYMdNEm 1Tnhﬁnder—pressure

co dlg4 ops, esggﬁjat tlie rlnﬁ%r{u% ?%#et?cgsoé%% %Qﬁtglleﬁsgéfeo%% slppﬁegto the conditions

QflﬁtSSﬁmaBHE moswglramespigria press@ei MetermVeammin cianitee” sefed to a vessel
r Wi t. Q.3 SOl4i f

M By S B g i o

Cé@‘i}b]@eT}tl‘hﬁm’i ig ajpeaiged &oroyaly @rchawbercthatsis wapable opmaintaining vacuum

HRENE YT ﬁl&kt Ehﬁﬁér ﬁlb@lﬁ%b]ti’drﬁelf th&Brysfal! gfthﬁ rddass Edlbé%? ressures at or

q%r aﬂ%m a pthahnm de t he grower. e term om

aut {18 HEEEP " Be a heater that is Iocated

belpm1the | evel of the 15 bottom of the crucible

Iqltﬁ% ! otvﬂﬁg qry gﬁ\{(ehoroef cﬁa%vﬁ\glff%g.y? ulgérﬁ??p%%é%tﬁa%geﬁ gcg atpra]tgsage for the

ﬂilldtélﬁtélﬂloWﬁ at tq ﬁOWOIOd epassagsi e thd chdmnekomniud ean be embodied in

el whadi R‘éﬁtef&h HefR B Qfo!n % tﬁﬁe b 1lfteﬁﬂé & B%fher erad but also

The term surface heater’” eater t
hyn@‘f%l@ 8% of ﬁﬂll&%t’ramevvbt%émrsaapugds s iertlpeving pp annular space

deinfn@ce chad@ell ﬂvlﬁcflﬁlsfﬁdﬂlﬁﬂ\ﬂté’dgonly he cbekitl tiRs LU#'Byhﬁ&’tfr@ '® the same

PR RE RS o B ha s By oo e ¢FBEclso YBR lfee number of

veriaee channeh shap@m cndy dbaslevisbd.e€hanteisaiay alar nalhtam granular, porous,
fﬁntrm%s Blh@cﬁéxfsueﬁ GRSeaf thafall G Mut 3§ PO € hamber” refers

In the following, the term “dopant” refers to relatively small amounts of chemical elements
other than the main constituents of the charge to be melted. These dopants belong typically
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and/ or arrangenent capable of to achieving and/or to

mai nt ai ni ng vacuum around the <crucible. The termis
wab@s/oesserl for such a chanber that is capabl e pET/FI2007/000217

mai nt ai ni ng vacuum 25 after no or just mnor

nodi fications, if the crystal jgrowth process calls for

pressures at or above the nofnmal atnospheric

pressure. In the following a route or a channel for a
tdf grelifl IIISDE br a*slng%i{eﬁaﬁe tbld of clemams,aad their colentrition vh the melt

m&y%tra@al‘f"rlg%c\l\%ﬁs . he@g%ﬂz %gr ala§8ut i BgngJ})[@?&eélecmcally
active depanisf amefroal kesg thmnt lupemf(parnpet mibion) @cnae\teml per cent, if other

p%;l)lg%t%g i SectPih %Inﬁﬁﬁpﬂtgtd#%rohfi‘l%ﬁat9rtyﬁé’ bf ﬂﬂ:%élt h@B} the crystal

ONE surroun eavli hg”'an annul ar space
m@@ﬁdﬁﬁﬁ@-a channel, which is not [imted only to

co- axi al tubes or cyI inders. In the same way coni cal

R R AT T A —
cﬁlhﬁﬁﬁ&llyf&ymhetﬂ@\gesmdtry %]afmae lts theygryatad andmnttai the melt. However,
?('I%(?m%l \ﬁgo@g o%?méﬂtb{)? l{ﬁe txﬁ{/exﬁfoﬁf thed lﬁ%lﬁt r l:d?ﬂrﬂmse non-

o pass.
syrdmptrrcal‘ly rmcﬁtmtcsd hcatcrepatm tpelpes}arg:ﬁgthp t@mmmtﬂlge éfstrlbutlon of the melt

(ﬂ ral Zﬁ{&gﬁf%g to ?tﬁﬂﬁfer ERBHdit{Ra TR e 'ﬁl@it'allblﬁrﬁdﬁiusﬁﬁent of the

ted ants bel on
g@%@@abpvvemﬂz@@sﬂ@i@@?@ ‘I%T 10%689/‘1666%7 argugeg GesoRging to an
ehlobdinte¥it f el thviehi@orpalid (géblﬁeﬁryithy afe elhzmlgedlttmj:vveamd two growths.

t hei t concentr r I
Achging 0 30 Rb B8 BB Yo il 9\ 5 o o
pfawessel ectrically active dopants, and fromless than 1
ppm (part per mllion) to sever al per cent, if other
properties than electrical conductivity or, . .
A Bt perangementtagperdists tolthe W@tl%@/caaraﬁ%ez‘i@ ipsthaf whay has been said

i@tRe addfLRshe ?&& egie N Qndéﬁeﬂdhn@ rddgigi GRNd fw tdieangement. A flow
hea

I nvention a

SER BT SHFY R b AN U ALF SPEAF FUESL B pigybat has been sid
i€ I cdhracteelzing past oh emnmldepen&kmmeclm onaz dlovdiarmgngement system. A
@not P%@%ﬁbgj%d{lﬁccgrdﬁ% tttﬂg aﬂf%ﬁﬁ@ﬁ iso&afcflla nggcﬁr?{hafﬁﬂat has been said

ea er
1ﬂnalhacimactt¢mzlngpm§r0étammd¢p€9d¢nt islpimoen aftherpl ﬁﬁmigement A thermal

aﬂrdg%e%? %‘é&ﬁl jasce ag@r tg'tﬂglrfv@nﬁ"onf idrchﬁ.‘l%&teﬁﬂ@ﬂﬂ tﬁ&tn\fvhithﬁts been said

ust nen bet wee

t he
ip the dharrctarizng paFPL talli'én %Féeé? clapg Oﬁé’t 5—:\31}; %Prggnﬁ%ﬂ’swm A hot-
D66 rebitie dcordihg 8RO fiveRtivn iechiretetiradeintthatrwlidtdas been said in the

Heeeietrig Pat b nbpgre enan g b tbiis & fimass ageording t
thd frovedtion isgcHaneetgrizedtin that Svipt rhaebsen smd umvhamhaamg%m part of an
11\}\5?1 i)?ﬁ(ﬂénrt] gb‘irﬁ o%ha?fdéﬂé’c%n}&' %’Bwirﬁa@%ﬁ&%? %f}}stza?éjadcﬂrcfu'i@% the invention

een sal acter|2|ng pa rt an
i$ wharpetarieast incthat mbehhas boeapaig iraﬁgeﬂ’@rﬁcte%“fa BW of independent

i 38 FERowhYsS LRéth&E G éi*yﬁ\ﬁlst o A h@yitalv a&tdr@mgl & the invention is
characterjzed 1 tha en sa

AP RELE) PGB e beotnatid s SRR LRg PN 43 fdeggndent claim
ond @igelment system A thermal arrangenent according

to the invention is characterized in that what has

been said

Other embodiments of the invention are shown in the dependent claims as examples. The

interface between the preamble part of the claim and the characterizing part in two part
claims has been indicated by a bold font for expressions “characterized”, “wherein” and/or

“comprising” in such claims.
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in the characterizing part of an independent claimon
a thermal arrangenent. A thermal arrangenent system

W@ewsneismy to the invention is characterized iPCT/RRD07/000217

what has been said in the characterizing part of an
i ndependent claimon a thermal_  arrangenent system A
hot 25 zone structure according to the invention is
characterized in that what has been said in the

Bhdodigiedts @ff fhg ipdntion fmake ths dﬁﬁﬁ%ﬁﬁ{ng%iaédfﬁl@éhd%ctor single crystals

hot S rnace rdln .
Pbe fRN R lokh R b R pof ilh Qusinjiginesorigproving the
enystaheuatitig rinaespetizohg g pearborofmpurity |c0@p&mﬁiﬁn tandloaystal Gfield for the

?’Kétuf f?)"’\feesokf\ag 519:‘” Jﬁ%/ Jres I%paq'ergf i CrEL'XI aas rgﬁeg%)erdh Zgg B%SZ r%efﬁcwncy of

nventi o Facterr 2ed Trat
Rrafuctjon af Wéyséaimsas@mmlmmdq §-Zodmt thg fcomumpml@g pod desttof 3lectricity, inert

£dsahil ¢dt-Borid' M&'tsn gthgeérﬁ&%t ofndCEYtH §}tneerﬁofz; re%&?(ﬁbltl% any procedures

ac ention Is charac
wa’@ilob‘ﬁ ngéEﬁ t%ta ay ¢ Ugeolo g rERV Y PIoress, papvellqs byhthe investment
castheyfehelfiniaces.ai m on a crystal. O her enbodi nents of
the invention are shown in the dependent clains as
exanples. The 35 interface between the preanble part
Bont the nadimphjeetnaf impeovet apstedfGciendynte faltdwing sttwobjpets tire considered
ﬁ|tﬁéfm10%§g been i ndi cated by a bol d font for
(ei pressions "characterized", "wherein" and/or
oRpEPase §f thejeleciiic ROWRRFIRSUMPIIR008/ 025872

BETEL 206 b@ﬂﬁﬁﬁrﬁctlcﬁb@ ligsthad bR shsRE atnﬁesld)\mf&%ﬂléﬂé hot-zone parts,

ke t f f duct
g}a yfg% affqgl R‘E ! acl% ﬁ’/r i o%m' 1312 %9?1&9%5, lﬁoll.g’f v ng% proper insulation and
cos&uatelblfyl mnéwltn vhinperatmmé ndisiribitien aesulimnitoV iddge tﬂaprodumble growth

corzeios B bt Rot BB EEhShefs hoefics Y FRHL M,
Qﬁb I@@‘l’@nﬁs“@e%lfﬁ aﬂ@iwmg epsy wafl cost-cfiigienhadaptatms of the hot-zone to a
pr Qﬁl@.ﬁ%@ﬂl thE RBysEA" Qﬁarﬁétgﬂ %c%f&rﬁlggﬁetér B5HLS @?ﬁélé&{} While mgmtammg or

cryst aj&contrl ute the consunpti on
coslfnp(’_i‘PV”é$ ©Fystaldpa 1§yﬁgpltcrysbagl§1 d hot-zone parts,
(dheAchieving betred costsafficibn@piey ﬁdlﬁ)g embsdkimnE oF 'ﬂh/e 1nvent10n which are, as

prq nt [ | t ot C
i heﬁg ?%I\rﬂﬁ%ona g/ a%o%a}ttlfgl SIE) apﬁaéd %@gﬁ %Lrnaces without
costhe ne¢d oﬁexneumna@eshﬁmoﬁs tmthlerfenmae or etithect thefneed of expensive

| MDA RAaCRR r{%l ciency the follow ng sub-objects are
consi dered |n e follow ng: (a) Decrease of the

el ectric power consunption. (b) Extension of the
’R)" @cﬁﬁév‘é&hes'elcfbﬁctsﬁm e eHORARBENSoLIME iAo Orf SREAGR and 2 method

hot - zo st ruct ur al hite parts an
PR3, BB ment P o BBy e hed b s, compri
faBowinigt &pbats wiiitho invehtomethatfitsteaspest (i), Hhié lsecrbnﬂe.fspédt ii), the third

#Eéc? éﬁﬁ?rrtﬁe E‘cﬁﬁl{ho%ﬁ?ét tl éﬁ,p%{d?t@% Eigthg Irsgé:]c?ﬁ') rgﬁ glfﬂtleefo(l’lj)wmg also by
efSEenge rwr@raflsj EDuive althoygh myanyassriatiods doghe pidseuted rexamples of the

vagidRhbboiRiEn® ofttheiVehtidPAE pb&ile Change in the crystal
di anmeter. Achieving better cost efficiency while

mai ntaining or inproving the crystal quality and
(Dr yteahotyoré @f the crystal-pulling furnace constructed to have a good and almost

continuous thermal insulation, giving improved cost-efficiency.

(ii) Novel inert gas routes in which the gas entering the hot-zone through two different
routes, giving improved flow pattern, so yielding an increase of the lifetime of the
graphite parts and crystal yield and quality, with relatively low inert gas consumption.
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20 (d) Achieving better cost-efficiency by using
enbodi nents of the invention, which are, as far as

w0 e@soesinl y possi bl e, conpatible wth standar dPCY/yBROEI000217
grow ng furnaces, wi thout the need of expensive
nodi fications to the furnace or w thout the need of
expensi ve additional equipnment. 25 To achi eve these
objects, in the enbodi nents of the invention, an

(iBPPBE-26iSd R d®inhedionasahe kelited %drts , kel ai®wE $heolifting of hot-

i'nvention, nore c efu escribed in the cl.ai .
COAPHG et BT GAPHI AS5ep ARt PO, EHORBE St of the grower,
finshg ﬁ&nﬁﬁhg fdetharisne alsedyialthegpdet. (ii), t he third

(1}522@&20[1 lg\glrngr é)g%ﬁ#t%h&f@&‘lhl orfeld \%stal%é}n%cgretofdrfo{ﬂér diameter by
r etaily mhmgmgmla ifew gelytively small md)l@gxpemﬁy p@a& inghe Beiszone.

(\IgoH%E 180 EREAL REAREAIRINES 1196pér5?l%r 1288r. AR %t@ﬁﬁ@d&sﬁ@ﬂi&ordmg to

e invention are OSSI %Pd%%@T e hot - on dth
cr 9 embodigent aighe § PRGN koSSt g° tleahandeeagt 136%9&5% g and thus
al paIstes thO Blehitg work bEMEhbi-kdifasts aadof ik rovgthictpmbered
cost-efficiency. (ii) Novel inert gas routes in which
the gas entering the hot-zone through two different

A3thoughutarsindiyiidiah gnibvdiment dnby da distdtlyr relating ipi eneliaspect, such an
GI%IBO&I e%l?@ lalgé rélgt% A ft%t e{n%ﬁle?f F#elra? fhr&{t 1h§1r&"i‘15/t Enﬁﬁglments of

el ative  ow i"nert
ttgamvaﬁmppmhmabb lacsewtdgsm,zemwfrmzo@ potp1gnother in suitable
phiti 1) Hot-zone design and connection of the related
parts which allows the lifting of hot- zone upper
parts together with the top of the nmain vacuum chanber
fhetfbﬂowgfrtg\/\ahbodm&hfsg)f tHeeink érftionrge desctibed snmarerdetadlybyi referring to

BBty Stogiis BPUR o ibRRupeRr AR, o7

easily changing only few relatively small and

Pﬁ@er PeNSi¥RuRAEL S 1bikifulfal ‘%Ect?o‘ﬂn 8f al h’l)ysﬂ"P tmARRRLHES dftangement

yrel di ng savings in operator The hot -zone
desi gn a@erdina e apembedimsaRfit ﬁ%ﬁ’t"e % he invention

FIGEDS thﬂlds%ﬁaﬁgaab@aa_faml1eﬂ§1dnotam@ssu bl e, and

ces, the c]eaning.work o -
RO of ' T RBRGsh of 2B 518 o b Bhi kG G:a@bhen, showing
enbodi nmetite demignlod thl hatebhe atrtbe ged oglet,o one aspect,

FREcy an 11%5%?%'5 %&alﬂgﬂh@l ﬂgtaﬁ ﬁta%%ﬁcﬁiﬁgtagﬁgéé?ﬁ&ﬂ @5 a longitudinal

aspect direc or In |rectl odi ne
i nvent i ofeciioa, cabﬁmrrgam 85 nfl gw. (ABIE Hhrd | hoévve%%dglg fo an

?alt legoryehﬁoéﬁhﬁ%llﬂgfthbnn@lfdtlbﬁm e pa{t 15 Indt he g

ol l owi n odi S 0 elnenlonare escri be

H for e Sushpiosis, Al 3p Ayt el FRERGORS GhGLe gas flow
(FIG) ar‘r@utsmvuhca&oﬂaémgtes i n whi ch figures FIG 1

i stratsalon d|

J,g Ef act lfllirat Srai' lIlm ?}Lstﬁ %ﬁglr{ aﬁéﬂé@ﬁ}% t with z%n additional

enen accor an e
of the |rgaeﬂbwanutemaﬁb@oneblemghustrat es as a det a|I

Pgé E! G 1infkubhe Emﬁf?&‘ﬂ Fb Cileta?ﬂ ih | é%%télahﬁiﬁuﬁaétuﬁng arrangement,
gtail of a si ng cryst manuf act ui’ ar r angenent
showi ng includinga hot-zone and demonstrating lift of the uppef part of the chamber

in the arrangement according to an embodiment of the invention,

FIG. 7 illustrates further the chamber, its upper part and the hot-zone arrangement
according to an embodiment of the invention,

FIG. 8 illustrates schematically a detail in crystal manufacturing arrangement
comprising an adaptable hot-zone for different crystal diameters according to
an embodiment of the invention.
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the design of the hot-zone at the gas outlet, FIG 3

illustrates a detail in the crystal manufacturing
wa@eeoanesnent as a | ongi tudi nal section, show POI/ER20&EH00217

flow routing in a hot-zone according to an 25

enbodi nent of the invention, G 4 illustrates a

detail in crystal manufacturi arrangenent, show ng

gas flow routes in a hot-zone design, FIG 5

Fid)aistr aﬂﬁé@tr@teﬁ@i ah bxdrfiple rayévadharestehectitig itiegsuitable hot-zone parts

arrangeng itional gas flowroute in a
hot - zone 51%96‘“% B HPF%t rat es schematically a
detail in cryst al manuf acturing arrangenent,

’I‘hn Cér%f\gf 29 ta?e i‘bq-t 1}111%191?% \%nghagfc%}nﬁ)t G r&afngfets & efBSdiments of the

upper In t he arran
invsodon |W1@10t1b apy) isiepben ﬁe rltmléfth? HeopsiR ﬁ’@lb’o ﬁho"tﬂr @mbpdiments. The

n{éah&% 68th€8bjbbts khekm e GRAARES are'nbﬁnéd@&ﬁfy Padchle aRéﬂatlve terms as

3 zone ngenen C od
o SIS AUAETEnG 25 CTELD L0.80, AP B o e
néutGttiedakiohNoCihy Sh@stal e wfmma,r dndgpravacang ehemnber of the grower or the

PRI Rl eZ&fQ%f@xg?%% Lo GmQ%s &aN%id:0h A A8 HkkRE Y indicated
niutvad positions WOheid @Bmsm mwmmmarmmrxmemzo thesgragity and/or
dﬁﬂe&}&b;;mhg}a@ér 8 veﬁém&ee?ﬁwﬁﬁ eyeds %h&wﬁf Tﬁe %ki!n@al hd}ein the art

zone parts a crésta nmanuf

kppwe dip altm%hdﬂmﬁaaw@s&e PP 204 o3P 4. vg gsiopgolated to
i QYRR Pl &Tenmﬁcﬂnﬂﬁﬂtaf‘gaﬁlﬁt bhin dﬁ:edtiamed’ﬂ uhe rgravity, in the real

Wi t hqut an ntentio esco
STt et o o, Ry SO BB Y AR fRovabte in
relnidon foghe alher Rotrione embeamentsmfsh@inecntkml mey vleo beniiBzedsn suitable
colBiahOM “vertical", "up" or "down", "raised" or

ower e arelnrelatlontothe mut ual Iocations of
the crystal, the crucible, and/or vacuum chanber of
ﬁ AﬂLEWEQCRiPﬂoNEmF PRE¥ERRED BMBODEVIENES Used

nly as exanples in an illustrative manner to

| nd| cated 10 nutual positions or their changes, but

gt hdlistrivas theclnklaé of argrowitecianiber ithen gmhvudinyenanfitherinvention, in a

tion of aper r
LA B SRR T 0 P DR oy iy,
gasashwghmi, magustie feotdaas well adretation andfor bftref sreccrysfeldt, agelt 5, and/or
SHAE It B BB ks PSRRIy Paper o | entati on
agai nst or in |rect|on e gravity, in the
real device the up and down are rel ative neasures

'fhec&yétﬁll Has ®RER Ahstrhtedin BIG rlrbrm\aabl-aeualrge&ﬁetry with the opening
r i ous, enbo

qfﬁbgﬁ%rﬁgqfn?g@@egoggﬁ%gua%q XIS, fhe ﬁrygfﬁll @/for tHe crupgle can in suitable
paariivaatdiffasnt DET AL kR BESORE,PEcGNingRoRRERERREDOdIiment, the crystal

c%g?h%#-r R ré?arf lugs tlilat '#D&lgaﬁ‘ R{g@ﬁtﬁﬁ? ﬁkﬁro'tﬁﬁ)‘ndﬁlﬁgf Be IJfotatlon axis of

gr oWt I nvent1 on,
the crucible and/or the rotatlon axis of the melt. According to an embodiment of the

invention the melt is rotated to provide a rotating movement in respect to the crystal.
According to an embodiment of the invention, the crystal can be rotated in respect to the
melt in a non-axial position of the crucible. According to an embodiment of the invention
the crystal, melt and/or crucible can be rotated individually or in respect to each others
with a different angular velocity. In an embodiment, the directions can be opposite.
According to an embodiment of the invention the angular velocity of the melt can be
essentially the same as the angular velocity of the crystal, but slightly different so allowing
very slow relative movement at the interface, to be utilized for a material to be crystallized.
However, a skilled man in the art realizes from the embodiments several ways to combine
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schemati ¢ manner. Support and control systens, which
are needed to supply electricity, gases, vacuum

wore@nerisc2 fi el ds as well as rotation and/ or | iPCT/BR0G7060217

crystal 4, nelt 5, and/or <crucible 6 etc., are not

shown for reasons of sinpli Citlﬁ' 25 Al t hough the

crystal has been illustrated im FIG1 in a co-axial

geonetry with the opening of the conical nenber or

roteionalubbéreerax iof ﬂ‘llqd imeltcétgs%fé @) BeOéry EtBE}N&hb'lﬁ' 1BAnE Wk scope of
t ve a different axis of rotation:

é‘]'lﬁh%ﬂbé@lgr%r%t O%ﬁ?léw I?’;[botnher enbodi nent, the crystal

can be rotated along an axis that is, cl early outside

AbRrdif %% hﬂ@m@&h Af of 1€ ifhRnBbh Qt'ﬂe %%iéxfl%eqfl h%shaetop part 1a, where the

e and/or the rotation axi

cru
tap E‘E#”Efu MY t thershewpotirestion o ithe ﬁ@d@O Theghambesrhas akso a bottom part
bt nos né@s@ﬁﬂﬁ als€papAtOWiiddle Paft QbaAL NG c%’s‘é%g&g dfrFl% 5 fhe left and

pRect t st al According to an
ST s Ahenihes S Ry randed i mses dodndivals agpality to open the
chenmbbie whidhl whileincoperationhbsin jmoarhali sbfoghetes @ﬁﬂ@cﬁﬁlﬁ -according to
d?%ceg{@:dﬂgerﬁo?lﬂ%eg;@&%r TR %txot%g - n'algél 1%%11)}? egfgn ina considerably high
qVﬁb‘PWW@:I IGhagyber hcqoéi‘l@&m ap smbadimat létse invettioramay also include

rﬂd)&fp@ft@ﬂ{an@fi%ﬁ[m\gei ocity. In an enbodi nent, the
di rections can be oOpposite. 35 According to an

enbodi ment of the invention the angular velocity of
Theeshapd df drncrbss scedse o Hal ‘lfaéuhllﬁec}ﬁﬁﬂ%r a5 F fghq I%Q%eréfangular form,

h\fﬁjegé:xj Eﬁ/ov@‘[ ad J?l%hl owsifggfe’g?(?r{l;ste }g}ﬁéﬁ;{y wﬁ%m&tﬁ@y 1ntent10n to restrict the

Very s
Shmeeﬁf ﬁ)@egrowcr bhamiper] Bo.cthefamrnens whttler cmks sectioa of the cylindrical or

t@ElMiI hbhd &ﬁldbe mg@i‘ﬁ%& %Jlgmﬁt Egblhé Pe oPtheqﬁve%&m According to an

fromt ment s

al j zes
ev% Seemt 0 @U?QV@W thetwdtproprb !Lcrandi@ th@tcmtpa@hleﬂ can be approximated
byavepBehSofd sphBR df%hbtheﬁétﬁ%@élfbp@rﬂ shbl’?aﬁ Eﬂl%@ih‘ie%‘lt thﬁ curvature of

T Y e
iimey quatrtis oof, tlbhﬂ&lmﬁca,nmethelhd)la&na Thp Iﬁﬁll‘dle par@, 1b\/\h@dfsen6thﬁeed to be

?gﬁd}&af ﬁ% %ﬂb te?nboﬁﬁn?%{ﬂ QU gelrx%r%% %ﬂbg{ﬂ%ghapes sugh as barrel-

as a
like shapea fon lystan@e PrEradoepashilitel én Em ., thio topApart fhe and the bottom part 1c

ikl @S @BGlal 842ti6h efdhd Ho%ev&h %eg«ﬁﬁérltsalﬂg)é alsb §%¥e (Iglg? qugl no tubular

t he chanber 1 are provided wt an to I ndi
SPHOPfity to open the chanber, which while in
operation has an internal at rmsphere of near vacuum

di
L R ] R
steydard prdsisty peactiGh dub e sigatficantlsiify in theanlatinb tdatiwmstofahe crystal and

of IR drﬁﬁiﬁl@tlé Qﬁ %ﬁsﬂ?ﬂ: S’H%é &E&éﬂ 32 thd e alrnttﬁe; Q’?EE eﬁ Q0P the conical

in_Fi Cr 0SS se i'on" 0
mEmhET %aﬁtﬁ aRbel: and 3{% qpuldithem glse be skifigd gwen frofothmerucible centerline.

however, shown as such only for reasons of sinplicity,
A ST RS D e e i 1 e e S ot one
exsfept foe thoyhdle dbéreathe areltf udianlthﬁf clsifige 6fihehRt-IHE, fhr@&’gh which hole
t vention,, AcC
Y o BB 2nb oS B8, O ST lols P Ea e thprvstal 4 by
thﬁr?@lltﬂal mige1bED p’prdil hag a S@’éﬁblb ¢ighbfit txiheatrpsdal, bythaa gap between the
cr%@lﬁﬂanﬁn@ftheac&ﬁbﬁrﬁeﬁbelamﬁe¥ GO ¥ AR Gmal BlaFt1§ Tholes in the

nl ?dl ment the curvature o
insulation for heater electrodes and purge gas etc. However, these holes are kept as few as

e

possible, as small as possible to reduce the heat loss through these holes, but at the same
time large enough to allow the passage of necessary electric current, mechanical support
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the bottom and/or top parts can be used e.g. to direct

a thermal radiation flux back to the 20 inner parts of
wao h@sfeasmace, to the hot-zone. The niddl e partP¢DHFI0EH00217

not need to be cylindrical as in the shown enbodi nent

as an exanpl e, but other shapF such as barrel- Iike

shapes for instance, are also'€033|ble In Fig. 1, the

top part la and the bottompart Ic include a tubular

forehk IHeRteRAGH  wdliD e gy reqhﬁe@ Rrg¥8rsestiomyoraths uiige/ gas exhaust. Small

oA o SRl b, BERRAET g 2o, B Mlfpygmen, o

niecBani@ll mahipu&atmiﬁlmrfsome pbie etcs The dmrdheram;‘us denpted by 11 and optlonal
bg%(‘)’j}g%legtgr b ;ﬁ t’ﬁ'ésﬁ‘lglﬂ' l{e'afé?p‘én ﬁ@in&ﬂlmﬁ@n’&@ s Elgleﬁ:t:ﬂn\éﬁl eater based on

I ons cilble 1s a

theaspieddnse of ithe lsating plement #iel the apsogiaied ¢rpability WS’@@@eﬂemcﬂy
tcP cdk. hﬁT AhE @ an %Bgﬁihleﬁpéf ih% iB¢ntida thehchte? ZlenGéaiy héls essentially a
en

pbe shifted a m
pe@n&eélﬁw%ompos@nﬂoglts Pontent ot G fa e Hefgbipingd. According to
ahftBEMEhbodimehiabf die irﬁ'e@minethéeloieaErlhaara) wipdifichet inductive component

c{;‘ﬁtgbﬁ@?g@rtp? ﬁo& pt fgr ! h cc!']ogéhﬁg @(%’ %X%m%ﬁ@ \R%Elt hf ﬁl@qﬁ&entlon several
hedter eleyshil cah bs uptd fferd galfrimg mp@nheegmgappwﬁ; or flexible and/or more

pHERJe gﬁgﬁl’?%obpte agﬂle%ls%ﬁ&ﬁl cdhor the crystal 4 by the

coni c has a suitably tight fit to the
crystal, with a gap between the 35 crystal 4 and the

"_[‘h@ "Pl'eé?cﬁlg M%En aMb @b pr&duded ssheviiere alse inlthe\hot-dard. eAccording to an

eBlreger e@aé@eanv%z'@%# Sl Beese B Gl 5 B SR A Bypraq andror the

nmtssmmcerduagtmmmbmnpﬂsxﬂtmd isvemionadsecesurfaee heater (nosshown) can
t he, cg%p het}g %c%sreggﬂtto Hleaf @1% M Bnd/ot ﬁfe 10¥eB®nd of the growing

&nou sage of necessary electric
ceystalent | rrechanl cal support WD 2008/ 025872
PCT/ F12007/ 000217 14 for the heaters, as well as the

requi red _cross section fqr the e aust
G 930 b o 5 i conguciviy than
th® inshRAAE pattsr Stri@asl peneatcordihg toethbanveandbn are d631gned in such a

nanl Iatlo etc. The main heater is
%i?éﬁgﬁqﬁﬁ héi bottom heater by 12. The
(h}aﬂ?hetnem bcatcch insfite ofith¢ betezene dnsudation, diabist theirdempesaiues is high, in

basgd, 013 o ? E\% Ihgiﬂﬁg ?Pﬁl@ oPthe hi}ReriE BEMB GrHh£MENT and

t he assoc capa to transforn1e|e&@r|0|tg
(B ihey Act chaﬁeﬁg»uwdeaﬁf iethstizeen sy RbpReand, et FURGRES is several

heaf,Rare@s Wﬁﬁ&erhl@éamé @f[HntlaﬁécMnaltm@ pomtr esi stive

conponent to its i us t thee
(G rERob pisobal HIBEL™ SH1bAHE ObSBM RIS SRS fipcrucivl shaft 132
i N\igPig. dnart kendtaatedrin kach amsnpn itfat &wmesulhngjhetat Vass is small.

WCI%? sec‘itl n%PQLIeE 'o?rg{eiag ﬁelrts?int%?etghgﬁ ?&h i 55[‘1 gofpared w1 h the distance

an € ventlon ever

tha th@baae neelélls soriravel froamingide of g Hobropatorfuigdenthreugh the insulation.
heati ng power or flexible and/or nore precise

adj ust ment of ttgrrperat ure di st r: tleZ%glPrs-%I’ ﬁ%hq’t%% L gxtend from the
Hb@tsrdéQB ¢he As16GIdd Bt they are ncftrﬁhodnrmmhe afanie of Fig. 1. One boundary

%ﬁégn;ho %87 8]?(P ?(%ltg ehr%aelt*lfesrfu%tﬁerc&r}nlggntu g6t {5 MR er B8 of the heat

shleld above the melt, as shown in the example of Fig. 1b. The inner shield 32 and outer

shield 30 of the conical member are separated by a thin gap 50, preferably 0.2-2 mm, in
order to reduce the heat flow from the hot outer shield 30 to the significantly colder inner
shield 32. Furthermore, the contact width in the gap, where there is no thermal insulation,
is kept small, preferably 2-8 mm. The inner shield 32 may be hanging from above,
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15 nelt 5. According to an enbodi nent of the invention
al so a surface heater (not shown) can be used at the

woredos/0%38rf ace regi on to heat the nmelt and/ or tPET/FRME000217

end of the growing crystal. The structural parts of
t he hot-zone have usually nuch hi gher thernal
conductivity than 20 the insdﬁating parts. Structura
parts according to the invention are designed in such

#colBNE ad Qﬁbé&iﬁﬁﬂp ot 'tfn%)s}natll fhal oﬂei'l)ev-er here. The inner
57 5 0rS

are Iocated i nsid t-zone"i nsu

shield BRangy 4 @rﬁf‘efruapw ffr%mrhebw 5w phicldrid, on &, pteylef@fmmﬁ@ small area
spatst mghae lnﬁdy W a h&edﬁmngrtha!mab @isamtcﬁrp)mcl He@v)'eeﬁhﬁé( shields 30 and

f n I
Fhan U8 Sereoith tihe® bebien Bess iR aale G suRoy i larger than
mbgicmedvbho v lﬁn@th D imgarglohe tonté @ )widthaney ﬁlewbp darpsr than mentioned

iﬂ?)% Eﬁ&&a]%gf{& %%&bﬁ&lﬂ%ﬁt %ff tﬁg efn\'uﬁﬁ% a{h'eolgfl Elhgldtgfliqs made of

Cruci
graphiion bt peperdipgdo maethet ﬁmgoﬁ@@nt |o<§lseg refaciomyl mateTipls are used, e.g.

