QUARTZ GLASS HAVI NG EXCELLENT RESI STANCE AGAI NST

PLASMA CORROSI ON AND METHOD FOR PRODUCI NG THE SAME

BACKGROUND OF THE I NVENTION 1. Field of the Invention
- 5 [0001] The present invention relates to quartz glass

and a quartz glass jig for wuse in producing a

sem conduct or and havi ng excel |l ent plasma corrosion

resi stance, and to a nmethod for produci ng any one of

QUARTZ qOa3g MWG@ﬁCMEmESISTANCEi@GA}gS% PLASMA
Description of the Related Art [0002] In suc
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with a recent trend in increasing a dianeter }heregf,
an i nprove ' perforne
0 Lapr ove IBACIRG RIS B gr | TN, B5 ecchi ng
rocess and the |ike. For exanple, in a process of
1. Fiegh oftheginvieatioani conduct or wafer, an etching treat nent
is performed by using a plasma gas such as a fluorine
[0001] (F) - based pl asma gas. [0003] However, when .
conventional quartz glass is placed, for exanple, in -
dfihe 2Qeferttagndnploasriagastal RephERSss aSid0R cﬁlﬁqti %?ass jig for
F-based plasma gas are allowed to react with eac
use inOtﬂir@ﬁu@iﬁlga_aS LHeExﬁ@@n@ﬁctbPeaﬂQahh%n% ae%&epéﬁ%éﬁ%ﬁﬁy COYTOSION
generate SiF4. Since a boiling polnt pl t ol it ed
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et e # et Tty Pronilie, dhy che SRR R EBbE nd the

i-causing a reduction in thickness or roughening
quartzmﬁqag'f ace thereof. Thus, the quartz glass was found

10 2-De&&'&glpggﬁﬂ§§if%big Eorg;:? as a jig in an atnosphere
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[0002]

In such production of the semiconductor, for example, in the production of
a semiconductor wafer, in accordance with a recent trend in Increasing a
diameter thereof, an improvement of processing effici:ency 1s performed by using
a plasma reaction apparatus in an etching process and the like. For example, in
a process of etching the semiconductor wafer, an etching treatment is performed
by using a plasma gas such as a fluorine (F)-based plasma gas.

[0003]

However, when conventional quartz glass is placed, for example, in an
F-based plasma gas atmosphere, SiOz and the F-based plasma gas are allowed to
react with each other on a surface of the quartz glass, to thereby generate SiF4.
Since a boiling point of the thus-generated SiFy is -86°C, it is easily sublimated
and, then, the quartz glass is corroded to a great extent causing a reduction in

thickness or roughening the surface thereof. Thus, the quartz glass was found
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[ 0004] "As descri bed above, in the converntional quartz
gl ass, a serious problem was generated in corrosion
resi stance, nanely, plasnma corrosion resistance, in a
5 plasma reaction at the tine of producing the
sem conductor, particularly, an etching treatnent
usi ng the F-based plasma gas. Under these
ci rcunst ances, proposals in which alum numor an
al um f compound..covers a surface of a quartz gl ass
to be uﬁt‘éﬁﬁég G OTINREGAIIE AR aF Hanesnhere o5t Frivsiediplasma gas.
(refer to JP1997-95771A, JP1997-95772A and
[0004] JP1998- 139480A) or another proposal for 10 pl asma
corrosion resistant glass in which alumnumis all owed

t &sbitescubediatete] in theanvhregtionsl haaitpslave 4 @@ri%h@jﬂ%blem
corrosion resistance (JP1999-228172A) have been nade.

was gdrRO9tdd ACeardiing feRidthfcd) SRk, LB %Hﬁ’osfbﬁﬁafésﬁstance in a
gl ass was prepared by 15 heat - f USI ng a quartz glass

plasm PAWEEFioR e ehavithi R eOut ‘%Q&uﬁhg A Q]tglﬁg)‘?fd#cgorv %Ca%gligg%arly, an

The pl asnma corrosion resistance o thus-pre

etchin 84264 #n A 2FSiPhe FNERY ?Iga%gfgae gé%'y agﬁa?el# lot ; 6@%‘3ircumstances,

etching rate thereof was

i I . menb i t hout containi.ng
proposGRIRE VAo diflnflnAHE o 28188 TRl Sopd h M AE of

[ surmed, that a boili point of A1F3 that .is
quartz, RS STRB e DPRERYS diePI4P R ROt pHEB T sigmge gsfor to

L C [ r. higher than that of SiF4.
TP1994 AT T 8y VT So amAS LR 19AFIA) &r SrAhpOERDDISal for
is corroded to a great extent, sublimation on a
plasma gorrggiongresighany g5 an tvlyah edemisumoisaalloned to batentained in
and, accordingly, a difference in an etched quantity
quartzhggstbs itupreee ths pldmnalvernoeam réiftR0d LIP1999-228172A) have

been made.

[0005)

According to the present technique, quartz glass was prepared by
heat-fusing a quartz glass powder mixed with 5wt% of alumina powder in
vacuum. The plasma corrosion resistance of the thus-prepared quartz glass was
investigated. As a result, an etching rate thereof was reduced by 40% to 50%
compared with a quartz glass member without containing any dopant at all.
{0006]

As a reason for that, it is assumed that a boiling point of AlF; that is
generated on the reaction with the F-based plasma gas is 1290°C that is far
higher than that of SiFs. Therefore it is considered.that, while a SiFy4 portion is
corroded to a great extent, sublimation on a surface of an AlFs portion occurs to a

small extent and, accordingly, a difference in an etched gquantity becomes large

therebetween.
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In a same way of thinking, quartz glass containing 0.1
to 20wt % of a total of two types or nore of netallic
el enments which conprises a first nmetallic el enment
that is a type belonging to 3B of the periodic table
and a second netallic elenment that is at |east one
type selected fromthe group consisting of Zr, Y,
| ant hanoi ds and actinoids is al so proposed

[0007] (JP2002-220257A). [0008] The first and second netallic
el ements contained in the above-described quartz

| ass each haye .a,hi gher boilin i.nt in.a fluorid
LB R of g hains o plags toffpitig Bfta itk s total
etching rate. For eﬁ npl e, since_a_boiling point of .
of two Ngmgs; & xmorecol \ipet flﬁeelﬁ%#a WHIO SPBIPTISESi 8t Hite mefallic
investigated, the etching rate thereof has reduced by
elemengghat & 70vpadclhogpag bol 3w efitheneariotic table apdatsecoghdssetallic
menber w t hout containing any dopant at all. SUVMARY
elemenOrhakHS | NVENSE Qel 5yp06oREtel throngthet fenwgbewrsisting of Zr, Y,
descri bed techni que can obtain a remarkable effect in
lanthaneige andraninodds tshasppaspmsedddPAs0RI2208574) ance, such
second netallic elenments which have been doped are
[0008] rel eased with the progress of etching and, then, a
portion thereof is adhered on a silicon wafer and the

l[%%ﬁ 'cf)irEto ahh &8ty k?ﬁ&%{l‘ﬁc %1%%9%%%‘%@1% fl})grgé a%b @ deseribed

] I'n order to solve t ove-descr pro
' - : 2.0 At ' d
vt ghSPLRAHL BRSO B 8L bl PR Sh R PN s

. 20mt 9 tal aof,the first,and second. netalligc .

of Si. o Rl RL B A Aol huiTie S-SRI & boifing poins of
co ati.on of each of the second.netalljic. elenents

NdFs {Soagg%zéomb/%lbrélﬂ BLASIE,  COrEOSIPR | TEBIOARGE o Pwestizaped, the

._excel | ent %rrosi on resistance is inparted, a
etching rate thereof has reduced by 50% to 70% as compared with that of the

- quartz glass member without containing any dopant at all.

SUMMARY OF THE INVENSION

[0009]

Although the above described technique can obtain a remarkable effect in
improvement of the plasma corrosion resistance, such second metallic elements
which have been doped are released with the progress of etching and, then, a

portion thereof is adhered on a silicon wafer and the like, to thereby become a

factor of a defect.
[0010]
In order to solve the above-described problems, the present inventors

have exerted an intensive study and, as a result, found quartz glass having 0.1 to

20wt% of a total of the first and second metallic elements, in which, by allowing a
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concentration of the second netallic elenents to be
rel eased in an atnosphere is decreased with the
progress of the etching in an etching process and,
even when 5 the thus-rel eased second netallic el enent
is adhered on the silicon wafer, it is at a |level of
a detection limt or lower. [0011] Nanely, the quartz
gl ass being excellent in plasm corrosion resistance

accordi n Lo t Lovention lych | o
maxim ORI A (FBATSE o s R R IBheble 8B F Owiot or
or. of.netallic elenments,.is characteri zed
less, mﬁﬁ%ﬁlﬁ 1 410% i lepp a0 @xepilens cCoBRpiopstesstAneR is imparted, a
netallic elenment which is at |east one teﬁp_ sel ected
Heé

concenirpbenIs Hecipsond e e ploseentsttadreraaas pritmosphere is

netallic elenent which is at |east one type sel ected
decreadedowithhdegpmgresonbilst erefring ingn @ahiify pr&ess Sod, ¥ven when
Ti, Zr, Hf, lanthanoids and actinoids in which a
the thuseel ensedcenond i etilbn ki estcl afhetsd sucthesgtiond wafer, it is at
netallic elenents is 2.Om % or | ess and, preferably,
a level bf fetedfor BESt or [W2] It is preferable that two
types or nore of the above-described second netallic
[0011] el ements are contained. Further, it is favorable that
a total of the second netallic elenents are 2. OMm % or

t. s
B
ed se cond L1 0
aCCOIdl%]geem con@gl ns &tfogégﬂﬁ g%gseg%lé &%ti 81an1€ ﬂg%WM’
consi stin
of 2 tofAUHFERRS R o f&?@%@ Bleasr Pﬁaf@@?%jﬁéﬁio fhghat the
% scrlbed fir I1i,c element (M nd one
metallf JERHES PpaIS0R Fiss BYRELCAHICRGME BRCH B6Joad one type
allic elenments (M2) .is in a relation of
selectegeﬁg@(?@)gg@ug of $heo peripdicciakie ahdgnsecond metallic element which
1s at least one type selected from the group consisting of Mg, Ca, Sr, Ba, Sc, Y, Tj,

Zr, Hf, lanthanoids and actinoids in which a maximum concentration of each of
such second metallic elements is 2.0wt% or less and, preferably, 1.0wt% or less.
[0012]

It is preferable that two types or mor-e of the above-described second
metallic elements are contained. Further, it is faﬁrorable that a total of the
second metallic elements are 2.0wt% or more and, preferably, 1.0wt% or more.
[0013]

It is preferable that the above-described first metallic element is Al and
the above-described second metallic element contains at least one type selected
from the group consisting of Y, La, Ce, Nd, Sm and Gd.

