;e3e 4( 6HT Y /-1 Met hod of producing 'a quartz glass crucible The
present invention relates to a nethod of producing a quartz glass crucible
by providing a crucible base body at feéast in part with an inner layer in
which the formation of cristobalite is induced by using a | i zation
pronoter. Such quartz glass crucibles are e.g. used for rmW@m;M/w nmet al
melt when single crystals are pulled according to the so-cal ral ski
nmethod. In this method, a seed crystal with a predeternined di¥&etion of
orientation is inmersed into the nelt and then slowy pul | eesoupwar ds. Seed
crystal and nelt rotate in opposite directions. The surface tension between
seed crystal and nelt has the effect that a small armunmm,ﬂmm , s al so
pul l ed off together with the seed crystal, said nmelt gr "mmﬂmmm"ng
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, chem cal and thernal stresses that nust be w thstood by
the quartz gl ass crucMethod of preducing acuastzglassarugilenot i ceabl e pl astic
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 prow i.th: i j L DA of

ori ot b prstebtinfreBioh PGS whthdd bfbisRBLbT lafy BRish PROBRILY 55 ges
The gl geayiding &criveble isecdboryratdesdtdh partawvith balhrerdayeiiblvehich ttepaque,

bubbl e-containing quartz glass is here treated with a chem cal solution
cont ai fPAPatiemet aiikiebalita ds indused bydising a orystallizatipn Piometetat i on of quartz
glass into cristobalite. Boron, alkaline-earth and phosphorus conmpounds are
r econmegsiad |, ki I8 e Qe j ; SO
referred toqlg@tfgﬁét%gﬁllg'?gtﬁgr?p%rom)tfggﬁ : Bg mﬁeﬁ/ﬂﬁgﬂtg@%}?%@gferabl y
used. Whystalstare pulledtaccgrding ta thecsdyicalléd Czoclralsks atetibodidn (thisrmethodaace

vl | CreeUr B e barnired irertth SLATIR a5 ebeRen dGaRE s °
hi gher ARrCimeRl éFéWIyaélﬂlleHWW@HS?Sé@d‘G%tzﬂfathﬂeﬁ‘F'étb!ezirﬁéﬁﬁﬁsit@@féc‘ﬂbﬁs.

However, the quartz glass crucibles produced by neans of the known net hod

can onl lhesyrfiacetensiosnbetpiesosesdpystatiand melt kas the effent thala smel ageundon

nor el 19 i amtbed S saaBine? b RS Seli ol Bt Mol P kgt hat
after sduvin,tthereblylsligifyiag antoithe Soptinlicuasty fuairesr @éﬁin@%iﬁ?l)e/djmﬂah Igtraslual |y,

with the crystallized surface disintegrating |less rapidly than the
untr eat@ﬂ'"’tﬂ RIOSESE the geartz giassicaueibleis SHQ &d toshigh sreghanieal ogherieabccount
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pass into the silTicon ne and may fons 1n the silicon
nonocr i witfioat ang notigeabie plasticrdefieinmattbnsain the dese ofct sibeemmelt, thed  or

t he productiqn of |large quartz cruci bles which are intended to
recei vé"§ 'ngﬁ@pﬁﬁt{"r%m‘ﬂ %agmfoﬁﬁéﬁa}%‘%-e wi t hstand | ong process tines
according to their intended use and thus strong bubble growth. Moreover,

the cryrs shhancy inentherraapstabilityeof the quartadpsssicricibies, littppetefbrebedr
handling of the quartz glass crucible. It is therefore the ob{ ect of_the

pr esentSY9PEIRG At the sigikiasowA hwwy@ﬁgiwi& fretrgae Ayssd grigiabglitud ez
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t o t he 748 885. The glassy outer wall of a commercially available crucible of opaque,
bubble-containing quartz 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



invention in that the crystallization pronmoter and a reduci ng substance are
introduced:into the inner |ayer. Wen éonpared with the above-descri bed
known ret hod, the method according to fhe invention shows the follow ng
essential differences: 1. First the crystallization pronoter is introduced
into the inner layer. The crystallization pronoter is thus contained in the
i nner er and has such an effect that upon heatjng of the quartz gl ass

cruci bI ate%ue Qmwtﬁgceﬁéﬂngﬁ%méen use irttl'@fﬁlém%mioﬁ@s?bﬂ%f’f%n of
cristo

cri st olt){?%dt%gc Jé?blé Wé” as/gfay@% [ d| ?g%w o%%ﬁteoqaﬁ%ég&&w égu"%“ﬁhus an

