15 JUL 2005 -1 Method of producing a quartz glass cruci ble The present
knveﬁtion relates to a nethod of producing a quartz gl ass cruciblquMUL%%
providing a crucible base body at |l east;in part with an inner layer I'n I ch
the formation of cristobalite is induced by using a crystallization
pronoter. Such quartz glass crucibles are e.g. used for receiving the netal
nmelt when single crystals are pulled according to the so-called Czochral sk
method. In this nmethod, a seed crystal with a predeternm ned direction of
orientation is inmersed into the nelt and then slowy pulled upwards. Seed
crystal and nelt rotate in opposite directions. The surface tension between
seed crystal and nelt has the effect that a small anmount of nelt is also
pul l ed off together with the seed crystal, said nelt gradually cooling

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 thermal stresses that nust be w thstood by
the quartz glass crucible for several hours wthout any noticeable plastic
deformations. In the déethoskofprducing anguartz ghass erucibley t enperature nore

t han 1400C for exanple. To enhance the thermal stability of the quartz gl ass
crucibles, it has therefore been suggested that the crucible should be
provided with a surface |ayer of cristobalite. The nelting point of

cristobalite is .at ahout 1720 Suc, thod.is described in EP- 748 885,
The ot ad 0y aeEn ety rebates i airdeR TR g o T difes el Bye.

bubbl e- gesidhgiaGuawds bas@dbagy at RalEtpdrt Aftheth Whehlagef Hewhralthgol ution
containing substances that are conducive to the devitrification of quartz

gl ass i ferovationsaf shistdoadte isBodwegd by keing reecrysiallizatind pperdotdior us conpounds are
. recormended as crystallization-pronoting substances (hereinafter also
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crystals are pulled according to the so-called Czochralski method. In this method, a

seed crystal with a predetermined direction of orientation is immersed into the melt

and then slowly pulled upwards. Seed crystal and melt rotate in opposite directions.

The surface tension between seed crystal and melt has the effect that a small amount

of melt is also pulled off together with the seed crystal, said melt gradually cooling

down, thereby solidifying into the continuously further growing single crystal. In this

pulling process the quartz glass crucible is subjected to high mechanical, chemical

and thermal stresses that must be withstood by the quartz glass crucible for several

hours without any noticeable plastic deformations. In the case of a silicon melt, the

melting temperature more than 1400°C for example.

To enhance the thermal stability of the quartz glass crucibles, it has therefore been
suggested that the crucible should be provided with a surface layer of cristobalite. The
melting point of cristobalite is at about 1720°C. Such a method is described in EP-A
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



heated up (for instance during the intended use in the pulling processé t he
pre-"treated crucible wall crystallizes under formation of cri st oblad it QW5
which results in a higher mechani cal d thermal strength of the quartz

gl ass crucible. However, the quartz gl'dss cruci bl es produced by neans of the
known method can only wthstand | ong process periods to a certain degree
when silicon nonocrystals are pulled. The thickness of the crystallized
surface layer is normally | ess than and is thus relatiyely thin. It
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cristobalite layer thereby pass into the silicon nelt and may lead to

dislocations in the silicon nmonocrystal. That is t he kno nmet hod has
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withstand long process times according to their intended use and thus strong bubble
growth.

Moreover, the crystallization promoter may be abraded during transportation or

handling of the quartz glass crucible.

It is therefore the object of the present invention to indicate an inexpensive method of
producing quartz glass crucibles with reproducible characteristics for long service

lives.

