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Siltronic AG Quartz glass crucible and nethod for manufacturing the sane
is The present invention relates to a quartz glass crucible for crystal
pulling with a crucible wall, conprising an outer |ayer of opaque quartz
glass and an inner layer, wherein the outer |ayer has an inner region and
an outer region, which is provided wwth a crystallization pro

effects crystallization of quartz glass with formation of c nﬁﬁi% M\ when
the quartz glass crucible is heated during intended use 2o |

pul ling. The invention further relates to a nethod for manufactu®isftfg a
quartz glass crucible by producing a cruci ble base body havin Wﬁ\n “
| ayeg of opaque quartz glass and an inner [ayer, wherein the ﬂ\x\m\
provided at least in part wth epa%xfhgbi b%ﬁ{;hon pronoter in an O%

regi on surroundi ng an |nner reglon crystallization promoter 2s
effecting crystalllzatlo \t_{ for ion of cristobalite
when the quartz glass cr ?rt?leé’s @%g :éq tehded use in crystal
pul ling. Quartz glass crucibl es"&C&el HO’\‘%A xanpl e, for receiving the

metdP nelt when single crystals are pulled by the so-called Czochral ski
nmethod. In this nmethod, a seed crystal of predefined orientation is
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and nelt causes nelt to be drawn off along with the seed crystal, said nelt
gradually freezes and as a result solidifies to a continuously grow ng

single crystal. In this puIIing process, the quartz glass crucible is
subj,ect rjmal stress
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cristobalite. "The s nelting point of cri'stobalite of about 1720 C is nuch
hi gher formationof esistabalite whpetbe quadz glassmivehis is hwateckdudng infendad use

|aI Sﬂ hn@ éase of a silicon nelt, the nelting tenperature is, for
exa }1 ), 00). To generate t he cristobalite surface | ayer, the
o] assy ut e |l .of.,a rc | abl ruci bl e of ague, .
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glass crucible is heated during intended use in crystal pulling.

Quartz glass crucibles are used, for example, for receiving the metal melt when
single crystals are pulled by the so-called Czochralski method. In this method, a seed
crystal of predefined orientation is immersed in the melt and then slowly extracted.

30 Seed crystal and melt rotate in different directions. The surface tension between
seed crystal and melt causes melt to be drawn off along with the seed crystal, said
melt gradually freezes and as a result solidifies to a continuously growing single
crystal. In this pulling process, the quartz glass crucible is subjected for several hours

to high mechanical, chemical and thermal stress that it must withstand without



| >».treated crucible wall crystallizes under formation of cristobzEt h1o®3 a
fact which results in a higher mechanical and thermal strength of the
quartz glass crucible. Application of the crystallization promoter to
generate the crystallized outer |ayer requires an additional processing
stage at the end of the process that | éads to high costs in the event of
rejection due to a defect and is extrenely dlfflcult to render 20

reproduci bl e. For exanpl e, barium hydroxide is hig reactive in air; it
tends t 8NABEIQINGBPRIeGRDIe Ay deferrialion; hhe irrogr }he( @UPMG@B‘AI" sih@ar bonat e.
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present invention to provi uartz glass crucible with |onger service
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and/ or a network firer 1n quartz glass and a second, alkali-nme -free
conpénetreatest cmuglhleu wajlamysia@lzassnasr farma’wkpbcm&tobairtam faczmdm;maasuﬂthm out er
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crystal ‘Wlthaherbon d|0X|de in the air to form barlum carbonate. Precise weighing out of
this substance is hampered as a result. In addition, uniform distribution of the
crystallization promoter over the crucible surface and thus crystal growth are virtually
uncontrollable. Transport or handling of the quartz glass crucible may abrade the
25 crystallization promoter. Whether crystallization occurs in the desired manner is
generally not predictable and only transpires when the quartz glass crucible is being
used. In addition, barium exhibits only slight mobility 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 layer can easily flake off and be

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



20 pronoter in the doping region is contained in a manner and quany phtgs t hat
is suited to effect crystallization of quartz glass to cristobalite at the
el evated tenperatures of the crystal pulling process, for exanple when the
silicon in the quartz glass crucible |§ nmel ted (above 1400 C).
Crystallization during production of fle quartz glass crucible is avoi ded.
For, owng to 2s the differences in the coefficients of thernmal expansion
of quartz gl ass and cristobalite and the phase transfornmation of

a- cri st odeeiving 4 large solunesolomeltiand copirdireitictheaceormpanying éahg ergicess woul d

I nduce geagam cal stresses during cooling that can lead to cracks in or
even t o \Fre of the crucible. In the ideal case, the quartz gl ass
cruci ble exhibjts no crystalljzation after nmanufacture, but at nost shows
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| ayer. This cr stal |izatjaon ves t he mechani cal and thernmal stability
of the %Eeami ﬁ’l“& RatglRbcE Q)mr%'ﬁgs its service life. The quartz
glass crucible of the present invention differs fromthe known quartz gl ass
cruci bl Withyregajdtathe 6%{9&!@ sstartingdram yae hipe fatuasiz gasmerisivle sentionagped in
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the cryst r ono ayer s predeternined during

t he rranufyatalhzatlmg] mbmlﬂescoﬁlfbmsea first omnpbshnttrictimglqueahlz@ﬂﬂs <hange in
coneentr éh r distribution) suc? as during transgort or filling with
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t he quaapprex.ae25ietfmpsiticon). An essential aspect of the invention is that the quartz
glass crucible has an outer layer containing entrapped crystallization promoter (in a
doping region) which serves as the starting point for induction of crystallization in the
outer surface of the quartz glass crucible during use. To this end, the crystallization
20 promoter in the doping region is contained in a manner and quantity that is suited to
effect crystallization 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

25 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



zs The "first conponent acting in quartz glass as network for nMeroARg/Har as
network nodifier" is hereinafter termed the "network former" for short

unl ess an express distinction is drawn between "network former in the

cl assic sense” and network nodifier. "Network formers” in the classic sense
are those ions whose oxides forma gl ags net wor k t hrough the formation of
pol yhedr a 27.10.03 -5 whereas "network nodifiers" are understood to be

i ons which, although they alter or "nodify" the quartz glass network, do
not br eakystalizatinwoutlei thNbedoping kegiter that are ndtedentifiebiec usdertbeflight quart z

gl ass are general the oxides of .the foll owi.ng conponents: titanium
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gl ass. ACCﬁl’dil n% to the i aven'ti on, it Is Efn al kali -metal -free conponent, so
t hat -t hQUAMGI8'ATS CHGRIRPRGAIIINGP 18 56T Fhy al kali metal ions in the to
gquartz ass crucible is reduced. The foll| owi ng conponents may serve as
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bari um clghieriy Sedbldi268A&t 1 on of the "breakpoint former” is supported by
| .

the additional "network former". This supporting action by the "network

former” nma j ' i.nfluence .on the stabilit f the glass
struoture.”  dneryStaleftn bohbRy i sriRast Bint Hoeld a5 on a: a
| ower ~concentayari The @oncohteatidroamd disefbion of fenciyetdlizabien phémegsian e hout
t he.si nul taneous presence of the "network fornmer”™. A |low concentration of
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A low viscosity 1I's disadvantagedus to use as a quartz glass 20 crutible.
The fact thatranspodardidimgrwith oreloTheéklistakytainand comearitratien ess dngrefave
crystallization can.be kept |low in the quartz glass crucible of the present
Chventi on melsROERADE A Peetend inaﬁts HBITRF Cliikle s Sspd@sitengsdn when
the distribution coefficient of the "breakpoint former" in_silicon is |ow,
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concent r at i omaafely brfeakeanmpbdnéntravting agsSnétwwriasorpes Sobae “rmatdotionweifiert onl y
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in quartz glass, and at least a second, alkali-metal-free component acting as a

“breakpoint former” in quartz glass.

20 The “second component acting as breakpoint former” is also termed
hereinafter a “breakpoint former” for short. “Breakpoint formers" are
considered to be ions that are breaking Si-O-Si bonds and thereby degrade
the quartz glass network.

