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Quartz glass cruci ble and nethod for nmanufacturing the sanme The ?ﬁat
i nventi $#¥ ates to a quartz glass crucible for crystal puIIingz%\ﬁ N<a
crucible wall, conprising an outer |ayédr of opaque quartz glass and an

inner |ayer, wherein the outer layer has an inner region and an outer
region, which is provided with a crystallization pronoter that effects
crystallization of quartz glass with formati on of cristobalitﬂmmmmmmﬂmmnwm
quartz glass crucible is heated during intended use in crystal e
invention further relates to a nethod for manufacturing a quartz gisagss
cruci bl e by producing a crucible base body having an outer |ayer of opaque
quartz glass and an inner |ayer, wherein the outer |ayer is prgmwmﬁmmﬁmmmmm
least in part with a crystallizgatemt ApplOaténi N an outer regi

surroundi ng an inner region, the crystallization pronoter effectingcooooz*

crystallization of quart:ﬂ]&hggg dﬂéﬁﬁiﬁ GRbI'E elo. W@ st obal ite when the

quartz glass crucible is heated duriing I ntended use in crystal pulling.

when si nat o cr PUPLRSIEsE Ty iIE apy el SR Emaifre Gl rihante, oo™ 1
this nethod, a seed crystal of predefined orientation is imersed in the

melt and then slowy extracted. Seed crystal and nelt rotate in different
directions. The surface tension between seed crystal and nelt causes nelt

ecti ce ory
and as 4Feuari S Hof i SRR o B R o i A ool e

t hi s putiucitde walic essiprising aruanter layeas$ opaque hlertz glessgreche thrfeviayeeyer al
hours to. hi qh nmechani cal, chemcal and thermal stress that, it

: nmus
wi t hst aWGeUFTR {og PUter RIS BN HASHEEYON AREALPHET KPR hIEh & Bf%‘ﬁ%
def or maj, gen & St t to be
recei ve%t? %recr:rg@%,lllz?ﬂgﬁlp(g%rglg’ﬁé?ttﬁgt' ﬁﬁt?g SE%]Hn%ébﬁ?J\gqayﬁ‘abrléé);S \y'lyghenhance t he
t her mal fasmatiohiof griefobialite \when the gliakz glasaciritible is theatedsdigripg indended @&se A 748
885 t hat thet el u&i bl e should be provided with a surface |ayer of
cri st ob® ¥R RHERel t i ng point of cristobalite of about 1720 C is mnuch

hi gh 1 the nelt] t f ti I ' duct
ot or | all B0 (PPURE THEAE IS8 50 AEBMORGPE MAMMESHATIY g UPBASUASS GHEIa BY or

exanpl e ALOS: - tgﬂg,q{ ; i ld R he

gl assy g[ﬁ'@r@%?% of gbca-é%"rer i aﬁ@ g@giu%r'ﬁ%é}?udga&uglﬁ opa%ﬁ%,gﬁd a

bubbl e- twer &yer ngherein the glites Byies i preyided atileastan placnwitab aydtatization

cont ai ni_n substance? that are corcljduci ve to the dﬁw\:{ei tri fhcahi on of geuartz
gl ass i RIBNEIFT 1 BB QUTe"degiog SHITRHNANG, # JINST raaion e e §rystgliizgtion promoter

al kal i neffeetirigcrpselizaasn P guarte graraumits faffatioR &I RRBbaldteavhen Yisd glbitzat i on
pronoters; barium hydroxide is preferably used. Wen the quartz gl ass

cruci bl glass criecibleds igatas dutingriséendeas eseicepsliohgulingo C for instance during
the intended use in the pulling process - the surface of the pretreated
cruci bl Quastziglassyenuglblés ate usethforf exarapleoforsecaivingttbe anétabmedt wizen whi ch

resul ts _in,a higher nechanical and it hernal, strenath of the quartz al ass
ey uci br SO PE Pre B e fle SEPafetl C2Ben RIS Bifided 1o S afleotadedd
crystal tiyaed o@b?&iefin@ﬂ&friérﬁéﬂdrf @Snﬁﬁbr@éﬁliiﬁ i@mbltmn@%éﬁismwe&ﬂ@cﬁd.t he end
of the process that |eads to hi Ig?h costs in the event of rejection due to a

def ect amedicsyssakanchelgf ratateiit different ditastiens r By svifrssiedsigrdpetuegpl e,

bari um ' j ' j ' bof o it ot he
car bon g%'(%?(?yg@r? nt% h@bg!&rla M? %gﬁ%ﬁﬂr#goéér ?@?ﬁ\}r{:%f}( Ek’ﬁ;ﬂgﬁ B&eg%égdg&\txé%hlgbr{g out of
thi s submditegradually freszes and as saresal wblidifiés tad dohtiomousipgfewing dirgle i but i on
of the crystallization pronoter over the crucible surface and thus crystal
growt h anvetali incthis pyllingeeasess| themluartziglass puicible s sighiastedjobsevaral Bt z
gl ass Cfdjﬁi Rl e RANIGAT 85Em Fc'é?aﬁ&ylﬁérmc#l'sﬁ‘@gé %thﬂUQtt\ﬁﬁh:?thSWﬁ{out .
crystall1zation occurs in the desired manner 1s generally not predictable
and only transpires when the quartz glass crucible is being used. In
addition, bariumexhibits only slight nmobility in quartz glass, with the
result that the thickness of the crystallized surface |layer in the known
quartz glass crucible is low, it is generally around 50 um Such a thin

| ayer can easily flake off and be damaged in use. For this reason, the
known quartz gl ass crucible is not suitable for



220334 22.04.02 3 receiving a large volune of nmelt and coping with the
acconpagiin | ong process durations. It is the object of the prgﬁfS%

i nvent i &#03 provide a quartz glass crucible with | onger service4 92and
to indicate an i nexpensive nethod for 2he reproduci bl e production of such a
quartz glass crucible that enables a high yield with regard to the crucible

dth ' ductor, material f | ti h in. W. d th
o D SaR R o Bal SRl AL Thbh. P5e IR CE cnlt bR SRR 1° e
begi nni gy btmBRiE Sk regeidel it A€ WdleRthd Meltiy tif¥susLaNy hfe, that the
crystallization pronoter contains a first conmponent” acting as a "network
net vor k' PRIRERE? gl slabiREDt Hethart qst B R : Rlodtiied ™ 204
conponen48 886ithat the cautiblecstiquaid be drovided Withna qudate laykeas§ cristodalitealThsai d

conponents. are confained and_entrapped in a dopi. region nore than 0.2 nm
Chi ok BRITER! finjaraitont APovel 4, C fuMueR g Qb BoR AR Mg yat al 5. ¢ he
quartz glassafiresidpkbeniéntifal §9rn§dbn@u3ﬁﬁ{hﬁ‘ét@Fi§Fs€(irﬁt¢vl%Vc%§@'tﬁ d'8lioM ehelt

d
tenperature o?jrtﬁe respective sem conductor material (approx. 1425C for
si | i conjhe meltegsentpeadtuss fsedor efample, atowndt 1420°Cs. Thgenerate theagnistobalide s

(T SRt PlaP b el rOa o SBr e B R L b lheleor o
crystal bhsabidahtéiﬁirfghﬁ;énﬂ@és§wtfr@§t@dcwlitﬁ aenaxdddl ZsoaJtiagsmwmn@I e during

use. To this end, the crystallization pronoter in the doping region is

cont ai nedbstancesrthahare gpadugiventa the dewitrificatiaruet euartzoglass éve ceis itfe i zati on

put 11 gt EpAATRRGFOITAERR, Bifaf dbaRer s TR AhBRR O ool Welcl b &
i s mel t pgbohmrherged 48Qristalligatkst plomatatd; ®aridut hydroRideds préferalsty usee. quart z
gl ass crucible is avoided. For, ow n% to the differences in the

coef f i cVhanstherauaiiz glass erysihiaiivheaeddipia 2 tenpeatygexcerdingottdq € and t he
hase t i s LI | A i = Cry j /5 C a
Cryat al (03588 Bl Sts hndeE LT iR puifd Bicbels Sihg PR E U pe” 3
can | eatltebtedcaracibte wall erystaltired ondardfotrmatiorodf tirstolbalite] & Fact which hesultideal
case, the quartz glass crucible exhibits no crystallization after
manuf acedighenstecianirandPeimarsttanstt Shine @verét 4es SRGBR nuci ef i n the
doping region that are not identifiable under the light 220334 22.04.02 4
ni cr oscOpBlicatignyofithe crysiplizatiaiy rromuteetesgenripientye; ivelatigad gséerdpyehe quart z
| ass ¢ I: LZat.i i ial im the
dopi ng. 5SS SR ibkocdig bk dthe ML REBRRssS hat BEGLIG nIcR
mechani castsamthe aesmtedf refeabioh dug tofa défectopral iszextleassly difficulbtoerezader pr ol ongs
its service life. The quart | as ruci bl e qf the present.invention
i 11 or s FARFEAVEIRE: RO Gk LAy hBuToK e o P AT Slel pRRAl0 SRtk

crystal {yithdhé QBridPaRkRle ih%hég}rrtél?&‘ﬁ‘#bbﬂuh@rgﬁrﬁ’é@gw&&% Wedhing BuPHt er
| ayer. The concentration and distribution of the crystallization pronoter
in the ths eubstapee is samperkt as airasdt.do@dddionhanifemutlistibutiongofdhecess. There

is no risk,of unintentional ange.in concentration or distgibuti.gn, such
as dur! RStz Do SRiote e ng A Rt iacs abednus Pnlaldivn,are vitdany
concent pAatdRiFolRbR. TTERGH ST Br RARAIRTELUST Rk Quantl Gl&dLauchs nayediragalhg unti |
the crucible is used as intended. A further essential difference fromthe

known qoastallizatigepremedenVéhetbascrystallizationoceres intthgdesiied Mayiali$i zat i on

pronot e [ - S j it acting
B et UBR A REprétiptaBRhnd BNRARPER Mer AR A, A br PRI o2t
| east aused.dnddditidralbariont exhibiteenlyasighheobiliaein qearkesglass bridakeoresultf or mer ™
in quartz gll]ass. The second copponent acti nginat%g"breakpoi nt former"

| S

i s al
ternmed HataheHiichiess offhe srystalived shntage layg KNOWNBAEAKE SIFHS quP'lt?g s? >

are is low: it is generally around 50 um. Such a thin layer can easily flake off and be

damaged in use. For this reason, the known quartz glass crucible is not suitable for



considered to be ions that degrade the quartz gl ass network. The first
conpone cting in quartz glass as network fornmer and/or as net
transfogé@‘fs hereinafter termed the "network forner™ for short%g{f’é}gs an
express distinction is drawn between "Betwork former in the classic sense"
and network transforner. "Network formers” in the classic sense are those

i ons whose. oxi des form a ass, network through_the fo t yhedr a
wher easre%é‘@%?ﬁantglea@'@?%&e” QP% Camﬁ‘@r‘@%ﬁ% %c%%pqliynrsg !ﬁﬁ]% ;ﬁfocgg&% hough

t hey al g@,raﬁghs_"transfor m' the quartz gl ass network, do not form points that
break the network. "Network fornmers” in the classic sense for quartz gl ass

are  2g03g% éo et %h%i)ﬁ?é}ﬁrlﬁ\yéﬁflohqs p%{ug%% dﬁar{{'ﬂgg hBGi FHF\ EPnt S

titanium 2172 nrum ermani um an trans
consi desemhdedlfbandftormdmamnre;nelxpeoswe mmmumnthgabprqdmplmelpscpﬂwlas of

t , di b t Th d
et ng. SR GHRRHIIRSY GRie L EreBlRecR Nt CaEii (peaid 16 I GrERIRANGn of

t he quafHeZsdhrdpdubies MAERS bPnidithd thefslhi on, |t is an alkali-netal -free
conmponent, so that the risk of contam nation of the nelt by alkali metal