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



use - it effects the formation of cristobalite. This is accorrpanl ed by the

knoWn’>5JUL 2005 -3 action of the cristobalite |ayer, i.e. ? L?[lﬂ
solidification of the inner wall and thus an |ncrease|nthernal S ap) fl
and chem cal resistance of the crucible” An uni ntended change in

concentration, caused e.g. by abrasion during transportation or handling of
the quartz glass crucible, is ruled out. Mreover, it is possible with the
met hod of the invention to set a predeterm ned thickness of the
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introduced into the inner layer. At least during introduction into the
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which is facFlitated b OW Vviscosity of the quartz glass at such
tenperatures. Wien a growi ng bubble conmes into contact with a thin
Second a reducing substance is introduced into the inner layer. At least during

introduction into the inner layer the substance develops a reducing effect
which, however, may still continue or resume again during the intended use of
the quartz glass crucible. This results in a surprising effect with respect to the
service life of the quartz glass crucible, which shall be explained in more detail

in the following:

It has been found that during the above-mentioned gradual detachment of the
crystallized inner layer the growth of bubbles in the crucible wall is of essential
importance to the durability of the crystallized surface. The opaque crucible
wall contains a multitude of bubbles in which gases may also be entrapped. On
account of the high temperature during use of the crucible and, in particular, in
the case of long process times, this results in a growth of gas-containing
bubbles, which is facilitated by the low viscosity of the quartz glass at such
temperatures. When a growing bubble comes into contact with a thin
cristobalite layer, this results in mechanical stresses and local flaking off of the
cristobalite layer; this is cbserved all the earlier the thinner the cristobalite layer
is. On the assumption that the bubble growth is considerably influenced by the
oxygen formed, the chemical reaction that takes place in this case could be

described by the following total reaction eguation:



cristobalite layer, this results in nechanical stresses and |ocal flaking
off 6f the cristobalite layer; this is observed all the earlier thg fjpigper
the cristobalite | ayer is. On the assqyptlon that the bubble growth is
considerably influenced by the oxygen Tormed, the chem cal reaction that
takes place in this case could be described by the follow ng total reaction
equation: 1 5 JUL 2005 -4 (1) 4 Si@2(5) + C(5) + 2 N2(g) -3 Si3N4(5) +
SiC(5) + 4 02(g) s=solid g=gaseous Subsequently, with the cooperatlon of
at nospheri c ni tro@én afPiQag)bok sywhiZcN2(g)i¢ Tdtamed« i Skl HOHEs in the
initial substances or may be charged into the crucible wall dur g t he
manuf acturing process, each nol of nitrogen forns twce the b

oxygen. However, in cases where a reducing substance is present in the i nner
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but preferably also or again during the pull | ng process - W th oxygen or
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in the areapefertahty alBoesr again dofing tree pulieg bhﬁtesbt— withioxygbhoréiiea that the
reduci ng substance turns out to be of essential ortance, since the

flaki ng of f bfrodeeedrgmaants f@/fmam ydiggd seddpihe ﬁ@ id)#86R RObEONiBLIes i s
thus also a"é’hﬂﬁ%g%%e total gas volume. Thus this “getter effect” of the reducing

substance reduces the formation of bubbles caused by excessive oxygen or by

oxygen formed during the pulling process.

The stronger the reducing effect of the reducing substance is, the better can
the growth of bubbles be prevented. A possibly existing lack of oxygen in the
quartz glass structure does not develop said effect. According to the invention
the reducing substance is produced at least during production of the inner layer
so that it develops the above-described bubble-reducing getter effect in the
area of the inner wall of the crucible. It is in this area that the reducing
substance turns out to be of essential importance, since the flaking off of
cristobalite which is caused by the growth of bubbles is thus also avoided and

the service life of the quartz glass crucible is thereby prolonged.

The method according to the invention allows, on the one hand, a defined and
reproducible formation of cristobalite in the area of the inner wall of the quartz glass
crucible and guarantees, on the other hand, that this layer of cristobalite is kept
undamaged as much as possible during the intended use of the quartz glass crucible.
The quartz glass crucible produced according to the method of the invention therefore
withstands long process times. The use of large quartz glass crucibles, which when
used must withstand particularly long process times, is made possible by the

crystallized inner layer for the first time, and the method according to the invention



the service life of the quartz glass crucible is thereby prol onged. The

net hod according to the invention allows, on the one hand, a defineq{apm_w%
reproduci ble formation of cristobalitedn the area of the inner wall of the
quartz glass crucible and guarantees, on the other hand, that this |ayer of
cristobalite is kept wundamaged as nuch as possible during the intended use
of the quartz glass crucible. The quartz glass crucible produced according
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and another part as a reducing substance in the sense of the present invention.

