; 1, e3e@=ppqg<rLrFrérTs+ SPECI FI CATION Quartz G ass Jig for Processing
"Appar atus Usi ng Plasma Technical Field The present invention relates to a
quartz glass jig used in a processing apparatus utilizing plasnma, and nore
.specifically, to a quartz glass jig, wherein a surface ofanﬁmmm@mwmmmlass
jig is roughened by nmechani cal working, and the depth of or med
during the mechanical working is shallow Background of Art Reggntly, for
‘the surface treatnent of a sem conductor device such as a silicon wafer
etc., a treatnent nethod utiliziSF§CPFaSAEIRYs becone frequently used. As
the abovedescribed treatment nmethod utilizing plasma, there are, for
exanpl e, an etching method of introducing a hal ogen-based corrosive gas
such as a fl uor iQuexrras &l agas Jiag Chlrorirmecdsaied gaparaits, Usindg Plasma

pl asma- generating chanber, while introducing a mcrowave via a

‘m crowave-i ntroduci ng wi ndow, thereby formng a plafra fromthe ] _ 4
above- de J al based corrosive gas internally present therein an
'treatingﬁg&ggﬁgggh ugﬁg{ device therewi th; and a method of depositing
silicon dioxi dehent prasettf aneraftiorserecandeCt €6 devgegrthn Jiase §i
treatment nethods utilizing plasma, as shown in Japanese Patent Lald-gpen
Nos. 106G%4) 1896 AndIFFFEos/NDoGpPPraratuspr vebbsE hngappasnas and usede and

the pro I at r i i t.h quartz gl ass-made [1gs.as. w ndow
natePia% ,%?ﬁﬁgs H%L s .e?d?%%?géfgigiﬁnﬁﬁé'mﬁﬁﬁﬁe nf%HST$é§ée of %Fe
above- deseirithedy Tpeed t 319! dsS-Rdhdridts, bR Ratukak cquanizalmes s khkherto
been nmainly used, wherein a surface thereof, which is brought into contact
with - ~RAPLh of pLagspararksr degmatedwyinechbai ewchasrdidalg, verieirpyis
desi gni ng, hq sf.abilize the etching speed and to prevent attached materials
from separation. For the mechanical working, there

Background of Art

Recently, for the surface treatment of a semiconductor
device such as a silicon wafer, etc., a treatment method
utilizing plasma has become frequently used. As the above-
described treatment method utilizing plasma, there are, for
example, an etching method of introducing a halogen-based
corrosive gas such as a fluorine-based gas, a chlorine-based
gas, etc., in a plasma-generating chamber, while introducing a
microwave via a microwave-introducing window, thereby forming
a plasma from the above-described halogen-based corrosive gas
internally present therein and treating a semiconductor device
therewith; and a method of depositing silicon dioxide onto a
surface of a semiconductor device. 1In these treatment methods
utilizing plasma, as shown in Japanese Patent Laid-Open Nos.
106994/1996 and 339895/1996, etc., processing apparatus are
used, and the processing apparatus are equipped with quartz
glass-made jigs as window materials, rings for shielding, etc.
As the material for the above-described quartz glass-made
jigs, a natural quartz glass has hitherto been mainly used,

wherein a surface thereof, which is brought into contact with
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- have been used grinding working using a grindstone such as di anond, etc.
( a 'sandbl'ast working nethod using a powder such as a silicon dioxide
powder, - a ceram cs powder, etc., and working of scraping away the quartz
_glass surface. But, the nechanical working nmethod involved a fault that

si mul taneously with roughening a quartz glass surface, mc.rocracks are
generated and attacked by radicals generated wthin the plasma, only the

-m crocrack E\orti,on is etched and grown into an abnormal hole, and in the

wor st cBs85Mhe GuartBRARRS PY gmPShepacred vPESHNGhatt hsgralorde sl aoing
recent Iy | 6ehas been conli WiRG LhAt dndde plasm, aNALIm |y, Lolenss
ultraviolet rays and el ectron bea are rel eased tog er with rons or

radi cal sateniiehsddétreom oregiae-dthieorsur f Boe ohet hecuaritca 1glwask iriq, angré he
deteriorated portions becone a source for generating particles, leading to