Lons T iR e @B WABhe fioh HRCBRL ARl ghdouRmIEATIIRABYS MY

serve as a I et reak stum calcium strontium
and bar authe Bdgnming sthid bbjechig axtﬂe\@ld axfcordiiag td»ltrwlnpenmn frothatthe i s
supported by the additi onal f or mer rtllgﬁgact,lon by the

P oo £V ton g Mot RN tRiS Aot GOMPanE R aBa Es S aere i 8 of the
glass shuyet Ui Lin LaqRRAdyaijter oaRy¥Phabld 388l @hubfk FheseRabrg gl on a

| ower ‘concéntration of "breakpoint former"” an woul d be the case w t hout
the si nguadnglass, pnésaesamndf altkhh»rﬁetet free cofrpoment acting asvac braakpoindt i on of
"br eakp%i nt forme as se vant a uant i

" br eak ptSirHer f'(S‘rqH?rrtz Q?ﬁs s?ﬂcf{r@ t&d qocSnrp%ﬁq,ts ?ﬁ%cemé@l?é’i N B?ﬁﬂ%ﬂ P2 ass.

A | ow vu&sﬁglrbgudn&ndresa@\ﬁamtzagmu&:ktlﬁth@@uffeﬁf l@yatuartz gl ass crucible. The
fact that the concentration of "breakpoint former" necessary for

cryst al {ye L8y F&?Lﬂﬁg@ﬁlcbﬁﬁbétar E@/’%té]é’%éﬁ&'rﬁiﬁaﬁ é@b@l@lsorﬁeéteé tpaesent

i nvention neans th I t's viIscoslt weril n influénce 1s | ower. Even when
t he di stemperatwe ahmrfefthemeitun@temperatwﬁem‘nbe|rmpe‘o¢wm§emlmn®4dt¢rdmter@lI ow,

hel d. h i pal |
hnac astapmaxa 428 Eet sMEeb? o SEhyRLeSTEE oDl nkShan BandLRRLHR o o
are | ”pﬁlarsg%rué: Ble He@ an bﬁ[%?%‘yer%n‘fﬁhl'ng érftrdp?)eﬁ%f%téhlké’tlérﬂpl‘cﬁﬁ@te? i a

concentration of reakp0|nt or ner | ow as pOSSI le and to set it onIy
as hi ghdasmgsreg@@éwmryser@es rgube stcaréng@@irrté@r iodyeticn of Qrastadjﬁaaonﬂmt:haquar tz

gl a5 ofhar AEHRLISC L IRL e BRI SA0EANRRA IS ] b2l AR I ESfor! 255

but onIy In conce concen wor k
f or mer " pramobier irathe @asplngfregionaé)benteirfe@cm eolnnahher ahemuaatltyahdt isestiitaditoal
ropert of t
prop I ﬁgct crystaﬁ‘lzatlon of quartz glass to cristobalite at the elevated temperatures of the
crystal pulling process, for example when the silicon in the quartz glass crucible is

melted (above 1400 °C).

Crystallization during production of the quartz glass crucible is avoided. For, owing to
the differences in the coefficients of thermal expansion of quartz glass and
cristobalite and the phase transformation of B-cristobalite into a-cristobalite at 275 °C,
a crystallized region would induce mechanical stresses during cooling that can lead
to cracks in or even to fracture of the crucible. In the ideal case, the quartz glass
crucible exhibits no crystallization after manufacture, but at most shows microscopic

crystallization nuclei in the doping region that are not identifiable under the light



220334 22.04.02 6 cruci ble and woul d increase the stress on the

sem conductor material in the formof foreign substances. In the qggrEZ
gl ass cf43¥M e of the present invention, such a high concent r at 14092t he
dopi ng region is unnecessary since the4"network former" is used in

conmbi nation wth a "breakpoint forner" that facilitates crystallization

Mor eover .smal|l a nts of "breakpoint former" and "netwark forner’ are nore
cost et TUPRURPS I dhe FmRp Rt 2ees Lnadr hed U e ahg SERME oo on

pr onot eéru‘cikﬁé’mdsstbrtgyﬁam%%rﬂ%ﬁi@ﬁ‘_e@éer?tia"ll?@c‘é’@fski_nftﬁé Wpingfegich obfheakpoi nt
former"” - thus ensures crystallization in fhe _dogl’glﬂ? regi on that supports

t he necbuler iayersThisiarystallizatiarhienproves theymessasicatand thermial Btaklity pétheeed f or
hi gh concentrFlti ons .. d "breakpoint forner"” to

r "n tvv?rk fornmer! an

acconpl HY#Z gass C,&gc'ﬁerﬁ%cﬁp'io,OQQ'?e'?SeS?@'Cg "Bwer risk, conpared with the
known cruci ble, that forei substance will get ipto the sem conduct or
melt, SENeiMar dasheicle Ptherreserby entiam RS AIRTINE kRduN diarizglass
attai na@r'u%’bl&'i?‘?sé&éé%? Rlshg@t i on pronoter is contained in a doping region of
t he outer fayer and entrapped therein. The doping region conprises the

. _ . . ' . 0 2
o oo Th P A EHHBL G SliReBhun ghRETREIr] S P el o
comrensur at elayeni Thencdmdaritigion,and disktibutibh ohtHeowwstllization ipsmoterdetiae hnent

of, or damage to, the layer during intended use of the quartz ge!ass
cruci bl e. Theulgiidayes igpeadeteiniped daripg the aiadHing RIRGRSSoANER SV ded
wth a trans i inCYHe ; I : from
naturally OC@%IE ?F%Bmm{oﬁgféﬁrﬁm( qugrgf'tzr?h%?6¥Pgmbsd}%ng{}%ggdggngo avoi d
i mpai rment  ofrah$gort onéiling avigr mehr Ohigdistrinstionl and ednaemtiationfeze diogriefyer egi on,

provision is nmade f spatial separation, spanning.at .| east the inner
Pegi on of t hERSRRkFDleagB. cigarAIEa LFrabie:Hal ey Brtiads HREC A3an ke PRy on.
It has proved fparti cularly favorable for the first conponent acting as
net wor k f or mérfurtbecesaential diffiesence /fiprarthe knpwnaisstz glags graible Zopaistpiny

These are coppo. 2 1 S~+SLLd L 4+5) Lo the
conpound Si 0% {%ﬁ?g%éh@%%@@@ﬁzﬁtﬂ%ﬁr@ggﬁé%(eé)o?ﬁ&g%e%n%tr%é%}gg@ ér?(?t' p%@(%drt " any

i nfl uence onnahelyeh fiestrcomsoredndctihgas “hetwidne fahieg! er as Yisdtalorkf it were to
get into the nelt because it acts neither as a p-do&%nt nor as an n-dopant
in the silicHANSiONGEE 1BAparigIglashase afleastacserand. pleHeretal-figet he cl assic
sense. El ene G " rmers", that is to
say the el engéﬁlgghgﬁg?étﬁggaigo@ééagy)wZ[%rﬁ/ggrrk't agr@;@?%g'rs", whi ch are
trival ent or pentaval ent substances, are readily conducive to entrai nnent
of primarily_alkali-netal-ion contam pants in fhe guartz glass by way of
bal Ancing t hANEIEEPRY GRMRAREDh gL Ra r FaRpaN ofer iR ao GRS i g of f ect
i s avoi ded t Rerigdtdre Bieskint RHhavabeshort NBrdsKdointToMER" ardhe preferred
tetraval ent substances are zirconium (Zr4+), titanium (Ti4+), hafnium

(Hf 4+) and/ ocongidetad torhe Ges-that degrade tite quafiogiass nedwatkai ni ng a di val ent,
al kali-nmetal -free substance and acting as a breakpoint former, has proved
to be particularly advantageous. Even | ow concentrations of "breakpoint
former" are Thadist ottnpondrtisstioga guertz grasetdsonetwhec forfienantdfortdse present

invention, the concentration necessary for this is further reduced by the
fact that, iReHRIKtTassfarparie heinaflgiderned heeretwark fopmeakighsherttbigssy s
one or nore QF; il i [ i "
preferred SUBE% ceés% (glrg{elﬁ?{@ |aid\$/%\f}@%ie?\hg§’rga¢éliyvheh{fgofﬁ%{ 'er}gtr{)egg?ggnc (s %ﬁgi)

and/ or st r onahd mefBo&itrandbamhentNetwpkfointersain thesclassiabéreserarecthiose for its
|l ow nmobility, in quartz . Iazém)so that the crystal Fed zone .is readily

| i d
restricted tOMSHENGRHPNHEF &YMA ARF Retiopk hibdoR e Qrmaliep & eehde @#th the
| ocal distri Quh&dl Glet tran &8 é’r's“"ér%ﬂﬁ&@rrs'food-r fod [dn3lwiReN, 4 cond

conponent advantageousﬁ?ﬁ%ave ahﬁlstrl utiron coefficient in silicon of |ess
t han 10-5. Athmayaditerdirstransformbdthecqedt giasanetwmsrily do noh&rm peintsethad t

possi bl e conmponents are ingprporated into fhe crystal nerated during the
DUl Ti ng. pr ocBEARRg THier. S bors TaiTaetr ShiNE Greterense e b AT ed. A
particul arly successful enbodi nent of the quartz glass crucible of the
present invention has proved to be that in which the first conponent and

t he second



220334 22.04.02 8 conponent are each contained in a concentration ranging
fromO0.003 nol-%to 0.02 nol-%in the doping region. The concent é*@g
val ue ?33%s to the concentration of these conponents in the d%g

gl ass. At concentrations beneath the nBntioned lower limt, conplete
crystallization in the doping regi on does not occur. It nust be borne in

m nd that contam pants i uar | ass _gen ronote.cristobalite
f or mati on, %e@e;{gﬂy %O’f'ags @gsh} @i'owgﬂt gt' Sa}tﬁh“g” AEEEU R onpl et e
crystal Ii zat homids ¢@rn%.eeﬁp£rrdﬁ¢ “RieBRoMPAh SO SRTRRNEH siGOREABIIRFbroN 1S
beneath the |ower | . The concentration range descri bed above as
preferred thexamhplee bordry alppinuss, galilen, phesphooud, Sosemiatantimeomopi ng regi on -
apart fronfthe stal lizati o ter added as dopant - consists of pure
gquartz glass '*ﬁﬁgup85¥39qnﬂngﬁﬁgﬁg§ted for the preferred concentration
range ses fromthe ne d to ke ntent o rei gn substances as | ow
as possi uct or

2The S26pid Chiggeen td'rt%s ﬁ%@é@gaﬁ? Jortah acptin s e dSematiig
mat eri agy %IZ%ttlafi ogtlg@ghéﬂ?g /_ Oog‘lottlﬂb’in\flé’rﬁiofhcim@aﬁfalﬁdlﬂﬁib?dl -frad 11 ng.