Preferably, such oxygen or nitrogen compounds that are present as a solid up to a
temperature of at least 1450°C are formed by oxidation of the reducing substance.
Metals or metallic compounds are primarily suited as reducing substances, but also
such chemical compounds that can be introduced into the inner layer in an oxidation
stage lower than their highest oxidation stage. Of importance is here that the chemical
compounds formed by oxidation of the reducing substance are obtained as solids and
do thus not contribute anything to the gas volume within the inner layer and thus to

the formation of bubbles.

It has turned out to be of particular advantage when the reducing effect of the
substance is adjusted by setting reducing conditions during the preparation of the
inner layer. An initial substance is here reduced to the reducing substance during
preparation of the inner layer. The redox potential of the initial substance differs from
the redox potential of silicon (IV), so that the initial substance can be reduced without

SiO; being reduced to a noticeable degree.



Metals or nmetallic conmpounds are primarily suited as reduci ng substances,

hut also such chemical conpounds that can be introduced into the inger
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i nportance is here that the chem cal conpounds forned by oxidation of the
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a particularly sinp manner by way of an atnosphere having a reducing
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initial substance (chemcal co nd) which is present. ip.a, high or even
15 i ESRToRAiaae G SHaGE reBHCRDRRGG G Wik cBaBiatin e DB ance. | <
reducedfﬂgy\mpc_onsequence of the reducing atnosphere. This is particularly
the case wth chem cal conmpounds that easily change their oxidation stage

and can be reduced by CO as will be explained in detail in the follow ng.
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graphite electrode or electrodes so that graphite reacts with oxygen, which

predominantly results in the formation of reducing carbon monoxide because of the
high temperature (Boudouard equilibrium). The CO formation results in reducing
conditions in the preparation of the inner layer. Therefore, initial substances which as
such have a reducing effect, as well as initial substances that are reduced under arc-

melting conditions are suited for forming the reducing substance in the inner layer.

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 (BaZrOs3) 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



predom nantly results in the formation of reducing carbon nonoxi de because
of the high tenperature (Boudouard equilibrium. The CO formation lﬁi‘w tZﬁi]‘
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substances contained therein pass into the metal melt and may contaminate the
same. Particularly preferred is a concentration range for barium titanate or barium

zirconate that ranges from 0.005 mol % to 0.01 mol %.

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

silicide and/or tungsten silicide which is between 0.004 mol % and 0.4 mol %.

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

the use of a protective gas atmosphere.



so that in the case of contam nated SiQ2 a conplete crystallization of the
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ferrates, tates, nic vana ni obat es, ant ala
chrorratergsﬂlezataahqnomitihgcéﬁenderqmdr& ggiees.ondl tion of a reducing atnosphere
in the preparation of the

However, oxides or oxidic compounds such as ferrates, tungstates, molybdates,
nickelates, vanadates, niobates, tantalates, has been approved as reducing

substances in an incompletely oxidized form.

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



inner layer - in particular of a reducing atnosphere - as initial substances
for the formation of a substance, acting as a reducing substance, T/ Jyuhéjps
sense of the present invention, as hag been expl ained above. O the

above- nenti oned chemi cal conpounds, inparticular the cations of the

al kaline- earth netals and oxides of the rare-earth netals as well as Ti. Al
and Zr also exhibit a crystallization-pronoting effect in quartz gl ass.
However, oxi des or oxidic C aunds such as ferrate tu t at es

ol y baaF Bt ST ¢ REp SRS AR ddss Faniat B, SReG e 880 Uhsau8ehn appr oved
as r edugiiidansatisd\ang effdrenbeffédisonpl etel y oxi dized form The reducing

subst ance can be introduced into the inner layer in solid, liquid or

gaseous form However, it has_been found to be of particul ar advantage when
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for the formation of a dense cristobalite layer. On the other hand, the reducing
substance develops a stronger “getter effect” in the area of the bubble-containing
outer layer of the quartz glass crucible because of its higher concentration in this

area.