[0014]

It 1s favorable that a blending ratio between the above-described first
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atom c nunber ratio. [0015] 5 It is preferable that,

in the quartz glass according to the present

i nvention, contents of bubbles and foreign matters are

|l ess than 100 m® in terns of a projected area per

100 cnB. [0016] A quartz glass jig according to the

present invention is characterized in 10 that a

Jretal lic,elenent- containing | ayer conprising quartz
metalh@wi%@ea& éMJrlgi o t¥Re p¥ aderal diniemtyras ersmose wédhe wecond

a thickness of up to at least 1mmfroma surface _
metallichelewents (DT 7is m i relatianpet M3/ M 28 .Aoth R6rin terms of an

produci ng the quartz glass according to the 15
atomicpnesket ratavent i on, which is a method for producing

quartz glass excellent in plasma corrosion resistance
[0015] from quartz powder by a Verneuil nethod using a

furnace conprising a burner which supplies raw

MRt ef | plefponlieriland id ¢BS. q@idz 8149t aEAREM P! 13! RE Mresent

is characterized in that, at thetime a quartz glass
: j ' P b v r i.al 9 -
inventioR Ront e e bR Yt (PR K a8 Y TRL FHAR, 100 e i

- t £ribed first and second

tannsﬁgt ﬁ%?@kgﬁgﬁgﬁ?g%@pqE%Omder of conpounds thereof into
[0016]the burner and, then, heating, fusing it and,

thereafter, dropping the resultant article on the

platform .a tenperature of . a surface of the quartz . .

ATy Slass He acrarding o fhgorrespnh igtrartion Fogh@qa%ﬁlzed in

On tﬂ%s occasion, as the platform a platform .
that a matptlicselgmenisontaingns lawer commrisiagyusate slasgagearding to the

| ass doped with a netallic el enent, graphite,
presengmmmm@ &% dgineed i1z jar dupkuresserfamp ¢s atdeasimimsn from a surface

containing alum na and zirconia,
thereof. '

[0017]

A first aspect of a method for producing the quartz glass according to the
present invention, which is a method for producing quartz glass excellent in
plasma corrosion resistance from quartz powder by a Verneuil method using a
furnace comprising a burner -which supplies raw material powder and a gas, and
a rotatable platform, is characterized in that, at the time a quartz glass ingot is
prepared by supplying the raw material powder prepared by blending quartz
powder with powder of the above-described first and second metallic elements or
powder of compounds thereof into the burner and, then, heating, fuéing it and,
thereafter, dropping the resultant article on the platform, a temperature of a

surface of the quartz glass ingot is raised to 1800°C or higher.

~ 10018]

On this occasion, as the platform, a platform comprising, as a raw
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and ot her ceram cs, or another platform prepared by
conbi ning any one of these ‘raw materials and quartz
glass is favorably used. 5 [0019] As-for an upper
ceiling of the above-described furnace, |ong sheets
each having a strip shape and using any one of

alum na ceram cs and other ceramcs, as a raw

.material, e ali d an hen used or US sheet ,
‘materigl gy OB ﬁﬁt%@% glagy, SloRsry Vi @@ta[ﬂe@zgfmiem,. graphite,

al so favorabl e that an electrlc heater is_disposed on
aluming csr@ees, |ZixsPnith eeTacAacRraands contning slwmwitaesd zireonia,
heating area is allowed to be controllably heated by
and othelreceehegts, ior dvedher pldt@@2d brefdreldt by sombsminkaaor abt ef these
that, in the Verneuil nethod using an oxyhydrogen

raw medtbAats ahdgulvizndbshaviaRgrablgtusdgt ure in which the
oxyhydrogen flame forns a ocus is used. [00221 It is

foo19] al so favorabl e that an atnosphere in the heating area
in the furnace 20 is in a reducing state containing

hArQogn ulR2RL1ihR o hcﬁecaﬁﬁﬁfeqest:ﬁﬁe?a é’%al IBE?%IEBQetS each

usi ng the “'oxyhydrogen fl anme vor a
wevin R B SRR Mg HEPL B AL B
e o S L, 501 AEELLRS, SR B s

R 024], A second aspect of the nmethod for producing the
avora ﬁ * gl ass according to

[0020]

It is also favorable that an electric heater is disposed on a sidewall of the

furnace and, then, a side face in a heating area is allowed to be controllably

heated by the electric heater.

[0021]

It 1s also favorable that, in the Verneuil method using an oxyhydrogen

flame, the burner having a structure in which the oxyhydrogen flame forms a

focus is used.

[0022]

It 1s also favorable that an atmosphere in the heating area in the furnace

13 in a reducing state containing hydrogen.

[0023]

In the case of the Verneuil method using the oxyhydrogen flame, it is
favorable that a ratio of hydrogen/oxygen to be supplied to a heating atmosphere
area in the furnace is 2.5 or more. Even in the case of the Verneuil method

using arc plasma, same effect as in the above can be obtained.
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- the present invention is characterized in that a
sol ution prepared by dissolving the above-described
first and second netallic el enents, oxides thereof or
5 conmpounds thereof and the quartz powder, while
m xing with one another, in pure water, an acidic
sol ution, an al kaline solution, or an organic solvent
[0024]is dried to prepare a forned body and, then, the
t hus- prepared forned body is heat-fused at 1300C or
hj gher in a nop-acidi t mosphere and, accordingly, an
ifkg%ft‘oquaspﬁ% BgF]é%l m%fwﬁ dopBroducing the sypsie gless pieording to
met hod for producing the quartz glass according to
the prespat preandien inebaracherized anghat teselnbigni prephaed powdissolving
prepared by m xing the above described first and
the abgweuledcribedl fitet elrshewrend oxicdeHidt demeohitgr ogdimpothasof or
thereof with quartz powder is packed in a quartz tube
compownts, thérenf ahelathd usedtapowded 3R0Eeomikirghaitt AR Mother, in
out side face of the tube while allow ng an inside of

pure whie, ahuledit@obeidm #n aﬁgmﬁ@ds&ﬁﬁéﬁ%ﬁaﬁmgwfiiﬁi Qv dlis dried

air therein, to thereby prepare an ingot. [0026] A

to preph®t!at BrARRSSIdy%ind N9 et @%ﬁ@grﬁ{ﬁ%ﬁ%f‘&e& tTJ%idgL!i@rl{e%ﬂ:'ﬁlsed

gl ass according to 20 the prese i nvention

t 1306%ar i.zed. i.n @V i 0 und. gas of the :
at 13083 AHENGETE o pbBTei e RuBldptfr AP PRl 4 ot is
prepargﬁffused in a quartz soot having a hydroxyl group

and, then, after subjected to a heating treatnent in

{0025]the tenperature range of from 200C to 1100C,
heat-fused at 1300C or higher in a non-acidic

at mosphere, t her e prepare an ingot. 25 [0027] 7 _A
ﬁ%&ew ngthff H%e%dh%’ﬂ HI@&U&P&QH AgartRelasmpteerding to
gl ass, according to the present invention is o

the preyemtd@ventiprdsi shatasterizeduinr that powdes mieppeetl by mixing the
sol ution

above described first and second metallic elements, oxides thereof or compounds

thereof with quartz powder is rpac'ked n a quartz tube and, then, heat-fused at

1300°C or higher from an outside face of the tube while allowing an inside of the

tube to be in a reduced pressure by sucking the air therein, to thereby prepare an
ingot.

[0026]

A fourth aspect of the method for producing the quartz glass according to
the present invention is characterized in that a volatile compound gas of the
above described first and second metallic elements is diffused in é quartz soot
having a hydroxyl group and, then, after subjected to a heating treatment in the
temperature fange of from 200°C to 1100°C, heat-fused at 1300°C or higher in a

non-acidic atmosphere, to thereby prepare an ingot.

[0027]
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prepared by m x-dissol ving the above described first
and second netallic elenents or conpounds thereof
whi ch are dissolvable in pure water, an acidic 5
sol ution, an al kaline solution, or an organic solvent,
in the pure water, the acidic solution, the alkaline
solution or the organic solvent, dried and, then,
f used erature f .1300C or gher in a
5 itk P3Pt o HTBOA Hop 58 iR RDSr (rasis fdats prgpiding to
aspects of the_nethod for produ0|ng the quartz gl ass
the presentapwsniongsicharadepzed épthpheanartmsogtusdipped in a solution
preferable that the thus-prepared quartz glass ingot"’
prepared beamikolismdviag dheeapevat deseribbd]1 FOOC omd hsgload metallic
under a pressure of 2 kg/cn2 or higher in an inert
elemenga oratomspheie thé@o? $thith netehdtbsblvably epgrieowatdiiant acidic
glass jig according to the present 15 invention is

solutioghan adk €linha eolutivr, BatarfosRinié kR cBE SRR water, the acidic
m x- di ssol ving any of the first and second netall i

solutiof! ENEAl&liRdAeSoh N 88f o %arﬁ@ E&QHHQ%&&? Eﬁ?f theMl)| IﬁeI?it -fused
are dissolvable in pure wa an acidic ut’i on,

at a te]%?%?éﬂd}@ 0398HH¢ @By HSh@n é)hgﬁrgc‘f 1E%]It¥1%%he1|l n the pur e

he acidic sofution I ne so utlon or
[ the organic solvent is coated on a surface of a
0028]
preV|oust prepared quartz glass jlg 20 and t hen,

surf ace i,s hea 0 In the
n@} AFeF OBt B e Gpa? ) B SrongeRe Gieagrieolass
present inventjon, pref erable that the
accord% t&%ﬂ{?@@a afa‘éerritiongu%%pmf@ra@e fBat thethpsprepargd quartz
erature of - 1300C or hi gher under a pressure of 2
glass 1@%%@1%% thrgRe atianteanperasuraef 13QE ot anulerg pressure
00311 The quartz glass and the quartz glass jig
of 2 kg, whigher on tameingregamatmosphere.

[0029]

A method for preparing a quartz glass jig according to the present
invention is characterized in that a solution prepared by mix-dissolving any of
the firgt and second metallic elements, oxides thereof or compounds thereof
which are dissolvable in pure water, an acidic solution, an alkaline solution, or an

organic solvent, in the pure water, the acidic solution, the alkaline solution, or

~ the organic solvent is coated on a surface of a previously prepared quartz glass jig

and, then, the thus-coated surface is heat-fused.

