,;e3e"4 ("6H'T"Z /s -1 Met hod of produci‘ng a quartz glass crucible The

" present invention relates to a nethod of producing a quartz glass crucible
by providing a crucible base body at least in part with an inner layer in
which the formation of cristobalite is induced by using a crystallization
pronoter. Such quartz glass crucibles are e.g. used for remmmmmmwmmet al
nmelt when single crystals are pulled according to the so-c | ski
method. In this nmethod, a seed crystal with a predeterm ned di kggikd=on of
orientation is inmersed into the nelt and then slowy pulled upwards. Seed
crystal and nelt rotate in opposite directions. The surfacemwmnmmﬂmmmm en
seed crystal and nelt has the effect that a small anount of t/)ve
pul led of f together with the seed crystal, said nelt gradually «ggghi N
down, thereby solidifying into the continuously further grow ng single
crystal. In this pulling process the quartz glass crucible is subjected to
hi gh mechani cal, chenical and thermal stresses that rnust be w thstood by
the quartz glass cru ?f?‘é’df%frp ing aguakz glasperudhle noti ceabl e plastic
deformations. In the case of a silicon nelt, the nelting tenperature nore

t han 1400C for exanple. To enhance the thermal stability of the quartz
glass crucibles, it has therefore been suggested that the crucible should

be pr oy 1 f r ri dte. Lhaapopnt  of
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The gl pesydingtaecrusible base dodp mtrbeast il bart aithi drainher fayee irbihiocbfthepaque,

bubbl e; contai ni.ng. quartz glass is here treat ?d with a chem cal solution
cont ai Fﬂrﬁbat'é’ﬁtﬁft‘g'ﬁgg?“f%ﬁt'”gﬁ“ée BhysoRCcstalIFatigR\AremPi§Tcat i on of quartz

glass into cristobalite. Boron, alkaline-earth and phosphorus conmpounds are

r econBngR Guaktzglasd alucitied bsle Ry, 08BE FoleBERFigAtheqRetal Aie wigéh SingRd SO
referred to as "crystallization pronoter”). Barium hydroxide is preferably

used. Ywistals ere pylied egcepdingstacthesontalledsCzochralgkinpathed. inpthis metheditaance
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hi gher angehemisply pafled DpWaRds. BderNEH BtaPbnd RteIOtttstedn Poposits titettirs.
However, the quartz glass crucibles produced means of the known net hod
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W t the, crystalllze sur ce | S|, egr An ess rapi R an e
Unt r eabulingIeSses Gtttz @65s Ptk feshippie BT ah Rechricel GREMAl ac count
of thegRykkdensl'<tds8es tadtirhist mm&#%gg b{y?h%!@q‘u@&z‘qlés%t&béib'lé forlsayefal t her eby

pass into the silicon nmelt and n _ islocations in the silicon
nmonocr heued withuattanysnetfogableepllastiodefosmatidnsids the case ohatsillseermeltithed f or
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according to their intended use and thus strong bubble growth. Moreover,

t he cr ¥stexiHanzatthe themeaistabilitywf tie qadrtadiEdsduncibigs] it aias ploerefdredreenr

handling of the quartz glass crucible. It is therefore the object t he
presen?gggﬁ/ﬁﬁgit g qu%p@a?hP b?rﬁ’é‘k‘ﬂ@ﬁ%i"‘(}é etHeee ebpggﬂ%{)h@'tﬁ-ﬁh?z
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t o t he748\38% iToe glassyhautet vall of astamhinercailyoavailableotrecibien df epagui)ci ng

subst agﬁgbare i.nt roduce

le-containing quar?z glass is here treated with a chemical solution containing
substances that are conducive to the devitrification of quartz glass into cristobalite.
Boron, alkaline-earth and phosphorus compounds are recommended as
crystallization-promoting substances (hereinafter also referred to as “crystallization

promoter”). Barium hydroxide is preferably used. While the quartz glass crucible is



«into the inner layer. Wen conpared with the above-described known net hod,
the method according to the inventi onr?shows the foll owi ng essenti al
di fferences: First the crystallizatiorf pronoter is introduced into the
inner layer. The crystallization pronoter is thus contained in the inner
| ayer and has such an effect that upon heating of the quartz glass crucible

- e.g. he. | tenddus t ef fects the formation of cristobalite.
Thi s i B {?S'gﬁ%ﬁﬂr EH’ ‘ﬁ‘ér'%ﬁ\ﬁd” ended ugeindhe BPI'WS@@P‘?%%)O%‘% R€e | ayer,

i . e atréaléodérﬁbﬁﬁé wal dp;f/stérneeé DR&Er fé%htr@rﬁ‘gf Eﬁ%%béﬂe' Wﬁfd?ﬁ%%ufé@ it jer mal
stability and chem cal Tesistance of e Cruci . Ah uni nten change in

concenhigher orschenicstand.therntsl sitength ohtheuquanty glaasrspmrblatl on or handling of
the quartz glass crucible, is ruled out. Mreover, is possible with the
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di st ri bylyi with@iaed mry:pnaicéaﬁ ipeFlo@$ td B%eﬁé}rﬁt’d@érbez\ﬂﬁér%m@é@ MdrRicrystalshe i nner
| ayer. In partl cular, a stronger and nore stable crystallized layer as