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

purity.

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

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



gradi ent of the reducing substance is set in the inner layer. In this case
t he reduci ng substance shows a concentration gradient over the inner |ayer
with a concentration preferably increasing fromthe inside to the1%u$ﬁ]ﬁﬁ
Hence, when cristobalite detaches frojthe inner layer, the amount "o

reduci ng substance passing into the netal nelt is quite small. Since in the
crystal pulling process higher terrperatures prevail on the inner wall than
in the interior of the crucible wall, a | ower concentration of the
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is |ntroduced into the bottom portion and/or into at |east a part of the
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contained, crystallization is induced during use of the quartz gl ass

cruci blig.a fiisy sted! i tRath&Rok StheGtasBld BaRInE8) RSSrolil8e&BEES iy B thel 2005
-10 crucible in'that the crystallization pronoter is contained in the whole

cruci bl l@dmasmetMyTO thismerdifdrysinbine graimseritnadtrabguartz with a grain size
ranging from 90 pym to 315 um 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



This leads to a further inprovement through reduction of the bubble gromﬁh
when ‘t he reduci ng substance is also introduced into the crucible 9 E@ﬁy
In this case the crystallization promter and the reducing subst ance g
contained in the cruci ble base body. en 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
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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.



tenperatures of several thousand degrees Celsius, so that a reducing
atmosphere is obtained in the area of the arc. A reducing substandes 90920@5
crystallization pronoter within the n_e?%i_ ng of the present invention are
here introduced into the inner |ayer. e preparation of the inner |ayer

and the introduction of the crystallization pronoter and of the reducing
substance shall now be explained in the followng wth reference to

enbodi ments: Exanple 1. SiQ2 grains are mxed with 0.1% by w. of an Fe2(3
powder. The mixture is spread into Talecbaque crucible base body and is
nolten in this process by neans of the so- called "spreadi ng nethod" using
graphite elgct: i o ,[Iaglg,' ; onto the.
i nner wal | ﬁ@&l{éﬁ%ﬁ?ﬁ%ﬁf%@e lﬁgE@m%&nﬁﬁgh%o%%gqgggggpar r?’lttasilh%%{eﬂrggl ayer.

The inner |ayer extends over the whebmotérsti bl e base body and has a

t hi ckness of 2 mm The inner |ayer produced in this way was then subjected
to a sp-called "vacuum bake | test™ wih simulafion of the pressure and
tenperature conditions during the crystal pﬁfﬂeicﬁg process. This sanple was
conpareéd with a conparative [Sanple in wii ch the nner ayer. was _nol ten by
usi ng anuvBptanag/eomponng ad@uipla regpatien | n conpfaristrhlitgifermatice sanpl e,
a consideraply reduced bubbijfe growth Was observed{imnm the case of the
Fe2®B- doped i nneM| ayer in tthe area o¥€8he inner |ayer whil80the surfaqe of
the innmerTayer showed a cristobatite formation [ Simtar tests wWere
perforired with tM@ substancés indicat¥€sin colum|1 of TablBo1l. The
concenfrationm of saird substgnces T the Tnmer tayer showed a honmogeneoys
di stribution i nVé@keh case and was norw@$ly 0.1 no] % WieneRer
concenfrations with a different(0c@di:6rt mat #9n ranpge turned out to be useful

f or adfusti-ng—the—bubble—reduecing—or—erystat-zat-en—pronpting—effeet; said
range has been iTifibcated for the respestive substance in bnackets in 'I%abl e
1. 1 J{JUL 2005 -12 (0.002-0.5 mol %)
BaCO3 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 mot %)
BaTiO; high yes
(0.003-0.02 mol %)
TiyO3 yes
TiO, yes low

(reducing atmosphere)

AlLOs no yes
(0.15 to 0.5 mol %)
Zr0, 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.



