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Conmponent of quartz glass for use in sem conductor

manuf acture and nethod for producing the sane
w®p@siogizaat i on Techni cal background The preseneCT/EP2007/059217

invention relates to a conponent of quartz glass for

use in sem con ductor manufacture, which conponent at

| east in a near-surface region shows a co-doping of a

first dopant and of a second dopant, the second dopant

containing one or nore rare-earth netal oxides in a

OB Broes Y e SRR RIFE lBEruro anc

present inventi omethbdtfes predacimy thedsdme produci ng
such a com ponent of quartz glass for use in

sem conduct or manuf acture according to any one of the
precedi ng clainms, the nethod conprising providing SiQ2

raw material in particul £ providing the Si Q2
raw material with a secﬁae%é{%(g%@nconpri sing one or

nore rare-earth netal oxides in a concentration of 0.1
-3% by wt. each (basd@&chnicahbatigralindrass of Si 2 and
dopant), and sintering or nelting the SiQ2 raw nate

Th peed giiestiopalates [ ara mged! Baayartap g Bkt semicon-
du®ehmdrifiadf réWﬁi&?BGMﬁbﬁénP&c\’lbéﬁﬁn%Sﬁ@ei‘rtébﬁfddé, r@@l%r%ows a
on the extent to which sem conductor fabrication

cosiepigralsa first gopaeihandhgl @ sacami daparinthsf se¢and dopant containing

ond SRR HEE BeaT Pl BlgeR o8 e e MBI T i bR Bk
(e oMUt imde 6 $id, drl @ogantzaused by the

apparatuses used in the fabrication process. On

account of the chem cal resistance of quartz glass to
Fugh@rrr@gﬁe, mep@Esent inyapteH FRiates e @meachior PEIHUCH plésn a com-

po@%@fﬁﬁ%ta@?dgﬁ& fF ¢RENM <8 i%%@jdc@;gégﬂgﬁ?%&d?é %'ac&!aﬁr{dﬂ any one

pparatuses o en consi st® o
of thegprezedihgstaimEhdreemettnd tomprisiegaomosdimgeSidrdawanatdnial in par-
. pu. rity of artz glass. Therefore, the apparatuses . .
tiedlate iophe PVITIRGIE® BICx (AN BaIF 4] VSiLa SPFRAY PoPariaierising one
or glfogé i@ri%gé‘éjrtﬂ AERAIDxXIR s YD ESRddrftatiby R0o8osdy QHagidh (based
on the total mass of SiO, and dopant), and sintering or melting the SiO, raw mate-

rial provided with the second dopant to obtain a quartz glass blank.

Yield and electrical operative behavior of semiconductor devices essentially de-
pend on the extent to which semiconductor fabrication succeeds in preventing
contamination of the semiconductor material caused by impurities acting as “semi-
conductor poisons”. Contamination of the semiconductor material is e.g. caused
by the apparatuses used in the fabrication process. On account of the chemical
resistance of quartz glass to a great number of substances used in the fabrication
process and on account of its relatively high thermal stability, apparatuses of such
types often consist of quartz glass. Therefore, high demands are made on the pu-
rity of quartz glass. Therefore, the apparatuses are more and more provided with
specifically cleaned or treated layers, or synthetically produced quartz glass is
used that is distinguished by high purity.



10

15

20

25

30

used that is distinguished by high purity.Ajig of the
above-nentioned type is known fromJP 10-1 14532 A
wadb@sgsoyrent descri bes a so-call ed "single waPE&r/EP2097/059217
of synthetic quartz glass which is distin guished by a
| ow content of the inpurities Fe, Cu, C and N, each
being | ess than 10 ppb, and by a hydroxyl group
A jtgomfttémahonetrh@ntm@@etybeﬁa\bmwm@rrp|thwnaﬂ A5RDApphe dogument

defdiesiL PR aled  Sndl W e ot bR diistia Gad€ lupicH s fShn-

guighag gy £lohceiteaesisiee impunties Fet 08, S@@hﬁwdééér@bemg less than
substrates (wafers) are subject ed to gases and pl asnas

10 el AGd & ahydPKy Qiﬁﬂl@@pnt@t{ﬁ therang ween 0 R&E‘F@nd
106\5@ ﬁ{ SF6, a further problemis however that the
Pl glass is slowy corroded due to the reaction
between Si2 and fluorine. SiA2 is re noved in this
In thiomspechihd Krivevrsqudke glagetig iswretl suitetiier eselinosemiconductor

ch ed so nmuch that .t he rtz ass
manuicdeg pm%%%ﬂm@%ma&’ﬁa%ﬁ; it fighiae setippnguctor
SUSSRE8 (WETRFOAE US98 P9 gh s SHADIcsriRaving 8 etphing effect,
e.9Y CHuaCHEe, C4Rid, Cm NEnar $5, aAfuﬁhghplfqbdmnns bbWewer that the quartz

however, requir a, hi,gh co tratlo i d . o~
a8 (S Euy i yS 1k e Brlyten Pickertiihdge. Siozis re-
moveran it procyzd Mﬁb@u?fﬁéége@woﬁpmahé'e%dsdtodhanged so much

situations, US 2005/0272588 A 1, which discloses a

thay the evardg aless dormpusidie repiaced. met hod according to the
above-nmentioned type, suggests a codopi ng of

S et U T
gladepl@ninstancd, hétheoxided omk@ce?yh@"ememansmh deY, Ba, Ce, Nd, Sm,
andTEh R RBSEIATAS ook § gk Boh oot or Sl
do?ﬁriﬂg,e\ghircﬁtm Idaang! chfaﬁé’tmrf% F)héé’e §Q;{ Yo 89W§§1Hfétron.

ocunment sugges tS severa proce ures

producing a c.orresgond i ngly doped quartz gl ass bl ank,
Tomewwkaﬁwldh&gﬂ @0Q58Y21P6BB &l , mdti¢odissioses maguartz glass

cofRbfkuriyd 2 rbthoy Eife@ia Bk ol ihenied f3 ElaaekSa co-
dofingIdf zar@! reh Iriddl oxitiiess thaSshdinlM® pRINE K&K IR element of group 3B
of the periodic table as the first dopant, and here particularly aluminum oxide. A
maximum concentration of 2 % by wt. is indicated for each of the second dopants,
and a total dopant concentration ranging from 0.1 to 20% by wt.

Moreover, this document suggests several procedures for producing a correspond-
ingly doped quartz glass blank, wherein according to a preferred method SiO; raw
material in particulate form is mixed with powder-like oxides of the dopants and the

mixture is sintered in a quartz glass tube under a negative pressure.

However, it has been found that although such a co-doping with aluminum oxide
may achieve an improved solubility of the additional dopant (apart from aluminum
oxide), and thereby increase the dry etching resistance of the quartz glass, at least
some of said dopant combinations may entail unexpected drawbacks. For instance,
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However, it has been found that although such a
co-doping with al um num oxi de may achi eve an i nproved
w@odoalosl7ury of the additional dopant (apart frP@T/EP2007/059217
al um num oxi de), and thereld/ increase the dry etching
resi stance of the quartz glass, at |east sone of said
dopant conbi nati ons may entail unexpected drawbacks.
a drrnolaratiemat heaquiirtzcgpes tat dmn@ifd&sir@ddqamrne@p@ﬁ@at'twﬂatis ob-

senve TR b ro 8 AP T A6 3hi oo et 2 AR oy resur

in Aspédific Yarile forpatibn dorifg $BE©F theeqiats pleks if ap@m@atch proc-
during use of the quartz glass in a plasma etch proc

esewdh\fuorneiceptained €6eting 8Rg et chi ng gas. Obj ect of
the invention It is therefore the object of the

present invention to IQ(Ytid?Qh?I%ﬁ[IBﬁ gl ass conpo nent
for use in sem conduc dr manuf acture in an envi ronnent

with an etching a ¢ tion, which conmponent is
It iglttetrefogettshebdjesy obibierprasest ipmr‘nt'tqn t@rmohikjgra qea;ritsgkame €0ompo-
tof dry etching and avoi Lﬁthe sai d drawb fs @h tchi i
neefooaaé?ﬁ@sw NOUGIAT AUANEREHES MVBY 86V 'é?”m?P \VEh gpepiching ac
tIOIQtWﬁi@h c@hﬂdﬁ%npfse&ﬂ“gd@h’&ﬁby QBtH Iﬁ’igﬁgj‘(l*t)ﬂﬁné‘ higH R%ﬁstance to

for produc |n8 such quartz gl ass for the quartz
dr)g%@b@goamb@vm $ thea halg ctlsayvbacks et acoidepirig wﬁhtalwmnum oxide.
above-nmentioned conponent, is achieved according to