Concentr tions o for each of the first and the
second cmmponemit shdlvat tpecrisécbfpanteiminhﬁorh pf tevaett dyekali mlertelaorparlttheul arly

preferred i ment. ass crucible of the resen i nventi on,
Phe 11 rSvacoasnariciais rv & Tk BlATBedr RNt mayRre S ltRhe dopi ng
regi on pftdifred Bréakpbirﬁro@aersem@gﬁeeiund camiirpi SrdvdtivniaddHmenents. A
crystallization pronoter in the formof an oxi de compound containing the
first C?H@%ﬂﬁﬂémﬁpaz%ﬂ@n%ﬁﬂﬂ?qNégﬁﬁﬂﬂﬁﬁhngﬁﬁs%ﬁpﬁoﬁﬁdﬁgYOXI b@gR®nal Fi rst,

t he proportions (6] e respective co onents I n suc e conpound ar e
pr edet etnetwerk idnmedvancsesummmm@actm by ittrey“r@itvods foomer’amay bedattribgited to

Mor eover, .this avoi conmpasi tipn rob ens.,that can arise ._one or each
of  the. EbinibEERE %G8 st e dok blRBs Amet Rt i iR or S etelipfige &

chem cajheCAsMAY REGISH a%wa‘céﬁ'@erft%fti@h(ﬁf ‘BreaRpBR W rtherntidnaivBuldeiethemor ,  at
hi gh tenperatures, for exanple, carbonate deconposes to gaseous carbon

di oxi depaemwthoutrt@ieeslmuItamewmpregesee of ther ‘netweortki formeeaddovsanegatatiem| e
and uncQ || abl a8 or.mat | bubbl e formation in the crucible
or the 8€§P£$%'fp°d”eff’?‘ii§ di%fn%evfﬁ% etad(g/ggﬁi;%rsfnecessary burden on the

envi ronnent . 20334, 22 ect to naferial cost s,

9
cormpound ffar §H?r%|sqtf%it't'?ﬁé’?ftPrreEf‘p%'PtA%orﬁ@es e@@rﬁ}' %btﬁéﬂwer he Eéﬁ%ﬁ"é(t%f
chem cal r t i present
Cnvent | on by Tuae laskl A IBn A A B0Es R T 40 airdglase D
result of theruziidentke fffctrbl’uatetheorcn’rrmeutrdtnprarof Heregkpdint foemee' spaassisary for

conponents in the.oxide c the desired copponents t wor k
former and bPusEiRloR s Seklon e BlEet S s v ABRER DR R et fon.  but
undesirabl e froedtigh nsedist tARERS visESsifitloweFing |ﬁﬂ@érftfer|§do\06i de conpound is a
ternary oxide such as bariumtitanate (BaTi03) or barium zirconate (BaZr03)

or mxturgs Ehengien t%yo%tﬂbhh&ﬁi:b c% th‘ﬁieogié‘ék ofii’t%ghér”fﬁ%ﬁt%hf’é ly
ef fected by the barium conponent t hese oxi npounds, supported by the
respective tldvanmvertbelessra:pxrm@betiamrsmfmeys incohmorategsintd thezsinglercrpstahot er i n

t he form of bariunitit p nd barium |rc te isn ple f havrng a
conpar at | vel S OABBE ghe SR @N o PRAISS STenP Semir e B R Byt

into the semgoMne: FYr thRlkadon, eééﬂﬁ@lfﬁfrb?ﬁvorﬁb%‘ l&%potfiecddﬂi%énﬁatiérﬂbf e
ternary oxi des are barium arsenate and barium al um nate. Bari um and

titani um and‘reakpeeintiaraes’ anicabas ppasibienand ta setdt vy iag iamlEs igli stri buti on

uoted for »REee3yY b rifls téé‘ﬂég‘i Jtsiv%‘aq%“ 4re SBRHOYAG, VS 7%\ %1%

x 10-6, for The titanate, a i.rconate
Sorponent hal yefw%ﬁprre?r ecraﬂead%o G CoRtETZAANG GHAlR aI5os RUL SRR e on
wi th reduci ng; gnoetgi ﬁohm %i%gii e f"‘HEtvﬂer%ﬁﬁer”Wlﬁﬁ&

conponents ar uce tO Su OXI e netals. Such a reduction can

succeed becabhaee ahainfammbtmef&fdtioaltbe@hemalamjl reachanicalmropedies ofithe oni um
differ greatly fromthat of tetravalent silicon, so that the tetraval ent
titaniumor zirconiumis easier to reduce than tetravalent silicon and thus
can be reduced during the crucibl e-manufacturing process in significant

guantities to oxidation state Il or Ill1. The resultant reducing effect of
t hese species persists during the intended use of the quartz glass crucible
and thereby effects a reduction in bubble growh in the crucible wall. This

effect may be attributed to the fact that the reduced species reacts with

t he bubbl e-form ng gases (these are essentially oxygen released in the
quartz 220334 22.04.02 10 gl ass by chem cal reaction) to forman oxidized
solid In this respect the reduced specres has a gettering effect for

o o oy o o



The quartz gl ass cruci bl e advantageously has a doping region with a | ayer

t hi ckness of nore than 1 mm preferably of nore than 2 mm Crystallized

| ayers 228334 hi cknesses of nmore than 1 mmor nore than 2 nm are 4ob48%e for
havi ng hi gh mechanical and thermal stafility. Another advantage of a thick,
crystallized layer consists in the fact that during cooling of the heated
crucible - after it has en used as intended - the discontinyous change in
vol une duri n@r“ﬁfﬁ%é‘ngr"ﬁéﬁ‘jgdﬁ‘ﬁﬁﬁ%wq sEpssT N (@H RBisenPvetor magedaldpitie obal i t e
generates | afgm JEBRAAGH SabsBhEES IRThS Rkt dRs fiacBld ing the
quartz gl ass cruci bf%gto E?eak ?nto S%ﬂl Pe? pé?rtsf:I Thlegﬂqugieﬁé'ﬁt es renoval
of the cruciinvenfiommsuchea highstariceptratiomin tepdopdng segidoisaunrepsssanysincée

| ayer thickngss,is 1 max. A doping,region thicgker than_ 10 causes
crystal || zat T neRHPRHOTIET 45 Ugsd aheOdbIERan 4R birekEPaLIdMEroIaL.
extends 100 ek Lridt8likaMH. MEEelePsdal _%%umypwﬁr@a@mm torinBH argnce the
properties of the inner layer (especially its purity and freedom from

bubbl es) . |t ‘nedwops ovreruarefmbprea eest effestiveiand meyeavironmsnddlly has an

essentially §glinﬁrkcal side wall rotating about an axis of rotation, the
doping regio DeF % formed as a rotating doping strip in the side wall. As
ion can.be restricted

aresult, the crystallized r o.the mpi num
ecessary T CHRATEALPR G OB AOTHIYS FROTHHINSaTbaks BirINaMb TGS aRd
layer crysf jrbakddist BHhEFY th0s BRAGEsUS GstaflizXfdr il @RUJPInRfedISh #RAte i f nass
transport of the conponents, which essentially effect crystallization, is

| ar gel y alsspports The sneéchanimal stabdity bbtheeyuarntd glassvctucillar wilhoytBag-needviot h
regard to the nmethaqd,. starting fromthe t.hod, ment [ oned, at _t he hegi nni ng,
e at or ot pORSIratioRs A cp s el af RaPP R ey BLadabmmmlEnt o' n
such a nanRgr Akhafesait! ihepd £ MBAETK, 86kipAtedHitAThIRABWHhAIIEDId, fhatuar t z
glass -- in addition to silicon - and/or as network transformer in quartz
gl ass and faieign rRebstanee will geldatasthessamicongurienmedc se thptashisheakiel at f or mer
'n quart?z ghaph alficHRAGcABHEhYSLAL bidathan promoter, and that said
conponents are |%%ro§uceé |H%%, and "entrapped in, a doping region nore than
0.2 mmthick i.n.the outer layer. . . 220334 22 04 .02 11.1n accprdance wth
the orelBRESRuRRTRsEoFhareE i ntainBd 7 APl kst S e pEEREEA At o t he
dopi ng eR@ASHedMEreiit TRERRBIHRIIMcdMpRsedt SMtBJutandyaugitheteru@blet 0 be
sui tabl e, when the quartz gl ass crucibﬁe is reheated, to effect

cryst al Pi agection thereef. stistedlgase OihmmmEhielgicothabthe ¢rystallized 18yer ace of the

cruci bl The cr | j .0 rii . ' reqion. is.intended
o occuteyaRBagSictan BAk a0 Gyt Brblte pAMNINEREE 2 B8 hichJphBlE! ead
only duthengsk oft detedeldmentobior damageuol tHetlayéoduringinte iedunsangf theequeeta | ng of
silicon at the start of the crystal-pulling process. Crystallization in the
regi on 91PSBGEIGRIer | ayer inproves the mechanical and thermal stability of
the quartz glass crucible and prolongs its service life. The nethod of the
i nvent i dRe oA tFeRFeuGhie gf thequrapent igvartioncisipyided iwithe dGnEaRAGSt iaAneh t he
present | i i1 fr f LhAg.a quartz
o1 s o8l BBtttz dlessthat ibrRE RGPl oyl A7 e AsT

i nt r oduggrrizioe frohesythetig SI@giTenawdid irnpaipmeat of thgdnnemidyenthrepgied t her e.