[0030]

In the method for producing the quartz glass jig according to the present
invention, it is preferable that the thus-produced quartz glass jig is heat-formed
at a temperature of 1300°C or higher under a pressure of 2 kg/cm? or higher in an

inert gas atmosphere.
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invention are, as a jig material for plasma reaction
for use in production of a sem conductor, ' excellent
in plasma corrosion resistance, particularly, the 5
corrosion resistance agai nst an F-based plasnma gas and
have an effect such that they can be used w thout
causi ng ‘any abnormal feature on a silicon wafer.

[0031]Further, the nethod according to the present invention
has an advantage in that the quartz glass and the

artz glass, jig excellent jn the plasm corrosio
r ?s%%&% é’lﬁjﬁs eﬁ”‘?‘ii(c' nﬂu)‘?r‘!f?e %@%ﬁd@ﬂé’e&@@r 1R @Ftﬂe present
. DESCRI PTI ON. OF THE, DRAWNGS [00321 Fig. | is a .
InventigBhakpatdsc 2ok Iankeriad nlovi asmrovg asioanicdxasie mpduption of a
. apparatus enployed in a nmethod of producing a quartz
semicogflagwraceselpny to plesma noemdgion. reSiskimce, 2 piastiaularly, the
schemati c perspective view showi ng an exanpl e of an
corrosigppesistamicl aggnef an F-bapat plasi g gas ainsl Batopn\ifésst such that
showi ng anot her exanpl e of an upper ceiling of a
they churbacaesed DETHAEDDESOR! £y QW rOrmEHE lahYENERON 2@icon wafer.
[ 00331 Hereinafter, enbodi ments according to the

Furthep! @feiethtd aBédratiMd thdgredas chihaghvhbh el BFAN1SEe iR that
t he acconpanyi ng draw ngs; however, they are

the qua®f 388 %ﬁlﬁvﬁéﬂglﬁlﬂﬁyglﬁ%{ﬁ’g fe%eﬂéﬂt?ﬁrg k! ﬁ?%sﬁ%a corrosion

purposes and it goes W sayi ng t va

resistal Qicgﬁ%?ﬁéigﬂflygﬁdgl%ldhg&ﬁti ons can be made without

eparting he "scope of the general inventive

concept of the present invention. [0034] Quartz gl ass
accor di ngMﬂﬁE&MIQNMWDMW&NGS quart z
gl ass

[0032]

Fig. 1 is a schematic explanation view showing an example of an

apparatus employed in a method of producing a quartz glass according to the

invention.

Fig. 2 is a schematic perspective view showing an example of an upper

ceiling of a furnace.

Fig. 3 is a top view showing another example of an upper ceiling of a

furnace.

DETAILED DESCRIPTION OF THE INVENTION

[0033]

Hereinafter, embodiments according to the present invention will be
described with reference to the accompanying drawings; however, they are
representative and shown only for illustrative purposes and it goes without

saying that various modifications and alterations can be made without dep arting
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containing 0.1 to 20w % of a total of two types or
nore of metallic elenents, is 5 characterized in that
the netallic elements conprise a first netallic

el ement which is at | east one type selected from 3B
group of the periodic table and a second netallic

el ement which is at | east one type selected fromthe

from t1f e cPRAS EPhLA v alrs e Rt Ry ot ent savinii

[0084]concentration of each of such second netallic elenents
is 2.Om%or 10 less and, preferably, 1.0am % or |ess.
[0035] Al though an entire concentration of the
duuoEzdglaes iaseardiag ol the peesapdniyenbiobe veinh aisneaaits glass
0.1 to 20w % when it is less than OIlw% there is no
contairipgribl duediwidh oftac bitad of éwiostypes ayr mbrd ef mredlic eldrsents, is
nore than 20w % bubbles 15 are generated to a great :
characeerizedt imntdat abeomditaldicy elethentquamizrigd as firs@m AR MO eBement
be wused as a glass body. Fromthe standpoint of the

which gt deesebhe Qﬁrp@(ﬁeﬂ&ﬁé@rfrdﬁl_egBS%laﬁ@eof the RMJIAE table and a
concentration of the netallic elenents to be contai ned

di fetANRS elcaldt IHih 2QWhP01884L HB §pR" |
S 0wt 96 [ 0036] 20 1V\hei%‘/\%|8 lgﬁ%cﬁﬁi@s he%]i%?%tla r¥r1é9tn§|tl[h%ch°up

consistr?rllg gFFlI&g,i S Wtﬁi,%ﬁ qg9eyais %ﬁ{}g%{b?%s %ﬁgdﬂé}?j{ngids in which

el ement, i'sinéorpora
; e e | ye_char,ge hen. .t he
« max AP0y SRR e AL AR B (8 [ g o
I ngg i hel ds, a positive charge attract with
less anéﬁag o%%%?’ f‘@w%l YeliPite char ges therebetween and, as
[0035]2 result, nmetallic elenents are suppressed 25 from

being solidified as oxides thereof. As for the first
rrgé;illpli el enent.,s which 10 each tend to have a
n g

cHar getire songREraiitihe?! athe nahgve desepibatl| imetallic
el ement belonging to 3B of the periodic table can be

elemenys|te dreerpntaiedvier0. 1 $0 R0wtH, wihen Hrisdesniran Wiwahs, Hhsre is no
) no problemin a production process of a sem conductor,
mproviment of etching resistance, while, when it is more than 20wt%, bubbles
are generated to a great extent and, accordingly, the quartz glass can no more be
used as a glass body. From the standpoint of the improvement of corrosion
resistance, the entire concentration of the metallic elements to be contained is

preferably 1 to 20wt% and, more preferably, 2 to 20wt%.
[0036]

When Al which is the first metallic element is contained together with the
second metallic element, Al is incorporated in a quartz network to cause a
negative charge and, then, the thus—caused negative charge and the second
metallic element ﬁrhich holds a positive charge attract with each other to
alleviate charges therebetween and, as a result, metallic elements are suppressed

from being solidified as oxides thereof. As for the first metallic elements which
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is nost suitable as the first netallic el enent.
Further, as for the second netallic 5 el enents, since
Y, La, Ce, Nd, Smand Gd are high in the _
above-descri bed effect, easily handled, at |ow cost
and easily available in the market, they are

favorabl e. [00371 It is preferable that a bl endi ng

cac vl 10 RLVEChOLIS RORNEROSHEL G, Hhaghor 5 LT s metatic
et B A b P B8

nurrbe When this ratio is less than 0.1, the

an ele%&v‘@ ﬁ% BecPreblee ing pr%mcémnapmﬁss:aﬁﬁcﬂenuéonductor Al
obtai ned and turbidity is generated, while, when it is

is mostravitable Rashe first metalicstlamient+ yFisthes) 4afiwate seoond metallic
t hereby generate bubbles and foreign natters in a

elements, ams@al¥eht, Feadsl, fadyartdoGd arechizhext thdt abde-§€038)ed effect,
When the gl ass body produced while satisfying

easily feboled deslom @sd andandillyiandlable Stk Wargettiiepbedifierable.
process, an etched substance is scattered in a

[0037] gaseous state in an etching chanber and, then, a
portion of the etched substance is adhered on an Si

afigrprefianhed @hgs aabﬁﬁﬁhl% %ﬁﬂ'o”lget%feehhﬁieetaﬁl%é‘aescrlbed first
chanber and a 20 liquid cleaning of the Sl waf er are

r r rs.
metalliGRICAChE VL A% ol BB B A AT v bl e Rt 8eoma
f Ltoor l. ess tection limt
metallfH1&ehy B84 )e I p dsiatiff R &@(&@éﬁa@ #%aaéﬂnaﬁ of atomic

rocess em_conduc Vi a resylt
numbe r&g ygf?ﬁ? 1%3}“ 1ﬂelsp e@ﬁeﬁ? Bﬁv @fo?‘gw‘% 59 eéle%ﬁe‘:t of
foundtha en the quartz jig placed.in_the -etching
aﬂeVlﬁE@ﬂ&%&ﬂB ﬁﬂ wggawé@ Wblﬁwewt%ﬁrazteé/m]@f vehghitgs more
e second netallic_11 el enments, although etching
than 2@or0hé§g%ﬁta&ébhsﬂ%nﬁ@1éam itapihevelly ganpratgebebhiantansk foreign
second netal inpurities were, after being scattered,

matterddp esiragaporent lxdasi badaf tera geawd emdenidet ect ed even after
[ ]the Si wafer was subjected to cleaning, while, when
0038

When the glass body produced while satisfying above-described
conditions is used in a dry-etching process, an etched substance is scattered in a
gaseous state in an etching chamber and, then, a portion of the etched substance
1s adhered on an Si wafer; therefore, a gas cleaning of the etching chamber and a
liquid cleaning of the Si wafer are periodically performed every about 100 hours.

On this occasion, when the second metallic element on the Si wafer is equal to or

less than the detection limit, there causes no problem in a succeeding production

“process of a semiconductor device. As a result of a study executed by the present

inventors, it has been found that, when the quartz jig placed in the etching

chamber was doped with more than 2.0wt% of each.of the second metallic
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it was doped with 2.Oam % or |ess thereof, the second
metal inpurities were no 5 nore detected on the Si
wafter, after the Si wafer was subjected to cleaning.
Measurenents were perforned by a fluorescent X ray.
[0039] Nanely, by allow ng a naxi num concentration of
each of the second netallic elenents to be 2. Onm % or

cemenl 53N BESLSE Aol QUSNSL: LSSl o ygeypravunt o
socond LS B SR e B Sa8 e  watn

adhered on the silicon wafer, the concentration
and wasHigtegiedseantidenthe S &aler stas Hitblgeied doidepaningnivhilss when
| ower. [0040] 15 However, when a stronger etching
it was dopedsiith 2.8wit¥t andessi thereoflithedecentaretad Hmpatrcthesmgrere no
corrosion resistance and a concentration of a doped
more debecdibd ane the A wafeponfteondle Belatfeowad shbjatdd ob hisaning.
a doping concentration of 2.OM % or nore becones
Measurmmesisavyre performded by @ SedechatX rhhie probl em of
netallic element detection on the Si wafer and the
[0039] et ching corrosion resistance, the second 20 netallic
el enents are allowed to be 2 types or nore and, while

f o . . .
RSP SRR SholGigh MBI 0B soond
t f t t . th i 54al b owed
metal OOREALIEL O B0 ALY RTRUR! A DRLERN POBLICIE s, o
concenfiflo e Bof SRl el RAGRTE RS Lol 10 S8 mpepter
with ORL R CB SR Ad: Bood qnar e harbRreapdhared on
,havi ng,.such excel |l ent, etchi ngf corrosion resjistance as
the siliponcFafdd thp soBceriraben thereoiobetomes aya kivebnt ithe detection

.. body of the jigis
limit or lower.