Motrggvérmfﬁ: t{eocﬂﬂé& 6f {a P‘%Qferft |r§\ﬁetnt|8m8 trowae '31' %e{h%dgf‘approduc-

and ass nas a an conten

ing‘@lcﬂlﬁathﬂzgwysoxyl groups of less than 30 wtppm It
has been found that the discoloration or particle
formati on observed with t eg%se of al ug}num 0X

Asifarthe g L&rtzogjag%porr@oag@t thys ,}eé;&,csttagwg om the albove rr?entloned
couanHHéht”% éf:’rﬂé\?éd‘h&gfrﬁ@gﬁﬁe%ﬁe bhfin ?aﬁgt@ﬁﬁ@g );:fo:ﬂ)gggls%itro-

action um num (0] es are orrre
gen @ndnmthﬂtdhatquartz ghassphasca phear camenbef metastable hydroxyl

cr II| at i f the quartz glass. On the other

groryé)% %ﬁﬁﬁ ﬁW%% (hereinafter also abbreviated as
Al ) exhibits vis-a-vis the rare-earth netals an

It eetdddh PUATRLATBE tdistoteratifh bl bertRie ﬁﬁh@tlﬁﬁto@sérvé@lwmmthe use

cannot easily be dispensed with. Surprisi nﬂ it has
of glaannymaxide s the fitst dgpant is due to a reaction of fludrine-containing
etching gas with aluminum. In this reaction aluminum fluorides are formed that
may lead to discolorations or precipitations or to a crystallization of the quartz

glass.

On the other hand, aluminum oxide (hereinafter also abbreviated as “Al”) exhibits
vis-a-vis the rare-earth metals an action promoting the solubility of said metals,
which cannot easily be dispensed with. Surprisingly, it has been found that nitro-
gen dissolved or chemically bound in quartz glass shows a similar action promot-
ing the solubility of rare-earth metal as does Al and that, therefore, nitrogen can
replace the aluminum oxide in this respect fully or partly.

Therefore, according to the invention the quartz glass of the component according

to the invention contains, in addition to one or more rare-earth metal oxides as the
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gen di ssolved or chemcally bound in quartz gl ass
shows a simlar action pronoting the solubility of
wo a08/08at h netal as does Al and that, theref oP€/EP2007/059217
ni trogen can replace the alaum numoxide in this
respect fully or partly. Therefore, according to the
invention the quartz glass of the conponent according
secand depamyeitnogen a@dhegiirﬂsjop'amt addint teplaces tbadormnrerypused alu-
[ are- arth oxi s thesecond dopant, nitrogen
m'%%mt'ﬂ |9rsqn8£?2§g¥ta|§§§g%w epl aces the fornerly used a
lu Mmnumin part or preferably altogether. This yields

Thiz Weldset ¢lyidichingsesisiaince obfa simiiany high dedreglwitheuit eiscolora-
wi t hout discolorations or particle formtion being

tiopheepadigle fﬁ”t“ﬁﬁ%?@”’@fobﬂ%v%ﬁﬂthﬁ lgﬂea%fsthe&%étﬁ@wsaﬁompo-
ne F@th?‘ﬁ%dtﬁﬂ ih ﬁﬁ%hﬁérﬁﬁe@é&cﬁ% ih&tiGPRRh HRAbtAE-

w th Tluori neco a| ni ng I'Ng gas e near-surtace
corinenng etghingrgas. y deci sive for the dry etching

resi stance of the quartz gl ass conponent according to

the invention. Theref e ve and the fol |l ow n
The Rkl Ao &ras R TrgY Sleplsive o e aBpschMegesisite o the
quélr‘#ﬁ‘?ta%sgio@riﬁéor{éi’]t ﬁc@@r@i\'r@ifof AESnYEMRIN. ThetdiSres @RS and the

a depth of at least 50 nm said | ayer encom

follpwéng mgplan@tlwﬁopr@mqulyrreﬁergvlﬁ"s@saenb’r@démqua;rtrz glass to a near-

oo PRETRRELY RSB S Q56T 594825, B5S BB el Sncom.

pasylag W@Wh@@qmt@@labg%ﬁntdmenﬁ@f Méqugary\V t hi n the
nmeani ng of this invention the OH group content that

wi || escape after bake-out of a quartz gl ass conponent

Fugihernere: HieRusz 9i66s FECAIAINGIG H@gn&@,ntpcgh@@%a{n@mﬁ?ntent of

g S e B T R B2 witn i mer ¢ gas

purgi ng shall be defined as the content of netastable
Withith reoonesininthef thisnineentiarf thee®dgrabp eoQidng tivaipgll estapmafter

oa B} b'S pltetir Y st e R S M Bfusion tength
Wy B8R e @éké Bat bﬂacebss PR macéaﬁgﬁahpsrét@retm 040°C for a

_mathod of D. et al. Optical Determ na tions of

pe@pdl Ph4ghouts @ﬂtﬂ M@t@ Iner(t gBSgBEYNgEhgl begdelmedmssthenanent of
methstiBiASHb GRS

The content of metastable OH groups follows from the difference of the hydroxyl
group content before and after the above-described bake-out, by measurement of
the IR absorption according to the method of D. M. Dodd et al. “Optical Determina-
tions of OH in Fused Silica”, (1966), page 3911. The content of metastable OH
groups will at any rate be smaller than the indicated upper limit if the total hydroxyl

group content of the quartz glass is below said upper limit.
A low content of metastable hydroxyl groups results in two effects.

e First, it has been found that the etch behavior of quartz glass is determined by
its hydroxyl group content. However, it has also been found that this depend-
ence is not unequivocally correlated with the total hydroxyl group content of the

quartz glass, but that only the chemically not firmly bound metastable hydroxyl
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groups will at any rate be smaller than the indicated
upper Iimt if the total hydroxyl group content of the

WO e@si317¢t ass i s bel ow said upper limt. A | owCDREPBNT/059217
of netastabl e hydroxyl groups results in two effects.
* First, it has been found that the etch behavi or of
gquartz glass is determned by its hydroxyl group
araupsare eidtiaa) & this tespast. diedowee ihe canignt dlametastable hydroxyl

depend, ence i npet. u uj v, L1 V. wi.th the

(B (EGeR B 0 el GE GRLPY T gF el e eton
trb@iﬁst@&ﬂe}’oftth@ qg BRHIfRs ty flekinbidomta ni@n@tﬁuﬂ)smo@%t Fhiseeffect can
hydr oxyl groups are critical in this respect. The | ower

tbeee&mnéﬁtbydherfa@tatgahmeéam@e&lv|gr@um9§n bReveiereasiiyproto-
Z{aﬁcﬁd 'ﬁ%A ﬁ‘% %@tﬁphﬁs ogﬂeg@%ﬂf?%%s% Egﬁv@rﬁt netrhe'qQUatrf} lass

resi stance of e quart

friewworme)Hgrnbmmpmgomlbdibqnheacmdiuta:kerbbeaﬁemaaravh@ groups
ex gl ai ned by the fact that netast roups can