ﬁb%&eﬁﬁ@tmw%@aﬁﬁe@fm& 'ﬁ@ﬁ-%uﬁﬁ{gt tﬁeﬂn!ihl G BEish Yah B ghanged to be
t hat t e heat nee

t he di n
?X& ?l‘rg&e af%Og 2 {f“&é’am Of %@%ﬁb%onféﬁgalt 13t agippgcrystals.

t hrough the insulation. 30 There are also sone other

L SFHBEY biy OR D00, 0Cpr BB P B, S8 B8 Lomparoe
whigher dthert sugaler agfprictory makéripl 80 as Gel ab thaywdling melianisen81 arranged

&:}ﬁlllhﬂ’ﬁs e n?ﬂ?é ﬁjl%’ﬁ MR }n% égisgﬁ' il c%g‘lﬁllﬁég in %djérﬁbbcﬁment of the

| ower” end t he abov
GKeIPN e assenasst © r@faththg cry%al Ihan erprdiment thp gotgtion is smooth,

a?ﬂdlddd%b! tn@f cli’&g& Rig @ma Cbrcthe changeoatCdry @Eﬁ@% aﬁb&er embodiment the
S Rttt SRS Sk S B b el e e o

aistall dotsiiort ¢s toppositiegtoi thaﬁ:arﬁ trycibtd demtiomnBr ansthéreknhbodiment, the

(ﬁﬁwugMJ&@%{ mre, the contact width in the gap, where
ere 1s no thermal insulation, is kept snall

preferably 2-8 mm The inner shield 32 nay be hangi ng
Tﬂ@ﬂ&@ﬁ%&n\ﬁ@l@@&%&aﬁ&ﬁ&lﬁ@@ﬁm S0 @gﬂdzcatelﬁlaj or improvements

ordi ng to an, enbodi at thi's snal
1Péﬁfapﬁa‘§eroﬁ9@ﬁu%wrvmé? 1i4 ofﬂpéoqq% eycle apqd ds arosgsSrﬁgey s fogpmelting to
ebﬂ -cdunp pdrat dlicdnr aysthie EQBMMp@&héredodlsﬁﬁptld}msﬁ%&uced by more than 50 %

r})%ﬁpﬂdﬂ/mﬁ gu(?hléor{ar%gpe ? [ &8 ngmgr%tnrsgl sgsor%al ener}%élé AQ' Plll.'t on efﬁ01ent thermal
193111@!@151113@6 dowger @4 of |t1me bt zome cawlethe Ipartsl pbdaerthe nidtt deerot contain a
Bﬁeﬁ‘l one %@%e%ﬁgéﬁl S&s eﬁ%@%@‘bphﬁ(ﬁegg\g%{ &gﬁuﬁi éorhof a 16” hot-

bove rom1l

70R§ (e 38!usel q” flegeties fhﬁaﬁ?n#ﬁ?\lt sikgreduciblsoliametar Benddn ihe het-zone, ie.
&Buﬁmmli@hb(ﬁft 70h%0| KW eltkin® The bAR, 6AE tryghil,&lsdt B%nlyabout 50 -

or t 0, ano
b i 0 38 B 2oy FosBibiey vt (4P SES L gpm)sewigh continuous
inmi]atiobeasusinowinnin diig. elnitithel i amt ip atet] e atnioss fhe shé 222N &o613EIne would be
i 0
L gy e WA T
various crystals. 10
The effect of the efficient insulation becomes even clearer if one considers examples on the

openings needed for the purge gas exhaust and the heater electrodes. The smaller 16 hot-
zone had only two electrodes for the main heater and two exhausts for the purge gas. The
larger 20”-22” hot-zone has four electrodes for the main heater and two for the additional
bottom heater, i.e., total of six electrodes, and four exhaust openings for the purge gas.
Each electrode and opening has a significant heat loss associated with them, which heat
loss can be minimized but not totally avoided. In spite of the considerably larger number of
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Fig. 1 denonstrates also the shaft, rod, wire, or a
rope of high tenperature conpatible netal or other

waiosaise2 refractory material 80 as well as theCpuizbi7vgo217

mechani sm 81 arranged to pull the crystal fromthe
melt. The mechani sm 81 conprises in an enbodi nent of
the 1invention a neans arrange]t? to rotate the crystal.
In an enbodi nent the rotation is snmooth, 15 and does

Mgltﬁg?ﬁgf%)‘ghl?l%%ﬁ?@?ﬁalq{eﬁ ﬂﬁﬁ gél"'ﬁrggi?ﬁ%uiﬁg}ﬁloyg% éhﬁ?llsﬁw of Mhe smaller
R R A3 ¥ TR 21 ok OF G UFrded GIAIBPARAAEY 4 Flding meraber
20, rehich dmsod tutayts foai, rant atlﬁé WL%O dpositdd atcdnll BE HRbter 11. The
[ n .anot her, embodi ment, .the .

P Sal B B ool 8 Bl T RBRS PRy Gpot e met imited onty
i@dbe gentenedraliesal | y shown in Fig. 1 indicate ngjor
i nprovenents in the power consunption in the whole

rocess cycle and its process steps fromnelting to

$90¢ gureyt mert;is yh@&qatclpmpqtalgug@@er jrea philehot-zone according to an
et Rliapit ofithé Mveubic &6 oRiér M&p&ﬁ@ébtﬁ@at@@as@‘%%gﬁﬁlg we_calculate the

a

e o205 R B AR TR o i

affthe insulatitg roaterial dindh theeeptarline cdlitios/ottdoae. MEe hedght™@the cylinder is
' j h [ . :
the 'ﬁr%{aég ,v%gt%?ﬂ glfnggﬁ{cjgyfrblﬂstﬂé %Bﬁ?r%t (?[21?’]16 glplt-gl)rg%toﬁgta}ﬂghest point. We

exa ) ower consu [
XGHe pesibly harmalip unigenestantcextensions T eaneve hotizsme yields 12 kW/m?, as
166 Wtd hbezehiaafRufes YBAH IRk FANG: bding typi &R O i

400 n‘ghi S ag?gt 70 - 80 kWduring the bé%% %pfl tgtéues during the
gyt o the grysia{ b4y o  y about 50 - 55 kWin a 20-22"

hot - zone (cruci bl e di ameter about 500-550 nm), wth

' j N Fig. 1. Th R
N X CHEY O A
tBo hotrzpne2ie quite anifere Busrextewisdhe difetinmssudfahe stuasral refractory parts,
RS ak¥REn Jtéﬁpéiﬁ?ﬁlfe%q}i"ﬁ/ eﬁmﬁeﬁfefz@§ Bré T mbdifattf eﬂrigllle? Man the silicon

sul ati on becones everl clearer | € consi

| .
BRIRBIPeEtoANg ke teapsratiigsdifieraees Hoplmase afuststugalsparts are small,
redivinstheansl dtfeesel ERirEieriBbRL et sivENRSIBY |sflicohGrionoxide emitted

hot - zone had t el ectrodes for the main heater

it efSOE it Crake bltp oft pisehE S Ipracs Ty B Consequently

tR@it -1@epertied -chamge mawre f dowlyelaedt lesddscallyr FHee nimimium temperatures
: for 1k djqL t e

Fpgicitod BY the Bulf i BAEU Wik, wARly SIS TS fenath of the wser

rEprees HEs tedoretthe cpigitde riglessto weaaeHf &1 sushraotheneerdhat the crystal yield
icR@sd1as a significant heat | oss associated wth

them which heat 1o0ss can be mnimzed but not

totally avoided. In spite of the considerably |arger

Emmtitbmnd oref am&%ﬁf@ﬁﬁl&7ﬁtﬂﬁﬁﬁéﬁlﬁ?ﬁfl ﬁﬁﬁfér@ col@spondingly relatively
-t 0- av.0 peni_ngs ot al he 0SS, |

sgﬁgh it e (r:rgextt Flgw?oa\%g raﬁ]i%hg%n?vﬁlg% ) qwqrh%nadts QLS esFab?e. Thus the need for

aditiondrreagtEtie fiels isl ratiaed amdt iorthelca®lthebmapeetiorfidlé ¢t extd, the field

valids SMPPO SiHeShdl i ' i
A APROCUBMY 3 SRRl fepe RO Ragnati e
SH; uring a phase ofn TOWEE BFedases are exanpl es and the

enbodi nents apparent thereof are not limted only 5

o the nentjoned val ues. A od .fi qure of rif is the,
iy AR ales B0 GrarpLe ok o SBTIPR 4n ot eriutl s hes Been Boing on to
pasivioe thengppeopat of e chystil. Brtcrydtal theomprises theastowh which @ppears as a

sfn&hl&é?,eﬂl(f fig b%ﬁgl.i Xﬁﬁ&lg‘ﬁﬁéﬁdodoﬂg Rd Qho%incﬁlg.c P,l e %rytsgt‘la according to

an embodiment may have one later in the process. The crystal 4 has been pulled by using a

seed crystal 3 attached to the pulling mechanism 81, which is not shown in detail in Fig. 1,

. although such mechanism can comprise a flexible metal rope 80 or a rod or a shaft
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surface area as that of a sinple cylinder, which has
the sane radius as the | argest distance 10 of the

wo p@alozsrng material fromthe centerline of thBCT/FI2007/000217
hot - zone. The height of the cylinder is the |argest
vertical dinmension fromthe bgitom of the hot-zone to
t he highest point. W exclud€ possible thermally
uni nportant extensions. The new hot-zone yields 12

%8 foRShe ﬁ}? éﬁcﬁoﬂ"'ﬂl% ﬁ@élﬁnfsﬁﬂw E6toteatho Wirysial WWmﬂecessary at a

€ vaJ u Y% es,duri
pie @teemygs SpeBoayerBesting Prbf Puitet auth T goe £ may bave o
nedif 3tcioethe seatisarlgthli Dthat defirfeatthd érgsthbimp etratturesand/or the orientation of

ﬂ’LFI,]CSI"t%Srt!%I #té’ﬁ élll?(ﬂ Sﬂul%ﬁ fagcium ﬁé&ﬁ 1?%}1&@2 %sécf’t hlféethg r&h;s?eﬁ Hislocation-
fregfaceardmgyto pacmbodinent kwm Q@hﬁi’é’r at ures they

experience are only noderately higher than the silicon

msltlng poi nt, and, ratyre differences in e s
Fig dohows|the melt ¥ %rmdtg tﬁﬁ nﬁﬁg% ’%&ﬁﬁﬂﬁbl@é cpgg:&rpﬁ(be of silica in an
emBSdﬁ’fﬁJnt Sbiutems Qﬁoth&uémb@dlmeh’e otteh &rﬁ@b]reomatemakctam bebysed for a

d .b h
AR Sl R, T ptbld v sroned
ta bageplaesableycachhihe afien fier flireacecteamgeturorie IQ\IViniytO aiiepe to room
teltnﬁ&ﬁ t{lﬁ: @Jnln ared IW?tIhe At lﬂgtsﬁﬁ'fﬁqf%éjéﬂ%%n EYRA TROERE Y may have

ruc ower extends t he
a| gyich @ﬁratma ethat epmprisgsr sitedes, (refractans é\?f‘éa $h &P Shcgn, and/or

cﬁr'bf&é§ Aébdi\@iﬁg t@fufl emﬁo&ﬁiélﬁt af e nfdntibhad pzirh or tHeyslidlé surface of the

cpJé:ﬁ;d% gy, Ibga(gqppg afg: gorﬁﬁéwﬁerﬂgﬁ?ﬂr&aér tht% other suitable chemical
eaishestharshhmgle\devigti fidatioa lof thesampdrphousisdicashtfade. ows ar e

al so sonewhat sl ower and nore stable. Thus the need

for additional magnetic field is reduced and, in the

In:fsg\. t s demestiateds aled dhat sheiseupible ol pereunded \py) ¢ sysceptor 10.
ugﬁ t}{eeéu@%ég‘( &y dJra‘M{ 1n7chhF1g' N34 laain 28 plead a&cfb‘#&ng to an embodiment
e

nce need c field streng
0 Ui B g MRG pASER8 BT e SO e Gpeible. The
sB3cRpIol Eah b afrhridedt iooaondﬁcw\heaihﬁbﬂnet}ﬁuhéaltmrg Hasnddeed2, and/or to

e . B AR by e V0 M
hsttets| steopndi e mble ub@@yhn(quaﬂy) syhmetriemdnesnaitiongh fasmmore precise
hﬂ%tgfegof &1[: nERErsGE }ﬁﬁﬁ@ém&fsﬁgfeg'lﬂ @I!‘né Q. &0 aff ERRLUTRGH:, tﬁ@)épprommate

one later in rocess e crystal has d?
cylindrécal pymusiry gf ane @re%eérer@} 9%ﬂﬂﬁ|heete%&rﬁé€ﬁ%&9 thg melt.and/or the crystal
1pw%u%dnecham sm 81, which is not shown in det ail in
Fig. 1, although such mechani sm can conprise a
flexible nmetal rope 80 or a rod or a shaft WO
ABED TR 7R sHGH 41l 20BIdiBRALA7the ]iﬁ’vmtiloa rwjeade thor heatisg element 11 is

gag{zlgg ggpagénqéle G JFE i %ﬁﬂlﬁ[ tge c 2@ P'i;ey gg%gcrh‘gtlﬁﬁ@ the heating

elemani(s) phbefagmed byweveralmaets J@Qaygi ‘@| sumon:g@t cijle. In addition, in
RE Kbl Fﬁ&tt A€ neafd &f hetadlt Sarf BRnadeUbiA8S Rdakr, which is shaped to

crystalline structure and/or .the qrientafi,an

foy g0 electieh Bail-HiRe St CFhe-Fl6qfios BN “led AL @ﬁﬁ’@ﬁte’f can have 2
e fQuemdearddghasé gitlenttnt tooqaitt @ncertainf megyetic field distribution in
1:{\ccoirtdl ng to an enbodi nrent known as Dash techni que.

According to an embodiment of the invention, in addition to the main heater 11, a bottom
heater 12 can be used optionally in addition to the main heater. The bottom heater can be
used during the melting of the charge. According to an embodiment of the invention the
bottom heater can be used also during the growth of the crystal body. The use can be
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Fig. 1 shows the nelt 5 inside the crucible 6. The

cruci ble 6 can be made of silica in an enbodi nent,
wheiosioessanot her enbodi ment ot her cruci bl e nat ePCEFBRO@AN0217

be used for a particular charge to be nelted.

According to an enbodi nent, t‘ig cruci bl e can be

arranged 10 to be repl aceable ach tinme after the

furnace tenperature is lowered to close to room

atrfaﬁgai amr e, c@t@ﬁp @gé vu'rtdrurt tHEE%wa pHR) atepéml&gh 8n the thermal

h surface
AORE Wi in Al ?Wé% iny ?%@%WZH@% zndlor the need for
Qoa’rrblblmgﬂs@imehcﬂmwsaiudhgnthemﬂr bi des. According to an
enbodi nent of the invention, a part or the whole
surface of the crucible may be doped with a conpound
Ig. bahawk eruciitle shast hds, iisiuteatinslatveni3baind the imlee imsnlasion 13c of

thé @fucﬁﬂé‘@l%@ T‘iﬁyé drtdf dr6 %bﬂgbd% s Qﬁor@fﬁa%:' @g&y% bﬁit s%afor lifting the

sur.face. | s denonstr,
TR Gnd/ 06 %ﬁ‘i‘%(ﬂ’iﬁm Hythg ceirible gupng toe prq&zpfeSh &hg hinsulation is
usba a&o&hﬁ@tcﬁﬁn erﬁbéﬂlm\&ﬁt dﬂ’th@ln'?blﬁlon]toép‘ﬁes@rv%l th&hé&at P ﬁfé%wer parts of

i ti
R PR i ol RFRLA Sl i BB, e
te a0 @anélmem of 2t musmeqm the imsalatibe naatersab d8d chibe dsflowd] or it can be
iRl R hifol ¢S %%cc]r]ilr%ntg/ ?lﬁ'g(‘)djl% e Adliow crugible shaft may

aSllstrlbutet e heat I1n a uni T of m manner
RebH used aspa| ghagggel 1o a raé@tlan% purgfe gah ﬂaWeméetsAWQIdm@ to another

dftedimddt dMmha 1ﬁwnt16ﬂl the BhdrMeISYHTBS hbddl FREHIGDle fﬁiﬂ fRUSMing other

cture of the heaters i s not
g&%%ﬁ&%ﬁ? % PO WIS enbodi ment, t he

appr oxi mat e cyI i ndrical symetry of one or several of
. nd/or t.he. t al
ABrBRELE RS o BASHAF it e, | 8l Bigih AP e insutating
peFt 2 ranbgpsed fooimpapres the tth@émhlelzetlmg tekeapethe hedf 1n$1de the crucible and
tlié? 3hdlZ e‘[’h@)ﬁr@sss sRebg 1?1' ngenlt &Hfoh% 19 c ¥l %‘e%h@t’ry for the
no enbodi nment q heati ng enen
ﬁ’éfae%fﬁaé EQrapHses the hie 5 e éﬂ@ae\t% %Mﬁ%%@}h@r Slhﬁﬂes are possible.

cru0|ble In addition, in 30 one enbodlnent t he

AE%&I%%‘[ mg? l t ?(ifa tglls éI&\{e ﬁ?&gigzj @e{lﬁq\qgnsulator 21, the

plfe32 la@d:thel (maicabmrimbﬂlt aré ethde nf s;epat&be pieed¢se butcthe ifsalaeora2l, 31, and
386 bl B ct)ﬁﬁlgib%g%}‘ ?s Qgﬂg‘{ﬁr %f@%ﬁ%%la@% %res%%ﬂeo gr realizations

certalnmanetlc utionin
aeRasRlengnd the ATbERERARS Ay Intger prspeaiter ghan shewn in Fig. 1.
addition to the nain heater 11, a bottom heater 12

TR ot SRRERePPAL PR ol ATROSEE IBKEIATGy o Fie mel. The

cotieal ghemige. alséoazmlmsagaﬂ msalatlﬁmﬁbtb ﬂﬁﬂhalt}f inkiil@te the melt region from

tﬂe@é&%ﬁ'o‘ﬁ]&é €I$W1€€EI§/9 L a élﬁgé] l:r,%a% 1 z%&lilﬁ‘%g Q%ﬁ{m got-zone The
C%%ﬂ@c_lg lacr 2 @cpnnu;m@w@ommrt 3sthat gudgeﬂue.m:rge gas flow along the
gﬁ‘cﬁsﬁh@'cfysﬁﬂﬁ A38m t@ﬁvaﬂiérth@ Elc?ith @n%‘?ltﬁe Eﬁllchonsd%@ gﬂaﬂ%()oi@ to prevent

RTINS R Lt
protent rthe fimsadptingepaieBl ftdovbe dufrbsige toasesPettaboralingi om khe melt. As
sl%&%xm@hﬁlgfahgfr b(%oﬁécérg}emﬁﬁ %%sca %%’neo ta%é cbm%ﬁls,lgtgltge 1n:1L1§rb and/or outer
parts as well as the insulation there between according to an embodiment, but according to
another embodiment of the invention, the thermal insulation fills the space between inner
and outer parts only partially, leaving empty space between the insulating part and the
inner and/or the outer part. In a further embodiment, the insulation consists of two or more
separate pieces. According to another embodiment, the inner and/or outer cones comprise
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the crucible shaft. These parts are arranged to
support the crucible but also for lifting the
w@ewsioise2 and/ or to maintain rotation of the cPCFlbE/000217
during the process. The insulation is used according
to an enbodi nent of the |nvengon to preserve the heat
in the |lower parts of the hot-zone, and to prevent
and/or mnimze the heat |osses via the shaft parts.
mmmsd:lvelgl fpidcésocash. Achedingeot 9En ehdr féﬁ%ﬁirﬁéhtt {8 i ipmer and outer

e 3Cc_can can
ﬂ 4 Udé Eheﬁatto oﬁcﬁ (W}?ru 2e R@o{empﬁba%ﬂls @d?tﬁ%"ﬁtral material,
Wlﬁéh m;telndwﬂvpugh thee thetradlt inswlgtiorg| s ihesucis eudmaﬁndi that the heat loss

|
iAok oo A RSl L gon s o
CORLAN e BaY [se bandleds g5 t tsingle piaces bnt Iae@cddmg ot beralternative

e@&ﬁﬁﬁnerﬂ AR indenteonCiRe Pags alfe%pﬁr!at%cﬁﬁd ﬁe‘%ﬁe‘%%nd Joﬁ_iter shield and the

cco ing . to an e i ment in_Flg
ﬁ on afe E@{@ﬁgsetpﬁ@tqurg r e@&pfhn@pt &}ghoggr diameter of
ths @dﬂt?zii ispmalle thive thé émenldidaedi@ne® theothkeesl ﬂﬁ'ﬁd rEt)ata;nd there are

S e B o U SH R g 1.

mrr@m the W@tllcébm@meE‘@ lphféeck friselecof2Be cHmilde endius, in Fig. 1 it is

BEWRES "Fos8i81e!
:ft SRl b Cﬁ{lﬁh govﬁ?gp ?ﬁ%%ﬁ t%iuigl"r%élsbj‘ﬁ(ltﬁer ey gﬁ? 51% #s ﬂgle Rokample, one

FAtRainaps iy fhavpy inkie. 8ndhe fimres ssumae not?éloa@lﬁy gyhmetric design,
whectbés ofier aindetagdous efperh ahemFh@Gesy poit Jﬁﬁlewnsdﬁltaetv@ﬁsslgmﬁcant

3b.forma contin
et e
iy ealy thaes-foid (120 8) pymmetrb/an tha atohieel menther, afd Hast 6 or more fold
s%)helﬁfesl ;ﬁ’E %a{sftﬁé AR dnllRya QRWﬁle {ff%bg %ﬂeggrdgf gqe opening,

coni_cal nber conpri ses an OU

thrgughywh %cﬁ%mtyﬁél iypudled, m@ba;@wn dlmzttbe gaavab of the crystal, using
se@mur $1ﬁ@51ya§hdp€§ Lﬁaaﬁsl Yhichl nla9 ﬁqbﬁfdgadhéﬂndl N8t t{]ﬁ these parts

i on |on the grow ng cryst
S‘é]ﬁ%m{d tﬁ? 818'3@L aqo&%]iy My Wg‘i”&én%me’f heg hot yz one.

The conical nmenber al so conprlses the inner part 32

Atctﬂgltdn%wc oO&iP eltnpg 39 8{ %‘?&S angqgen ]M;e? %8 ]9)5 ﬁﬁ% :ﬁngﬂgongf comprises
alsp éhq)lg}ttonggart 40 @1@1 meewiﬂtlondﬂywmhus arangeé feformcontinuous thermal

ﬂ BRtibA 0
ids t1ac§tiﬁggie\rll\gsﬂﬁ[ﬂg }%a]ft 5. rzg(‘t:cggdnﬁ Eﬂé Q?nsu%gﬁ?&%t’ﬁ:‘ {he inyention, the

"’fSP R REMEERSS SPrpEey ﬁg@sghewgmcm hprifeeshibrons WthhAB?» required
tes prowidel ¢ledtti¢ cudrentt foe tieORdated] antPoDSSteAt RS f@edctﬂﬁﬁl%ﬁb XCthe gas flow

FT e e o
ap ppeoeingeht crusitile dift aredhargsth canHSthaneoishme a@mfRestnda iy opémng in the
b&tﬁﬁn ANERh N, t5J] gl“ﬂeh(tq{lgfﬁie éh'taﬁull %trh;%gbfe 'nu.rﬁlfac?urtecz 8\% ln}iaéenal with

bet ween 1 nner onIy art
IO@hBleyn%Iweéu%the@rth@wl urwglaltlan i1 3y apd(pt lsmmay be uséchtogreduce heat

loggithreught the st £1d tR&Edrres Pﬁncﬁné Hh ey m%H@ﬁQhHﬁH% ark B¢
insul ati on consists of two of nore separate Peces.
Accordi ng to anot her enbodi nent, the inner and/or

Inoerteeembatimsnicafithe iiseentiéh 28564 AREBHAIRGT hidd WY LOQPERL to another

emiBodiment of the invention the hot-zone comprises a bottom heater arranged to be used

in addition to the main heater. According to an embodiment, the bottom heater is used
during melting of the charge and/or during pulling of the crystal.

Any magnets as such that may be used during a crystal pull are not shown in Fig 1.
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two or several pieces each. According to a even
further enbodi nent, the inner and outer parts are
w@eaoaossd t o each ot her using high tenperat ur ePCT/FI2007/000217

conpati ble structural material, which extends through
the thermal insulation, but it such a manner that the
heat | oss throughthls stru reis small. A

connection through the thernmal insulation allows that
@ ShowRNfedmbRiRAeH: HRY thehddnedsatiroagh ahs bpglieg foreihe, purge gas

oblh sinsor o gl T BrteSisdihs B R R TENE Pt opbilfe manmer as o
v&ubﬂrcﬁllﬁded Hoaredet, ke intshierapehingnsfiiibe #2 mayr alstdndbagiructed to be
gae},: ﬁlt Fhﬁ a?reésgef%tlo# Eﬁngq{ %ﬁgﬂg'ﬁw st WisO W eld 'o?@ﬁ%@rThe cross

I'mner
sactien tib erefalablyhéiedudardoit ibmgy these anether siggds € @ﬁal thg ropess section

n
dé\h?tte gi?;l?rg &;Id%lgf:oﬁn %ﬁgqutf%;?tge l?li’d’rﬁeté’r:%&f the dg@lgl)r:t emay be deﬁned to be

idemionl dnsafiomeinb et 4 Py BAUB TR RER S eCHE: STOSR ening o the
tfRUM The |vfh11’:thg}knéssldf thestubs A0 Vis peeferably dess . thado8vavay gndaif it does not

c!@%ré ey gygnbﬁcém? g}e?:ﬁ é‘}lge%(iqg‘ﬁ mgrreeth%?%ﬁ&ﬂl f"é Iﬁl?lr é[he _[eﬁfectlve inner
dfarngaﬂdsrecﬂ' thswibags prefaysty less lanybOsymnasttid J@arm@msgppmt whd gre insulator
8{ feg laéjﬁﬂfys 39 ﬁﬁ&fs ad theTF ﬁﬁ{:ﬁflérﬁgtep Ot e 7 located outside

eviations fromro onal
tlg/ms@hatlgn 4t éngbb@qebqnemnpqqdlame@ﬁﬁ@mwrﬁppgpmpﬁ‘@{y {he same or larger

thdMBE tinRPdiakd g ef iR tise #ml y three-fold (120 ) symetry

In the conical nenber, and 4, 5, 6 or nore fold

symetries are feasi ble. In another enbodi ment, the

Texfefeema:twe dlivanegarinabkihp ehopege pgs out fmmugbndmrf d¢le hotezone at this
stal is y d [ r

lecﬁx Er%;s?e{ﬂlaectsﬁ dﬂlg”ﬁ TRE a](dﬁsw Ey?a% rﬁ%.l %r?e 9’ W BY the thick

severa arts,
inilationrédyation ckartbe {detiombt Figed pdds Yﬁﬁ}’ seaall coride éqpgipygr hardware,

ggtﬁﬁ(?éﬂ}dt e v‘é&}{ﬁﬁ Bharhbbr@ IF %ea&ut&wd 1o¥atB@in SheRIeF pért of the hot-
S 0 Accord |n'g1 to an enb

ZoRGeitt Mbiessentally sisl WARPGS 1t ‘ﬁe h%fe“ﬂz@n %VOGE f5P§ J larger chamber

FariStet, hﬁltlb@t élgxﬁﬁb@{ttadd@d 20st. The dt]ilendd&amtage 4d thaptihe acuum tubes
is a

talong t]}e?;g.ggﬁ 835 tgtt %gacglgﬂ{ Iugliﬁ) u%g Oﬂ]eﬁioce%te&ﬁff&e?ttﬁeo%cuum chamber,
Anydebinme opefatotweoikingsaned, orhjch snmphﬁﬁstgb desighandbihp npgagl operation
o(fptﬁgﬁﬂ%? ! Pﬁ&%oy 3@4 808 e fl&'étl&? gfadrhovahm chamber allows

Wwhi C ere provi de el ectric cur

foheindacenstrHan opd o ohe baavy eeéf‘&ﬂpmaé%‘ij 170 %Fh@cb‘é@ chamber,

WhiemaBhéth Bfc offRSREd RRANjUMGEoRVE TRocialRlAtyb8 gfovgh of silicon.
The I ower part of the chanber conprises an opening

for crucible lift mechanismand there is the
AOthegsipgh dasg saplesdi figmiinsiddef thladtdt«znme thsought tho wpaings in the tubes

‘ﬁ?g?%ﬁr ‘i;rgﬁeal‘(’:"ré‘?ér:]a %11§1\1,\,Fyh ("}eﬂéﬁg AR cfe @??‘Ut Q&{euﬁlﬁlg eEE‘ivhere inside the

aiaviaemin chdBheraflagtos whgvenydiftle @hg@g@on@mfl@@@]é be pllgito find its way
&1%159 5? tﬁehﬁ@c%lﬂe e thct&?éht the riﬁteﬁa@i F4th,| 8RIPHS Qiulﬂfﬁ surfaces of the hot-
peni ng he 1 nsul ating In o n?
+ohio GRG TRy EAch O ey G P Fepain. diS aipan ik xiended periods of
@ﬁ?z&’fn‘é' Hotlrd Thit1k Reveral ebadageeTheodpetdier worktoudiio preatip diminished,
-zone co ses;a ot t eat.er ar d d
F5iE AP P REOE TRy OF ISR S oy oy i 3 the imsde
@l'ebmdg fisetvals 1Mot 20 muleaeqrossibleysesh {03 thﬂquunf@ces which become

%ft t{m ?as?%&ntﬁ%oﬁ’chgrgl% 1%11‘%% @ﬁf&h QM.L 'ﬁgreoéusé fible to corrosive

1S as su e use ng a
zmtlystbgzl s1pg¢11 rrmn@xwlgtt ah BV ﬁﬁhc}:;rrgatep dls like grap 1te ecome very long-

lived. We have demonstrated that in the design schematically shown in Figs. 1 ~ 2 nearly
all insulating material can be used for at least a year in an almost continuous operation.
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WD 2008/ 025872 PCT/ F12007/ 000217 20 Fig. 2 shows one
enbodi nent how the heat | oss through the opening for

WO b@speasge gas outlet may be kept snall. The BXITE28G7/000217

tube in Fig. 2 is drawn in a schematic nanner as a
vertical cylinder. However, the inside opening of tube
42 may al so be constructed to4e conical, or the
cross section nmay be changing in a stepMAse manner, or

Pdriteemorbh 8ptdad Siﬁsh%n?e%ﬁ{tﬂoﬁ rllldeSthQ rd?zfn‘?été}bllrl¥asﬁhflg e:rabbllI lemperature
it ma%%have anot her si npl e shape Cross sect

RIEAFIEHE BYIORSHATE 1P 801 SHeter shanges srwsect edirt b viaveparts. il this has a
shg’tﬁﬁcmﬁ mnfhgno@yn peodietivitgdnd Sorhe inflideed o€ @le 1{;1@1dt &¥the process. The

f I t t cr
B A UL £ LBt S SR, v or
&rfs usaé asubepants, bt pthisf ér abt yedtriated toln&n t@ then matftd)nleﬁ ddpants. The
g@ﬁ@raﬁ@ﬁ of § ydogﬁﬂtssbﬂ&{raé %Q?i%s r@fﬁl %@ﬁse @%dm$8an1cles on the

more th an a gctiv nner

Hriapes: ayhiel t?ﬂﬁ]@n?wl!fe graptly r‘é‘fl‘émélkﬂdyb}’ asing thendedgnmiorathe hot-zone

ddoerdiray to aneaibopRhdHt of BRAn¥dEohNSUl ator 41 is at | east
1.5 tines as thick as the effective i nner dianeter.