25 The “first component acting in quartz glass as network former and/or as
network modifier” is hereinafter termed the “network former” for short unless
an express distinction is drawn between “network former in the classic sense”

and network modifier. “Network formers” in the classic sense are those ions

whose oxides form a glass network through the formation of polyhedra



necessary to induce the desired crystallization of the quartz glgssg s
27.10.03 -6 A "network fornmer" can al so cause crystallization in quartz
gl ass, but only in high concentration. However, a high concentration of
"network former” would have an unfavorable effect on the chem cal and
mechani cal properties of the crucible d81d would i ncrease the stress on the
sem conductor material in the s formof foreign substances. In the quartz
gl ass crucible of the present invention, such a high concentration in the
dopi ng r egi owheseas rextesgampdifiens’earehmdenstbad tdk bé domewhichs aliseugh they

conmbi nation W,th a, "bregkpoint former" that facilitates crystalljzation.
Nbr eover snwla\g'terzi%d'ﬂ?%'%bﬁﬁeHP@QK[Q@%%“@WP&‘BPG %@.r@%éﬁ'\ﬁ)?%&@ék- le"‘""‘.érr“e mor e
cost effecti y§nuie ihe GaMic thpxnt Qla%@@é}?e?le%ll khe ik Glthgzation
pronoter - conprising a conblination of a "networ ormér” and a "breakpoi nt
former" - t hicllogvisg cespongstsatitanian| zircaniunm hieafdam ngernegiiom arbtin.support s

t he nechanicgl, stapility of the quartz glass crucilhl W t hout, t he need for
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acconpl i sh i gahilive phSpRofiasuhdenid WMtiang, FarNh, hictum eRERBREMAM th the
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melt, s 'g@g ' ' ] : [IRls0 S
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t he out enystadlzaticansf thatquapperhssh dceordinglteetheapvergione ifii® an ciiadi- meées-fidee
entire outer layer of the.crucible 20 or section thereof. It |s at |east
0.2 mm £aiPERNCEY Sprifet sk gftonrdmination o] e Mel L MERieRs brihRas a
COMTBNS& kL gMHsBi dRBbIdisGB8SSd. The @ﬂéwwgl S p &S nidiesdrl8 lastdikalet achment
of, or damage to, the layer during intended use of the quartz gl ass

cr uci bl metatfeee braakpoijitdesnensusiagnesiom, daiiymesteontiunmasdtbiasivn.s pr ovi ded
wth a transparent inner 2s |layer of quartz glass that is manufactured from
nat ur al The coystallizing aciionnadttiee I'erieakojobformer’ds stippontag by hle¢ addfiofdl. To avoi d

I mpai rnent of the inger |ayer .through crystalli ion, n the i egi on,
or ovi 51 SRS eiBer or R adhratiod aelich PEHE SRR igraer | Bak e bl
regi on jgf infillened loRrthbaitahility s itMe arask Rerucire! It IstysHdrivg fohGysianizBfor Q1 ON.
27.10.03 -7 It has proved particularly favorable for the first conponent
act ilhg the daning regippbrater lower concentration of “breakpoint former” than would be the

case without the simultaneous presence of the “network former”. A low concentration

of “breakpoint former” has several advantages:

« Small quantities of "breakpoint former” are sufficient to lower the viscosity of
quartz glass. A low viscosity is disadvantageous to use as a quartz glass
20 crucible. The fact that the concentration of “breakpoint former” necessary for
crystallization can be kept low in the quartz glass crucible of the present

invention means that its viscosity-lowering influence is lower.

e Even when the distribution coefficient of the “breakpoint former” in silicon is
low, nevertheless a proportion is always incorporated into the single crystal
25 and, as a result, the electronic properties of the semiconductor material are
impaired. For this reason, as well, it is favorable to keep the concentration of
“breakpoint former” as low as possible and to set it only as high as is
necessary to induce the desired crystallization of the quartz glass.



to contain a tetraval ent substance. These are conponents that hayeqplpg sane
val ency as silicon (Si4+) in the conpound Si02. This ensures that the
"network forner" does not exert any influence on the s electronic
conditions in the single crystal if it were to get into the nelt because it
acts neither as a p-dopant nor as an rifbl‘opant in the silicon single
crystal. These are "network fornmers" in the classic sense. Elenents other
than such tetraval ent "network fornmers”, that is to say the, elenents
descri bed abovnetwothfdrmesrkcamedlsbi cause crygtaliiratmnen tquavtalgiaes, but pelytimval ent
substances, are readily conducive to entrainnent of, jo primaril
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el ectronic v ' | St thelleSnic lePHaniehf Hesdhsed
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subst ances arceuablecamd wou(Zingrdgset the atiessnof Thd spmiduadduictomnidiedal indhel/ or
germani um (Ge4+). .=~s A second conponent, containing a djval ent
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to be particyhasdnorady SncEMERtion QW 1-OREERG T8GIbANS uRhecdYsBRKBAES!
former" are gé)n uci ve t@lgtaggﬁgtéoggﬁ\‘tt el qu rrat?oﬁ. E;Agéor g?_ng to tpi}kpr esent

i nvention, t Hiee oetwank famen imesassipagopmifinatiarmwith as'bfeakplint fersric wtby t he
fact that, in_addition .the "breakpoint forner” ot "bre ot .
formers:, " ondahias sl ditabe. MFReRS hal SBivae e bREPBiiergdgi on
The pref err ednetasikdDRREr A€ nidie sy affédiive atldk@ble eMliRdnnidragipar i um (Ba2+)
and/or strontium (Sr2+). Barium in particular, is notable noreover for its
| ow obi | i t y COmMpAlEe.z gl ass, so that the crystallized zone is readily

restricted to the doping region and can be designed in accordance with the
| ocal di st Théerystallizdtiarhpronhoteak poinprisipg o combinatioTbéaf networkifermeieas@cond

conponent agdvant agequsly haye a distribution.coefficihent in sjlicon of |ess
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possi bl e caippuienthe meehamiear $1abiityest theh0atthgladsystcibleg athbet ©e ried fog t he
pul l'ing process and thus that its electronic properties are not inpaired.
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conponent and the secdnd cofrponent ar'e each contained I n a concentration
rangi ng f rioneignGRibstaniceXwiiige.iftd thelsefticandubior dogt, 159 theta bigheTlyeld of _
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t he quart zSYiakde semy Of MRS NS AR t he nentioned lower limit,
conplete crystallization in the doping, reai on does nat occur. It nust be
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of pur e lIask &f abﬁa%%mefmeofy&péémb%m& th8 Hyeruefing Htehlied REE betHeEGLartz
concentration range arises fromthe need to keep the content of foreign

subst anglassayyut®le.as possible with respect to the necessary purity is of
the sem conductor material and stable nelting conditions within the scope
of The quartz glass crucible of the present invention is provided with a transparent inner

25 layer of quartz glass that is manufactured from naturally occurring raw materials
(quartz) or from synthetic SiO,. To avoid impairment of the inner layer through
crystallization in the doping region, provision is made for spatial separation, spanning
at least the inner region of the outer layer, between the inner layer and the doping

region.



crystal pulling. Concentrations of 0.006 nol-% (+/-0.002) for eaghqgfyat he
first and the second conponent have proved particul arly advantageous. |In a
particularly preferred enbodi nent of the quartz glass crucible of the
present invention, the first conponent _and the second conponent are

i ntroduced into the 20 doping region ' the formof an oxide conmpound
contai ning said conponents. A crystallization pronoter in the formof an
oxi de conpound containing the first conponent and the second conponent has
sever al Itettasambagésaartidﬁlarﬂ;;t favoreble fartbe firsitemfoneht ackrgpas hetveorkdopoaent s i n
such an om% at edeterm' ned in advance, so that wei ghi ng-out
errors §€° gr}% thi s avoi ds deconposition problens that

can arlse if one or each of the conponents is introduced into the doping
regi on TReg€ @é%@'am@neﬁkﬁﬁh@hha%mﬁ)meyalﬁmcwslamqone(& ol i tbe ceMRauhat e,
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to gaseous car trous gases,
f act SV\hetelctrbam:cbDrthtlm‘rﬂileStheamm aryitaJmeDWtare)id gdtlistotae rﬁ@lt betam idadtst hUS
bubbleformatlonlnthe crucible or the crystal pulling plant and to an

unneces8&ithETARR AOndeRARtNOr @AM Briepant in tb\P§5‘CWtSFFQI%§B’§@| {besme i al
costs, “erfﬁBH@ﬂ)rH%rréﬂﬁrtﬁe Mssideride rE‘ieb ént%*?)?heﬁ' tﬁﬁﬁ%{]ghg&%‘@rﬂt“ giv{l}a
e e I I'n the

separ at em cal conpounds, prove t superfluous and are avol
pr esent farmessit, that ijo asy the, ejlententsldesm‘qmmmbm aietwark rotifiecsdnwbitdnt s.

fomsoncateivAlent of pRr A Syt cEs: 37 REO e SN e A EE T aor k-~ o
forngr pishabieakannstal- Wn%rﬁarﬂfr%n&é‘ﬂtﬁé%@ﬁz'dﬁé% B RadRibathrichy Pre  but

undesirabl e foreign substances,are not referred Oxi de conmpound is a
t er nar yelegiraaicsaiencysretativeuto 3i t dinis ‘getarimy’ oe‘)‘ecztrns avoided through the use of

tetravalent “network formers”,

The preferred tetravalent substances are zirconium (Zr**), titanium (Ti**), hafnium

(Hf*") and/or germanium (Ge**).

