18 Novenber 2005 PLASMA RESI STANT QUARTZ GLASS JI G FI ELD OF THE | NVENTI ON
The present invention relates to a quartz glass excellent in the plasm

etching resistant jig characteristics, which is used for an aggarﬁéﬁg
generating pl asma. DESCRI PTI ON OF THE RELATED ART Recent Iy No¥gpeq urf ace
treatnment of a sem conductor device such as a silicon wafer, etc., a
treatment utilizing prashg K& bedohe YatenttySHsed8S As the pl asma
treatment utilizing plasma, there are, for exanple, (i) a nmethod of

i ntroduci ng a hal ogen-base corrosive gas such as a fluorine-base, a

chl ori ne- base, FIBLO. OoFi mMHe axysnmgener ating chanber, on the other hand
introducing a mcrowave via a mnicrowave-introducing w ndowto formthe

pl asma of the hal ogBfi- BA&ECESr AEsieve ioFasaddtstd P i dher chagbass ahd
treating a i ctor, device, (ii) _a nmethod,of introducing a
haIogen-bas%%q%%ﬂgggivelébs é% a é#% BRave PR K hangi T DetPEform quart z
gl ass-made kelalrgafertiosf i t herplasna jof tmgedhal@ggn-cgﬁros£¥§a9§§msand
treating a sem conductor device, and (iii) a nethod of depositing an

i nsul ati ng 9EkieF Atiyng mhasmaon the surface of a sem conductor device,

etc., an in each treatnent, an apparatus of generating plasm is used. As
a jig of the apparatus of generating such plasm, for exanple, a w ndow

material, a bgkbckabrrof b%ngrakoraﬁpﬂz%dﬁa the apparatus, etc,. ajig
prepared by a quartz glass is nostly used owing to the good electric

characteristics arRetcdethygh pfiorty.tibe surface ofttbethbgr Whpeh is

brought into contact with - ,
semlconductor device such as a silicon wafer, etc., a
treatment utilizing plasma has become frequently used.
As the plasma treatment utilizing plasma, there are, for
ekample, (i) a method of introducing a halogen-base
corrosive gas such as a fluorine-base, a chlorine-bhase,
etc., 1lnto a plasma-generating chamber, on the other hand
introducing a microwave via a ricrowave-introducing
window to form the plasma of the halogen-base corrosive
gas existing in the chamber, and treating a semiconductor
device, (ii) a method of introducing a halogen-hase
corrosive gas and a microwave 1in a hanging bell-form
quartz glass-made bell jar to form the plasma of the
halogen-corrosive gas, and treating a semiconductor
device, and (iii) a method of depositing an insulating
thin film, etc. on the surface of a semiconductor device,
etc., an in each treatment, an apparatus of generating
plasma is used. As a jig of the apparatus of generating
such plasma, for example, a window material, a bell jar,
a ring for shielding the apparatus, etc,. a jig prepared
by a quartz glass 1is mostly used owing to the good
electric characteristics and the high purity. The

surface of the jig, which is brought into contact with



18 Novenber 2005 plasma, is roughened to stabilize the etching speed and
prevent deposits from being rel eased. For the above-described roughening,
a mechani cal working nethod of grinding off a quartz glass surface such as
a process of griding surface of a quartz glass, using a 'gNHEERDAR? such
as ceram c abrasive grains, dianond abrasive grains, silicon dioxide
abrasive grains, etc. and a process of sand-blasting surface of a quartz
gl ass, using Pgré&dcarbbnrgranasedsitid cohall bkiee tiraigtcletrg | saAgda and

chem cal working nethod of chggcalftreatﬂﬂgusurfac§ﬁgge%_ quarggﬁ La%%ﬁhave

: t - d . .
been used. Buf'i"n the nEchani cal mﬁ?ﬂlng iethod, “theréSi's a pro m 1 hat

si mul t aneousl| ynowet-Reseugher NngotBrReAUAKY Z H] ASShaHE Eace, wd Fei 9§ N@cathioan

of mcrocrack occurs, the microcrack is attacked by radicals formed in the
pl asma, the nPér geriaek nsoralifond qBAFzagd adec il fids s 4R abAdr AalPtpaegifge
hol es, and in fth%,%prst cas thefbreaka%% of th% quart z glas§ﬂgd coatarts
fromthat por?ioﬁé} A'So Hhere i € aapﬁgﬁleﬁtqﬁﬁs ﬁrﬁﬁﬁi?igsgéone imes
enter the m ceQehacks deofaa@ b idiei varegham €al 4 VOR&hAJaBREBOGe aRdihRe
inpurities are volatized at the treatnent of a sem conductor elenent to
cont ami nat e t Réldemncohidietdn dabviesdveRetehtiny, PtChasaéer cRP®FedRdCLhat

in the above- cribed.plasma, together wWth the generation _of the.igns
and radicaIs,sggaaégﬁggﬁgﬁnteﬁggfﬁ Fora?ﬁole? aﬁagggéctrgﬁaﬁgys anlhg

emtted from yheegasrndat UjadinglHaltia i@ods Sa s6RBEE MRE LAY akRE . NANYhPUBDI es
and thus has the fault that even when the surface is roughened by the
cheni cal treathentcahhivoifkdogs meithqnef acbmiratodreeks ,ng twer Sapd acé a

o e EhA R i B T bl SR LN ke M,

t he working method, there is a problem that simultanecusly
with roughening the guartz glass surface, the generation
of microcrack occurs, the microcrack 1is attacked by
radicals formed in the plasma, the microcrack portions
only are etched to form abnormally large holes, and in
the worst case, the breakage of the quartz glass Jjig
starts from that portions. Alsc, there is a problem that
impurities sometimes enter the microcracks formed by the
mechanical working method, and the impurities are
volatized at the treatment of a semiconductor element to
contaminate the semiconductor device.