i ncr eaddgher mbehambalsarubiﬁelrmxal strehgthefitltajuars giasgrorecible. t he cruci bl e. An
uni nt ended change in concentration, caused e.g. by abrasion during

transp |on or handling o rtz ass cr isr d out

Vor eou diORRYE 1 aUBRELIERT, PycibRS ritificst By Aol ot fhd khownipeth

predet &gy mﬁstawdqlsﬁgwo@ésstﬁénda@tétaaéértamdeg%@Whlaméﬁrcohrmand@%@m manner
t hrough a corresponding distribution and concentration of the

cryst alareRalliednT e Hhisknressi of thesrystallized ayidace layepigrnormallyressithanr bmyer  and

Ot o nci &ty Foidtiveif §in' RXSE bRBATRIRENEA et SohSimB M IRIAREL° L1 Vhe
achi evesmrfaﬁbeay:emtahst@détd@h@h@ummmm thelcrpsthlipe® buiace aiémtté ﬁaturmg 2.
Second a reducli ng substance is introduced into the inner | east

duri ng less facmdwtth@hthew@tr%teduglaﬁ@ey sufase. flwétomtbaeaf&de@éb f’ fw@e PBduci ng
ffect t
"t enddicotht of b Eble B statting MHIOP e HinhiBS KRIBAM AT ijfeb's, g

ef f ect pastshnlroethp@tltcmdnelhendenay tead ﬁochsIot:amdsm iouthe Tsihcgh asenagrystahThat whi ch

shal | be xpl ained in re detall t he foql as been found that
during '® %SMOWP%%%% §%@I"Qi(?@§8rﬁ¥@ﬁ9?8'fth%m§°9¥‘%qrhp large avarte

| ayer t R!l'\ba}'e I i tance
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cont ai nithstand tanguprecess times| aesordingdo theimgjatewledaysesarmbtus strangapydssle On
account_of the high tenperature during use of the crucible and, in
parhcmﬂgwthln the case of long process tinmes, this results in a growh of
gas- cont ai ni ng bubbles, which is facilitated by the | ow viscosity of the

quartz Mbmeﬂtthé@mtélﬁiﬁtﬁfrﬁéﬂ@hﬁﬁer M@m@ama@wﬁﬂjrhghkér%p@ﬂ&ﬁénidﬁt 0 contact
with a thin cristobalite layer, this results in nechanical stresses and

| ocal fhandiing obthe gﬂa'ﬁ%@a@ﬁl%@@ﬁ@l ite layer; this is observed all the
earlier the thinner the cristobalite layer is. On the assunption that the

bubbl e |gisanERfbe tﬁer@djéiaro?@rhé/ Flfége'n'tlﬁi%ﬁﬂomo ifcE WS Re kB e nidisod BEM cal
reaction that takes place in this case could be described by the follow ng

total rEaducing quaratdiass crucibley with se@iodacible ehatasteristios farlopg senvBBNA~S~ +

Si C-s~ Ive4 02~9~ s=solid

Starting from the above-mentioned method, this object is achieved according to the
invention in that the crystallization promoter and a reducing substance are introduced
into the inner layer.

When compared with the above-described known method, the method according to

the invention shows the following essential differences:

1. First the crystallization promoter is introduced into the inner layer. The
crystallization promoter is thus contained in the inner layer and has such an
effect that upon heating of the quartz glass crucible — e.g. during the intended
use — it effects the formation of cristobalite. This is accompanied by the known



g=gaseous Subsequently, with the cooperation of atnospheric nitrogen and
carbon which is contained in small anoynts in the initial substances or my
be charged into the crucible wall durifg the manufacturing process, each

nol of nitrogen fornms tw ce the volunme of oxygen. However, in cases where a
reduci ng substance is present in the inner |ayer, said substance reacts -

at | east when charged into the inner |ayer, but preferabl | sp. or again
during the ;%’F'Ppﬁég?ﬁ gl&tggal.ltejﬂ% b%yd)& "‘iiﬁ'cqtl%‘ &ﬁh@mé%e'ﬁ?@&b&ﬁ o form
an oxi di zed ;sQbhé&e i I ﬁgggr' i 0o T total gas
vol une. ThusI tﬁ?ge'lnggﬁnz]%ll E%P g@féngg h? e rlé%l%gtfaﬁlgégwugﬁsjét gﬁ'@e&?éﬂﬁces t he