conpar 8¢ e tlhe frhrﬁrmsriret thstciystaliized ssitegedayeria r@r@aﬂaple@s\/t}a§n Trager
t hi ck d bubbl
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i nt r odeoddce (dyer starts mmtatlagmduaﬂy Wit $itie dnylstailgzedrsmrfahecdrsmegratn@gt he
i nner |ayer the substance devel ops a reducing, effect
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cryst al|dsaagusiBidsaeich Hré rrqeﬁaé@ tSFeteid & rérgblm@rp%@hr@aﬁd Pl st rﬁéréfbref
bubbl es in which gases may al so be entrappe

account of the
t enper mthstarmijohgg)rde@sdimeaeccmndmg)ﬂodhammtendegarseraml thus Sitr@ngrwb%&e of
| ong prg 68 tinmes, this results in a growh of gas-containing bubbles,
whi ch %% 1t at ed by the | ow viscosity of the quartz glass at such
tenperatures. Wien a growi ng bubble comes into contact with a thin
cri st oMdrebeet, ayecrystahirzatrmsprbtrmtérrmaybleaab’raded siuring demspodatiatal 1 aki ng
of f of tha crlfé] ballgze Iag/ this is observed all the earlier the thinner
the cr Napging 9lass efHigible- assunption that the bubble growth is
consi derably infl uenced by the oxygen formed, the chem cal reaction that

t akes pligtgereforbhé odfsit of e Qrd%@nﬂi@ﬁéﬁirdrefb ih)drddw ahGhé&pEnzivd metlod efact i on

equati on: -4 (1) 4 Si02(s) + C(s) N2(9) - Si3N4(5) + Sifts) + 4
02(g) PreYBIGIRD gHgHz OlAsS BUBH it r@prodmcrlhletcrr@rad@ﬁérl%ﬁi%ﬂpmﬁ Sefvif§spheri ¢
nitrog nd carbon which is contained in small anmounts in the initial

substancés or may be charged into the crucible wall during the

manuf acturing process, each nol of nitrogen forns tw ce the vol une of
oxygen Staitbimg\fmm then abasesne/mmnedanemddpthisgobjebts iscamieeves acaasding tbihe he

i nner Ia er bstanc reacts en charged into the inner

| ayer , THieniBR &f dhatafs St e R ARm U e S RECR 0B Shg e S B trddlfaad
oxygenimb théeriditiapguced nitrogen to forman oxidi zed soli d The solid does
not contribute anything to the total gas volunme. Thus this "Better effect”
of the reducing substance reduces the formation of bubbl es caus

excessWeengogeared Wil tag phevedasrelbed krowg netBog uihe methadREEd! n@ﬁé
strongeﬁvﬁ Lrpvgprlglqléﬁw,g tﬁeff&ﬁ)twrﬂé ggmfe%rg éérbstance is, the better can
0 ubbl'es

the gr e prevent possr y exi sting | ack of oxygen in
the quartz glass structure does not devel op said effect. According to the

i nvent iton tlﬁérst tobucry siglizakion pnomotes iqai'rrbnhaiuedda?mtoltbasrmneidayergTbeoducti on of
the i nner ¥ o that it devebog Q’ﬁﬁf A descnlbed | e- rgducrng

Bet t er effe@ ;q{g)napr@grq;er isHBUS FRRIAINGY N Flfﬂ'ﬂ%r @Y%rc?'?) as PHER &N n this
area that t@ﬁe&?ﬁr‘é@h en%@aﬁh@@wéeumz ks icPudisteat e ?Sﬁaﬂhﬁalhew@ﬁdé@nce
since the flaking of cristobalite ich is cause qromﬁh of

bubbl es is usas meﬁecta\zbedermnatrmu @fmnsmwlre;eThlerea@ﬁonﬂrrf@lqdé}y he fnaws
crucible is thereby prolonged. The nmethod according to the invention

all ows, on the one hand, a defined and reproducible formation of
cristobalite in the area of the inner wall of the quartz glass crucible and
guarantees, on the other hand, that this |layer of cristobalite is kept
undamaged as much as possible during the intended use of the quartz gl ass
cruci ble. The quartz glass crucible produced according to the nmethod of the
|nvent|on therefore mnthstands Iong process trnes The use of Iarge quartz

o o, T . . o o



. - 5 does here not rule out the additional ‘application of crystallization
pronoters to the inner |ayer of the qﬁgrtz gl ass crucible. Preference is
given to a variant of the nethod of invention in which at |east part of
the crystallization pronoter is sinultaneously introduced into the inner
| ayer for form ng the reducing substance. The crystallization pronoter
fulfills both of the abovenentioned functions in that it pronotes the

formation oActian afitheAristebalie laver.deea ssiidificationgéthenaner wal @ngrBugaar t z

gl ass cruci; IS, i i J tributes to the
formation Jphﬁégrlggﬁ%%@%@g@a%c%{?@ Ié%%&%@s@?ﬁgggcr%%%'o bubbl es by
way of its Unjaterelededtatgie’in doneertpaticr) Sauked ex. foyr abradivadurimgof t he
cristobalite |ayer and thus, a gﬁgg service Iife_o@lthe quartz gl ass

cruci bl e. Ef® rEeNLIancing R Aedite glasgLragiPle; isiped B¥t i n a cheni cal
conpound acts here as a crystallization-pronoting and bubbl e-reduci ng agent
at the sameybrdBer! it & pSsSIMIELATE HEELRY 6F tREYHettion28idePl freqetetfnednd as
a reduci ng substance, or a chem cal conpound is concerned of which one part
acts as a cihjcinassiof $he orystallizast isnenlageniroa defingdmarser throegh@ ng subst ance