R ECaHRE Ieﬁsﬂbf BilRiduted ttyrﬁaﬁwlﬁep@?c @I@Pk Q?Hl‘?p ider 4‘1’@0” This

HEERS i B8 MRS HRstable AV QR bapT aREDIRERIRY the far
wiasgpstrudtate, ¢lw1fatseereasthde }ZieSOItDIQDBIﬁIOheXﬂ trh}yqaartz glass network
ori de anion,

i reeflon e TkfSieBpin e atclila M3ra5 65 pe Thhedi e soribed

|e{5ﬂbngwgyartz gl ass structure, the faster is the
deconposi tion of the quartz glass network. The

reaction that takes place in the etchi nﬁ process can

be BoGh(netwedqri HEd>aSi-(ld) owd —SiSiEH+ wor kYT HF
(r) Si-(H2)+ + F (r) Si-F+ HO( 1) The effect on

o S P e 1y A i, SRS ool VG Wl ot Slgnin-

"(ﬁnﬂ?ﬂo@bﬁcﬂlo@k!dh iy bags eLa ntstateble Wdrbﬁ?lfgi]rbbﬁl&oafént of less
ppm <« Second, the process for establishing a |ow

dBﬂ'ﬂ@ﬁtWt@Pm‘ret ast abl e hydroxyl groups conprises a
heati ng treatnent of the quartz gl ass. Metastable

o r@’éjcro%)réyénq\egé@§8§se gc\;/ﬁ ens(?gtﬁ%wiﬁ;ga Bte ?Bf n@?ﬁt?ﬂl@ deroxyl

tTeat Sitées of "hon-satura

Yroapoosmptives al Heamnggre’atmeogehth@ccmam glaaatMem%table hydroxyl
nitrogen atoms may combine with such sites resulting
Q{O%ip%ﬁ%%caﬁ'ﬂgxld%ﬂgﬁ”}ﬁj hegfjpg dfegiengand leaving thereby sites of

non-saturated Si-atoms. In following nitrogen doping treatment nitrogen atoms
may combine with such sites resulting in a stable Si-N bonding. Therefore, a
previous homogenous distribution of metastable hydroxyl groups facilitates the
establishment of a homogenous distribution of nitrogen doping, provided that
the metastable hydroxyl groups are removed prior to the nitrogen doping.

It has turned out to be useful when the mean nitrogen content is at least 30
wtppm, preferably at least 100 wippm.

With nitrogen contents of less than 30 wtppm only a small effect is achieved with
respect to an improved solubility of the rare-earth metal oxide, so that an addi-
tional significant amount of aluminum is additionally needed as the first dopant.
Nitrogen contents above 100 wtppm may lead to the formation of bubbles in the

quartz glass during heating.
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previ ous honogenous distribution of netastable

hydr oxyl groups facilitates the establishnment of a
whomsgartaus di stribution of nitrogen doping, pPOVER®A7/059217

that the netastabl e hydroxyd groups are renoved prior

to the nitrogen doping. It has turned out to be useful

when the nean nitrogen content is at |east 30 w ppm
Themifegerbtgntant isengasureg h»otrppams of 2 lgasianabygenmetimanewn as

e f mon LI effect i ah'e .
et et ol AR P o B i Bey B avRyE eiéa uo i
a grapieiteeariiciblared é'veﬂ,xh@ﬁ ,detped NBROGCT Adde rhd)ﬁraind the nltrogen
ni fi cant anmpunt™ of alunm numis additiona needed

ga%tégﬁﬁ%ed i s PIOEERS is sensesgAhMESAE &ﬁmermb@@nq@@lwwms-
ur W g The HEE%CI“% mLmh%f mBYRY Ssoélcﬂ/vtﬂ\ﬁtg%ﬁlff"fc}ﬁutr%gen

ass uring trogen content
by neans of a gas anal ysi s met hod known as "hot
In adirstipzefegasl erbodiaténiof theAcompanehtyoftbe gieiion, tengplaetz glass

no is heated u raphite.crucible to a ver
is 15§ fr@%P@@ralg'ZW% Sﬂa(iqg@fggﬁte”%nd the nitrogen éas

rel eased in this process is sensed by neans of thernal

Thé %@Hﬁtglé(ést NisBB % RBRIAIC6EUTring Paw FRARARS i8Nedd 89(5er%fve
his method is below 1 wppmfor nitrogen. In a first

thqm“r%fnéhetmllwmqe@lrﬂuaﬁz glaes.ddepevrynduBng fusion attention must be

palgNEr el REo TRl 81 inbtiEirks O Ak Bl i as

smiall &% FEsisibl@| drthaciese igngupaeametiebe abmosed @8 feast at a later time.
expenS| ve than synthetically produced quartz gl ass.

wever, during fusion attentjion nmust bhe paid that the
In %’ﬁrﬁﬂﬂ'ﬁ”%‘f/e W&’r%&«&ﬂ”y Prefepsdi amberdmesy of HT%CQFHEOQ%IHrQGEC’rde to
theIBRAT g gORR S BRI o @nthqiRl) PRRRIIANCE, the mean
corteneohaeiastalsladydoual g;OLmsddeang &xbsdahraodi wigopim.of t he
conmponent according to the invention, the quartz gl ass
|sfusdfroms nt h r oduced

Hybadelefée o A Sb i ook ot ol e cTn s eSS high an ex-
trefel RRMEo e A ODRrbX R reYpY ARSdéndraNlRAGwWH OPaBrRHsG ftsted

synthetic quartz glass with an ex trenely | ow content
ox@atlwygnd)cgﬂpogmgup)g SiPe inyahydengep-ie@atmosphere shall here be

i.d e
e ERER TS PRRE! SEAr B R PR SRRGREAL I bl it Pondd 'l are
required for optical waveguide applications can be attained with such methods.
The quartz glass produced in this way is however very expensive and therefore
not suited for mass application in semiconductor fabrication.

As a rule, synthetic quartz glass is produced by way of the so-called flame hy-
drolysis method from silicon-containing start substances by using deposition burn-
ers based on oxyhydrogen gas. Large amounts of hydroxyl groups are here intro-
duced into the quartz glass. These groups can subsequently be removed relatively
easily in a two-stage process with an intermediate product in the form of a porous
SiO. body (soot body), for instance by a dehydration treatment using halogens.

However, it has now been found that the dehydration of porous SiO» bodies in
halogen-containing atmosphere leads either to weak network bonds or to a low
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menti oned by way of exanple. Hydroxyl group contents

in the ppb range as are required for optical wavegui de
wa@ppkioaett ons can be attained with such nmet hodRCT/EP®07/059217

quartz glass produced in this way i s however very

expensi ve and therefore not suited for nass

application in sem conductor fabrication. As a rule,

dessiivt Mdhe@t@utzrglasg;|a@sisihahb<pihcﬁii@@tmam/a®mpﬁnied1©y a low etch

stabfif B snt BTG &IdrE cubst ances by usi ng

deposition burn ers based on oxyhydrogen gas. Large

Anaitegptabl@bidhyrdeiziaticeds v ver actemplished indiyaetbticrduartz glass
the quartz glass. These groups can subsequently be
at ?@ﬁtﬂq@dif thélrﬁ@fflﬂ/épvte@hgf Wtﬁlﬁia@etW%YégéOLﬂ?sdéé% e wtppm

an@grg%/ %g,ggpfagg g)dgbeg%tth ﬁ,poggﬁ formof a porous SiQ2

or iIns ce by a dehydration
treat ment using hal ogens. However, it has now been
Thé cordbpimgof nhr@geetwm#ralreeartbfm@m acusorSi r(gZoUbdiire\gaﬁtinn has

wrigR BB 16 BE RGBT aeieng: | e Rang mp LT asgior Nol
and that both effects are acconpani ed by a | ow etch

Do@t%@ﬂ theYquaktzidigsd ®RHIM 6MRd %@fﬁ@ar@lymanées aRcant eébhigg re-
resi stance i s however acconplisShed in synthetic

sistangette fglosse- C@N%ﬂNﬁQr@@@”Ganﬁﬁé sderihe gp-agping with nitro-
{?ﬁtga(ﬁ@o%r%tlg Qro%% ti g'lsatlbflﬁ a?é’ @bé@&@dﬂﬁ%&@ﬂ}%e&namg use

ass rogen.

of thle qudrtzoglass aompbaeatearth met aI according to the
i nvention has turned out to be particularly
advant ageouys i.f the rare-e netal is Y an r. Nd. ,
ThGHr i 08 RGP IS i qapant GUTRGUE) e fliiigf least in
n |
Pl OaDAES PTG Iihdeh SrEeRRafph® Asyrpqriny action by
additiodalpiondoping witti $maﬂ;amqumt$jofsaluhomwmlm«m orightdre helptul as
| for tiolnstareose g t orres ondi\aﬂ use of i -
O“Qr%snaﬁﬁ?f’&a NS RSB A 'Oﬁ? c'&%%‘%“ﬁar Pt occurto a sig
nifidhht SULBbjeeRbRARE debfed MGRbval, Wiletd havifdeturl! hiyh @umina
at least in part. Bubbles may format high nitrogen

cortentisrmitest acenpanied ppdigh Rydreayi gmun;ﬁoatmtthe@ﬂmse the Al-
dofg0 RRNF et rBHfele RERUH usthe RutiEh Bheheds g #hharogen
comtafmimg banerdanioio HatdceparationsoA hgrchydrofylegrdup@ontent has a
disadvantageous effect on the resistance to etching, which shall be explained in
more detail further below.