15 A second component, containing a divalent, alkali-metal-free substance and acting
as a breakpoint former, has proved to be particularly advantageous. Even low
concentrations of “breakpoint former” are conducive to cristobalite formation.
According to the present invention, the concentration necessary for this is further
reduced by the fact that, in addition to the “breakpoint former” or “breakpoint

20 formers”, one or more “network formers” is contained in the doping region.

The preferred substances are the divalent, alkali-metal-free barium (Ba®*) and/or
strontium (Sr?*). Barium, in particular, is notable moreover for its low mobility in
quartz glass, so that the crystallized zone is readily restricted to the doping region
and can be designed in accordance with the local distribution of the “breakpoint

25 former”.

The first and the second component advantageously have a distribution coefficient in
silicon of less than 10°. A small distribution coefficient ensures that the fewest
possible components are incorporated into the crystal generated during the pulling

process and thus that its electronic properties are not impaired.



barium zirconate (BaZr03) or mxtures thereof. Crystallization ef ﬁp&out er
| ayer is essentially effected by the barium conponent of these oOXide
conpounds, supported ~ s by the respective titanate or zirconate conponent.
The crystallization pronoter in the formof bariumtitanate and barium
zirconate is notable for having a conpﬁr‘ati vely | ow vapor pressure, so that
little foreign substance gets into the sem conductor nelt by evaporation.
Exanpl es of other suitable ternary oxides are barium arsenate and barium

al um naAgarficulBdy suotessdultérhibodit@naoithel quentd glasackicidé abthe presenthei r
relatively small distribution coefficient "k"™ in silicon. In the

i t er at PVENIPMBaB Areveg Hybe atdy wiveh thedirelcanapongnt anddpe ggcondo. 25x 10' 8,
for Ti:.k= ! = -6 f ¢ K : ~0or ks %, 10-8. The
titanat %&gﬁénéﬁtr%%ngﬁrk%%n&p%%grﬁ h@s%%g¥rgg%%{%®@??®c¢08% e?l ?%g condi tion
t hat, i®.02omplificin the degimg regioe. Tige comadintiatios valuet peetaimsita thlee- manuf act uri ng
2s process, these cgﬂgonents are reduced to suboxjdes or to tBe net al s.

Such’a FRHRNEASRNQIANSSR CeBROBRRlsIE 4'¢ AKaREERS POt eatcealratians PREsalal ent
ti tani WRARENGOHHED WP Ifhit f@ImPIERALA ¥ialiafidh BetheWo ﬁrﬁqré@w 88k A icon, so
that the tetravalent titaniumor zifconiumis easler to reduce than

t et r avabenir. Rinhiistdre bowhetihusinddhabeontadineesds hihemyartzelass generally

cruci bl e- manuf act urin rogess | ignificant _quanti.ties to oxidation state
1 e ity [eiaiga” sedhat rihe cBiRar FEREMReBl AR e hoci o
per si st gorfplet@enistallizaticinEad beSspelctddeveAhER 1 BGPpER&H BrkeafigtidhRr eby
effects a reduction in bubble growth in the crucible wall. This effect may
be a@trbengath the lewer liradt Théaeneerdrationusage pewibes abavetas piefeirethe

bubbl e- ] S e sentially.o I el i he quartz s
gl ass b‘%‘%%ﬁgpﬁ8ﬁﬁfs?e§°a{%%ﬁ§}%%’?‘ie P g%ﬁﬁﬁoa%aﬁm%?%%ﬁgg%léﬁfgﬁaﬁsmr’gtﬁeespect , the
r educeccrysetlizzsiongsomot@esdddd agdepamtciconsiits bhsureXiests dase Theaeen)
formed during the crklstal -pul l'ing process. The ,quartzntgl ass crucible

advant dge%er&qqg;ahegsfoa heopreferred gPasENatiRNdangs arisehirerrtBe hesd tadieeprithan 1

nm pr AR, bl 1 I ¥Sses
of mor & e ¢ BreighShk et ow sl S rofetilo the Relcbser) BT ol
and 1 heofrthe ssnaibohdugtor rrade fied ranadstableageltio§ canditipog withinytheaddopeed | ayer

consists in . the fact that duri | i f ated crucible - after it
as beeitvibhllino? fonkaaatons &8 mdkaasia Y0rLRGE3 h < e st as Big,“phase
transf ofdBinddbrhpefhth/d SroBdlpatfeuldtyoadvamtaddial i te generates |arge
mechani cal stresses that have the is effect of causing the quartz gl ass
cruci bl J i § ] ot r t he
cruci bl Ig E# P%m"t% ﬁ'“a@%ﬁ?@@%ﬁﬂdﬁ?@%&ﬁgﬁﬁ? .F@EII végn(?ggglgu@@%%ltr%égqt ayer
t hi cknepyemtior, Ghenfirstecomponaiang thegeoond homipenentrars intbodunedantethe

crystallization which, to an extent dependi ng on the crucible size,

ot Shaddrfid o 53 rarh ol SR o T AR ol L SO RS Sish A cence t he
20 propgystadzatbntpgiemioterah theystn 6Eameridel doynpdundriontaiMingrtteffirstedom from
bubbl es). It has proved useful that the quartz glass crucible has an

essent | @MPoRNt 3t theasecandecanapenenihasiseyetdadvantagdesi s of rotation, the
dopi ng region being forned as a rotating doping strip in the side wall. As
a resul t, et hiéirsty thet pildpioriahs eftheespective coegtanentsid suchtameoxitl@i num
necessary for i ncregsi ngﬁ%&’uq st.abi li té. The tr}' cknesE. and width of the 2s
| ayer cryst at9TRPHYC Glf qleriRgddn a %a'?cse’\%rbatr‘%%fa Ng-UBSAIB® i f nass
trapsport ofregpeegonponents, which essentially effect crystallization, is
| argely absent. This is the case, for exanple, with barium (Ba2+). Wth
regard to,t (o 1O A i iani ng,
t he af oreneWPgée\%qt tg(l:i%?@gF%ﬁ?é@&ﬁ@ﬁgﬁ%ﬂg&%dm?ﬂ&%'ﬁéﬁ% gtsogtr?[& |e?f‘\§gr§jt%I ion in
such a  27.the.ddnpdrientammtrodaged intbithe Hopmgpegientin acdapagatescheetivair k
former in quartz gl ss - in addition fo silicon - énd/or as t wor k
modi fier in RBPP ”‘g‘l’éé‘é’héﬁd”éhe PrRapt 2 rRthanafe. ditralg cgttd Feb t acting
as breakpol NenfrdRlred ToflRhipIdl! BRSoRAE deREHpBEeS o/ giidusiairban pr oDt er,
0 i ntroduce

and that sai nponents are into, and entrapped in, a doping



s‘region nore than"' 0.2 mmthick in the outer layer. In accordangﬁ,*b# t he
present invention, the crystallization pronoter is introduced irto

dopi ng region and entrapped therein in such a manner and quantity as to be
sui tabl e, when the quartz glass crucible is reheated) to effect
crystallization to cristobalite in the9-egion of the outer surface of the
crucible. The crystallization to starting fromthe doping region is

i ntended to occur not during manufacture of the quartz glass crucible, but

instead only disnidemridieated MEeu9atde afadtivhich led®s to usdedilote dndi ng t he
melting of silicon at the start of the crystal-pulling process.