Table 1 "Initial substances for form ng reducing substances and
crystallization pronoters" Effect Substance/ conpound Bubbl e reduqty g@,] ZUQ
Cristobalite formation Wyes no M ygg.no W52 yes no (0.002-0.5 )%
TiSi2 yes no (0.002-0.5 mol % BaCO3 | ow yes (reducing atnosphere)
(0,003-0.02 mol %9 BaWwd4 nedi um yes (reducing atnosphere) (0,003-0.02 nol
%9 BazZr B nediumyes (reducing atnosphere) (0.003-0.02 nmol 9% BaTi B high

yes (OTR%%fglt%% oA usfb%@% 458 (RIS CritbbIfe TG BTN IHpEE) AL20S

no yes no bu bl e growh yes tectable r edum ng
at rmsphleyep bh eloaddict etfecf a eeliciting dittin® Sphkleeyropoi riﬂenm;tthllsrwtbstdmensu tial
subst ance concerned

only suited for carrying out the method of the invention in combination with a reducing

substance. The concentration of Al,Oj; 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 (WSiy)
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 MoOs) 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
metatllic 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:

SiO2 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 BaTiOj3; consists of a crystallization-promoting component, namely the

barium amount, and of a component with a bubble-reducing effect, namely the



obtains its bubble-reducing effect under the prerequisite of reducing
conditions during preparation of the inner layer. 1 5 JUL 2005 %? q
addi tion of A1203 just effects the forpggtion of cristobalite in tn &le
the inner layer, but does not effect a reduction of the bubble growh.
Hence, this substance is only suited for carrying out the method of the
i nvention in conbination with a reducing subst ance. The concentrati on of
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performng the nethod of the invention. As for nolybdenum it should be
noted that sone oxide conpounds of said nmetal with a high oxidation stage
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dopi ng When the inner layer is formed. Exanple 2: SiQ2 grains are m xed

with 0.5% by wt. of a BaTi O3 powder for produci ng an inner layer in a

qgquartz EK&E’EP'%r?’um ble, and a transparent inner |ayer is produced fromthe
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,4 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 BaWOQ, consists of a crystallization-promoting component, namely,

the barium amount, and a component with a bubble-reducing effect, namely the



m xture, as described in Exanple 1 with reference to SiQ2 grains, by neans
of the so- called "spreading nmethod" using an arc. This inner |ayer al so
extends over the whole crucible base body and has a thickness of BY i 20the
conmpound BaTi O3 consists of a crystalligation-pronoting conponent, nanely
the barium anount, and of a conponent with a bubbl e-reducing effect, nanely
the 1 5 JUL 1005 -14 titanate anount (TiB), this effect being only
obt ai ned during production of the inner |layer by introduction into the

i nner I@)ﬁ@&ﬁ@%ﬁ&;%ﬁ%@&h@@ﬁé&‘bﬁﬁg ol onthiPB dalRinatprobisctictfyced iber he

arc. The i"'nner ye uced in this way was subjected to a crystallization
t est wi leher sy mitcatliction aftotthe inrerjeyertunder cetaliing cosdidibns hEherdY ©r agiquivase at
t he begi nni na%é[) cr%/astal growi ng. A very pronounced crystallization of the
i nner | 5y&fu ¥H&Ped, which made the determination of the effect on
bubble growth nore difficult. Insofar as a neasurenent was possi bl e under

these cppdidrednayertidieageem ths wHPSiRMNE UL cteY b ecrySaniehition 181, Aoncentrati on
of BaTi O3, however, turned out to be unnécessaril Exanpl e 3:

hi gh.
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m xture, as described in Exanple 2 with reference to SiQ2 grains, by way of
the so-Eghigde 5spreadi ng nmethod" using an arc. This inner |ayer also
extends over the whole crucible base body and has a thickness of 3 nmm The

i nner layer produced in this was subjected to crystallization test. An
al most FSoRETEBRECRAER NehEYSh To? GLREZ Glfks: LD, SiRs HU0REICIIIER under
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preparation of an inner [ayer 1n a quartz glass crucible, S Q2 grains were
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 BaTiOs 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
subcxides of TiOz, 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.