The tube 7 | ocated outside the insulation 41 may have
Eip. B rshews dmanmhemam incimneishap pr side-flotelly dihide SREe 84s I has been

I f the tube 4
R0 paR el RhalbIE bin s A Vit Gn SGamdgppove oo mel
ley@dntomatdsdhe glﬁrgp fg@S h’éhauifo iresugh atthamner thait 8tis side-dlow IIb never comes
SR t6 RS e, fh@%atﬁ 34 R ueHdhd in@ﬁ‘l'éfﬁor? 9@\:9?5 T %Hﬁzﬁively long and

cause ick | nsul atjon 41 or near
nago% W@fto BYed excesstye 19srf fseﬁfatho%sthe ghpnngl Agrn@m of adjusting

thafldwabye partmugz Qﬂcgdlmﬁg J{hﬁ dhaniidh &na&aBéJ U@ﬁsﬁlaaﬁéb QﬁSm érﬁbddihﬁent of the
ead 1n 1]

YRR ALoh BN b b tERADE AP, b Pol gina e comprises
aasapi B wike dn fopenihgrigéin ealrczthd:rearnlﬁﬂlrderﬂgmphnrahtwof bpenings, arranged to
a?l'ogzrkhé 6@t tcﬁlﬂ@&%&éﬁ?ﬁto W Eu‘t?'ﬂgffg g X&ﬂfoqﬁﬁha' rﬁa&n@f"}%ccordmg to an

vacuum t
e&h?&lrﬂ%w o sk & 3 GeRberE o meamatl stacly a@u@mwfawmdlsks arranged to be

V@bl With tob@mﬁ@ﬁfrf&t&ﬁng/\w iﬁb Necatibf f tHE 'cHzﬁm%l ?@8{/\%; tHaP pivoting or

nd nor mal eration f
r&{?}ﬁ?ﬂ é)?l‘?g Ftégk &is et BIBoUE: Iagg tb‘l‘?d éh‘e flgw. According to an
endodiment hafirtier 1rﬁz|ehmv5 thé qaths BApisea chost ¢Haahlo M@Bﬂinl@ @0 another

%Lbo&gﬂ&ﬁvtﬁe @ha?n S| 9!@&9?1%1%@ raoun: larhgor\éﬁc E#g{n? ha %%%such structure,

ol 2F 6718
neadsc Rf dhem h}’y psulgiogt ma‘@flals |thatcd&QWSA§1ul<Ih etoppagge A@srding to an

ehibodiediRdf fh%‘i‘ﬁﬂ'énﬂ%h dfe ﬁfatérﬁials@ ep‘lﬁt@ '3@1} t hrough the

openings in the tubes 2, there Is always a slightly
| ower pressure inside the hot - zone than el sewhere

Thesd de dcreral nedsony daruthie sidamsr b hat th'eSchBél \b@rthular heat shield

be able t
IR T TR AT RN -
tlpﬁaplh’ge gadla pirgeuthe voktitd sitem mondxide dw bf theanelt Bﬁldiy effectively. It is

o'ﬁ@ﬂ %Ec%ya{rﬁl & ?ocgl e S0 %&%Wﬁg}fgg %\;al i fi ﬁgﬁ .fﬁncentratlon that

| ean or ex peri o
ﬂﬂa§ff§<évfé PHreing oh m%gyessontmng) e wdd lwmdbomld ©xygen level in the

c@fs@ﬂifchfi beiierBAseA A reddding MR VASHHMADIAMRE Rad R of f purge gas Ia

lg cl eane etvveia e run fromthe 1nsid
OFstclli g HORPU & (BF 1961 885 Bom Tis Taduoo 6o g \9pelargeaent, some
silioon tﬂmmeud}:ursf atsle o mﬁitec fts bﬁ}ofmt}&Swebﬂgt dirtdiRnf apétesin, where it
pﬁ%ﬁﬁgq%z}/cbﬁ Ecp or'n{]% lbgé oﬁléﬁox\{\@e and pa I%aﬂu P cORdenises to make particles.

o corr
Carbon monox1de and particles are both very harmful for the growth, and that is why the

total argon flow IT must be high enough to keep the contamination level low and yield
high. The side-flow helps increase the total gas flow to such level that the flow is
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action by silicon nonoxide than nore solid materials

i ke graphite, becone very long- |ived. W have
waletmnssrat ed that in the design schematical | ypGHBI2N077000217

Figs. 1 - 2 nearly all insulating material can be

used for at least a year in al nost conti nuous

operation. WD 2008/ 025872 P 12007/ 000217 21

Furthernore, optical instrunmentation |ike the

réib(ﬁﬁBIyeémélFﬁﬁldédpntﬂe @esvetatedodost iplEItait Ut éhe gBRSHihE Hgis sufficiently
h&%r&,ﬂeters d% not  suffer 1 hqi es caused by dirt on the
d copfgmyngion Igve %&nl ficant influence on
product|V|ty and some influence on the yield of the

Aﬁge%ﬁﬁé %%as&q g'or ﬁ}%séﬁé’]ﬂgafsﬂﬁa? %ﬁ%&?g&g%%@l h{‘t}gr %9@@1 fhds to drop

I con Cr
tcweds das; end wdithescrypat Tthmy i Why PetDuFgesgasi fhave ae%slﬂty b@dhmlmshed as

Hdeh %nﬁtﬁﬂtt 'o@Plt@l@ltdﬁpQﬁ’é %auc-ﬂk‘l@ b&)bﬁ{é@r @hhlwﬂ <?5(sdttii’étesrﬁel’(cj level remains
opants, often as oxides, si causg dirt an

apRIpYmALelE Cos A, aclad o Abest Afpckhod S ALE e SN, fhe crucible
1ﬂllmmgﬁ@thb}grmthnlgy b bignifeahgaméwrt. Thet padtofzbegurge gas ITa, which
accor to a [ at [ :
RSP RS S M SYERH T Pl B i
NROY SPGSS bbﬂwehaghcb @snnblald ok the beatt shieddn30h Tdegliow HE is therefore
réxﬂiﬁfﬂ)lﬂf:& ‘i’ﬁ]'a A @vgf sH&h4t &/ ?1’1:1&'1‘}3}" 8f t}fébt%’t’a? fidve uns above the

towards the purge s exhaust n such

el EADOEFANE 15, RV BFH AUl BLBST BTy a1es ABFhBEh the 58 ahganel 34, not
csﬁtﬁbﬂmg to tHOevapetdlioR 4f blygugks theerdcivdersatficamigidh i s

made as a relatively long and narrow channel to avoid
excessive | oss of heat through the channel. A nmeans of
Aathitdsmbtigatibh foh éhef dideaflby Tiiaist feldtéds tobthe chitagrindtion from the external

hgp%}{%%artggg%\geethg g@ﬁtlé%?ta%ﬁ ﬁcﬁ% ﬁ'% 1ﬁﬂé}%l¥§%?%eoﬁ1aﬁ1%cuum chamber.

I'nventi on
Despiém thecaffectivre mulanm tleere i sppaqiheat dosygpithe sxtepat hpt-zome surfaces,

vs)’Hllﬁh alf’é" ttl%efﬂ 9 coitlerdbly angh éi‘%m?@f%ﬁﬁ? Jnfﬁﬁlﬁ tﬂﬁ@ V}/allter-cooled vacuum
ural | openi ngs, arr 0 e flow

chith wils e el %@ng%a BAESton & WolerBRiesfRge the hot-zone.
Trl;iwlﬂﬁﬁraﬁesﬁ)vddtlﬁlg rbt@teﬁ%aﬁl@h@dhﬁ&lit}tecﬁdiﬁs}wmkuﬁﬂg Gannd it tends to

ave a tack str r |

vpbn oo Cpmonin P ACERE SRR, i, 30 3ua RAMF dowmvards.
Wittt itionsidé-flowellb hva sigeificaat, pasoof this cqn“cam;matn@ gerried by the thermal
c[)ﬂ\;e%{lbng 83 qfnllaoes&r%h dg%tto&mg Qfesmélt‘ ﬁu%@ 'B'tyrt‘lge ﬁl[rgél g@fow Ila. The

Accord I nNg di men

sidgviiary Jlbnath psheptipgas %ndaeféfhca?f?lyeﬁpéﬁﬁ% phe t}:\@@barl FPRYectiye flow 63

RO artQimﬁ@I IﬂrasmIa, whieh @h@epbethe%elcommcﬁmmaauon carried by the
a ular or ruct ur.e

CoPVooHBR A 7 R R A ARt ot to the siicon
nfﬁéltu IAd:cbmlr@mSan énbadioienigof the amlvenﬁﬁn éeboidic flews aof sepamtely fed into

t
ACYGFE b0 B U b AR ) e TRREREST B bt
tominihige anyHdad ofjokingial é’{’ﬂﬁ%tcpn@ﬁ’é@ﬂﬁ@ﬂ pyapabilits, frgm a channel to
b3 A BB d ﬁ%n@ﬂﬁlﬂﬁuﬁélﬂ oftiNnkéioRas §pé'd:w1 fRwadle t4iEbe used to

o G s TR Fale St 1 14 gt o
tid Eﬂénﬁ@@ .ehs agiidd o prevdicad osid ItL(lﬁularCS‘ty(ﬁ:tmé maingatilalon the conical
n\é\%xt?%qrw trhg é%ﬁné%ﬁ? ent at I L te&%%)gl %f %H ﬁﬁ/&ﬁtYo% the guide
mydyebel att@dheden thewabutim c&thbelt:wyﬂgt ap m@nlnam@ah m,m@éstedhe hot-zone.
A@éofcﬁr%% 09 L BEGMRNPEE It RV RN, HREI8S Sarf bOPRAARAUKER a cooling

uid circulation inside the guide, so acting as a cooling element to enhance the cooling rate
of the crystal, but also as a trap for the potential contamination in the convection 63.
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over the nelt. However, if the total gas flowll is
reduced to a too |large extent, sone silicon nonoxide
WO 20084023871 0 nake its way to the wong directi oPCT/FI2007/000217
upstream where it 35 partially reacts to form carbon
nonoxi de and partially it cosry_%enses to make particles.
Car bon nonoxi de and particles~are both very harnful
for the growth, and that is why the total argon flow
Tnl bné’ﬂéﬁibobﬁnéiﬂt gﬂleeﬂewgﬁast ) d@ﬁ@pnhhethatonst direaiad iito thevainace, but

| ow 1?11 cb%‘)é ﬁe 6’\/@ The@r&d&‘? ? \é\(%rE; bg?ghoé ﬂg{vecg%%etu,lsed to protect

vé&ﬁiﬁ&/ Clmie? WO, m6W$ G@0 2diier g facenovutsidsl I ¢hnhit-zene thermal

11%?1%801{ e, ﬁl%%ﬁb%l%&gs ﬁﬂ?ﬁn%ﬂ?ﬂk L lronPie Adlt.t he sane tinme

I'S su I Cien eep unwant ed
contam nation | evel | ow. A second reason for the

A%bdi@m%lté?\ﬁh lehllBoﬂﬁlénh i QXSHBNI ah @MBHtioh#l thbe2T ﬂbﬁhlﬂiwn inFig. 1) as a

ends to of th
shigdmymemeer g té%ﬁ'a%*?fawtﬁﬂé%ﬁ? R STPIHORTCRLlE A L1 and the
stisoeptanT fibmodonitak to corrdshves dlicom mbsoide desrdimpid &y emBediment of

tbf,egi?%%ﬁ\?g t gvgglF rg{)%’nﬁl {Aﬁerh?fefogé( ltc;T%e %&eﬁﬁ&%&h@ﬂl Rf the hot-zone well

Zone" par
algpvevihih heeten andutbebiiléconi monexide gonfained gvithie the dlarnllbymakes no or

%&P EB' ?f‘t@&t FHIR Y heaTéla(;r Wik ttheoafmttﬁh %Lﬂfgﬁe gﬁﬁ:lﬂlé El() At the same

ows around the crystal ove
tipige dllelepyet inare &f Hel kaigere ﬁ"é? Wr‘?tﬁc%d 45 PYdpr 10 mgﬁ%wwble it is
1r§ﬁ@€aﬁt Bk Wee Bpdch ebebwetal tht Q:rlﬁ:ﬂﬂe chnti ke fggﬁ_tguﬁlﬁngetuﬂ)em will be kept
t herefore r ed |
i i e Wkt e asert Bort REEReRE o Ry ke .. oven
thaingly ¢hetipper eddetof thverpaibet is m@setdh\&elbxlyg/erthe Bwath h@tegéﬂ Flg 4 shows
ofg% Hérsﬁghu%g% R sQRel JHe déélgr% &éwé%ﬂ. not

to the evaporati oxygen, as the
crucible is lifted higher. 15 Athlrd notivation for

Fﬁ%% sgsg'g ‘rﬂﬁ]d; ‘a%hé %dz%ﬁﬁﬁgﬁﬁﬁg %dggélh@orﬁﬂmg? ﬂ?éé \t‘;lgtlﬁlbfld’ @ikt be in a
B A T B AP O B SO RPRUGa G ACRE iscar o . THE charge in
F@@istsﬁotvhan@f §dhemlaue mai’meﬂ ahd (Iii[ustthe lpdelad;osm)ﬁe drecible edge is not
nf%eg%qll%o 11%1@1%8%)( 3&'{1 Pﬁ'le ?)a’lf H@hﬁ%@r @1'#? of the heater is
dive¢tbr visiblsl te dﬂwahmwhaa;m lrof/«ab lz8s ﬂcrwu% directer} everthe heater at this
%gé ':Iihélje i§ %rkY tibé?l@ aﬁr%uhf‘oit Ofb PG RaARAMEn g HRtheaRR@nd/or from

convectjon rqotates mainly in

other élerfaCéﬁabms\FJPP hegter; yhich 1s shlgi feagtHALE Guic P&%Fg‘)“he already hot
sfiiebh 1 IIPBrde@ tb heurge! l’dﬁ@ ogatnfihaionl dwayMoah thessilicon charge, an
g&.r.e ga vv{m%rds Wt hout the side-flow IlDb,
agdigpudiieps EaNt %mas t¥i°&°4%8ht ani nation, carried by

the thermal convection 63, wll be dravvn down t owar ds

i %?o% '§E<h§s ﬁ{)’\f/flg%?eapéﬁ ﬁs'ﬂ% Qcﬁi; ag a51ek |o9gp§??%sz?|§ \t/rg}lgh the protective

gas an y . .
tm@o@?a@herméswmaﬂw for tms/@@w.tv éher Phane anpofGoyrsetbisasily devised.

TRRovP ITTh REerkéOMitd kife cMaugNosYeLePs sédbﬁdrfﬁéx’gmg'%glon in Fig. 5. The
conhlwﬂzﬁt{?%n carried by the .nat convection 63 is
crgerad afirsF g sing desn \SM th no contact
to the silicon nmelt. According to an enbodi ment of
’[ﬁxﬂseﬂ L4 g/rlﬁ %giﬁ tsﬁmé 'tch ﬁﬁfdvga f ﬂ{]eeheﬁf‘e?,a\{lﬁ“tﬁelf %%‘Ié ‘?? %ﬁlgta%ﬁnall portion
off e wmutgweﬂwm g)vefrthesnelﬁwndéh‘a wiear wilbberislomnise éreémed but slightly
nlffdrg ‘éoﬁf)llﬁl‘?&? glfﬂraéchcl'é QS ThaRHAGRM pARPES ﬁébdﬂaigte' i8%lmost or fully

melted, and the crucible location is high enough, relative to the conical member, so that the

additional protection by the flow IIIb is no longer needed. One way of realizing this is a
separate path through the thermal insulation of the hot-zone for the flow IlIb and an
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30 another. According to an enbodi nent of the
i nvention, a special flow guide can be used to better

waele@siozigoi sh the flows Ila and Ilb from each orP¢EFI2007/000217

According to an enbodi nent of the invention, the

guide is a conical or a tubul aj, structure nountable on

the conical nenber or on the“cap 33. According to

anot her enbodi nent of the invention, the guide may be
aiditembbdaduomt Vedvesthatican béasdden, cu%fﬂbrn@rﬁefghﬁw reduce the flow

t A r di t
SANTRE ) TR Sl R oy B BisC ) ind e % Bowth process, ic.
me% | impgrtarit]y duting the meémngmf thasheiget eimi wustce, ths progedsi tirge the flow
Wéuld be et d)ﬂﬁaﬁicﬁﬂf dut&. %t}ﬁg g&é&' %upﬁg whﬂtqleth?&)?cidug{lon of oxygen

t he.crystal | so as

OPHNRE gases éﬁnp& ﬂterf@e]élaa \?E%’tlﬁ @ﬁpwnta\ﬁé)oa yebetiyglpshort fraction of

tHé:’ﬂHtﬂ]tﬁﬁ@ﬂiaﬂﬂfé%Zter BSweiis QRCthe WRAH CAREY byttﬁl';esﬂlécﬁl"‘fngﬁoq}ﬂde in flow
n%nt thi IS dére ed into the fufnace, but

arrang ar §p6>n8 tﬁx‘ee "that is avoiding the

hot - zone. Such a flow can be used to prot ect vacuum

d surf.ace
RPN YL el Pl B ShiE e BB R B PaiCagow carbon
Cpﬁ%ﬁntl@t»lp]g Ibﬁ]@Weoﬁrmml% Hﬁplﬁ@mﬁ < &2 Apows di the ewl afithe body where the

sOliigiddl fRbion FbHthemeH1QWS- @b additional tube 22 (not
shown in Fig. 1) as a shielding nmenber around the

heater that has the purpose of protecting the heater
Actontiog tden eﬁmsdmmmrmgos fshows @ﬂ[&rﬁh@ﬁ:a JD Ho®F E(ﬁﬁé ‘1’1§t zone parts are

[ Accor di ng-4,0
e R R LA o i Pat BB APa SRS RmER s AL g time as the
nﬁ)‘féﬁ IV@W@W qhﬁmbctel Hetopzimade Thel dhatbern bt be @eﬂﬂﬁhbﬁbveen product1on

b@f&ﬁeé hige §érﬁd1ﬁs05‘f R sARa Q:%ﬂle 'ﬁ%gc}]m h@ hﬁn&\%ﬁ %&ﬁé\/ﬁ \%vﬁh residual

al nost no cont ater

0. or
S{I’?E Eé]’fle Savjeongnent 196 the ﬁb’ipb}t@ chegnedat Thehemlyastiments jofghe invention

savd opepater labér éspedily Weth lhﬁtge th@ﬂﬁ‘or@rs easﬁ[oolhﬁlﬁa@ ‘ﬁftlﬂ%br special tooling
e

tect cruc nt. t hat
AU RN ) S—
nwre | flaxgblk étt-zomea degign, daw itheg wielght viind| @mgahsmhi’l afH @6e%inited by the

%&‘a{%§ ta%%ﬁt%/% Haii@e Qﬁ&galjt e?[]?agg T hg Lﬁlg fgng 8f11j5 be; & pettormed in a

he "upper e =] cr u
clgan way Wﬁﬂ@uf Wémdmmg hé@pbﬁ ot cheFG‘g‘ltamlr@thS% figtter advantage is that

p%%@h%&ﬁwge lﬁﬂﬁlo&?if{;z?é% Ranfiek tﬁgﬁ ?lt ']Fﬁérrﬁ?dl%tﬁ dime between
t\?s%lsy%qepsilg%ﬁ?ogﬁ §bseregac dherl gﬁ;}pgp@ madsisopaat theparigyylehand 1b are
sémaveed. (TiHs dedgn haebedn a/pphTe@ if Ferna odl a‘o@brdi@g&ﬁan ehﬂbaalment of the

DR BB B8 S S0 gy RS s e
thergiei I e6 deenstetascn mmhmhmamtl dfithé mvenigrewheeid the conical member

aly(‘f"tﬂe%lété‘ 38 Qgﬁ b@ﬁ!ﬁ%& B9 a@ﬂ%}lé 1518513 bhpﬁ 1{6‘? Bﬁ{lteﬁ 2)% thfheretq The conical

| rect I con

er 1s
m%e{ﬁs liftrd Wl af"?'lfﬁ/\ﬂf?f@tqgll bBéZQté@ ]ﬁge@ Wﬂealheﬁ%@mﬁat member 70a to

thehipgper phﬁgﬂ’ thé BRArEbdrS] a2 Thi HohhéSR gtpaﬁg%Bth}t a8 Rmovable, to
ali:ont am nat %tf om t he .heater and from ot her

QY et UHRSE HOF-ZORh PAFLS itQ 2, Fate oF Piherasyitale pupporting
Strllmlrgmwmd@d:g‘ethefﬁltﬂaee alAllthaﬂigh hﬁiboaﬁdsuduhgl @ﬂréﬁhdliegfhftmg can be

emfldy%%;%g of g:‘?:i?ﬁiﬂ@kﬁg xﬁ%}s agtalsa?n 1%% %ﬂ g{lﬁmows from the

In an embodiment of the invention, a separate lifting mechanism 72 is attached to the part
70a. This lifting mechanism 72 may be powered e.g. electrically or mechanically from
outside of the vacuum chamber. The mechanism 72 allows lifting of the upper parts of the
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In Fig. 5this flowis created using additional holes

or openings 23 trough the protective tube 22. O her
w@omsise2 pat hs for this flow to the exhaust negI/BR2007/000217

course be easily devised. 30 The flow IIlb merges

into the exhaust gases at a Effrgnd merging region in

Fig. 5. The flows Ha and I1I rge at a first nerging

region in Fig. 5. This flowlllb will add sone to the

hﬁ\(eét{necbfveﬁ 'ﬂftl{éﬁ%htﬁlﬁm dlhuinbéﬂ"ﬁ d;lbs%dl a0 Bitn]bodiirrﬁe:ﬁﬁbf the invention, the
rti e to urge_fJ ow ove e nelt, a

oo dheshitore Frdd G, R Bel? el ol yoflo change the
tempeeateenfisiribatien veifiin ahe fhot-gone dutieg) geeltitkg: of Ithevcharge. In another
O PP ot Ao ld Aty T ot o
ronsris satd toembance coplingf the Biacsaen thaTowsh of stk ystal g completed,

b ﬁﬁrgagiggtﬁé%@dﬁ@im. | onger needed. One way of
realizing this is a separate path through the thernal

i nsul ation of the hot-zone for the flowlllb and an WD
F26) 08eP5in2: M6 chaid Mamt howdibtadnd partnaby batifiodn According to

| t.hat .of
087 feniin 1B g 256t oy ShiiBlusa oSttty ppy gegas eipaneed to
stiieate e uppetipart by fromeltesed Figph detepants numberjnghitha repeatable manner
ﬁ{bﬁg&ﬁa stat Erowtdh fRSo dnfgﬁ{éﬁ @ﬂ{duéh%’é'f[)ﬁ% dhBGn R Fid. MocdMprise only

t
e, and npst Q e process tine the fl ow .
Lacandd 1be fhst poigem cpiges ile alhasynote Befte drawas i 2F1§e i degeording to an
eﬁ%bﬂi&%n%ﬁeﬁbotfdﬁ@ pwcle?@cdnﬂq?e ehidaeyedre @@Fktt_atiheisﬁiﬂe piece, and in
ases durin e nelting s i S. ortant. is.only.a

oAane FUBYRaHoRE Pradron Br s R FERa! ¥ form {riBeeBisde
heater power is on, the wear caused by the silicon

10X ' d bbb, Wi 4d ; [ [ :
0S990 BEPOPAELN ufb o 10 an
ethboiligrend fof the inwnkan soathpioin &2 tlsonarts) ereciogeibst riat3 opart la rising

BEL W Ded BIPIR: arkoth) CRldIoY 1iftdd: #1dPBMhat itRe tdiep@abdaRibe taken aside
the body where the “sol | gl fied fracthon

(<53 O mp SRR GPG VB By DBTEPRLHOM P GhaEDS s b, cxposing

techemppitsadt e hbroreoHBWe0dr; thersepiBtris spaormel, dndfih @d embodiment of
utomati cal | idh th [ [ A

B T Lol A bgoe S AU rmensof e

tothparbef the chambgrawedtd foh easythandiéng ofitbe hofezonp pads e.g. lowering of the

pgﬁtﬂé‘%?tgr ﬁgg@gﬁgioggﬁgq%gg@zgo.t he remains of the old

I'l'ica crucl nee renmoved together with

residual silicon and the environnment of the graphite

Fed. S8R ilﬁrhescﬁ&’ﬁ@@d ﬁﬁﬂllﬁelﬁr aﬂfqn&ﬂi‘@citiolﬁ\/tﬁﬂt dllfs SQMEk change of the hot-
operato or _especi Wi, t arge RQot.: zones S NQ

AR DR oF TR QTR HIE GbPF A < pclheR s b iace the gas
flowe aaveddl 4sahd theahalsanettonmentasdeli by the, crystal maylsnt¢tianged, according to

t flexi - i .

Fh TR Bl Sk AL B AOREEES B 1 30 minutes
ad@isionalotie, apmpared with iWam apenalhiémp sepded hetayesmfsabsequent growths,
vﬂf&?@ﬁ&%)ﬂ%ahééfsiré@i&@n be performed in a clean way

W t hout i ntroducing particles or other contam nation.
A further advantage is that parts can be lifted while
Bie ot Qetl DA ecertthepeltas diseptaang stdtea diatretareitit aliceinner part of the

tinme b en SUCC Y2 I | S.: L e e

ok e B ey b DO RRRRUER o Rl gl S8 308 Soher Jilflower part of
thejpacahedd 37t asd thesngyintordscasesbwndepysiathedi b v dirsibeerslifted up.
according to an enbodi nent of the

The construction shown in Fig. 8 is only one possible example of the design, and thus,

without leaving the scope of the embodiments of the invention, several different
modifications from the shown example are possible for a skilled man in the art. For
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invention with 20"-22" hot-zones and used with

success, but as such is not limted only thereto.
wo-e@s/osssdenonst rat es an enbodi ment of the i nveP€T/Br007/000217

wherein the conical nenber and the plate 33 can be

lifted as a single piece, but,is not limted only

thereto. The conical nenber % lifted with a wire

denoted by 70b in Fig. 6, with an attachnment nenber

inétdcd, heSRn b RrtHUBGhH Fﬁlgrﬂha@fbeérh@erﬁ&ﬁtfbt%ﬂ ab a pla'fé‘l @lowever, the design
g ctin arts 70b nmn alsg‘tbere aﬂl?e\é\{rtrumr

(g S B A B GRr HEPRI PO EAS 8 SRR 08 gt orpBetighstruoturs

irothb elesignii Theihenlstigppditt inag be stir aut tofiseft @nd Slelibleomatetiel like graphite

feltljsror}ggt its &ltélhcﬁéiggtelefﬁgg dis6 %e%ﬁk e“? %hant tﬂg ogérﬁ%\%ﬂgthe upper part

of thekinnpreshiekdn The: mauéatl@nﬁ 1ﬂ@rmv\%16f ﬁﬂb s |bﬁéwn§tmcted from
s&¥lerd] REpar Y BRcEL 'Furtﬁ@nid?e,%ﬁs&ﬂ’él@ﬂ Mgt shidld B may be constructed in a

| nvention, "a epar ate |lifti'ng mechanism 72 is attached
’tE?r?qiiém}SlHPrP as ssephagliqti £ ¢ ng nechani sm 72 may be
powered e.g. el ectrl cally or nmechanically from

E%ﬁ%r{sqngg h%% 1t<§§at%cgg}éa? egrgq ?ﬁglgts t% gﬁeﬁ%@g#?}%%% &c?o\’&s and easy

adr@Tation26ihe (002d% pat trot.gz varyingvdiamiefers he cxystalsufrom a process to

al‘fcﬁﬂ&bgd(’j gﬁ@'loglhgﬁ?egpowle? cglgss ?rg;(ﬁgg'e g Of)%l l;}g’ga!tl Ir@él? Mol XUharacteristics
aghenaepling el heraystal. hesg teBilis Engleo FPRpOTice rbp(eﬁaeﬂh%@ns made on the

p&W &t donBihpiish, WnigbrdtuichBsthBitichond gdbflong nel ting of the
charge. In another enbodi nent of the invention, the

addi tional heat |oss caused by the partially opened
Thetpahs ZA2beandéorudzad caro be nhadec of carlonsbgsaf ot lthek ucfragery structural

m%tetrﬁﬁ (glhﬁxeg trﬁ%’@ ?%%Chr%ﬂg{t?@t @Taﬁg%c}ctgmhgétet‘ﬂe he§9 from the crystal

I'NCr éasi hg VI
upwhrdaat ﬂ@smﬂerAmﬂmetto z@@mbpgmesm @étha@vpmtfqne the deplcted parts
cﬁ?ﬁaﬁfedd é;%) gglglcglg{] ﬁg iﬁ{mﬁeﬁis%r’cﬁaﬂ he éfrld,rtiﬂcb Nhe 'ﬁ@s%%&mé]member 31b may
bg @}?QP g% BV plegvej;p é@poreéx,g topng a‘(eg‘@ét tpqr@fer fn@/a]: cooling of the
pm B!Z SJr deﬂt}eﬁ Iaig@'))r parti32zb tse@maﬁ@hhemgwmwablfermﬁd ofteulating inside the
rowth run.to anot t e .parts .
s Bl LB or S SN BBRBh ppsqraing o an
embedlment thaﬂurdocnrctwélnndnwhe inferoalFiogthe Part@.cioralinagner gimilar to a
h@aﬂ eplggb%gé&&lﬂg . foh otﬁ%trté?ﬁ%d?i'uﬁ&ﬁ ltl’fe At Eﬂ&lﬁ%&fj Lconnected to an

sane pl ece In_ anot

cxlpmoliearling Sysie Lﬁfﬁefdnpeﬁq o exoglinenk f fhestventing thy gooled parts
nfaQ58 2 &*af&fr&nﬂh@@@oled%aﬂtiBflsﬂowﬂ it PRy, rlecfreﬁ@rﬂct% pérts 222 and 32b

d i ft
B Bt 5o it af S0 o BaleanR e, AR ik, afq He ennanced
c@crlmgt msgeeathzed mamB/ paing farts motslshgwn(meﬁmwﬁgumsedkdoyrding to an

%Bgcth 6519 % he H% ls'u&l% g&’dlﬁ&?al %thp n %)Qgem)ns {e g&gﬂa and/or

321hencﬁﬁlrm)md Qah’epaé‘ﬂﬁhbéhenpart 1b, exposing 20 the
| ower parts of the hot-zone. However, the step 3 is
opt.i. and in an rrbodlr?gent of the i nvention,

nal
Fig 85?@“@?8@%@% = Of R0 PRGOS BBrOREEATES deich Eakgronth run. Tn
tHeBegimiYiSthe fappropriate hot-zone parts (30b, 31b and 32b) are selected to correspond

the crystal geometry, particularly the diameter 52 of the crystal to be pulled, and/or

according to other considerations. The diameter 51 of the inner opening of the set is
matched to the crystal diameter 52 (Fig. 8).

A furnace, according to an embodiment of the invention, for manufacturing a single crystal
using the Czochralski-type method comprises:
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top part of the chanber needed for easy handling of

the hot-zone parts, e.g. lowering of the part la
w@pdoen28ne step 3 or after the step 2. 25 Fi g. PGI/BR2009#000217

in a schematic manner a construction that allows a

qui ck change of the hot- zone _})arts for different

ki nds of crystals to be gro So, the parts that

i nfluence the gas flows as wel | as the thernal

a‘éﬂl\éiﬂlé’f‘dﬁﬁidlﬁgﬁl@&éﬁthe nySt a' miy be changed,
accor di ng the kind o

a palpigfer hﬁ%ﬁl%éh?)%ﬁuﬁlé? ehtganerlht% eriqy éﬁt b enﬁaltﬂmnfggmaﬁmg the melt,
%dﬂin@lrﬂdfbﬁhmbmmangﬁm&phﬁdt dd\ysit:il frdme theanetain the Kmlcttﬂ:@ ded

a Vgél&gﬁg}aﬂ’lﬂb@r 0 ﬁg%ﬁ? rgli%\’\v%g%{ur% EYVV\EI%B %.CCUIII[; g(ﬁa{téc'sl a?hoq %ﬁe

adechapsmdontiftiigdhe apphr paestod the mlhng pleenibpemdo oper thewhamber, and in
a&cﬂ outer shield 30b may be lifted up through the
ifAef heat shi eld 32a, after the |l ower part of the

aibaheenestiefvee Guisisting of Wermall Aoadurtng ad e laia v
aI b have first been |ifted up 35 The construct| on

gr:gn | t%aqg)hgqlm}n%m\%}{ %Bone bl eWgﬁ( @n%%léer gt 11{ %@uoed pressure

W&ﬁb @dllﬁ@nkswiﬂmtgl‘te ah ryndodingent oﬁémenmntldnfthe peasure is essentially the

s%‘ﬁg :%‘II’ 'ra{%g danﬁg?esglfrg ?Eﬁe I ?&owcgﬁﬁﬁmjﬁo@%@g@@éﬁ%ﬁ% Qhivention the

PREUrE 98w g00N13 regdpticallt achiswable e indupisial graxditiongpA¢aerding to an
gfbgdlngentﬂ%? e qﬁvéi‘ﬁﬁﬁ ngé rﬁﬁ&dpﬁs@e RS %ﬁveeﬁbﬂﬁ\ﬁﬁ&, aHok}Q-mentloned

hown par g SO conpri se. co|
ebia«?més |A°%@B§ @r afperab Q‘{ﬁ‘ﬁ‘ﬁllltr dBE egpsey PETSERlr &2 ¢ er have a
E’éﬂ%ﬁﬂéﬂ cdﬁiﬁosllt[tﬁuﬂoaieif @8 ag atrhodphyrels thelpulding. Hﬁws'@efrl thardnstituents

o Sl B0 it § oG an ©ne

opening in the upper part 5 of the inner shield. The

Ao%éﬂdkxf% 't(? naéls %}ﬂogﬂlrﬁeﬂ? of rt |1ﬂv§9ik3nnﬁl¥ %Jo%r R@mprises a support unit

cons m Severa separ at ces
PRMIRG ﬁhmm@essg@gﬁgggllg(qu@fastwﬁ @sh‘qhg |gaseg Jor :ﬁjég,strgg the atmosphere of

RORSLAHE L Bébokding to 84 EfBSBent'®MAE 'inveﬁﬁor‘}I ’sliiﬂ?l g?idg means can purge
earlier. ,lexage“ ence has i,ndi 8}91 th nts of
thenop Ry Wi B AP 4GP S B B GOk e oSO %egsf. on

of the hot-zone parts to e.g. varying dianeters of

’[g{ agtt}m 18 ﬁcgorgq?g 1§ 519%%2)8%1 o t ?ﬂ@lte We’n{ng? chrp'ﬁﬁﬁvd[ &g.m(e{é? below 207,
Asioarding tor d1s cmb@dlmmj%the dupeentiony thsf Slh%ecr@? i @lﬁmetph ési@ the region
oFaBMltD -2 @lc%@rcﬁd%%%t%&ﬁn&t'ﬂf'tﬁé InQBSidR U QlcibR&an be even

power consunrl)tl on gnperature distribution and gas
Wg%fwbutﬂgefPFP@ b‘a‘?l%’@Zb and/ or 32a can be made of
carbon-based or other refractory structural material,

or ; he%[ls P¥C&ﬁ$l{lﬁ ) gp;;%{blg lmﬁév% [ Elgv%gf cgrét Oar] & éﬁ%&hs arranged for
mmmﬁmd;rmg drystals cemprisingwemicofdydier mategalsi Amordmg to an embodiment
o??l?é %R/?I‘Pucglaﬁl% %emfc%ﬁd Qteﬁédtls %flchﬁ gégrﬁlﬁglm&botﬁé’xr dePniconductor

I NSt ance, I nsul
nnﬁéemﬁédné ‘their pisturiane gnamlsfb FoRtHg qp@waﬂ epbBadedatign an‘@us dopants

sha@tast b&08! PhodfH @, HeijldnRY a@a‘eﬂdﬂ Rr Zﬁumnﬁn Al olﬂﬂa?t group IV
a and/ or Hart 32b'i s, enhang Si ng Isr table fl ui.d
sg qi%r{gp%maﬁﬁ 1CQR0F gelpppéuum can be used 1n concenirations om less than 1 ppma

up to several percent.