Advantageously, the alumina doping action is therefore kept as small as possible,
and an embodiment of the component of the invention is preferred in which the
quartz glass contains aluminum oxide in an amount of less than 1% by wt., pref-

erably less than 0.5% by wt., particularly preferably less than 0.1% by wt.

Furthermore, it has turned out to be advantageous when the quartz glass has a
fictive temperature below 1250°C, its viscosity being at least 10" dPa-s at a tem-
perature of 1200°C.
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ni ficant and objectionabl e degree. Mreover, due to
manuf acture, high alum na content is often acconpani ed
whookiogtt4hydr oxyl group content because the Al POpEHR2007/059217
quartz glass is normally fused by flanme fusion nethods
usi ng a hydrogencontai ning burner flanme to avoid
separations. A high hydroxyl-group content has a
It fmsmfnuag doaidhefetelt bebaviohef quarizglans és essantialy dgtermined

oy {3 ksl it r%yA@ﬁé%'}ﬁ SilafiB £ Bhl e atib Ve i ATk

bok@@hn@fﬁ)oﬁ | arffleP aFshdiGed antheaquadgdsspatwek. One parame-
nmponent of the invention is preferred in which the

terdglam&ragnealgmgctbﬁt%eﬁélcal@ﬁﬁ sttiatosg igdhe nficiyedapweratgre”. The

stalrt)(gfjf P%%?%f Ja kf?’oz‘r%r abglra%% %%\B{;ék |E%%§(I~ﬁl5}§cg§/h% v\?b/?bA/ hher fictive

arly pre ess T han

terhpgraheeradtiee quarthgtadgsus medo mptante@i thea aﬂNa'rEta@e@fuadmhehthe
the quartz %I ass has a fi ct %enperatur bel o
g'af§§§“€tur?ta§ A 9%‘?&‘%“6@!% r%'?” ne£Heraes wm% agiyagtageous

arrbRRPERAUH B aft rg?@sgoné;/ ind ah@ﬁv@?@rﬂp r‘%‘ﬂl%dét%% 14t 8Ltk en-

ehavi or of’ qua glass”I's essent et erm ned by
ergeatically asse slisagvanrageoss siajh oétthmmaesmstmamre |$:eJ|eady|In;at|ceabIe

d if strained bonds and bondi ng angles are
in %@JPH@@?@%'W@ %fﬁérr?rf gl ass network. One parane ter
for characterizing the specific glass structure is the

A Sthh@drd\ReasurRRicH Widthod Thiedcteahipiref therftgive Qémbbﬁature by way of
"frozen-in" glass network is described thereby

a rnewerrﬁntpf Ramgesrsatiesngintergitygaiza vw_avg|w6rs)f about 606

L gg@g@%&d’ r@@ha F&fééiif%rg?é%le ﬂ{eoﬁr\/f-jlrﬂglﬁ?%%gq@ n% gBéorptlon band

ur e and a evi’‘at'i

in f@eed géicaamtH yifferstt thckvedl thiste gusndstorsrgenetry; JdurngusfrNian-
| ags  hayi nig a fictive tenperature above 1300°C, the e

CrYﬁte$@|éq5i t2¥ (199%%r RP-di Axddant ageous state of the glass
structure is cI early noticeable in the formof a

Md?é@\?@r |t¢1*a%*bere?1tf8ynd\tl$étffﬁg%'i&1 rEefstin f‘ltherE}‘de]’&dgléQé signifi-

etermnlng I ct |veterrperatur
camiadepentsnen B$ viseesiBarfahighodsaosity nrgacmrepamlegl beyta high etch

er. of bout 606 cm 1

roQhHRr G ol oI A8 CURKE GRES PeR B0 206 ientiBp i disg, istin-
guﬂ%ﬁ@g by ﬁl@ﬁ%cﬁsﬁty%lc\m FshatqéééteircﬁﬁbPb@eét"ﬁﬂierﬁbéhﬁlré of

and stoi chionetry; Jour nal
1200°C. As is generally known, mtrogen doplng of the quartz glass effects an in-
crease in viscosity and thus also an increased etch resistance. Attention must here
be paid that the temperature resistance of the quartz glass in the present invention
does not play a significant role, for the quartz glass component is not exposed to
any high temperatures when used in conformity with its intended purpose. The

standard temperature loads are between room temperature and about 300°C.

It has turned out to be particularly advantageous when the quartz glass has a con-

tent of fluorine of less than 50 wtppm and of chlorine of less than 60 wtppm.

Fluorine and chlorine doping operations reduce the density of quartz glass,
thereby impairing etch resistance. Moreover, fluorine or chlorine can be easily pro-
tonated or substituted in the compounds of silicon, thereby accelerating the de-
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Cryst. Solids 159 ( 1 993), pp. 143-145". Moreover, it

has been found that the etch resistance of the quartz
w@b@s®3wiyni fi cantly depends on its viscosityPCHBERIgN059217

viscosity is acconpani ed by a high etch resistance.

Therefore, the quartz glass according to the invention

is also distin guished by a high viscosity which is at
compasition ®f $heipatwark struaturentpehatcase obhallzebquatiz giess sfluorine

or BFREREL dneT AR RS TRRNEBELD TS v TSl GuAS Tep-aes

(inbneveasrplet plasheshtdhad (soticAl)teniskion dpestrobessy) e ICRLAAS
that the tenperature resistance of the quartz ‘glass in

(ingyeliviereosind plasea atemiel dudicabrabsosstion snegHiosEery): the detection
e S

res en use

reail nbaneiﬁcbtwmspﬁsaa:d §lhwstan@emjmrrthtm@rmaaat @tetssl ma;dshcamever be
t ween room t enperatur.e nd out 3 C. It ha

d'SI'U?t}Ve'ae'BWtS%'% dg C&SPt“uﬁatﬂ ?p?n Hgé’rrﬂtt 6&59%6%%{1’[@@3 raw
f f
ma@%ﬁélt I%p%ngﬁ% d(??acr% @%E%,éﬁ?#aﬁ 5pfech Ol% \Alislggiﬁr Guantita-

tlvdfaualryslse)feihmdrinbIomrchlmineoﬁhag:oonﬁfrtabf sans! ubdtaneestage to be
t I by i tch
quialec] 18 PPHERESe By Tésns. ot Haman SRCHPEAPE an be

easily protonated or substituted in the conpounds of

Sosddlleaqiatwbesaieriaes Sueh s Akall asdressn s heavbrRistrubRire of
network structure. In the case of natural quartz

quattaglassralieady mé adpwaasinsentiation toa censigesanie extany @ng reduce

the é]t%hyréglgtap% Elﬂg#e\é?"ﬁné@ noEQ d %ggﬂpgé touggclw S%g%%vanta geous when

Ve oupled plas

thesmttémo(sfdrb@ﬁhd« in 168-oABiz(glaskizt notenceubiaa G ool eipp..
atom c (optical) absorption spectroscopy), the

Asoth;ira %%8%%%%@8%\@2&{%%'@2&9 Eg q:%gﬁrﬁgg?n the fbove indicated

mect'i%k? %6@&%&50&%@%@%9 tRe! }F}ﬁ)fe"f‘lgltﬁﬁin EH;ﬂt g@vé gglélgz g%sttﬂank is pro-

| ass may, wever be distin etection
V|dleer|thsa fmﬁ;mkap@nhg] tdm_form ob nétageat imdhat $ifterihg aramelting is carried

etic quartz gl ass, man :
oulBet hBoenitpriahhdcy ofo B iiiest BY .l gappressyre sin-
terfnlguorl ne or chlorine. The contents of said substances
are to be quantified in the ppb range by neans of
Raman spectroscop So-cal l ed network converters, such
Thagnethrégccpisting ta %‘@sléﬁeﬁ*tr@ srIvaB e Banuiaqivie offa quartz glass

component of the invention with the above-explained properties and effects using
naturally occurring or synthetically produced SiO, raw material in particulate form,
SiO; being doped either with the second dopant or with particulate powder of the
dopant. The doped SiO» blank is sintered or fused to obtain a quartz glass blank,

as is otherwise also known from the prior art.