Cryst al | i zat HogoNHolakle gagifemation and hysdiubbls ormation §v ke ¢meibieenthé cal

and t her nal L rucihl.e its service
e s The Rt AInG biabPEndaeh Snfea5say Holderfort e i, | 3,2
crucible in cordance wi,th the.present invention differs fromthe known
method for* naiRA HAERRREAS GUAASHE R CORTRALT BT RS T ra Ttk Jet s The
crystsal |1 zat isgBoRd eBRpBheht i SEHAAHE EkrhtaPcdMBodiAf, Woled Sé'snger‘fIG_%gQU_ter

| ayer and entrapped there. This enables the conhcentration and distribution
of 20 the crpodareiavaideshinghe present invebtionbyqseigaposdet@mmpaiew! There i s
no risk of unin entigp%$ alteration in concentration or distribution, such
as during t r SRBIPPISP F?WPRBeQFth melt, so that the nethod leads to
reproduci ble results. A further essential difference fromthe known

manuf act urt n§Srtferddt fdhe @bsenessof etheneomaeund raftneisecfdhg seepestivat i on
pronoter co i i HRR; i R acting
as network ng) r gﬁsalgqﬁéio\a\(otdréﬁcﬁdl I e,;?}n?ynt quar gr%dgiJgr;p‘éc,ﬁ{earfrfﬁ a sgcrzl{)nd,

al kalloi - net al fdmesr arshiprea&poinbfcrmey) are iatrodecddiotanthef dopmg régionuautt z gl ass.
Wth regard to the nature ag&ggction of the said conponents, reference is
made to the ERAPSHER'EINS'UD AYSARMY the 27.10.03 -12 cruci bl e of
the present ipventiaon. The introduction of the crystallization gn not er
into th h@&ﬁ?{%‘gr%@r'% cempokad itiadernagy exidssuigh asRariin dignaje §8atiPsber t he
met hod, I [y d e P . [ region
Corpri 52 A S BERO) BEHiESS Bhrcd AR e OpBy et L0,

t her eof esseantizdly edfectedhy dssbariuntcohgrsiendobthese oxiwet danpotreds; syppaittéd zed

| ayer devel opi ng t.herefrom has a conmensurat e m ni 1t hi ckness, of re
a0, BY T Faskeetug Hets AL 2o i B RoTERERhaE GHuelaniePrur P MR o
the quafdri @f B&surhtitandle @ndibarilie zecorfdtalid ha@bieofor ﬁéOilﬁigt£éomparé¥iQ_elg .

i ntroduced into the doping region by generating the latter from Si 02 grains
t hat halPsv veeoer wr@%@m5p|t8auw$ﬁamra@a&t&stﬁj10¢.g irde ke pomigeNduRter Mmglt ng
region hse I » ' . ent via
the gasphyaEoBRnr EXERrIds SORE: iitebid Rinaly hodl et e RROBRIET 1
t he dopbadgumegiuminate. generated by introducing Si02 grains into a nelt is
nmol d and shaping themto a crucible-like layer of Si02 grains, with said

conpeneBhAumdsied titamidrieand L otludh Afe Rbiadle fo? théieraidaRiyngmell didtebaiapi ng
region, and then sintering the SiQ2 grains |ayer under formation of the

out er | eQafficienhek"iinsdicpar B the hitespturacthefoliowingivalitasareusied &1 "Kofor he

first apg/pr 298@!‘@’0‘9363?9%”4 )I.Z'OWI 5% Qgi‘j R%0®! ok b P;QPI‘.T"‘Q f0FUh =t akes

pl ace prior to shapin t he outer layer in the context of graim
pr epar at i7on] 0RhT hé titanate @ed Zircgnateyswmyporiers hasiyet ahothen effadidindasiae

DLt er | gitan that, pecarmyaibnwi s it BI0S critle Bt ingne
kno Eo%egs dméghlc*aﬁ?pcﬁ%en@sreoﬂéfd%fa? td BuBSidid BPto theSmERIN. lchegi on i's

manufactured at the start of the nelting process at a conmparatively early
st age ofeduktioneahaicceed bleadussthegjedok polgtaisaokigtrayalgoplitagiung andt i ced i n

timely fashion, .hefore further c | i cat ed.processing. s s have. occurred.
The- S, BRI Sisatidioin tiat 6F Wty ok 51 Bof e iRt Eng IR Al B -
" br eak pgit AfcdrMiriBs ehsicr o FétRider bR téteal ldit sifonind thesBRinfslredutege
conponents are 27.10.03 - 13 added to the Si02 grains prior to shaping of
t he dopdwing the enmciblemanuiagiveng pregassfiasianficagt guaniitiesdeaxid atipngitateds

m xt ure. Advantageous enbodi nents of the nethod of the present invention
arise fromthe further subclains. Wth regard to the associ ated advant ages
and effects, reference is



s'made to the expl anati ons above concerning the quartz gl ass crqgip¢g3of
the present invention. Preferably, a tetraval ent substance is used for the
first conponent acting as network forner. These are conponents that) in the
correspondi ng binary or ternary oxidesi have the ~o sane val ency as silicon
(Si4+) in the binary conpound Si02. W G- regard to the associ ated advant age
concerning the electronic conditions inside the quartz glass crucible and

i nside the sem conductor nelt contained in the crucible and in the single
cryst al pr Hef €hemesultant madimimg)effeet ca‘ﬂbémsmé@espansmts doong ¢henintendedetispiar t z

gl ass cryugible of the ent The referr ra
substanegﬁ]esqlf?"fzaﬂf C'E‘ﬁ wd) ?‘n‘”‘(r 54‘3;‘ 9N 'Hi?%tbtﬁrg(qﬁbm he

ger manl BROCie 4. W Effedtifay §@"a’ﬁ)nbuiéi'i © theAdg tRAHEraAgEsB s Yedes RRICHOT K
former” in the classic sense. It has proved favorable to use a divalent,

al kal i - withdhefubblestaigiinggeses (thaee seesrentioypoxggan mwieaseg iadhe gpadr poi nt

| ow GondlaRE ' HTREh AR AT Tarth o SRR AT B I Belf IS ke dtBaSier g

f urt her speeles ¢dsky" qeahingadices ot exte8s @bs@@(@kyg@ﬂ? fted @irfRfthe i n the
doping region. The preferred divalent, alKali-netal-tree substance is

barium G'Bémﬂjptéﬂﬁw’ processonti um (Srz+). In particular, bariumas a |arge
di valent cation is notable for having a low nobility in quartz glass) so
that t hEherqualrtzlgliassaermdbie adaanﬂa@eoealgliﬁay a dspimigetegibrt with adsygnrtadenhessn ned

ext ensi g e o reqgion. .1t h oved articul arl eful to
incorpo? ‘F‘é’r?ltl?éa r'E %6‘?%8%?3){]{3f é‘?anGPyc,s ﬂbﬁﬁde%t st‘fv t he dopi ng
regign tﬁbmefs@agwtrﬁ@*eltﬁanmaﬁgﬁopﬁqo@eﬂ%:ma%m%fé aofatie farHaviageiigh- The
mentioned lower limt of the Freferred concentration range arises fromthe

need fomeshagisal and theraalistakittyoAnpiher Revaripna gf adickncrsiallizgduUayerof
27. 10. Og%l?ﬁ]léts iH§n G FAG'RAE urﬁ&ﬁcé&ﬂgﬁmﬁé h’aé@ Cil’&&l%)%es aHEPThLEDRASR Homlfeep

t he con of foreign su necessary purl

t he senasintdngedr trﬁet éiscahtimrshsséredige |mbtun®@ddnmg 9HES@8athWrm3t|@®ﬁénb| e.
Concentrations of roughly 0.006 nol (+/- 0.002) have proved particularly
advant a§e&sistoalite bee-sristohaliteigeneratas layae srerhanicalsiresrsthathave thest

Comonente ANt IR RERA SRR e PHRIAAN ymblity i S ALiahbe

dopi‘ng Fegion 6 orm of- an” oxi ompoun

cont ai nigngovdiefsiae drgiipdremtise crystal-puiingaabpaastusever al advant ages. First,
the proportions of each conponent in an oxide conpound are ~o0

st oi chi agRamtagabliglyptredayer tidkess 5910 hath et ghdogingukgehrthickeathanr educed.
10 mm causes crystallization, which, to an extent depending on the crucible size,
extends too close to the inner layer and thus may unfavorably influence the
20 properties of the inner layer (especially its purity and freedom from bubbles).