Recently, it has been confirmed that in the
above-described plasma, together with the generation of
the 1ions and radicals, abnormally intense ultoraviolet
and electron rays are emitted from the gas. Natural
quartz glass sometimes contains many bubbles and thus has
the fault that even when the surface 1s roughened by the
chemical treatment, which does not generate microcracks,
the surface thereof is deteriorated by the abnormally
intense ultoraviolet and electron rays, when the bubbles

are released and exposed on the surface, the



- 2 18 Novenber 2005 deterioration greatly proceeds at the bubble portion
to generate particles, which attach onto the sem conductor device to

deteriorate electric characteristics, particularly dielggt i C ?r gkdown
characteristics. SUMARY OF THE | NVENTION As the results Of 8K ‘?{g
i nt ensi ve i nveSEF§ALPEALOONdE L AtHes e tPTeemst ancese t hebplesenir tiimventor s
have found th Ki t.he surface roughness Ra of the quarts gl ass
surface of theg%ng?ggmé§%ﬁlﬁn%%fdw 5° ﬁ%tﬁéﬁj%@t?hémﬁnﬁﬁﬂﬁcQﬁd%ﬁﬁﬂﬂes
in the quarts géase0 ortd asiclhe ibyhblke cl agsificati on. by, and, {he
nunber of mcrocracks of the surfaces 500 m crocracks/cm %%g{%és, %§$’
quartz gl ass P Lwhiléhr dpedinbecyehnerateakdoahnohaahctetrdhihgsand
particles, and can produce well sem conductor devices. Furthernore, by

i ncreasing the content of a hydrogen nolecules in the quartz glass to at

| east 5 X10" o) gGiHBs/ &My giﬁH%{ ass jig shows | ess deterioration
of the surface of the jig b;ithe ahﬁ§¥%%lly intense ultoraviolet and

el ectron rays, and reduuﬁh@nreéuehgcwm(hmﬁiﬁ@aﬁh%%h%Hb%sijéEEfﬁﬁﬂfﬁ?s
particles onto the surface of a sem conductor device. Additionally, by
establ i shing YHéeHoUNI&S ® efrig@umst amemnt  Ghet hprqeantz ghasstoos 7o cm

or lower, and fictive. .tenperature of the quartz glass to the range of from
800 to 1200C ,E%&%%aﬁ:thaetgl §§s M9 whiteh SHERECE grexiliieiesfa Of the

deterioration dyaetshigngssbys e abnos makly jltfl%t ep5 S ulst i RviyQl e @Qgﬁw es.

el ectron rays, gives |ess entrance of inpurities by releasing of
and can carry T lnel theheonkteatmerft bofbblsam ontuect gaadeyi gesesi 9 or 1

obt ai ned, and the _present _invention_has been acconplished. The object of
the invention 1% Fgepr B¢ acipgptsication by DIN, and the number of

microcracks of the surfaces 500 microcracks/cm® or less, a
quartz glass Jjig, which does' not generate an abnormal
etching and particles, and can produce well semiconductor
devices. Furthermore, by increasing the content of a
hydrogen molecules in the quartz glass to at least & X 10%
molecules/cm’, a quartz glass jig shows less deterioration
of the surface of the jig by the abnormally intense
ultoraviolet and electron rays, and reduction of electric
characteristics by attaching particles onto the surface
of a semiconductor device. Additionally, by establishing
the double refraction amount of the guartz glass to
70nm/cm or lower, and fictive temperature of the quartz
glass to the range of from 800 to 1200°C, a quartz glass
jig, which shows a greatly less deterioration by etching
by the abnormally intense ultoraviolet and electron rays,
gives less entrance of impurities by releasing of
bubbles{ and can carry out well the treatment of
semiconductor devices, 1s obtained, and the present
invention has been accomplished.