f or mati on ofunintebded change ih concentrationyveauseggeg. by abyasiorydennd or red duri ng
the pulling process, The stronger the redycing effect of .the reducing

subst ance T {18MSAENALPR eF handing df theSharzas Sciic s ipd\iii ed. A possi bl y
exi sting lack of oxygen in the quartz glass structure does not devel op said
ef fect. Acconsredget, & it pRstibkeRith ARe hMiho@ A8 tHeBvE RS B66t 4 Pradfesiniingd at

| east during production of the inner layer so that it devel ops the

above- descr i%biélﬂn%ﬁﬁa@ﬂ therasystalliagd gwerdayesiin @defingdimaneerdhraight @e i nner wal |

fo be of esseneraphingsifhlicn 8§ EehbRlr R e e B CORY B i o
is caused byhe hm@ﬂa)wrhlrqﬁadﬁu@lbh%_sﬁrén%értmdaﬂn@m stebieleysiiizadnaysesayi ce
life of the quartz glass crucible is thereby prol onged. The nethod

accor di ng t GomRrared yth therknamnomethashisities th@imw,aﬁim@ﬁ% Layear

r epr oduci bl en; gga&tg)e{ ISity ited : he | f of the
quartz gl aszhlégﬁm Sgd}as% egaﬂé‘?' g'ﬁ?égé*ss, c?"ﬂoﬁn ?hgﬁlg? %g?’rﬁ%sr%wﬁp%tgﬂ at%u:@H% ayer of
cri stobal i t growthkfopta londempeyést efstimech as possi bl e during the intended use

of the quartz glass crucible. The quartz glass crucible produced according

Lse of 2 ar gosonpia g il tiancts i fln s Baer Bel itisas due
par ti cul arl yntt@yliktiBhafRIPetihm@ayethERIDs RS VRIS 4 Rt EAédt zed i nner

| ayer for the first time, and the method according to the invention -5
does her e nathighhoweMer: may stitiicontimie oafgsiumeagain diringrihetiatended iserof

pronoters t i I of t I I rLC] ferepnce is
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the cryst al Isend¢e ffe ¢irtheRiuaitzigiasy drukibie eevsh Bhambe @xpReited M Mord etainer

| ayer for form nfg the reduci ng substance. The crystallization pronoter
fulfills botmthefallawingsovenenti oned functions in that it pronotes the
formation of cristobalite in the area of the inner wall when the quartz

gl ass cruci i } g i i to the
formation o?tl ﬁdeﬁ?éggﬁlﬁﬁgmghggﬁg E@%?ﬁnﬂgaﬁggﬁﬁdedﬁp gv%%éfrgblgljgzel es by
way of its 'ciystalizecdinnesiayerthe gedyythenfhubbies ia the crucikirevalbis affessaatial

cruci bl o, ETRENERE RS W aBubr AR T E el SEiBte B O%IS UM e
conpound acallhertains aameititsderbf batssle in whivhinjdseg raay alyotbhe entragived. ron agent
at the sanme tine, i simul taneously as a crystallization pronpter and as
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a reduci ng 8GeQ¥RiRidhe hightermraeratiue duaRgdisePfitae cotiklemag. 8F pPamicelardRe part
acts as a ¢ I i Jolyrci 1 J: subst ance
in the sensga{%%%%]g;%&‘gggﬁgél nve%%i%yregpg% Bfé&?@\&fhsgﬁ%fsééc@@éﬁh nitrogen
corrp](c)undsdt Ibalbbmsevwmlicﬁ'sisrffaciﬁﬁted bgltheilmnpvitsgositw@‘rtherqamu{z@laﬁs attsdcfhiast 1450C
are forne oxi dati on,of the redycing substance. Metals or netallic
orpounds atdmBratiiasy Pl & SiowEa i Remes JaoEankact With & dBe. Such

chem cal cognetbafite 1BPér, #H8 rESuItsTh REeKSicdl e sbE€ ahd 16dal FlBKRG dffofthe
oxi dation stage |ower than their highest oxidation stage. O I'nportance is

here that tlegstobaliteclayex dhipdsinbserved alldhe gadier dhe thinneyttherasistahalits layer

subst ance at ' . S0} i of | ' to the
gas vl ume. i (i i AESH R lra) B BittB ek, Son s bbb thifel” 11
has turned owygémfdrmed, tiachemidad resuivanthagakab pmadelia thiedaserpuif bect of