The development of the prior art according to the invention is based on the meas-
ure that the SiO, raw material pre-doped with the second dopant or the sintered or
fused quartz glass blank is additionally provided with a first dopant in the form of
nitrogen during sintering or melting in a nitrogen-containing overpressure atmos-

phere by way of gas pressure sintering.
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quartz glass already at a | ow concentration to a
consi derabl e extent and reduce the etch resistance
wo bh@sosaf742 Therefore, it has turned out to be PCT/EP2007/059217
advant ageous when the contamt of Na and K in the
quartz glass is not nore than 500 wt ppb. As for the
nmet hod, the above-nentioned object starting fromthe
Thab‘dimemiéirme éntrodkidedceiiner aiehihevass plaserandigr inaheterm of ni-

robf¥Eotatinh Rb el fetiEs it ARtadihRBS s I hOpifkf e ol

terSbMigtere@ and rebbed dutifig Gating @f e nitdgan.
nltrogen cont ai ni ng over pressure atnosphere by way of

ﬁéessure s in tering. The nethod according to the
DUierWé PYArPEas3Es qulﬁ'églﬁﬁ&rﬁéwfﬁes'@ﬁr'ﬁg @@aﬁff'fi'egi Rifrggen doping

is Wﬁ%d Watt dgb%ftrigtg)é?@% aR n‘MrEQ ?9(%’ @C%[)r?ﬁéﬁ'témﬁeratures of

ties an S usi ng Rar ura
applicativatancetol gn ipcoxhiseelcbt&h @sistancest ‘ehe qxhantznglass as has been

deinsetaadisn anomarSby, PR LIRS IaNsE ALY of fhg sbcond dopant,
naffeRAG rard RartHIREE) Skidé ?é'éﬁ&'énﬁgisﬁémr?wgm Srte£ §ﬁ%‘§§- E&becially,

obt'ain a quartz gl ass bl ank I's ot
thekgaswprefssora sinteringi ecamprises aJheadeeaimgnisiap that isheuiabieto re-
art _acc enti.on is based on the neas

moffeimEPAd Beicly! ST 1 ol SRR Ap HRP [ E & Bbiish a low

costehPimeanRatle Hydtdg/| g RioR 30 WiRin irafdrable! tﬁaﬁ@N 5 wtppm
blank is additionall'y provided with a first dopant in

ang igspeeiatly prefaired dgkw duvippg kefare pitiggesdaping uhger mreasure

o ORGSR AR By g

dopunglwexplanédj@bgae. phase and/or in the formof n |
trogen-contai ni ng chem cal conpounds that are adm xed

to the powder to be nmo | .ten gr sintered and rel eased
Th @lgupﬁté q:q{apgrpeqt@é:cmcp%é% e iyentien 15|~Fg?’ ained by way of a
SuIR! RBESRI NN AT BABEEINE (0TI ce toatmen
compnsess Hat mstarcean mecharaca, nhlermalscmh&ryucat afitérgfeatment of the
ation.and t sed e ch

f. [
g ETHEIdiNG BrRinG Gidhds SRS ddishing, B EEE sifao
Mo@@@%ﬁ; t@@r%?b%s@@@tmﬁwrﬂud@ an I31'n9€§|"ngS§t|e?ebtUr|plélé/[ICQ‘E)rmlng

the second dopant, nanely of rare-earth nmetal oxid
steips. acconpl i shed in the quartz glass. Especially,

Advantageous developments of the method according to the invention become
apparent from the dependent claims. Insofar as developments of the method indi-
cated in the dependent claims copy the features mentioned in dependent claims
with respect to the quartz glass component according to the invention, reference is
made to the above comments regarding the corresponding component claims for
supplementary explanation. The developments of the method according to the in-
vention as outlined in the remaining dependent claims shall be explained in more

detail in the following.

Preferably, gas pressure sintering comprises the following method steps:
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the gas pressure sintering conprises a heat treatnent
step that is suitable to renove netastabl e hydroxyl
w@e@a317iz om t he quartz glass, in order to estBUGI/EBINOA059217
| ow content of netastable hydroxyl groups bel ow 30
wt ppm preferable below 5 wtppm and especially
preferred bel ow 1 wtppm before nitrogen dopi ng under
(a)pr ebeating therpie-qirgwovatariabpavided with the seemid dopanitto @ftem-

expP A4 4Ra 0 BesirBeh PO AN LR R fuBba anchgaintain-
t o inea heySmid presksrepbt ai ned by way of a surface

treatnment fromthe blank produced in this way. The
surface treatnment conprises, for instance,

(bmecheldingahe Siverauimaieriahahthedemperalbig w2 ﬁgmge@fatm%phere
B PUASA rp 19 Bhe BERA0, /0 WEBCAS plg e

pol 1 shi ng, ['are urt
pr oded of agleamiy30 nihude an anneal ing step or plastic

form ng steps. Advant ageous devel opnents of the nethod

i tq..t.he i . b t f t.h
(©)dep BRioRng SiPagaw TR af A2 KRR BRRIR AL pridheticen
et hggh dndnd 188bed at B ARtide presient afbidbng nfdlig bBEod of at

features nmentioned in dependent clains with respect to
t helegatB® migivehiile fooningnbatquacieaasmiglant, ame i nventi on,

reference is nade to the above comments regarding the

(d)Cor%c?oﬁﬂ?ﬂﬂie%.?ﬁtg'@&&etpﬂanﬁl aims for supplenentary

explanat’i on. evel opnents of the nmethod according
to the in vention as outlined in the remaining
In thepemtbedimentaofibe siethbd hecexingiontde inventimnea ded-atdge tempera-

the follow.ng. Preferably, gas pressure sinterjn
wre iRk eRY SIRETPBH buaRg et ias Beaoscay Thalstih fiapd from
" : a
R e R el a o e Sag e e o
whapahyydenseasidtemagrizesng heregavoidedat ierefqre ethéautesmpdrblure treat-

e a8 S e T B 2B R AU S proc
es%’%ta%\e?@%%%@lﬁj’”y diffdsidA Patedses tRat et ndient bA ot tide and
temperature, it is understandable that heating up for a short period of time does
not lead to dense sintering although the temperature is above 1500°C. This kind of
treatment — at relatively high temperature and low pressure (vacuum) — is espe-
cially suitable for removing metastable hydroxyl groups, thereby leaving non-
saturated bonds which can be saturated easily by nitrogen atoms in the subse-

quent nitrogen doping treatment.