m xed with 0.005 nmol % of a BaWX powder, and a transparent inner |ayer was
produced fromthe mixture, as described in Exanple 1 with referenckdtdl30Ee
grains, by means of the so-called "sppgading method" using an arc. This
inner |ayer also extends over the whole crucible base body and has a

t hi ckness of 3 nm The conpound BaWX4 consists of a
crystallization-pronoting conponent, nanely, the barium anmount, and a

conmponent, i i f L Vi :
tungsta?‘eqls\é\glr]r%@ﬁ?a%graﬁﬁgg&delggéﬁ% Vﬁgt%ﬁn w&%rygﬁr%g@'eégé?gn%gégcti on of
t he i nnemerlayse) clygtdllitasadulsr iredudatt loulithie fommation wiyen usad eccoriiug tanids
conditi8ns. he W4 anount is reduced by the arc. The inner |ayer produced
inthis ﬁ%V" &l subj ected to a crystallization test. A conparable
crystallization of the inner layer as in Exanple 3 was detected. A
considerably smaller bubble growh was observed than in the conparative
exanpl e. Exanple 5: For the preparation of an inner layer in a quartz gl ass
crucible, SiQ2 grains are mxed wth 0.01 nol %of a TiSi2 powder, and a
transparent inner |layer was produced from the m xture, as described in
Exanple 1 with reference to SiQ2 grains, by neans of the so-called
"spreadi ng nethod" using an arc. This |ayer al so extends over the whole
cruci bl e base body and has a thickness of 3 mm The inner |ayer produced in
this way was subjected to a "vacuum bake test". A distinct decrease in
bubbl e growt h was observed. Exanple 6: A crucible base body is produced
according to the above-described nethod. Crystalline grains of natural
gquartz with a grain size in the range of 90 pmto 315 pm are purified by
means of hot chlorination and m xed with 0.01 nol % (about 0.05% by wt.)
BaTi O3 grains with a simlar grain size spectrum The mxture is filled into
a netal formrotating about its |longitudinal axis. Under the action of a
centrifugal force and



with the help of a tenplate, a rotationally symetrical quartz grain |ayer
of uniform thickness that is honpbgeneously doped with BaTi3 is forned from
the bulk material on the inner wall of the nmetal form A transparkﬁtﬂﬂﬂmﬁr

| ayer according to Exanple 3 is subseqdéntly formed by "arc nelting" on the
inner wall of the quartz grain layer. The reducing atnosphere (CO
formation) effects a reduction of the titanate to suboxides of Ti O3, both
in the inner layer and the quartz grain |ayer. The area of the quartz grain
| ayer for@kimshe "crucible base body" in the quartz glass crucible. 1 5 JUL
2005 -16 This yields a quartz glass crucible the whole wall of which
(cruci bl e base body and inner |ayer) crystallizes under reduced bubble
formati on when used according to its destination. 1\5 JUL 2005 17 O ains
1. A method of producing a quartz glass crucible, wherein a silicon crystal
pul | i ng1. ph owaibed at pmddicing a guana g%asmfualbﬁciwhﬂem silisog srystalpwling wherein
an inner |layer of SiCP i te t, .l east i.n part, on a,crucibl. ody
of quart 2 RIPaEss Resaming o F L4pEitry Tenhe s chflea S ArRidS R Bo ot TR
metal mel tof@IoL Rgmidtenidtied 8l pHR®N Lriditie Bk GTxfiftzUfASS Bsingnth | N
which the formation of cristobalite is induced using a crystallization
pronot er, ajhaneltingmetbod, whichas in eentect/witaal metadl msit %mthr@rintmdaJseeduci ng

subst ance reacting_during th ul l.ing.prace it D S ... O n der

for mat | on SIS HUBTE Sl yePle A i TR Bimeied o RESTORALE BTt he

met hod acamil 8¢ryRalfizatidn prorsdtar, aHaeadtesged m thaathaatrysRAatipArdrosiotemi d

crystallization romrgtﬁgéstl s introduced into said inner |ayer for formng
rgé)m:g

sai d redudnéA redH destance frradinged uringethe pullingpieseRd WitARSEMUSg to claim
1or 2, C'gb%@gg{wg@'dég?’q@%tfoﬂa&f ér!“&g&iz%%%ﬁgta?ﬁ% int@&dc%&‘?ﬂtoctﬂgﬁwé‘ﬂayéﬁat are

present a d tenperature o ea

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.