t he substance iﬁwgfbustep by .setting reducing conditions during the

pr epar at i on 9§BCH ¥iRe qllgéy/@}g tokg! rPACHOMPALR Y ance is here reduced to the
reduci ng substance during preparation of the inner |ayer. The redox
potential of the initial substance differs fromthe redox potential of
silicon (1V), so that the initial substance can be reduced w thout Si02
bei ng reduced to a noticeabl e degree. -6 Reducing conditions during the
preparation of the inner |ayer can be set in a particularly sinple manner
by way of an atnosphere having a reducing action. It is thereby possible to
formthe reduci ng substance froman initial substance (chem cal conpound)
which is present in a high or even its highest oxidation stage, on
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tungsten, nolybdenum silicon, zirconiumor a conpound of said el enents.
Bariumtitanate (BaTi 03) or barium zi rgonate (BaZr03) is used in a
particularly preferred manner as initidAl substance for the reducing
substance in a concentration between 0.003 nol % and 0.02 mol % The

i ndi cated concentration refers to the concentration in the spreading
material. Bariumtitanate or barium zirconate as _reducing substances in the
sense of the invéhtiod $iblap) héis) o Nego—r SdlNee HOKEY 4 Qo 8Qlidlct as
crystallization-pronoting agents. Crystallization is pronot ed%pél S\tﬁgﬁ barium
anount of said conpounds whereas the bubbl e-reducing effect 9l % Prom
the conponent -Ti03 or -Zr03 in cooperation with reducing conditions during
prepar at i on Subseqliehthg witmthe d¢apperation dhatinaspihedric mitedgenusmd sadioa wieidhced to
suboxides or to netals. This is accoppli.shed because the yedox o(} entials
of titaniumi§ FeNta i5; §RlbAMELILs 'Qrtggt'm'ya'oﬁlfbﬁ@"qeﬁc%’ﬂ%bﬁﬁg‘?ﬂgﬁ,'né‘b t hat
titani um (1o GARINE vl R RafaRlch g 1B084s, |20 rhblar RGeS 1die®
reduced during preparation the 1 nner er from oxidation stage in

si gni fi cant twiveuhevolumexfdaygem stage Il or [I11. Mreover, barium and
titaniumas well as zirconiumare characterized by a relatively small

c0cTT 1 o1 S e B, ST SRy, > ¢
crystal | i zatgahs@sthh€e rettes —laAYedst whetosharg6d @itedhe et layert bute for the

case of an inner |ayer of very pure synthetic Si02. Inpurities in the Si02
of the innePrefeyably ssonen agaip dufibg dhe pellingmracessr vithaygeomditheée, so t hat

| yer ot ARl BRFATHBGNEE, RftaR oS QIERGTIr THE Sy b8 BR Bl " han
0. 003 nol Y%anytteng pptHe fotalidas veiraa! Thug tHis tduttapretfeet 'of dhs pafirig at i on

range follows fromthe fact that the inner layer is gradually dissolved
during use &ubptaRcergevegsthesfarmation phiaukhigs caHsed by GXEFFIERIOKYRENEPHbYass

into the nme n?élf 1 e sanme. Particularly preferred is
a concentratoﬁ(gﬂg'r?;élrge g%ﬁ%’?@@@gﬁﬁe&gm barium zirconate that ranges

fromO0.005 nol %to 0.01 nol % Alternatively or in addition, it has been
found that tlhe steangst thé rediaimg effettaf diee sediicing subsisnemissthe betler ¢an a

of "advant agdhe BOWBCH ioblEs B brevelied b Rofohy asting ek PledbdB thals” ' °
tendency to gaRzYRIPSPURUR dbSPRotTVelop 88idl <HeRE. AdtdrdiRg e tlf(réh fGFivbﬁtion

indicated for the preferred concentration range follow from the
obser vat i onshesgduging:gubsienee id predueepatieasbdbeng praductianaf éhe pwer lay@rar | y

preferred i rati 4 LML sl L Ci I gsten
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particul ar \w@réd of teppatr Wvall af thegbrueibletlald inzhisiarea phatrthéiredueihgect coupl ed
with a contanmjnation of the silicon nelt that is as | Wf?ﬁshi O%ﬁri l e, barium

silicides haVestncRdumnsputie beof gseenlialdmppaanre.3Ree {hes uci ng
substances id sfdb%li{en\ﬂﬁfchliél‘:ﬁbsed"ﬁwﬂ’{@grovﬁﬁrdf%ﬂés' iE!tI‘?t?ssal%%\/&‘?HeoG%ﬁ@' ein
noi st air and therefore require the uSe of a protective gas atnosphere.
_g_ On the whebkervicehifefafithenuagz gitssl sucible isrthermbyipraloagedxpect ed to be
suited as a reducing substance, coupled with a bubbl e-reducing getter