[0040]

However, when a stronger etching corrosion resistance is required, since
the etching corrosion resistance and a concentration of a doped metal are in a
proportional relation with each other, a doping concentration of 2.0wt% or more
becomes necessary. In order to solve both the problem of metallic element
detection on the Si wafer and the etching corrosion resistance, the second

metallic elements are allowed to be 2 types or more and, while restricting a

| concentration of each of them to be 2.0wt% or less and, preferably, 1.0wt% or less,

a concentration of an entire amount thereof is allowed to be 2.0wt% or more and,
preferably, 1.0wt% or more and, as a result, it has become possible to assure

non-detection of each of the metallic elements and a sufficient effect of the

etching corrosion resistance.
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not necessarily made of the doped quartz material. By
formng a netallic 5 el enent-containing |ayer which
contains 0.1 to 20w % of the above-described netallic
el enments in a thickness of up to at least 1 mmfrom
the surface thereof, a portion of the doped quartz
material is present on the surface of the jig at | east
[0041]|n an actual production process of etching. [00421
10 A first aspect of a production nethod according to
i nvention i.s. a,nethod for

resent oduci
VBB~ BPRLe Bl Fafet RSP ot Pt el e eroson
. from uart agg y the Verneuil nethod. The first
resistages,as eéFﬂéh‘i V6% usa@@@r%ﬂﬁ@rwlgh@n,@m@rhody of the jig is
invention wll be described below with reference to
not nepgpsggrily 1mpde3of the dapdds qassthenatermlex fhadatming a metallic
di agram showi ng an exanpl e of an 15 apparatus by the
elemenVeoneainingdthad wlochecamdeths 0.1a toe2hotds f aff thy addoeédgscribed
quartz glass according to the present invention. FIG

metalli2 dlesmanscheashicknpes speg ttb ve 16&)“1 BMA Ty tHE @@FR thereof, a
showi ng an exanpl e of an upper ceiling of a furnace.

portiorFdfGhe dbpedl @uirep nvatewWa0fis gf’élieﬁ@ lonek@retre @f oftthe jUPPeleast in
ceiling of the furnace. 0431 20 In FIG 1, 6

an act@ﬁi%&ﬁcﬁoﬁ%é@%@ow@t&ﬁ %‘mp“ ses an upper ceiling 14
whi ch a burner 12 tﬂ t supplies raw nateri al

[004 ]povvder and a gas is disposed, a. sidewall 16 and a
rotatabl e platform 18. Raw material powder which is

e.aho eseribed fi.rs

and Sce LT azrﬁoﬁ%ﬂ b b O, PORK AR ERER PG gP Gpon ie
0 IS su i.ed to the burn 12 and, .then, .

2 met@‘%‘a% ¢ Pl mel o%Jﬁé%l el }%tpi@?wa BIEPFIR Aeptstance

here r a quartz 13 glass ingot 22. On _this

from %%?6 %y Bféﬁ%ie\%dmﬁuﬁeﬁ%?éha@ ur Eheiinst sapprat f dhet method
uarts glass i ngot 22 to_ 1800C or higher, the quartz

accordmﬁﬂkpeﬁth BresgRt iwveaytionywill be slesimibed belyvandth reference to FIGS.

nmetallic el enent powder can sufficiently be diffused
1 to 3j nFiGel is a schematic explanatory diagram showing an example of an

apparatus by the Verneuil method to be used in a method for producing quartz
glass according to the present inventidn. FIG. 2 1s a schematic perspective
explanatory diagram showing an example of an upper ceiling of a furnace. FIG.
3 is a top view of another example of the upper ceiling of the furnace.
f0043]

In FIG. 1, 10 denotes a furnace which comprises an upper ceiling 14 on
which a burner 12 that supplies raw material powder and a gas is disposed, a

sidewall 16 and a rotatable platform 18. Raw material powder which is mixed

powder of powder of the above-described first and second metallic elements or
compounds thereof and quartz power is supplied to the burner 12 and, then,

heat-fused and dropped on the rotating platform 18, to thereby prepare a quartz
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t hus-fuse-liquefied quartz powder. Further, In FIG 1

an exhaust port 13 is 5 disposed in an upper portion

of the furnace; however, a position of the exhaust

port is not particularly limted according to the

present invention and the exhaust port may be

di sposed in a sidewall or a |ower portion of the

fur e. . Stjll further, a shape or the |ike_ of the
glass ingPhade QN HBIS PREPEIEL I FYIShtrmt BUNBM@IHTE RhGwAuTIace of the

furnace to be used in the Verneuil nmethod can w dely
quartspalags edgot 2% 3041900RE fosr higher,pthe forarta oosrdeshis suffhaently

quartz powder mixed with the netallic elenents is
fuse-lignefppkdnditheirgefedlio ebdhent pawder phmashifficiendly de distsed in the

as a raw material, any one of quartz gl ass doped wth
thus-fsenitadfied geiaetepbwdgiapRutiher, &h URhalcenaskksust port 13 is

zirconia ceramcs, ceram cs containing alumna or

dispos@d A€ M @pber Foetioh AT tHeehiadhes, LARBvd@ position of the exhaust
above-descri bed ceram cs is used or another platform

port iMWAGN pa$tiPRBRES ¥4 USERIIHY 8 nﬁ%ei‘)f rbOGRE i MMtion and the

materials and 'quartz glass I'nh co ations is used.

exhau%_tggt&éﬂ;jﬁ}égfﬁgﬁg%os%idnﬁ'? al QgeWa‘ﬁt EPrm ve dé?&?cyne (rg? l(#le furnace.

g tine and tends to orne
. 1L 1S i.hdispensabl that. th |.at f or 8 1S
still ERREE T shhos, B 4B PREPEPR Bunldlf e abofic STy doatta and o
FLG 2 is,a pers tiive sche i G expl tory diagram
knowns#!r%aﬁ‘at%he uEd HR Be é%’-"%“lﬂﬁg%&mgé’?ﬁ% fubeiispieed | n
[00441an upper portion of a heating area 20. In FIG 2, the
upper ceiling 14a is fornmed by aligning a plurality of
| ong .sheets 15 each having a strip shape in parallel.
FAG oy the plesform df on whatthdhe exuapizepordas mived with the
upper ceiling 14. In FIG 3, the upper ceiling 14b,
metallhplemeérgsnadeopped il 4s Ervairablesthas teeglatfoheetvhiGUSses, as a raw
sheet) provided with a baffle plate 17 inside, is '
matergdpleey oby af lqumairtyy ghadserdoped beith ewetktailid reddmantagiphite,

inlet 21, flowed along a water channel 19 and, then,

alumida seanged fir@mia webelic)Udreinids3 containing alumina or zirconia
and other ceramics than the above-described ceramics is used or another
platform which is prepared by using any one of these raw materials and quartz
glass in combinations is used. This is because, since the platform 18 is severely
heated for a long time and tends to be deformed or broken, it is indispensable
that the platform 18 is excellent iﬁ heat resistance and strength.
[0045]

FIG. 2 is a perspective schematic explanatory diagram showing an

example of an upper ceiling 14 disposed in an upper portion of a heating area 20.

In FIG. 2, the upper ceiling 14a is formed by aligning a plurality of long sheets 15

each having a strip shape in parallel. FIG. 3 is a top view of another example of

the upper ceiling 14. In FIG. 3, the upper ceiling 14b, which is made of a

14
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[0046] 5 As for the upper ceiling 14 of the heating
area 20, it is favorable that, as shown in FIG 2,

| ong sheets each having a strip shape in which al um na
ceram cs or other ceramcs than the alum na ceramcs
are used as raw materials are used after being
aligned or, as showmn in FIG 3, the SUS sheet cool ed

SN T A W AT O F TR U

even when such_bregkage is mnute, a faorejgn matter
by allow i SEsy tore BPBRAaG Hos oo wRter schi diOTbalwe nwater
ingot 22, to_therebg cause a bubble. In order to
channepbl3vad; ther distiirged fonm ewatergarndatal®ed, it is

necessary to allow not only the raw material itself
[0046] but al so the shape thereof to be such naterial and

shape which are hard to cause the nminute breakage and,
tAreforahg diparhedtinpavi sfothe Isdatipg ahap0] & Bfthectdble that, as
Furt her, when the SUS sheet cooled by -water is used,

shown tAeFIGNW, eldkizeakeas b&ciﬂ‘Havﬂﬁ?eé alteld @ahapélindRéhich alumina
therefore, it is extrenely effective nmeans. [0047] As

cerami&OBtHeR dBt&nids tHdn 1% fhsRidAvahabke ai‘{%e@ﬁs% &CiddtErials
heater 24 is 20 disposed on the sidewall 16 and,

. ti . I g

are usdd Sher ORI B AT BOFRITTIE FF AR SDST Sh Rl oy

water R 9% P RSB AUERE Rt B L manner

oo in BRSSP AR s Re AT Y (O mater

cnused b B B g oD A St et e
Further, after the quartz 15 ingot 22 is prepared,

a bubbighe A0t frden iy Ryevaydheribde if@né%@mag&q?waﬁ@d,at 1S Tecessary to

tenperature of the heating area is sharply decreased,
allow meid onhe thearare mghtesiali Bself svitqaknctial shape thiezeddr tede such

to thereby generate a crack inside the glass body. For
materibhiaad shape which are hard to cause the minute breakage and, the long
sheet having a strip shape is effective. Further, when the SUS sheet cooled by
water is used, the minute breakage is not generated at all and, therefore, it is

extremely effective means.
[0047]

As shown in FIG. 1, it is also favorable that an electric heater 24 is
disposed on the sidewall 16 and, then, a side face of the heating area 20 is
allowed to be controllably heated by the electric heater 24.‘ This is because, in a

process of preparing the quartz ingot 22, by heating the side face, an

oxyhydrogen flame to be used can be small in quantity and, then, heat loads to
the furnace upper ceiling 14, the sidewall 16 and the platform 18 can be reduced,

to thereby remarkably stabilize a production state. Further, after the quartz

15



10

15

20

25

account, it is extrenely effective in preventing the
crack from being generated that, after such

extingui shnent, the side face of the furnace is heated
by the electric heater to allow the quartz glass to
be gradual ly cooled. [00481 In the Verneuil nethod
usi ng the oxyhydrogen flane, it is also favorable to