The object of the invention is to provide a quartz

— 3 —



-3 18 Novenber 2005 glass jig excellent in the plasma etching resistant
characteristics, which gives | ess abnormal etching and |ess deterioration
of the surface of the quartz glass, and does not give cgégan%g%t%&g of
sem conductor devices by entrance of inpurities. BRIEF o= =l OF THE
DRAWNGS Fig 1 is a mcrophotograph of 100 magnifications of the surface
of the quartz glass chemical treated in Exanple 1 after etching wth 5% HF
for 2 hours. ??@?52 i49a RIFEPOPRBEOGHAphEBE 1BH2ABINi FFEREMBnsTEBE SEARY
surface of a sangd:basted.quartz, gl ass Afker 8L Nghiddn S%ddh i 2na
hours. DESCRI PTI ON'OF THE PREFERRED ENBODI MENT The present invention

attai ni ng t helabovetedesdradzad orobpécttlies aupfasea afestBtamuaguast glgkass
jig that is wused for an apparatus generating plasm,. wherein th surface
roughness Ra ¥fdt Aeequdrt %ﬁ%%scgﬂgﬁgééaFéogréﬂa FRLGRIGO D5 PPYAFET he
content of b I ' e.gl 1S+ iQ.0r 1 as the bubble classification by
DN, and theugﬁuﬁggkggggn?grggég% Elgﬁ'the surface is 500 mcrocracks/cn?
or less. The quartz glass jig of the invention is the jig prepared by a

natural or synthetic quartz glass and inner surface thereof, which is
brought into cAtiEdt BASURL B LOhF | §1E JUHEREE i n the range of froms /1 m

to 0.05 :1mas thesunface s auahnasslo R ofs SIGbIddgh 18:L0e1oRL BENG
speed and preventinglaeleasee%f dep sits.géa%n t he surf%oe ?ougﬁ%ess Ra
exceeds 5 ] mhé hesumthieal fandhd orgagener agtledsi nchkasoall ocakhyedt t ack

concaved portions _and abnormal etching Eroceeds. Al so, when the surface 18
Novenber 2005 xample 1 after etching wlth 5% HF for 2 hours.

Fig. 2 is a microphotograph of 100 magnifications
of the surface of a sand-basted gquartz glass after

etching with 5% HF for 2 hours.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention attaining the above-described
object 1s a plasma resistant gquartz glass jig that 1is
used for an apparatus generating plasma, wherein the
surface roughness Ra of the quartz glass surface is from
5 pm to 0.05 g m, the content of bubbles in the glass 1is
0 or 1 as the bubble c¢lassification by DIN, and the
number of microcracks of the surface is 500
microcracks/cm’ or less.

The quartz glass Jjig of the invention 1is the Jjig
prepared by a natural or synthetic quartz glass and inner
surface thereof, which is brought into contact with
plasma, 1s roughened in the range of from 5 g m to 0.05
4 m as the surface roughness of Ra for stabilizing the
etching speed and preventing release of deposits. When
the surface roughness Ra exceeds 5 g m, the radicals and
ions generated in plasma locally attack concaved portions

and abnormal etching proceeds. Also, when the surface



roughness Ra is less than 0.05 Il m there is a danger that secondary
products (for exanple, particles, etc.) fornmed by a plasma are |liable to
be released fromthe surface to reduce the characteristics of the sem -
conductor device. Also, in the quartz glass of the invent®OPYeTperi?R0% pet t er
that the content of bubbles is O or 1 as the bubble classification by D N

And the quart zsgh@ssd I h e that_th ble refraction
anount is not hitggiheréstsh%% ;i% n%%?n Q\?}\%gn?ﬁ% co’%t%’nt %nggéublbsl es d@)?(‘?géds

t he above- desthiliedseangdaryhephubbtes greerer ededplby therf asli&a) s «ard )i ons
generated by the plasma and _rel eased, and the deterioration further
proceeds by t h8 "E6noP¥aA yP At BAsEeadl hibbRs téhdbel eetlegs adayErom the

succession th o f.arm ho, a te particles. The term
that the cont g%?@%]gﬂebugg{ esrl%g&ge or‘l'&i agg?%‘gcgggg%glgf'asgiffi ggfei ofi By "DI N
descri bed abowentactihatdeadeer.ding to DIN (Deutsher Industrie Norm 58927,
the total cross sections (cm) of the bubbles existing in 100 cml are from
0 to 0.03 when the chb%ifitatthen duwritz abasar o ff ridva 0i08tvidn 10inhés t he
classification,] . 0, _.when the double refraction appunt of the quartz
gl ass exceedsg?tﬁge%boslg\%gestct}? b&G" &R e,o%hépq FaseSof’ e derfs t Fh6f
the quartz glBassbpeoceeslss byithe;ogbngy mpkhy i@ﬁ&”%%&'%ﬁél‘i;?' %l{)sasysignd
electron rays irradiated to the tw st'ed portion and m crocracks becone

| arge. For ef®ée®i kelpopneventsutg: ttiet noieadeubiet hefrdensbhyanbuhbeis

quartz glass by, the abnorpally _intense wultraviolet rays and el ectron rays,
it is better {Hat htlr?gjeﬁ‘ i gF?Oe e f%‘?ure Bien hehgus it egitaset | ubbles

establ i shed toxcébasr ange ¥ Jfd- Qw8090 gy 1200.4 C th%ybﬁé%i@éi shLng Lhgq
fictive tenperature to the above-descri bed rahge, the -
by the radicals and ions generated by the plasma and

released, and the deterioration further proceeds by the
abnormally intense radiations and electron rays in
succession thereof to form large holes and to generate
particles. The term that the content of bubbles is 0 or
1 as the bubble classification by DIN described above is
that according to DIN (Deutsher Industrie Norm) 58927,
the total cross sections {(cm’) of the bubbles existing in
100 cm’ are from 0 to 0.03 when the classification is 0,
and are from 0.03 to 0.10 when the classification is 1.