A crystal according to an embodiment of the invention has been made by a method
according to an embodiment of the invention. According to an embodiment of the
invention, the crystal is a semiconductor crystal. According to an embodiment of the
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said part(s), so increasing the net cooling of the
crystal by radiation. According to an enbodi nent, the

WO baos@23872 cul ation may be internal to the part¥Gh/FLR2007/000217

manner simlar to a heat pipe. According to another
enbodi ment, the fluid circulatjon is connected to an
external cooling system According to an enbodi nent of
the invention, the cooled parts 25 nmay be separate

ihvamoh) e Q@@fa@ doﬂﬁ@ﬁée% sireof RAYBr gé]TrFahﬂlm ]A&Brdcn?%w dn¥mbodiment of

r.ts shown in Fig. 8,
B enEog SH Y OB Foleatt ipardlemonral At ih clamens s a
dopahti Agcomingeial anzadbdsﬂimehtyomb rigvdmbh SthBQi'ysﬁzﬂQWﬁlﬁri@es at least one

c r &o,an od
%1%{3%1&{8%?]11%: ch agd £ on Iasp%rqog HA‘?’YQE 0% &? e‘Hl 5‘6‘89@meﬂt of the
IB@W@UBQIQ caysthl 6pmpESs exacilyoor essentially dedistatctire as bapphire. According
B 3d'nt b EUmERE BT th%oln'\:fblﬂlon ﬂllé Eﬁ@{a; %Bﬁ'%n@é% @té 2%%'0&9 fo’ﬁ zinc blende.

1? ochoosea ropriaté
GERTding to e &ho ‘fr?g” the, élvgpb% ghe &n@tai @pnma@s fiamosd structure.

A@Bhilﬂ@&bﬂﬁéiﬂb&ﬁl@:ﬂt&iﬁh@ Rivestici] theCorRAIr @emRRIRES alﬁ@ St et elements of
tﬁé ﬁlgw%g %1 gi&t)lc arl%gthe di anetér 52 of

%’% | Sp A &con, e & STHANBMi ng to ot her
conS| derations. The dianeter 51 of the inner openi ng

A’cfcofcﬁﬁ% & in é@boﬁ&eﬁ?&ﬁ%@ qm&aﬂug s é\r}/n ﬁéﬁlblg (lff 1%1%{% t?LF ggowth. The

nace accor
argﬂﬁeﬂmfw defied rag i Bac mass ﬂQWah%Mllﬁ&IaE ayerpge alalueulsssthan 50 slpm,

ab&tﬁ‘d Q6 bA 8nbLdiniehD HulBIcBREnE RMRLHRE SmasWﬁ %pﬁ?a%/ aﬁ%@%ﬁe value less

(045 SR er 7 ot ok s mshir Smbadigt o s invention the

nnvests dlomahasi am atviemge vahieldbs, thiD25 8hvki. Mhet VaguedBkd exanﬁples for a furnace

HHl 109 I%EC%Q%EUCI Bcﬁé (/qullgegn@%% ul l a R A g;lléql ¥l|fhrmat10n The

V@W@S\F%ée sprovametelyvith Hlmmnﬁtb@jhd}teapna hot-zone, 5 a

mechani smfor lifting the upper part of the pulling

chanper to open . the chanber, and in addition a

Arsprdingnte %%%I&dem@nthfﬁbﬁ MVERiPTe the methed IcpmpEissscxposing the melt to

napdetia ﬁeldamamg soTakiRrtha |n$agﬁét€@ FgldBast £ R VRO RMhtePface region

o R g S BRI oG e e
niflt. tThe mglmmm Beld ¢dneaquelesaethe insele agmpineal iy thid €rucible, but also
decHi&ra@Sif Q'Epésgzﬁﬁr l@f gﬁsaggﬁphgtet %?ec'ﬁgﬁ) "B S gﬁ)a{%'e{l % ﬁﬁfd a so vertical

enbodi nen ressur
maygmgat ofthe melt caateycoatpiled; by Béu1t¢b1¢ selectioni ofl the magnetic field. The

ré‘q@ﬁ@ﬂ tnhapstic AEKIOKHFNBE &8 B redBEROH FBRIN Qxﬁ}bB&lﬁlents significantly by

enti.on the under pressure i s hetween t
the s Emalohsy ot of Di Peivne, s oEPHifing mereapershishantion controllable
flbtve ofjtimanelpr esent i n the chanber have a 15 predefined
conposition to define an atnosphere of the pulling.
However, the constituents originating fromthe nelt
Ageriding to e catbediménsios the inventicanthedhetbod copriss dixpesifi®the melt to

mABn &R Hﬁﬂﬁg QfstrbREh AREHoR s LB VS th& RIRE S “ecBrding to an

stppor t u P
embodiment of the invention, the method comprises exposing the melt to magnetic field

made so that said first value is less than 20 mT and the second value is less than 50 mT
elsewhere in the melt. According to an embodiment of the invention, the method comprises
exposing the melt to magnetic field in such a way that the magnetic field is essentially
symmetric in respect to the crucible rotation axis. According to an embodiment of the
invention, the method comprises rotating the melt by magnetic field. According to an
embodiment of the invention, the method comprises exposing the melt to magnetic field
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provi di ng the necessary purging gases as well as the
gases for adjusting the atnosphere of 20 the

whoispzisez According to an enbodi ment of the | PUBERRI@Y00217
such purgi ng neans-can purge the grower with an agent
conprising Ar and/or He or a her suitable gas. The
cruci bl e according to an enbod nent of the invention
can have a di aneter bel ow 20" According to an

wgcl'flgt?rsg iE E‘aI{nS:". ‘HIE\r/]Mi‘&l fr?ﬂﬁﬂﬂhhaﬁcdl @?mﬁie'tﬂgﬁ?c%ﬂﬁﬂghb @nother embodiment
ol g 1B SRS S b S LaHaT PRTEIPPIY he

cruci ble can be even |Ilarger, but preferably bel ow 48"
Tﬁn‘%ﬁg o %ctcgém% Og%'lgl% ?({dglegg?gﬁg glgél%ﬁ?lgﬁ cgﬁﬁhgc% a magnet or several
megyets atsngointer poidnes mem@@nﬂ@dtleﬁs ihan S0j milsin mégrémp Ag the melt
rdgforfEh (ﬁfggso@faHQ@tan pt}ﬁgflntteﬂﬁcé heRBed ﬂ’l@ chL%l and the melt to be further

emco ctor material 1s sil ICOﬂ rmani um OI' Ot

asaacd A eciser aklaash e PIThf Fhehgteifh BTOcssR ) F@Bdlment the

nﬁ%ﬁétaﬂs nr@RgedRAployidera migltafiisl tid eeducarthe tansboqtaret Suctuations in the
ch as boron, phosphorus, antinony, arsenic or

m num Al so other group IV substances than silicon
or germani um can be used in concentrations fromless

A Hatnzoéﬁ pﬁ%gerlﬂgntt %bﬁgl\éefo@a @?5&ﬁﬁ§kl—t§§en'ﬁrﬁfay hﬂl method from a

accor tion
mvéw@cwdaxgm rodembedivredt 19§ the mﬁerémocﬁowe%fa HW " arrangement

abdOY&H 't%nan'%ﬁ%dﬁh&g $0 N ifEhesh. "BBéor@ingt e an embodiment of the

I nven the crystal is a semc nductor ¢
iTSBGPRI hob SO BTSSR HESOES o EESS Kyiparally insulate the
hB’QEl’drEli}D%/ R0ally Sdhtinnyesnamner. tAecomdmgtml at osmbadément of the

1rbvren{1 3h$ ﬁf}i{gﬁ %\f.rgaﬁ %?%usrascég‘)t of1 gghﬂgcrt%(g [@eo gmfrom the melt.
Aekeniarg toodn eimbodinmapof fhe lamrrt@mtbe &eatgr sw@mnﬁ protected against the
&9 rof“rH%QnélP @d&oﬁﬁ@t@' bR méd %f 'tl{b\flﬁ%dti%ﬂ thd R&-zone arrangement

crystal conprises ' east aqn t of the gr

cempHEs By @ Aopiata pPikchegicd; 5‘@ *Sog %%Bd%%?“ PeVlO“SIY said

stifffeed fémi{t@ n}BﬂoEHétloﬁ heeorfi I yspload o@l@[ﬁaﬂhg efo@x 8@t meltorAccording to an
sentially the structure of sa I re.

ARSI GhhE Yo e Hpksnieny 4 Rt e operator

ldtoee. st ruct ure of zinc blende. According to an

enbodi ment of the invention, the crystal conprises

di anond structure. According to_an enbodi nent of_ the
A hetezrmearangéractdy gesomling:iongsy srlegimpaionidhe & cplighdpg ganufacturing

aQingld 5l @4 Y c%@tﬁﬁl@kﬁtybs afetid doattisasnd/ or

gerrranl um 10" Accardi

BRI oS AoRATE el ST PRgegrlEhite sl
-BegRedshBMbpminsfih rtE@I isulatiog der rsarybthbabdvavihagnalhsurface, for the

aver | ue rding to an
h@ﬁﬁ’b%ﬁﬁﬁ oS a%%f“i% %lr glr‘l‘ gp({rahgn otcfl;'f{)éﬁs:18 mass fl ow has an
-émmszfgxeenhahslémb@w purgrages3ddes| pmin 20"-22" hot - zone.

Accordi ng to anot her enbodi nent of the invention the

15 mass fl ow has an average val ue 1% thlan 25 SmP
Thee el ¥68 B9TBPIESEa APRISENAYsiory mqﬁ?rh'aécg e silicon, germianium or other
semiconductor material or their mixture. The melt is achieved from a solid charge using a
heater, which can be the main heater, but additionally a bottom heater can be used in
addition to the main heater, the bottom heater being used during a part of the melting of the
semiconductor material, but also during pulling of the crystal.
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with a 100 kg charge and the val ues may change during

the crystal body formation. The values scale
wappsoxismately with the size of the hot-zone. PCOBROGITIG0217

to an enbodi nent of the invention, the nethod

conprises exposing the nelt t 20 magnetic field nmade

so that the magnetic field has a first value at the

interface region between the melt and the crystal to

THE nikedrla b bemelt ?or&ﬁ@ Gf}@tavplhll-iﬁg sanemeise acleast d dopahicof group I1I or
ne

VTEbbit BB S GG SRR e P Bheptons, amimons,

atyenie 38d alpnfiyuancaafrnepd. |Aaida‘atlcsmllg,cgroqn1\6felenmtsrmgsnaisq ke included.
field. Also vertical novenent of the nelt can be
controlled by a suitable selection_of the netic

The dieatingrhen b6 masiguinr ssuerehyingg pe af skilled %lﬁlfiéﬂé ¢ agtanpge from the

ehBddmRstd & t@l@ ihPdnfiof "PRAhdRRR cin Toftprike @ﬁfbhétYOﬂéMleatlﬁ@ element, the
t her'nal |nsu ation of the hot-z

SURLERE DR Gie COABPHIRE af POALVER HERPF e AR hater can be
aﬁ«ﬁ@dﬂ Ipdtem}@ rdsi¥tiad heqrbodi onerdmbotlirthdre, Hutvirmhothar erhbediment at least one

rises exposi NMBGAGH iC
hF‘i‘tSW 8% Fﬁ&mgng?sr %r?g%rﬁp%nét r |1%Ht oc{r%{’}1 gﬁéa}lt’f unct i %)Sndn\{en by high
fteqeercy@iitinening Aocont df veftage. an  enbodi ment of the
i nvention, the nmethod conprises exposing the nmelt to
mlénetlcfleld nmade so that sal% st v elsleds h h
ditipp tethe raein Hivalss B (AR Y&0 ibs 3 Batom Higales rigfecd to heat the

cﬁi&lﬁ&‘@fd&hé Rot-FsheRdrh the%cﬁ@ihﬂ%@ofdin@fb snbabodimeht of the invention
ntion, 0si.09
the el o Biec L R TS N B R P LY Aoldine o an

einhbkldners the seterhemt! 1sy fed5by yatentating qumrentes(ﬁ&),t tq aitilipe the inductive
p;:r{;]pge?tletél St tﬁ? ilge}tin%ﬁq%érﬁt '&3}9 g_p@g.nteﬁlbﬁﬂln%m% HER tsul%.ce is heated

I nventi on rrses rotatlng t he nel
usingnangadstitional ihewter, imewdardp e ¢ na reg¥ ol RER dCBPergigEs, and/or to

ARG {HRRempBEufRitNRdint@mRE b RO BieNGnt e ergbthl. t O
nmagnetic field WD 2008/ 025872 PCT/ F12007/ 000217 29

wWth a significant deviation fromcylindrical
AYoaraEhg 30 arﬂélﬁbécﬁhfegt bDthamotehtion, ehd fdhaentan cofmptike an insulation that

Bt g&ltsgﬁfém}l B8kt Sihe e ba% B VathlbbEAMurabPor the puller

¢etactordin
mrfecesrb/aécvwaﬁthopmmé@seragwhgmtt @)rsulsféﬁ}ﬁeﬁrﬁﬂ ofgherlighzang. Such an

1ﬁ§1f1§{ﬂ>gle Ravt! n@&?@ i$ss Fle®dw 15eR9/hPaRdvaltd ods[y below 12

eint lon and | e m
lt\ﬂgn hubpve@c@%?e%%ewg@% Yclessstoan 1 Qﬁ{fﬂeaﬂi’szﬁm% aggerding fo an
Jn%ddhﬁént of &K@lﬁgaﬁloh%ohﬁm@ésagia itel fER,&Ised s tegmainhdrimatlf insulating

P g e R0t B TARRCT (ot oLy TR IR utliBle parts. The
1hﬁmitemahmy eorﬁlbmsetpaas ithoat arei used hace, melyt butmemrab&_u the pags can be used
ar [ Zﬁn&%gx%i]%ﬁﬁsgﬁlls% glblbgtcflé%r og’@ QoA éﬁ a%%%@l 6f ¥RiiBk highly porous

accor
s@rmm mmscd mfth@het-zwemuﬂaéwn conpr i ses a fI ow
arrangenment according to an enbodi ment of the

i nvention. According to an enbodinent. of th
ASRPERTE & 2 FERGHDSR A ThF FERERNLA ik padally covered by thermally

infidatit hembé! A_e@dthgtto ah bribodinient bftha limteatiom the covering member is a
plate or a approximately conical surface or their combination. According to an

embodiment of the invention the covering member comprises several parts arranged so that
the covered surface area is adjustable, even during the growth of the crystal. According to
an embodiment of the invention the melt is heated by a surface heater during the crystal
pull. According to an embodiment of the invention the covering member comprises a

heater.
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15 hot-zone in an essentially continuous manner.

According to an enbodi nent of the invention, the
wouien23s0e f ace of the susceptor is protected ap@i/RRD07/000217

the vapors fromthe nelt. Accordi ng to an enbodi nment

of the invention the heater rface is protected

agai nst the vapors of the ms According to an

embodi ment of the invention the hot-zone ar r angenent

ItQQ Rpbreed t@ﬁﬁd’lﬁﬂlﬁﬁg PadthedRirge gisdidve adteth &i&eﬁahiac@aﬂhe appropriate

oG d P EO 8 4 FOSErd SPOHaoB IereT Yoot R mepliod b appropriat
cénparitibmef the gases imsidxoilie fembceoia théeedrrmacwmi oonditipies during the pull.

Ap&gdﬁi%n@ & el DISARRE of FredRvbiRadnt ‘}logs%déé‘ﬁeb@{?ﬁﬁl@ﬁl@ﬁted by a flow

Zone arrang enent, accor %
aprgstient far »furnins ﬁOhmwfa@hlnrsgoaf sipgleuFrastelupRg) thepGzoghralski-type

et Su&fé’ﬁfn%{ce‘é&h&ﬁn 1’1‘5% Czochr al ski -type met hod

.conpr.] se sentl tlnuou her mal
Y A SPine Simbropiiie Rt aRe eappgdates abgkzone, the
hﬂ@itﬁﬁ%ampnﬁmgmgoth&ri he i nsul atl on for the crystal

(iﬁl £$ Xl{%ﬁ%ﬁ‘%ﬁog?xp dig L%e f ?xfo?fen 1c59&ct&qﬁ§t8ﬁale%gﬂ é;o?gf and
(idxmheater for headingn ptucxybe tgastemperaire tmelfitee semicongdaptor material in

t&%bﬁe sem conductor nmaterial like silicon,

er mani um or. ot her. sem conductor naterial or, their
(ph s putlme mpehapmsn ahayealbinicaiabierp gmlathe semticeadyrige crystal from the
cHgivlg a heater, which can be the main heater, but

Aﬁ@‘%‘ t| nalch?y bottom he can be used in addi tion

ot 2}1@%\ WmﬁeﬁgngMSW% bei ng used

onlelof mgreangrh gas infetg togherepricr pert o_f the rpalhr@hambt‘lc on :j uc {/\?) r

BB B el sEh B T iteD yle Ml el T Y2 2 L D

lllﬁé‘lgasffbwltoﬁ‘@sépvlﬁtlémgpul ling can conprise at |east a
@mowclﬁhﬁamdnihbweto\ﬁeqiowsﬁgs Dopants such as at

l eas c?xgriugsg Evp Qﬂﬂl\gg@ gqq.f).@g:lé)ars]f:a 1rgt21p0|€}ge;%§d a second route when

eﬂ«éﬂhgim@aielhat-zgﬁd)up IV el ements may al so be incl uded.

5 The heating can be made in several ways as a skilled

man in the art can see fromthe enbodinents of the '
A nﬁzenluriabhi tyPhendteatt eccarding clonpn i ebaglimengaef thmanvention comprises

&@EHH%E 'ﬂOW‘ﬁorg"fHé ek T ulllﬁg' Eha{nﬁbéi’ Mo the hot-zone through

re can be several eaters
(Yo AU ARUISE 3 BSHBHe Hdr 2pepORG IS, ifipm Wé‘é‘iheﬁhn%iﬁdﬁgte is directed

terRed iEntelt Nodg the @NRHheystandedteand tikd sé0vad trodeavoids the melt
heater el ement conprises a significant inductive

I Mponent, which is driven by high 10 frequency
alternating current or voltage. In addition to the

1. heat I
Ag?é@h% % erﬁﬁ&?fn[%ﬁtc@pth@ 13\9%1113811 athggf Rxﬁ%ﬁr%%hgeg% congnses said first
rmﬁ@ amsenged s 2abemelimoynd thenysiatdefinedthit a Brbulaser conical part, and thus
%ﬁtéootﬁat &e%o{%@fﬂ &fanidas t%%ﬁs@.stg $hd M%lt@u@ﬁ@é'ieg‘iéiﬁ%dé@ﬁﬂmg to an

i rect curren ccordin an
@ﬁﬁ@&r%ﬁf o, Eentiato he g f@)aansemsmt %mﬂﬁeﬁ@ e R ute, Which is
afré¥iged ds@ ¢Hahhéldeadidpethirabhicit ilasst one or several orifices through a top cap of
the hot-zone supporting the tubular or conical part above the melt, but arranged so that the
flow does not to pass to near the melt surface, or the space above the melt surface inside
the crucible.

According to an embodiment of the invention the purge gas flow is arranged so that part of
the first gas flow and all of the second gas flow are later allowed to mix and guided into
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properties of the heating el enent. According to an

enbodi nent the nelt surface is heated wusing an
w@ewsnessmal heater, in order to keep it in a nRCEFI2007/000217

uni formtenperature, and/or to fine-tune the

tenperature at the interface i}ﬁgi on of the nelt and

the crystal. 20 According to enbodi nent of the

i nvention, the furnace can conprise an insulation that

theasp ap ﬂféﬂ@{aﬁﬁeﬂ B?e%}eéd% tuBﬁta{d 9a@§ Ich't%d hot- IZ@@ﬁre{d@hS than the main
wat er - cool ed surfaces of rfac

oD iy SR Shech 6 DSt wi PisuscePiak o IQ6pigS: WhHE part of the
ﬁfs@ﬂowosfv@eep&ﬂ&hsmaepmmdl taé heaters adsachmgethe yzpme ahdirylel through one or

H%r}éer Ceﬁgltﬁlgv%e %llt gl\é%g)%’teggeo%@] agjglé t/hgﬁl ?CI)V +2

kWn2. The furnace according to an 25 enbodi ment of
Ab8iGain gvg)ntaho GRIMRELS 66 18 dkhii6n fiRt tgrowﬁte%éﬂ?odt Rfintains carbon

mal n Cher nal Insulating ., material in
oSNt Hiow| o4t BhcamiyEal esstialn Belgp . P GPENa 1R t&% Pltdaﬁt @e body of the
ciydtal, dut Hd@anth%@ublgtbe%w R ppRAP b eveldfioge kihaintapeeusly below 0.1
used once , but preferably the parts can be used
PRB2pul | several crystals or batches. In one enbodi nent
aerogel or simlar highly porous structure is used in
t-27 n j
A%Po%l I?lg ﬁonagf; ﬁl%ab&ﬁtﬂ ?]rf hﬁgp]?a%?tgé%ﬁg{tégd] ?)r tng%r@tgace b R conductor
singlercrigstal ypsing ke Caedhmdsladynsanet %@é@nﬁﬂﬁ?@ atflpwpprrangement. According

toeé]pé?ﬁ%dﬁtﬁéntcgf thdRvERIEN e @Pystdl € BOY@IddNEN @Bﬂi?ﬁﬁe b Body of a silicon

Cl‘(}’éﬁ%i)ﬁ%yg{rlg g r eh qn?‘/:qgli %{%(S: glilfi Smr%dlag to AR embodiment of the
inveivigor tt@na;iph@xmsow@npnt@s neahe o apiptinsesyger\wenantpton of 15 +/- 1

arranged_so .t hat 35 t ver K
p%t&ft E&ﬁlg 5 ale%se egstred dh cc§ t%qlvl§ ﬁs’xﬁt& ?he 1??3; ést?nd[ard According to
atAcmbodimegt oDHthe anyestibo t:hem@mt omem khendentratinm ig riess fileannis ppma within
11({11%@5? qi/—blyP%n§ sl ﬁécc?ys}ﬂﬁa&setheﬁﬂféd% otr RBarCth¥ SE@brline of the crystal

Accord g to an C wreng &Y I nvention the
agéhq stk febhtdﬁt%% /<a°f the hpdy lengip 2008/ 025872
PCT/ F12007/ 000217 31 It is inportant to the pulling

that the 1%1 s flo ratelgthef rnacemthe ¢ "
B satcEorting o SRDoRE gb tePygnia forusen Higps to monitor
amﬂmugbutt an preesger argora pay/ masstﬂnvp dongl thetbody ayf pheoophicat erystal of less

th%g r%os\igﬁt' B8P %gysgeh 1$hA has Q%e% otngéantfallﬁroﬂ %Xq 5 Jﬁ)giah But according to

cuum | ons
asgthendyeenidiment off the h@vqnm@ rﬁltq wue e eﬁ$ e asipme an m Still another

einBBLRIRM8SthRY 48 sfpnP Wi dnaﬂllﬂ@sf@f@ tnot t@dé]utﬂ tb Whd@GRreh @bncentration
using the

manuf acturing a s r 0
veipe SRR 8k AL FEPLe m?i}t?o% X@J@twsaarﬁ FVRzees defined glping igst 30 % of
tHel orystal ol lengticiurokitig tof antehtbodiny&it aif tigriovéntignf ur nace,

whi ch accommpdates a hot-zone, the hot-zone

conprising among others: (il) a crucible for holding
At llewralteegersati o nal USzoshratski-tpeangthedth cbrysdal( peljling according to an
cﬁﬁ?ﬁlﬁ{eﬁegf tHaGRYd gntcBﬁt ﬁEééCd alla%ncloaréuﬁc?fﬁee&%télr&f h€d by a tubular

sem conduct or rm er| al he cruci b de
or conical part, the channel opening to the melt surface région, and a second channel

leading through one or several orifices through a top cap of the hot-zone supporting the
tubular or conical part above the melt, the channel of the second route avoiding the melt
surface or the open space above the melt surface. ‘According to an embodiment of the
invention the flow arrangement comprises routes for the gas flows through the said first
and second routes, and the flows are guided into the top of the outlet channel between two
tubular parts located at a larger radius, outside the space where the heater and the crucible
are located, where the flows are allowed to mix. In order to take into account quick
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(ii) a pulling mechani sm above the crucible to pull
the sem conductor crystal fromthe crucible,

w@dasnessmal |y such a fl ow arrangenent further POPRIEE90217
15 one or nore inert gas inlets to the upper part of
the pulling chanber one or npre gas outlets fromthe
bott om of the pulling chanber™ inert gas flow routes
conprising inert gas flow channel from above to the

aR@hbEOARY dr@fferefl 8 Bypks QW ceRadl eHat b B nkinvitsteded By ahalgrower, the
least a first route.an

B0, BRI, 9, TRPRE. SORE RO AP BEE et g vsed. the

sedention dieimg rhaledasahdoe gntbe tiaofetdrivd thenargstel tohe@wonpn Es dmt a first set
1sCf8f1?lfﬁ§t'd?%n%Ere | n%ecgflﬁ skl 9% 4 96'&)}1(2 ﬁla}l%?erof{o%%r the sets for the

hot - zone t
tatien @nrts cLbeselecied as kased oy sever @t@r g@a@ﬁf@r instange by the crystal

oﬁér@mde{n k&ﬁtﬁrﬁ? Jdpﬁﬁtt etrco’@h@ﬂbﬁr a@lfahgﬁiégﬂ g&g bt& E‘gﬁ%%?oéno@&dmg to an

ergggélgl%rge npﬁaéltlﬁ% i sgqu%az‘rvayl I?a’%\illeollnaf:r %alps e, QI the opening for the

crgsial diefiaed by)ﬂ}det Iﬁmsluw@ fidr 8 addpgisticn, dsnnathe amgensfit.1...1.8 times the
€0 S sa irst; .route

A57BR &7 Fiv 200 d St A RE RO REH 270 SRR Bbg canctr of the

chysial. and thus 30 arranged so that the fI ow is

arranged to pass to the nelt surface region. According

to an enbodi rent of the invention, the flow
Agpardingdrent crebdipesef the iieaten. thufleW anFmesmeRt parts, especially the

c@lﬁéa@ﬁ@ & 1@@1 %@&aﬁlﬁﬂ-lﬂké‘ﬁ&tdﬁﬂ bl ekl B8 raddd @Iagﬁapm&ﬁ Tk insulating

A T e

p:imall}acamiig\edh 89 dehsetSiChand/éd diam o S1nm end/oopyrakyshit graphite.
near the nelt surface, or the space above the nelt
surface inside 35 the crucible. According to an

A@Wd@@n@n@n embpimanh pérthe drventien.pilie Jep gast ¢f 819 hef-zone comprises
LRERGeE B AR itRALTer &f harldehdtiAonb |pQ1Q§ tdcgleﬂl‘é’r 0 84 lerower upper

e _second gas flow are | ater owed
E[héle hof, zon ey antst Q@P/tﬁﬁéﬁﬂﬁ)@e’% aéléé Pﬂéﬂ individual
pztro pr of stibgrapanidiot-beda\pats. (The strubuteamapaohgprise dadt-debking means

at_a.la r. radius.than th i h Lo ti t
oBingba SRR DAL SR F e ol B 3D B gy pf Byl e ave ot
aswvell es gaidingsfructinees afriangad thlguidesheppts thatearswsbﬁelpﬁt‘td and

the heater, reaching the same channel through one or

nor e orlflces in the_inner part, in_the | ower, end of
The gmppdimeals ofghainvsntion gake thenegtaist Bithassopsratiopdy the operators in

sitiaviefd 1iRe 1ifties ahdv BiHEpkRe chafi@liny at E’é})l@%ﬁi@ﬁﬂ of hot-zone parts easy.

SO0 ST Ba b oD G5B L B o v
opatatarst agmees hpyproahdostie c%uqab]eamd lotiter pesofithe hot-zone The structure is
acﬂ%ﬁ%@gﬁge\gﬂéﬂ Xle?tﬁhé)%eohc}t-zoﬂg MBd removing the used silica crucible and the
remaining semiconductor material from the crucible, which increases the productivity. So,
time can be saved in the preparation of the furnace for a new run thus increasing the
productivity. The crucible can be charged while inside the grower, but according to an
embodiment of the invention the crucible can be charged outside the chamber. According
to an embodiment the charge is loaded into the crucible and the crucible is lifted together
with the charge and susceptor into the grower.

Making the parts of the furnace adaptable to various crystal sizes and easily replaceable
gives benefits in cost, quality, yield or productivity compared to the case where crystals
with different diameters are grown using a single hot-zone design without other adaptation.
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10 According to an enbodi nent an apparatus arranged

for manufacturing a sem conductor single crystal
wa@giong2a8ne Czochr al ski -type met hod conpri ses aP€T/BI2007/000217

arrangenment. According to an enbodi nent of the

invention, the crystal to bea£ IIed can conprise a

body of a silicon crystal ing a dianeter between

150 and 220 mm According to an enbodi nent of the 15

Al Me@NGiahgdnt aRardadd! So cmmb%aﬁnmaas thied 11!’1Wnﬁbﬁl &ror a furnace

CORPTLS, PR i%ﬁo%‘?auf?wgﬁwﬁf " i BRI 505 gl oprites o eas

omcindstdlavg channeh forearpadiloentt acflow reatramoeestt therfutaes sad dt least one

o980 SaRTA @%Egg ot dr 20 8 iRRTB I e wsen a flow.

gmégarrmrr&em@ht\@hm d@trmg tilee gﬁoyéh@tf thfaPl‘dﬁT@l tanr@ngfrcwt éﬂwde said at
k%%ggﬁ? 2?18{ ﬂ{)wqg ral fﬁ@tsﬂart%g affr:@“gﬁn%({) A edond }Sgﬂtﬁﬂﬂbﬁ sggtﬂat%ﬁld first partial
[ [ .

flowpetuds e ﬁ%ﬁsgltl@l%ﬁﬁm fagsy to %/tge Ha%wla?e v ehfgﬁltmg the hot-
zcﬁfegﬂ'ﬁe@% sdits&cohd @artidlflowds tuhﬁ}g@d dy aﬁfldttlli‘ee?lﬁbd;] imt(hﬁ crucible above

Crys ess Q0 slpmfor a crystal that has
Saé%}[“gif% e tbﬁ%’é‘ﬂf‘%ﬁl r}bﬁzg?e 15 ppma, but according to

anot her enbodi nent of the invention the value is |ess

Al ﬁgxg ai%ngéirﬂgﬁt %Egrd'nﬂg &f enf[’)B@ﬁﬁb?ﬁ oth gﬁ&? @Emﬁ%ﬁ&% a guiding

e ar I ows are not oun

S@f@yg SAMPBIEE At Ieatt RAFLY Beucface HBhReEEniP ak leaph ene qhhe following
ﬁ&ou@uﬁﬁ&v\@f Rk @eéﬁV@S@tﬁﬂe §ee6%fysﬂﬁ dcrplstml B@rystal phrt Dfifét afsk member,

a Is%g)na ﬁi}ésig:ﬁplaﬁ %\n @ﬁ%&ogql ros rtﬁbﬁtganfi t%gulgrngr(l)cg or comca? member. A

16 eetangdadit -acygrdinged randmbbglmimlt ofthel invigptian comghiingy saal first partial

t e ' I
ﬂgér}ocl?n 3)1@%1; &%'ra.f;g;{})ag\ﬂg %ﬁ]an%%\g\ég %h{e? %s@?gg) fécﬁ%sthg cﬁt}%@ Wt which the
nparqngmaies &hem rvéherensesaichsecond miadiabelow i prranesd rteaveid said space
fagr ! ﬂlg:s : o& hﬂﬁ&ge%rran %hgéﬂt %c&ﬂ@l‘ir%;‘g{' af "E@n‘&fduﬁ&’{t%iathe invention
I £ u ot - zone su

RN I S R e 2. pafged 16 inhibit the
trefddende offthé EvapsLLiva Epacistinaiieimélng dthe fomlate pats f ace

or the open space above the nelt surface. According to

an enbodi nent of the 35 invention the flow arrangenent
Accnrﬁmgstasanmmlmhrhmt oh thegiyentiannsait hfitstighd tdeeomsla partial flow are

axfréqggﬁ tt% %esﬁ&?f%d?ﬁ%ﬁé hoft tajﬁﬁ/Jr |t1%’\ﬁm%{c€ &H'a@&gdmg to another

| et channel between

embedimegnt @awtsthp dehra and/ox theslugaace separafsly %‘H’f@?‘&bmﬂl% According
tSRAEAbYMNRIRt bN thehi@éionaRé flofearedrigembhicis adfaBgdPRABEIperable with

the fl | | dt t
Sy e P AP SOT R 3 e OB B 2009 B0 7 Sbs A, Ge
odide af S ndutie afi®] oxiddi dffSh; enidetofpls amd oxidy sifdlies A Hilatv arrangement
acc%%lﬁr)é tm léfn%%ﬁﬁﬁe%g o?)fhe H@;&{oﬂ"ﬁ ta tofﬂ é(fﬁerable with such a gas,

wawapataaaﬂb mlptaﬂow Qhaanelanoenpy@es:l at fegst 01@0%61@ Bhlopangigpn inert gas,
aﬁg@ﬂ%&aﬁpﬁlﬁgeﬁ -Wdrddeg. di aneter of the crystal to be

rown so that a first set is for a first diameter and
a second set is for a second di aneter. However, the
A8€3r8inkOfo kb @nfbodihagit adfi 18 1ﬂ%rit1$5ncthél thieulse oo dorisal member can

C(E)Igﬁ%e d on ANl 8J ffe?tt% %ﬁl%hcal d/gls HXC %kg ypat% According to an
embodlment of the invention the form comprises a part towards the grown crystal which
part can reflect heat from the cooling crystal.