The incorporation of nitrogen into quartz glass may easily lead to the formation of
bubbles. It has been found that a substantial nitrogen doping action can be ac-
complished without bubble formation by means of the above-mentioned proce-
dure. Co-doping with nitrogen replaces the dopant aluminum oxide fully or at least
in part, as has been explained further above.
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(c) melting the SIQ2 raw material at a tenperature in
t he range between 1550°C and 1800°C at a negative
w@e@smsn7é2 and for a nelting period of at | eastPGDERIN7/059217
while form ng the quartz ghass bl ank, and (d) cooling
the quartz glass blank. In this enbodi nent of the
nmet hod according to the invention a two-stage tenpera
A meae nitragermeaittentsofiaideas S§. wippm, hpetaralkly asleass 100vdppm, is

eyt ob LT Blesele el RMABERRe Bl )b quprez oiass

blagkoups), whereby dense sintering being here avoi ded.
Therefore, this tenperature treatnment is restricted to
a maxi mum tenperature of 1500°C. Since the sinterin

In @ pgeicedayly Rrefrifeq H@rﬁ@ﬁ yhey merth@%dhe&l@été&@%s blagk isgprgated
o SERERECERRIRG) e B3, RITPRIRII chialing sypogonere
and iatre. tdoperatate inethe range &ebecen N580 {Cgndl1BHO6Q Mt Bheoverpres-

ool OGS e a2 el bl ol CGRL 38
(vacuum) - is espedaily suitable for renoving

ThERvaRirabs@rethctimment afh MiPientREaRNY oRR¥pAAdS to a hot pressing
nonsat ur at ed bonds which can be saturated easily by

of Hietsinigeed guane glasst Gasqubbleserirappad indhe uadpighass after melt-

g A S e AL R IR S8 DR b Bl BBl g bbfraries
outidasarbgemo dphens otHeatthan au’@ﬁé@éﬁ-baﬁtaniih%egﬁosménghou h this is
action can be acconplished w thout bubble formation by

lesggualeried. t he above- nenti oned proce dure. Co-doping
with nitrogen replaces the dopant al umi num oxide fully

ty i ; [ I :
S ORI 40 ok A eta o et O B8 PRy e the
quarzefEsaldf yhegubaagtassdank [spsat 1o & ftdiee ébypsetuuofi TRH0°C or
as pressure sintering in the quartz glass of the
! guartz glass blank. In a particularly preferred
variant of the nethod, the quartz glass blank is

ThéRREAgR\ dfehe BBt aﬁﬁ&%ﬁd&tzt QasidingerataB tha)isids low as
anitr ogen- cont al nin at nospnere and at a t enper ature

possibletas alrrpsydeaancexplainsd fathgirbaeonith sespaet i theplgsetching
resistance of the quartz glass. A temperature treatment is here needed for which a
slow cooling of the quartz glass is typical in the temperature range between
1450°C and 1100°C, so that structural rearrangements of the glass structure are
made possible. For reasons of high productivity and energy saving measures this
cooling for setting the fictive temperature is performed during cooling in the gas

pressure sintering process.

It has turned out to be advantageous when the dehydration measure includes a
melting or sintering of the SiO, raw material in a graphite-containing mold.

The carbon of the graphite-containing mold has a dehydrating impact on quartz
glass and therefore removes hydroxyl groups very efficiently. A dehydration
measure comprising a melting or sintering of the SiO, raw material in a water-free

atmosphere or in vacuum has an equal impact.
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sure in the range between 2 bar and 20 bar for
duration of at least 30 mn. The overpressure

woe@ansent at a high tenperature corresponds tPCHEPINT059217
pressing of the sintered quartz glass. Gas bubbl es
entrapped in the quartz glass after nelting are
di ssol ved or reduced in size by this treatnent, which

In acditian toalriding ¢ofetie &WO: iraw anatatigbephequasizigiass blankauring

ni_trogen-cont ai nin f s re - thouah this, is |
0o PGPS 5 Y, AR IRS Bt bt B Bisoden B urned
ouﬂl‘d)fkb@gsﬁaﬁnFIhQSﬁMIdSret.oSrhélltiﬂgidﬁ@iﬁtb@ngl_uﬂi Ay eHarsi5al 06 hedRd in an
quartz glass blank is set to a fictive tenperature of

ammayacoptainiagAtmpephe@vant age of the setting of a
fictive quartz glass tenperature that is as |low as

It i~lfo1%~°‘o?éeth| i%uH&?hé\Jtgr%aﬁré{wﬁﬁcﬁﬂa‘?ﬁgbﬁh?gﬂasfs%ftr{é? rra?Pé?/quéét’éFiQs

espect to the chin sIstance of € gua
wogtsagstimallyt ang eitading dée mpeedtoenin the raege beesad1080°C and

1130 Rod i sHHlIRES piaAge st ibon Eraperaliinghes range be-

twédit 150 1'shynalosear rangement s of the glass structure
are made possi ble. For reasons of high productivity

and energy saving nmeasures this cooling for setting
Astenrll¢,itbe itreatmenpelrthelnank nte s fisaldimensidnsgakes plagg thipugh

e AE s Lk SN g ReBlRTH e ncthRul sl Hechtt surtace
cam beldadiesd sutey themical esdhivigor bgwely dfkefirgi gdishaw

material in a graphite-containing nold. The carbon of

the gr afphi te-containing nold has a dehydrating inpact
It has keaeay pgn_aw&é/@n%ﬂg@ovﬁg@ éPb‘#‘_é”’?%PrW%S BiRR @N'De g}%np@ontent
I I I -
of Wb HORD Broubs G HE R AL, SPHBIOrS, figiétably be
lowatveppir &ed atasb pierred deldow 1wetppom has an equal
inmpact.In addition to a nitriding of the SiQ2 raw

A Gl BB BBt Py T8y BRSO et
(adtobding 89 phetest Wiée k) FHtilitafedEn B R{ddenkBut Ratodehl dipih@
melting or sintering the raw material is heated in an

ammoni a- cont ai ni ng at nosphere.
Specific embodiment

The invention shall now be described in more detail with reference to an embodi-

ment and a drawing, in which as the sole figure

Fig. 1 shows a temperature and pressure profile during gas pressure sintering for

producing a component according to the invention.

Example 1

Naturally occurring particulate quartz crystal is used as the starting material and
purified by hot chlorination at a high temperature (about 1050°C). The purified
natural SiO; granules have an Al,O3; content of about 15 wtppm.
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It has been found that this prenithding in quartz
gl ass of natural raw materials works optimally at a
woRaosiogi7ny t enperature in the range between 10BOf/EPzNT059217
1120°C and in synthetic qua#tz glass at a nitriding
tenperature in the range be tween 1130°C and 1170 C.
As a rule, the treatnent of the blank into its final
A s b9 hg of skiskSit)cgantlesis ghmegenaausisimixedwitil 1 kFhHeOs

(R R thaf) bl B SERIRLite WL gringng boot

iesvefuairtzaglasdg.e polish. It has been found advant ageous

to set during process step (a) the nean content of

nmet ast abl e hydroxyl groups of the quartz gl ass bel ow
Th@@owd&pﬁm'xb#r%fseiﬁl&bﬂ%ﬂuﬁéﬂy out @twﬁwﬂpwwhﬁ%@@ahﬂr@m@m g@ld and
AN S HAR A 0% Bsflo SHATIRTHS (OffeRallo anc
presaaoopaififggdtiing gas psssstre pinfenng BcsHowtraingSigah. The treatment

honoggneous nitrogen doping. .Specjfic enbodient The .
dufOBaE s RICkied in G 68 The SENSERd the desebmact Wrmpeiatite in °C
on'tigd §IHfce to an enbodi nent and a drawi ng, in which as

the’sole figure Fig. 1 shows a tenperature and

pressure profile during gas pressure sintering for .
The newgsir myxiaire inieh slewla beatedl tad 1108 °ChBuring erfirsbiphase A lasting

for S Bafrs: WMeLEAb o RERERd P BRGSO M SifigBiRbl of therorcing
petiyd Apthis dapevaturenaahcauini (6 hyappisahdineaited aiithe sintering fur-
1050°C). The purified natural Si Q2 granul es have an

na@@,_z'ai?rwt%hy ingrt Q%Qtlrgi%g APPIAOAS Ei_Ein@)ﬁhaJ_@h@@ed'ﬂe mean
co B MR By PR Ol T AR a5 et B Batpom.
Duningla suliseqaenasécamacblgagentiangjtrogen besrppéssyrarcf 2 2diaass pro-

Th wder m xture i s suhsequent put into a hollow,
cugs ehds METURP B A S B A QY f§ieae AlmaSeRdiee Megained
forle b 1*2yhdl$§ b%ché-"rHé Gurhbé %ér‘ngeratJ fe6is riRBE N AdEF Fadilth to

pressure profile during gas pressure sintering I's
1550wt thisRempetatuTd tha pewdermixture is sintered for a duration of 2.5h
and in vacuum (phase C) and then heated up to a temperature of 1700°C and vitri-
fied in this process to obtain a block of transparent quartz glass. Vitrification is first
carried out in vacuum (1h, phase D) and then in a nitrogen atmosphere at a pres-

sure of 12 bar (2.5h, phase E).