compounds. tiIfeseb e SRTBuoR ARt o beniy ot et e pry Rt RS BFimsfacda: " S950c
are formed thy inxeaRlER NN Partidifar, @dtEnder aHBThGCRabMBrpbtallied MBjedldsi ¢

conpounds are primafily suited as reducing substances,” but al so such
chem cal coeqiopaces witlhithe knows methpddsitues obtamedha a single wayekayef an

hore thar KSR b SeRtabOibef kah n AosRlad TR sBimsind HiGHRS " ' °
subst ance agrowihtfed adshgs peelodds tisdgd do t hus not contribute anything to the
gas volune wthin the inner layer and thus to the formation of bubbles. It

h t d t to b f. i | ar, t .th duci ffect of
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prepar at i oninghgliBgor HISthé MHRr -Iay@?_thé‘b&?ﬁtbﬂéé'!aﬁbél%ﬁ d redleing driduced to the

reduci ng substance during preparation o e inner |ayer. 'Inﬁeéredox

pot enti al oWhiche howevealmay btilt continudi drf resemier again ldeiring diosk injended s obf
silicon (1V), so gzha]t t he i.nli tidrgl subﬁtance can. be Trfecguc&{j wi th tt %i 02

bei ng r educt§ I H5EF CELHPIE: JBi5ERUMS IN & SRS TREMIMN ISREUG Mg t he
pr epar at i ongérvidefe i g qLadEeglaatri@bRe wHidh shdlPbé esplafiddyinghom getainner

by way of an atnosphere having a reducing action. It is thereby possible to
formthe reihtbpdgliewingt ance froman initial substance (chenical conpound)
which is present in a high or even its highest oxidation stage, on

condi tion ! ifasdh folinkthbt AU RBUbIVE MBAHEREH Sfaducf GORRANRAFSS Ble t he
reduci ng atnosphere. This Is particularly the case with chem cal conpounds
that easi| ycrystalliged ineer layer the growts hgubbles iodne brucide wadds of esxgntiad will
at mospher o, MROHAE tr Regibabbg 5B sBarelioes Siraddo & st Epl er by

way of arc galltdonthiNs atufitudeeabutbies B BRiBhigasek efay 8188-bd éntrdped). ©n

mel ting process, Si02-containing grains are introduced into an arc and

t hr own unde@ceduntad the highr temperatuce puona cisa@f e crucitle &gdi spartiadar Aher
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so that graphbbles/ #BRInSsfadilitated/Bethe Il dBcasigdsthaqobHy glassudttsuchn t he
formati on of reduci ng carbon nonoxi de because of the high tenperature
(Boudouar d tiupenatiesnyVhema geawing wbbiesPrmnes inteLontact Mic? BN condi ti ons i n
t he preparalj TR i i I LW L : ich as
such have aHr'ge{Q Bglﬁtﬁglgg?q’ Ee}@?fe%@%\ﬁémgﬁgﬁaﬁf ﬁgféés.gu%g(?gon%gﬁé@ﬁg%f\gﬂ% educed
undeL ar cnebtifmgamndyeﬁ; tis isolpserved edftrhe)ﬁaﬂtelrggmgﬂmmml thedxigiob@limjllasﬁrance
in the inner layer. In consideratio this additjon C itign e
reduci ng sulssQihthe a%swsam&@r ?hef ohkRla o eonsieraply Sibensaa by the
contal ning BRI 1oFRIER, Mle LlmaP B ian thaABkedbidod A this RasETeokiRBET
silicon, zirconiumor a conpound of sald elenents. Bariumtitanate (BaTi Os)
or bari um zdescnitzedkby BarfollByvingtataledactioraequatiancul arly preferred nmanner as
initial substance for the reducing substance in a concentration between
0.003 nol % and 0.02 mol % The indicated concentration refers to the
concentration in the spreading material. Bariumtitanate or barium
zirconate as reducing substances in the sense of the invention hel p not
only to reduce bubbles, but also act as crystallization-pronoting agents.
Crystallization is pronoted by the barium anmount of said conmpounds whereas
t he bubbl e-reducing effect follows fromthe conmponent -TiO3 or -ZrGs in
cooperation wth reducing conditions during preparation 7 of the inner
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. Moreover, barium and titaniumas well as zirconiumare characterized by a
relatively small coefficient of distripution in silicon. As for
concentrations below said lower |imt for the preferred concentration
range, a conplete crystallization of the inner |layer is not achieved. This
is true for the case of an inner |ayer of very pure synthetic Si02.

I mpurities in th{e Si0 06 the i nner | ayer_ normnal I_& pronote the formation of
cristobalite, sol®What4$Oehe Cast 20¥2 ontHNamt ICe) v 2 Q2gomsreekd
crystallization of the inner |ayer nust already be expected %t:? 403 or
BaZr 03 content of |less than 0.003 nol % The upper limt indi CRFR or the
preferred concentration range follows fromthe fact that the inner |ayer is
gradual | y dSsbs¢qehtiyuwithdheseopératibr of atmbbpieericnitrolgeh andecarbbrs wdiares
contai ned therein ss into the netal nelt and nay contani nate the sane.
Particul arl ﬁﬂ'ﬁ?'@gaé@ Smﬁlérﬁ%@'ﬂ ﬁlﬁ 'inHH"tl ISH%@”F%‘F OhHIAYRE Ehargedtiatoor
barium zircgpag Faya) WY |~ & ively
or in additi On,rﬁicf[bhfgvg Tlgf;ugﬁﬁfﬂg%ﬁrgﬁr?ﬁ%%é?h plrjcs/eeés%f Q?%g{rﬁ? S&@{ﬁégﬁggﬂ %md/ or
t ungst en silwiee ¢hee volumecoihowgenat i on bet ween 0.002 nmol % and 0.5 nol % as a
reduci ng substance is of advantage. On account of their silicon content,