A flow arrangement according to an embodiment of the invention comprises a tubular
and/or conical member co-axially or essentially or co-axially mountable around the axis of
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orientation, resistivity, dopant, etc. The flow

arrangenent can be desi gned according to an
werdsdeisent of the invention in such a way thaPCT/RE007/000217

i nner di aneter of the opening for the crystal,

defined by the parts used for_ihe adaptation, is in

the range of 1.1...1.8 times the dianeter of the

growi ng crystal, nore preferably about 1.2...1.6 tines
tﬂé@yﬁélatﬂ%fe %'iroxi?lfl ATRw é@alfgéh‘l%ﬁtaéccoﬁﬁfgotbcﬂnﬂﬁnﬁdauﬁ&lt of the invention

enbodi nent, &he |nvent|%P ge flomzarﬁﬁgﬁa H

cggprl%es n §ng E‘Iﬂ%\‘l qrym@{pé CORIGR INEINOY FPBIPTISES Apsulation arranged to

ifghBtecar inkieltaidrions sait firse partinbflowde a dfrstgraspifi the guilling surface from

et e fiopiRe) afeeof PRASCia TR Rl I S QB Bart of e
gpiding airfape,c‘ahQrem said incient pertsef tBe drshpmldr flolv dpentering the melt
sﬁtlfn%:@ %H#h%rse?&fd%e}ﬁ Bf €ai rfﬁﬁl'ﬁah“r’al fﬁﬁ@%’ﬁhﬁﬁg tﬂ‘i’e ﬁfélt surface. A flow

I nvent i on, op.part of
ARFHECHSHE ASeRFHISs 65 A EERe la%qnarfgfe&het §veatien .qorr&)ﬁ% said thermal

is@lafiandk @rr&@,ted 9 iRuR frSmicagiebiher tthbmmngargéme lerown crystal and
ave.

t
oL BB e s LR B e AR P56 R e
or of sub- groups of hot-zone parts. The structure may

CﬁHW %r? ol Ash %CQShH%tm%ﬁqboaﬁl{e%P g?‘#l%)é H1V!e i %nﬁ{‘a&ged so that a

e cer
uthulﬁgeantdl‘fat coafcel mesmber s ge first arsﬂwrdm@cgtme@dr éﬂs reflect thermal

rah StRRI 8 et ﬁlegﬂieﬁeaddV@r patsnd RtlecRF Sutfacd 8rrhh adetb réﬁwt thermal
odl nts of th enti on rrake he qrower/
g, PO By CRERLpAr SOB; SrIEemBt ereATanRots ah | qeabodiment of the

iviehtiomgs amaliged sot thet thiesrsh asfttcionGurfhca Bpihaneatbninsolited from said

sclch%itnfl ﬁgggctﬁla rﬁza easﬂccord?HCQO C?ﬁl%gé]g‘t ‘h{ o tﬁy gw&rtfogeat least one

Opper-par zohe an
refldctousutthee is apangedde Qpemteeawl ftow gpide parhAtftow agangement according

t&&#&h@&ﬁn@%ﬂh@ GlveRB6H & &fan m%élﬁso'lﬁﬁt th® 'ﬂﬁrul& t5.‘::’id/o1f conical member is

structure Is dvant ageous

agmgeﬂé%(ﬁsgge tthfeteggé e of the sggq;@p&a&ﬁg%& st pa{rtzlglnt%ow near the

tdrapeRatiid W (e R edatet or material fromthe crucible,
whi ch increases the productivity. So, 30 tinme can be

saved in the preparation of the furnace for a new run
A flow armogaasit agcordieg tqnamdmbbdlmdnyof fhlhénvention bbmpases ibéhe tubular

Qg{ %&-ﬂoé’f’%é w&@m{dﬂg o @gﬁrfaé%yt wiiEh gfedgeggratéa @8 each other

he I hven e crucible can
by iagaged thanedraeelt regicmn Anflev. armpgernent pgeordingdn an embodiment of the

iRRERAG T RrarisBe s6A4OBe Itibd1928RFor Ftinfal ARnMeY Q“Joﬁipﬁs@snﬁj first and a
the crucible is lifted tagéether wi.t h.the char

sepue spetares; whishy e sgpmier o eRelk OHIGT P B3R ﬁfsgvgfnqaﬁ jelt region.
Afddbﬂd&fgetowimt‘tﬁdirﬁeﬁt of viay inoertionrtis ka) is gapsofaaflectdssutfiice dividing

r bl i v benef ts i.n_cost.
sbr?% gfet € t?lg}ﬂ% a[{;gﬁorrec&n%cg bCEIé ge S%\Her gta%{rc%/ QS/ co%(& ?étgec?q;{ surfaces.
Adicoridergetot ardembediorest af ehegnwmlqmswhgl auppiorigoesr st gap meneceded the

%%@%OO%%%%Z@WI%SP E@ 111f’iarléurl a)?Ql&ng%t%h accor ﬁd%es With minimum

capfagd RO AvRiding cqqqi@cﬁmg, p@;ﬁss 3 @ntg:t Arfeg dauch as poss1ble A flow
aﬁ@xﬁ@&ﬂeﬁt AEcoddifig w& iR lethbol@imeht Gi@l@é"fr@bﬁi@rr écmﬁqséé )ét‘id}ﬁiubular and/or

ri ses at |.east
Shicmeob S i BoviaTE: =5 Shrde SR el Broe g, st a tubular
aﬁ(ﬂ}’bﬂ aadicanoeraber| fagthér comeprising at least one part of the following: a first disk
member and a second disk member, wherein said part is arranged to, define a gas flow
route towards the melt region.
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outl et flow channel at the gas outlet of the furnace,

and in a hot zone there between a flow 5 guide
wa@eeoanesnent , which is, during the growth of tPEI/FI12007/000217

crystal, arranged to divide said at |east one inlet

flowto a first parti al flow d a second partial flow

so that said first parti al w is guided along a

gui ding surface to enter the nelt region before the

Aeﬂéxxﬂaﬁangé?ﬁeﬂ@ g&cora@g% alBBIbediment bﬂth‘éfiﬁ@é?@oﬁ%bhipﬁlses such a flow-

OWIS rranged to idthe,s [
cuie b AgE gL RURE GORTSSY Flrest PR bR SorRine gember as o
m%ufﬂabw walt angestgatilypaonidibegrysalanisohicdéxasionybo tHae said at least

N e

ptdne:tran fromithe vanpes o¥ginating foeid: first partial five dnd/pyymeh) of at least one
oisﬁl%q‘oﬁ&)&ﬁlgaa hedth r%seg ngnt,a 3saﬁf datile, Q%ﬁfcmlé‘vvfallrp%}t g lsn?é&eptor crystal

seco mber, an additional purge
al@d;@éubldﬁroand/qrﬁemcalrmaﬁb?ror coni cal menber. A 15 flow
arrangenent according to an enbodi nent of the

A B 5 B S PR S RTBRE B e
peﬂmat flewafndidnithdrséchnd pamtiat flowi giregivm sxtending imheutetsflow channel at
%e% &ﬁ%? '39 tl?eaﬂ'{h@ée %rotWellg%Jgra o @b sémoﬁrgt ﬁ'ﬁgl ﬂow and said

acl n W arrang enment
smné pagsiab @@Wnemﬂom atrmerrwvbmcpﬁhng t%am Pmb‘é@m&ﬂt 1>fe@§tmventlon is

aﬁﬁ!ﬁge‘afsostﬁétda 5dsMBlePfs B foABSETRA S c8Bedidr FB@RCartged to collect
bit the 20 transfe

nce of t vaporativ
s%leeﬂe%temlomat RESHales tPot%Bt‘ﬁ’@Prsf‘ﬁP rei o ‘%aﬂ?g’ A flow arrangement
absoeding ité) @n tembadingshi od theeintertiontil arrampedrsbi that = eoltbcfor sgdtem in the

nd second artl al, flow rran t
B e R B i, ARERAEE AR BRI RIS frangomens
at@rding then embodiotntrefthe inyeation istdmanget sozibaiihe ﬁ@ﬂ/lmtortsnetem in the
ﬂo'tizr embitd Q'ﬁﬁi %}8%?@1‘351 2 BRfeor AeRAEM B%adPcdIReRA material,
nt o I'nvent i on he fl ow arrangenent is
arranged to be operable with such evaporating

A[rﬂbﬁrdn%h &hatt a@&ﬁ‘ﬂfng&@ 5‘an %inﬂoﬂﬂﬁént on meQﬁvédﬁ@nfo@fﬂp@i‘Mam additional
oxi de

figy) ctisnele¥PIRg e BRicWBeb 1Bk MR s i GRS een or it t
tleec oatleti meﬂ&uﬁnhmr‘ﬁc&dpmnptmg‘ atdoastitnergnefi te c_v)élaust gas and/or dust
oBeindlee dfrc%rg 1?1 r%bl wwafrgn%seﬂ?éﬁt aac&?ra ‘M”aﬁh r?f)odr;ment of the
§ ow C anne conpr es at east one o

mwmlmmgrangnd sovéhat theaflow agangemeshmafrsialsigieraip varpyeand/or dust to
b@?%s‘i’&%& cdﬁﬁfr&i@ aqedspoﬁbﬁﬂé)&dlo%&g o Akhe din@eskidef Sb, oxide

ety menber can corrprl Se parts
Oﬁ‘i\étmag |°|X}d@ﬂ?9£ and/ or disk |ike parts.

Accordi ng to an enbodl ment of the i nvention the form

t Levards
A B it BRI o ilh Y sf%v?@gﬁ%‘@ [ g o that the
flomr guide membganabisl angnged tasceapodistemined hedidlux from the melt in a
ek ﬁ@urg QBB &S/&alaintfa%tﬁf tenfHREinRE, SO alr £ according to

co-axrally or ess y or _co-axl al]y nountab
e BIRAITRarS Of HesEIOND D UHEIESS S 31 PRerie S0Y pghgement is arranged

tSPrévi€e Grvifimlmt Bedd Elugr AWkt 1éunst |a0;\!h£rﬁbf argereation in the flow guide

a?r%r(l:gerrr?én? gA tﬂ%waaprrangementrg%cr:]cgrdﬁlg tg Igle embo ﬂﬁeln? of the invention is arranged

so that the flow guide arrangement is arranged to guide a flow to inhibit phase transition of
the vapors in the second part of said first partial flow before the outlet. A flow arrangement
according to an embodiment of the invention is arranged so that the merging region
location is adjustable by a valve set comprising at least one valve operable for said
merging region location adjustment. A flow arrangement according to an embodiment of
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conprises in said tubular and/or conical nenber
conprises thermal insulation arranged to insulate an
WO psadzsr2 part of said first partial flow at aP€T/FR007/000217
part of the guiding surface from thermal interaction
with the second part of said fjrst partial flow at a
second part of the 5 guiding Surface, wherein said
incident part of the first partial flowis entering
th%hﬁvdiﬁﬁbﬁ is &kinkad 6o than thetherghpCepidn Pedationfis sudatflé a&dording to the
arth fl |sheaV|ngthe nmelt surface. A flow
@’éﬁ@ﬁfa §M8Pdi ng to an embodi nent of the
i nvention conprises said thermal insulation as
r [
Aaffim%%? e'i'rpenk Qé&)lr@hg t(g ag%%ﬁ{héglg ??ghet ﬁ‘l%eﬁ:t?&?l 1s 'lgﬁﬂgidt so that the
mergies reggqndﬁ s@ftomriérstsrﬁg@@ ing firglephepeief e srystad eeovethi and to a second

JFRInt hneacég@e@ %erdfatgrefg?ﬁg g@gmt&gmggwoarm | gfreﬁtg%%e)ammg to an
| jon is s
e@%?élwgm VRO FrAER | BR BEVGRSR T S loatgeel phase of
cityStal g{jdu&ﬁ% slali(h ﬁtsm:l’bgloifi mldasbidomcﬁmb medidre areebdth amathged ® be at least
secon ector surface t

oA NS e GEr ATBOR WHRRed i Bilg B Bhbodiment of
thedowndiiongs twanged sntibati the first ahd tshcmndaeglnnsaamelusnd Rg merging regions
sﬁ‘{]lﬁ y3Br b ?ﬁteﬁ?éﬂt bBh oS bEGE ‘i‘frgﬁ%ﬁ%%v& #nd/or second partial

I nsul ate romsaid secon
fleyy Aaflcéﬂ am@tg@mnhgc%h%t%%b%ﬁ@nw the, @Vieﬁwmslasfﬁnged so that

t}@tméxgﬁfgtreglﬁﬁ‘ is atrﬁa&llgs& h@tstanle vacespetiab llbantashd to 9pfidd 6utside the
as @ﬁ%@%?%@ﬁh art A flow arrangenment according to
ecﬁ ¥He invention is arranged so that the
tubul ar and/or conical nmenber is arranged to preserve

Al H&Vt gx;ach{ 1cn n@co?ﬁltn% *{8 aﬁ%@&‘aﬁﬁéﬁt Rit'the Hiveﬁiﬁérpisféirfaﬁged so that the

partl ear erature
metging aegioncomprisasr ¢ apg dhatnis aﬁ@@ﬁ@(h thgondsnggaic epdferrepsiye material

fS¥nell Hforh QX}%’%& 'oﬁ@uﬁﬁﬂ@ b BRSmEIR chitRd thybid @{tenr?g"ﬂé@rto said region. A
con| cal nmenb first ﬁmgd a sec 'ﬂd sur f.aces, dc that the fl
figpereagapent SECOFIpEIS 2B ATBPHEED g § Inygption 15;3yenged so that the flow

aftgadentsat, it dogrizes méarld tovguide athirdnow originatin togsaidfishipartial flow,

ATV D A AT AP 9 e v,

tes & ownging wegdiac s flowhircingamentsasgardingtd 4ty embedivknicefHbe invention is
aﬁé{f%%gg@ Bet e %\.ﬁﬁ?ﬁe Bf 218 ot 3518 r&fbamdi\%w Qidnsﬁld Qsc@i'iH partial flow is

I nvention gap i s, a gap
keptcpagen ldugug thecaydalpulliang/or §@F9°§§se5t%ﬁ lntarf‘erﬁtaﬂmnﬂar
and/ or conical menber to said first and second

A e Gt ACiE 1 56 gbofiend ap hedhH R orpg epicans to se
tietio aff ithn flowertesal thedfapt patialnfibwetestiddsepand patiblyflow to decrease
tdyHAGS Hl%l endUOPRk! crggtﬁld%gi? %‘ﬁér%s ?o%ﬂ%@thé: 88&3?%% licch gﬁuﬁﬁ A flow

avol dirng conduct cont act ea as
alai@lgmmgt #icerding ta Wm’mdi@ﬁ@@fethﬁ 1@@@@%18@ angechpp that the ratio has

a qﬁpto%lﬂ@ RithO4 ﬁtrﬁeam&i{ﬁ 'Hf ! Iﬁ:!&eﬁﬂniﬁr {he Qudiblie hantdub 'déc%hd value with a
and/ o conl ca rovi ded wi.th

sqg:ﬁgqlnamj)upbp Qmé‘?r!rfr’i t”élt{l? Gr%g’lf}rw CIngRALG TP ‘?% Lﬂompﬂses the charge
addielf @elt.Cc Anflea bﬁﬂiﬁgﬁﬂ(ﬁm hetotdieg tcampnbsadingniad! the asfentdmeis arranged

€2l e B islrsl?h el Barfiegt 1 R onf A amount 10 2

sabohd amoantas stinnvus, saidtfast her efsthe mmg Iatrangf@ tom:harm to a second
vaIl08¢ D2Bdie Bl L3RR 000217

A flow arrangement according to an embodiment of the invention comprises at least one of
the following: crucible, susceptor, a shielding member, a merging region, the charge, the
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36 A flow arrangenent according to an enbodi nent of

the invention conprises such a flow guide in the flow
wa@eeoanessnent further conprises at | east one tubCi/ER007/000217

shi el ding nenber as a nountable wall at |east partly

around the crystal axis or its, extension, so that said

at | east one tubular shieldi menber is arranged to

format |east partly a channel wall for the 5

nﬁit%‘ﬁﬁﬁ%é 1?% ﬁf s fé’é}:lt Jéeofdﬁfg%&h@pha@e BatHeNGok ), SR ciys‘talrsatfaoe part of

arti a or rrelt ast one

theoplpl,}_ﬁﬁ‘ prgstal awg a4 tupt a&agﬁ/@ﬁ@ ccglé(fag IB?IHE‘?erngS& to define the flow
g66tHEPbLa PatticuRafow @ thel mmd)dunng" the teaystal anavth or a phase of it. A

ﬂtgglgg}%%rgﬁlglg{l{)acgﬂr@}ﬁ)ﬁ%ﬁl%n%p‘gg%Ile{lﬁof h%ygn r{t@ﬁ%ﬁ 1cu1%r flow is at
1dasr oriehef the fstlowi@: fuat partial flowmeeapias mrtlg]hﬂo\g,eq;mgged flow, a part of
oﬂh@ usft%q%‘ﬁlﬂﬁecf egi on extending into outlet flow

anne as outlet of the furnace, .for
A ﬂow@rmng@@mtmcgg,dglgftpr@ etﬁlgﬁ(}n,nglpt qf] |tg9\,1%wat1g%gsdarran%eg o that the

fRRF %ﬁgngﬁﬁéﬂt aborhprives ﬂbv&%@ﬂt’rcﬂhﬁ@ﬁg@ﬁﬁ npeasklor i a«gutto the gaseous
an enbo

t f t.h d
L e L STy it o e
d@fehﬁﬁﬁed:ohq)oembh xtthe sostitwentsadcepiding tchtle Prasgoh aulémg In a flow
a&r%n%eglg (# &Fchr 31{1% i SR %;BE etnt B}' g% 1{1ﬁenftloﬁv‘ét%éjsﬁﬁﬂ@ BBtHe gas flows is

an e I nvention |s
gaidedriglodhs dxannaltbeawm A deser ﬁgay o and a seenad pertdipm which said first

aﬁﬁ@?%@&ﬁ%zﬁ fafa V@'ﬁﬁ(ﬁiéﬁ?”&@&ﬂﬁﬂ& @Mﬁ&@d’ﬁl Odtriélypaylindrical, conical,

reo ow ar f angenent ac orgH %iy ow arraneement
esyasballyrepricds plapar rﬁnpwlﬁné e @‘g %e%e hat 2 &
28 O4riRG!6 an B fbodithdnd of B inddnvionh atida festerwo pastsare selectable from the

f h f
v Dy o B8yt IS LTI oS sl o
s&ﬁbeptdi) oal firse sitieldfngt thembery e sedood shishding memben afisfi disko ﬁérzcond dlsk
tlu Waf RADAE onfAl ﬁ&@gfbglg el PG RariRid dGhe éﬁaréé" @urface of the crystal,

nace arranged supply oxygen or air to
aﬂlnbl-@tllcwemafﬁ@!d ohjp@- for passivating a const | t uent

of the exhaust gas and/or dust originating fromthe

Ko shobtrmres ok SRR FFSOERGR il SRSH s BRinelh so hat o
184t g eMet objattedifales fist st definefos s daameé arcnmdtthet erystal defined

25 beﬁ%éfs%g Cg%sﬁoagﬁ{ %513 n%%%b!ﬁe&sﬁ tﬁ’%garoﬁndy&ecomc%al member, the

o@mnneﬂxxpdmngfto Fhe mght d@rf@fe rglog)bp@g definesh by the mglj surface and the first
ALY ShGE Tatd g@ﬁ GPHl HBulhParloreiBARAL ﬁ‘ﬁﬁibeﬂfA ﬂb@ arrangement according

I'nvention 1S arranged so that th defined

tar ¥m ARG OF 4Pt AGE0R & SHRIEHHL IBLASTP b OB f defined a5 &

éﬂaﬁﬂelfléémihg heowg 6ne: dt s%veraDoﬁﬁd:ds thﬁﬂfgb izt secend disk e form a second
Oalthla nspfgongngaé'haog v01 o%taéj ! eni%lt élﬂ?{ é‘%ﬁ”tﬂ@ er)Qﬁ space in the

I nven
c&mnbregzﬂﬁws dhe et subfecd |Aoﬂo@umgampaw@m‘\mg josan embodiment of the

1£V 1g farr%ﬁ%e%.rs%vth%Qh@ 18 %%l@??&wftb e gﬁ‘o@veﬁha\hﬁgﬁﬁ average gas

atronin ow gui d

ma%aﬁh@% wiEfess thenf FQelpar savgEAEh OVelchs rpa?q‘?gjs ftap gf, growing the body of

ﬁ@‘% PRHATERL AR atriedniBne Bédodding o af reﬁib@&ﬂnerﬂi of tiaihvéhian is arranged

Q de arrangenent is, arranged t de a fl
son o I REG 5, PRSI 15h (BT 35 B (Bt rpptepsRt'aldBraing to an

@rﬁs&ﬁﬂleﬂﬁfﬂth@fnvsmoh ik larrsmqua;btthai thef samd/\mtﬁezigwmluehs less than 15 slpm.
A fl ow arran t

&ﬁcpﬁ élrraﬂgeélmq ste@ a%?&?ﬁl ﬂb&i&eheoﬁn@lregﬁﬁégﬁ'oﬁq@arranged 50

theythersysteoceimmpises ¢ faslj 168 @ba ﬁrsgﬁoal rangement for a first crystal with a

ARIRHLS:BGst R mbAARE g s¥@¥nd RePRRIARcend BbwSatahgement for a second

crystal with a second characteristic measure. A flow arrangement according to an
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mergi ng region |location adjustnent. A flow arrangenent

according to an enbodi nent of WO 2008/ 025872
wENsMLBAD7/ 000217 37 the invention is arrangedl/BR007/000217

that the nmerging region |ocation is adjustable

according to the phase of t crystal growth. A flow

arrangenent according to an erodi nent of the

invention is arranged so that the 5 merging region is

efBbdilenf oflth§t1n‘fdﬁﬁb@ Nisi dradgéd rsstth@ﬂ‘lﬁ&esﬂ;fenﬁ heonpiiged al sub set of

oL 051 B RSO Tt i S0P IFRE Bl e

clearimelistie nheasfiret Aeflow\aemahgament scardiagde dnsmbokdament of the invention

%ﬁéﬁ & ftﬂa't S‘the i gﬁe&&}& ﬁﬁaﬁl%éﬁﬁ'e i§ 1% S4 Qirstgfa%%@ Nnd a second

I'rst Ion an secona region are
c}eamacam@g weases dt 4 Gaend paee| 9f spesrnt of agystalsgifsgording to an

emBOHiRRAt ofthE iRWnALA FNAQIBNEandsL nihiNgb1é @oraﬁce@!ﬁhpﬂlh'ﬂﬁ@tnmeasure in
s@%@%r? Sél e%@%@g&?ﬁge%éqc&ﬁﬁg ngl%l Slithgdlltnle;t? of t%e invention is
afrhipelt engatishid deo rcoﬁjpnedsst grfirsgdiplr secohd alidkd, antubfilat faed/or conical
rrgeﬁbéf:f ok f,ltlpsat;g%téoléf\é\lx ﬁf\] ttglguéa?re &?ﬁggr Qeﬁitcjfﬂahjfen{blep Wy fod! Pangement
accmmhng tomm embahmng@dhs ovehtion istavengesk sgi thet the gbeving ef a first disk,
s@é’oﬁa'@&d aat%lgﬁlt Qtﬁi/gr Y rﬁcaﬂ‘ rﬁéh?&ér% ih kMaﬁQé‘%‘F%Boﬁtol @-2 5 times the

on Out sl anper of A,
dfalntﬁ’i@fa?frtﬁﬁ g‘éYPéﬂt %%Pml%tq gno(;here%wt%nﬁ °fo¥\{etlﬂeem‘°n is in the

rafp¥ OFtabOit 1.62 al [7aBGEALBRLIADRY a filteher RRIbYHIMEENE €Pinothe range of about
1%52‘? ses a part that is arranged to condensate and/ or

cer've material forned fromvapors originating to
the nelt carried by an entering flowto said region. A

A hSW &ggﬁess;steﬁlcg at t@ﬂlb@ﬁ%@l‘t %'ﬂ{e Alvedtlf is arranged S0

|nven IS arran e arrangenen

that acdmt pB@@MhQatﬁ@l qvong tﬁnsmﬂzie tok qbiects nfsm gisafarnigiting a flow

g%&n&?y Gorf bIrifdw Qt?xrahgeﬁﬁeﬂctJ 8 Wrycivie] ﬁ%u%&lptdi bl fort lsl&eldﬁ% member, a
Iowofa Iur%Ht 0 dditio

f
second shigldang mgpber f\éirg @F?‘F@n{i g&koﬁ ?u\ﬁilqa‘ pﬁ&i)r comcqctl member, melt
saificngemRetof ate;f;:atatﬂgd; gultfabeaff th@bgdtaltmsubesftmbhme part of said obJect is

t
B Rl G ST PSR AP P i
niegal, k epposites 1aamfraqjq1ry| mgtenh]e pyrojsthigl grpphite, diranad film, a carbide, a
oithidé ?g&b? tae&)n‘té%uﬁd Of Zixsfn@ al BP |réar—e%ﬁh'agrf)ll,1 W AR ﬂb@nﬂ%@%ent system

acco (ﬁntl on GoNpr i %fs y
apeuhiBe 10 s eRbodiment af (e nafent%lw@ngt tethf atilepst pre fysaid parts is
cBaed htalleasft Ig HSating Qﬁﬂfﬁt@dn@rd CUD-Edating itetletelc ic@taélﬁtmg method,

owar ds . t of,.,th bod urin
Eﬁglaﬁ‘&a n%]m g? %ﬂ%ﬁ fff Sé) i ns%)ﬁlﬁ V%t}} 3&{ arrangement
ystemmcmfbm@tmn tenﬂ»bdnﬂmt bfithe nnvemtton s mangn@ salthabalt lhast one of said

taH? 1srrﬁ§4eoorrﬁ§fﬁge af u}t &La?éd Bf‘% I’lgilll%%{ 1e36TRHE tof @ following:

ue wth

S8.C. AN N, of, M@t erial in the crum bl e, wher ei n
said material conprises the charge and/or nelt. A

gt TR 3 G sl e oo

(Zoehralskictybt erystil gfovahgeehpgrisgecchange froma first amount

A Oa Brucible for holding a charge and/or the melt,

- at least one heater for melting the material in the crucible and/or keeping the material
in the molten state during the growth of the crystal, and

- essentially continuous thermal insulation surrounding at least the crucible and the heater

to reduce the heat loss and/or the heating power consumption during melting and/or crystal

growth.
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second anount as a stinulus, said first value of the
ratio is arranged to change to a second 35 value as a
w0 emporse2 t o said stinmulus. A flow arrangenent PCT/FI2007/000217

according to an enbodi nent of the invention conprises

at least one of the follow ng: crucible, susceptor, a
shi el ding nenber, a nerging r‘ngi on, the charge, the WD
2008/ 025872 PCT/ FI 2007/ 000217 38 nelt surface having

a level according to the phase of the growth t he

st al surface rt of t ull e r.
Achelofe sEie Ao ting (€ an SRARABRENL B SirgPaeTisn darmiaes fhormally
iffhbertant mdnmoughmﬂu@ghwaid muhlatio hioleadt feddrthrdughsafoe the crystal, for
th%uﬂéaPeg él@c%toﬁéé/ 3k % e%{e?m%? HE ¢ c?lggss?laﬁf c*rttpﬁ’%rysftzho%ove the melt
angenen accor 1RG0 an &
surﬁav:e ranidofir g plrgeges. oyl het-zonosiriaurgtacsordagsto anembediment of the

11&@&’[1&9&' %Q&i sJ ’cHa§ thePiRi oAl c&ﬂaﬁﬁées%%@dﬂ-ﬁlr@@éﬂ fcﬁ‘lthe crystal where
fl.ow, a nerged g part of

ﬂWéHF‘FrdH@HEtveftP%\Rﬁ‘&rdF W@éﬁ%{mﬁb%? 'ﬁ@e%otlﬂw opening of the feed-
tlﬁdﬁghdiu{mdﬁ{ thefinridnelidrnatends the thérndil ﬁm%ﬁniﬁ théatbuldi@nd/or conical

mg \r'evg}%{lrgéasqga@é?t Co é'd%%i ée&l g%ec%c%‘/tq glglstgf %A Bot-zone structure
agonding td Ao pmbédismehi oiéﬂhe paventioh i droangad dé drat sheskedomode comprises a

fé%ﬁ rtfnloﬁ% h fbOe c}}%taﬁ W e HR ﬁjjﬁéle&lﬁ}n%ﬁeﬁ of Qﬁ@?&cﬁ Hi:fﬁ'ﬁng fthﬁ inner-most

stituents accordi ng ase o

digngefesypf ﬁlﬁr@ﬁg@ﬁeﬂﬂ thec fegf-diangh gndier éh%@meﬁéhmwr oh éhe thermal
irlsiME6H [P fhe tBbulhCAo0fRid nioithed ablchd AR 1.4 tin@Y itk @iameter of the
<£V he ch nnel between at least a first part and a
b ﬁ%YP‘ia ‘from which said first and/or second part
has a cylindrical, essentially cylindrical, strictly

ACP(cg'z%ﬁé 'sﬁ'ﬁ‘émre a%@ér%ﬁ'] o a?lsesrﬁﬁgdnﬁellltyofctﬂg :uﬁ%lm?rf saﬁ'ﬁarnged so that the

[/ or proxi ma pl anar geonetr
ha&zcmﬁgmmnseﬂa fa@d-:dmmgig threu th@mh@maiemsul@mort lﬁer an  exhaust line

afréh’g%ﬁieh? erﬁ@e@ t@tleaheé?(ﬁﬁusit %@sa@ Fhiofigh 'élﬁ‘:d/%i‘e becsedhb onf H&HB region. A

[lowng ensenb ects orm a set

hgfe%qn.erf&uam BV OHEBEEP ragz enab%iaraembfrfeﬁw amvegﬂa@eéﬁtaaﬁng%l so that the

nfsuraﬁbn Sﬁb ek ddasg 1oveiper thloan@C&n!IlSSﬂith&d df fg: sEeNeE, di@neter of the
firs bul ar and/ or. ¢

i cal .
cHBe A rpbactioy pund e MeBineR AP Rting (P pd Bnbodiment of
thef invérgionriy strahged sa thetbths thoticoner kaspraant  exhasstilisie dhgtdms an effective
S U RAATE e B SO R RSBy pon

objects define a first route defined as a channel

Adh&LHode shgctheYaet @dindebl eshbdi¥mbMmteo fahy svhtion {s ARoed8o that the
ne

hi el di b d/ I
hihiEome HABHET TETIHANTHoH Hatle (&t i GG PO oL EpiRgtnption per
sutéfcenagh dfythd le-zomt to s ualhabelowrd ltWﬁnﬁf durirtg rAdredh®&k9m®% of the body
of {1 U aRBE A Llo b3l UL A B AR nd BIRLLvafageousty

rran accordin
b¢ing dalovo S k§V/ary b\ﬁgﬁy@nmrp tadvardageeusly ekl @ kVe/m?* according to an

e@&@uﬂﬁ&&%oﬂm&ﬁ%@ﬂﬁ:‘m{/&ﬁféhng through one or several

orifices through the second disk to forma second
route for the second partial flow avoiding the nelt

AsHotzse @nfnird ceRdngspaae dnibodtifent CofUthiebin@eitny Cothpieses a flow
mel t sufac]g]11 flowarrannqerirﬁlt according to an
1me.

AL ESHICHLH O 10 A1 embod e invention.