L ML ST TR R p—
i . f h
o e BUEDRS AT, O RS DTSR, 00 B2 b gy cronch

el enents and quartz gl ass powder to be dropped can be

and dléiz%‘%‘gd%? oth&ﬁ%%’ FERCERter &t erpakuppsidg Erredgssahady. f Bor this
this account, a heating effect beconmes extrenely

accountaigis eywewsly effiscive iy preventibkethehatacknfratrbspteeencrated
of the heating area 20 is in a reducing state

that, adent siehl ngtingdisdgeent, Thiessille faee afsthe filemace He heated by the
netallic elenent is the oxide thereof, a reductive

electrig bagterdn adfowt tiee guande glssspiodgy esskdilBneholdchen, the
netallic el ement beconmes easily fused in the quartz

[0048] gl ass. Further, remaining oxygen that causes bubble
formation is changed into H20 and, then, renoved. 20

[ BO%Rd Vieinhié ROME- @ﬁﬁg%@e&aﬁ{gg?gé% AR s B r}“agt))/rable

t he oxyhydrogen flane 1S use eat i n§ source,

to use &hleOMhFrah &0y %ftrltt)ﬁq{"é; gﬁ %Hf&lﬁgﬁ[ba%)%@g}g%%ggﬂl h5de z%rms a

fromthe burner 12 into eatin € area

ocu s ShXayd! ' i | a . . rfe h
ovus. THE 35 000 g, 1 SOUEL) 8 SSESRRRd S sen oo

€ IS progresse et a

Ly f.used in th uart | ass. en the
concerfRTEHE Weh! plNFE Dobllat U8 e Tt e A agtooand Gaarizseless
he .heating .,source. Even with such are heating source,
{07 Qr9PREL G B, CEPESH A ThEHAR FORGTRE D BEB0E asrey and,

.mai ntain an at m)sPhere in a reducing state.
for this account, a heating effect becomes extremely large.

powde:}

[0049]

It is favorable that an atmosphere of the heating area 20 is in a reducing
state containing hydrogen. This is because, when the metallic element is the
oxide thereof, a reductive reaction of the oxide is progressed and, then, the
metallic element becomes easily fused in the quartz glass. Further, remaining
oxygen that causes bubble formation is changed into HzO and, then, removed.
[0050]

In the above-described Verneuil method, when the oxyhydrogen flame is

used as a heating source, by allowing a ratio of hydrogen/oxygen to be supplied

from the burner 12 into a heating atmosphere area 20 to be 2.5 or more, the
reductive reaction of the oxide is progressed and, then, the metallic element

becomes easily fused in the quartz glass. When the Verneuil method is used, arc
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[0051] 5 A second aspect is a production method which
is characterized in that a solution prepared by
di ssol ving the above described first and second
metallic elenents, oxides thereof or conpounds
thereof with quartz powder, while m xing mﬁth one
another, in pure water, an acidic solution,
al kal,i ne sol u rgani c so vent
plasta Jgh deetsed or el ThBRp et nahven R }%ﬁb}%h &rggﬁﬁﬁewume
formed body is heat- fused at . 1300C or i gher in a
it is effpefaver s @i I MHAIET 85 11 bhe ahare by %@J@&axrneaaratrrﬁgsahere in a

[0052] A third aspect is a production nethod which is
reducinglfaebist eri zed in that powder prepared by nmixing the

above described first and second netallic 15 el enents,
[0051] oxi des thereof or compounds thereof with quartz powder

is packed in a quartz tube and, then, heat-fused at

18086 nar afpaghes af panhatioaunstitel kdneh o chheacttribed in that a

while allowing an inside of the tube to be in a

solution §siepase MBS 8iks6lwig shekhbgre tbscridd thef eind, sé@nd metallic
t hereby prepare an ingot. [0053] 20 A fourth aspect

elemenks, @a@é@%@ebp@r BELPEENnAH tMbYceh vty uatid ﬁo@@éﬂaw@b mixing
gas o the above descrlbed first and second netallic

with oxﬁegx r;thef Aeift2EdiatioRodh Q 7@ &lution, or an
P OXI to a

t en after subjecte

orgamc’2 8@8 ng i f‘ﬁ%&n&hé aepq; ; Se ortrge@%(gg%ugrﬁi rtﬁl@zgﬁ tﬁe itﬁlﬁglﬂrep ared
formedy BbA7e Dok T Reabier Ph BERTY i POR HALRot RN Te. 10

- IS characterlzed in that a quartz soot is dipped in a
therebg preRasrithHEsr ed by ni x- di ssol ving the

above-described first and second netallic el enents or
[00 ]conpounds t her eof which

A third aspect is a production method which is characterized in that
powder prepared by mixing the above described first and second metallic
elements, oxides thereof or compounds thereof with quartz powder is lpacked n a
quartz tube and, then, heat-fused at 1300°C or higher from an outside face of the
tube while allowing an inside of the tube to be 1n a reduced_[ pressure by sucking

the air therein, to thereby prepare an ingot.

[0053]

A fourth aspect 1s a production method in which a volatile compound gas
of the above described first and second metallic elements is diffused 1n a quartz
-soot having a hydroxide group and, then, after subjected to a heating treatment
in the temperature range of from 200°C to 1100°C, heat-fused at 1300°C or

higher in a non-acidic atmosphere, to thereby prepare an ingot.

foo54]
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are dissolvable in pure water, an acidic solution, an
al kaline solution, or an 5 organic solvent, in the
pure water, the acidic solution, the alkaline
solution, or the organic solvent, dried and, then,
heat -fused at a tenperature of 1300C or higher in a
non-aci di ¢ at nosphere, to thereby prepare an ingot.

[ 005 A sixth aspe¢t is a nethod. for producing a_
q‘gﬁﬁ%ﬂa fP265 15 iagpﬁvf%wy mﬁgﬁag Wblcgioltswh@mqﬁw@p@i éyg that a
by m x-dissolving the above described first and second
quartzngiogh | iie elippeht an oxi debitidrer podparedc opoumasdiskavent the
whi ch are dissolvable in pure water, an acidic
above-dedcutbiednfirsdnuad katdmiensahlitd elemearts an @ngemiedss therest which
in pure water, an acidic solution, an alkaline

are dissolwHhlennopusd wiganee aeldverblaibm sur{lRGEne Moldtion, or an
previously prepared quartz glass jig and, then,

organi®@8kvehySim@hé hRurs WrhReethd acldd 26iutd, NORIMILELed18tiBn, or

case in which bubbles each having a size of about 1.0

the orddfic SRMRIHtTRSidCARE NLIRA] tlﬁ«?&#fiﬁﬁé@ uge I%e%g)gg%lgrggﬁt 1300°C or

gl ass nmenber as produced e above-

. ects, c e _£o ess-rempved by
bigher b el P B e Y SRR AR,
tenperature of 1300C or 20 hi gher under a pressure of
[0055]
2 kglcn2 or higher in an inert gas atnosphere. The

inert _gas is.favorably_an Ar. gas and a tenperature of .
 AFIRRSReSE i ﬁgmieiﬁo IRropEasiuping s RIa3tZ Blaieis by cuplying a
. I'n such asma corrosion resistant quartz glass ingot
Solutloélsprﬁpéﬁ%f ba K- gisgolvame a%%@bowéewrgml fAsiandssecond metallic
contents of the bubbles and the forei matters are .
elementss oxades; pagreed Or nepmpoundsy whexsof aN]pmgj ete adsedezblpem pure
100 cnB. [00581 As has been descri bed above, according
water, t @0 tavedigr e wtion] aveatiadime sdlation, or an organic solvent, in pure

water, an acidic solution, an alkaline solution or an organic solvent on a surface
of a previously prepared quartz glass jig.and, then, heat-fusing the surface.
[0056]

Although there is a case in which bubbles each having a size of about 1.0
mm¢ sometimes remain partially in such doped quartz glass member as produced
in the above-described aspects, the bubbles can be compress-removed by
heat-forming the doped quartz glass member at a temperature of 1300°C or
higher under a pressure of 2 kg/cm? or higher in an inert gas atmosphere. The

inert gas is favorably an Ar gas and a temperature of the heat forming is
favorably 1450°C or higher.
[0057]

In such plasma corrosion resistant quartz glass ingot as prepared in the

above-described aspects, contents of the bubbles and the foreign matters are less
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bubbl es and the foreign matters which will cause a
problemat the tinme when the 5 glass body is used for
a sem conductor industry are not found in the gl ass
body and, accordingly, the quartz gl ass which has

i mproved in the plasma corrosion resistance and has
decreased in the etching rate by 50% or nore as

ed, with.natural .or synt ic guartz gl ass can
than 1GERRRE & ert LA BhebBeadlrsMABE A0 AL Lo &6 sten a
[0058]Ievel as at which a problemis caused are not found on
the 10 silicon wafer all through the etching process.
[ 00591 The present .invention is descrjbed bel ow by way
ohs diagnpPer, dasgribpd Hue. ageerBag WayhagoreRemt gRgention, the
foll ow ng exanpl es are_%iven toillustrate the present
bubble$ avdrthednreaga rsaidarw pellicanee prigrblemsitithaitimagvhen the
in any way. 15 [00601 (Exanple 1) Powder prepared by .
olass botyiings2d 120 agsahiggundntiwrpadustiyesye hddbundin Ah2QRass body
powder, 240 g of Y203 powder, 240 g of Ce02 powder,
and, ad40dehgdy, TNd2@3ameveless wAdbh IgisofropaRRd povie hlastd @rrosion
of Gd203 powder and 240 g of SnR03 powder by a ball 20

resistafité lan@OHgs Poctitabl Znotias étd&ﬁﬁgffa%@cbgam%d&pme & cémpared
rate of 50 glmn on a target of 300 Mm% x 100 m nt

: [ - at j r n A
with r{ﬁg}ﬁc 1 Hgssgfgtgeigﬁr ea‘r% %:%/léﬁnchﬂ BO SRR 998N AsAnge

f tal
Ing a focusing di stahce of 20(13Ilea

impuritids #Osﬁé?leﬁqg’\yelpe{segl?%igyﬁr }glzoblélﬂgl%tca‘?fse&%Q'erﬁBf #%ufddn the
nm The target conprised quartz glass in a thickness
-1 t fre face and graphite in the
Sﬂlcon%%fgg%ll}etn ré\g%l\g\r/et&rle Sjé)cr 1%2’%%(1‘58%55 from40 to 100 mt. Gas
[00-9]conditions enpl oyed were set as that H2 was 300 19
0 Limn; and 02 was 100 L/m n. An upper ceiling in a
heating area was, fabrjcated_ by aligning_alumna _
sﬁgétpgfeé%\%thlwswwg 1§ fﬂrlgeérb& by woy pf @X%mig@‘é) iy it goes
_ sizes. During such preparation of the ingot, a
withowj gpsapgcldapddei ivjlowase mxemenlas drpygizen to illustrate the present

-y

invention and should not be interpreted as limiting it in any way.