Ui e d h g e . q
Gpper 11 m ¢ DORSEEaR SaF S WrEre 4Pt SiBLErEe R e TFLie o Bl T« om
t he obser vagaidrsubstaricei readtsabavieast wher ebaRIEd ihto ey inHet lyepnalte.
Particularly preferred is a concentration range for _titaniumsilicide

and/ or t ungBResprably alep s agRinAuning the MkRo Drasess mowitheargen oRthdl % Apart
ef rect coupl BRren ' Berte PR EFERRF RIS, P ERNF G PRCROREBIETG, o2
possi bl e, banythingstol theitdias ghavelume. Tédisahis 'getteeefiset’ of thasrguaicingcul arl y

suited reducing substances, in the inner |ayer. However) bariumsilicides
are not staﬁyl%g?ﬂc‘?rfﬁcgiceéitpeg?fﬂ’qt!?@r&m?‘%/%ﬁ@}ﬁegvﬁhﬁx MG OG5S/t i ve
gas at nosphgg@gen fored Quring@ndipRliRg driBeé®! | owi ng metal s are in particul ar
expected to be suited as a reduci ng substance, coupled with a

bubbl e-reduci ng Better effect: W M, Ba, Ti, G, Ge, In, Sn, Ti, Pb) Zr,
Si, al kal i néhestrongaetha reducingeefiast phthesiegusingrrubstancgna, Weskettaid@ncal

conmpounds hgyij [ j ffac r i e
cryeral pul Mg buBpiesErtsiadentes: Aetttiexsiiofadtdf S8 e
Chem cal cogpanngmsssttutturedonsaiot devdidp, saidiefectairesording tntecinyvention
zi rconat es, tungstates, nolybdates, ferrates, cobaltates, nickel ates,

vanadat es, HISBAENT suhfaNca iEPrasirachpldrasieduriiarradystian el Kie iRaelYPhe
precondi 11 08, fhatt AEFUIGHIALIRMBPUEIFiLER KUbBIRIERRY beflorbirddity tpner | aver
- in particular of a reducing atnosphere - as initial “substances for the

f or mat i on ofrrea sithetianeryalhot thegcrasibke. dted i thrig asedthiah e reducingie sense of
the present invention,  as, has been explai ned above. t.he. aboyve: nenti oned
chem cal  coRpiBRiatcs tths Bl i Be ALASsariEL RPERanG Sine el REOL R [h et al s
and oxi des gfistoBgliteatsich ¥ EALIBRL IR} thedgroweh bf BEbHles idthuddlsgravaldea anthi bit a
crystal lization-pronoting effect in quartz gl ass. However, oxides or oxidic
conmpounds sthghseryicedife of & quartgygleas esuciipigliy brieby prelpegediat es, vanadat es,
ni obates) tantal ates, has been approved as reduci ng substances in an

i nconp i ; d i t 3 uced into
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f ound treproduciblepfarmiatioh af crstobalitede thdared biethierineer Waly ef thesquartdglees by

means of Si 02 ains which contain th educi ng subst.ance or. an jnitial
mat er i STUGRIE F SHEFGNIESS: e%ﬁfée Pﬁ‘ef H@nao{nﬂ? 'Sé%(%ﬁgﬁf‘.s 0 abtﬁ"?ﬁ(@ﬂt arly
honoge rad Il : i 1S hd i ce
w ¢ i RamaRRd aq BuBRias dodsitle dBiAG NG i L et O R g
subst afite aartzhglasscrucible pevdudedl acceeding do themmetiropobthennventiemipesefore ed

pon | HSERER 160 BOGass e 1RdEs otlrad Borriaaler S5 unBief, R Wied ™ ur ned
out t o Qgdyagd With¥heiy 5§Nien@r|¥s%tggfbm§§ tREC s e d;ﬁ)isrsﬂﬂé' ynpeef fect or

pronote the formation of cristo Ite are introduce nto the inner |ayer
in a dicffstalbzed tinenayer ferdhpdisstitineg . and iermethadeaneordipgitaithainvention t h
respect to Better _g_effect and cristobalite formation is nade easier
by the selection and dosage of substances having different effects.



+\When viewed across the crucible wall and, in particular, over the thickness
of the inner layer, the reducing subs_tsance can have a honbgeneous
concentration profile. However, it has been found to be of particular
advant age when a concentration gradient of the reducing substance is set in
the inner layer. In this case the reducing substance shows a concentration
gradient oyer the inner layer.wth a.cqoncentration preferably |ncreasing
Prom t HaeF RETeR0t e R thg2qdiional nplsatines! cvstalintion peoraRieleider r om the
i nner jr¢efayer iof teUatz afass@ifugibrd substance passing into the netal nelt
is quite small. Since inthe crystal pulling process higher tenperatures

prevail on the inner wall than in the interior of the crucible wall, a
| ower EERfEERNGEABiIgELIC @ Mariantlyafithe methed oh the nvepkien M whicheatieashrart efhe