Subsequent cooling of the quartz glass block to a temperature of 400°C is carried
out at a cooling rate of 2°C/min, wherein the overpressure is further maintained.

Free cooling to room temperature is then carried out.

It is in this way that a mean nitrogen concentration of about 100 wtppm is set in
the quartz glass block, as well as a fictive temperature of 1190°C. The quartz
glass is without any metastable hydroxyl groups. Further properties become ap-

parent from column 2 of Table 1.
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duration "t"

is plotted in hours on the x-axis,
the treatnent tenperature in °C on the y-axis.
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therefr

ground and then etched in HF sol ution.

The resulting quartz glass is colorless and without bubbles, and it is characterized

by a comparatively high dry etching resistance. For producing a single wafer jig for
the processing of semiconductor wafers, a ring is separated therefrom, ground and

then etched in HF solution.

The dry etching behavior was determined for all quartz glass qualities listed in Ta-

ble 1 as follows:

Corresponding samples were subjected to a standard etch process in a plasma

etch chamber together with a reference sample. The reference sample is a ther-

mally grown SiO, which forms in dry etching processes by deposition of silicon and

subsequent oxidation into silica. To determine an etch depth, a respective portion

of the sample was covered with an etch-resistant film. The dry etching behavior is

here defined as the ratio of the depths of the etch steps obtained after the etch
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The dry etching behavior was determ ned for all quartz
glass qualities listed in Ta ble 1 as foll ows:
w@orsespaendi ng sanpl es were subjected to a st aPdEEPR2007/059217
etch process in a plasma etteh chanber together with a
reference sanple. The reference sanple is a ther mally
grown Si Q2 which forns in dry etching processes by
prapese ¢ theosarplesand ndheaaterents sgmpte. e dianeinsionigasgneasured

valagrqq?%‘rﬁm-r%d &16{5 g}ﬁge %/\85& ﬁ ﬁg?cgciquljh%hmgagu r%Ej vafue indicating

theecﬂr?fétéléhﬁgsie&h@tnofr iof e TOne e kiarriaed inftie RN TisCstahGardahsterial
ined as the ratio of the depths of the etch steps

corgisigi H edauatzglasnef aakprievedatarial tha is arasiusedrid aj rultistage

pr&é&?s tﬁétecfo%r%e%adm%gpg qHLAE AR t%’ﬁ% dﬁ]@ﬂstﬂ% SelY Bhd €everal

mned'inth was ‘again re

forrrm@ prozgsgas.Uditrogdn dtathongddduetodtihg criaetzi g1gs¢>aha\dapran®fand it is
e forner material. This standard nat

the(g%f,%@ §y§st§pt@?y fd%‘? r?”bp'zﬁ@geﬂf Inhegbave, kap! ‘ﬁ'ﬁtsé’tcﬁaﬁ quartz glass
is IIdt&d ak $o F%‘F'é‘t?\fédsérﬂ R @@l tistage process that

conprises draw ng o a quartz glass strand fromthe
melt and several form ng processes. N trogen is not
Thadueasured vakieqiatetmingdas shiasvay faopendry etablingtbehavior of the re-
eref or ubstant aII free fr i troge
sped B, A5 LARNE 5165800 I st ifEBLTbE 1. Fhe smalier
theCRBBAN R VRS, &ﬁ@'b%ttersls th@f‘tﬁx@{i@lﬁh@ edhadbef tﬂw@tr‘ééﬁbét% quartz
in this way for the dry etc i ng behavior of the

9|a|5§s'5@lélﬁl1v6|3q FAPWS tgea@,%p%&wpm@@m@ahqwmtm ofrthetswiartz

032 65 TR Sy e 1 BRARUAEI B

valuespectlve quartz gl ass. Tabl e 1 also shows the
respective chem cal conposition of the quartz gl asses

and their specific treatnments and the resulting
—@WQL%EEX s in the nmeasured value. Exanple 2 Naturally
occurring particulate quartz crystal is used as the
Naﬁirﬁﬂ& bB&L rﬁﬁb ?Ta'rt’r’éuIét@qibo@rtgxacg?%ag%?éé%ﬁaé%%”stgﬁﬁlgfi@fégifal and

above wth Teference . A mass of 9
cleahedcashap bgeanigsetbed abovyiheaeleseycarioxkeamplent.1 kg
Nd2G3 by nmeans of a ball mll having a wall and

A rﬂééé‘S% 89 kg%qitﬁéseoéi@u&ra%leglig?ﬁ)mogeneously mixed with 1 kg Nd>O3

by means of a ball mill having a wall and grinding bodies of quartz glass.

The powder mixture is put into a hollow cylindrical graphite mold and vitrified in a
sintering furnace by gas pressure sintering, the temperature and pressure profile
of which is shown in Fig. 1 and explained in more detail above with reference to
Example 1. The properties of the resulting quartz glass follow from column 3 of
Table 1.

Example 3

Example 3 corresponds to the above Example 1, except for the measure that the
sintered powder mixture was vitrified at a temperature of 1700°C first of all in vac-
uum (one hour) and thereafter for only one hour in a nitrogen atmosphere at a
pressure of 12 bar (shortened phase E in comparison with Examples 1 and 2).
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The powder m xture is put into a hollow cylindrical

graphite nold and vitrified in a sintering furnace by
w@awspsggsure sintering, the tenperature and pPEFEP2087/059217

profile of which is shown itm Fig. 1 and explained in

nore detail above with reference to Exanple 1. The

properties of the resulting quartz glass follow from
Thisotieltad 3 eduTad ikean nigegapiconBE o 80 IvepRM: dieegipendwperties

of PR TR o e T W 0 epBFBRRRHN fre 8 coturnn o

Tabrmperature of 1700°C first of all in vac uum (one
hour) and thereafter for only one hour in a nitrogen
at nosphere at a pressure of 12 bar (shortened phase E

Exampletpari son with Exanples 1 and 2).This yielded a

reduced nmean nitrogen content of 80 wtppm The ot her

: } ; . .
BRI CEESEEnD MU A U B ko e o
ter&s popider Mmidvserd dirdiedat rretepyraiature of hé0aNo st Ex saplem Zone

with the exception that the s in_tered wder m xture.
noiy ‘et et Bhoror BBl fpiassrE hpeedd i Somparsch With Ex
anﬁé‘éw Bn03)8n BAYrdgSMEirhHIHRAE e (HBEYUrEQT 12N9ar THIs yielded a
phase E shortened in conparison with Ex anples 1 and
redRicedrimaam nitraggarc ot sy e wippm.al e ethen peopsrtia® obtpe, quartz

[ i el g e itr co t 0
ol il B o AR Ao R a0 B R TR RGlor Jenf
produced in this way are apparent fromthe |ast colum
of Table 1.Patent Clains 1. A conponent of quartz
gl ass for use in sem conductor manufacture, which at
| east in a near-surface region shows a co-doping of a
first dopant and of a second oxidi c dopant, said
second dopant containing one or nore rare-earth net
als in a concentration of 0.1 -3% by w. each (based
on the total mass of Si 2 and dopant), characterized
in that the first dopant is nitrogen and in that the
gquartz glass has a nean content of netastable hydroxyl
groups of |less than 30 wt ppm
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2. The conponent according to claim1, characterized
in that the nean nitrogen content is at |east 30

worpos17pr ef erably at | east 100 wt ppm 3. The PONPPET059217

N

w

I

according to claim1 or 2, 18haracterized in that the
quartz glass has a nmean content of netastable hydroxyl
groups of less than 5 wppm 4. The conponent
according to claim 3, characterized in that the quartz
glass is fused fromnaturally occurring Si Q2 raw
material. 5. The conpon ing to any one of
clains 1 or 2, charact eP?&ee'ﬁc@%h%ﬁat the quartz gl ass
is fused fromsynthetically produced SiQ2 and the mean