Thi s enabl es the concentration and distribution of the crystallization
pr onot eP"YtSE?”t?@t'GHi'ﬁ@é? 9%%”8(1’89@rnnPFfé’dﬁ'O'TI'fe'F@dPJOh%Pﬁ‘ti% ReBaAraliRNNERAM Bl

al terat Lo IRRENIRIN BB oulbSilEPWehABen BHETnEP LAles BE the BBRRRY 01

fillingwth nelt, so 'I'eads to repro e resu
furtherreggeenti al difference fromthe known manufacturing nmethod consists
in the fact that the crystallization pronoter conprises at |east two
conponefttras proved patticularst facorapianfartthaditst vonasoneeat wotling & neevorirfoamenet wor k
transfornmer in quartz glass, and a second, alkali-netal-free conponent
acting $sCNBINAIGIAVRIERt SUREIANCR: quartz glass. Wth regard to the nature
and action of the said conponents, reference is nmade to the expl anations
above concerning the crucible of the present invention. The introduction of
the crystallization pronoter into the doping region of the outer |ayer
occurs at an early stage of the nethod, namely during manufacture of the
outer layer. The doping region conprises the entire outer |ayer of the
quartz glass crucible or a part thereof; it has a thickness of at |east 0.2
mm so 220334 22.04.02 12



that the crystallized | ayer devel oping therefromhas a comensurate m ni num
t hi cknegé :%{fbm)re than 0.2 mmthat reduces the risk of det achmen‘l; ﬁE%Z
damage Y use of the quartz glass crucible. The crystallizat 2

pronoter can be introduced into the doping region by generating the latter
fromSi 2 grains that have been tenporarily doped accor di ngl y.

Al jvel he d b b : I h the fj
andl or - SBEoR A GABBRORREING THE oG BIenEy e ieal G o P B oo

appr oacéuomrf%ﬁéurle@mt thet“HeMtﬁ‘k q’&mé}gdbsgh@ﬂekén aﬁymfm@emh fhat r oduci ng
SiQ2 grains into a nelt nold and shaping themto a crucible-like |ayer of

Si 2 gr alesyonigi qudﬁmrts iB dh@@tﬁ@ﬂﬂ eryated éfdt were teegetiinp thednak bpeawse it @ctshe

cnder | BPRST BFAGHA R 87 o raebaTln RSHERBRiIdE i, Fhesdare Ve

cryst al tiet@bHOfOrMEPSTOA Bfie (:@rssicfseenfser Eleraéiits @thsrethan dueh iewaenént ‘networkhe
grains or the dopln? regi on takes place prior to shaping of the outer layer
@

in the tosmesx: that igiasay mee@amrit%desw’qe@raboyer@:‘éﬁww sansiaynershere i s

h

o orov B4l RbBt pEBERADER! St RS 3o AU DS RRGRELE My o
case W bhptirerilyraikali-mataladn cd;eata"mulnedtsam thmuattt_sgﬁss bywad aif tiatemcinighthedopi ng

region i s manufactured at the_ gt of the pelting process at

Conpar abGER CaRiPEIvedp Fihe This HeHeNSe THea ¥ ay@ded Tanahdoe sy
dopi ng {etravaidrit eRetwork Fdiarsf ashi on, before further conplicated processing
steps have occurred. The SIQ2 grains may be doped with the said component s

("netwo she r t of the
et hod. 15 806 Eed (8R8vaBAE R Iafes e Toohium 2 S HBERRIEF ), NRHER g of
t he dop M yrer@i/ Ongerhtniema@@*®. by manufacturing a corresponding grains

m xt ure. Advant ageous enbodi nents of the nethod of the present invention
ari se fpafBcbhg Jo%ﬁd?%rntsétﬁﬁélﬂlr@;a d%‘éhtréﬂél" thdtal-frée sassantand A4ngnt ages
and effects, reference is made to the explanations above concerning the
quartz gsashreakmnbfwrr@r harepipved dabeiparticulady advartagggus. Evegylop? 13
Prefera e nent acting
as net V\k(bjér)%@ngrratr@bg%\.Fatér%%‘(8§|épio()rﬁ'lpgegn%rhat %&f@% Jec’to Ctr{g Iflegdclzlg)ersﬁoerg%gﬁﬁl ng binary

or ter nﬁc%orghzngd&ﬁthehweemthﬂv@mr? Viod emmerﬁmémngnecessé@lféﬂhus B mrtaebihnar y
conpoun | Wth 0 the assocl ated a antage ncerning the
el ect r offAUCed Ry thedast ﬁ%ﬁgl'@l@dgﬁ@ndﬂél'r@ gbr&%@%'”t: eh| @ g’ﬁ%ﬁ'?pr%mde t he

SEf CO“ﬂHﬁ%e%” étotrgﬁ a‘n@)f(w?r‘k’?ofrﬁérse'ié‘gérﬁéﬁmeaﬂﬁthé‘dbgﬁutgﬁ’eaﬁne crystal ,

reference 1I's he e anat1 ons ove concernin e quartz glass

i tani Lﬁr?wél@ft R ncen b Proalelft PRl Pl S baial Bk e o o

tin (Snétrdntidrhi(SrdEiBrgiumh NHIpaatictars iy/nctabletorsduet sy (bw mobligy Bl assi ¢
sense. It has proved favorable to use a dival ent, alkali-netal -free

subst anfdaiz Q{Q‘i‘é ge&atdh %Gﬁﬁéﬂ&%ﬁd &eng Meég'ly Eﬁ%ﬁ‘l‘ésgltﬂt’th gPpBg regighch
" br eakpghatcaw %néc?ﬁpaéébré?éﬁéé WR@'ﬂHé focfa%%ﬁfﬁﬂlﬂu% B e tSPeERF‘bmt
concentration, e toncentration needed tor crystal |zat|on ng further
reducedfdm;neu:orrbl ned use with one or nore "network formers” in the doping
region. The preferred divalent, alkali-netal-free substance is barium
(Ba2+) ahdffiost andthetsewndﬁo’mﬁondnm auaamt!agabasly hiage iaudis b utioh zoefficibnt & ent
cation is notable for hgv a |low mobilit uartz&;}lass so that the

cryst al FIIG@R OF (198 tB%’FﬂQe Aesé‘aﬁ” gishribistion coe 'Gﬂ%“@nﬁld 8t e-leweskt ensi on of
{ne_doppassibR%tdnoridnl a%e McRYSHARAT e el thal BRI P aLFR IROL ARG L e
first c nponent e second conponent oping region in

concent peddess anairtgasmrﬂatOts(kﬂécmthle%mpnrﬂes)mrarmm%1pam¢d The nenti oned | ower
limt of the preferred concentration range arises fromthe need for

adequat & arictlay saetessfuligmibdimeop bfithe @Erbngldes cnible of dfe bresest uci bl e,
and the upper limt arises fromthe need to keep the content of foreign
subst antWeNHPR Rag dyayed tube atihe wdddhing fat ?W%‘Fe@tr?@%f@ﬁl $&5R8Mct or

material and stable nelt conditions as | ow as possi ble. Concentrations of
roughly 0.006 nol (+/- 0.002) have proved particul arly advantageous for each
of the first and second conponents. 220334 22.04.02 14 The first
conponent and t he second conponent are preferably introduced into the
dopi ng region of the outer layer in the formof an oxi de conpound
containing the said conponents. This nethod has several advantages. First,
the proportions of each conponent in an oxide conpound are
stoichionetrically predeterm ned, so that wei ghing-out errors are reduced.
Mor eover, this avoi ds deconposition problens that can arise when one or



each of the conponents is introduced into the doping region in a separate
chenica£ ound, such as in the formof a carbonate, nitrate,éﬁiﬁ Eor,
at high %@ﬂ%@ratures, for exanpl e, carbonate deconposes to gase %Q bon
di oxide, and nitrate to nitrous gases,sa fact that | eads to undesirable and
uncontrol | abl e gas formation and thus to bubble formation in the crucible

or the crystal pulling apparatus and to an unnecessar den t he

environ ppnerqu%rg %C?’hccﬁﬁ%'ﬁggtm ?&%?BV?%W ol aY Fr?ﬂﬁo'@bhﬂﬁﬁlh ntﬁartners of
the firgloadhol#LintAEAPind Nthe EdhcePbAtiah YafRepetahs e@fROUNds, prove to
be superfluous and in accordance with the present invention are avoi ded by

usi ng agorsaniwtioomidiese eonpanentsdn tr auadap@asenftconeeniratiessbengath he

o de- c e RhEShe Ry REMSeC s Taligfue PR R ki B8 4858 el cakpoi nt
former) ogg®. itmhiistdieciesknienh Mihb ehatoguntamire@ito m thelgu 864 gbherallgr ei gn
subst ances are not. The oxi de conpound in a particularly preferred approach

is a tePHuRgtesiistrbaliés fsmadionyse thathia theaseof saptaminatadagiiartz giBssi 03) or

bari um zj : ) r } I Syi:t abl e
tor nar y BT R08 oy 30 58, ReSeleEe el ich 1n X B Ren Lot bt 011 Oy
t he out penéathehe lowesliaitt Tl tanadritetioadahye deechitvad aboveoap prefatredf t he
respective ternary oxjde, supported b%@t he respective titanate or zirconate

corrponlemerefp_ﬁ%oa{yemliﬁscw@ﬁfm%/pw% F&?@%ﬁgéﬁ%@rn@@@&é@? ther
i o A L A e

bar i um fimitamditatearfdr trar prefierzéd concerdrationaange anpas fonvtheynéanto/legeap the
pressure, so tpfat i ttbe foreiqgn?substam;tﬁ ets into tgﬁ seni conduct or el t
by evapBPHENbR! OIHIBAYRRIANGSEP AP WP RISSIRIP YHILIESPS P IOIRP (WCEPLAN BHAY e f or
having gf fhel sdrhi¢BhiudBRatélif tdndtithbRMmERIAG fdoptiRidhs Withih tHE 8EbpeRef erence i's
made to the literature val ues quoted above. The invention is explained in
nmor e dec@istal ipelliong. Concaetrationa of 0.868 oadlfer(t50402) frecanhaniithe firsttandsibiee

dr awi hows in Fig.. 1 hematic di f the wall of mbodi f
the. quarel) seBotbdhs i@ SRV RO MRBAddR 1% & Tongi tudinal
hown | 1 BRI Prefeire Bmas P BE NG GURE APl O B HEFP g o

si 11 coningbRabe, REXREREombondit andthe WetbndicBRioRENPhre?BtroBGEES i thé S

rotationally symmetrical” about the central axis 1. The quartz gl ass
cruci bl dopiag regini ighibe joroupfan osieccampaeund contaming:saidcampenendssential |y

cylindrica ide wall 4 via a heavily curved fransiti.on.ar (hereinafter
cal 1 od PaAtaEIpn Bhlnatabind BT ol ok A GIRT bR BR BF L e T s
formed bympoheansmdteNsedontedorhpytsnt haefsdvietlladvantagessynt hetic quartz

gl ass that, depending on howit is forned, varies in thickness from1l to 5

i n_the A epsOind BRshoRiol 8 rsdddveicifnydntd in dlith anegiad aver 5 is

connected to an outer |ayer opaque quartz glass wth an average

t hi ckness of campound are peedatdeminad|in atiuanca)tserthehweightndrast amotismrer nal
vitreous regiop 7 of pure, undoped, opaque quartz glass that borders an
outer |ayer, 'SHHER" consi sts of opaque, doped quartz gl ass, and which is
hereinafter called the "outer wall strip" or the "doping region" 8. Doping
i n dopi ng ¥ elylaspowere Hiis pypids slecanpasionaebignts Higt can igedong assagh; of

former . The o HBEhEnE IS RERRAIso B3 opErebloin SeatobREHRA N
compound—such as in the form of a carbonate, nitrate, etc. For, at high
temperatures, for example, carbonate decomposes to gaseous carbon
dioxide, and nitrate to nitrous gases, a fact which leads to undesirable and
uncontrollable gas formation and thus bubble formation in the crucible or the

crystal pulling plant and to an unnecessary burden on the environment.