A hot-zone structure according to an embodiment of the invention comprises materials that
are at least partly penetrated by magnetic fields so facilitating a use of magnet arranged to
produce a magnetic field into a melt region during at least part of the melting and/or crystal
growth.
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30 invention is arranged so that the flowis an inlet
flowto the grower having an average gas nass flow of
wo e®s/otdsan 50 sl pm as averaged over the procesBCEFEM7N00217
grow ng the body of the crystal. A flow arrangenent

according to an enbodi nent of the invention is
arranged so that said avera value is less than 35
slpm A flow arrangenent according to an enbodi nment

A%ottdfie s 'z&@oﬂdﬁl rﬁﬁ&ﬁﬁocﬁfheﬁﬂ"’@ﬂ thk hventiba c@ﬁ@ﬁ@@&l shielding
quels ess than flow arran

35 % i
n@y&p@bmanggé Mplﬁ)@eo@ gleé)ﬁteé ﬁ:br&ﬁe e GHCiplo oTish gmolr S%alpsg & vapors
t}ﬁ[ fcafﬂlaeléav%%elﬁgl A coMectsyhh eheconefir iAs het-zorki stactuse icdopding to an

St arra ment .for first
e’FlP? fnegh Qf %I? él?‘fegf 8‘% HERYEPe? g{}ﬁe a§ sag%é%%ﬁsetﬂ%&ge@ to adjust the
tepgpataref dfale arucibig eneaptof,orhot-zove partl 2 geyer part valatpd tp the charge,
secgl stic nmeasure. A flow arrangenent
e%%?%?(ﬁ%g%g{% 2008/ 025872 PCT/ FI 2007/ 000217 39
enbodi nent of the invention is arranged so that the
ASHGLRME CRIRUIS Ko SEdmBIdimeRUsH thb ligvepeioh $s dreanfzed B that the

the@n:q]ggvréaax{grq%ggfiﬁgl? o 8{ 13 H& & Cr 1Z?1far11tc)a§})3’gecia togpr%mt against the
vapdra Rgigikiihg a6 ey ﬁieltgAt botarone rstructurneartconﬁng tean embodiment of the

nﬁ?&ﬁg}& Itlsg Eﬁrgqgegasr f gsur g tﬁéém alﬁgk?nefn\‘. Esz %.]rranged é)perable to adjust the

ceyatab reinperatvae, abe aadish am'ifcpre@g@ﬂr eypigl te prafilfeinpyespect to the

t%‘l: n@&%?éo?ﬁxe%é’l?tb% $h af\GERG éi‘i%ddﬁné&[’t in Q@@&l tGeBtcedin part of the
I'nvent i on méasures, can g 91 or a cert ai Doomprises

hotreenre Acardingrte apsmbedineabp tiﬁ é’?‘tentlﬂl edlirratal amanseRiypt comp

asbféit&m&b%ﬂi B ahéthan ebbdidicnenl thé inveatiomvbatthamal srrangement
arran ed S

CQEBPS‘ﬁ er. éci:qfamg P%‘Etﬁﬁ’?’S&% nﬁ |8§ g@ Jﬂlernﬁi%n %estﬁermal arrangement
ﬁ@uﬂs@d sapply rfot ke heatéru hmir/omad¢®16rc dricordingréersmr empodiment of the

1}%@2’8{“ th DREHEN drrat e 121980 ) Ene%ﬂs W@&ﬂfdﬁﬂé elRétrict@, and/or the

on'rs arran ing of a first
mwiss low efitbe hepters arRd/oncqolgss P&ﬂl@éwn@ alE PSPt renber i s
in the range of about 1.0-2.5 times the diameter of

the crystal, but cordin 0,anot h j men
A het-zoRgetiruchne pgcqr(ﬁng i an gglﬁ? glnbefnt[ gg gf?t mXerglé)n 11%1;8&%@ so that the
fAER0E dbiipriéed nteahsitd previde rmtshelath%aa; flow tb rilowhen a awré@e@ff a member of

e el stathiine £rph ST AL AR AIRE b SYSRBELAGEAT S Mfulaion, i

atler to psdvidengrotdctiom &ofnothe mltr@nemmn@fms [pRATE gnc%/e,r partlcles
forma set for setting a flow geometry for a flow
arrangenment: a crucjble, uscept or,

gmoézqmm@}rwgﬁg @pcorgmggg @B ﬁgl AImasr o éhehg%%t}on %anr}sgf at least one
Iﬁa'a%f ardnSRCOkat hekchafetantdior alic Aielt/ situatanitdedst pailyeo, surround the

élcea% Islérzioa% esg’{,lgtﬁ{f{ %I%E d%gﬁ,{ he & hg&gﬁiegts bf {h%clﬁvéﬁftloﬁ ggmpnses at
leﬁst e [betisin Ieatt edahgedaodsat thnghargmﬂ@ ﬁ@e melt] Agkgt-zone structure

f the f
a%ngpgﬁ)qu&? gr ygllnlo %YH%% ot Ltf}? h}‘&&ﬁo@ %ﬁ%ﬁées A RMIPOS t@face heater

dripromimatetineiothe eharge apgd/oF mel SHrfasolevl ftféhﬁ Guwﬂﬂ%fa"&nged to heat the

%J arflori€SeRar th group. A flow arrangenent system
acc ng to an enbodi nent of the invention is

arranged so that at |east one of said parts is
A hot-zone structure according to an embodiment of the invention is arranged to comprise

at least one heater that has at least two heating elements arranged to at least partially
compensate magnetic field of each other, while arranged to heat the charge and/or the melt.
A hot-zone structure according to an embodiment of the invention is arranged to comprise
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25 coated at least partly by a coating provided by a
CVD- coati ng net hod, ion-coating nethod,
w@b@snessenat i ng net hod and/or el ectrical di scheehe007/000217
utilizing coating. A flow arrangenent system
according to an enbodi nent of fhe invention is
arranged so that at |east one™f said parts is nade
or at least partly coated by a coating conprising at

anh ﬁﬁﬁlﬁ%&ﬂﬁas@ﬁ he&er £@iﬂg@&4t@ fBeat abllsastCond\bf thb folld@vin¥y the@harge, melt,

g % %r ucture according to an enbodi nent
SYSFCRIPTe CTUS QUef BOt-200eRAtace for  Czochral ski -t ype

crystal grovvth conprises: - a crucible for holding a

ArrEat{ e andlcglrrrea %1'30%1‘ Hur)l %&b&cﬁfﬁ%@ gp%éqﬁﬁ&ﬁtﬁorf 95m rises a heater

eri a rucl
anrmgedao deatahe govi aryistid Aeslording e an emibedipRyt éhfgmwwn such a

hQiIteI‘tlFl Q tp%f%ﬂlﬁ:' the/ i arrafShRAt hﬁﬁﬂg%éd(f@ Bdjusuay ﬁerﬁﬂ'é@itlﬁ‘é'of the crystal

I nsu i on surroundin | east .the cru eﬁrgaoﬁ %éﬂeh
aHUat Pt 08P 1 SIVIEOPH CUHEREe FESYTHA oM (RPHARgf the invention
c&ﬁtﬂﬁﬁescﬁ REMIY nRmbet hiraggdieto towl thedrgstalcoy atgart of it. A hot-zone

(NS AT P —

coolirentylomier amangsie to psoidie rcn'allllla‘yon jofpibe t peling medium. A hot-zone

1?1?‘2@[ t%r ouﬂ%stot%}[ &H?ﬂhﬁl%hpof @ﬁ%lih?éﬂtigﬂ c%ﬁnpﬁgssfélreans in the hot zone

senalerio gersTEs aan%a%ﬁeldfl@p thewaelir uci bl e shaft, for
t he cryst aI above the nmelt 5 surface and for the pur ge

A hot-zone struc e acc t o an.emnmhodi nent
Ao EGhUBRE oo SEPHERGoAT 480 REPOP o or S BFR-type crystal
gﬁﬁszhmcﬁlqmsasfeed through for the crystal where the

nner [ Qf i.ning the inner-nost
tflglfo gﬂ‘f aoc&e%% #rtﬁ%fﬂe ted- through and/or
-tah:hemmh @rrangearast eomprlsmg@ heater endl conielliag inagans fon ¥ dor heating the
t Ubggﬁfblé‘fbdz{@ CRLrE 3 meﬁffl'i@ﬁﬁtehﬁl 1h€€ﬁ§cﬂi15@[b 1.5 tines

aneter. o ryst al zone
'§tP|u lling mech mswawﬁ@ it %Y%#bfg%?( ﬁlmle]éfﬂic
|ang1%ﬁfth Qihain%elafaﬁ@ﬂ@dtcﬁ @ed’lhﬂt lehf’tesdi@tcrzcﬁbk (andpsrand‘, dsatar into an
feed-t ﬁf? for t\[t anI(“ie i nner di aneter
of taH’éosB? e&rf’wr}gga?rpf a ﬁr]?grgr St*"%di aneter of the
-afebiog stiictutreadcerting torapegtbodimd¢rs of theanvention. di anet er
of the thermal insulation in the tubular and/or
conical nenber is less than 1.4 tines the djaneter, of
A Renagsqggordingtthencambodiment pf the myentiasneandiipther Goppprise one or more

286 kgl hﬁlgoﬁ SutRE: ® @sﬁzh & RbmOthe Tgﬁﬁvthrd:‘h@iﬁbéro N Al finace according to an
arr an hot.- zone

o, that t
G SR EHeBlgh SPRBiEGh TS Tl e i Yiieh gomprises leading
n@éﬁhﬁlﬂsleaﬂlth@ gaﬁreiaamgehe lﬁlrnairerﬂmggﬂ the bbtaml exhagsswth chamber. A

Sceei%ctﬁglr é%g{] Ca?lu | zcllérg%ﬁt (?? fth Y FSeer%‘h cég‘g)glséser%ﬁﬁ to ?hute at least one
flomy ewlticlonis |asfawe|dat¢gefbﬂr% mdglr tohkeepothe fyuiaag iopprahlgsfogtgrowing a

ch?s?ﬁttth} I %u&t Mﬁ‘l{ﬁj‘s ac'vélfve In@ot hireffied plafecomprising therein in a
effectiyv arre er “of
plurality of orifices at least one or1 1ce arranged to control said flow to a flow state from a

shut off state to a fully open state. According to an embodiment of the invention, said flow
can be a flow directed to the melt surface region and/or a flow directed to avoid the melt
surface region. A furnace according to an embodiment of the invention can comprise
means to collect at least one constituent of the exhaust gases.

A furnace according to an embodiment of the invention comprises a flow channel arranged
to supply oxygen or air to a channel leading to exhaust channel, for passivating a
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exhaust line at the penetration region. A hot-zone
structure according to an enbodi nent of the invention

w0 g00aemyed so that the hot zone has a an exhe@BFIR2D07/080217

that has an effective inner dianeter of the exhaust
tube or exhaust tubes bel ow 60Q,mm at the narrowest
point. 25 A hot-zone structuré3accord| ng to an
enbodi ment of the invention is arranged so that the

cooiponenteofcthatyak 308/08 dhﬁ&frf@izhatin@%rﬁtth@ @nélta@@%ﬁaéeoa&%}dmg to an

e aifal Pt BYEhiG0 BorERIEsd e e Srars angiPe dusin bocpassivated
opgrpriseshel dnedy sendraltdf¢hecfolletvilg: SheAarR]iSicart sxidaet $t€ran oxide of As,
aﬁrﬂi‘i’&jé HPPt arPBxﬁiESV :‘Srgvﬁ %ﬂtngae L&Sr e ad 8@‘8%&@ P€ }}é invention is

bei ng, bel ow 1 even er
PIPFH 30 hﬁWWOa]@%ﬁ)‘Pﬁﬂﬁb oY @mpmw@rb}f afloecontroller arranged to

adjueDitho REMELIVRS aré6F dt A4S Ve @R mate BRkiz&ONEe Sstructure
according to an enbodi nent of the invention conprises

a flow arrangenent according to an enbodi ment of the
A fiwentd acvordibg Ao hotentodenatt rd;fCthbl ﬁ@veﬁlﬁ@@ rc@hiﬂ)ﬁsésotlﬁﬂnally insulating

rE R et b S S S R pelT o vt epieilp and the gas

oplet ghpngl megli ng a use of rragnet arranged to produce a
rragnetlc field into a nelt region during at |east part
rreltl and/or crcﬁst al rowt h. WD 2008/ 025872

BG9UETELP auampodigent of esifventiony eaid dowratinggmaterial is a
n’(emm ﬁh‘g@tﬁe@nggig&fa rt(’?;tﬁ bﬁétﬁlﬁl%' fwt gggfmr %eérg?tal to be grown to a
cﬁﬁb&élgéetﬂ: medstie’ [0 3 rapge gg Ich%ra%tgxé%{come%q Q& ithg ggystal. The crucible
digapetersis ndtalimiediital ahparticidet ngluepbmoa(toacdmg\ntb hant B@bodiment of the
1ﬂV°ehﬁon fealcime ﬂ?an‘?ettérlfﬂn%hg re%‘fcfi}]&delb%ﬁt (o ;:}&,,enbodl ent

he I nvention conp ement
arranged t o adj ust the 5 tenperature of the crucible,

Asiﬁam‘aeﬁh@dordlﬁg ’Ohn &APSIIRRAL of tBe HvENERIN &%frﬁns&a%{l Efsg athgater which is

char nel t /[or the cr
{‘13 16, The &JFOEYIH% 3 Ballihegn dufingt Roatsts 4 K aelisater ogar the melt
surfacey n andjetiors heatbptant ihductioheyased hédté@%ﬁ%ﬂdﬁﬂcuﬁ@ﬂt/ Bised heater, an

efefnhl Hgat n% éi&ﬁgr{ti/apdz ?12 uitgfng ﬁ%cﬁ{ ? Wg)l%eqtmg lement, wherein
sqa,rgthegtgh@s arranged ve deaapetablli algne or an cenibmiutmn witlobndth@ heater in a

lha@,h‘%ﬁk thl hal112A 84 L
K i ar ria}%%]egﬁ%gér ab géj?%g’é got%] tr% t fﬁl EHRHEH Comprises a
Qo e Pﬂécer%lrooﬂ lnaﬁéﬂergrawn&rys yst al

terrperature profile in respect to the tenperature of

o 1 o BB SABLE G TORELEES LB e

areqmgdhtorgmlt ofchitge amivenbi laeeptihén ahaovhel fant a@geﬁarltwnh a power
ccﬁ@ﬁﬁi hliSE P\e/lént@al & @ %thc G @ ep@vﬁe%r hc%%%lﬁ?ﬁ oglegerémtlal melt

the. |l fon t arran
Wegbr @pingAbe geck briow 8 TaW/ & dvdiets vaere: thet 90 e of thedwotly ofithe crystal. A

futiiee bbRrdME t@ i 3MBEITBRLt ofGAIRIVeRESh s b RLatdr ﬂﬁﬁ‘td%tal power
and/or a Go Iese{ WA cordin 0 an enbodi ment of 't he
CORRNTBRESH RSO We Y KW} fameamp Rt% Srthe beds ofriigraystal. A fumace
accandirgoto Membd)chniem of thy ,invention rcohllpﬁsesnﬁﬁﬁlsm'aﬁ&h Qhvih$ @nergy loss
S hEES uRNH Wons 9 trefcicc())c}clec{ hefz}cgse {)Pﬁre pulilefrJl SUifaces. {>elow 20 kW per

m? of surface area of the hot-zone, during more than 90 % of the body of the crystal. A

furnace according to an embodiment of the invention comprises an insulation having
energy loss below 15 kW/m? advantageously below 12 kW/m?, but even more
advantageously less than 10 kW/m?, during more than 90 % of the body of the crystal. A
furnace according to an embodiment of the invention comprises an insulation having
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20 A hot-zone structure according to an enbodi ment of

the invention is arranged so that the furnace
W@ o09pH2ses neans to provide a sheath gas fl ow poOI/F12009/000217

on a surface of a nenber of the thermal arrangenent,

a shield of such and/or over gn opening through the

insulation, in order to provide protection fromthe

nel t-constituent originating vapors and/or particles.
pAPerfeBImBINL beloWUTE UMEACsdatiagepusly belowntD el bef even more

he i nvention,co ,ses at. | east ,on er. arr ed
ot CHe O D8 KR o e 00 MR P Uy
partly to surround the crucible. A hot-zone structure
agcordi . r . .
A oD FOREATEL O g8, LA SO iRion hvin
enshigy tpes andpiined rap éngheding the fpest &qumg operiges oF kolgpin said insulation in
1HRteerdidng to an enbodi ment of the invention conprises
at | east one surface heater approxinmately at the
charge and/or nmelt surface |evel of the crucible,
Aafulgdeg @dcdrdinigetatant dntboditentgef thedidventidi eomplises aAmagnet arranged to
hat - zone str. agcor di e i
o PG T RUERORA Rl STRQGHIEI o b Oment o
inventi@r saihoiagheids aranged $o prodacchearengicelidldehiless thendfged in a melt
al tdnfdd¥merft QTR P RioNBEIGhhshet isPArfhingéd to prod
régg%rﬂf&gtbﬁxg?{,g t\%h%;hlég%ggr a%g&)g to ealg the ¢ %lre e&ind?okomo vees
maggetipefield logx Hgn-2omd 8t g dpisFiace dedregr ige chysig and the melt. In a
ﬁgg%&/d %éﬂéfﬁin@ftot fne énmoa}mm Nofl heainvanged diai)d anagict 9 a@nged for
25872. PCT/ FI 7/.000217 n induction-. .
R o e T e
rddien aridsrgeithingth¢e meltsagior i dre, vicinity iolf e crystal-welidnterface compared
1t : y ; ' to an
WG RABORLE valta Tk EERPIE U SRERE bl O
arranged to heat the grown crystal. According to an

Ae]ﬂﬁ?%er%:ﬁ&rdﬁfﬁ e Eﬁﬂb@dﬁhie?ﬂ of ﬁfe‘”‘in@gnthﬁla&cfdiﬁpﬂist‘és ?nﬁﬁélﬂation having
0 e rmal,. arrangenent arranged to adju e .

o eabind RS P SRSl & B30 IS i tommaty
itsatatingnaatstisludd e hateatedi 0y fimaee accdrditighentan oémbdikment of the
.dnvention .conpris kRQ r,r :
BAERY 30 37BN AL ARSATEEGS 1 PR Ao o
theciopentiongt compaisesthsaaiinthermally inselating syatariehinghe got-zone.

cool i ng nmenber conprises a 10 cooling cylinder

arranged to_provide circulatign of the cooling nmedi um
AnTHiGe, aigerding ncn PEbEESRUPE e SRR SOBPRRRR VEAUm means fo

el itRatetHEBEJvAR cBOMBE @%ceﬁﬁﬁﬂﬁre@smi. _fmllch@l_ﬁeazm oeén be implemented by a
structuré to.generate.a magnetic field.intq t

R % AL g4 s FORRRIS strecfed Pt s il andlor the
shatonGafos puadps &f ey pempraretml A fifage @eedrdingotopar sebodiment of the
. . .for . e

AR BBy R opsiion .
theogrowdh Fhanepens Svsh fraens earf b implamppigd by gas squicg|campysing gas in
pPesbRERAA AtddhBoll& t8RIhtrbiNBe BRHoRAI 6 the iak BEbE Fe16dsBd ento the growing

chamber of the furnace, to the hot zone and/or into the first and/or second partial flow of

the flow arrangement.

A furnace according to an embodiment of the invention comprises a crucible with a
diameter that is in the region of about 16 — 132”. Such crucible can be of quartz or silica,
but it can be coated by a coating. A furnace according to an embodiment of the invention is
arranged to be utilizable for pulling of parallel crystals each having a characteristic
dimension of its own. A furnace according to an embodiment of the invention comprises a
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- a pulling nmechanismarranged to pull a crystal from
the nmelt crucible, 20 - a growth chanber arranged to

W emB/021871 east sai d cruci bl e, and sai d heat er PCIK/BI2007/000217

at nosphere for grow ng a crystal to be grown, and - a

hot zone structure according t 2 an enbodi nent of the

i nvention. A furnace accordi ng to an enbodi nent of the

i nvention can further conprise one or nore 25 gas

feeding me&nsibﬂangwdttb dt&l & ofucils ast drovg 6P thchﬁesgédi’ﬁﬁrﬁtmg at least one
he

ur nace ac rdi g to an enbodi nent of
ﬁ%gfr%t]ig%%éo ?’ Bﬂ}e for the gases, which

conpri ses Ieadl ng rreans to lead the gas | eaving the

A%TH@E@ aEéHr@iﬂghtot Be hipbh n?f fidle 1%/(%9{:0}3@% %o%hr%@d—type crystal

ace accor |ng to an e I ment
%B cERrisAs #hleasty rout e at Ieast one flow, which is
_afgrawqaaqahfbeaddress and/or to keep the furnace

era ro a, 30 cr stal, through a route
ﬁ’f vih Gamber SagBeniRY W iaprprgeddp aftachoahefrzoae Rgtt of the hot
zlohe steuature rac@ordmlguds ah einpoditnent offthe &f/enfiod. east one
orifice arranged to control said flowto a flow state

froma shut off state to a fully open state.
NGOV #gordingto entsottiodiment off theénvantientis arrangli sb fHaoattachment

héis BR ﬁrafn &Y\’sdj!hﬁﬁtﬁtlpeagt ok 5ﬂ§1dg:ﬁ>{t %e aﬁ‘tta&?nsltr?s?g gg a pre-determined

irected to avol

and/
SSh o gt Hnceariscolopais ! piomarsnBRBE isremenasd ERble. A grower
acmrémtguto mncb&tbo@ﬁﬂ@ﬁ iof ¢he BOertRAONIRIsEP hharRdm k6 dBén and seal an
sth {huent bhe exhaust gases. .furnace
S %fﬁW@}rt? HPREN D of SIPEET] FRrRING {0 @Fnpmbaediment of the
llavefntlonv @kﬁbmhammafugm compriser) piryngerege forod 1ifti dandi ivot of said

%%é"z‘%%/ o%éa%%gap%%dﬁ%o% BRaEIR o Bls ATRMIA LrRicds means v

agasesd Bt eanstpag lifigbledhaving the mwﬂh@hﬁmlb@r sealeduAngrower according
t@af @fbodindn® o the AVEIINTRprREs HBshs tBVa?lréh%Q Bnill Sit least one hot zone

N i —

afscmrdimgd tngin ShboddmentPof e, ing¢ntioxi tle rﬁ)efchﬁhsmal@ @engdel & provide an

0
o5 Siincipall oy ol SbEG a4 PeriiBied gusemble of them.
A&P?@ﬁ@e@ gpembedimeohef e linveption ssidi ahséthioles dosaprises a tubular and/or

cbrﬁBJLIQH&HBé’rd manﬂlaftdrOWuEfB'fEf sﬁécleﬁtror aind?)q%elgeeat{egrA?gb%%t acgording to

t he, ef fectlge area of

ap Grhgdimnent op th IRYentign af a@%ﬁﬂ@é |SPré1i*ﬁt saitl acpess ica@nis¢sonspecial access
faromprastsas dffies follolving: areulhlag |arhgt zé'ﬁ%tﬁi!'rﬂ Amd&gh dg\ﬁﬁfénfahﬁom crucible,

l.e .an he st al pbetween sai ruci b
i of &Y 4 555 i Si2enBhnisplechi & halrnae ot ceEsiRg crucible,
adapting hehm;m peeto agkrisinehanvteristicodimession of Memykal tote grown.
material is a nenber of a set arranged to be operable
for rovmﬁjg a crystal to be grown to a characteristic
AW gecpriing Foaﬂg@nbﬁdll@hl@tr@fdh@mvsmtlml mawcermtmgmeans arranged

tonﬂﬁIcE' rota_ﬁlaﬁalclhti%r@érﬁ f&ﬁatdleﬁéf%@ rﬁrh§ro@££ %le gel&?a‘tﬁe from the
rtl cﬂ]’%r val %ﬂ t accord to an e
8”115 Fhatgsh en@“ b B crysitle alfl aretystal fosbg huli%iemrr@?gmtﬁo a second
rorbdtaldbmbjecﬂﬁ)hleh ik3dffereAt tHahnARkeatalese gk Marst t@kble object. A grower
(ﬁeat e% r{gn,ctm %ﬁnbolaﬁné efnﬁ'leo ?nven ﬂlc%ren%n'%és Iae growtﬁ chamber, which

comprises a top part and a bottom part . A grower according to an embodiment of the

invention can further comprise a growth chamber comprising a middle part. A grower
according to an embodiment of the invention comprises an arrangement to mount said hot
zone so that it can extend towards to the bottom part region when the growth chamber is
sealed. A grower according to an embodiment of the invention comprises a mechanical
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at | east one of the following: a wall-heater, bottom
heater, a surface heater near the nelt 20 surface, a

WO 208m2386N heater, an i nducti on-based heater, BEI/FI2007/000217
eddy-current based heater, an external heating
el enment, and an internal addiﬁ% onal renovabl e heating
el ement, wherein said heater™ s arranged to be
operabl e alone or in conbination w th another heater

cb e@tloIPBa%ethhé: tMatRleRHbhe hét-foHleNRRE aRE §§1ﬂC{bﬂ $attOofefhe growth

odi nent of the jnvention
claqml%ﬁﬁgéu aweérﬁqawé@gttﬁ@n@a&q%n?%fosﬁﬁ% “B’FBWP @rw@ so that the
cineftidriis relessabRaor Abrith] bperatiorebodi ment of the
invention is arranged so that a heater that is
arranged to nelt a charge and/or to keep it in a
Amgtdven dcoondites ta amednthodiinertt of fhovieventiponeamprises ranparangement to

rﬁo[ﬁh{ haijirst: Q?zr &ﬂﬁftei&ﬁt %@d{gﬁpte\ﬁ" ﬂokbh @iraﬁoc‘ﬁeﬁ ffr g@to!f QRaracteristic

e neck
ncpawrﬁ @f mﬁtmlmﬁl agspcwbﬁettqféwb BeRe RATtst w@p@wg taaﬁecon&i @o a second

Jﬂg@ NGYC EhaREG R i nﬁeasqr@ af %n&g%matd @éts taRnpet wmeomterchangeaue
nprises a heaﬁer t ot al

co

bESIeBHy SRR WDy and 1 e erd ST g BapBT R @ Erover

acdoydihgho aeibbdiaat ofithe dnwtintign,tsaidachaemcberticerensurt ig dtdeast one of
i n ti.on eonp ul [ g i

b KRR ORIt R e O Bl BY 08 B o B Bresistvity of

ctystal.pul | er surfaces bel ow 20 kWper n2 of surface

area of the hot-zone, duri ng nore than 90 % of the

body of the crystal. A.35 f ace according to an

ResbasorAeRTdENE O STARRIPEP égﬁﬁ}veg%%n SOMPTASSS |28TPyRT according fo

al AHbGimEN F e In@sttidiciaiva h&t-JoAE maciaey sqtbadieg us by embodiment of
bel ow 12 kW ma, but even nore advantageously |ess

RHRXC SN\ ne,  during more than 90 % of the body of

the crystal. A furnace according to an enbodi ment of

A4 L SRR 5550, 6, G O0RA i Brrion compris

Presiatng 15 apneratus, pullingthy eoss] Wo@lagwngkm Hﬂg opgfptions, but in the
pefarht rﬁas@%ﬁ%ﬁ@& Qtiﬁlbﬁsds%él%cﬁﬁga@ sk @f MBCon@Yakt8 @nd/or insulating

nmor e {.han % of the bod t.al ur na
pite 1 B D 0 chp e R B S A 2§ parateristc
nédasird o laadriyaals havdrding t6 thnestgy drowingameitiod iofiedystds according to an

i ncl.udin S SR

RO i B fliohorTi e BPP e Nel 4B E ehfheoR e loaded for
peoriidid thermelo fronhwhichvlemerygal is émps pwled.- a nagnet

arranged to produce a magnetic field into the nelt.

In a furnace accordl ng to,. an enbodj nent of él (g

A SvHRE oPiacs) 6 FRIGHIS Steering b e PetiBIeatof e dnvention compriscs a

p'ﬁﬁw’kﬁtdefecﬁhg kit @ed |ceyistal toh @lkS Qormproviding ﬂ’(elcfystﬂgcb b8 pulled with the
enbodi.nent .of, t he nvent |

cRRE st e NG AL Sty Bistiod of iy BEPREPy P4 agsiment ofthe
ihveatioR Gomprises tdyesting thef simesheteverdior e gasy 8owb iarflie hot-zone. A

%(hﬂs llntethoh notacrgrfsfég' Q(,Cc%rcﬁi‘l £ A gmibedlgfé g rgpodt niﬁ%ntﬁ‘h comprises

nve IS arran rOVI
caolﬁmgaWpthed cm&ah@growmg m%mﬁfr@y% P?@Fdlflé ﬁb@% amhfp ment of the

iN@ntigh COMPrivdst Bsﬁl@ endBEk td 2 N fislid A0growiidirtHodeof crystals

apﬁ{r rggg Iéxggféllﬁl%glllrggntvcl)fcthg Ing%ntlon con%prgsre\é Sop%rlnng%me growth chamber for

taking the crystal out. A growing method of crystals according to an embodiment of the

invention comprises cleaning the growth chamber after growing the crystal and/or after
taking the crystal out.

A growing method of crystals according to an embodiment of the invention comprises:
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with the tenperature variations due to the nelt flow

W t hout a magnet. A furnace according to an enbodi nent
w@Rooskessrnvent i on conpri ses an insul ati on havi PQI/FI2007/000217

graphite felt. According to a variant an enbodi ment it

Is used as the main thermally, 20 insulating nmateri al

in the hot-zone. A furnace acAt7ordi ng to an enbodi nent

of the invention conprises highly porous material.

- ﬁ%@i@g?@g&gﬂbﬁf Rr H@ﬁt@nﬁﬁbhe?ﬁ tR g pﬁhml : of t hle _
i,nvention it conprise e mai.n thernma i nsu in

- it ERE 4R et e TR By BRETO T ARREGTIE 2 IS Bl 6y And a second
enpadainflow, of the invention conprises vacuum means to

1@t 8 YR Fenl Efn %%92{&‘&%9#@41%?%&9 16wA5 (R Mell'GRAW Rr forming a

ucry means caf be inplemented by a punp or a group of

pusqsendary pait ofisaid first opitiet Bowrbyargyeding suidasat r ol t he

RGP AROIeldechehd SHGhdPP s 8f RETBIrR Ipafth® fRW Rom each other for

group. A furnace according to an enbodjnent of.the
| nPeRtBmEbhisPSE IS0 e ogﬁh?giﬁﬁ patia) 6w at or close t
ar fhengédt tchpepturosphere conposition in the growh

- ERAPR S b T e A AE BB B 2 Control 1 er

- laadingrat seobnd partianomy tocfvoidhihe gaadt inathb erucéile asddr thetapystal-pulling

th% %nO%Qgheaﬁhgzgt}?wabfaﬁ furnace, to the hot zone
andFor into theotirst and/of second partial flow of
the flow arrangenent. A furnace according to an

ARBRAR B @ibddiBert RS irRBnteeMRAE inSeétio Bedhiptidel bhrbd 6F insulating

a 3 i ameter .that is.i.n the reqi on of about,16 -.
tpapally SR 0 15 EvEiEh T Gfe Bl Solegit 187 4, Eropie method of
ciystalsasccbrlieg & enl dmbodimeantdfre idvehtion @ompaisesoindthegpuilling phase a

. enpogi . the hnv. Lon. i e .

R BCRAE P, Sl RLBILLR 1, RREER0R o e i
strgeptony and Steamelt maespect to andihebnsi on of its own. A

furnace according to an enbodi nent of the invention

conprises a WD 2008/ Q25872 PCT/ FI 2007/ 000217 45, .
Acegdinggomparbodime @géxeﬂawrn&@a the piher SPRPTiERs rgiafnp nyfuch a way
tiek Clchdt €lfe RPN ditebford tanplastelonisy and/dt¢hdheguldrymé@mentum of a first

dopant. har ge [or.melt. rower aceqr.di 0 .an.. i

ot RO Bt se2hr S RHSER AR i AR B PERLH Bkl ABording to an
embyditreint obthg imwention tenpethed soraprides actating inesugh @wdy that the rotating
CGIIAB oA, SEiAURY D ELADRED L GRATRD JRAHS ot e
meltrhya mpgnotied8idi ng to an embodi ment of the invention.

10 A grower according to an enbodi nent of the

invention is_ arranged.sa that attac nt means, are.
AgPyragan S STERGTEY of Sirdrvien e SEA ARPPIBRoRe in such a way
o aphaghetc figlda ipareanged ¢ nomstithite erferentibe nodvitpthezmele in a flow that
rt{.s..of 1.4 h t ' rr ' .
o233 v 0L DR AU AR RARR Bfodicn o
theomyeittines cxpatinhdd sieltt to openctisnficidebavinma sifspeth gigiribution as a
ﬁgfctiBH ®f %@Mzgﬁ@gm owlnd Reb@VEbrREECALbABNS B M embodiment of

npbodi nent .0 e 15 I nvéntion, sai'd fge&ghanl m fuyther .
theompentionssaif exprsissiiie et toythe agneia fisld i 1ade se thagithe magnetic

field has a first value in a first range of values at the interface region between the melt and

the crystal to be pulled and a second value in a second range of values somewhere else in
the melt.