Cr 1 ot o SYEEABRREN okl s SRAMGHCYSR/ink o] PR Yo Rer BnF BT o

st r ongfgrmirge tHeeredicirgréubstandd Ty @gstellization brdrber eGiilaboinngs thetapbvéayer

of the quartz glass cruci ble because of its |%he,r concentration in this
area. Mestiepad ynctignsan that iLrrinelss the farmadion) qf icristabatitedndhe @eea phthe
concen ' NBEN : V) I .and 0.3
nmol % F{Fﬁg@n\@ﬁ]t rat 9%?1’1%?%%958%5?%? L gé‘léheg{ ﬁégbgﬁﬁc%n%%ﬁ@g?ﬁseﬁ ia 'fzation
of t hecomnieutdsatpehe ifsrnsatiqer ofsthegegutinglsubstanck whichl peducestthe growthit efndency

of the i nner | ayer {. rystal]ize on account of .its high purjty. In a
Lt 1 eBlBPES By of e "delier Btecht taRRb Y SR HaING N AR SHhBLn pr 0wt er
is int I, it i fi; , } t rAHa bl e
base. bootbafteByerfl N Lldderibelitg Byl Uitz lodPoiltifle! Bfdiae D ° |
wal |t anditnesamefcheamsical as ableterhasioindy/chemicahtympoend patsthere ashe wal | .

The cruci Pl ase body. consjsts of hott om po %on and of .a cylindrical

si de vivtaliaRlop-Rrematingad BubhiesRRuaroiagerhel bis Rt o Ene. bot t om

por ti oginilHrdousi4s &lcrystafizatforPBiomdér SRE a8idtRdiRing sUbstarte, eFacible
portions in which crystallization pronoter is contained, crystallization is
i nduc eghemigahgonpeunt is keneeraedof yihicks ooe pertacs aseyeyatallization prometer
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concentration. This leads to a further inprovenent through reduction of the
bubbl ePgefevalily wheah oxygenestiniirogers abmpanods thatars présent @asucedid we to ahe

i b b b ..l n thi th ta) L. I t dth
e RSRta e A D08 by BXlath B AR bR S 0 quar -
gl ass ﬁﬂéf&l‘stﬁrﬁnét%lllésﬁﬂnﬁé%%dﬁ aﬁrtilp:cs'ﬁitbé%&e&@ciﬁ%f@%ﬁiddcﬁ@} b@talgé the

cruci bl e portions concern il'e the formation of es i s avoided or

r educeduciTisbemical gompousbalthatrean be irdsosiuged drtoithe mer layardniangxigatiass er ence

to enmbodi nent.s: .J firs te f t C i is
e oducsramByRsah Betn tighestsifedtion SHof o Mhartdlite ™S el R Enapibal . ° o
nat ur atofigalihds Yoritedby bRidatidh4f thé@radutthd susstatcd\ard obtaired\ss soliispand fi ed
by nmeans of hot chlorination and filled into a netal formrotating about

its | oAgithusinabrontkipyte amdbingitrdha ees yelume witbihthe iNngalaYebARE O t h t he

hel p o t tationally symretrical quartz grain |ayer of
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is ignited under atnospheric conditions (in air) by three graphite

el ectrodes. C02 and CO are forned due to the burning-off of graphite, and
t he Boudouard equilibriumis clearly shifted in favor of a CO fornmation
because of the el evated -11 tenperatures of several thousand degrees
Cel sius, so that a reducing atnosphere is obtained in the area of the arc.
A reduci ng substance and a crystallization pronoter within the neani ng of
t he present



»invention are here introduced into the inner |ayer. The preparation of the
i nner layer and the introduction of the crystallization pronoter and of the
reduci ng substance shall now be expl aitied in the followng with reference
to enbodi ments: Exanple 1: Si02 grains are mxed with 0.1 %by w. of an
Fe2O3 powder. The m xture is spread into the opaque cruci bl e base body and
i in this proc ss b neans of the socall ed "spreadi ng nethod" using
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.Exanple 2: Si02 grains are mxed with 0.5%by \it. of a BaTi 03 powder for
producing an inner layer in a quartz ass cruci ble, and a transparent

i nner layer is produced fromthe m xtdre, as described in Exanple 1 with
reference to Si02 grains, by neans of the socalled "spreadi ng nmethod" using
an arc. This inner |ayer also extends over the whole crucible base body and
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subjected to a crystallijzati on test. An al nost conparable cr stal I | zation
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BaW4 consists of a crystallization-pronoting conponent) namely, the barium
anount ziregnate tha rpoaes from 0008 malbhite-G.etmalg. ef fect, nanmely the

Alternatively or in addition, it has been found that the use of titanium silicide and/or
tungsten silicide in a concentration between 0.002 mol % and 0.5 mol % as a
reducing substance is of advantage. On account of their silicon content, silicides have
less tendency to contaminate a silicon melt. The lower and upper limits indicated for
the preferred concentration range follow from the observations explained above with
respect to barium titanate. Particularly preferred is a concentration range for titanium
silicide and/or tungsten silicide which is between 0.004 mol % and 0.4 mol %.

Apart from this, in particular with respect to a high crystallization-promoting effect
coupled with a contamination of the silicon melt that is as low as possible, barium
silicides have turned out to be useful as particularly suited reducing substances in the
inner layer. However, barium silicides are not stable in moist air and therefore require
the use of a protective gas atmosphere.