[0060]

(Example

Powder prepared by mixing 27120 g of quartz particles, 1440 g of Al.Os
powder, 240 g of Y203 powder, 240 g of CeOg powder, 240 g of NdoO3s powder, 240
g of Las03 powder, 240 g of Gd203 powder and 240 g of Sm203 powder by a hall
mill made of quartz glass was fused and dropped at a rate of 50 g/min on a target
0f 300 mm¢ x 100 mmt rotating at a rate of 1 rpm in an oxyhydrogen flame which
used a burner having a focusing distance of 200 mm, to thereby prepare quartz
ingot of 200 mm¢ x 400 mm. The target comprised quartz glass in a fhickness of
up to 40 mmt from the surface and graphite in the subsequent lower portion of

from 40 to 100 mmt. Gas conditions employed were set as that H» was 300
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rod- shaped el ectric heater disposed on a side face of
the ingot and, after the flanme 5 was distingui shed,
the ingot was gradually cool ed down to 800C consum ng
4 hours by gradually weakening an intensity of the
heati ng by the heater. The ingot thus prepared was
placed in a heating treatnent furnace and, then,

| . hour 1800C d )
Limin; 5800wl @’%ﬁ ﬁﬁ%ﬁ%ﬁ%ﬁlﬂ%ﬁ%ﬁ?bﬁ%ﬁ&% Grga s Ryicated
d bo f. 500 M~ 10 [ 00611
by aliefyid &l Fid ShPEE S Pevinkon SHaP(S1eR0 al%E 6 ol D de sizes.

. checked. by opti cal visual observation nethod,
3Du“ﬂ%aﬁ6 E&eB%“ﬁﬁglBﬁﬁgpé§gahdaﬂ%d%ﬁyw healiag swas gerfirned by a
were 50 m® in ternms of a projected area per 100 cnB.
rod-shemad dleetriaheatendasmnskd onam sidiesferont the gt laing, Bftghtthe flame

was 70% cm A sanple was cut out from 15 the gl ass
was digiongeghbddyhe hugotobtaai gredually, cdoleh dowreto 800°C consuming 4
concentration of the netallic elenent in the gl ass

hours bpdyradmslipeesakeadnpyanshtapsatyf biioliedeatingXby alie heater. The
results as shown in Table 1 were obtained. [00621

ingot thug phepared wagphaeting Bhehtige shanen it favhete sh@nBiedl formed
400 mm- x inner 20 dianeter: 370 nm# x 200 mi nt was

by beifgthddtfol r@B hh8r Htassod-e MRdeP oY réiihre 1188 ke/cm? in an Ar
machi ned. [00631 A silicon wafer was set 1 n an I nner

atmosfirb! QiR bGrbiS £ HImM bdds0ot S8 nldfly <3 SN 1O

appar atus and 'asma gas conprl Sing
[0061]CF4+02 (20% 25 was flown at a rate of 50 sccmin a
e ti me-use manner, was subj ected to an 20 etching
u de ditipns of 30 ntorr, and 100 h .
ShobaRe dBrelin ol trside B Mohs Rheeh o ke by
ckne s, before and. after the t re
an Opt’&si XL OP R AHOB A SHR AT PR TG Plﬁ%bugb\}eé@%#%relgn matters

(f‘ ysi s of the
contained were 50 mm? in terms of a projected area per 100 cm3. Further, an

internal transmission of visible light was 70%/em. A sample was cut out from
the glass formed body thus obtained and, then, when a concentration of the
metallic element in the glass body was méasured by using a fluorescent X ray,
results as shown in Table 1 were obtained.

[0062]

Further, a jig having a ring shape of outer diameter: 400 mm¢ x inner

diameter: 370 mmo x 200 mmt was cut out from the glass formed body and, then,

machined.
[0063]

A silicon.wafer was set 1n an inner portion of the thus-cut out jig, set in
an etching apparatus and, then, while a plasma gas comprising CF4+03 (20%)

was flown at a rate of 50 sccm in a one-time-use manner, was subjected to an

20



inmpurities on the silicon wafer was executed by using
the fluorescent X ray, every 5 netallic inpurity

except Al was |ess than 1 x108 atons/cn2, which was ,
not problematic. The results are shown in Table 1. 21
[0064] [Table 1] coco caoco 00 X XXxX xx oW WV. V*iv
W tocq ,,-j10l-1tcc cocc bj D a) 00 00000 Ox 000

etchin® B undr cohiP§énLofiBl fedrr, 1 KPaB8 100 hours. An etching rate
was calculated based on the change in thickness before and after the test, to
thereby obtain a result of 30 nm/min. Further, when an analysis of the
impurities on the silicon wafer was executed by using the fluorescent X ray, every
metallic impurity except Al was less than 1 x10% atoms/cm? which was not

problematic. The results are shown in Table 1.
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[Table 1]
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cdR cticdttni 11 ~ xklo>1lc 0.1X, ~C ~7C WV WA WJ WV W
WWV W22 [00651 In Table 1, evaluation references of
the ingot bubble and turbidity (foreign natter) are
as follows: 0: Contents of bubbles and foreign matters
are less than 100 mm2 5 in ternms of a projected area
per 100 ens; and x: Contents of bubbles and foreign
matters are 100 mR2 or nore in terns of a projected
[oogRf €a per 100 cnB. [ 0066] (Exanple 2) 10 Sane

treatments were perforned as in Exanple 1 except for

dopi.n 7840 of .quartz particles, 144 f 03, ...
ponior byl GRRayBEaeEriieh ¥ 155 et bullst paidaibidity
120 f 203 er, 120 g of La203 powder, 120 g
(fofedﬁncﬁﬁgt@fgg%éﬁ%%wizo g of Sn203 powder, to thereby
obtain results as shown in Table 1. The etching rate
wasQubortemise! brphlegard forsigmpvatBirsSaeeless shaneiismm?
. were performed_as in Exanple 1 except for doping
n tezmgf g raviagiied ezep@erildleensiamd g of A1203 powder,
240 g of Y203 powder, 240 g of Nd203 powder and 240 g
of sn@ostquaderhulbloes ard iyre2n abs tiens mes Ul (s nan 2 shawdre

in Table 1. The etching rate was 40 nmMimn. [00681
1n terms of a projected area per 100 cms3.

[0066]
(Example 2)

Same treatments were performed as in Example 1 except for
doping 27840 g of quartz particles, 1440 g of Al2O3 powder, 120 g of Y303
powder, 120 g of CeO2 powder, 120 g of Nd2Os powder, 120 g of Laz0s
powder, 120 g of Gd203; powder and 120 g of Sm20; powder, to thereby

obtain results as shown in Table 1. The etching rate was 40 nm/min.

[0067]

(Example 3)

Same treatments were performed as in Example 1 except for
doping 27840 g of quartz particles, 1440 g of AlsO3 powder, 240 g of Y203
powder, 240 g of Nd20s powder and 240 g of Sm203 powder, to thereby

obtain results as shown in Table 1. The etching rate was 40 nm/min.

10068]
(Example 4)

Same treatments were performed as in Example 1 except for
doping 28320 g of quartz particles, 1440 g of Al2Os powder and 240 g of

Y203 powder, to thereby obtain results as shown in Table 1. The etching
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(Exanmpl e 4) Sane treatnents were perfornmed as in
Exanpl e 1 except for doping 28320 g of quartz
particles, 1440 g of A1203 powder and 240 g of 25
Y203 powder, to thereby obtain results as shown in
Table 1. The etching 23 rate was 50 nmimn. [00691
(Exanple 5) Sanme treatnents were perforned as in
Exanple 1 except for 5 using arc plasma as a heating
te SQUT of/ t.he Verneuil nethod, to thereby obtain
ra eg‘fiar%ﬁpné\%nuati on results to those in Exanple 1.

é 0701 (Exanple 6) Sane treatnents were perfornmed as
l006 Exanple 1 except that a 10 solution prepared by
m x-di.ssol ving quartz particles and a netallic oxide
(Exaﬁplﬁ@doped in a starting solution was dried and,
accordingly, a forned body was prepared, to thereby
obtHime alTgabmenty| were merfrrdnebds iwhBrangplsi i baeept for
sanple to that in Exanple 1 was prepared and, then,
usingaoh plesalauas iache s gpaniroe wé dherVdrne uihnsthnépas ¢Hereby
sanple, simlar 15 evaluation results to those in
obtabxanpiler evedustiobtraswked to tROFE in FReanplee1.7) Same
treatnents were perforned as in Exanple 1 except that
[007ppwder prepared by m xing quartz particles and a
nmetallic oxide to be 20 dopes was packed in a quartz

t ugxandhictden, heated froman outer face of the tube
to be %%ézad@v\hile all owi ng the inside of the tube to

be 4@ treatments were performed as in Example 1 except that a
solution prepared by mix-dissolving quartz particles and a metallic oxide
to be doped in a starting solution was driéd and, accordingly, a formed
body was prepared, to thereby obtain a quartz glass formed body. When
a similar sample to th“at in Example 1 was prepared and, then, each
evaluation was performed on the thus-prepared sample, simillar
evaluation results to those in Example 1 were obtained.

[0071]

(Example 7)

Same treatments were performed as in Example 1 except that
powder prepared by mixing quartz particles and a metallic oxide to be
dopes was packed in a quartz tube and, then, heated from an outer face
of the tube to be fused while allowing the inside of the tube to be in a
reduced pressure by sucking the air therein and, accordingly, an ingot
was prepared, to thereby obtain a Quartz glass formed body. When a
stmilar sample to that in Example 1 was prepared and, then, each

evaluation was performed on the thus-prepared sample, similar
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reduced pressure by sucking the air therein and,
accordingly, an ingot was prepared, to thereby obtain
a quartz glass forned body. Wien a sinmlar sanple to
that in Exanple 1 was prepared and, then, each 25
eval uati on was perfornmed on the thus-prepared sanple,
simlar 24 evaluation results to those in Exanple 1
were obtained. [0072] (Exanple 8) Sane treatnents
evaliElBaRRELA A R3] IXANRI S 1 T EXCapLa kRt 3 O
vol atil e gaseous conpound-of "a neta 0 be doped was
{0072£Iomed to be diffused in a quartz soot having a
droxyl group, subjected to a heating treatnent at
60 and,. then, heat-fused and, accordingly, an ingot
wag%ﬁﬁqgﬂﬁ d, to thereby obtain a quartz gl ass forned
body. Wien a simlar sanple to that in Exanple 1 was
pr 8dirgAtmenkR Wersaeerfavmpdans on Hoamate peefeptedat a
on the thus-prepared sanple, simlar evaluation
volapideg gasgous occqmpeend nofEramsitel towke edapmdaivried allo®@@Blo be
. (Exanple 9) Sane treatnments were perforned as in
diffysedripl @ quaakz spot hhainga lBlgust gzowposuljediedwasa heating
di pped in a solution prepared by m x-dissolving a
treapmeal |dtct @Uipandd thenphedbpeskd dndedcendingean ingot was
heat -fused, to thereby obtain a quartz glass forned
prefzadyl, td\bkercbysolbaiara gagplzeglaes thahell hodsXawphen b ¥@Silar
prepared and, then, each evaluation was perfornmed on

bee £b hikset Pire BRaeeh BAMD Ss (Srcfh | i e i
Sam?o those in Exgﬁjg?e 20 ip\?ﬁﬁ‘g?‘g&%{%ta‘;i?’cﬁe%}?éri[,g%h74 Bahiution

was performed on the thus-prepared sample, similar evaluation results
to those in Example 1 were obtained.