forms the outer surface of the crucible, stretching along the entire side
wal | 4 é? ayer 4 mmthick, and tapering into radius 3. The p%ﬁgb on of
t he qua Qééji ass cruci ble of the present invention will first b chssed
general |y below and then in nore detai P with the aid of concrete exanpl es
of enbodinments. In a first process stage, crystalline grains of natural
quartz, cleaned by neans. of hot chlorination, with a preferred grain size
in the rar'fgeAgP\g (pAReSt g‘aﬁﬁﬂaﬁ&Pé{sﬁ PP'F’@@Uf‘ﬁtp@”é“eﬁ%{)oéﬁh%fsg ofﬂr?ﬁ rot at es
about its | oggi i IS é&gﬁ hi i r and
by neans of g&%&#};@f}giﬁgﬁ% Ic?t at’l O%ﬁ%@l&%&?ﬁ?@gﬁ% ﬁ@‘?ﬁi@ﬁgg‘é%mﬁg’g%r of
quartz grai nand aré avoidedam thédprasentmveation bl using amrebaidenmnopound a second
process stage, a.trapsparent inner layer is generated on the inner wall of
the quartz gFATRNINAYBIN GRMRRAHYUSHf the so-called "arc nelting process”. To
this end, as the netal nold is continually rotated, highly pure synthetic
quartz gradi ndsa @ssttd e phsenfeRffthanhcenpounghpParneks Qfgm@rr@%peqws t he metal

ol g O DN g lBfs S 3l i i, BB ddi ol dorRicherl [ gRyian

t hrown agai ns e 1 nner wall "of 't ayer’ or quartz grains ere

mel t. The mafdrmemaherreakpoinefoanker)erednivodiderl intottie d@dihg region, lextcess of
2100C. This lead to the formation of a nelt front propagati ng outwards
towar ds the HBHSSIraRe foreigh sihstanaes &€ NAki ch the inner layer nelts to
transparent quartz glass and the |ayer of quartz grains is sintered to form
an out eff he yelferied e cemyednd s giteary medeistghias kasiyin dtanate(Ba EiQsher nel t
front r . i u - Of.. r I

cr uci bl B dncasSplFeerER) O whGies Weled ShEMAHShIT B S o e

i nner | eysantially eyfatieet thyeths Biurh@brippnknt of thesé toxitdeecbrhpotihds, Gubpbrtedyer .
On account of the hi %h purity of the synthetic inner | aﬁer, t he tendency of
t he i nnBY t"I‘%QQeSrPePBV% PRl oE £eanate ceatroprNt. I heowiystadizaHan PrereotariiR&ien” of

crystal i ki ftﬁr“ﬁil HUGHRE i i i Lt8iig, fOrm ng
on the fsogﬁgfc%rgﬁn Itt I er%lt%%gg ayé?gli S ﬁ%i‘%ﬁ%&gﬁ%gag{nﬁ:&sg{?@% L%“?@r Vi ce

l'i fe of lovheaporyrebsere] so itgitrlitieethreighesubistarice gegsinte dheisdevicatduntpheelt
conditigns (in air)_by three aphi, el ectrodes. Burn-off of graphite
onds Y BHePPERRE! FEAmBle SR Ba SIS T e e RIotb 2 U 23 e 0. 02
17 equi hhRlimWnatéearly shifted in favor of CO formation because of the
el evated tenperatures of several thousand degrees Cel sius, so that an

| i ek i unlaueaf :
Pvent | BanaitangyERidm EEPAREFNf, e ALERIC for (LBl BTN RESE o,
| ayer, eoeffigishtlk iz atlicon. lprthediteraturenihiel fellogingtvalesssareagdated ier“k": for

(addi tignall Si 02), _canpon Ling as hetwark forner gnd a |east one
conponeh# (%2%3 Xat‘?brfeéﬁggi ‘nt?'n’; ’63ﬁrer°r?‘s: ﬁr‘&f’f (ﬁﬁcéd Z?nlf 4] 1[2(%‘ . pPhE = egi on
and ent napped-St NRE GidhatdBRHIACbHAR Impbiterf Wallyeh aKBtherRffebh@nddiaBBPOr at i on
of the crystallization pronoter into the doping region is discussed in nore
.det ai | penditionthat, inheonjunrtction wikta reslueing¢onditions in the crucible-manufacturing
process, these components are reduced to suboxides or to the metals. Such a

reduction can succeed because the redox potentials of tetravalent titanium and

zirconium differ greatly from that of tetravalent silicon, so that the tetravalent titanium

or zirconium is easier to reduce than tetravalent silicon and thus can be reduced

during the crucible-manufacturing process in significant quantities to oxidation state |l

or lll. The resultant reducing effect of these species persists during the intended use

of the quartz glass crucible and thereby effects a reduction in bubble growth in the

crucible wall. This effect may be attributed to the fact that the reduced species reacts

with the bubble-forming gases (these are essentially oxygen released in the quartz



enbodi nents. Exanple 1 A mixture of quartz grains (quartz sand) with

conmer ci alil}él avail abl e bariumtitanate powder is obtained by m 'n& in a
drum ho%%o 4er. The mixture contains 0.002 nol bariumtitanat ex};?e 4Q3
quartz grains; the quantity wei ghed outOis 466 ng BaTi 03 / kg quartz
grains. Wen the |layer of quartz grains is being shaped, the mxture is
formed into a doped outer wall_strip around the is of rotatiop that ends
on the 8‘@§§|by\ﬁg‘le igg! repetion)y 1 fogm 9¥'fjhzears<9tl'aslngﬁ!? W‘?&Qeatv&mﬁ @éﬂt@g of 3 mm
in the Eiaishads Gysitblifg efiBer fofiRE diRbs 8hss(AQBEH) irkldiridginii t anat e
IS shapéé% slucﬁ ?ha'tEj |tt |e teends own 5 crﬁc’grom g(ﬁg@up%er rom ofdg{mhe finished
cruci bl erys@Hpsidipgeprocesspl i cati on of the inner layer to the inner wall of
the layer of quartz grains and sintering of the crucible wall by nmeans of
arc nel Thaguartelgisss dreciplaativarghgssusty has lal dopingtregioprwitteatlayentbivkness The
outer wall strip has a thickness of about 3 after sintering.

Cryst al P P21¢ Hign t8YBcPS ‘P@biYnOftSrHQrer ”&W-@Wét%ﬁe&mmﬁsl nggri p, is not

Vi si bl eq: ' 1 ' wi-th barium
{1t anat L Se S BERRE an PR O™, M ol pERid for e S o e
cont ai nsegh@fitahahd HeermainstdilinaAmother atigardage of aghiek nerystaizequayeri ty

wei ghed out. i s 233 BaTj 03 / Kk uartz grains. . 220334.22.04.02 18 Wen
e | ayEPTEHtsqu s PR ALITE SNRG CEH bR cplet oAl & s Bed 5o o
doped oy§ fiteMEdd —Ihé | MiséRRIHUCLBRNhBNGE P lolicbiidiy phass BHhSorvatibn $lok P

ends on the outer wall of the layer of quartz grains and extends down 10 cm

f r om t hB-anisparalite mtd n-¢risdolhalite geodrates tHrpe enechanicad strassampiblat bave te of t he
i I to the i Il of the, l f, t i interi
of 'the Eleciteunma e el Galings srchied Breakiia SpaferdiattiTnis sTiathS) ' b
means OfeRb¢alFkid BﬂJchliéllﬁ‘éﬁ? EHB?crﬁg?aﬁ-gélliﬂb?%?a‘Fét%! ble of the present

i nvention. The outer wa strip has t hi ess of about 4 mm after
Cnteri i At . . . . ' ¥
e A RUEball BRI, nRARBELR LA AL8BHEB bk BB )

gr ai ns W nmlelisemcrystaltizdteorp oviietr, to ancditantaepamding an tttge trucibleisize;, hoop
m xer. The m xture contains 0.001 nol bariumt'ta%?)ﬁe, er k uartz grains;
t he quaﬁ¥tief‘a15\;\%‘? give8 tadhe innesdayergngdhis ;ay wfayar &'”gl"‘ép erhe mixture

s Usedch%be?ﬁééserc?tﬂ?e NP R (é@&d@]@&%&ﬁy%d?f%ﬂﬁ froRRrbusespce during

shaping o | ayer of quartz grains, the doping region extendi ng over the

ent 1 e BiER Blbd bt dIVRL gl BRSSGL Fad B EkUEhOMy indRSR SRRE 0

Subsequen icatron o ic rnner 1ayer e’i nner wall of
t he | aywallobtatingrdbouganiaxis afivdtationt €ve doping régiendreirng firmededd abytatmgns of
arc nelting yields the quart | ass cruci bl e of the present invention as
Shown i AOPTIG S1iR rife SiLA MRy Asdh 53 ERELiF AlZBArPdRh D B HEsa s
Lhi cknegs @inidRfihededBhng fdiahcaingthe Stafity STRE iZRHdAUNPARAR Rty 10 the
doping region, 1s not visible to the naked eye. Exanple 4

layer crystallizing during intended use is very readily adjustable if mass transport of

the components, which essentially effect crystallization, is largely absent. This is the

case, for example, with barium (Ba®).

With regard to the method, starting from the method mentioned at the beginning, the
aforementioned technical object is achieved in the present invention in such a
manner that a first component acting as network former in quartz glass — in addition
to silicon — and/or as network transformer in quartz glass and an alkali-metal-free
second component acting as breakpoint former in quartz glass are used as
crystallization promoter, and that said components are introduced into, and

entrapped in, a doping region more than 0.2 mm thick in the outer layer.