ef fect .rly oMo P co-FHing%’th vlglnﬂong(rllowgl on f of hFﬁH’a‘?llehﬁ%& %ﬁae?ﬂ”h

netal s, rare-ear metdl's and Fe, and al'so chem cal” conpounds "havi ng a per
Sﬁ rsduepmuﬁfb;@fxgmmm_roftdnigtmmw ilhithe?reé oghhm i_cmylsmll obthe gngr_tz)gtars];ss? in
the formaq ides, nitrides, silicides. Chemnical conpounds in the form
o oxi GBSIDle B BISkS, PAES St eri1andy T8 YA R HRERa FoRy it os,
ferrat ﬁg}%@ i sg&gg i ' I

chr orrat%zlsdaar gl %%)ﬁ@gmﬁe urﬁ?%ﬂ‘ﬁ@gg’gﬁﬁﬁ@gﬁ@gﬁ%?% uc?lr?ggg:tﬁ#r%"g%here

i n t he Theequarta glass efudible prodieced ageardingita thameétbad af thef insentahuthengfore

at mspheﬂ%t- S| initial substapces foF the formation of. a su sthan e, acting
as a ré&f ‘Hb"assﬁﬂgtpéﬂ%%s,s e nETR URR 8T [r9¢ AUapF 9lask CrHGRIER WV WERas been
expl ai npadaRastavitidtahd PaptRONSYTBAG pPOEEEsateas, G8nddepessmsle by thepar ti cul ar
the cations of the alkaline earth netals and oxides of the rare-earth

net al s chystalized innerilayes|fonihe first ting carsk hemethpdagearding tedhe dnemtieRot i ng
effect in quartz glass. However, oxides or oxidic conpounds such as
ferrates, tungstates, nolybdates, nickel ates, vanadates, niobates,

tant al ates, has been approved as reduci ng substances in an inconpletely

oxi di zed form The reduci ng substance can be introduced into the inner

| ayer in solid, liquid or gaseous form However, it has been found to be of
particul ar advantage when the inner |ayer is produced by neans of Si Q2

grai ns which contain the reducing substance or an initial material for
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It has.also turned out to be useful when 'several substances which have a
reducing effect or pronote the formatign of cristobalite are introduced
into the inner layer in a different chem cal conposition. A sinultaneous
optim zation with respect to getter _g_ effect and cristobalite formation
is made easier by the selection and dosage of substances having different
effects, When viewed across the crucible wall and, in particular, over the

t hi cknéloesdieremotirugeaut thg additional applicatier of gwtaélﬁ@éloeaqsomv%rséo feogeneous

concent; I has been found to be of particul ar
advant a{ﬁ@é'i/\ﬁge'péﬁbgn en ¥se5ruc’£tg%“ ent of the reducing substance is set in

the inner layer. In thi s case the reduci ng substance shows a concentration
gr adi erfirefarence isegivando al wyiant of the methwtcefithe anventiopriewhictb bt/ lsast pad of ng
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prevail on the inner wall than in the interior of the crucible wall, a
| oner dJveBtenaditinstions in that & pyematas thetfoﬁnatmrbab@r@tolealﬁe imthes e afthe he

cr 1 ot onre el APER bR B RERH AR < hortoF ubiHaPi =B, & v SR B ps

st r ongajont@nitesto &id Reinatibn of kite AFRRIMY sibitamidPWhRhaedteédtHdgMiRof | ayer
of the quartz glass cruci ble because of its higher concentration in this

area. Mubblesby wayafis3geptieieiiertadhenedy @npyring @ firat adhesienebthe in a
t % 0.3
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of the amiite damye chemicalaprarselegient br ha chbrrﬁdsal lc@nﬁi&nﬁ@dt@aefe)as taendency
of the |nner Iaé?er to Qr\‘éstalllze on account of its hlg purity. In a
parti cing¥ tallizatien-preraating And bubbte-faduicing: agant @b the s3edIMe A& i on pr onot er

is intr r uci bl e
base bﬁ%ﬁﬁﬁ% ch/QFaﬁyﬁW ?llz%ﬂgn:p rm?teérr%?ﬁ? seé’gécg.?ésﬁq)s%&%@a&%\%rféthe entire
wal |t mhelnmeslscomhpcburcd nsrumcbrrced)afs&mbbd)ne ;mrt auiswsoa/eryst&lhzatmh gromoted | .