Also, when the double refraction amount of the quartz
glass exceeds the above-described range, the increase of
the density of the quartz glass proceeds by the
abnormally intense ultraviolet rays and electron rays
irradiated to the twisted portion and microcracks become
large. For effectively preventing the increase of the
density of the quartz glass by the abnormally intense
ultraviolet rays and electron rays, it is betﬁer that the
fictive temperature of the quartz glass is established to
the range of from 800 to 1200 C . By establishing the

fictive temperature to the  .above-described range, the

— 5 —



18 Novenber 2005 density of the quartz glass is lowered to relax the
structure, by the irradiation of the abnormally intense ultraviolet rays
and el ectron rays, defects are hard to generate and the increase of the
density can be prevented. As the quartz glass wherein tH&NSyyBpeE 2005
classificationgay DN i§:0 or 1 and the double refraction anmount is in the
above- descr ei bed range, there i S9EUIT aflYS8 syft hePTergdarte dgledgg  the

obtained by hydtakyzimg, asikheon GomIb Nothe Kanar, pliase, Arge, Lhe
establ i shnent of the fictive tenperature of the quartz glass 1s ca P &4

out by heatingUth&agdaler glaps endaeleenpenatumes of d&reat80Q H0 209 Cf or
a definite ti ne. . Ths measuc{ement of the fictive tenperature is by a |aser
Raman met hod. Burthérffor &9t FR&j nf6rEgaeet hatf i nthhe geastity glamws j bg of

the invention, ;t-Be-Aupbher of jpic ra f the surface is not nore than
500 i crocracks/ cnz. Vhen the nEH ergggr?nzcrgc?agkswg?r?ﬁﬁ sﬁb?ac@u}é}?l?he

jig exceeds théaabovécdeseni bgdprange, o he pr ogeed: of @5&@1@917%?99&@3?%
faster by attacking by the radicals generated in the plasm, the
m crocracks be@BftB"Far g€ ard i Bhehealorstdecaseibede brealsage tietde is

gquartz gl ass star om t ha ortion. The quartz glass jig wherein the
above- descri bégﬁg%gr aofqytn%ge%l& Frdds 91 57otohm e hapy spdrolyzing

m crocracks/ cn® canlbecRr epsk a; ghem cal t such t he pet hod
of immersing a quartz gl ass J?gu?ﬁ alﬁsoﬁ'ﬁgi o\ﬁgégghgg?%)?%ori cgg%?d, the
amoni um f | uor fekabhishmenti e facktet of deposd t thinpe rakyskal §¢ oft pa h
silicofluoride_as_described in Japanese Patent Laid-open No. 273339/1998
or the method %?a?%r MiSng® EhETERI PUS | By ofeadiiingcoblee alvertzongl hes surd aze

g;lﬁt?gﬁr2$ gl@§§p££9t@99 o%pﬁ%¥£ﬁ98§@ %%Cqb%% %fegngQtd%%Egi%g %ﬁ%&gus
The measurement of the fictive temperature is by a laser
Raman method.

Furthermore, it is important that in the quartz
glass jig of the invention, the number of microcracks of
the surface is not more than 500 microcracks/cm?. When the
number of microcracks of the surface of the jig exceeds
the above-described range, the proceed of etching becomes
faster by attacking by the radicals generated in the
plasma, the microcracks become large, and in the worst
case, the breakage of the quartz glass starts from that
portion. The quartz glass Jjig wherein the above-
described number of the microcracks is not more than 500
microcracks/cm’ can be prepared by a chemical treatment
such as the method of immersing a quartz glass jig in a
solution of hydrofluoric acid, ammonium fluoride and
acetic acid to deposit fine crystals of ammonium
silicofluoride as described in Japanese Patent Laid-Open
No. 273339/1998 or the method of forming the thin film of
silicone, etc., on the surface of a quartz glass jig and

applying an etching treatment with an agueous solution of



- G 18 Novenber 2005. hydrofluoric acid as described in Japanese Patent
Lai d- Open No. 106225/ 1999. In the case of roughening by the chem cal
treatnment, it is inmportant to control the reaction of tQﬁNetc in 005

t a

chenical (s) and the quartz glass, and particularly, in the®tas€ 5

synt hetic quarbzdrgifassricheadishpesatdarse rmeagei®ntagbnbhe ghampal 1aiq-
solution is irrBortant nd it is better to control the tenperature of the
cheni cal sol ut PBR™ A" e §%mye Bt° 20c I 1the casewmh rheghenpegathy ethe
beconmes out of -fbgi-aboverdesgriped t.enperature range, the surface

roughness Ra of t he quartz gﬁggg’surlﬁacgscaﬁﬁﬁo%e detF r PP Bt e e

0.05 u M The naabetoaf ofhehri eteeriaekeHinitda (LQualig &l@sﬁéyﬁia&fagr_@n be
nmeasured by observing the mcrophotograph. In addition to e !