A mxture of quartz grains of a particle size ranging from90 umto 315 um
with co cjally avail abl e barium zirconate powder is obtained | ng
in a drm m xer. The m xture contajns 0.002 nol barium zi rc%@%oé
quartz grains; the quantity wei ghed out! is 552 ng BazZr03 / kg quartz

grains. 220334 22.04.02 19 The m xture is used to generate a doping
surf ur|n of the rtz grains

i ndi h |
oo™ TEtdaRTes Wik T Piskann Ve ta0 derdristaleater Brdeotlfs MR fedtanr s 2
gl ass cpusiid @o&ﬁ%?{a#@h%d@rﬂr%ﬂi&@ AERSM in %8%&%&% qGAititPAs 9 pehe

I nner |ayer t ner wal quartz grains |ayer and sintering of

t he cr usuitabde walhen the mgkassa:ﬂmmlslls |reigpq16él'@seffet¢écm$mlhzzat@lnd§>s cruci bl e
of the

. t h K f..about 5
o ter shnapnig ™ KR oL 8RB ST BeuRicBs e MRRN%RIE Exanpi e 5
A m xt ugtartfg fiorthe dbpidifegion b |heér1d¢mtéldc@gﬂabﬁdmm@iﬁranumdmteacbfrtﬁé by
mxing in a drum hoog m xer. The m xture contains 001 nol barium

zi rconaﬂ@a"bb@aﬁg ciueiplez byt @Jistﬁ@d(@w dqaaaﬁnteydwéuugﬁ@cﬂthﬁ;@rucsblgﬁerng Bazr 03
bndi ng SXAbE Atk mERfoBrShiceh o Sne S8 oOnIRARIEH G BRcils] 09, OV

t he dopCngstalézation mxtherrd%mg af e outee la]url|m©rwe$ahaahécMn|¢é1@muaetmagI ass
cruci bl e gexcl udi ng the base area). Subsequent appli cat ion of the synthetic

i nner | S48ty gf Wﬁ@umla%pruqﬁle@m Rralpggs e siFe 2'qr ai ns and sintering
of the crucible wall by nmeans of arc nelting yields the quartz gl ass
cruci bl €hemethed pf e inventior fari raanlaﬂ‘gctammﬁ finanz glase crucilylgdn @sePFIANCEgi on

conta|n| ess
(ar or WP Bragstt IR RS e WP ko BkRfnS eichahPat b & BEMECD: ng
r egi on, glass roliciviedn Beeetad rédpectked eye. The crucibles prepared in
accordance with Exanples 1 to 5 are broken up and chips are prepared for a

"Crystal lizatrhgrnjRslizatich préasoteMsBatsdUast inté e dopirdT68I8R of the outer
layer and entrapped there. This enables the concentration and distribution of
the crystallization promoter to be uniquely predetermined. There is no risk of
unintentional alteration in concentration or distribution, such as during

transport or filling with melt, so that the method leads to reproducible results.

A further essential difference from the known manufacturing method consists
in the fact that the crystallization promoter comprises at least two components,
namely a first component acting as network former or as network transformer
in quartz glass, and a second, alkali-metal-free component acting as a
breakpoint former in quartz glass. With regard to the nature and action of the
said components, reference is made to the explanations above concerning the

crucible of the present invention.

The introduction of the crystallization promoter into the doping region of the
outer layer occurs at an early stage of the method, namely during manufacture
of the outer layer. The doping region comprises the entire outer layer of the

quartz glass crucible or a part thereof; it has a thickness of at least 0.2 mm, so



Vacuum Bake Test". Crystallization Test In the crystallization test, the
neltlng se during crystal pulling is sinulated. The tenperat%%f % gran1
enploy hly mat ches the tenperature in the radius of a 28" Q8
during the nelting phase. This is i nt ekfded to ensure that a crystalllne
220334 22.04.02 20 layer of adequate thickness has been created by the

tart of t | | Th hi th | uat ed hi cal . To thi
and.  the sanprEihdusiliesg sl feeT o B hetia coruBe LSl mu |
Vacuum Bake tTﬁcaéne&%fH?&rettﬁb@@kzemm%at%aué@st% AdROMRABERALHE Sn@nd t he

pressure conditions during standard crystal pulling in order to assess

bubbl e gr owt dainagetduringrise ¢fdhequaftzigiessceruciblg.e. To this end, sanples from
t he base, radius and side wall of the crucible are kept for four hours at
1600 C ahe chytalttzationTprenwdtepsambe intheducsldi inteﬁthierttapimgwegielebyigmeratmg

phot ogr s .of _the_hbubbl es n t he | nne er e sa s are taken.

D Hour TRt e Ot pBauha R PN deraree e o sIROBa To s mul ot e
bubbl e gReaiivelySHRCAGDIh hheay BERUbLEYRENtYYd mrpﬁ{éf@vbﬁaﬂov

| ong- | asti ng B?Igcess @de{sglrgélroez‘%%tlca §dpons§| bdeég’vm theI use of 28

cruci bl e@connocqmpen@ntdna theegaainhhes oavia akbqumdfkma azefansed aparoadd@nC and 10
nbar . Bubbl V\&‘hth?éjﬁ t hen exam ned w sectlons The

D4 Hour VLT oIy D L irgeTafed by FtPele Plo SR SRR B KR o o

the crugiod and éﬁbprngaﬁehpwé crueibiediré layzrtof SOk gramhmmth saaRlopSongies t hat
fromthis test it possible to establish if the crystallization m grates,

e.g., iaddeqd ts,cgtf@n%lemaralr@rmmrdo the sbanisg &f mez@omngrreglﬁnsan@ﬂ@@hsmﬁm es
fromt hf;’ﬁb@] gﬁ.gl % er &ﬁd%e} f&ﬁ#étu{rpgftthgrg%tﬁre@% top) are studied so that

an over Jare 1on 1n Fluci bl e can be creat ed.

220334 %%e Rnecsorporatlon of the crystallization promoter (or the first and/or second
component) into the grains or the doping region takes place prior to shaping of the
outer layer in the context of grain preparation, which is necessary anyway. There is
thus no additional processing step required during the crucible production to provide
the outer layer with the crystallization promoter, as is the case with the known
method described at the outset. In addition, the doping region is manufactured at the
start of the melting process at a comparatively early stage of the method, so that
rejects generated by doping is noticed in timely fashion, before further complicated

processing steps have occurred.

The SiO; grains may be doped with the said components (“network former” and
“breakpoint former”); in the preferred variant of the method, these components are
added to the SiO; grains prior to shaping of the doping region, for example by

manufacturing a corresponding grains mixture.

Advantageous embodiments of the method of the present invention arise from the
further subclaims. With regard to the associated advantages and effects, reference is
made to the explanations above concerning the quartz glass crucible of the present

invention.



Sanmpl es taken fromthe quartz glass crucibles prepared in accordance with
22.04.0 anples 1 to 5 were subjected to the aforenentioned t
resultsgé§%3gﬁowm in Table 1. Table 1'ﬁ§ystalIizationvacuunlBak §49écuum
Bake
TesttestTestSaaneLayerBubeeBubeeC}ystaIIizationthicknessfornationfornati

on[ nmj 13Bybbl hBub owt hStri arabl e orc ar ab

or conpl éfeg i¥ %eﬁe\{wtal\fﬁr‘? @pe f%%?‘?cff%&%n}aﬁﬁt IW%@@?&E%&HQ gt Qg%?fgr tz
gl assDOfyr,lmr_r egi oncr uci bl escr uci bles wthout 4 5 without outer outer wall
dopi ngconpl etely crystallized56wall doping The quartz gl ass crucible

(sanpl eThede BF@E&%EQnéHts‘%ﬁéPrrﬁjﬂ{écﬁa Strﬁ%t @Wh ret]érﬂé}yto%ﬁé‘sr Yabakhé zation

growh in a stri he “uppe t transpired that
t he crysamblwam[tylaaa/shcm(&ﬁdm thet binahecarpound ﬁl@i Whleregmdrtolthger The

b bi t SHBTPIGH AEAR B CRIEST U 1% SREAN B 187§ B¢ HP AL2TE A Spr oot er
\?VL: |ghE):° Mg{u{gﬁﬁ%gg?!@@s@@"ﬂh’é §éﬁ1||dbn@@@ﬂ}r'ﬁ‘ﬁ§t ssmtatrld ih2Ré cAltibIE éﬂaeinliﬁ@%fngwt er
crystal, reference is made to the explanations above concerning the quartz glass
crucible of the present invention. The preferred tetravalent substance is titanium
(Ti*"), zirconium (Zr**), hafnium (Hf**), germanium (Ge**) and/or tin (Sn**), this being

simultaneously a “network former” in the classic sense.

It has proved favorable to use a divalent, alkali-metal-free substance as the second
component acting as “breakpoint former”. Such “breakpoint formers* lead to
cristobalite formation even in low concentration, the concentration needed for
crystallization being further reduced by combined use with one or more “network

formers* in the doping region.

The preferred divalent, alkali-metal-free substance is barium (Ba**) and/or strontium
(Sr*"). In particular, barium as a large divalent cation is notable for having a low
mobility in quartz glass, so that the crystallized zone can be readily restricted to a

predetermined extension of the doping region.

It has proved particularly useful to incorporate the first component and the second
component into the doping region in a concentration range of 0.003 mol-% to

0.02 mol-% each. The mentioned lower limit of the preferred concentration range
arises from the need for adequate crystallization in the doping region during use of
the crucible, and the upper limit arises from the need to keep the content of foreign
substances with regard to the necessary purity of the semiconductor material and
stable melt conditions as low as possible. Concentrations of roughly 0.006 mol-%
(+/- 0.002) have proved particularly advantageous for each of the first and second
components.



gl ass crucible. Wien the doped outer wall strip is being prepared in
accordance with Exanples 1 and 2, defined local distribution of th

crystal 226334 on pronot er nust be ensured 220334 22.04.02 22 bé’@a@%@zt he
doped | ayer nust under no ci rcunst ance extend as far as the inner | ayer.
In the quartz glass crucible (sanple 3) prepared in accordance with Exanple