The crucicPI e Base Igody e?&scl sts of a bot HOI"[I ﬁ'&and 0 I|ndr| cal

si de weNd aRg{EeEPYL A5 ferucingSyhsiraelp t B¢ Slisaressn '”tVﬁB ¥t t om
portion and/or into at least a part of the side wall. In the crucible

por ti orRrefdrably, shicte bxpdeH bt AikiogeR cohPiings that srerirasestchs §kwhd apltbzation is
i nduced during use of the quartz fgI ass crucible. Crystallization is
acconplieewemtdte ekat lepst MG Ceare formed by axidation; of the seducieg substearei zat i on

pr onot f Lent
concentq\ﬂ%afsoﬁp %\IQ Ee@g ngsgpé)h W%@&Céltﬁ{)r ove@ﬁ%r%&éﬁn%&%f%%ﬁ of the
bubbl glsgrch\m'ienvwalrcdrmour&mmh ahgars bﬁsmmedlsrw the innérlagecimdan okidatitre

Cruci s case the crys i zation onot er, an

educi PG Fvel aen 119 highest aRaatan $gbe PRATBS BaneRLis TESRYNSARG PEbCRlar t
gl ass cdoagpdirRis f'érrHéG‘i'Jyao%dé’ﬂo%WQHe ré@uénd; §69§tah9e ‘é"ré/ %b?dlﬁé@éé 'sBI”'dQEn& he
cruci bl e portions concérned while the formation of les 1s avoid or

r educedio thrtue nateoentribsite shmﬂhinmmhbega@mllamefﬂthnmthrmm@edlay&r landithts tQaf erence
to enb fil st step of the nethod, the crucible base body is

pr oducgﬁégﬁaﬁ%ﬁ;%w % known method. To this end, crystalline grains of
natural quartz with a grain size ranging from90 pmto 315 Nmare purified
by nearishas turned oot tv be af particatat a‘dvbhmrj;elwh@n mmlcirfgjeffeot@fme ng about
its longitudinal gnder t he action of ntnE‘ al force rwlvmththe
hel p ofSURSIIES! 8.£8) fieleq Y s6HisPAycg Areditions duiingths PipraTation

uni f or My 18YEe 6 ihtial SUBREnES AThdrebbdd AR redlic édb%téd?ﬂéeduri’i@ of the

netal form n a second step e nmet hod, a transparent i nner |ayer is
pr oducgeparating df e innegsllayess Tlneneectp)emcotgnt;almfrthe iytal soipstaneediderstfrem

Spr caa ThrefoeSfobial ShafiehiRaE o it Pienflr seliskndh barh e Toddedt BlLfiSur L,

means @iOaeigrethicetl to hativeablé dégreeabove into the netal form and the
grains are thrown against the inner wall of the crucible base body and

nolten thereon. A maxi numtenperature of nore than 2100C is achi eved on the
inner wall. This results in the formation of a nmetal front which continues
to the outside towards the nmetal form and as a result of which the inner

|l ayer is nolten into a transparent quartz glass and the quartz grain |ayer
is sintered into the crucible base body of opaque quartz gl ass. The nelting
process is conpleted before the nelt front reaches the netal form



The arc is ignited under atnospheric conditions (in air) by three graphite
el ectrodes.” C02 and CO are fornmed due ho t he burning-off of graphite, and
t he Boudouard equilibriumis clearly 3Hifted in favor of a CO fornation
because of the el evated -11 tenperatures of several thousand degrees
Cel sius, so that a reducing atnmosphere is obtained in the area of the arc.
A redujg%ﬂ{ subst ance agd a crystallization pronoter within the neaning of
the pr cing ¢endifigns dueng dhe preparaiipnattherinaer Inyer ¢acbesgira The

repar d zation
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si mul atfhpswipg. t he pressure and tenperature conditions during the crystal
pul ling process. This sanple was conpared with a corrpar ative sanple |n
whi ch the i nner | ayer was nplten by using an wi t hout addi ng
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In consideration of this additional condition, the reducing substance is preferably
formed from an initial substance containing one or more of the elements titanium,

tungsten, molybdenum, silicon, zirconium or a compound of said elements.