According to an embodiment of the invention the method comprises utilization of such a
magnetic field that is practically symmetrical with the crucible rotation axis or its
extension. According to an embodiment of the invention the method comprises utilization
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upper part. A grower according to an enbodi nent of the

i nvention conprises neans to arrange said hot zone
W@2008/023871 abl e havi ng t he growt h chanber seal eRCT/2007/000217

grower according to an enbodi ment of the invention

conprises nmeans to arrange sajd at | east one hot zone

part to be liftable and/or pl%table W th an upper

part of the growh chanber. In a grower 20 according

of® Iﬁz!?gn%ﬂb el mnta @f cdrféﬁt b1y Qid iR RsdeRalNEL B Blngéht] According to an

provi de ccess to an .asse
crphonent o fshaveion o Smates Aub St g magnetio field
tHahéns a Arsiovatie) gwlhloham leﬁsrbhuii p@mh T 0Acddpéing rtweant ermbodiment of the

1nv%1|1|’gg o ﬁls :rﬁg hod ﬁ%ﬂﬁ)ﬂsgseﬁtﬂ?zah $ %lf %ﬁc}? gd /n?e([%peﬁco @i:gﬁla hat has a second

viluartvdrich i 19$de 500 rAicargingoto aaarﬁr@bﬁsi@umtmftth@mvmi@n the method

cdrﬁyﬁsréglﬁﬁaza@m%f meﬂ Qe dhRtficddisd tﬁe&q%émﬁgm% it§ ©fimiting and/or
peci al access for at | east one of the follown

g thg TEeRgke Eslééﬁﬁagt t0 VY PYHCHER 8P} AISY fpnor sjor increase
irCthe eddiAl@nhonh GERAVity of mﬁtslrdoﬁbutﬁm Rohdeatratiac ept or ,
repl aci ng a hot-zone part, charging crucible,
adapti ng hot-zone part to a certain characteristic
Adtordingi torenodmizodimyssit afl the dvisetign thermethod) comprisesatdizatiogof such a
t . .
e B0 TR ol ol e B i R e SR B ymmetic in
regpedt Enthe lerotation ittt abl e obj ect sel ectable from
the follow ng: the charge, the nelt, a crucible and a
crystal to be ed respect .to cond . rotatabl e
ASEABRR ettt ot B R Gl aepT Cabrisds iRt of such o
maghéicafid]é tholjseatiustablginthe mettaddor dinlling @dcastrb Adwvneniponent of

t %%H%P F‘Aéc@f’cﬁr@é {00291 %’%ﬁ&%& %eiglﬁlg%tﬂ)nccﬁ@m%%fod c%?i@es utilization of

I Ses a
seahcer dinagnatis ﬁnldemlmmaneh@ ustd tfee c@strphmgnm empogition constituent

céﬁyeia@afonqmé hRf ARk % eel@mm bf fO mbﬁaﬁgqtoaanren@ksud%mm of the
par grower according Mo i ment ? 'rg b 4§

anﬁv‘é?ﬁ rhsrfnetéﬁ% PP%’@%IS%PUA\Z?% Fageti fisld; thatepn be used for
célﬁftﬁhﬁg)tﬁeﬂﬂhsﬂlthel@tadbne&ﬁﬁﬁdn to@\l\l&er d?st"aboﬁ heahahéreas. patbrding to an

h d
cigbiPienof e N ErB B4 SERL VGRS BN SO I bes
a nechani cal WO 2008/ 025872 PCT/ FI 2007/ 000217 46
A%Q%k'aﬁlg fgo%hoaﬁf)&ﬁ &n# Qf‘géq{lgen‘ﬁbﬁlae ‘?ﬁt’atl %ﬁm%ﬁéﬁczﬁélﬁ dtabtating field

art
corspeant .ﬂger@qf lanmglmmt%bﬂ vygyingHaagnslie fiald ﬁtr?@fh of electromagnets

affuh@ 'Blﬂaeﬁileﬁ OAEJ&‘&mE he an‘éﬁibﬁ&i@ﬁdn@ Bf the ihtdigidaakd Btttz magnetic field
nor mal aperation

or di to
b ABBRREIAA SPIPRET 6 RS ET: & sehtia oirgionesh at loast one
pbmlanmmhgr&t finto st dﬁﬁtlonfardlmﬁ thoneeltpaAtoordidgpd ed ciabodiment of the

r {
e g B AR SRR O BRRF 8 et by
mgechanicah dotatloa of git derdt twa pganapenichagesis eaqhsmt@ arﬁb@gml@e of its own
a@)ﬁmé‘ﬂ{é%%.a' sai d sets arranged to be interchangeabl e
etween a first crystal growh and a second crystal

growt h processes. In a grower 10 according to an
AephRghgrendthed of b@/stdlw @dftiotcﬁﬂg S &hderﬁ?fitﬂﬁrﬁéﬁtecsﬂ thiei iGvention compnses
frerﬁasure Do &]%l 11t R O NEtho: g rrFatls ccordln to an
DR sotpTsige Kk pub i gpil A Pyre Aroq o) SRS focBlding

embsdistent bf thedfiventiopbaiprises feeding gas so that the average mass flow of said

gas during the body of a crystal is less than 50 slpm, more preferably less than 30 slpm,
for a crystal, which has an average oxygen concentration of about 14 - 16 ppma according
to ASTM F 121-83 units. According to an embodiment of the invention, another known
constituent as such can be used in the gas.
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A furnace according to an enbodi ment of the invention
conprises a grower according to 15 an enbodi nent of

wao h@sjozssent i on and a hot-zone structure accor dP@FR0078000217
enbodi rent of the invention. A grow ng nethod of
crystals according to an enbogdj nent of the invention
conprises a preparing the apparatus, pulling the
crystal and maki ng post-pulling operations, but in the
20 preparatory phase, t he met hod conprises selecting a

RN WL TR N RN —
m‘ﬁth*oﬁlfﬁr Asitianrgerysthl. ¢h groadne riettodof cnys&ﬂzua@onﬁn@to an embodiment of
thg r1 2P§ §§1§8£ e{ll%e{hgd;fglea gg%naan a?gA:gg \Pﬁl rﬁ%thod of crystals
aqcordmmg toean emipdhl menfocff the ure@ntlwgcqmmsg@ atrgethed fayaduistalpomprising

%ﬁnﬂoﬁlhﬁle@iﬂ)oﬁ %ﬁm?tp"\m Chote HeViRdd@bs 'c?ygtéls beﬁ:cordmg to an

row n of cr stal s acc? E?S

eraho@mﬁafd biiht THeTLSS CPRPBHES @ﬁtheenlﬁrq msthod ‘Hh 3,SEysi comprising

d(ﬁﬁ!nﬁ ﬁ’bfnnm-gﬂﬁps e?‘oﬁzﬁngsinaihod fof @Ey'ske&s hAordingve di Rgbblienent of the
s al to

tal structur

TG BRheg S PP SRS SRl el P gm Yo

enbodi nent of the I nvention conprises adjusting the

P

Aa(t,rgggl &%&%tlr%ng/ 81; e%ipgdsl?% tS 5121 fcﬁgglgégfﬁﬁlgﬂ?% Qg%yseﬁq 35 éle'%cgg)rdmg to an
el@bodlm@ni q‘ff\ﬁb@ltﬂ‘/éhﬂ%nprl ses cooling of pulled crystal.

A growi ng nethod of crystals according to an

enbodi nent_, of the vent i conpri ses exposi
A e g i R b BB R ReEs nliRRtyetor sl
Aaarystatlbdvgrding am aendmisidicaent off the lievantive woiprisesoaryssaswhich is a
518gl[%n<:|rn§alt h& ?&s?ﬂ't %&E&g{gr f dssrﬁgﬁtr& t%@ ‘f‘hv%%ﬁocﬁ %mpnses silicon,

F OWis accor
gmmnnrendlor)theummngaret A/@Ibrsfabapcc)ﬁlm Y1 em%@émwg of filge invention
Eﬂ‘@e@ £ NefEbehe Qeflén%nt YrOME - 4B, CiLsEodb &n‘ﬂgﬁu@fo}" @fement as a
ng the crystal out. A grow ng nethod of crystals
W&r ding to an enbodi nent of the invention conprises:
WO 2008/ 025872 PCT/ FI 2007/ 000217 47 - feeding a gas

flow for an at her e a. chamber, - dividin
AT 3, 3 RAPET el DAL s b By o
epantidlil the| aystansiretge cfneipplpes. tAadordihg e dnethdi ngmbediment of the
1ﬂx%fift (%eﬁlte oggséztd fh%E ass'alugtu;é 5§£1ng @fetnhé‘l ééoﬁﬁh%@d‘%?ﬁlgg IQl?lbochmen’r; of
thfej myﬁntmrﬂlﬁm$¢1cﬁﬁntﬁpnﬁ)r§9|th¢ F@’S%ﬁé rsfra%tere ?fngfurzaﬁe' Ageording to an
emBbainicRe b e 1@8&1&?%% tyl &'M éo‘in;ﬁ{se&ﬁb @r}fslta{li‘structure of diamond.

partial flow from Q}? [ t 1 structu
AR Eide ap EMBPOTET SRS BLR o craRal 8 Pritdet P cryatyl structure
of tewsalt. or close to the nelt tenperature, - |eading

at least said first partial flowto exit the hot zone,

10 - leading a second partial flow, to avoid the nelt
Al nrystab aceqrding| te am@mboedinteat ©f the anvepiipn joegprises at least one of the

following: boron, phosphorus, antimony, arsenic, aluminum, gallium, indium or a

combination of at least two mentioned in any proportion. A crystal according to an
embodiment of the invention comprises a body of a crystal composition and/or structure
according to an embodiment of the invention having a diameter between 150 and 1100
mm. A crystal according to an embodiment of the invention comprises a body of a silicon
crystal having a diameter between 150 and 500 mm. A crystal according to an
embodiment of the invention comprises a body of a silicon crystal having a diameter
between 150 and 220 mm.
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region, as a sheath gas flow to an exit. According to

an enbodi nent of the invention the nethod conprises a
w@b@s®28f2 i nsul ating thermally the neck of thECTDFR8G78100217

fromthe nelt at |east partly. A grow ng nethod of 15

crystals according to an enbogb ment of the invention

conprises in the pulling phasé’a rotating at |east one

object of the following: the crystal to be pulled, the

ATEHd o Eltﬂeem%{ﬁﬁl@ﬁ’tt Qf th%n ¢hviehBorretht b@st&?%ﬁimsb@ an oxygen
anot her. Accordi ng a dh q% of the |pa§%n{ glt i
ct)lp@nmqu@vg]owpmescégstqdoqng? t S &R feSPP exgl or within an
a@éepta%@traﬂglée defih@t byna dalrget:tvame argin g uotarance | agidltgrnatively, by an

d/
LRI PR PRI A Pyl 00 i o
ompganctarget Aaloofati thg ctystahis acmbwdntentangé OtShe23 prm@atore preferably
ntrl I(}ﬁa (a0 q COW@? éfc‘%@tlﬁg" 9o | ASEVCIE d2PRY Hiial A&%rdmg to an

1 accel erati ng nalntalnln
etbedineaniof rﬁlge vantian Heitoleranee S ihe SsyEe Wﬂ%%tl%%fr the crystal is
bRRLth Y+ 2 pPRENREo@Ig 16! ASTROF A2T88@hilg to an

enbodi ment "of the invention the nethod conprises
rotating in such a way that a nmagnetic field is
Le0corNgeth Amperabeditiehtudfehe ifventien fhercryatali thg coheentmation ifor the crystal

1§ by bl YnS IR BT B 2R ALBRRGE A ot seputing o
eimbodinént of thedpveitiog hake cedon cp@cqnﬁgﬂ@t pssentiadly ek pégppma in the
e?\dsotfrtﬁ@%& df 8fer drhuhi éffﬂl/cﬁfsat% 1tfdrhn&ﬂ theholY wWhege about 90 % of the

ocat 1 on met ho crystals acco n
o bohSGEH 1 P PULIctn & GrH RO Rmedp 4 G BTG LG ey tion has o
dafbohh EoritRaR&IdIC beiott i).2 Sppiad] ead@antaadusiyh delomgriet i gpma, but more
field has]ygj %)i r@ value in a first range of val ues at
aNantpgrOErly helowy 'B?’Blﬁmﬁ'etween the melt and the crystal
to be pulled and a second value in a second range of

X«.ﬁggﬁﬁ ﬁ%&?ﬁ%ﬁ-%%ﬁm’?én? of ik m'iz@xﬁhdﬁe 'atfunéée éﬁd&?&lﬂé Q& ah @nddiment of

nventi on
the invientinn esampsises deprnhmengsgreanged f9 @P&ldﬁ Hbicegtgne dopant into the melt

a?lﬁﬂﬁ%hﬁ%le't%esd’dﬁt?iﬁi dnORd adge& Intb g é}fabg"d ial s@xa%@l(tj‘ﬁhj'sp and/or in parts or
axi.s oy i1ts _extens n enbo

RO OPUH Rk RGOLBPIeaR I G FB o) Shocous phase.
12&@8&1@@ i8R erRbddifake 206 the GR2dTon the dopam Ry edrprifes eedns to add at
lg%sé g?% fcl%ar]% gletg ttheo1{1reT],‘g' CHLh s%?ﬁs @?ﬂ%ﬁ%ﬁ&l ¥ pf1ds i Igﬂfer 188ften phase, or

e 1 nvention
anée ﬂmd:hmbﬁfcgeﬁieumltmg and/ordwimgdbemeliingagnetic fiel d
that has a first value, which is |less than 20 nT.

Accordi ng to an epbaqdi e ention the

Arskillsd reainipr ths 8%, having zrswi 6?5 B‘F&éﬁ}%?f{] the g ﬁ%attﬁoe shofdjrealize, that

stahﬁﬁrsgﬂﬁwama%ﬁfd%ccﬁld\clli_@d\xd do neoblisift the ninabar dﬂ‘thﬂﬂ fl6@s tivat flow into the
ccordi hodi

to el |nv (0] :
F ia’é‘, T O Q%E%Eugﬁce °§ Eﬂgfﬁrgt N %:ld;)s re l@ SO t ?xdmated as
to terborly in Hluststiteonbninet therrguiimgioat 1eaat:|1jvwsﬂq>\mg1rt the furnace via at least

t%g Hﬁfeﬁ e(flt feh?én‘i‘blg‘g 1e Q@Jt@s L QorM AVIAER at WHsE Bné Q0@ tenS@HBIR is directed

towards the melt surface and at least another route ensemble avoiding the melt. At least

one flow can be used as a sheath gas flow to have the furnace and/or a part of i, the melt
and the crystal protected against contamination originating from the gases, melt, its
constituents, and/or constituents formed via a chemical reaction from the substances in the
furnace during a growth run.



in the radial inhonbgeneity of crystal constituent
concentration. 10 According to an enbodi nent of the

WO pweneison t he met hod conprises utilization of PEUEROE/000217
magnetic field that has | ocal average over a tine
period, which is essentially iénnetric in respect to
the crucible rotation axis. According to an enbodi nent
of the invention the method conprises utilization of

W‘l‘)ﬂg s@veg&i%n%ﬁ%t? of | 't}Fe a@‘ eﬂﬂnv'eﬁﬂc% zﬂf%tb%glll %‘hév[;rtl 'éllﬂf described, it is

thod tor contr ow componen
tph‘%e wederstoog: that anany qhangm @mdﬁ@ﬁmmfmm deimadsnwitbeut departing
fr&18 thefiaCardaRbhd SBRe Hivehiidiads RMindd in B chids pagRet i ¢
field that can be used for controlling a conposition
constituent concentration in the nelt and/or in a
certain part of it. According to an enbodi nent of the
i nvention the nethod conprises utilization of such a
magnetic field that can be used for 20 controlling the
constituent concentration of the crystal or a part
thereof. According to an enbodi nent of the invention
said constituent is oxygen or conprises oxygen.
According to an enbodi nent of the invention a rotating
magnetic field or rotating field conponent thereof is
i npl emented by varying magnetic field strength of
el ectromagnets 25 around the nelt. According to an
enbodi nent of the invention the rotating magnetic
field or rotating field conponent is inplenented by a
nmechani cal rotation of at |east one permanent magnet
into a direction around the nmelt. According to an
enbodi nent of the invention the rotating nmagnetic
field or rotating field conponent thereof is
i npl emented by nechanical rotation of at |east two
per manent magnets each into a direction of its owmn 30
around the nmelt. A growi ng nethod of crystals
according to an enbodi nent of the invention conprises
feeding gas conprising Ar during the pull. A grow ng
nmet hod of crystals according to an enbodi nent of the
i nvention conprises feeding gas so that the average
mass flow of said 35 gas during the body of a crystal
is less than 50 slpm nore preferably |less than 30
slpm for a crystal, which has an average oxygen
concentration of about 14 - 16 ppma according to ASTM
F 121-83 units. According to an enbodi nent of the
i nvention, another known constituent as such can be
used in the gas. WO 2008/ 025872 PCT/ FI 2007/ 000217 49
A growi ng nethod of crystals according to an
enbodi nent of the invention conprises a nethod for a
silicon crystal. A grow ng nethod of crystals
according to an enbodi nent of the invention conprises
a nmethod for a germaniumcrystal. A grow ng nethod of
crystals 5 according to an enbodi nent of the invention
conprises a nethod for a crystal conprising an
el enent fromthe carbon-group. A growi ng net hod of
crystals according to an enbodi nent of the invention
conprises nethod is a nmethod for a crystal conprising
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dopant fromlIl-group. A grow ng nethod of crystals

according to an enbodi nent of the invention conprises
woredokoessrTs a nmet hod for a crystal conprising dpEERLR007/000217

fromV-group. 10 A crystal according to an enbodi nment

of the invention is a crystal' nade according to an

enbodi nent of the invention. igcryst al according to an

enbodi ment of the invention conprises a seni conductor

CesiMist al . 15 A crystal according to an enbodi nent of

the invention conprises a crystal, which is a single

crystal. A crystal according to an enbodi ment of the

i nven il WeRBIM & fort dezéchralski-type
1m xt uErA‘e &X cr yg %ﬁaggodrgﬁhcet%ﬁiapnﬁaglﬁbodl ment of the P
ciyBied growth foonpr ielts 1atchlaea$erlzmle ire [teatespid dlovy rpsrangement further

I11-group, |V-g or V-qgr
i SR LR s EREV R PR3 s ot e
ah6t ©h¥ DhebuldTdw BRninsieat eXAEds| dntler of the Signhded h]hdl 1ri ahhaot zone there
crystal structure of sapphire. Accordi ng to

betvized jarfirvw-goide tavangementvhigh is, ariag {hs &P gfa the crystal arranged to
t.r uct. f
o HistaR 1Rty STRIRRIER, ¢ SRS AohOaRNOLIGRA partal flow so that

shidefiet yatial fiowr Moduided slbngwarguiding sacfece i exger theamel2egion before
enbodi nent of the invention the Cﬁg’St al can

exitingdhe betgons: Wheredf widsecondpatal %&W%’igﬁ% (t:ct g%éﬁl% e space in the
c%ngﬁg amtﬁaﬁf ltﬂeoef&g%gﬁ?qg@hém Zohystal can conprise

Cryst Truct ur e rock salt. A crystal
accor d| ng to an enbodi nent of the invention conprises

af’]t ! ﬁgﬁ{e f? nesa%%pégrgg}tlﬁﬁcgl@m @aﬁ% ‘ﬂbor ﬁg ghgﬁ%&[}%ﬁuﬁ that in said

rum or

?ﬁﬂlgétﬁélﬁ 90 oRfaifg sﬁr%@ 'bofn}ﬁﬁsdﬁ%ﬂ dasiRetly # s@ace that belongs to at least

ortion. A crystal according to an enbodi nent ?
drieefitieviolivving maotspa supportpfiferiseed trygtabrsped grystal, crystal, a crystal part,

tion and/or C C #dbe. and a tubular and/or
aeﬁ‘ggg i‘rﬁ‘?’ﬁm >  FrE° P%\(}g#tnﬁééﬁl? r’a%ll %&gﬁtg&%gg&n%teer batween
dpftapEdmbdQ0 mm A crystal according to an enbodi nent
of the invention conprises a body of a silicon 35

crystal having a dianeter between 150 and 500 nm A

%r ystal Qcc o;%ndaé &n 2 QJ&QT&E% oglivhe '?:Ianﬁf 1,t Barabtefized GA that in said

onpri‘'ses a a si n crystal haV|ng a
&Hapeiert, s fivee gmmﬁﬂo‘ansigtﬁa@i torenten® spagaioRs grexcharge of which the

PCT/ FI 2007/ 000217 50 A di nbod
mpl qrigineias; Bomy K egqa§, &%Cs%[%nfggpélgg nwegxaoréaé%ggtto Woid said space
ﬁg%g@}%@n level in the crystal and/or in the nelt

n acceptable level or within an acceptabl e range,
def| ned by a target val ue and a t ol erance or,

’a: :netr nﬁﬁcglepy ?lﬁaﬁ/gtegl %acce@}? pé‘ %?aq{rhgn%%ﬁ% ?igﬁ& 1R that in the

AhERER E@[&@tt oN@lof&safd0 Flotve eome)éSztrBdngbmeﬂt isahmenged to inhibit the
e range .5 - 25 ppma, nore preferab g
transference of the evaporative species from the melt to Other parts of the grower and/or

hot-zone parts.

5. The flow arrangement according to the claim 1, characterized in that in the
arrangement said first and second partial flow are arranged to merge before exiting the hot

zone and/or the furnace.
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in the range 3 - 17 ppma, according to ASTM F 121-83
units. According to an enbodi nent of the invention
wao h@snoedser ance for the oxygen concentrati on of P€TIEI2007/000217
crystal is better than 1 ppna according to ASTM F
121-83 units. 10 According to_an enbodi ment of the
i nvention the crystal the contentration for the
crystal is an average defined in a certain part of
61 he gTb@vﬂOWr grgar@bmem @chghlg toathelaimnt ¢haraeferized in that said first

eﬁgp%cr p@}%ﬁ%ﬁ%\% a5 é&gnﬁrg% %Qﬁ the ﬁ&r% Taﬁ?/ég %ﬁsﬁ%@ "Separately

ﬁbﬂﬁea@hysaieal and/or at a position of the body where
about 90 % of the initial charge has been pulled. A
crystal according to an enbodi nent of the invention

7has a ﬂé 166" %}%g&ﬁ&fteag&%ﬁﬁfgqg ﬂpf!)lgi\% 9. éhARPRrized in that in the flow

advan ageously ot e
a@ﬁh@ﬁieag eﬁmsﬂw-igeide\un@n%nm nmnpﬂmsaamibmlgr tupd/@inconical member co-

odi ment the,inventiqn, a [ nhace ordi
& ?ﬁémﬂaﬁr cotqr@ﬂrymw%ﬂwebﬂ%ﬂre%g* 033?;% stigig g gown.
arranged to provide at | east one dopant into the nelt

20 and/ or charge. The dopant can be added into the
80 har g&he ﬂowmabmmwcordnwtg rthg ciamﬂ: eharactpweti gnhthapin the flow

dopant i cul ar, kin S 0
o fgeieab e e Sncp i el Ber st B G P hrenged 1o
1ﬂsﬁ}é@€ﬂ£ﬂ RRidehepA0pBdHd ﬂﬁ@@&nﬁpﬂﬁwleﬁ@&hmﬁtﬁoﬂtﬁe @dﬁh@t surface from
| east one dopant into the nelt in a gaseous

theapl mtasagtiont witk thensacpad pait 1of Faighise pargial %Wt"’é % tﬁf@ond part of the
e l. | 4.1
SSAMOBREL S PoblF s 0% 0 OF LA AEUR! A ring e et
sufigbe] aidrhe sédoad ppilof sAd ifies ,paﬂiabﬂb‘d is kaving ¢he mbhlasurfaai d
first flow and said second flow do not limt the
nunmber of the flows that flowinto the furnace and/or

9]9 ut  ofrpt B w HERRE ents(ﬁc&ﬁir% tfo' tﬁt§ Elafrh Vet cerized S8R the flow

| ow are 1 ndicate ody iniilustrative
arramgeerent baid rtoartriah g1surat1a11 19. samgedmtltdnmﬂy insulateefrom each other the
t, ensenbl e

o B e B e B LR Bl SREETRER Gl e mt

directed towards the nelt surface, and at | east
anot her route ensenbl e avoi di ng the nelt. At |east _
16ne f Mhwfloanananggment agsordingiodhe clgim 9% rhayacterizgd én theg in the flow

f W nac@?lé ijd Ribu %%{1}0 %Bmc&l’ mgﬁgeln&lntipns%gq ﬁl?ﬁ%@nfa%éﬁteaﬁh a second

agal ns con amnation orrginatin

s@t@‘@c%?whfémate sephfatedofosif ehdhuathérshy agap ailtheslmastndiumgibﬂ.
formed via a chemcal reaction fromthe substances in
the 35 furnace during a growth run. WD 2008/ 025872

1TCT/ F:}‘ELQ QIZ)WQQ&%ZmﬁI?t]acX%iJ t%QHoE Lidim 9NOeRhERRALSd 8 th‘éf‘ %1 the flow

prese i nvent ave shown and’ descri bed, it
aﬁm@mﬂcﬁrmboﬂdd tlitit anvepeningd) forgesryatall tarbel rgfqvmatsa@@bular and/or

d t hout d t f t t.
QRGP BRIy CHIPORCAE 158t mecotth of Hi Rlatin ares,p firt disk
MR P 084 A2aléra Bsk/ IEEI%Q&?/\KQQ%ﬂ-Eald% is arranged to define a gas flow

route towards the melt region.

12. The flow arrangement according to the claim 1, characterized in that said flow-
guide in the flow arrangement further comprises at least one tubular shielding member as a
mountable wall at least partly around the crystal axis or its extension, so that said at least

one tubular shielding member is arranged to form at least partly a channel wall for the
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Cains 1. A flow arrangenent, for a furnace conprising

a crucible for a Czochral ski-type crystal growh from
wW@20084023872 s characterized in that said fl ow arpPEHBERNEN0217

further 5 conprises at |east one inlet-flow channel

for a gas flow at a flow entrance of the furnace and

at | east one outlet flow chan® at the gas outlet of

the furnace, and in a hot zone there between a

froetiqyifiden ﬁler\apgrsrm'rginatmg ite baid Sirstohartiab @o’ovlmd@fr@ﬂélﬂ offat least one
st one

stal d to I Vi said . e
e oIRGB agftatie Plemopt st apuctleng eiols walb i a susceptor, orystal
mrammaffwoﬁ&rﬁmsnemhd first partial flowis
gui ded along a guiding surface to enter the nelt
region before 10 exiting the hot-zone, whereas said

cond QW IS a d,.to,avo
It%ﬁ cr uc:|ﬂ% e%%l JReatid OIr@?%g 0 sl Lx‘flﬁrﬁbteﬁﬁgf in that, for  the
fivet pazaleflow.andfoe thid 6o paTSHERNsaRICTAY dirBfpdnint Bénprises a region
claim1, characterized in that in said arrangenent

eisndinguinn ALl v charnsingt thregasaeuties o6 the Arrnacg, for merging in said
SHoh 38 fﬁag,gftpﬁ h%@%dtsald%cémla%wne of the

OW Ng Seed crystal, seed
crystal, crystal, a crystal part, a first di sk nenber,
seco an addltlo purge tube, and a

Ir[lﬁl % sk merrber ﬁ
ypul b b {187 ATaBgHRLI| At 10 dhe Al4ip 3 archarRséoriged in that it
o%ﬁﬁﬁfsé’é HaddRidRAE 6% Thnk] e £RALiA g?@fh'e%‘ﬁg Pﬁt?lfitto?ﬁ{e fufhace arranged to

said 20 arrangenent, said first part

sgnplcre@xylggn o tagr tca ﬂsﬁpautéetfcacemlugust Hmecfmrl:gxeamtmgwa congthteent of the
Lts or i natdes S sq d second partial flow
%}g%saglg/oor R &lé ‘facing the charge. 4.

The fl ow arrangerrent accor d| ng to the claima1l,
characterized in that in the 25 arrangenent at | east
Ivne ofThsdlaw prregigsment aaserding @ﬁ@@ rleim 1, charactenized in that, in the flow

a}n@ﬁ%ﬁ&hﬁatt he eag’cr GiE E)ﬁ ek ‘foqlo%n S}lﬁ‘é%p QL ak fEJ‘c\()g o3 /sglre \di3 ing member, a

t to o parts e growe
rhmgmg&agm,aﬁhb&ha@e fﬁh&nélt owfRe ﬂﬁﬂ@g@l&bel&&@@ﬂdﬁiﬁ@) the phase of the

the_ claiml, racter n that. in the 30
SOV ierraytal §a¥ aoaharket e aui_l,%icwﬂalp@dﬂ tybuler ag/eg wconical member

IS S 0 A I BT o

phhge dflibw arrangerrent according to the claim1,
characterized in that said first and/or second
partial flow are arranged to exit the hot zone and/or

lehe f uhpaRe SeRBERAER] Acoldid o eRCHairt rcha?aczerli@aqnftﬁﬁ% the flow

arrangenment according to the claim1, ‘characteri zed
afgpgemant,t skl parawlaraﬂqﬂms;@tdeas@ ong af aleffbﬂwvglgt st partial ﬂow second

8, ul-ar a d/ or. copi cal nenber

p%%{a?ﬂ%g?ﬁly %e:&rfgss,Za 635798835%8 Inﬂe;pt%?fﬂt abl e around

the axis of the crystal to be grown. 8. The flow

arran% ment according to the claim7, characterized in

hat ﬁet flow grapgement of claim 1, characterized in that in the flow arrangement,
at least one of the gas flows is guided into the channel between at least a first part and a
second part from which said first and/or second part has a cylindrical, essentially
cylindrical, strictly cylindrical, conical, essentially conical, planar and/or approximately

planar geometry.