: otbnbmpbneﬁt ofed s tzagibes Fordrsexiyilseatioomsudter dneaafatctwre Whlch at

pm 6. The conponent according to any one of

d%%téauan@eaf r%ﬁri?@e regignaznoNys 2 ea-dopinchak a f IFd qoga@t @'&Q‘ pha sec-
/ t

TG PR 2o et o RIS ARy b et

tahse iga aohzelgramm afdht eﬁ%i)ya/l/m gaok r(rba)sedalen ihre talanmassof SiO;

] S5 8 A 8 o o
W%rfz%ﬂﬁ@é‘ RBS aaREAH dbA@nt Bf ﬁ\‘é‘fasQQSIleg/o‘r&?yl @’?&ﬁ%dd)ﬂ'@ss than 30

alnms, characterized I n that rtz ‘glrass
fwippimue t enperature bel ow 1250°C, and that its v |s
cosity is at least 1013 dPa-s at a tenperature of

el e R bt st BN HRF R apbaR nitrogen
donsenthaat RacdB0 enppef pféfordbingt lebst €86 wihgn. 50 wt ppm
10. The conponent according to any one of the preceding

clains, characterized in_that the uartzﬂgl ass has a

. cldi evtPeReRtAcsPIdiad & ciaéas1 Pharrignaciefped inthatfe quartz glass
filtn, QSRORCUITeleRiabY hofRX0f olols RE R&RThAA 5 wippm.

clainms, characterize e"respective conte
of Na and Kin the quartz glass is I ess than 500
v?ﬂmo@omman@ntrmcbaﬁng to clairodychapcierizathioribat thefquputerglass is
Ias far I n _semco ctor ufacture accordi ng
TS o8Bl e PR e onpr 1 51 ng
prOV|d|ng
The component according to any one of claims 1 or 2, characterized in that the

quartz glass is fused from synthetically produced SiO. and the mean content of
metastable hydroxyl groups is less than 1 wtppm.

The component according to any one of the preceding claims, characterized in
that the rare-earth metal is Y and/or Nd.

The component according to any one of the preceding claims, characterized in
that the quartz glass contains aluminum oxide in an amount of less than 1% by
wt., preferably less than 0.5% by wt., particularly preferably less than 0.1% by

wit.

The component according to any one of the preceding claims, characterized in
that the quartz glass has a fictive temperature below 1250°C, and that its vis-
cosity is at least 10'® dPa's at a temperature of 1200°C.
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SiO2 raw material in particulate form providing the
Si2 raw material wth a second dopant conprising one
WwW@r00s0OBE42 are-earth nmetal oxides in a concent rBCT/EPW0DH59217
0.1 -3%by wt. each (basedien the total mass of Si Q2
and dopant), and sintering or nelting the SiQ2 raw
material provided with the second dopant to obtain a
9. g cempopBent ascarding thanuonerdf kel preceding clahmas,quaracterized in

e e aganhA et Dot B IeRafEh o Wb,

carried out in a nitrogen-containing atnmosphere by way

100fhegesmporssitaceording & ahponeldd: tﬁ@ﬁrewdmgiclam@ rehiangctenzed in
claim 12, characterized in that t

essure s in
ttaal thg qumsizudlass bas afCONIVi A Fhipsing R @&%E@ n gGytppm.

heating the SiQ2 raw nmaterial provided with the second

11 $8RAKmbAndn' ERSRATS By ARG e PRIRAT JARNS rRRdoterized in

e app g an mai nt al negative
nhaism&rrespéd:tyvemﬂrrﬂemtg)ftl\ﬂmaﬂm ®inrthey quatterglads iatleshihan 500
enB rature in a nitrogen atnosphere at an
gressure in the range between 2 bar and 20 bar for
a hol di ng pehod of at least 30 min, (c) nelting the

12 34 PReth@av r@ﬁu@h%@tccﬁnb@rﬁ@ﬂbﬂ%@éﬂz'gﬂ‘aémr L88@esemiconductor
bet ween 1550°C and 1800°C at a negat]ve pressure and

freanufapiire i@agositg haamf oae of Bxespregedingrclais, eompriginggprovid-
tgﬁgs‘?(lja év% lg%ﬁﬁ&ﬂ é)%%%ﬁgqglérg) '@.‘)’%’1@9‘% $§?%*é 3r’:n‘aterlal with a

Qie@badtd@lplanedomprlslhgtor@fdrerhormiaremrmqoetaﬂ loR@leksdn a concentra-
net hod ste t he géjartz glass blank is treated in

ﬁ!otnrQicd%ﬁ %Plblya’l’tn?ﬁ@h aspskerh Hiectolgl dnags af $'Q?p%ﬂ%@@9%nt ), and
| dhibhR o?'ﬁﬁ’étlrﬁ’im’%gf@)glé@p Gré }&g&%&m% t@@ ZC'SC%%? dpgant to

over pr ssure e ran e et we ar an
ahainiaoduatz glask ddertk, Eﬁaradhenma mihbainthermmrtzogiassjbiagk iS pro-

s iR ShoSeddR ng ok of wBSART el s und et mRbing is
arhi€dslt AP MR cdndaining atmosphere by way of gas pressure sinter-
ing.

13. The method according to claim 12, characterized in that the gas pressure sin-
tering includes the following method steps:

(a) heating the SiO, raw material provided with the second dopant to a tem-
perature ranging between 1000°C and 1500°C while applying and maintain-

ing a negative pressure,

(b) holding the SiO, raw material at the temperature in a nitrogen atmosphere
at an overpressure in the range between 2 bar and 20 bar for a holding pe-
riod of at least 30 min,

(c) melting the SiO, raw material at a temperature in the range between
1550°C and 1800°C at a negative pressure and for a melting period of at

least 30 min while forming the quartz glass blank, and

(d) cooling the quartz glass blank.
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set during gas pressure sintering in the quartz gl ass

of the quartz gl ass blank. 16. The nethod according to
warysosg4nf the precedi ng nethod clai ns, char aeC BEP20T059217

in that Y and/or Nd is usedoas the rare-earth netal.

17. The net hod according to any one of the preceding

nmet hod cl ai nms, character ized in that during gas
14pTrr&m@t@dsacmogdiinlgotdfdrrqu%.rcmr@cttaéseda'fn thatatemmeiting according

dp W08 Id14RE brnla UdssHiaRis FARERTH Al Bher-pgftaining at

nhessitireineeithoRneparaie is iy etigerbetweehn 550aC eR51 800 °C at
pressure si nteri ng corrprl ses nelti ng or sinteri ng

tHeO\GrEressyie ifeiherrrage idetween amar eadahbar for ﬁgOQFtﬂdoOf at least

%H’ﬂg nmet hod according to any one of the preceding

met hod cl aims, character ized in that the raw materi al

is heated in an ammoni a- cont ai ni ng at nosphere prior to
151id methart assantiegi to@ny2ihe dihetaimes hdeb aép«:*naian@riized in that a

13, ch t d t hat duri .
THGaT Rl sk Faraia e frash a0 Ret o rte Sk of o d BE Rgpem. is
t
béea;[% g&Hg@%ﬁp r%éi%rb%rgtéﬁné’ef iy r@% fge @@@% oPrHRf guaﬂ"?i ¥lass blank.

16. The method according to any one of the preceding method claims, character-
ized in that Y and/or Nd is used as the rare-earth metal.

17.The method according to any one of the preceding method claims, character-
ized in that during gas pressure sintering the quartz glass of the quartz glass
blank is set to a fictive temperature of 1250°C or less.

18. The method according to any one of the preceding method claims, character-
ized in that gas pressure sintering comprises melting or sintering of the SiO,

raw material in a graphite-containing mold.

19. The method according to any one of the preceding method claims, character-
ized in that the raw material is heated in an ammonia-containing atmosphere

prior to melting or sintering.

20. The method according to claim 13, characterized in that during process step
(a) the mean content of metastable hydroxyl groups of the quartz glass is set
below 30 wtppm, preferably below 5 wtppm and most preferred below 1

wtppm.