1-15‘tungstate amount (W4), this effect being only obtained during
production of the inner |ayer by intrg?uction into the inner |ayer under
reduci ng conditions. The W)4 anount i's"teduced by the arc. The inner |ayer
produced in this way was subjected to a crystallization test. A conparable
crystallization of the inner layer as in Exanple 3 was detected. A
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doped [T aEAT o Sneb Bl abifh o8 2 MR ST RN ERAET i Snes BERBRT ot 1 he
netal frivientiod 4 has beeAxplaiied abeyer according to Exanple 3 is _
subsequently formed by "arc nelting” on the inner wall of the quartz grain
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reduced bubble fornmation when used according to its destination. 17

Cl ai nms I ' ' i.n.a silicon
or yst o rotiae 8L oRREShBR R &5 BErARRs SEHGHSIGS mPbE sy, o' ot
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with aSHeS$taNCaRIn Qi qor'iEPI?Wi)’ PREZ8Ad8Mise of the quartz glass crucible, and
in which the formation of cristobalite is induced using a crystallization

pr ondt §he reBaEIAGIRbsERTES! dant BaintidaBcEa Yitbahd iirrir | Aferih QBRA Glquadgr @ reduci ng
subst ance react| nij_' during the pulling process with gaseous oxygen under
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1 or 2, characterized in that those oxygen or nitrogen conpounds that are
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oxi dat [\ PfheSAhgr 52 RSretiPGiAaffed. As the dopant, the reducing substance or

the initial material therefor may be present in any desired oxidation stage as long as it
is ensured that a reducing effect is achieved upon introduction of the substance into
the inner layer.

It has also turned out to be useful when several substances which have a reducing
effect or promote the formation of cristobalite are introduced into the inner layer in a

different chemical composition. A simultaneous optimization with respect to getter
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4. The nmethod according to any one of the prece'di ng clains, characterized
in that the reducing action of said Slébstance I s adj usted by reduci ng
condi tions during preparation of sai d¥nner layer. 5. The nethod according
to claim4, characterized in that said inner Iayer I s produced by arc
mel ting usi ng at | east one graphite electrode. 6. The method according to

any one_ of, th rec ai s, characte ed |n that sajd reducing
substa?\fé%dl ‘f‘fff &?g&ﬁ"ﬂ'qr‘d?t’“ € gasist éﬁ@%e fpieetior 8ne 08898196 or nore of
the el Qupihscdd ﬁ&qrg@ﬁérgﬁg@ﬁ&qs. mol ybdenum silicon, zirconiumor a
compound of said elenments, preferably an alkaline-earth metal conpound of

said el enents. 7. The nethod according to claim®6, characterized in
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to cl a@iRdeEnt ol dhereducing substancais satdmiiaimner layer.da thissase thangdueing
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that tprhefaxiabiy ipicreasintgfrom therngsitieto she oonsdﬁa iHeric®ehieh aristebatignt r at i on
bet ween 0.004 nol % and 0.4 nol % 11. The net hod according to claim1,
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for the formation of a dense cristobalite layer. On the other hand, the reducing

substance develops a stronger “getter effect” in the area of the bubble-containing

outer layer of the quartz glass crucible because of its higher concentration in this

area.

Preferably, Al,O3 is used as the crystallization promoter in a concentration between
0.15 and 0.5 mol %, preferably between 0.2 and 0.3 mol %. The concentration of
Al,Q; for adjusting a complete crystallization of the inner layer is surprisingly high,
which is due to the low tendency of the inner layer to crystallize on account of its high

purity.

In a particularly preferred variant of the method the crystallization promoter is
introduced not only into the inner layer, but also into the crucible base body. The
crystallization promoter is here distributed over the entire wall thickness of the
crucible base body, or only over part of the wall. The crucible base body consists of a
bottom portion and of a cylindrical side wall. The crystallization promoter is introduced
into the bottom portion and/or into at least a part of the side wall. In the crucible
portions in which crystallization promoter is contained, crystallization is induced during

use of the quartz glass crucible. Crystallization is accomplished across the entire



rcontain said reducing substance or a feed naterial for form ng said

reduci ng substance in the formof a dgpant. 13. The nethod according to any
one of the preceding clainms, characterized in that a plurality of reducing
substances of a different chem cal conposition are introduced into said

i nner layer at the sane tinme. 14. The nethod according to any one of the
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any onsodf i_rtélguﬁibm@bﬁgemkaidﬁ, characterized in that A1203 is used in a

concentration between 0.15 and 0.5 nol % preferably between 0.2 and 0.3
nmol % _as said crystallization pronoter. 19 16. The net hod according to
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I nt r oderyetdllizationtdnemotercand thelradacingdybstaficd dre ABnfiYed\in the crucible
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base body. When the quartz glass crucible is used as intended, this leads to
crystallization of the crucible portions concerned while the formation of bubbles is

avoided or reduced.
The invention shall now be explained in more detail with reference to embodiments:

In a first step of the method, the crucible base body is produced according to the
known method. To this end, crystalline grains of natural quartz with a grain size
ranging from 90 um to 315 pum are purified by means of hot chlorination and filled into
a metal form rotating about its longitudinal axis. Under the action of a centrifugal force
and with the help of a template, a rotationally symmetrical quartz grain layer of
uniform thickness is formed from the bulk material on the inner wall of the metal form.

In a second step of the method, a transparent inner layer is produced on the inner
wall of the quartz grain layer by means of the so-called "arc melting” process. To this
end high-purity SiO, grains are spread into the metal form under continuous rotation
and are softened by means of an arc which is lowered from above into the metal form,
and the grains are thrown against the inner wall of the crucible base body and molten
thereon. A maximum temperature of more than 2100°C is achieved on the inner wall.
This results in the formation of a metal front which continues to the outside towards
the metal form, and as a result of which the inner layer is molten into a transparent
quartz glass and the quartz grain layer is sintered into the crucible base body of
opaque quartz glass. The melting process is completed before the melt front reaches
the metal form.