3, the ti.re outer |1 is doped,with the crystallization pronpter (barium
{1l t anat Lye fis ot age e SEEeComRopARt dstrieiably dnodyeid i foper

edge of déﬂﬁﬂ‘nggh%f%?%ﬁtérﬁé&fér% EndlRIMh 6P okiRE dorthdtmdEIMERihd the fige and
the wall. The Trethod led to conplete crystallization of the doping region
of the ocemponents! This mathodrhas severalaadvantagest . The crystallized | ayer is of

uni form thickness and tapers in the radius down towards the base. The shape
of the crystAlréti #redplopoetiorsosf empattspeneanttih untoxiddeopsunedrshape. The
crystallized | ayer does not conme close to the inner layer in apy region. In
the quartz gPREDIYPEHICEI: Pradaiginaingy. $p ERMeIohing-Q4 6F @5 aEe thf‘l?eﬁxarrpl e 4,
crystallization in the crucible was conparable to that in the crucible
prepared ien Hoceorinthés aveids BegapipesiionTHeblgms that ghngsiserwbeniose(@anpl e 5)

d i i.th Le 5 sh St ' '
Pestit as thaaar B ibaies B Pirdadedy iR dne dPoRSERaf B sPddifld, " e
t hi ckness of chdwical ¥eipblLihdadidchnad myiBe foem ®f Bnarfdieatengitaye, e dFéd ans
during dopi ng with Bazr03, however, are conducive such that the crucible,

in contrast bighdepineiatwes: f@agxasplec aarbgsatfedecamppses ioaaseoesoarkPdcess

or cryatal Bridensnaniinete € R dasdh Flachidt Bk o dhBGhtapeiip, o ©

opaque quart anghritasiiabldgag formationlatdethus Wb eubble fohaation @y theayracibleasr an

i nner region and an outer region, which is provided with a crystallization
promot er t hathes$yglal RUling apRAratyaandio dN WINacessYYREARR OR ther nat i on of
cristobali teew%}"ﬁgﬁhquartz gl ass crucible is heated during intended use
in crystal pulling, characterized in that the crystallization pronoter

contains a first gconpone cting in quartz alass - itdonally tno silicon
SO mernoretr BRI PRt R chBis i tmPoPid parfef B8 YrtuReng &
second, al kakécdrRt édmpbREntC INBsHRate @fdrhicdl compYaids, pBbws fo B8 sBpoifieakipoi nt
former, and that the said conponents contain a doping region (85) in a layer

t hi ckness of aRdireaceridance withthe preserdin\antioayase aveidegey Bsiag @m expped
therein. 2. %ﬂ@%én&'a%ﬁfai@@gfb'ﬁ% €q ﬁ%ﬁéﬂfs”ﬂfstaore“shﬂ'aﬂﬂe abOaACELshepd N
g as he

that the fir onponen wor'k” f'ormer contarns a tetraval ent

substance. 3cofpauhd partaess of theirbpectiveaiotnmendnts i tienoxde cbmpachd| omlgd i n
that the tetraval ent substance is ti tﬁ?ni um %i 4+)  zirconi um (le4+),
haf ni um ( Hf 4the deRifaeeRTIR RIS (yetuair irmeranddygakpoint former) ar

introduced into the doping region, but undesirable foreign substances are not.
The oxide compound in a particularly preferred approach is a ternary oxide,
especially in the form of barium titanate (BaTiO3) or barium zirconate (BaZrOs) or a

mixture thereof. Examples of other suitable ternary oxides are barium arsenate and

barium aluminate.

Crystallization of the outer layer is essentially effected by the barium component of
the respective ternary oxide, supported by the respective titanate or zirconate
component. The overall quantity of foreign substance necessary for crystallization is

low (reference is made to the explanations on this above).



4. Quartz glass crucible according to claim1, characterized in that the
second co(g,g’i)nent acting as breakpoint fornmer contains a dival ent

al kal i -#2@84 et al substance. 5. Quartz gl ass cruci bl e accordi ng 3420¢08i m 4,
characterized in that the divalent, al®ali-netal-free substance is barium
(Baz+) and/or strontium 6. Quartz glass crucible according to one of

cl ai ns to characterized in that the fjrst and the second c onent
have a éf@ﬁ?'ﬁ%ﬁﬂqrbwoe&tﬁﬁ 'EitBﬁtr’]Ofi”?m°£P?fi"é'8r¥'t%'?at§@-"§’ baR{UM ZircepalpAvg &is s
cruci bl goRpaRitibRaokVARE pibsdihal ikt ifleGordigRsastanbe géd Aud i the first
conponent gnfﬂgthgggeco gorr?)orrle’nt are Iegcﬁ cont alﬁneg 1’;? a concentration

r angi ngsémmonduoed nedt byevaparatian nidbregvien, hariaind@pidriiamioo and zirc@#03G4
22.04.02 24 8 artz gl ass crucible cordi ng tp .ong. of.clai l1to.7,
char act 818 DRRDIGTOL Ratingiroaathily s oire taricas o BBt bRl CompmeRnogis

cont ai ne@dentothE [IRRRIURE vERBS Quotéd abdvd he form of an oxide conpound
containing the sard conponents. 9. Quartz glass crucible according to claim
8, char ' I j j ; i de,
Such a5 o reny S ekPRingd LR BRI (ol el oflodupEh RS B CP
t her eof draiing tze selegdrasingshumwvdire according to one of clainms 1 to 9,
characterized in that the doping region (8) has a |ayer thickness of nore
than 0.5 mMm preferably nmore than 2 mm 11. Quartz gl ass crucible according
to claim 10, characterized in that the layer thickness is 10 nm max. 12.
Quart z Bigpds acdanentdtR de§@intonthel WaPBrarentdRiimentof helduarehyiasst eri zed in
that the quartz glass crucible has an essentially cylindrical side wall (4)
about the axj j ; i : LG j i d as
2 dopi ng. st 7'5ofle Pp kR biEehtinbeptiFls orighaR P 88idr it BBl GARED, 2
gl ass cruci bégnt?éﬁcagfsdi ng to one of clainms 1 to 12 by producing a crucible
base body conprisi b'an outer |layer of opaque quartz glass and an inner

| ayer, wherein at |east part of the outer layer in an outer region
surrounding an inner region is provided with a crystallization pronoter

whi ch, heating of the quartz glass, crucible during. intended. use in

oryst ai TBeiaHg Oesh bebis SEouR iT B oR IBeNdag e esPAg MR SURRIPDN of
cri st obgliifg a GRAIrPGhEIE! Fpstal. T Kdihn BuldrdtmERIRAPENHCIALE AfWid dtatEHH

gl ass a%it?onam toﬁsiclzr?%gn - as neyworcﬁ rPor mer anﬁ(/‘or é|51n quartz gl gss as
net wor ksymenedfical mpout thedceniradlakisl 1.- et al - f ree second conponent acting as
breakpoint fornmer in quartz glass is used as crystallization pronoter, and
t hat sailbe qoaptegadsscracible has adlightly cotvedarebechth=d ipeshnected ttopnng regi on

8) of the oquter | ayer (6) having a layer thickness of nore than 0.2 mm
19 Wt FRPrREL Fiis e, S B 4 5% ShehlBl ched AT ToRArea SR Tayer (o)
havi ng thrdd@Riggsy egion (8) is generated in that Si02 grains are
i ntroduced into a 220334 22.04.02 25 nelting nold and shaped therein into

a cruci bfg3BaRFduHa¥Eor e qide: §ia8L Rfucible is formed by a transparent inner

layer 5 of highly pure, synthetic quartz glass that, depending on how it is formed,

varies in thickness from 1 to 5 mm in the area of base 2, radius 3 and side wall 4.
The inner layer 5 is connected to an outer layer 6 of opaque quartz glass with an
average thickness of 15 mm in the side wall.

The outer layer 6 has an internal vitreous region 7 of pure, undoped, opaque quartz
glass that borders an outer layer, which consists of opaque, doped quartz glass, and
which is hereinafter called the “outer wall strip” or the “doping region” 8. Doping in
doping region 8 consists of a component acting in quartz glass as “network former”

and a component acting in quartz glass as “breakpoint former”. The doping region 8



wherein said conponents are added to the Si 02 grains before shaping of the

dopi ng l,on (8), and then the layer of Si02 grains is sintere |
formati &éﬁ‘pt he outer layer (G. 15. Method according to one 01922%%:63‘5 13

or 14, characterized in that a tetraval®nt substance is used as the
network-formng first conponent. 16. Method according to claim 15,

oo Bhrbsha s S EohiRb b SRR ) 17
Met hod @ggpzfqlﬁmqhm 9A& tAerfrlPih B rakitud ? 16, characterized in that the
o

second conponent acting as breakpol nt rmer contains a dival ent

| kal i - - ] : ' ; i :
char act o Lo e ASRz olfts, ELBRE CHERTELAR e fiP Hsthe, o,
st ront i discudsed déextdratly beloor dnd tharoinanereofietzil avithsthedit of t8ncretmerametaszed i n

that the fiba(tj. conponent and t he second conponent are each introduced in a

concent PaEM ng from0.003 nol-%to 0.02 nol-%in the doping region.

20. Method according to one of clainms 13 to 19, characterjzed in that the
first clpirdRoca® singe seysialinedrpisainaivial eeataiGeanachby mealshiiptr egi on
f: g%rpg‘;e%ttﬂgriﬁé‘ﬁcﬁ{ WitV & pré et it e rafife Bf 085 25BN CorAt el N9 sai d
into a metal mold that rotates about its longitudinal axis. Under the influence of
centrifugal force and by means of a template, a rotationally symmetrical crucible-

shaped layer of quartz grains is formed on the inner wall of the metal mold.

In a second process stage, a transparent inner layer is generated on the inner wall of
the quartz grains layer by means of the so-called “arc melting process”. To this end,
as the metal mold is continually rotated, highly pure synthetic quartz grains are
strewn in through an arc, which is lowered into the metal mold from above. The
grains strewn in through the arc are softened and thrown against the inner wall of the
layer of quartz grains where they melt. The maximum temperature achieved on the
inner wall is in excess of 2100°C. This lead to the formation of a melt front
propagating outwards towards the metal mold, as a result of which the inner layer
melts to transparent quartz glass and the layer of quartz grains is sintered to form an
outer layer of opaque quartz glass. Melting is complete before the melt front reaches
the metal mold. The inner surface of the quartz glass crucible is thus formed by a
smooth, vitreous, bubble-free, highly-pure inner layer of synthetic SiO; that is firmly

attached to the outer layer.

On account of the high purity of the synthetic inner layer, the tendency of the inner
layer to undergo crystallization is low, so that the emission of crystal particles into the
semiconductor melt while cristobalite is forming on the surface of the inner layer is

avoided and as a result the service life of the crucible is improved.

The arc is ignited under atmospheric conditions (in air) by three graphite electrodes.

Burn-off of graphite leads to the formation of CO; and CO, and the Boudouard



21. Method according to claim20, characterized in that the oxide conpound

consi st ternary oxide, such as bariumtitanate (BaTi 03) or m
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&0-qa into the doping region is discussed in more detail below with the aid of examples of

embodiments.
Example 1

A mixture of quartz grains (quartz sand) with commercially available barium titanate
powder is obtained by mixing in a drum-hoop mixer. The mixture contains 0.002 mol
barium titanate per kg quartz grains; the quantity weighed out is 466 mg BaTiO; / kg

quartz grains.

When the layer of quartz grains is being shaped, the mixture is formed into a doped
outer wall strip around the axis of rotation that ends on the outer wall of the layer of
quartz grains and has a thickness of 3 mm in the finished crucible. The outer wall
strip doped with barium titanate is shaped such that it extends down 5 cm from the

upper rim of the finished crucible.