above- descri bed fatkersiciharhe, quartizhgl asse i gfof at heyhpwestbongushe;
hydr ogen nol ecu e_.con ntration is preferably at |east 5 x 1016 nol ecul es
/CMB. By havi Ag°the hydifogeh®HBfEebFES cofPeRIeaETdn, fhe ftdremat foamioil t he

E' center absogpiionohond i in t he inne train_in the network
structure of the quartz gl angiggkgﬁgmeé\}le%, J"t‘e'hel rl;ejglg%gfr the §ion-tr6?r1bo by
the abnornal | ytehpeeaterel bfavhel eherdys lard 1ehteety oh raus tdhdde, pl psna
beconmes | ess, the increase of the density of the quartz glass'is
restrained, and tHe éener at "8/ 1of thar geemperatracksbeandesheogenesat i o of

particl es becoge,lgs oye- described hydrogen nol ecul e concentration
i s obtained by %oﬁt?eo?g?%g?h\éé%ﬁ‘f rrc?gcé’ﬁerm’iaééﬁ’art i G GiAT % FOUFRNeds t he

production of Rhecquahez (@aass Y1dns td@tddd thenGuantZ8Lass Jn 2 4
hydr ogen gas atnosphere of a normal pressure or under pressure at "a
tenperature oft%rdmOP00 # om900C flire hnohet tod 10Behanircodttkheor the
measur enent isqué/r@ZI aser. Raman '

glass surface can be measured by observing the

microphotograph.

In addition to the above-described matters, in the
quartz glass jig of the invention, the hydrogen molecule
concentration is preferably at least 5 x 10%° molecules/cm’.
By having the hydrogen molecule concentration, the formation
of the E' center absorption bond is restrained, the inner
strain in the network structure of the quartz glass 1is
removed, the break of the Si - © bond by the abnormally
intense ultraviolet rays and electron rays in the plasma
becomes less, the increase of the density of the quartz
glass is restrained, and the generation of large microcracks
and the generation of particles become less. The above-
described hydrogen molecule concentration is obtained by
controlling the hydrogen molecular weight in a flame at the
production of the quartz glass or by treating the quartz
glass in a hydrogen gas atmosphere of a normal pressure or
under pressure at a temperature of from 100 to 900°C for

from 1 to 100 hours, and the measurement is by a laser Raman
method.



met hod. 18 Novenber 2005 In the quartz glass jig of the invention, a fine
roughness is fornmed on the surface as descri bed above, which largely acts
on the transmttance of ultraviolet rays. Wen the transmttance ig smal |,
the quartz glass surface is deteriorated by ultraviol et ember 2005
Particularly, The Si - 0 bond of the quartz glass is broken by abnormally
intense ultraviolet rays and electron rays sinultaneously generating with
the radicals and thElj 6RE iIHate pPaskE tidd orfn &hdefldvientfen dedsifiype

becones hi gh, microcracks b%%q_,rred!faélge, ! hesggghi ng %pe(gg? irfbgaeatlolc}/ve

ronghnéss” I me ace a
accel erated, and-l arge hot es %are f or ired.” Fof preventin e occurrencé of

the deterioratihorhof 1dhge1 gualdizs gbasscHy dkhhawiigkahceayst il drsvieilteer
that the inner transmttance of the quartz glass is at |east 80% as the
transm ttanceré¥sul t rthg®l eher 4YsnsRAY tERES diFpaiTntl ¢ r B8 nHERENEe 419256r om

30 to 85% It is icrer:poslséi bld% t hat thteeé?gpbggr en transm}%tapge exceeds 85%

surfa teriora traviao S,
because the sirfaébecdmes rough,” an en the appargnt

transm ttancepastliessatrhgn 30fe idi cannotbbed WRVenRkedysarfaceynisd has
quartz glass from becom ng precise. The above-described inner
transm ttancePKekRs tie t pRASHTELANCe, 1 WkER$E dods teV L@dRttai nreéKe  and

reflection | t he out er. surface of, the qguartz gl as d the.
{ranan t tances SoGEkeh Sadthe it el 1 ettt frd it BRE Fdficals

transm ttanceandhengualdng ol @sehéi g1obmhheo MM i0Nud Se Pk PaRB deh) idy
natural or synthetic quartz glass as described above, and a synthetic
quartz gl ass, P@aPeashadghes slcaesrankofbdniig ekargrl, chihe betehdnby spieedi ned

as a quartz glags naying A Nigh omaeng {4y obs nRakl! Q" L yrmPh of eRLed-

preventing the occurrence of the deterioration of the
quartz glass by ultraviolet rays, 1t is better that the
inner transmittance of the guartz glass is at least 80%
as the transmittance of ultravioclet rays, and the
apparent transmittance 1is from 30 to 85%. It 1is
impossible that the appearent transmittance exceeds 85%
because the surface becomes rough, and also, when the
apparent transmittance is less than 30%, it cannot be
prevented surface of the gquartz glass from becoming
precise. The above-described inner transmittance means
the transmittance, which does not contain the reflection
ioss at the outer surface of the guartz glass, and the
transmittance containing the reflection loss is called an
apparent transmittance.