The arc is ignited under atmospheric conditions (in air) by three graphite electrodes.
CO, and CO are formed due to the burning-off of graphite, and the Boudouard
equilibrium is clearly shifted in favor of a CO formation because of the elevated
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SiO7 grains are mixed with 0.1% by wt. of an Fe,O3; powder. The mixture is spread
into the opaque crucible base body and is molten in this process by means of the so-
called “spreading method” using graphite electrodes between which an arc is
produced, and is flung onto the inner wall of the crucible under formation of a
transparent inner layer. The inner layer extends over the whole crucible base body
and has a thickness of 2 mm.

The inner layer produced in this way was then subjected to a so-called “vacuum bake
test” with simulation of the pressure and temperature conditions during the crystal
pulling process. This sample was compared with a comparative sample in which the
inner layer was molten by using an arc, but without adding a dopant. In comparison
with said sample, a considerably reduced bubble growth was observed in the case of
the Fe>Os-doped inner layer in the area of the inner layer while the surface of the
inner layer showed a cristobalite formation.

Similar tests were performed with the substances indicated in column 1 of Table 1.
The concentration of said substances in the inner layer showed a homogeneous
distribution in each case and was normally 0.1 mol %. Whenever concentrations with
a different concentration range turned out to be useful for adjusting the bubble-
reducing or crystallization-promoting effect, said range has been indicated for the
respective substance in brackets in Table 1.
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Table 1

—‘Initial substances for. forming reducing substances and crystallization

promoters”
Effect
Substance/compound Bubble reduction Cristobalite formation
w yes no
Mo yes no
WSi; yes no
(0.002-0.5 mol %)
TiSiz yes no
(0.002-0.5 mo! %)
BaCOj; low yes
(reducing atmosphere) (0.003-0.02 mol %)
BaWQO4 medium yes
(reducing atmosphere) (0.003-0.02 mol %)
BaZrOs; medium yes
(reducing atmosphere) (0.003-0.02 mol %)
BaTiOs high yes
(0.003-0.02 mol %)
Ti203 yes
TiO2 yes low

(reducing atmosphere)

AloO3 no yes
(0.15 to0 0.5 mol %)

ZrO; no bubbie growth yes
detectable
(reducing atmosphere)

The addition ,reducing atmaosphere” points out that the initial substance concerned
obtains its bubble-reducing effect under the prerequisite of reducing conditions during
preparation of the inner layer.
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layer, but does not effect a reduction of the bubble growth. Hence, this substance is
only suited for carrying out the method of the invention in combination with a reducing
substance. The concentration of Al,O5 for setting a complete crystallization is
surprisingly high; the particularly preferred concentration range is here between 0.2
and 0.3 mol %. This is due to the high purity of the SiO2 grains used.

The metals tungsten and molybdenum and their metallic compounds (WSi,)
mentioned in Table 1 show a considerable bubble-reducing effect whereas a
crystallization-promoting effect is here missing. These substances are thus only
suited in combination with a suitable crystallization promoter for performing the
method of the invention. As for molybdenum, it should be noted that some oxide
compounds of said metal with a high oxidation stage (in particular MoO3) are volatile
at comparatively low temperatures and can have a disadvantageous effect on bubble
reduction. However, it can easily be guaranteed under reducing conditions that
metallic molybdenum passes into the inner layer upon the oxidation of which such
oxides or nitrides are formed that are solid at the temperature of the silicon melt.

Upon introduction of TiO2 under the reducing conditions of arc melting, a bubble-
reducing effect was observed that is due to the formation of suboxides of TiOx2.
Moreover, there is a slight formation of cristobalite, but it can be expected that this
formation can be intensified by way of increased TiO, doping when the inner layer is

formed.
Example 2:

SiO, grains are mixed with 0.5% by wt. of a BaTiOz powder for producing an inner
layer in a quartz glass crucible, and a transparent inner layer is produced from the
mixture, as described in Example 1 with reference to SiO; grains, by means of the so-
called “spreading method” using an arc. This inner layer also extends over the whole

crucible base body and has a thickness of 3 mm.

The compound BaTiOs; consists of a crystallization-promoting component, namely the

barium amount, and of a component with a bubble-reducing effect, namely the
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titanate amount (TiOa), this effect being only obtained during production of the inner

layer by introduction into the inner layer under reducing conditions. The TiOs amount
is reduced by the arc.

The inner layer produced in this way was subjected to a crystallization test with
simulation of the temperature conditions of the meiting phase at the beginning of
crystal growing. A very pronounced crystallization of the inner layer was observed,
which made the determination of the effect on bubble growth more difficult. Insofar as
a measurement was possible under these conditions, there was no substantial bubble
growth. The concentration of BaTiOs, however, turned out to be unnecessarily high.

Example 3:

Therefore, in a further test for producing an inner layer in a quartz glass crucible, the
SiO2 grains used were only mixed with 0.01 mol % (about 0.05% by wt.) of a BaTiO3
powder, and a transparent layer was produced from the mixture, as described in
Example 2 with reference to SiO, grains, by way of the so-called “spreading method”
using an arc. This inner layer also extends over the whole crucible base body and has
a thickness of 3 mm.

The inner layer produced in this way was subjected to a crystallization test. An almost
comparable crystallization of the inner layer was found, which under qualitative
aspects could be classified as optimum.

Example 4:

For the preparation of an inner layer in a quartz glass crucible, SiO2 grains were
mixed with 0.005 mol % of a BaWQ, powder, and a transparent inner layer was
produced from the mixture, as described in Example 1 with reference to SiO; grains,
by means of the so-called “spreading method” using an arc. This inner layer also
extends over the whole crucible base body and has a thickness of 3 mm.