It has proved useful that the quartz glass crucible has an essentially cylindrical side
wall rotating about an axis of rotation, the doping region being formed as a rotating
doping strip in the side wall. As a result, the crystallized region can be restricted to
the minimum necessary for increasing the stability. The thickness and width of the
25 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



Mor eover, this avoi ds deconposition problens that can arise vx/nerwopgogr
each of the conponents is introduced into the doping region in a separate
chem cal compound, such as in the formof a carbonate, nitrate, etc. For,
at high tenperatures, for exanple, carbonate deconposes to gaseous carbon
~s dioxide, and nitrate to nitrous ga"s&: a fact that | eads to undesirable
and uncontrol |l able gas formation and thus to bubble formation in the
crucible or the crystal pulling apparatus and to an unnecessary burden on
t he envimanmeerthat a Atst comiponentapiiet ad netwririe farederdo giuartz ighssscompaddition
partners of the first or the 20 second cogponent, in separate chem cal

conpound’ SlligPRveandionas aapark neditierdn duenz slass arthae afsalirmetet-fieesssand

i nventi j ' i i :
conponereLEoReRt L6 ey brosroiht e ARERTRAN s sR & B35 EfeBton 1

r espect ipy@moterpame that siaid tdraponents ate inimduded dntby ahdhentrepped th, @odgpingnt s
(network f.ormner ggd &rgak Qj n _fg{?ger) are 2s introduced into the doping
regi on, MBAIPN (RYEINRAAS 2 MBARICK N H1fUt8hE¥8 -are not. The oxide conpound in a
particularly preferred approach is a ternary oxi de, especi al .I¥ in the form
of bari lhPE¢erdance Witbdhesssent imantiom theraysatizationerangtesis iatradueed e

h f. ; _ ) . q
bar um G REB0BRategl G SHr AR FUETENH Yl SRS ATt 45 B8RS "
essent i glitgblef vheh ¢ide Quatth gldsardrucibleospeneated oo dffett cagpaliidtion tber nary

oxi de, su,gtporf,ed_ b%/ the respective titanate or zircgnate conponent. The
over al | CHetRRAlEyINdRe regien @ the puies sedacrebibefrycible: Theydysdpllizatan on is | ow

(refgre o : d i I i zati on
bt oSy oPEriNG FTRA el o 06 yfBh 4 Plorted Bbcell Bl mabufdageTiihe 2
conpar atjuadt gldssverueipla, bot ésdeadonlyauringtintended esé af dheyorusidistfance gets

into the_sem cqnduct.or | t .evapqration reover, riumand titani um
and 21 SRR S b meEna PSR e et B Shkmtd B8RS | on

coef fi ceptalliation iICP@: reFRINCHIAAE Dutey 1BRHSMbRoVERethkirh8IRnié? avaltHegnaluot ed
above. to The invention I's explained in nore detail below in the form of
enbodi netabdityplitheneuanzglasyg cratikleasidepralongs ilg sehvee lifen Fig. 1 a schematic
di agram of the wall of an enbodi nent of the quartz glass crucible of the
pr esient Theveethiodrofitine invieotigh ferdinaatfastringenquantnglags pancibledh acootdaece s

central i,s. The quartz gl ass crucible shown n Fiq. 1 s intended, for
Fecei vi MM BE piratimyesion diters o e kngwh Aikthed feythagnipetusing  9Usi an
out er dpREBicRlciBl iA%evBfdI®Ssetlls:i s rotational Iy symetrical about the
central axis 1. 20 The quartz glass crucible has a slightly curved base 2

that is CQ””?EE%‘F'yéthliéé\éﬁ?&ﬂﬁé@ ‘syinf?éf{i-]i:é(;écd]{ ih&?‘ihesécg@ng\’?r%]dioﬁoﬂr?e é\rtQ?aVi ly

curved transition area elnafter ca radi us e Internal surface
of the quart laygr and entrappetdhére. Tbisnerthbilgs thetconceptiation and éstributiosrofs of

hi ghly pure, synthetic.quartz gl ass that, depepding on how it is.fornmed, 2s
var ey T e iASE Bt Brodofr i be e PEEHRpPEngE. Bt imp ik BiNG s e
wal | 4. 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
25 in the fact that the crystallization promoter comprises at least two components,
namely a first component acting as network former or as network modifier 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



The inner layer 5 is connected to an outer |ayer 6 of opaque qu%ﬁiéoghass
with an average thickness of 15 mmin the side wall. 1

outer layer 6 has an internal vitreous region 7 of pure undoped opaque
quartz glass that borders an outer Iayer whi ch consi sts of opaque, doped
quartz glass, and which is herelnafteT:%aIIed the "outer wall strip" or the
"doping region" 8. Doping in doping region 8 consists of a conmponent acting
in quartz glass as "network forner” s and a conponent acting in quartz

gl ass as " br ealcie nf tHopreseht irlkeeatidepi ng region 8 forns the outer surface
of the crucible, stretching along the entire side wall 4 in a layer 4 mm
thick, and tapering into radius 3. The production of the quartz gl ass

Cruci bI e of i 1 f ] bel ow
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| ayer, a crystalljzation pronoter conprising at |east a further
(addi t iBAB0d/dessribedat tb@@pléﬁ@énm agdifiony the dapinaggeRionds manWaetued atdhst one

t

and enta SN O bRTERS A ot hPBatly S IRFES e fishPR, SR 072, on

of the rejectd geheraéd oy dupimpisatoticediintimeihfasthium, befareJuther cordplatssed in
nore detail below with the aid of exanples of embodinents. Exanple 1 A

m xt ur@rgﬁeﬁmﬁgﬁﬁ@r%ﬁ’\fﬁo?%&q z sand) with commercially available barium
titanate powder is obtained by mxing in a drumhoop m xer. The m xture
cont ai NheSEd2grais paytke doped withrihe sajseeomponenis (‘nefweaikformen@nguant i ty

or e ns. PRy YRy T ThPratolils S4nehe B el Rab BB B0 i T

around the axis of rotation that ends on the outer wall of the | ayer of
gquartz grains and has a thickness of 3 mqmmin the finished crucible. The
outer wall



2s strip doped with bariumtitanate is shaped such that it extends dqyn 5
cmfromthe upper rimof the finished crucible. Subsequent application of
the inner layer to the inner wall of the |ayer of quartz grains and
sintering of the crucible wall by rreang of arc melting yields the quartz
27.10.03 -18 glass crucible of the pre 8nt invention. The outer wall stri p
has a thickness of about 3 nmafter sintering. Crystallization, especially
in the region of the outer wall strip, is not visible to the naked eye.
Exanpl e atdedAtonthetSiOs grdingyaiot to stiagping ofuHenddpang regitn tfanakamplebler i s
obtained by mxing in a drumhoop m xer. The m xture contains 0.001 nol
bari um tm?éﬂ@%ﬂﬁ&aI@S”&ﬁ%ﬁ”i@”%@%”ﬂ%m"ﬁH@-quanti ty wei ghed out is 233 ng
BaTi 03 / kg quartz grains. Wen the | ayer of quartz grains is being shaped,
t he ni xtAd\@ntageenseambodinents ebpaimethas oftheIpresent pnvandion arise feam dhef
rotatio | 3 I I :Of
quart 2 g APRES SRS Bl R 1B pRYbciolp RV EhalBS andr e e ]
cruci bl enadu s g erplappidbncaiovecaricetiing thnguattayssicoudible dfthepragdrt of
the |l ayer of quartz grains and sintering of the crucible wall (including
nel ti ng 'BYERI.| ayer of quartz grains) by neans of arc nelting yields the
quartz gl ass crucible of the present 1 s invention. The outer wall strip
has a t Hirekerebly, ¢f tetipwalentsunatancecis usedtfer thedirsicegrapanentastinggs nedyess al | y
in the rf§’qi2\8n of the outer wall strip, is not visible to the naked eye.
Exanpl e T xture of gquartz grains with bariumtitanate powder is

obtained. by mixing in a 2 rum hoop m xer.. The m xture contains 0.001 nol
bar | um  THESEE GEPPRACRIS Dty MgPa cagSpadig By o engRcanks. aesBs oo
BaTi 03 /sdffle QHRINCY o3 SHfidth (fsﬂﬂ?inmwétmﬁaylc%mﬁﬁﬁhdtsxogewh%gam fopleng regi on
endi ng on the extéernal surface during Shaping of the |ayer of quartz
grai ns, assecided agvarigoercoageming the eleelronieeorditippe insideethgequartrglege quart z
gl ass cryci.hl e - ud] i . . S i o of
The- synmaib B pAR I e Bt RoRAARR RN Sfaingd priterEtLBR aRERLIENNAR, D
and si ntegystap referéhee B matdhe théiplayatioearsbovt canceming thegqyantd giass he
quartz glass crucible of the present invention as shown in Fig. 1. The
dopi ng rCénglgha of the present invention. The preferred tetravalent substance is titanium