The quartz glass 7jig of the invention is prepared
by a natural or synthetic guartz glass as described
above, and a synthetic quartz glass, which has less
content of bubbles and can be easily obtained as a guartz
glass having a high homogeneity, is particularly
preferred.

Then, the invention is explained in detail by the

_8_



Then, the invention is explained in detail by the - 8 18 Novenber 2005
practical exanples but the exanples are shown for illustration and the
invention is not limted to those exanples. Exanple 1 A g artz % S
having a surface roughnes Ra of 0.5 /emand Rmax of 2 fi Oﬁﬂgm% @%ﬁred by
a chemcal treatment of imersing the synthetic quartz glass having the

bubble classification by DIN of O in a chem cal_ treatnent IigHid o% about
24% by wei ght POf Al Aque GUE BT | oRUbf 558 FYHFETISIor | € Gci 8 O%BouttE79%
by wei ght of amiogiume. ifdauosidenabotvSP68Y wel ghtt ofi 130Q%Acedi ¢ raGld,
and about 24% by wei ght of water to deposit the fine crystals of ammonium
silicofluoridexamplelse quartz glass, mcrocracks did not exist. The quartz
gl ass was worked to formthe material for a m crowave-introduci ng wi ndow
of a plasma apparatus having an output of 1 KWand into which the gases of
CF4/ 02 were intgpgdpeed. 1 Then, Si wafers were placed in the plasm
apparatus, plasma was generated, and the etching treatnent of Si wafers
was carried out, ard qwatrhisgtase, hBEAOSSia vaieraawereughnesnt Bd bdt 0an

abnormal increase of particles could not be c ngirned Co qr tive Exanple
1 By carrying obt 2tHe BRENPEAR (+BAtREnPTBYSERE Sind CREPAGA Lad "ERLMEPE 1
except that a;patphrahksqudr thdlAsshather e the ?PQ@J‘: en&l 28§l theatheniby

DIN was 2 was imrersed in the chemcal treatnment liquid used in Exanple

1, a wi ndow nalessakinasipnejpar &dN Wierd the ®tchengecalr eaepenensof 18quvwdf er s

as in Exanple 1 vas cartied out, gt the case of tieating 2000 Si,watgrs,
hydrofluoric acid, about 17% by weight of ammonium
fluoride, about 35% by weight of 100% acetic acid, and
about 24% by weight of water to deposit the fine crystals
of ammonium silicofluoride. In the quartz glass,
microcracks did not exist. The quartz glass was worked
to form the material for a microwave-introducing window
of a plasma apparatus having an output of 1 KW and into
which the gases of CF,/0, were introduced. Then, 8Si
wafers were placed in the plasma apparatus, plasma was
generated, and the etching treatment of Si wafers was
carried out, and in this case, 5000 Si wafers were
treated but an abnormal increase of particles could not
be confirmed.

Comparative Example 1
By carrying out the chemical treatment by the same

method as Example 1 except that a natural guartz glass
wherein the bubble classification by DIN was 2 was
immersed in the chemical treatment liquid used in Example
1, a window material was prepared. When +the etching
treatment of 8i wafers as in Example 1 was carried out,

at the case of treating 2000 Si wafers, an abnormal

generation of particles was confirmed.



generation of particles was confirmed. - 9 18 Novenber 2005 Exanple 2 By
hydrol yzing silicon tetrachloride in the vapor phase, algynthiglc quart z
gl ass, wherein the hydrogen nolecule concentration was >: S

mol ecul es/cm and the bubble classification by DIN was 0° NR4E™8bE% e

Then, using thegumdte gl ass, a w ndow material of a plasna- generatlng
apparatus was prepared, and the window material was imersed in a chemca
treatnment |iquid of aﬂxmmdﬂmyybyn@ehgguc@mng%gmﬂkkﬂiimw;@niggg, ;

17% by weight of anmonium fl uoride, about o by weig o] b acetic
acid, and abouP™2a8s by’ wSYGHISIH WaBBRTES Hebvsi t WHieke iy y§hal shydrogen
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wherein the surface roughness m and X was 2

obt ai ned. The pphobbdgr aphstnrtibatcase Wf wiwhidg §heyaguadiza i9leass swbiect ed
to the above-described chem cal treatnent with 596hydrof|uor|c acid for 2

hours is shomnuq%ﬁgFﬁée Iqu¢@t%h9%ﬁ55n Fi gwidgdown mate mjedr t 2f glaasglasma -~
m crocracks did not XISt t e wi nhdow material obtained, as the

i cr owave- i nt r Oducr lﬂ?ndéﬁﬁ’ 52l BRS aPplCRErE genetdt i ng Meppar iy
havi ng an OUtQHéL@fl&lKWES ﬂHﬂbﬂ!@&hlgaéﬁscﬁgm£?4{Ogr%Q ﬁhgtﬁgggﬁgp and

etching treatnent of silicon wafers was carried out , 000
silicon wafersamene £déated dbatqgan ahnomnalhydﬁ@fE@§£l@fF@@GLIQﬁﬁ&%ﬂMﬂﬁiﬁﬁ
confirmed. Conparative Exanple 2 The surface of a natural quartz gl ass
wherein the gﬁgfbbf“’é”&lhéss‘?ffl EBTPaA By DiveKiste . 2ahastsdfeched wed gat of