The compound BaWO, consists of a crystallization-promoting component, namely,

the barium amount, and a component with a bubble-reducing effect, namely the
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tungstate amourit ( this efféct being only obtained during production of the inner
layer by introduction into the inner layer under reducing conditions. The WO, amount

is reduced by the arc.

The inner layer produced in this way was subjected to a crystallization test. A
comparable crystallization of the inner layer as in Example 3 was detected. A

considerably smaller bubble growth was observed than in the comparative example.

Example 5:

For the preparation of an inner layer in a quartz glass crucible, SiO, grains are mixed
with 0.01 mol % of a TiSi; powder, and a transparent inner layer was produced from
the mixture, as described in Example 1 with reference to SiO; grains, by means of the
so-called “spreading method” using an arc. This layer also extends over the whole
crucible base body and has a thickness of 3 mm.

The inner layer produced in this way was subjected to a “vacuum bake test”. A distinct
decrease in bubble growth was observed.

Example 6:

A crucible base body is produced according to the above-described method.
Crystalline grains of natural quartz with a grain size in the range of 90 um to 315 pm
are purified by means of hot chlorination and mixed with 0.01 mol % (about 0.05% by
wt.) BaTiO; grains with a similar grain size spectrum. The mixture is filled into a metal
form rotating about its longitudinal axis. Under the action of a centrifugal force and
with the help of a template, a rotationally symmetrical quartz grain layer of uniform
thickness that is homogeneously doped with BaTiO3 is formed from the bulk material
on the inner wall of the metal form. A transparent inner layer according to Example 3
is subsequently formed by ,arc melting" on the inner wall of the quartz grain layer.
The reducing atmosphere (CO formation) effects a reduction of the titanate to
suboxides of TiO3, both in the inner layer and the quartz grain layer. The area of the

guartz grain layer forms the ,crucible base body" in the quartz giass crucible.



2 $10% r & () - &bbbbbbboP1C) : $109%r& ()-&) : $10%r& ()- &)

$10%r & ()-& +19%) :$10%r& ()-8&) :$10%ré& ()-&)

:$10% r & () - &bbbbbbbgR3C) :$10%*r&*?S &) $10%Wr& ()-& +'99%)
:$10%r& ()-& :$10%Wr& ()-& :$10%r& ()-& +! 9$bbbbbccckMBC)
CP10%Wr& ()-& +193%) $10%Wr& ()-& :$10%r& ()-& :$10%r& ()-& +'99)

:$10%r & ()-&cc"c#cde: cMeNckL. C +!1 98) : $109%r & () - &), 9 ()=
1007 higyididasasa)z Sipsnepuapl hand ey cile i Rdl plut sl
inner layer) crystallizes under reduced bubble formation when used according to its

destination.
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1. A method of producing a quartz glass crucible, wherein a silicon crystal pulling
process according to the Czochralski method is carried out, wherein an inner layer
of SiO; is molten at least in part on a crucible base body of quartz glass using an
arc melting method, which is in contact with a metal melt during the intended use
of the quartz glass crucible, and in which the formation of cristobalite is induced
using a crystallization promoter, characterized in that the crystallization promoter
and a reducing substance reacting during the pulling process with gaseous
oxygen under formation of an oxidized solid are introduced into the inner layer.

2. The method according to claim 1, characterized in that at least part of said
crystallization promoter is introduced into said inner layer for forming said reducing

substance at the same time.

3. The method according to claim 1 or 2, characterized in that those oxygen or
nitrogen compounds that are present as solids up to a temperature of at least
1450°C are formed by oxidation of said reducing substance.

4. The method according to any one of the preceding claims, characterized in that
the reducing action of said substance is adjusted by reducing conditions during
preparation of said inner layer.

5. The method according to claim 4, characterized in that said inner layer is

produced by arc melting using at least one graphite electrode.

6. The method according to any one of the preceding claims, characterized in that
said reducing substance is formed from an initial substance which contains one or
more of the elements titanium, tungsten, molybdenum, silicon, zirconium or a
compound of said elements, preferably an alkaline-earth metal compound of said

elements.
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8. The method according to claim 7, characterized in that barium titanate or barium

zirconate is used in a concentration between 0.005 mol % and 0.01 mol %.

9. The method according to claim 6, characterized in that titanium silicide and/or
tungsten silicide is used in a concentration between 0.002 mol % and 0.5 mol %

as the reducing substance.

10. The method according to claim 9, characterized in that titanium silicide or tungsten
silicide is used in a concentration between 0.004 mol % and 0.4 mol %.

11. The method according to claim 1, characterized in that oxides or oxidic
compounds, particularly ferrates, tungstates, molybdates, nickelates, vanadates,
niobates, tantalates, in an incompletely oxidized form are used as reducing
substances.

12. The method according to any one of the preceding claims of the method,
characterized in that said inner layer is produced by means of SiO, grains which
contain said reducing substance or a feed material for forming said reducing

substance in the form of a dopant.

13.The method according to any one of the preceding claims, characterized in that a
plurality of reducing substances of a different chemical composition are introduced

into said inner layer at the same time.

14. The method according to any one of the preceding claims, characterized in that a

concentration gradient of said reducing substance is set in said inner layer.

15.The method according to any one of the preceding claims, characterized in that
Al;0O3 is used in a concentration between 0.15 and 0.5 mol %, preferably between

0.2 and 0.3 mol %, as said crystallization promoter.
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