15 (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

20 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

25 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



27.10.03 -19 containing bariumtitanate has a thickness of aboutyBqgmaafter
sintering. Crystallization, especially in the doping region, is not visible
to the naked eye. Exanple 4 A mixture of quartz grains of a particle size
ranging from90 pmto 315 Nmwth s co rcially avail able barium zirconate
powder is obtained by mxing in a dr um 0op m xer. The m xture contains

0. 002 nol barium zirconate per kg quartz grains; the quantity wei ghed out
is 552 ng BaZr03 / kg quartz grains. The m xture is used to generate a

dopi ng thegcacidadamd trenupber lewit arised freurthaceeduoikegpshasonterdof idieigguar t z
grains |layer, the .dopin egi on extendi ng oyer the. entire io.side 'l of

t he quaﬁ’t‘gsﬁ’lngﬁ V\‘!&h’%g@?%{c( &@Cmcmsa@rytmﬁbggﬁweﬁ%%@ngﬁgggm%ﬁaqﬁ i cation
of the | ; [ | Of ' K

ol nt er 1 o s S b R oSS T uar t 2

gl ass c(t/ki0bD@R)diaveneroped panticulaneadvantagehus fdopiadQOfa‘@'fifﬁt ang sacend ckness
of about 5 nmafter sintering. Crystallization is not visible to the naked
eye. 3 s CRURAE'S A mixture of quartz grains with barium zirconate powder

is obtained. by mxing in drum hoop m xer. The ni xture,cantajn . 001 nol
bar | el e hORL AR e SPapna casnraTast alm R e FERENc S e §1976 o
BaZr 03 ; : i i (@ ol ; i !

Cogi on SRIMEErSHiGN pEir ltBPlayel ORI oF ghdRetompodln bAlehing 0L ae

grai ns kcaysonentse Tdopmahodbasseeatabadvanjageéer the entire side wall of the
quartz glass crucible (excluding the base area). Subsequent application of

the synthefi Eiishnee groyétiohs of Bach BB&iponwaht incdn bXidelcayountl atgartz grains
and sintering of the crucible wall by neans of arc nmelting yields the
quartoz gl ass steighiopretriealiy predptasainad, isavBat WeIshHE-QHAIFPE RIEITINGEdL. The
dopi ng zs region containing the bariumzirconate in the finished crucible
has a thi cknddsrepatt,dhissavoids degpmpdsitidyoprobdemmthatrcastaise ydensme or

S?pigl 8|3| y i r(]-:-atc eofqﬁ icg pro% inPsni’s iﬁt?oﬂ?éedvihtgoi ll?lleed&p(?nd naeglmwg sgk{grate
chemical compound, such as in the form of a carbonate, nitrate, etc. For, at
high temperatures, for example, carbonate decomposes to gaseous carbon

15 dioxide, and nitrate to nitrous gases, a fact that leads to undesirable and
uncontrollable gas formation and thus to bubble formation in the crucible or
the crystal pulling apparatus and to an unnecessary burden on the

environment.

o Also with respect to material costs, the compound partners of the first or the
20 second component, in separate chemical compounds, prove to be superfluous
and in accordance with the present invention are avoided by using an oxide
compound containing both components. As a result of the absence of other
compound partners of the respective components in the oxide compound, only
the desired components (network former and breakpoint former) are

25 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 (BaTiOs) or barium zirconate (BaZrO3) or a

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

barium aluminate.




-20 The cruci bles prepared in accordance with Exanples 1 to 5 arzy hp@sen up
and chips are prepared for a "Crystallization Test", a "Vacuum Bake Test"
and a "24-Hour Vacuum Bake Test". s Crystallization Test In the
crystallization test, the nelting phas?e during crystal pulling is

simul ated. The tenperature program enp %S/ed roughly matches the tenperature
in the radius of a 28" crucible during the nelting phase. This is intended
to ensure that a crystalline |ayer of adequate thickness has been created
by the $irystallizntionyithe oper Iavey s assentallpefiested bidhne badret®argremafcal | y.

To this,en t I [ t ogr L S is
reasur ol Gt EaRp e R e PO S S RARARR LR E e L IR ey ot ur e
and t he cohiscHent TId{éraugiaftityl dfdorignsldistandeysé@sspnl for ey stallizatiber ist o
assess bubble growh in the inner layer of is the crucible. To this end,
sanpl es law drafeianceds aadelgithe exptanatiaes qaithis @oVek crucible are kept for
four hours at 1600 C and 10 nbar. The chips are then sliced into thin

sect isonErysidljzatioograpotersin thesfobuiw besuortitanate antbbanivg girsonatet havesanpl es
are taken. 24-Hour Vacuum Bake Test ,2q .Ihe. 24- Hour Vi Test is used
o ° i miCAMBaAsaINAE I SaPH b Bsge: 2 MM RESRR AP FREE B RIGS

parti culsgii¥oh@dot meltibyevabeestinh. Mistedver! Batildtdneaithiuroasd Rireomuih the
use of 28" crucibles. To this end, the sanples are kept for 24 hours at

1600 C &ne notehie fer hainspaelgtivalyismall dislahutiomn pefbaient tmsili¢rn. Siefencede t hin
secti on%%&l’%%% Y }gtur\éa\%wggt E&&gd'g%%(’egl so reveal s the final
a e Zs

crystalli I'on behavior o crucible. After 24 hours,

tallization.is. al t | et t ' R i bl
o’ ol aBieavPRihis eiRbaf 1 Buts Srtebsialf iy e brnbEimshis nPREE' ' ©
shoul d ReawiHgy Thel ddi€ eraifg shbivg ineason, sanples fromthe base, radius,
side wall (bottom center, 27.10.03 -21 top) are studied so that an

overall picture of crystallization in the crucible can be created.
27.10.03 -22 Results Sanples taken fromthe quartz glass crucibles prepared

in aCCOW&.nfea %ﬁé}natic diagram of the wall of an embodiment of the quartz glass
crucible of the present invention in a longitudinal section running parallel to the

15 central axis.

The quartz glass crucible shown in Fig. 1 is intended for receiving molten silicon for
pulling a silicon single crystal. It has an outer diameter of 28 inches and is rotationally

symmetrical about the central axis 1.

20 The quartz glass crucible has a slightly curved base 2 that is connected to an
essentially cylindrical side wall 4 via a heavily curved transition area (hereinafter

called radius 3).

The internal surface of the quartz glass crucible is formed by a transparent inner
layer 5 of highly pure, synthetic quartz glass that, depending on how it is formed,
25 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.



Exanples 1 to 5 were subjected to the aforenmentioned tests. The pe3plgss are
shown in Table 1. s Table 1 CrystallizationVacuum Bake24h Vacuum Bake
Testtest Test Sam

| epLayer Bubbl eBubbl eCrystal lizationthi %nessf or mat i onf or mat i on[ nm 13Bubbl e
gr owt hBubbl e grow hSt ri p24conpar abl e or conpar abl e orconpl et el ybetter than

i nbetter than incrystallized33quartz glassquartz gl assDopi ng

regi oncruci bl escruci bles without 5 without outer outer wall

dopi ngcdis eter {ayeg Bylasan intedsbviePus érgiag 7 o Wigaindopgida opague glaite

(sanpl e [ i I M : I xhi bi I 1ization
o ow 912 P BaFts o AREPERRRIIN LBl dBpdy ook Sle BB i P
the crysitath iszkerdimeftar calée fes ‘dutéovalnstripl of the YWoping ReidnireDdpayein to The
quartz glass crucible (sanple 2) prepared in accordance with Exanple 2

exhi bi t &@PH1Y AU BCOpSisthel # 6aBPORBRLRGINTANIANBToIagS/as HetweHt fosmepr onot er

slightlyl I 14 i oN ut er
vl | of T SompEhelP AR R A RaR G, A B b e TR PP B8 et ng
pr epar edoinms thecontdasafanse bhtHexaopibés siretchirandlodg te entiedsideaad!l 4lirsari but i on
of the cryst IIizhati on pronoter nust be ensured 27.10. 03 -23 because the
doped | ‘ﬁﬁﬁ%tdﬁ‘&én (GPENPG MR IaMLES: ext end as far as the inner |ayer. '
In the quartz glass crucible (sanple 3) prepared in accordance wi th Exanpl e
3, the émeipredpgtien OfAHlelqw%rtZd@JQ‘éacwcumepEm:@wsat inveatiorowilbfirshg er (bari um
titanat I ads- ur per
cdge. of CHisySad Bepehty B BRER 5 o gl it e A SrRE Rl BRI
t he wal lof efifdieehtsd | ed to conplete crystallization of the doping region
of the outer wall in the crystallization test. The crystallized |ayer is of

uni f or my§ hifFkneReeasdtdqnenstaling brinasi nstur WiateZaedaed BY hes® of g shape

of the crﬁ.t allized | ayer corresponds exactly to the io desired shape. The

cryst al chiasatigpewith Gerefistedt gan sizedi theyrange ofBtermita\3ld im., amyfilledyi on. 1n
t he qua i I i i Exanpl e 4,
crystal o4 rat fibthal Frle o 1 IeRRane ok SR MRl R bl &

pr epar edentrifagaldortznaed by hiedhsoofd nihlates aToatignaly symhwddcal caagibbee (sanpl e