Barium titanate (BaTiO3) or barium zirconate (BaZrO3) is used in a particularly
preferred manner as initial substance for the reducing substance in a concentration
between 0.003 mol % and 0.02 mol %. The indicated concentration refers to the
concentration in the spreading material. Barium titanate or barium zirconate as
reducing substances in the sense of the invention help not only to reduce bubbles, but
also act as crystallization-promoting agents. Crystallization is promoted by the barium
amount of said compounds whereas the bubble-reducing effect follows from the

component -TiO3 or -ZrO3 in cooperation with reducing conditions during preparation



yes(0.15 to 0.5 nmol 9% Zr02no bubbl e growt'hyesdet ect abl e(r educi ng

at nosphere): The addition "reducing atnysphere" points out that the initial
subst ance concerned obtains its bubblefreduci ng effect under the

prerequi site of reducing conditions during preparation of the inner |ayer.
- 13 The addition of Al 203 just effects the formation of cristobalite in

t he area of the inner |ayer, but does not effect a reduction of the bubble
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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.



The inner layer produced in this way was subjected to a crystallization
test wiwth sinmulation of the terrperaturs conditions of the nelting phase at
t he begi nning of crystal growi ng. A vePy pronounced crystallization of the
i nner | ayer was observed, which made the determ nation of the effect on
bubble growth nore difficult. Insofar as a neasurenent was possi bl e under
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The reducing substance can be introduced into the inner layer in solid, liquid or
gaseous form. However, it has been found to be of particular advantage when the
inner layer is produced by means of SiO; grains which contain the reducing
substance or an initial material for forming the same in the form of a dopant. A
particularly homogeneous and, in particular, a defined distribution of the substance
within the inner layer is thereby guaranteed. 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



The inner layer produced in this way was subjected to a "vacuum bake test".
A distinct decrease in bubble growth WSS observed. Exanple 6: A crucible
base body is produced according to theYabove-descri bed nmethod. Crystalline
grains of natural quartz with a grain size in the range of 90 (err)mto 315
Nm are purified by nmeans of hot chlorination and mxed with 0.01 nol %
(about 0Q,05% hy wt.) BaTi03 grains with a simlar grain size spectrum The
m xt ur effest Pf‘glcé'étqaﬁ"ﬂ't? formatian is g1adereAsier %thﬁb?ﬁﬁcqlqnsaﬂ%ﬂﬁﬂﬁﬁ) nal axis.

Under té‘dbsfa?fd'egmé?ﬁn #afdftidiégal force and with the help of a tenplate, a
y

rotational symmetrical quartz grain |ayer of uniformthickness that is
honogeneously doped with BaTi 03 is formed fromthe bulk material on the
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"cruci 9radieat ef thedpducingtsubstanoetis sgt isthednoe lpyer. In thig eagaithe radsicing a
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that are present as solids u enperature o east are fornmed
by oxi dabstancefdesiaps @dtronger ‘peltet effeet’ initheTdrearaf tthe bubbleecatitaigirigp any one

of the precedin | ai ms haracterized in that,the reduci.ng. action of said
Subst o ST EVShSk BeBity dias ericbie BRGauT HET hiones RN R 18R oui g
inner lga¥gr. 5. The nethod according to claima4, characterized in that said
inner layer is produced by arc nelting using at |east one graphite

el ectrode. 6. The nethod accordi nsg to any one of the precedi ng?ézl ai ns,
char act%rﬁf%fé_ﬁm Alzﬂaaﬁ_@ad@sﬂeam allization Bﬁ?@@tﬁélr‘f%ﬁ%@ﬁt@mn tweeni al
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nmol ybdenum™ silrcon, zirconi umor a conpound of said el’ements, preferably
an al kalpQeforaad]istimgt sntomplgte engtalfizatmindofehe rimmerdayer 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



- 18 7. The nethod according to claim®6) characterized in that barium
titanate or barium zirconate is used in a concentration between 0.003 nmol %
and 0.02 mol % in the spreading materi®®- as the initial substance for the
reduci ng substance. 8. The nethod according to claim7, characterized in
that bariumtitanate or bariumzirconate is used in a concentration between
0.005 nmol % and 0.01 nol % 9. The nethod according to claim®6,

char actcsvéiblednithat thgtcrystelization Bramelenis eoniainediin fae wapleseiuciile apg used in

a COnc%@&?h?ﬁﬁ@%ﬁﬁ?@%@%?ﬁ% % and 0.5 nol as the reduci ng substance.