‘a seconddry dt sésfﬂfl%’é’rfb%“&ﬁl YOS PEort St ®r 2 FIFYMETIRAR, SPChsodet i mes
‘happens at BabnbifP Wit e% Qffly 1A MEFREXGCkS:hOaTRY 1Y LhpARae- desgr | bed
mechani cal working, and the inpurities are evapor at e(Ji t the treatnment of a
siliconawafar stid icomt adioaidet howldd con vadesmids paweld,t etci nt ensdve
i nvestigations under these circunstances, the present inventors have found
that whBATXIBEr ffcesoF2RigBartAYyl Bh& ARGLEs <ifisect @dr faceecBai.cathe
wor ki ngsHEh,28,9" L,ading War ki ng, . t r ki.n tc,, SO as to have a
surface r ougﬂnegs Ra of 19\;\%%‘%5%% l%%Pgw&%gf \;/}%11 mt \%711}616% el 1i‘fr)l a%e%?){]iﬁ of
m crocrackd ofob@heBGimgor al egmarazquaniaasgl ass fddh, Whidrdsrddiee f40m t he
generation of ahnornal etching and particles and is low in contam nation of
a silicBAPRAFEPIW PR nBGERCHEE, PY oBrsiifeds amensaatiadul arishimherhe he -2
gl ass ip1asa¥Nt RENIC AT hZcHbaSSck 2 pHRES oBXGY | Ld 9, Qe
Further?mrg, it hasycal SO becén fouqrzld tphat ion tciﬂée %gc'gsheéé\l}mgbé rioﬁdéll n%’?r%r ks
formed dor ehkgotche lahole- desc i redthe grondt ngawer kithe afu ratr efikds gr4 1¢li ng
mar ks, bé reduci ng the nunber of the grinding marks per |ength

u

per pendi-BulF ke e hEr gii idiaty ReFksoro 502b¥0I egecgatlyi|l | itehes, heérn
pend . f e S Cr ai ned,
end ngehEEhnBl a8 e " Bient ¢ LobiPHERL LR ol e BRe S AT Rt on

is to praysdearad quaetZrghassedmd Jarvhirdledtan YsgdthBra prAre$shig or
apparatus using plasma, is less in generation of abnormal etching and | ow
in cont AAfKARLBNn Wihiifpadeterésrand itigurseisce and dues noardet eyiasate

the charagterigyi cg,Qf I; tor device. Al so. _another object_ of the
i nvent i ?)ngl' s %gﬁprgr/l?de%g%%g‘é%?sgdcé as€ g hide °6F X sy it hé':ﬁucrétﬁjarft%r

gl ass, whhehatsngpperexeekbentehaihbe tohar atcdndtiiyc 2 deswd batk ahave
Brief Description of the Drawings Fig. 1 is a mcroscopic photograph of the
sur f ace®Bdf 2t hel§tart ¥a§ehss jig of Exanple 1, wherein (a) shows an inner

Chove an” out or” per PEREP L 68 sPRBRanPrg RaEPeD Hhe'ta WltedLe® HnigTam of
the priseépahipebtiaskef themeal | Hi NG AP PARIUS deciFed N tdis ANH £
pO|ISh|£grking, and the impurities are evaporated at the treatment of

a silicon wafer to contaminate the silicon wafer.

As a result of intensive investigations under these
circumstances, the present inventors have found that when a
surface of a quartz glass jig is subjected to mechanical
working such as grinding working, sandblast working, etc., so
as to have a surface roughness Ra of from 2 # m to 0,05 gy m,
while making a depth of microcracks of 50 y m or less, a quartz
glass Jjig, which 1is free from the generation of abnormal