[0073]

(Example 9)

Same treatments were performed as in Example 1 except that a
quartz soot body was dipped in a solution prepared by mix-dissolving a

metallic compound to be doped, dried and, then, heat-fused, to thereby

_obtain a quartz glass formed body. When a similar sample to that in

Example 1 was prepared and, then, each evaluation was performed on

the thus-prepared sample, similar evaluation results to those in Example

1 were obtained.
[0074]

(Example 10)

A solution prepared by mix-dissolving a metallic compound to be
doped was applied on a surface of a quartz glass jig and, then, the

surface was heat-fused, to thereby produce a quartz glasé jig. Further,
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(Exanmpl e 10) A solution prepared by m x-di ssolving a
nmetallic conpound to be doped was applied on a
surface of a quartz glass jig and, then, the 25
surface was heat-fused, to thereby produce a quartz
glass jig. Further, 25 the netallic conpound to be
doped was sane as in Exanple 1. When a plasma etching
test was perforned on the thus-produced quartz gl ass

C . : | t chi ¢

the SR B SPIRATINE RGBS u AR B by TOLERE DO iR &

vlesiff Fishihy Sl B hedime d R PhivrBrndacalahi Elinr ie

i 0 So St pohoieiled. Toh A e TSN B ah e and
%@_{200,3 power in place of A1203 powder, to thereby

metHcAmP RS §¥5ePY fon Ak weremes donadyn eilhcan wiaket. ar

sinpl e to that in Exanple 1 was prepared and, then,
[0078kch eval uation was performed on the thus-prepared

sarrgl e, simlar evaluation results to those in Exanple
1§ Dl@tsal'iln‘@dlélX 0076] 15 (Exanples 15 to 26) Sane
treatnments were perforned as in Exanple 3 except for

usi Sepneatreatmetk| were opmdorted oadpendGhednp M@ paveler for
CaO powder, SrO powder, BaO powder, Sc203 powder,

usinka203 poyidlic c WwAVEEbe ddpt0B 8% defA"B830; powder,
powder, Ti 02 powder, Zr02 powder or 02 powder 56] in

In: (Rl psRd&f 0 STRS; PONEL IR plQcd B‘PA?%@a’gr]S’MQ&F éatt%%?%%f o’lbihain a

gl ass fornmed body. When a sim sanp

quai®raIRLe f3ried RGP He AN sidh 18P sample to that in Example 1

was prepared and, then, each evaluation was performed on the

thus-prepared sample, similar evaluation results to those in Example 1

were obtained.

[0076]
(Examples 15 to 26)

Same treatments were performed as in Example 3 except for
using, as a metallic compound to be doped, MgO powder, CaQ powder,
SrO powder, BaO pow&er, See03 powder, Laz0z powder, CeQs powder,
Gd20O3 powder, Am203 powder, TiOz powder, Zr_Oz powder or HfO: powder
in place of Sm203 powder, to thereby obtain a quartz glass formed body.
When a similar sample to that in Example 3 was prepared and, then,
each evaluation was performed on the thus-prepared sample, Simﬂ&r
evaluaﬁion results to those in Example 3 were obtained.

[0077]

(Comparative Example 1)
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each eval uati on was performed on the thus-prepared
sanple, simlar evaluation results to those in
Exanpl e 3 were obtained. [0077] 25 (Conparative
Exanpl e 1) 26 30000 g of quartz particles was filled
in a carbon casting nold and, then, subjected to a
heating treatnent at 1,800C for one hour in a vacuum
atnnsphere to thereby prepare a transparent glass

0 rt when Si.m
?;ﬂ e t% %&Mt%gg?mms %%53 fvl\gédplﬁg%a?e&] Oélnﬁagtmg mold
S ect 8 P t f ound, t hat.
and atﬁlbée FiftPdrie ?Niﬂse%? Bt dlmréoavﬁsmtqrbenhour in a
results t han ng rate were sane as in_Exanp
ol P P UET U BRaIeR T 1en Wesk fREs ady of 500
aredlna3| | ar manner to that in Exanple 3
mm %c Bt ey E%Ffm} ovisamy ag senilguagamepleate itbresn Badmpe 1
of A1203 powder and 720 (I:1 of Y203 powder and, then,
'Wasguﬁpéé@@duvhS@bﬁmaait@nsp Tirea attching testatie wias foifad that
nmMmn. As' a result of an analysis of inpurities on a
an grhinprateaves, 120 was/met.ecOsHenevduation xesitd than the
atonsl cn2, which was 15 problematic. [00791
etchiix petd went abnfexasph ExmBRB510 g of quartz particles,
50 g of A1203 powder, 240 g of Y203 powder, 240 g of
[0078802 powder, 240 g of Nd203 powder, 240 g of La203 20
powder, 240 g of Gd203 powder and 240 g of SnR03

POWERIm PEF £ ¥xGmpesed and dropped at a rate of 50
g/mn on a target ingot rotating at a

A sample was prepared in a similar manner to that in Example 3
except for doping 27840 g of ciuartz particles, 1440 g of AlaO3s powder and
720 g of Y203 powder and, then, subjected to evaluations. The etching
rate was 45 nm/min. As'a result of an analysis of impurities on a silicon

wafer, Y was detected as being 1 x 1016 atoms/cm?, which was

problematic.
[0079]

(Experimental Example 1)

28510 g of quartz particles, 50 g of AlsOs powder, 240 g of Y203
powder, 240 g of CeOz powder, 240 g of Nd»O3 powder, 240 g of LasOs
powder, 240 g of Gd203 powder and 240 g of Sms03 powder were mixed,
fused and dropped at a rate of 50 g/min on a target ingot rotating at a
rate of 1 rpm in an oxyhydrogen flame, to thereby prepare a quartz ingot
of 200 mm¢ x 400 mm. GCas conditions emp-loyed were set as that He
was 300 L/min; and Oz was 100 L/min. The thus-prepared ingot was

placed in a heating treatment furnace and, then, formed to be 500 mmo X
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15

rate of 1 rpmin an oxyhydrogen flame, to thereby
prepare a quartz ingot of 200 nm- x 400 mm Gas
condi tions enployed were set as that H2 was 300
LIimn; and 02 was 100 L/m n. The thus-prepared ingot
was 25 placed in a heating treatnment furnace and,
then, fornmed to be 500 mmt x 27 60 nm by being held
for one hour at 1800C under a pressure of 3 kg/cn2 in
. L1 L plig@ihb i.di pai Nt s
60 nff [NebShIPREICLE ot It 8 400" Badh By Gl §idrom
. ( ri Exanmpl e 2 . i.pgot S. py.epared in i
o E’EC‘}lPr(leIearEl Hﬁl&%’ﬁé?r%'o t‘%afnlll]ﬁé’g%éﬁgl%f \1@”8&@5‘& pf’H}tSu§f°ﬁ§1gn
an oxyhydrogen fl ane by the Verneuil nethod and
mat?é?f?%‘é‘%&é%‘g Hbﬁ{i?ﬁlﬁﬂfs in which H2 was 300 L/nin and
31 was 150 L/mn. A nultiplicity of turbidity points
[0088 oreign matters) renmained in the ingot. 10 [0061]
(Experi nental Exanpl e 3?) An ingot prepared in a
si fiERerhaantsl Yeammde 2)n Exanple | was set in a
heating treatnent furnace and, then, fornmed to be 500
AR 18got washprdigimed imeh difolaromanheurtoathat8R0ExuAdde 1
a pressure of 1 kg/cn2 in 15 an N2 atnosphere. A
exceptl forpluistig yamwfoxyliydregewf flatmeuby46hs Verdaninbasthod and
X1.0 mmrenmained in the ingot. 28 CLAIMS 1. A quartz
settiglgagss hawdnipraxoehech HewiastFCE/adRianst OPMAE®50 L/min.
corrosion, characterized in that it is a quartz gl ass
A mobiplaciny od tArdidi® BOintw(freld aiake @) rbWiAEd MR %e ingot.
types of netallic elenents, said netallic
[0081]

(Experimental Example 3)

An ingot prepared in a similar manner to that in Example 1 was
set in a heating treatment furnace and, then, formed to be 500 mmé x 60
mm by being held for one hour at 1800°C under a pressure of 1 kg/cm? in

an Ng atmosphere. A multiplicity of bubbles of about $0.5 mm to about

‘ $1.0 mm remained in the ingot.
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5 elements conprising at | east one type of netallic

el ement selected from Goup 3B of the periodic table
as a first nmetallic elenent and at | east one type of
netallic elenment sel'ected fromthe group consisting of
My, Ca, Sr, Ba, Sc, Y, Ti, Zr, Hf, |lanthanoids, and
actinoids as a second netallic elenent, provided that
t he maxi num concentration of each of the second 10

metallic elenents is Z@L&l% r less. 2. A quartz
gl ass according to clainrTl, Characterized in that two
or ,nore typ of .metallic enents.are contained
L oaifl GHABHY BEERI BAVING| SRERISHT STCSSIGRARt ALgiass Dlasma
accordjng to claiml or 2, characterized in that the
corrqBopofARTRGAEEALIIR that Bf 1ssai e glasyepataingng 0.1 to 20
elements is 2.0 ww% or nore. 4. A quartz gl ass
wt%att getingt ttorcany wprelwres of metallicivdemenss,i said mretallic
that said first nmetallic elenent is A, and said
elempade mynmptiaing at dbastenne typatdi metallicl dastersnesleyipd from
sel ected fromthe group consisting of Y, La, Ce, Nd,
Grogma3Bind B pefioBic Aaljieans a firas snaedlc dilemetnd any adfleast
claims 1 to 4, characterized in that the blend ratio

one Ofpsat thdthtlst ehmheaht seleetctBnin (M prang cohsistioiabf Mg, Ca,
one or two types or nore of said second netallic

Sr, Bhementys Ta M2y, Hf( MadhaMids, dh@lebireidd!BRel sbadd® mdtRllic
in arange of fromO0.1 to 20. 6. A quartz gl ass

elen@GHO rp@B{?ﬂietdotl@a[’ty?}fg @ Bn Jcotﬁiggéhra%gﬁ{e gek §<8111 ?? dhkLecond

25 that the total content of u S an orergn

tq8id er. ts5 o oo, | 9 than 100 MR as expressed
e AR R B0 L S¥ 100 e, 7. A quiar 7 0l ace

2. 11 AR SR %, Qo B FRTRELALED s g o
mortﬁg’gfg{]e)élc?{]ﬁelft%mstei%mtg?};s e?é'g cf:oonrtrarl?r?e oasasgi%pggcocz)r{d ?rtletallic
elements.