5) prepared iin accaordance wth anpl e showed t he sane crystallization
bt - abaped Ty UaNg ceRap du 0 HeBTPGSHEE Wl A BEdREIA @0and 4. The

t hi ckness of the crystallization layer is 6 mm The energy conditions
duri ng HbBiSRGONH tRIOERSS $¥99e halieneparent Mneplaygt isvgengrated pathe iwaecwaliohl e,

imr; df?{“&gfef Hé&z SP@QQ%})%?@ RB3hD3r thed- O8It Ethetirid pBeels T G¥RRisRIRL eSS

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

20 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

25 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.



-+24 Patent Clains 1. Quartz glass crucible for crystal puIIinngngK@
crucible wall, conprising an outer |ayer of opaque quartz glass and a

i nner |ayer, wherein the outer |ayer has an inner region and an outer
region, which is provided with a s cry ?allization pronoter that effects
crystallization of quartz glass with fi mati on of cristobalite when the
quartz glass crucible is heated during intended use in crystal pulling,

characterized in that the crystallization pronoter contains a first
conponert?™ 366wt ofthe high purily £ the sydbietia ipnar layer, dhe tendemey of #we mneet wor k

f Lfier | | ass. ' d,
ka1 - nayerto ChaRd ARSI I AL ek REc S B iR ot rer
and t hatsenficomdetor najtanhileSoristovaité BEBringedH Me SRBICRDLIERY iftRYid@rdks | ayer

t hi ckness oJ r; than 0.2 mm cont ai ni ng sai d conponents being €ntrapped
t her ej n.8v8! Qgg'ﬁ 2s @ gsylt the senyice life Obi erycible islimpreved. char act eri zed i n

that the first ~s conponent acting as network fornmer contains a tetraval ent
substandd'e &¢ inigitites Widsy atmeapheicecendtions (ryairoby thaeengPaphiteaglactt@ddszed i n

that th t : i i.f ani (Ti4+)~ zirconiu Zr 4+) ,

haf ni umﬁ%ﬁfﬁgﬁ;@g hﬁ%?‘%%s?@gﬁi)f&gﬁ@rmmz ?%‘ﬁg ad %93#({@0&?%5 crucible
accor di eguilibrichaisnsldarhe Biaiftag iefavoeaf CO fohdbtibhesfsNgr tBe dargement acting
as breakpoint forner contajins a divalent al kali-free-nmetal substance. 5.

Quartz (FBBSTRHIRS ¢ sevarrldhensand dearees Pelsius isarthet a1 pyerallireduciag mete
di val entyymg =fjiree substance is barium (Ba2+) and/or strontium 6.
Quart z glngséﬁﬁéﬂgcllg%?%tggbordi ng to one of clains 1 to 5, characterized in

t hat, 2s At ' : d ; t istrjbuti ffjcient

sl odghe T8t EnERRRTe RIS T, 3 1Eef AlPhubs Brafafitcbor di ng

to one tie oltmiridyer, & erfstakibaticrch@mctetedpiidiag at Rast b fsth&aqaBamBRAINARA t he
onent are each contained in a concentration ranging from 0. 003

d
ol - 9% t S oPmPIeRY AFUPEESIBPVREC loagrbAnd gt leashpie cgmposedt artingl as
accor di Bﬁbék(bo‘ﬂﬂ%ﬂﬁef:ﬂsa}gﬂ@dl}cetﬂn?o th%'lﬁ{p"f’rﬁ]fégi&r? nd Qntraéﬁ%étﬁer?ginf TSt
c ned I n 0

conponent and the second conponent are ping iegion (8)

in the i Lning. the said ¢co nents. 9. Quartz
ol ass o CRTu RS o el EPERRY Bfa R P 88 Ty R et
conpoeunihte tins depmgakegivr Brdisuussed irdgors detailaselbamitinheididbpésarhBasidi3) or
barium zirconate (BaZr03) or a m xture thereof. 10. Quartz glass crucible
accor di i§C9IBRBSsf claims 1 to 9, characterized in that the doping region
(8) has_a | ayer thickness of nore than 0.5 mm preferably nore than 2 mm
11. QuaF¥amyllask crucibl e according to claim 10, characterized in that the
| ayer thickness is 10 mmmax. is |2. Quartz glass crucible according to one
of cl ai Agnixturg of quastzgrassdauadd sand) with commeyoiatly avgilatde beriuni thheateas an

essenti | i i I I h..about t axis of rotatig 1),
whor of rPp e oHtdetty i 1Py opliheBRithet Bl o faRt 0bd ol
20 barium titanate per kg quartz grains; the quantity weighed out is 466 mg BaTiO3 / 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

25  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



the side wall (4). 13. Method for manufacturing a quartz gl ass cpucigh®
according to one of clains 1 20 to 12 by producing a cruci bl e base body
conprising an outer |ayer of opaque quartz glass and an inner |ayer,
wherein at | east part of the outer Iaqu_in an outer region surrounding an
inner region is provided with a crystallization pronoter which, on heating
of the quartz glass crucible during intended use in crystal pulling, causes

crystallization of quartz glass with _formation of 2s cristobalite,

char act &3%%@rucible phthexprasest invenfirmdhe aider wallistiingieg @ zhigkress efdhiautonal |y
to sili = / I s n difier,
and an o o ProLP A CrataRizaRtl Cipek BT IR G B3 iRal sfRele (o
quart z glohssible toslkeel nakedreyst al | i zati on pronoter, and that said 27.10. 03
-26 conponents are introduced into and entrapped in a doping region (8) of
the out @xdrmpky2(6) having a layer thickness of nore than 0.2 nm 14.

Met hod according to claim 13, characterized in that an outer |ayer (6)

havi ng WeidoRd BEqHS% BRhaikShithDARAPTBhSE | ' IRirf i
introducedli nto aqg negﬁlng r'ml cﬁaﬁgﬁ%ha%e%&tvﬂge}?%io?@ﬁ?g52 n@'?'u i'ﬁlae-shaped
| ayer ofdr@noizoep miixey, Thienxture santhino PO entlbariuen ttkohate tpertkdgeqBir®?2 gr ai ns

bef ore shaping of t dopi.ng, r egi 8 hen the | ayer of Si02 grains
is sint gF%’ﬁsmﬁehqlf%ﬂﬁ)éWegwegjfoﬁﬁﬁ%ga&%% B@jﬁ?}%%ﬂgaﬁﬁgr%&'hod according to
one of ai 13 or 14, characterjzed {n that a tetraval ent ~o substance is
noed as WREN B layek of Saftagrais & &G sbRRsH. Ine e o (Paeddnt: Hgopsacl ai m
15, cha j i Mal [ [ i T4

zi rconi Sg}f&%@&%i)@fﬁdﬁgéﬁlﬁ% Eﬁgfj)erb{ag&es?ngﬁ Srﬁn §G"t/e Er%? ﬁ%ﬁﬁf %ro tn? ﬁlﬁ%é{i}ﬁﬁ 17.
Met hod atthe tiyegof quariz goding laad rexterRistdowlrs 1 0 chafract thei upper im trihe t he
second .S. BOﬁ’gone.gi%acti ng as breakpoint forner contains a dival ent

al kal i -{'P'é EietUFPibst ance. 18. Met hod accor di ng to claim17,
characterized in that the dival ent substance is barium (Ba2+) and/or
stronti gh‘bsfgge'ﬂ}b‘{‘ﬂ@@ageﬁ hapneplayreiuthednagnwal of the lager efiiait eri zed in
t hat t ha,di AT r i-nt,r oduced in
a conceg'[érfg%?@g@gﬁgﬁ%yﬁﬁ%%@(}%%g@#zﬁm&& 02 nﬂtﬁ?@lﬂ]&?ﬁgd&@%i ng

regi on. gEINS\Ney Awmanscefcrrdime)ting yistds e qlasizrglagcrueibl® of tegprasest i zed i n

h he fir : d ined in th
dopi g TegT RN BGERERTkaTRil 5.5 BFRE-SRIBBREC) sPhasEP Selidle. conpound
cont ai nCngstaizdtiars, sgpaemIgnh she PdgionVet thetblrECRBA kD, iPn6t AsiFIe2d the

characterized in that the oxide conpound consists of a ternary oxide, such
as bari 0@%€d €¥Rate (BaTi 03) or barium zirconate (BazZr03) or a mixture

t her eof .
Example 3

A mixture of quartz grains with barium titanate powder is obtained by mixing in a
20 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).