18. The flow arrangement of claim 17, characterized in that in the flow arrangement,

said at least two parts are selectable from the following ensemble of objects to form a set
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10 arrangenent, said tubular and/or conical nenber
conprises thermal insulation arranged to insulate an
WO psadzsr2 part of said first partial flow at aP€T/FR007/000217
part of the guiding surface from thermal interaction
with the second part of said fijrst partial flow at a
second part of the guiding face, wherein said
incident part of the first partial flowis entering
forsettimg| a ﬂOWLgebmsﬁy ‘anerucibde, Qemmtqraatﬁr@tf slg%ldl@gfmfiréber a second

}ﬁ{;ﬂg{ﬁgg]lr‘nre ow | ﬁf t %i%r dis%]cgrexfl rEf"%l?,l esg‘fbé%? %ld}bé 0901‘11(;[151 %nember melt

shk antfRed aﬂﬁe blﬁhrgeﬂ dtirfhde dffike Edyetal, adtib-sfgatuRPartsdisaid object.
thermal insulation is arranged to thernally insulate

fromeach other the cooling part of the crystal and

1 | Bk P SR SOOI S ot s

for| ttihgla hapeahery fwda ifiostt fiat arnangdmerftlfowa ﬁrst crystal with a first

arrangenent, said tubular and/or copical nenb
chaspgigrisie nepsyre ol aserandet B g oo ek for ffiegepd crystal
w?t‘h%s% &ﬁ&‘aﬁa@t&%@éﬂn@%&‘e other by a gap at the
ear-nelt region. 11. The flow arrangenent according
tothe claim7 characterized in that, in the flow 25

gr gg%g% oq\}bsgfgtgplw%c%gydgx}g &P tgxgl Ezgxl-nf %ﬁggra@f&‘ A4 in that

sét%o‘rﬁ}ﬁfs&@rﬂ%'s%?& alho{nﬁﬁﬁl% RS 16 Fbim Qf 16 Qarfa@btavtNGr growing a
parts: first disk nenber and a second di sk nmenber,

cm@tmbegawut@ha\te the characieristiy 10easHEs i ne a gas flow

route towards the nelt region. 30 12. The fl ow

arrangenent according to-the claim1, characterized in

2t hat  gaé fot Brngghémigystemtaoeortiingvo dier dﬁlgelmrthafanttﬂimd in that the

coggrl ses at | east one tubular shieldin Herrber as

prapleEstigmeasive jseliist TFAan8p Ador fRFOpd Shatpgreristfc %ilﬁ?sé“e isina
t said at | east one tubul ar

Onhﬁag]gﬁétf?r{e}% er ?%Qagrtélgnged to format |east partly a

channel wal | for the WO 2008/ 025872 PCT/ FI 2007/ 000217

ion, fromthe vapors..origj,nati.n
23 O e HomafoebRes risi Reprditp i B0t GiPhdrized in that o
shil el Q(I;rhﬁ’ﬂ‘éeg Gt 1asthGRt diNthe SRR pastdd §l fiedt UBdkD|second disk, a tubular
crucib part, a susceptor, crystal and a
andibu b@mcednuqtmbercbwt dagulationiarthe Gibudir apdor cppigel member, and a pre-
ngene or dj aracterized in
dFﬁ%?ad eﬁ)zsu P o‘%&%ﬁo?%%lﬁngw%% rgJ; t he second
parti al fI ow, said flow arrangenent conprises a regl on
extending into outlet flow channel at the %as outl e
23¢ t hé fhotrerce stragprendpyithduinace 4piy Czogypishi-9ar dcrwtﬁlstgrowth .
?@g}lklﬁ% fl ow and said second partial flow 10 14. The
arrangenent according to the claim 13,
- chaemcibey for holding & biadrge tandothereles an addi ti onal fI ow
channel ex end| th as oytlet of f
ar%tdﬁ%féan? S meting Gengeoalin e nblecue agping the material
f Rasis H6f the 6/RAN, t uent of the
ex aﬁﬁmgg‘g@%ﬁm g %’r@o” gi ngt 1|%)r31'g fromthe melt. 15
cllsracfdrezeﬂllmthaathemgemmw&m@w@h@ﬁ ng to the claim1,

-%Qsaea gﬁ}? crzén 1nuousnth%r%é 1nsuTat10n suI‘rlogndmg at least the crucible and the heater

to reduce the heat loss and/or the heating power consumption during melting and/or crystal

growth.
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arrangement, at |east one of the follow ng: crucible,
susceptor, a shielding nenber, a nerging region, the

web@snezss7t he nelt surface having a | evel accorRPCHBR0/000217

the phase of the growth, the crystal surface part of

the pulled crystal and a tubz%fr and/or a conica

menber defines the flow geo ry of a parti cul ar flow

in the furnace during the crystal growh or a
Zﬁ)h aseThé hptrzongGirudtuee fdcowling Foathg bt Z%Gbaraﬁt(frgleddntth@ the hot—

char.acterjized.in th
S e ABMBEES S oty Mot o Miplotopough gaig nsutation at

ldaEteché i hg Geedfﬂ]fcﬁltgh@&’bf th@l cristalyorske hewler gledtiodad of a heater, for
flow, a nerged flow a part of_ any of the just

theerailla shaft, dor thy crystad ahevsihemel gdrernd 4o e aigegas.
characterized in that in the flow arrangenent, at

| east one of the gas flows is guided into the channel

2bet we®he dfot-zemcs tstractiiier atcopding tantheaclagec2hdelpanttefizednin that it
whi ¢ch sajd first and/or second part has a cylindrical,
CRERRIPE 24w arrdngem@t j cal , strictly cylindrical,

coni cal, essentially con|cal pl anar and/ or

appr oxi matel y 30 planar geomstry 18. The flow

26r r ande refazonsf stoiciiren dipracterized ierthated ¢omprises a Howharrangement

n t, said at |least two parts are
a%Cé’F‘ﬁI{i‘%gfb@‘S%falngﬁw the fol | owi ng ensenbl e of objects to
forma set WD 2008/ 025872 PCT/ FI 2007/ 000217 55 for
setting a flow geonetry : a crucible, a susceptor
27§ r st Thei heltappgy SHupes aceprdiag ol thes ﬁiaénd%gclwéﬁﬁ@rlze% in that it

I

cgﬁlhﬁgesdd %F{dﬂli %}gre %%ﬁefla o, ?é ?ﬁlééa@ gir) gleufigcgé'u@?hie crucible or
stdceptbeaguings tiel vaparsshii-cotldbavebeengacontaét with thealglect . 5
19. A flow arrangenent system characterized in that
the systemconprises a first set for setting a flow
2§eomatff1¥ HRlzofe fsttusturd |aQ¥brdin ?aﬁgﬁf@'&tanﬁo% acﬁdﬂa@fenzed in that it
crystal wth a first characteristic neasure and a
cemprised seherhml aarasgevend drtamgedrio anjestehe temperatu5@®<ﬁ rile crucible,

SRR Ul PEaero Cg LR RISEP B0 Bt AT e cvstal

characterized in that a set conprlses a sub set of
mount abl e parts to forma flow arrangenent for grow

ng,
29 cr ;Fbt: alnottzgnb@tryptybvm apeprifimgetor e € a%@e ehapacterized “in that it
neas

Cfnﬁlgl’lg aalt ngaifgone %];téarca‘# ééda%%eq?ﬁh ac%?ﬁf% eamd%gqgé efrgsﬂu%ted at least

peRBtaseswslithe credeire is in a first range and a
second characteristic neasure is in a second range of
nmeasures of crystals. 22. The fl ow arrangenent system

3eccor FhB%hdtSohd estﬁl:ﬁl&éna%gord gafoa?ﬁee laﬁﬁd% ncﬁmt:te‘i‘lzed in that it

sai d set conprises at |east One of | ow ng
cpmptisss aflchsirasie bditek, hestec amahgdi $&khea thamlargarandm tlaenmelor
coni cal nenber, heat insulation in the tubul ar and/or
coni cal nenber, and a pre- defined ensenble of sub

spart stk WVoRt &ABEENLERIRE RAKS claim 26, characterized in that it
comprises at least one surface heater approximately at the charge and/or melt surface level

of the crucible, arranged to heat the charge and/or the melt.

32. The hot-zone structure according to the claim 26, characterized in that it

comprises a heater arranged to heat the grown crystal
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23. A hot-zone structure, for a furnace for

Czochral ski-type crystal growh conprising: 25 - a
weemsiodse2 f or hol di ng a charge and/ or the nel tPCFFR007/000217

| east one heater for nelting the material in the

cruci bl e and/ or keeping the erial in the nolten

state during the growth of t crystal, characterized

in that the hot-zone structure has - essentially
33:ont i "ﬁhﬂ) Uot-zomer suictines atcarding) teutheoclaig rid$, achairaeterizedngn that it

cru nd the. heat er | oss

ottt 2 Edl

redu t he heat
Hrang nert BonblEERGAT ol FPHSHl ¢ ng
and/or crystal growth. WO 2008/ 025872
PCT/ Fl1 2007/ 000217 56 24. The hot-zone structure ) .
34 ccor GhGot-zonengrustuap racomdinghter thet elpin &, icharaderizedein that said

i - r el
ol FURReEHOHBHN o SO St PHERIRLL TR dillion of e
cdodink@nddignf eed- t hroughs: for the crystal, for t he
heater el ectrodes of a heater, for the crucible
shaft, for the crystal above the nelt surface and for
3. he pgpg hod2 %&ﬁm Ta&oﬁﬁh A8NheSHAtE 3, CBraQefbdp in that it
to the claim racterlz dinthat it conprises a
cdrhpnsea nreangji@rtbnhot Zo6e sttudtare-to gereeratt nuctgnetic field into the melt.
characterized in that it conprises a flow arrangenent
10 according to the claim 1. 27. The hot-zone
36t r UCAUREABE ﬁs}r@zoeﬂralsqh-tﬁ@ c8Ys1 Brefih, ehavaeerRdedl 38 that Fhe furnace
that it conprises a shielding menber arranged to
cQnpisest t he outer surface of the cruci bl e or

t t could have been in
- SHREAR REBRR 3okl SRR AR L0t S one st ructur o
- a¢lemd] agarigenichiecah@ising 6 heatonbad teticlknl hivahfdr it for heating the

conprises a thernal arrang@msnt arranged to adjust the
t enpEFRiq P tEIPeRRIre fo melh e material da regiruciblenot - zone

I nmel t
- BRffine Shhaih aRB ded i bR SY LY GO APt T
- acgowth rcgambert htearrgedl tm Q@l atHaashc&aBi icreble,n andhaidi heater into an
rises at. |l east one h Er arratagdto heat the

cha osphige i sroveingg crystalit east partly to

-§H6H2Jﬂ_€‘§trh&&re%é’&rﬂ@1‘g%t}?eoclalﬁh§7 hot - zone structure
according to the claim 26, characterized in that it

25 conprises at | east one bottom heater arranged to

2? ?L C#ﬁegfni%cggaig:&?r ngcr t%;% glain m I%gacteﬁﬁptg él% gla? rZ]t ecgmpnses a flow

chapatl drkang6d @iﬂp@@soxc}lgeh Qadlor @i@@o aWwhbh@et ldadilean exhaust channel, for
approxi mately at the charge and/or nelt surface | evel

Pasivetiee ¢ poEpdcat obibe gavanl/erslusteertsinatmedian e melé/ or
the nelt.

38. The furnace according to the claim 36, characterized in that it comprises
thermally insulating material between the crucible and the crystal and/or between said

crucible and the gas outlet channel.

39. The furnace according to the claim 36, characterized in that said insulating
material is a member of a set arranged to be operable for growing a crystal to be grown to a

characteristic measure in a range of characteristic measure of the crystal.
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30 32. The hot-zone structure according to the claim

26, characterized in that it conprises a heater
wa@eeoanes® t o heat the grown crystal WO 2008/ 02BGIEI12007/000217

PCT/ FI 2007/ 000217 57 33. The hot-zone structure

according to the claim 26, characterized in that it

conprises a cooling nenber ar?ganged to cool the

crystal or a part of it. 34. The hot-zone structure
4@ccor Therdurnace ineordinmg o &6, claihnBacwhberehethd erutible digeietér is in the

5.co0lin nmber conprises a cooling cylinder arranged
rng)np?tJ&l?Pgte{%i'r @lation of the cooling medium 35. %he

hot - zone structure according to the claim 26,

characterized in that it conprises neans in the hot
4tone The uptace aceondinee tatthe clainy Pt icharadenizadhin thifethe furnace

t. 10.36, A furnace for | 71 r I

ficn 0 dsat achentdt YA AP Bl O T LG o B Bpgater botom
heaté, & cWiGhdel Rafep hedtahslinkD sarfadenn galistivel/ eatelr ha indhdtion-based heater,
thermal arrangenent conprising a heater and X ..

ag sddy-sITPRigbared sater an extepal eating slameat, and ap jpiegral additional
rérﬂov%bfeeﬂ&?iﬁgte% erlt OwiiBleln 50E £hd %:{'rrfxgédt {3€& B#é"r Bk Slone or in
=7a pul I'i'ng®mechani sm arranged to pu a crystal from
cémbinardd with aaothbrcheater an gphast lof ctyatabpull.ar r anged to seal

at |l east said crucible, and said heater into an

at nrosphere for growing a crystal to be grown, and - a

4501 ZGRE HIMET HoBrdBEE 96 AhBOcthith 1388 davhdPeriZed i#Othd/ the furnace
The furnace according to the claim 36, characterized
comptiseata doplet errprged dg eshahtothe coblimgef the gravyerste

supply oxygen and/or air to a channel leading to

exhaust channel, for passivating a conponent of the

493s amgé Ofurrdbs tacEdrtiigh@t ihddclhi® 36] RBRarikdrizedSin3that Theomprises a
furnace according to the claim 36, characterized in

magaet amangeshiorireduse anpegngts figldiniathamely mat eri al

bet ween the crucible and the crystal and/or between

said crucible and the gas outl et channel. 39. The

aftur nagae afueekcdi aegordingt he tled alaim 36, wharemctad imaghet ns arranged to
that said insulating .30 _material js a nenber of a set

PERdugH g Epene eléﬁéreé%ﬂ’énﬁgﬂn'gfrb%\}nﬁ regigfystal to be

growmn to a characteristic neasure in a range of
characteristic measure of the crystal. WO 2008/ 025872

APCT/ FITAS 008 2&Fordbg w0 theTeleint h3n ackereine saidi mggned is rgranged to

p%(ld{illlcg1 a ?r’n6a’gne 1ceﬁeeild r11e:sts Man 20T ?Ill ﬁleqht%%ct:eelgenlvgeﬂ fle tc1hy6'§’cal and the melt.

=19’

oo
Y

46. The furnace according to the claim 36, comprising vacuum means to evacuate the

growth chamber to a certain pressure.

47. The furnace according to the claim 36, comprising atmosphere means arranged to

arrange the atmosphere composition in the growth chambers.

48. The furnace according to the claim 36, wherein the quartz or silica crucible

diameter is in the region of about 16 — 132",
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regi on of about 16" - 132". 41. The furnace accordi ng
to the claim36, characterized in that the furnace 5

we@eoopHnses at | east a heater which is at | eastPOHEROGIT/000217

the followng: a wall-heater, bottom heater, a

surface heater near the nelt surface, a radiation

heater, an induction-based hedPer, an eddy-current

based heater, an external heating elenment, and an

4%t er riEte ﬁdd:idei acatding dmnhalalﬂ'enhe&t clrgactepia@dtin that the furnace is

wher ej er, i rra Q be operabl e al one o
ﬁd %%Pﬁﬂ@%@ﬁq 1og P'Hﬁﬁﬁo(t lltlF‘éa‘fl'e‘é?ta Sneagh phayéng @f characteristic
@ﬁ%ﬁﬁaﬁop%gbwmlo 42. The furnace according to the

claim 36, characterized in that the furnace conprises
a cool er arranged to enhance the cooling of the grown

yst 3. Thefu 1ace cording,to the claim

ar actiSy I%%r%cel ﬁccioﬁ g‘k? {a]i gg’aChﬁr@cWﬁ&ﬁgt tn>Bhat the furnace
d@h’fpﬁﬂ@%ﬂ fde@ingmAshnE Grran dgéﬂgﬂ @ddG drh€bR, bNEBup BE cAR btles comprising at
44. The furnace according to the claim43, wherei

least ansrerypible, by adpparigdargegndior sielice a magnetic fi eI d
of less than 50 nil in a nmelt region. 20 45. The
furnace according to the claim43, wherein said nmagnet
Sls ar rAatfigeded for Qzoctdukki-gpeegrel igfothethriaersized b 1130 the furnace
ml in th? i nterface between the crystal and the nelt.
CRBPIHERARShace according to the claim 36, conprising
;10 evacuate the growth chanber to a
“certain pressure 25 47. The furnace according to the
-dhsiflerii@egrowtingiringien gttahmenpherss aresuged av naavdedhdtozone part of a hot
Zarrgmgcﬁgt he at nosphere conposition in the growth
h% 48. The furnace according to the claim 36,
wherein the quartz or silica crucible 30 dianeter is
in the region of about 16 - 132" WO 2008/ 025872
SBcT/ FiEhgo g 2acpordrg 4o theTlaithuf hacharactevizell iy thet sdié hot zone
ﬁh&ﬂ@é% of Nalagt, ged|r1thm the furnace is
arrange ]% € ut| |zable for pulling of parall el
crystals each having a characteristic dinmension of
5jé’ts 0 5 50. The_furnace _according to the claim 48,

har actierPoaee A5Fording te the dlaimndo shakastesizedeis thatriadhy Agnace, said
aﬁﬁ@}ﬁﬁerﬁ”rﬁe%ﬂg‘ﬁfé érPanf @& go "l‘hzﬁ ! %a@i Ene OF sl ‘B]Ug z@%eypegt comprised by a

cruci bl es conpr|3| east one cruci
ppgetatmined attsgmbtmmﬂlmt ZOIE| parts 5T said hbtzoneseuétore is arranged liftable.

Czochral ski-type crystal growh, characterized in that

the furnace 10 conprises at least: - a growh

sahanbghe furhdes! &%ofcﬁl?%] 46 ank 1shahe rchﬁf'ﬁc"l‘&]%n tn TEANSid furnace

arranged to attach ot zone part’ of
comprises a mechanism to open and seal an upper part of the growth chamber.

55. The furnace according to the claim 54, characterized in that said mechanism

further comprises arrangement for a lift and/or pivot of said upper part.

56. The furnace according to the claim 53, characterized in that the furnace

comprises means to arrange said hot zone part liftable having the growth chamber sealed.

57. The furnace according to the claim 53, characterized in that, the furnace
comprises means to arrange said at least one hot zone part to be liftable and/or pivotable

with an upper part of the growth chamber.



10

15

20

25

30

zone structure. 15 52. The furnace according to the
claim51, characterized in that said hot zone
w@R0080238re i s a hot zone structure. 53. The fUuPCEHER007/000217
according to the claimb51, characterized in that in
the furnace, said attachnment peans are arranged so
that at |east one of said hot®%one part conprised by a
20 pre-determ ned ensenble of hot zone parts of said o
510t zBhe fizshacecicaomingstodhe ahuira b3, icharasterizedn thiesaid mechanism is

furnace according to the clai 1, characterized i .
arged do PEPRLH FREESST8 r?ara\%eé‘iblga Rt L %%bdZ?% 4 Hg-detormined
bl AdridaRer part of the growh chanber. 25 55. The

urnace according to the claimb54, characterized in
that said nechanism further conprises arrangenent for

lift, and/ or pivot. of said The :
> ?‘ur na&ge gﬁ%’@?%iaﬁﬁorfhggttﬁeﬁgl %ﬁﬁgg’, Qgﬁ%arcge??z § Fi i Jz?legPalt r? aid ensemble
céhpdisck N 1644t RAERF thoMllovarg ddtndartandanr@nipel seintbelodn insulator,
zone part liftable having the growh chanber seal ed.
crygibieg suspeBLor. AnALE @ heleh F&PWBH\G%O’EH sqq BT 53,
characterized in that, the furnace conprises nmeans to

arrange said at |east one hot zone part to be liftable
6and/ oThpi fuedaeb| sccomiingh tarthepgeim @ tchafracthrizet ant that said access

chanber. WD 2008/ 025872 PCT/ FL.2007/ 000217 60 58. The . -
COIPYISEE SNASETF ST é@stﬂﬁls Ogéﬁ kﬂ%@’é’}ngc (PAPREER ﬁg eaf }aﬁ femoving
nfai@al $ng! c%?:ﬁ@meﬁﬁ\/in% mBEFHANGEH the sBicepiod ereplAcidgEBSt-zone part,
to an assenbl ed hot zone structure and/or a . .
chargingatrevibienadhptiog hetring meft toHesartal goractenstic gipgrsion of a crystal
aﬁcor ding to the claim57, characterized in that said
[RPSBMBMe” conprises at least one of the follow ng: a

tubul ar and/ or conical nmenber, an insul ator,
cruci bl e, suscepto

r,. and/ or a heater, a conbipation
63ai d Fhet Binwy, aqwedingrtnathe slogs of ibaracterzed: ﬁ%g,ﬁe furnace
charact el Ldhst L R CRIPELSRSEoR At least one first
GRBBAS BRIk g RSy B EAIPED SRR et one
rbatablOstgedp aslictalile fowi thg folintiegi thb chargenthe weslbkerucible and a crystal

renoving. material fromthe suscepto r.enl.aci a .

1B PYBHOIFRECt (o SEeGRhEPIRRIE BBt WPl PHOTHO RIS at last one
fHE‘crrBtaEﬁ%l%l‘é@ﬂg.t ain characteristic dinension of a

crysta t

e grown. 15 61. The furnace according to
the claimb51 characterized in that the furnace

' tati d i .
ot at BRalirRSgorbRe F oot GHGE Gl RPHEHe, i fhy e fumace
c@ﬁiipt?igés S8R SRingher I WIcE Bemprades @wbpart tahe adlodogepart .he
me

, a crucible and a crystal to be pulled in
respect to a second rotatable object which is

6§i ff erﬁlrétz%}nhdgg agcaoir&’ingtto hRAShin? BE, cHarhSteriz&d & 8Bt fhe furace further

bj ect".
comprises growth chamber comprising a middle part.

64. The furnace according to the claim 56, characterized in that the furnace
comprises a mechanical connection between the said at least one hot-zone part and said top

part of the growth chamber.

65. The furnace according to the claim 63, characterized in that said furnace
comprises an arrangement to mount a first set of hot zone parts adapted to a first or a first

range of characteristic measure of a crystal and a second set of hot zone parts adapted to a
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62. The furnace according to the claim51,
characterized in that the furnace conprises a growth
W@ b@sozis72 whi ch conprises a top part and a bot PORFRONTI000217
63. The furnace according to the claim 62,
characterized in that the furnace further 25
conpri ses growt h chanber corrp@li sing a mddle part. 64.
The furnace according to the claimb56, characterized
sdcond bat setndf tanpaof chamcvtpnstsesea;surce@ﬁanr}@wl saich sese mitemged to be

bet ween the said at |east on -zone .par and
ingPangae BV EHRe G DR L s A 3 5%ed B8lla 2R5yE Bidtesses.
according to the claim 63, characterized i n that said

f ur nace conprl ses an arrangemant to nount a first set
66f hoThe freaqsaaceerdingatet e claymeb, icharackrizedsinythat, srﬂéwgéractenstw

oSop LR AHELLRL EuPSERiaP e 4TI 5008, BRRgE0Ror vo e
@%&Ek@ﬁ&?ﬂy@@%ﬂd 61 second or a second range of
ar

acteristic nmeasure of a crystal, said sets
arranged to be interchangeable betvveen a first
gr yst ?he Quedh a&%gdlﬁ% 3@ GRY @1a%yést Q::ha%&‘!\tlibdofrpﬁf%? S48 first and/or
urnace according to alm 6
sedoad aett @nipzises atriedshahe of ﬂlecfoﬁtmamqiaetsa 3 tubular Bndren somieal member,

is at | east. pone of the
a%rrgﬁgfagqr ST {en FUsCPRIFF a7 f’h%ﬁ%art?fsi‘ﬁ‘?m ma%%ﬂf Said Pits.
resistivity of crystal. 67. The furnace according to

the claim 65, characterized in that said first and/or
682condhe durmecarpedosding 40 th@a@amo@ﬂe chmragterizest inpifiahgaid first and/or

a_tubul ar and r conical

sPa R BrirPE A sranbE rofbeR e sIRaAG otzt e of pid parts.

conbi nation of said parts. 68. The fur nace accord| ng

to the claim67, characterized in that said first
69ndLogrowing BEod o CEsiALY, ICOBBTISINS A eRAsHarYCRIMSS SYSw) pylling phase
Saj bwff)ﬁcrxste 1{ 8l ﬂu?ﬁ'g E{eﬁ 181§s Shafa@ifet 1&§h§9the%ethod comprises

ﬁoc} conprising a preparatory

sﬂbaﬁ% a Satyo$hat zgnel Iialrtﬁ gm@/bamsulaang parmhnﬁmnm the furnace for a growth
post-pul | ing operatio char acter]. (% ntha t he
0 t oviER gé@%@%ﬁﬁ@wﬁ@sﬁg Wegertifs Gihe et ‘parts

and/or insulating parts to fit into the furnace for a

growth of the crystal within a range of
76h a@agﬂowmgmlethoﬂ rod pblﬂltllGQs clfracteuized ysthat it codpriges astep of selecting

gl S BateLr proyieilis Mecnn FOBOREH oS ke,

providing the melt fromwhich the crystal is to be
pul led. 71. A grow ng nethod of claim 69,
78 haragtosing methiod of lskermi6d, elargetesized i thebis compEassetismef selecting

th

t]Be seezlgé Pﬁgﬁ& oY %t:li]k% fop I'O@ldl%l%ethﬁ ?f}é ?ag ?o\e/ B%@&g \pﬁ}\& E&%ﬁ%}t&&cﬂue.

nmet hod of the cl al m 69, characterized in that it

7]?0.:) gp\,e; ig;sq?quipg]a gjlea%{dl ‘%f%h% gleai;rg %bgglzefrg{e;‘{eglggnd/ O | hen%aﬁges adjusting the
agjfl@ép%rggandfb?ﬁ{eaééts?fo%q{;tﬂerhottgaﬁe.' t conprises cooling

73. A growing method of the claim 69, characterized in that it comprises cooling of

pulled crystal.

74. A growing method of the claim 69, characterized in that it comprises exposing the

melt to a magnetic field.
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30 pulled crystal. 74. A growi ng nmethod of the claim

69, characterized in that it conprises exposing the
woredos/0t87a nagnetic field. WD 2008/ 025872 PCT/F12007/000217

PCT/ FI 2007/ 000217 62 75. A growi ng nethod of the

claim 69, characterized in that it conprises opening

the growth chanber for taki the crystal out. 76. A

growi ng nethod of the claim69, characterized in that

751 gogpwirgemetHodarfithg clahe 695clpravtenized amithat itadameprises opening the

grom ng the crystal and/or after taking the crystal
go¥th Chaﬁl}b%f@rr‘@%(ﬁ“ﬁgh‘?@yﬂ%o%f t he cl ai m 69,
characterized in that it conprises: - feeding a gas

flow for an atnosphere to a growth chanmber, - dividing .
76n Angowimmmefiodwfitie tlain §Poohdracieriapdin thet & cerinrisey cleaning the

artial flow and a second, .10 ' . e i ng
ehiith sErabsriatsh prevgns BER 4 FayBEior iy ool Bh
the nelt surface for formng a secondary part of said
first partial f|0m1bé@a gui di ng surface, insulating
T1SES.

72ai d Argowing maihad e6therstpamyb S gharactorized jigthat it spmp
artial flow fr ' i ning the
- (SRS 80 é)%fort%ﬁ]élﬁgcg 8%2‘?%%03{1%10%? rg first partial
- AWML A8rinphioges flaw tol thetdrewthettanttempeo at fissepartial femliang a second
at least said first partial flowto exit the hot zone,
partiabfleWng a second partial flow, to avoid the melt in
S8 R T shiderst Yarig! A kdvi 3 8s tHeQaéloBurfRS fér forming a
sﬁg%lﬁﬁﬁééﬁélﬁ?‘%‘?&q?? S P o wthad of T aim
séDndalyarastatfenidAest pantial Hatw byt a goidingissefecd, n t he pul i ng

phase a .rotatin t | east one @bj. of t.
Pt il SRRy 55 8o P oGt i i oer o
SUSEERLRing thi %erﬂlsérﬁtuferbff RS BRohddrp pan of terfirstAShrtidlflow at or close to
met hod of t¢claim74, characterized in that said

ex plosinaly terhigeratgte, to the 25 magnetic field is made so

hat th netd ¢ fi.el -t ue in a first
‘ﬁ%???b‘kg Bﬁe%%ﬂgé&ﬁaﬂﬁ% gloiuﬁtg grﬁ*tgg{aﬁ&rtgéﬁ%n bet ween t he .
-MBidingRdedond partis kv, toatadd pid inell intic @usibleamd/or dheierystal-pulling
in a_ second range_of values somewhere else in the

nelregiongs apheatheehBevd® 2 ¥f-m 77, characterized in

that it conprises feeding gas 30 conprising Ar during

the pull. 81. The nethod of claim80, characterized in
7ghat  iTheanethod seelafne 69l ahgracterizesl intthat it pemprises imthe pulling phase a

rggzigg Ia:t, E#S‘gf@né %i&fﬁcg %.giﬂgeur | o%ﬁ%g/e%\g %g}gﬁf to%be {)Xﬁécﬁ Ithé Brucible, the
SEQ%&%QQE{&QQ%QM%i@%tﬁgﬁ%tﬁé@r ably | ess than 30 sl pm

or a crystal, as an average oxygen
concentration of

79. The method of claim 74, characterized in that said exposing the melt to the
magnetic field is made so that the magnetic field has a first value in a first range of values
at the interface region between the melt and the crystal to be pulled and a second value ina

second range of values somewhere else in the melt.

80. The method of claim 77, characterized in that it comprises feeding gas

comprising Ar during the pull.

81. The method of claim 80, characterized in that it comprises feeding gas so that the

average mass flow of said gas during the body of a crystal is less than 50 slpm, more
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about 14 - 16 ppna according to ASTM F 121-83 units.
82. The nethod of claim69, characterized in that the
woredokoessrTs a nmethod for a 5 silicon crystal. BGI/FIENS/000217
nmet hod of claim 69, characterized in that the nethod
iIs a method for a germani uchryst al. 10 84. The
nmet hod of claim 69, character 3%ed in that the method
is a nmethod for a crystal conprising an elenent from
pieffezatsigidss thayr 20 lprBSor Tloeystrbtwitich bas & ayerag@4oxygen concentration of
characteri zed in _that ogd,l.s..a nethod for a
oy 4 a6 BB RO AP B PRSf o, '35 80 The
nmet hod of claim 84, characterized in that the nethod
is a nethod for a crystal conprising dopant from
8% gr olibe n@thodAof claéma9, chargcienizad; E’eg‘at the pgthody isj a; method for a
igirgde according to the claim69. 20 88. The crystal
§ %?%ff’tﬁg to the claim 87, characterized in that it
conprises a sem conductor crystal. 89. The crystal
according to the claim87, characterized in that.it,
83onpr Thednethed pE cliim 6% rhgpacterized Ehaﬁglf‘eem@? ig| 2 method for a
9 tal according to the claim 89,
g%’l%%arnécnﬁg iSézéZ'd in that it conprises silicon, gernmanium
and/or their mxture. 30 91. The crystal according to

8}42255 lea% ?%gg@%ﬁg%iﬁg gé,k@%??étgﬂ%egﬁb %ﬁ%ﬁ@%ﬁﬁo&%ﬁﬁa& method for a

; i HenfoR (HORABEN-gWRH 2008/ 025872
c&&%?lg?@%lg% %%18%%7 n64092. The I}:ryst al according to the

claim87, characterized in that it conprises at |east

ne of,the follaw ng: ,poraon : : LY
83r seni @e naf‘:tﬁﬂc%l ﬁgﬁf:laugla??,i %hr%racl:tggl?%fn Iﬂg ?ﬁkﬁ éch%%ﬁ%l na%lsl a r%nethod for a
cBfstaAtompPAsihg H¥PantBidkd OBgebubn any proportion. 5 93 The
crystal according to the claim87, characterized in

that it conprises a body of a silicon crystal having

di ag?ltﬁgrﬁ?tgg{l e llaid 84 a{-}?&r%é%ﬁz@ﬁn Wt O er‘né%ﬁ&cﬁ'isa% method for a

tcor he claim’8 racterized in that i

SR CompHsiag dopant fiwim ¥-goup.con crystal having a
| anet er between 150 and 500 mm 10 95. The crystal
according to the claim 87, characterized in that it

npri ized iR thdt HAnfakY 86cRkdiRAYd 1hE ciaim 69.
I amt%&gg%’&gg%aci%zegﬁg ﬂlﬁ%oﬁqﬂm 96. Thlegcr ystcallm

according to the claim87, characterized in that said

808r. yst a1lhehc{‘flr§/st%l according to the claim 87, characterized in that it comprises a

semiconductor crystal.

89. The crystal according to the claim 87, characterized in that it comprises a crystal,

which is a single crystal.

90. The crystal according to the claim 89, characterized in that it comprises silicon,

germanium and/or their mixture.

9l. The crystal according to the claim 89, characterized in that it comprises at least

one element of the ITI-group, IV-group or V-group of element as a dopant.
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15 carbon concentration essentially below 0.5 ppma in
the end of the body of the crystal and/or at a
w@omsnesm of the body where about 90 % of the P@I/FI2007/000217
charge has been pulled. 97. The crystal according to
the claim87, characterized in that said crystal has a
carbon concentration bel ow O. §4pprm, advant ageousl y
bel ow 0.1 ppma, but nore 20 advantageously bel ow 0.03
Ppma. B8 crpstelhecovedingto thegdaieni7, chacdcsérimedi in that it comprises at least
characteri zed in th in the thermal arrangenent, . .o
GG Filofte: birpn Rbesohoa bRy aseit AT oHEL gallium, indium or
 @Inhisthatig EMs RARI R0 Heridh&F inSany pPoffisn.a set for
setting a thermal insulation: a crucible, a susceptor,
a first shielding 25 nenber, a second shi el ding
nber- L[S sk second,4i sk t uhul apd/ or .
dcggni caTheacﬁt(éﬁ%le%?C%fne %togbhrefcg%lg 8 Sﬁ?‘?g%cger&eﬁtlﬂzﬁ%ﬁgf’ﬁﬂ?nses a body
flarsilioon cpfstdlhaviap yli@hetertbebrtenstoumiuneo paat of said
object. 99. A thermal arrangenent system characterized
in that the systemconprises a first 30 set for
etti r i [ f [ Sk raml. .
et angaant o Reardifis ) Bl 0, ot i MRl comprises a body
afhailxoneryssdl heving aslisngectarisbtaeselSOrmd $60 nirar a second
thermal arrangenent for a second crystal with a
second characteristic neasure. W 2008/ 025872
93CT/ FITERQH QM08 brdiRP 1ol 8- clakhes 1 Qﬁﬁfﬁ%ltel?ieﬁamgﬁeg‘?{'&ompﬁses a body
system according to the claim99, characterized in
aflagtlicon caystal bavipg asismeierhetwemt 150fand@d0tebl e parts to
forma thermal arrangenent for growing a crystal to
be grown to have the characteristic neasure. 5 101.

gbhe t hEhdratysal baRgEAENS By SEMSIC CRAMCRFiZe@ ihRatCafi Blystal has a
99, characterized in that the first characteristic
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98. A thermal arrangement of claim 17, characterized in that in the thermal
arrangement, said at least two parts are selectable from the following ensemble of objects
to form a set for setting a thermal insulation: a crucible, a susceptor, a first shielding
member, a second shielding member, a first disk, a second disk, a tubular and/or conical
member, melt surface, surface of the charge, surface of the crystal, a sub-structure part of

said object.

99. A thermal arrangement system characterized in that the system comprises a first
set for setting a thermal insulation for a first thermal arrangement for a first crystal with a
first characteristic measure and a second set for a second thermal arrangement for a second

crystal with a second characteristic measure.
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100.  The thermal arrangement system according to the claim 99, characterized in that
a set comprises a sub set of mountable parts to form a thermal arrangement for growing a

crystal to be grown to have the characteristic measure.

101.  The thermal arrangement system according to the claim 99, characterized in that
the first characteristic measure is in a first range and a second characteristic measure is in a

second range of measures of crystals.

102. The flow arrangement system according to the claim 99, characterized in that a
said set comprises at least one of the following parts: a first disk, second disk, a tubular
and/or conical member, heat insulation in the tubular and/or conical member, and a pre-

defined ensemble of sub parts of any of the mentioned parts.