10. The 9, characterized in that titanium
silicide or tungsten silicide is used in a concentration between 0.004 nol
% and Olhis tealds%o alfurth€hémpeiveowrd tlroudh mgdactionl ofithe bubbleagraette whesdthien t hat
oxi des or, axi di Qun

,, ti | f 1 1 , bdat ,
X oot 4otuSig SBaraR 1 AonfoaicedintS ink ekt Base bABY b bR asahba) coq
form arc@yéiﬁmﬂaﬁ’&\ bﬁfi"h'@tb?gnaqﬁé?&%s&&taﬂ@@a@&&ﬂgiﬁqﬁrﬁé Beudigleany one

of the preceding clains of the nethod, _ .
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 ym to 315 pm 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



characterized in that said inner layer is produced by neans of Si02 grains
whi ch contain said reduci ng substance or a feed material for formng said
reduci ng substance in the formof a ddb nt. 13. The nmethod according to any
one of the preceding clains, characterized in that a plurality of reducing
substances of a different chem cal conposition are introduced into said

I nner |ayer at the sane tinme. 14. The nmethod according to any one of the
pr eceditBEREraiures otsrresakibpusand dagieesiCelsitisns@ Hata edHcHoRIMasPhere isai d

reduci nghSiRYLANE atey ?ﬁ{h if}csaid inner |ayer. - 19 15. The net hod
y or 1R

according to any one e preceding clains, characterized in that Al 203
Is used in a concentration between 0.15 and 0.5 nol % preferably between
0. 2 andA teducing sebstancs and acerystallization promoterwithtie the a@anifigeointbeldsent
accordi.ng to any one .of the precedi.ng clai char act.eri .n that the
cr yet al MeRaroR ey E e Bt R THR PR EN A Be e 8 Sody.
17. Theyreinadtra@GeicH Othbrdtallidatidh pfItiétef hRA lof &k telUchY siditan@luci ng
substance 1s also introduced into the cruci bl e base body.

. Af h?. Ahalfnoy he &3plaingdin the following with reference to embodiments:

Example 1:

SiO, 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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| 10%& [(SubstagceicompoundhCf { Bubble reductiang () - 1q%igtpbalite formation

W yes no
Mo yes no
WSi, yes no
(0.002-0.5 mol %)
TiSiz yes no
(0.002-0.5 mol %)
BaCO; low yes
(reducing atmosphere) (0.003-0.02 mol %)
BaWO, medium yes
(reducing atmosphere) (0.003-0.02 mol %)
BaZrO; medium yes
(reducing atmosphere) (0.003-0.02 mol %)
BaTiO3 high yes
(0.003-0.02 mol %)
Ti203 yes
TiO, yes low
(reducing atmosphere)
AlO3 no yes
(0.15 to 0.5 mol %)
ZrO; no bubble growth yes
detectable

(reducing atmosphere)

The addition ,reducing atmosphere” 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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only suited for carrying out the method of the invention in combination with a reducing
substance. The concentration of Al,O3 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 SiO, 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 MoQO3) 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 TiO; under the reducing conditions of arc melting, a bubble-
reducing effect was observed that is due to the formation of suboxides of TiO,.
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 BaTiO3 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 BaTiO3 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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The inner layer produced in this way was subjected to a crystallization test with
simulation of the temperature conditions of the melting 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 BaTiO3, 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
SiO; 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, SiO; grains were
mixed with 0.005 mol % of a BaWO, 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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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 um
are purified by means of hot chlorination and mixed with 0.01 mol % (about 0.05% by
wt.) BaTiO3 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 BaTiOj; 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 TiOg3, both in the inner layer and the quartz grain layer. The area of the
quartz grain layer forms the ,crucible base body" in the quartz glass crucible.
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This yields a quartz glass crucible the whole wall of which (crucible base body and
inner layer) crystallizes under reduced bubble formation when used according to its
destination.
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Patent Claims

1. A method 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 promoter, characterized in that said
crystallization promoter and a reducing substance are introduced into said

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.



+$10%& ()-& *$ +$10%& ()-& +$10%& ()-& +$10%& ()-& *$

+$10%& () -&ccccccecck@C  +$10%& ()-&l +$10%& ()-& +$10%& ()-&
+$10%& ()-& *$ +$10%& ()-& +$10%5&8(') -&cccccccdgWBC  +$10%& () - &
+3109%& ()-& *$ +$10%& ()-& +$10%& ()-& +$10%& ()-& *$d dddddddpR8C
+$10%& ()-& *$ +$10%& ()-& +$10%& ()- &

7. The method according to claim 6, characterized in that barium titanate or

barium zirconate is used in a concentration between 0.003 mol % and

0.02 mol % in the spreading material as the initial substance for the reducing

substance.

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.
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