25 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
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20 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

25 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.
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layer of adequate thickness has been created by the start of crystal pulling. The chips
10 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
15 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

20 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

25 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,
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Examples 1 to 5 were subjected to the aforementioned tests. The results are shown

in Table 1.
5 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
> comparable or | comparable or completely
better than in better than in crystallized
3 3 quartz glass quartz glass Doping region
3 = 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.

10 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

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

10 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.

15 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 BaTiOs, can be melted with much fewer process modifications.
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has an inner region and an outer region, which is provided with a

5 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 modifier in quartz glass and a

10 second, alkali-metal-free component acting in quartz glass as a breakpoint
former, and that the outer layer (6) comprises a doping region (8) having a
layer thickness of more than 0.2 mm containing said components being

entrapped therein.

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

15 component acting as network former contains a tetravalent substance.

3. 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**).

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

substance,

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

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

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

10°° max.
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9. Quartz glass crucible according to claim 8, characterized in that the oxide
compound consists of a ternary oxide, such as barium titanate (BaTiO3) or

barium zirconate (BaZrQ,) or a mixture thereof.

10 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.

15 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 regio'n (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

20 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

25 cristobalite, characterized in that a first component acting in quartz glass —
additionally to silicon — as network former and/or in quartz glass as network
modifier, and an alkali-metal-free second component acting as breakpoint

former in quartz glass is used as crystallization promoter, and that said




bC 90" 10%& () - - 10%& () - %10%& ()- 10H 10H 10H® 10%H& ()- ! 10%487(10.03

Xi J+OF SH10%&' () - f SH10%&' () - f SFL0%E () - &10%& () - &Z10%&' () - & “10%B&" () - &

10%& () - dE+CF SE10%&' () - f SH10%& () - (f SHL0%E& () - f SHL0%E () - ) ?Q#f SH10%E!
“f SH10%& () -

§2:| O SHLOm0s] () - SH10%& () - f S#10%& (32T SH10%& () - f SH10%E& () -) 2Q#f SH10%

b& ()-

$} 72/ Of SH10% SH10%&! () - f SHLOYD& () - f SHL0%& () - f SHLO%& () - ) 2QHf SH10%E&' ()

- }$456@T~_@ @@@mﬂﬁﬁ(@i@%@quuqes}#mmw @l)\tramﬂ_bw?gmg m@%g 95 ther Quf S#1

09%& () - TUVW b%@,%@r%ﬁ@aﬁ@@é BiafFihRkRSsd of hofe R O SHL0%E () - f S#10%

& ()-) ?Quf S#10
4CF f SH109YD& ( ) 1 0 () f U& ()-f SHELOM& (): f SHELOWE () =) 2Q8nT*) 2Qif
SH10%& () §f4%6%<§8{?§9%@1@%é9{§)§} ‘(éiﬂ%‘gg%e( '-“f‘%&%'azﬁ&%(/?@xé?) dﬁiﬁgﬁng

*) ?QH) ?Q#f SH 1Mo dihg rSHdA YB)s (Qenehitd8 i &dt SiOSH AP &rd ihtibatidfdiiio @ - ND* f S#
109%0& () -) ?2QHf SE10%E () - f SH10%& () - f SH10%& () - | SH109E () - S#10%& () - mN
| f SH16%H& () - F@M@x@&"é and skppedsinerenio)a erge /@aﬁwd f@#mo%@( YeitSH 109 &!

E g - 38{35{ F SH10%phefeiR @i ddrmpoiere®fe bhadd B S Mfaihk HerStliild of REl0%0&

<>~dJ+f S#10%bEOBNGTrELibAYBR an-theH 1saagef bf BTG Sik08 kIt ded G OofRition- f S#10
W& () - >?MN k| ynT5f f. SH10%E. () - f SH109B& () - f SHLOWE' () - f SH10%& () - f SH10%&
() - f S#10%& P t-h%lﬁﬁ%&e?&)yn ~~dJ5f f S#10%f 5#1?;/33&' () E)f s%ozye;)&' ()-f S#10%
& ()-fSH109E ()-f SH10YME () -) ?Qéz{ Z95f 210UKY& ()- .! 109KY&' () -

&-!()10%@/&' (4‘)%&'\/'%%“% %@mdm%fo)@@%z me) 13 o4 . cher setetized, nthet glgnt(

gl (| o AR AR e o
3# |12 égg/ﬁco/é )é-B( @%?ﬁ%@&g&?é%%ﬁé@%@c}%% in thattR&%&rS)alent substance

%4 0%RqYERE () - iEQRAAIOPBANEWN, [Zir88ARIAYZr3T) ShafA ke YA ) Yerm SHLAM afd/or tin
WFO! | 10%%&' (). 4E! 10%8q%&R&' () - F 109%&q%&& ()- ~ L$L109B& ()- TCD|[:-410q%
L 0$10% % ()-PNfF 100&q9&’ ()- 9- Z10%RqU&S' () - $3+9! 10‘(’/«)&q0/&§'1(()())/-0/& 0. N
109RqY&& ()-. . ($109RqY&& () - DEFQV8! bA410q% R&$1098& ()- &$10% % & () -
)100/8/&' ()- (‘%dw@&ac@ %?QOF%G&@W&'C()G%@@%@O@Q/%CP?M@W igthattieosegopy-  YS

10% % & ()-3 06.9%4.8 ()= ' 088" (: o6 9% & () - L110% %, &:(c) -

i ALK 18}$10$°1%@p/%é§10 /@%‘a?‘)%? 4%/‘5%‘%%}?%9{9 ﬁrﬁa&%&%’ '5%%%42 é?k%%ﬁ‘?fvmﬂ ()- F
$109%8& () - PR anv®i 1010 R $10%8%W& ()- WB $10%$7& ()- 109BY&R () -
&19:%8%(1)&' (g- 10989 () - 8610I%3(V&'.()1- <T1|[: Wi%éﬁ 3@ #hle?;@ty&'_ ()- ig%c_y&- ()-
210005 () 3 YOS (1 S 100 () FALOUBOE () O 10N

1 10989%& () -j y5"4 ﬁoﬂf@ é‘?ié%%“’@)- 8510;%8%&' ();]I Yssig;/ata/&' % o 13 -
1098%&' ()- Y. 1098%& ()- .|, 109B%& ()- No " "Headi ng 13]c" "Headi ng c"
" Headi né) 33p Met _(q)ﬁ)@d'as]t%@ne%(& Mg 1%%&'8,'cm@&tefgzeslapéhat'th@émtng 73] c"
C[Hﬁ\?\%’\ E?n\?;’] i&oﬁ%ﬁ?éh) %I%dﬁgé %%@H%?ﬁwoheﬁaér@%a%mnf?c?@ﬁée%*i%;a concentration

~" $&(* X, C . 228BQINGIQE C2EIHMAN 10,02 hE-Ynindhé doping region.

}7<@X[ D#_t $T_>y=D! <156Ti nes New RomanAri al Couri er New'h Root

Ent r yWor dD8@ Uvtetitod accotdi§®o bhéof claiis 23458B88haracterized in that the first

<=>? @GA\BCDEFGH| JKLNN@(;E%‘I{%/\Q%((\%[‘A 133 “abcdef ghcig'nkl_nné)pqr stéjvwxyz{
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of the outer layer (6) in the form of an oxide compound containing said

25 components.

21.Method according to claim 20, characterized in that the oxide compound
consists of a ternary oxide, such as barium titanate (BaTiOs) or barium
zirconate (BaZrO;) or a mixture thereof.