3. A quartz glass according to claim 1 or 2, characterized in that the
total concentration of said second metallic elements is 2.0 wt% or more.
4. A quartz glass according to any‘of claims 1 to 3, characterized in
that said first metallic element is lAl, and said second metallic element
contains at least one type selected from the group consisting of Y, La, Ce,
Nd, Sm, and Gd.

5. A quartz glass according to any of claims 1 to 4, characterized in
that the blend ratio of said first metallic element (M1) and the total of
one or two types or more of said second metallic elements (M2),
(M1)/(M2), in atomic number ratio, is in a range of from 0.1 to 20.

6. A quartz glass according to any of claims 1 to 5, characterized in

that the total content of the bubbles and foreign matter accounts for less
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5 8. A nethod of producing a quartz glass according to
any of clains 1 to 6, which is a nethod of producing
quartz gl ass having excellent resistance agai nst

pl asma corrosion by Verneuil nethod using a furnace
equi pped with a rotating table and a burner which
supplies the powder raw material and gases,
characterized in that it conprises supplying the 10

tharP PO EEmE Y SRAELA] LPIARYBI Y Mrkh LA baPONder

the powders of° sai st an netallic
el e r e -powder _qof the .c und thereof ta th
7 purha e RS B G a GerisaR 4 RRBE b abel cBforiciot e

roduct to said table to.produce the quartz gl as _
quafty B ool Bl B ool Al enb oG g A 6 dedms 1
ingot is heated to, 1800 C or higher., 15 9. A nethod of
to 6 i3 g&%@ﬂﬁ@o 3 P o ) lwest dcmmr diovg the irkian. 8,
characterized in that said table is made from one
8. selt&ddod oprakicyng apiuatAgless agcwidiag tetaly dbpledms 1
quartz gl ass, graphite, alum na ceramcs, zirconia
to Ggevhniless a wwthailcsf qondaching e glesantaring exicallent
~or other types of ceramics, or is made by comnbining
resigthese agmnsbpbrsrah sonrddion 2F Yeemdwil gheidsd #8ingAa furnace
nmet hod of producing a quartz glass according to claim

equigpetl With shatatibgriaddd dmi khairmaswhiéh dpppliesahli fowder
of said furnace, there used are either rectangul ar

raw li0agepi i ed dmde Hardleudningd SRHARY 66 cORpPNR sAufibils the
types of ceramics arranged in parallel, "or a

pow¥et eF w6 Ok A r IS pRbAS Rod 25y Lhixih MBS, %gg’fdt%gu%'ﬂl@ fhe

quartz glass according to any of clains 8

; . I ! . :
powtﬂg?str ﬁ?%ﬁ_{da?ﬁg 'a@;dé%@sonﬂnn}%tgﬁkr bfér&&?ﬁsﬁg ltﬁ% g){o%%e%g?f the

e sidewall ald furnace, so

. sardf “that "heatt
compliind BEROARELRE IhPRoPrER A%, P b ERbERe B ha polten
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temperature of said quartz glass ingot is heated to 1800 °C or higher.

9. A method of producing a quartz glass according to claim 8,
characterized in that said table is made from one selected from the group
consisting of a metal-doped quartz glass, graphite, alumina ceramics,
zirconia ceramics, a ceramics containing alumina and zirconia, or other
types of ceramics, or is made by combining these raw materials with
quartz glass.

10. A method of producing a quartz glass according to claim 8 or 9,
characterized in that, as the upper ceiling of said furnace, there used are
either rectangular long plates made of alumina ceramics or one of other

types of ceramics arranged in parallel, or a water-cooled SUS plate.

11. A method of producing a quartz ‘glass according to any of claims 8
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5 to 11, characterized in that the nmethod is Verneui
nmet hod usi ng oxyhydrogen flanme, which uses a burner
having a structure as such that the oxyhydrogen flame
can be focused. 13. A nethod of producing a quartz

gl ass according to any of clains 8 to 12,
characterized in that the atnosphere inside the
heating area of 10 said furnace is under a reducing

to 1(§tc@1tat€~a&€é}m5dﬂiﬂ‘9h’&t’ gho&gﬂtriéée%ﬁsigféap%iggdﬁéot%%?éiﬁgw%ﬂ
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. .supplied to the at nosphere in the, heating area inside

insidg TR dirRace 15 Rastescqtonlghis by 28id slechTiteRser of
pr oduci a quartz, glass according to any of clains 8

12. to ﬁ?etgl%ér SOAERE ArYAAT sleshactqrdieg ko anysvingaims 8

lasma is enployed. 16. A nethod of_producing a

to 1Eua‘f' gragkerdgedcibridiatg the mmpthefl é¢ aVemnquil t meghod using
characterized in that the nethod conprises: drying a

oxyhygirogemilame whiphausds Bybwindmbawnd awsitrictyrs ssdsddlr shat
and second netallic elenents or the oxides or the.

the woipolragen flenechinvid focgsadt z powder in pure water,

~ an acidic solution, a basic solution, or an organic

13. solAemthodrafdueidnging asheped dagy atseden s 0lamdnst claims 8

preparing an ingot by heating and nelting the shaped

to 1bodiatractarized-exitHazithy aimBsgeeeiidd30Q h&a@he area of
hi gher. 25 17. A nethod of producing a quartz gl ass

said@aeRaEH NOuh@e@RYredluchlAbilelcodtalfng hyiBEaRL €ri zed in
that the nmethod conprises= charging, I'n a quartz
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hydrogen/oxygen ratio of the gas supplied to the atmosphere in the
heating area inside. said furnace is 2.5 or higher.

15. A method of producing a quartz glass according to any of claims 8
to 13, characterized in that Verneuil method using arc plasnia 18
employed.

16. A method of producing a quartz glaés according to any of claims 1
to 6, characterized in that the method comprises: drying a solution

prepared by mixing and melting said first and second metallic elements

or the oxides or the compounds thereof with quartz powder in pure water,

an acidic solution, a basic solution, or an orgénic solvent; producing a
shaped body therefrom; and preparing an ingot by heating and melting
the shaped body in a non-oxidizing atmosphere at 1300 °C or higher,

17. A method of produéing a quartz glass according to any of claims 1
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5 plane of the tube, thereby nelting the powder inside
the quartz tube while reducing the pressure inside
the tube. 18. A nmethod of producing a quartz gl ass
according to any of clains 1 to 6, characterized in
that the nmethod conprises: diffusing a gas of

vol atil e conpound of said first and second netallic

el enents inside a soot 10 of quartz havi ng hydroxyl

to 6,0610MRS e S YR 8GRt iNG, Em%éﬂoﬁe@(}%b@%@wsﬂarééﬂgr tRe  gartz

tenperature range of 200 to handd A d
i ngo h a |t.ing. th pe 0
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and gig %’f%n@ng&ggt 1157 Beating Codanf T oal hizbos|awntle outer
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plang o‘P]ﬂidl% rF“b@—r r%‘?}g Freliing| thenpowidar dnside that gnartantube
acidic_ solution, a basic solution, or an organic
whilg geduging thmpressvge angider the 8. body into t he
solution; and after drying, 20 heating and nelting the

18. res%lmetﬂil@ bafdyradmcing ang wattdi glia ey aetorspg ¢o et of dladRs 1
C or higher. 20. A nethod of producing quartz gl ass

to Gacdorrditeyital dnytlit chai etBodt eorhPrisebardaffueid dgz%d dal of
that thus prepared quartz glass ingot is heate and

volasié@peghpatund 6@'&1&&@55@!fe&@ﬁeclﬁ@m@t@&&é]@ﬁ%nﬂsﬂn@fﬂe a soot
inert gas 25 atnosphere under a pressure of 2 kglcn?

of q@irtli Bheihe Beddky I%ﬁﬁbgoguﬁﬁctﬁfgogh’&hn& et
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glass jig accordlng toclaim?7, characterlzegf I?%
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1300 °C or higher.

19. A method of producing a quartz glass according to any of claims 1
to 6, characterized in that the method comprises: .preparing a solution by
mixing and dissolving said first and second metallic elements soluble in
pure water, an acidic solution, a basic solution, or an organic solvent,
into pure water, an acidic solution, a basic solution, or an organic
solvent; immersing a quartz soot body into the solution; and after drying,
heating and melting the resulting body in a non-oxidizing atmosphere at
1300 °C or higher.

20. A method of producing quartz glass according to any of claims 8
to 19, characterized in that thus prepared quartz glass ingot is heated
and shaped at a temperature of 1300 °C or higher in an inert gas

atmosphere under a pressure of 2 kg/ecm? or higher.
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5 into pure water, an acidic solution, a basic

sol ution, or an organic solvent; applying the
resulting solution to the surface of a previously
prepared quartz glass jig; and heating and nelting the
resulting surface. 22. A nmethod for producing a
gquartz glass jig according to claim2l1l, characterized
in that the prepared quartz glass jig is heated and

R R e Tl
charBb@¥ed I8 that the method comprises: preparing a solution by
mixing and dissolving said first and second metallic elements soluble in
pure water, an acidic solution, a basic solution, or an organic solvent,
into pure water, an acidic solution, a basic solution, or an organic
solvent; applying the resulting solution to the surface of a previously
prepared quartz glass jig; and heating and melting the resulting surface.

22. A method for producing a quartz glass jig according to claim 21,

characterized in that the prepared quartz glass jig is heated and shaped

at a temperature of 1300 °C or higher in an inert gas atmosphere under

a pressure of 2 kg/cm? or higher.
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