1450C are fornmed by oxidation of said reducing substance. 4. The net hod
according to any one of the preceding claims, characterized in th Q 05
reduci ng action of said substance is adjusted by reduci ng conditions “during
preparation of said inner layer. 5. Thelfethod according to claim 4,
characterized in that said inner layer is produced by arc nelting using at
| east one graphite el ectrode. 6. The nethod according to any one of the

preced 59 FAShiBinod IBCABITRI Jor@kin B EHAaceIRLA it S HMn? HEHAD 6P bbRLTOr Med

froman initia cohtai ns one or emsnts
titani um Zl[ﬂ@@ﬂt@l& useal lyllndmnantrsaltlbnmeem IOcﬁOﬁ onol 8 and Oc@iZvpad 6l irothes ai d
el ement s, ﬁpref rabl an. al | ne-earth netal rergound of said elenents. 1 5
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bariumtitanate or barium zirconate is used in a concentration between

0.003 mgl Ph&AbtRo®EcERUING tocihine7, §fﬁ‘ér‘é@f@rﬂ@dﬁﬁ“ﬂ%t'@énuﬁ$tﬁdﬁté BF baAlim

substance for the reduci ng substance. 8. The method according to claim7,
char act er i Zexnate tshagedbiara wmaerltr@ﬂlanéecbwebatoﬂﬂﬁ mol eendile01 ;1akded in a
concentration between 0.005 nmol % and 0.01 nol % 9. The nethod according to

I ilicid
s used® e Bt aPCyold Rl b Bl R st T BeRlm OB R, '
reduci ng stubgt@ncsiliciddis Jderi e boscerteiof brgwben d. @02l % baddcs efdl2ed in
that titaniumsilicide or tungsten silicide is used in a concentration

bet ween 0.@dlhenisdugingrdbstanaesl % 11. The nethod according to claim 1,
characterized in that oxides or oxidic conpounds, particularly ferrates,

tungst atgs h@ﬁ*e)fl@&’@%\gé?rdmr%cﬂ&eéléﬁ?é cP{é}%%fE‘Fz%E 'in tﬁﬁt‘%ﬁé‘ﬁlﬁﬁn sméaé@r%ﬁg%tehn an

|nconplete y oxidi ze used as reduci ng st ances. The t hod
accor di ng silicideys oser of a thecegrtstiodi bejwekeai B804 Mdl Be amdtthéanol %

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

substances.

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

substance in the form of a dopant.

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

into said inner layer at the same time.

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

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

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

0.2 and 0.3 mol %, as said crystallization promoter.



characterized in that said inner layer is produced by neans of Si Q2 grains
whi ch contain said reducing substance or a feed material for forning said
reduci ng substance in the formof a dopant. 13.The net hod accordi hg tb 28y
one of the preceding clains, characteriZ2dd in that a plurality of reducing
substances of a different chem cal conposition are introduced into said
inner layer at the sane tine. 14. The nethod according to any one of the

pr ecedi { i ! inad i j sai d
Feduci ng s hal oanaf BEEGER (85 b bl Ble e A P e AT P8 o to
any one ofthelmystalizetiomgrarhaiemis alshantaed wredzieth the ¢rinaible BAOBody. used in a
concentration between 0.15 and 0.5 nol % preferably between 0.2 and 0.3
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crystal |l i zgisb oftrddueatigto the cLGiBld mg@g@@ﬁd into the cruci bl e base body. 17.

The nmet hod according to claim 16, characterized in that the reducing
substance is also introduced into the crucible base body.