sand-bl ast w tHy&i Cy %%tlclﬁébgf #130. aboughﬁqiurfac%eg%ht;he quartz gl ass
obt ai ned, from 10,000 to 10

deposit fine crystals of ammonium silicofluoride, whereby
the quartz glass-made window material, wherein the
surface roughness Ra was 0.5 u# m and Rmax was 2 [ m, was
obtained. The photograph in the case of etching the
quartz glass subjected toc the above-described chemical
treatment with 5% hydrofluoric acid for 2 hours is shown
in Fig. 1. As shown in Fig. 1, in the quartz glass,
microcracks did not exist. Using the window material
obtained, as the microwave-introducing window material of
a plasma-generating apparatus having an output of 1 KW,
into which gases of CRMOz were introduced, and etching
treatment of silicon wafers was carried out. In this
case, 10,000 silicon wafers were treated but an abnormal
increase of particles was not confirmed.
Comparative Example 2

The surface of a natural quartz glass wherein the
bubble classification by DIN was 2 was subjected to a
sand-blast with SicC particles of #180, On the surface of
the quartz glass obtained, from 10,000 to 100,¢00
microcracks/ cn® existed as shown in Fig. 2. Fig. 2 shows

the photograph in the case of etching the quartz glass



m crocracks/cn2 existed as shown in Fig. 2. Fig. 2 shows the photograph in
the case of etching the quartz glass - 10 18 Novenber 2005 subjected to

t he above-descri bed chem cal treatnent with 5% hydrof | uqri c aci dQ&%r 2
hours. Using the quartz glass, a quartz glass w ndow materiC4f " Was

prepared, and when the etching treatnment of Si wafers was carried out as
in Example 1, fromthe first, particles were generated and the etchjing

treat ment coulSEIGCHRE chPritd8 AROVeCHIRFAE EhaRprel 3 tBgaftsrrdwivhg t he
same procedur g .as Exanp| . eXx a t heti.c quart I n?% vilhg a
hydr ogen nol eg’dﬂz“ conceLﬁ IrZJa i%?\P%ff p’PE §8ﬁ¥rgrﬁl g%ﬁﬁgs;@r% %u%r%)%; aaeész was
used, a quartza gasS-Aradessw ndondoRt estal inaswpsepaeedrednd anderrHdie the
etching treatnent of silicon wafers was carried out, at the treatnent of
5000 silicon R&Fé&isI ahreabrerial ©f ndrlea¥@ tEirspay2f cl@E S c O rad. 1o

Exanple 3 A s t.i C gua gl.as 'ne%p : r.ol yzing Ll
tetrachl ori de%?% ?Jﬁéa vgbo%géﬁastgle;sgfp%%ka a:%élg‘%%v?/asvy% jggtﬁgg%fggaa and
honogeni zat i oRher eatci@rty afr SHIMRG f okt aidr: syddheied auartz gl ass
having a double refraction anount of 20 nmicm The synthetic quartz gl ass

was subj ected teCBPAyAFbHENEHBPPAG freatment. Then, by applying the

chem cal treatnent i n i artz gl havi e
surface roughness Rg]?y o?ogf%ggh% gg%dgﬁﬁéxggﬁgﬁgﬁg% ﬁ/%sE%S?%i r?e%. e%%vﬁtprgdow
materi al was preparetswitiet e §yALHEt gt agwarizy Hqass, hyandgaht aio 1keailieng

to 1100Cfor 20 hours, the material was gradually cooled. The fictive
t enper at ure ofCPRENGHALLLD gPhsS- madé wiRRboCwheerl Fal dbt H¥FEP lRas? 1186 ' C

In a plasmp agparat Us Ysi N0t Des SYNLDEt) G AR 148388 € preparea
and when the etching treatment of silicon wafers was
carried out, at the treatment of 5000 silicon wafers, an
abnormal increase of particles was confirmed.

Example 3

A synthetic quartz glass obtained by hydrolyzing
silicon tetrachloride in the vapor phase as in Example 2
was subjected tc a homogenization treatment of 1000 C to
obtain a synthetic guartz glass having a double
refraction amount of 20 nm/cm. The synthetic gquartz
glass was subjected to a hydrogen doping treatment.
Then, by applying the chemical treatment as in Example 2,
a synthetic quartz glass having the surface roughness Ra
of 0.5 g4 m, and Rmax of 2 u m was obtained. A window
material was prepared with the synthetic quartz glass,
and after heating to 1100°C for 20 hours, the material was
gradually cooled. The fictive temperature of the quartsz
glass-made window material obtained was 1100 °C . In a
plasma apparatus using the synthetic guartz glass-made
window material, which had an output of 1 KW and into

which gases of CF./0. were 1introduced, an etching

treatment of silicon wafers was carried out. When 7,000




wi ndow material, which had an output of 1 KWand into which gases of
CF4/ 2 were introduced, an etching treatnent of silicon wafers was carried
out. When 7,000 -- 11 18 Novenber 2005 silicon wafers vver tre eg