Subsequent application of the inner layer to the inner wall of the layer of quartz
grains and sintering of the crucible wall by means of arc melting yields the quartz
glass crucible of the present invention. The outer wall strip has a thickness of about
3 mm after sintering. Crystallization, especially in the region of the outer wall strip, is

not visible to the naked eye.
Example 2

A mixture of quartz grains with barium titanate powder is obtained by mixing in a
drum-hoop mixer. The mixture contains 0.001 mol barium titanate per kg quartz

grains; the quantity weighed out is 233 mg BaTiO3 / kg quartz grains.
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outer wall strip about the axis of rotation. The outer wall strip ends on the outer wall
of the layer of quartz grains and extends down 10 cm from the upper rim in the

finished crucible.

Subsequent application of the inner layer to the inner wall of the layer of quartz
grains and sintering of the crucible wall (including melting of the layer of quartz
grains) by means of arc melting yields the quartz glass crucible of the present
invention. The outer wall strip has a thickness of about 4 mm after sintering.
Crystallization, especially in the region of the outer wall strip, is not visible to the

naked eye.
Example 3

A mixture of quartz grains with barium titanate powder is obtained by mixing in a
drum-hoop mixer. The mixture contains 0.001 mol barium titanate per kg quartz

grains; the quantity weighed out is 233 mg BaTiO3; / kg quartz grains.

The mixture is used to generate a doping region ending on the external surface
during shaping of the layer of quartz grains, the doping region extending over the

entire side wall of the quartz glass crucible (excluding the base section).

Subsequent application of the synthetic inner layer to the inner wall of the layer of
quartz grains and sintering of the crucible wall by means of arc melting yields the
quartz glass crucible of the present invention as shown in Fig. 1. The doping region
containing barium titanate has a thickness of about 3 mm after sintering.

Crystallization, especially in the doping region, is not visible to the naked eye.
Example 4

A mixture of quartz grains of a particle size ranging from 90 um to 315 pm with
commercially available barium zirconate powder is obtained by mixing in a drum-
hoop mixer. The mixture contains 0.002 mol barium zirconate per kg quartz grains;
the quantity weighed out is 552 mg BaZrQO3 / kg quartz grains.
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during shaping of the quartz grains layer, the doping region extending over the entire

side wall of the quartz glass crucible (excluding the base area).

Subsequent application of the inner layer to the inner wall of the quartz grains layer
and sintering of the crucible wall by means of arc melting yields the quartz glass
crucible of the present invention. The doping region has a thickness of about 5 mm

after sintering. Crystallization is not visible to the naked eye.
Example 5

A mixture of quartz grains with barium zirconate powder is obtained by mixing in a
drum-hoop mixer. The mixture contains 0.001 mol barium zirconate per kg quartz

grains (the quantity weighed out is 276 mg BaZrO; per kg quartz grains).

The mixture is used to generate a doping region ending on the external surface
during shaping of the quartz grains layer, the doping region extending over the entire
side wall of the quartz glass crucible (excluding the base area).

Subsequent application of the synthetic inner layer to the inner wall of the layer of
quartz grains and sintering of the crucible wall by means of arc melting yields the
quartz glass crucible of the present invention as shown in Figure 1. The doping
region containing the barium zirconate in the finished crucible has a thickness (after
sintering) of about 6 mm. Crystallization, especially in the doping region, is not
visible to the naked eye.

The crucibles prepared in accordance with Examples 1 to 5 are broken up and chips
are prepared for a “Crystallization Test”, a “Vacuum Bake Test” and a “24-Hour

Vacuum Bake Test".

Crystallization Test

In the crystallization test, the melting phase during crystal pulling is simulated. The
temperature program employed roughly matches the temperature in the radius of a

28" crucible during the melting phase. This is intended to ensure that a crystalline
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are then evaluated graphically. To this end, the samples are photographed and the

layer thickness is measured.
Vacuum Bake Test

The Vacuum Bake Test simulates the temperature and the pressure conditions
during standard crystal pulling in order to assess bubble growth in the inner layer of
the crucible. To this end, samples from the base, radius and side wall of the crucible
are kept for four hours at 1600 °C and 10 mbar. The chips are then sliced into thin
sections and photographs of the bubbles on the inner layers of the samples are

taken.
24-Hour Vacuum Bake Test

The 24-Hour Vacuum Bake Test is used to simulate bubble growth, especially of the
inner layer during a particularly long-lasting process, as is realistically possible with
the use of 28" crucibles. To this end, the samples are kept for 24 hours at 1600 °C
and 10 mbar. Bubble growth is then examined with the aid of the thin sections. The
24-Hour Vacuum Bake Test also reveals the final crystallization behavior of the
crucible. After 24 hours, crystallization is almost complete, so that from this test it is
possible to establish if the crystallization migrates, e.g., into regions that should not
crystallize. For this reason, samples from the base, radius, side wall (bottom, center,
top) are studied so that an overall picture of crystallization in the crucible can be

created.
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Samples taken from the quartz glass crucibles prepared in accordance with
Examples 1 to 5 were subjected to the aforementioned tests. The results are shown

in Table 1.
Table 1
Crystallization | Vacuum Bake 24h Vacuum Bake Test
test Test
Sample Layer Bubble Bubble Crystallization
thickness formation formation
[mm]
1 3 Bubble growth Bubble growth Strip
5 ) comparable or | comparable or completely
better than in better than in crystallized
3 3 quartz glass quartz glass Doping region
7 5 crucibles crucibles without completely
without outer outer wall doping crystallized
5 6 wall doping

The quartz glass crucible (sample 1) prepared in accordance with Example 1
exhibited crystallization growth in a strip approx. 5 cm wide on the upper wall. It

transpired that the crystallized layer extends into the vicinity of the inner layer.

The quartz glass crucible (sample 2) prepared in accordance with Example 2
exhibited on account of the lower concentration of crystallization promoter slightly
less, yet completely adequate crystallization in the upper outer wall of the quartz

glass crucible.

When the doped outer wall strip is being prepared in accordance with Examples 1

and 2, defined local distribution of the crystallization promoter must be ensured
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layer.

In the quartz glass crucible (sample 3) prepared in accordance with Example 3, the
entire outer wall is doped with the crystallization promoter (barium titanate). The
doped region extends on the outer surface from the upper edge of the quartz glass
crucible down into the radius between the base and the wall. The method led to
complete crystallization of the doping region of the outer wall in the crystallization
test. The crystallized layer is of uniform thickness and tapers in the radius down
towards the base. The shape of the crystallized layer corresponds exactly to the
desired shape. The crystallized layer does not come close to the inner layer in any

region.

In the quartz glass crucible (sample 4) prepared in accordance with Example 4,
crystallization in the crucible was comparable to that in the crucible prepared in

accordance with Example 3.

The quartz glass crucible (sample 5) prepared in accordance with Example 5 showed
the same crystallization result as the crucible prepared in accordance with Examples
3 and 4. The thickness of the crystallization layer is 6 mm. The energy conditions
during doping with BaZrOs;, however, are conducive such that the crucible, in contrast

to doping with BaTiOs3, can be melted with much fewer process modifications.
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1.

Quartz glass crucible for crystal pulling with a crucible wall, comprising an
outer layer of opaque quartz glass and an inner layer, wherein the outer layer
has an inner region and an outer region, which is provided with a
crystallization promoter that effects crystallization of quartz glass with
formation of cristobalite when the quartz glass crucible is heated during
intended use in crystal pulling, characterized in that the crystallization
promoter contains a first component acting in quartz glass — additionally to
silicon — as a network former and/or a network transformer in quartz glass and
a second, alkali-metal-free component acting in quartz glass as a breakpoint
former, and that the said components contain a doping region (8) in a layer
thickness of more than 0.2 mm in the outer layer (6) and are entrapped

therein.

. Quartz glass crucible according to claim 1, characterized in that the first

component acting as network former contains a tetravalent substance.

Quartz glass crucible according to claim 2, characterized in that the tetravalent
substance is titanium (Ti**), zirconium (Zr**), hafnium (Hf**), germanium (Ge**)

and/or tin (Sn*").

Quartz glass crucible according to claim 1, characterized in that the second
component acting as breakpoint former contains a divalent alkali-free-metal
substance.

Quartz glass crucible according to claim 4, characterized in that the divalent,

alkali-metal-free substance is barium (Ba**) and/or strontium.

Quartz glass crucible according to one of claims 1 to 5, characterized in that
the first and the second component have a distribution coefficient in silicon of

10" max.

Quartz glass crucible according to one of claims 1 to 6, characterized in that
the first component and the second component are each contained in a

concentration ranging from 0.003 mol-% to 0.02 mol-% in the doping region.

<=>Q
()-
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10. Quartz glass crucible according to one of claims 1 to 9, characterized in that
the doping region (8) has a layer thickness of more than 0.5 mm, preferably

more than 2 mm.

11.Quartz glass crucible according to claim 10, characterized in that the layer

thickness is 10 mm max.

12.Quartz glass crucible according to one of claims 1 to 11, characterized in that
the quartz glass crucible has an essentially cylindrical side wall (4) about the
axis of rotation (1), wherein the doping region (8) is formed as a doping strip in
the side wall (4).

13.Method for manufacturing a quartz glass crucible according to one of claims 1
to 12 by producing a crucible base body comprising an outer layer of opaque
quartz glass and an inner layer, wherein at least part of the outer layer in an
outer region surrounding an inner region is provided with a crystallization
promoter which, on heating of the quartz glass crucible during intended use in
crystal pulling, causes crystallization of quartz glass with formation of
cristobalite, characterized in that a first component acting in quartz glass —
additionally to silicon — as network former and/or in quartz glass as network
transformer, and an alkali-metal-free second component acting as breakpoint
former in quartz glass is used as crystallization promoter, and that said
components are introduced into and entrapped in a doping region (8) of the

outer layer (6) having a layer thickness of more than 0.2 mm.

14.Method according to claim 13, characterized in that an outer layer (6) having

the doping region (8) is generated in that SiO, grains are introduced into a
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18.Method according to claim 17, characterized in that the divalent substance is

6yf &

barium (Ba*) and/or strontium.

19.Method according to one of claims 13 to 18, characterized in that the first
component and the second component are each introduced in a concentration
ranging from 0.003 mol-% to 0.02 mol-% in the doping region.

20.Method according to one of claims 13 to 19, characterized in that the first
component and the second component are contained in the doping region (8)
of the outer layer (6) in the form of an oxide compound containing said
components.

21.Method according to claim 20, characterized in that the oxide compound
consists of a ternary oxide, such as barium titanate (BaTiO3) or barium

zirconate (BaZrO3) or a mixture thereof.