abnormal increase of particles was not confirned. Corrpa f\li v"‘éqﬁ ?&)ﬁae 4
When the doubl e refraction anount and the fictive tenperature were
nmeasur ed about the quartz glass, in which the honbgenization treat rrent and
the fictive FenpERE uFeifEFe NBFCestE®RFeRed 7 BRARIEAL, I Ubifl €f

refraction a”PH?tu% 1200, nnm.em %%%ﬂ%efd ctive tenperat ure was 1300C .
a

Using the quartz glass, a quartz ass-nmade wi ndow material was prepared,
the materi al vva(s@mpsmn@tedeonxampnasma apparatus having an output of 1 KW
into which gases of CF,/Oz were introduced as in Exanple 2, and an etching
treatnent of silicorfhe ngeméé’u@dﬁlre‘%ifr%%mWéﬁ‘oﬂ}@GO A4 i EBR Vdfér iy ener e

treated, an a@@f'ﬂ%@'atu&@cr% 36 OheRELELG! e5pdRS COM | cgﬂi%téAchLaa@sage iQf

thelnventlon) Tequartzgassllgo the i nvention i e jig, \herein
t he surface reughhessia ilsofic@embzHliomt 0tRe@Emennt marddie tbhat edticafive
bubbles is O or 1 as the bubble classification by D N,_and the nunber of
m crocracks of€TPREAEHEAL VEHEf ACE 198 tRRtL HRIRS  HAESBOP HE cf oc FREK SPERILE,

and he quart zcgLass (bho | anbiaed as,Lhe od an/an  aRAT s, of gengral i ng

pl asma, the occurrence of hof mal etc ing an neration of particles
are | ess andtgopdrsenreondsctionodEvi cassimantie @giaduecedlad8, Navenberz2005
WHAT IS CLAIMED 1S: 1. A plasma resistant quartz gl ass Jcl g that is used
glass-made window material was prepared, the material was
mounted on a plasma apparatus having an output of 1 KW,
into which gases of CF.,/0: were introduced as in Example
2, and an etching treatment of silicon wafers was carried

out. When 1000 silicon wafers were treated, an abnormal

increase of particles was confirmed.

(Advantage of the Invention)

The guartz glass jig of the invention is the jig,
wherein the surface roughness Ra is from 5 g m to 0.05 g
m, the content of bubbles 1is ¢ or 1 as the bubble
classification by DIN, and the number of microcracks of
the front surface 1is not more than 500 microcracks/cm',
and the guartz glass jig 1is wused as the 3jig for an
apparatus of generating plasma, the occurrence of

abnormal etching and the generation of particles are less

and good semiconductor devicess can be produced.




for an apparatus generating plasma, characterized in that the surface
roughness Ra of the quartz glass surface is in arange of from5 u mto
0.05 Fz in, the content of bubbles in the glass is 0 or 1 as bubble
classification by DIN, and the nunber of microcracks of 1?I’?’€”%’Uﬁe\‘r§%% is
not nore than 500HatcreccackstonRs2. The plasma resistant quartz glass jig
according to claiml, wherein the hydrogen nol ecul e concentration of the
gquartz glass is at | ehst? HATARa motecut @st cabarfz Jhespl asgurresi st apkeqg
quartz gl ass jI accordln to claiml1l or 2, wherein the double refraction
anount of the quartz g?tlu? rﬁﬁ“%ﬁﬁ@ﬁ%aﬁﬂww@?ﬂr%@erh@dhmtwm

tenperature of thbe squard% 9l AsShiSs £stabl hd in e of from800 to
1,200C. 4. The plasm rae5| stan qu%érat %gglée{is jefgq‘é% ngl ﬁ&g toSLbrI%ﬁCrﬁ 11§ o

3, wherein thelnnwerrarrgamsnftﬁa@&e § o an cdl brayi ol f I ayeOf Q%nqmdts at
| east 80% and apparent transnittance is from30 %to 85 %
pl asma resista tl aéﬁ?ti”gltésﬁs glgsacder di ngr fLoael aiuntl & oc Basyher el vidhe

quartz gl ass i nt he uartz Iass obt ai ned by hydrolyzing a silicon
conpound in aE ag?é]us Sh tlge bdr microcracks Of the surface is

not more than 500 microcracks/ cm?

2. The plasma resistant guartz glass Jig according
to claim 1, wherein the hydrogen molecule concentration
of the quartz glass is at least 5% 10" molecules/cm'.

3. The plasma resistant quartz glass 3jig according
to claim 1 or 2, wherein the double refraction amount of
the quartz glass is not more than 70 nm/cm, and the
fictive temperature of the quartz glass 1is established in
the range of from 800 to 1,200°C.

4. The plasma resistant quartz glass jig according
to claim 1 te 3, wherein the inner transmittance for an
ultraviolet ray of 200 nm is at least 80% and the
apparent transmittance is from 30 % to 85 %.

3. The plasma resistant quartz glass jig according
to claim 1 to 4, wherein the quartz glass is a synthetic

quartz glass obtained by hydrolyzing a silicon compound

in a gaseous phase.
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