etching and particles and is low in contamination of a silicon

wafer with impurities, is obtained, and particularly, when the
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process. Fig. 3 is an enlarged cross-section of a specinen polished with a
pol i'shing ‘apparatus shown in Fig. 2. Fig. 4 is a diagram show ng streaky
m crocracks, wherein the white portion is a portion not subjected to angle
.polishing, and the black streaky portion is a portion subjected to angle
polishing. -3 Di scl osure of the Invention In order to attain the
above-descri bed objects, a first invention is concerned with a quartz jig
"glass for a processing apparatus using plasm, wherein a surface of the jig
i's subj 8LR88 tiP gRi MM Storki AERERE [ESSE suR f HC& & RAPMELEN Ra Jile the
range obpthefkd. - Mebocfedioks MiANflall GHAG A6ks, OfeodllNd g, MaLKS, f or ned
during the grinding working have 'a depth of 50,u mor Tess; and™a second
i nvent i oases wonoer gedndihly anaples t Zoghads dugidPr tAepraeesst des GPPFs@t us
usi ng plasngh wherein a surface of the jig is subjected to sandbl ast
“wor ki ng9ahB9ha8 &Ll FdufhReekYRIGIRAIRG Madiges of PYr 6Rccd N t'eh®. 05
otm andnBLer O Agks LOIARANGURLRGS! Ni2,SANARL St JUORKERYCaUE dLCpLL of
50 ,u mor less. The quartz glass jig of the P nveRtion s a J1g prepared
from a gatodahgomagyat et 5@ quarltes sglpeess ,miviHeimes tre 1 t St Hennssnisani £ wece] omvhi ch
IS brouggt igto coftact W t lglas , IS rou%hened,such that a surface
roughne8S REPfs §h {?%Prdﬁﬁga f Ytom 2MPEIACEES0. B8 [ TCRE RS i abied zi ng
the etchibagiageed ehoPheusnbl 19nabhached. Rl ehighg bhom separalion. \hen
t he surface roughness Ra exteeds 2,u m radicals or 1ons generated within
the plasnma attaskobgeakl pfr eresdeveart ihe isoughenes iy facamherebyss
abnormal etching progresses. On the other hand, when the Ra is |ess than
0.05 , ulhfs¥8eRBar %;?r’bd%ﬁﬂ% i1 0f BXQABPEiNgacPPerasusetusing fRkasek by t he
pl asma are hiahl e;to Reparal.ed o] fa th th .
charactg%is%F§§ ofkihgﬁéench%ﬁﬁctéﬁ g%%?%éﬁgge %gggiﬁpy %EFErﬁéphtéﬁ? The
above- desotabédatbagheneth susdmcic1ess f ameed ibyua ifeelBod ahdscadPs Nhaway
the quartz glass surface by a nmechani cal working nethod such as grinding
morkingdﬁg?%goaaaﬁiﬁaetShéréa&ﬁré§taFaneﬁdaaﬁﬁaspvedgﬁapﬁsgegaﬁablast
wor ki ng usi ng wder ilLgo I Qxi e ceram.cs powder,
etc., but in tﬁigeéagg?%#ggrg%Fg% S %?egpgrﬁél gh %ﬁg {% Boprovide fa
quarts glass Jjig made of a synthetic quarts glass, which is

more excellent in the characteristics described above.

Brief Description of the Drawings

Fig. 1 is a microscopic photograph of the surface of
the guartz glass jig of Example 1, wherein (a) shows an inner
periphery side of the jig, (b) shows a central portion of the
Jig, and (c) shows an outer periphery side of the jig.

Fig. 2 is a schematic diagram of the principal portion
of the polishing apparatus for use in the angle polishing
process.

Fig. 3 1is an enlarged cross-section of a specimen
polished with a polishing apparatus shown in Fig. 2.

Fig. 4 is a diagram showing streaky microcracks,
wherein the white portion is a portion not subjected to angle
polishing, and the black streaky portion is a portion

subjected to angle polishing.



surface. It is inportant that the depth of the mcrocracks formed is 50 ~. ~
"'mor |ess. Wien the depth of the microcracks exceeds 50 ~~ m the particles
of the quartz glass are liable to be separated fromthe quartz gl ass
surface, and particles are nore |ikely generated during the plasma
treatnment, thereby markedly hindering the electric characteristics of the
sem conductor. In the grinding working, grinding marks are forned, and
-particularly, in the grindi_ng working using a dianond grindstone, streaky

gri ndi ng "HErFRESErE PJrﬁ@&.IPW%Q§H@€sired_that the nunber of the grinding
marks per |ength REIRENAILW Al 4P L L84l ik SRy d'&f9c€§,|§5§i93£
mllimeter. The grinding marks are neasured through observation by a

m cr oscopyeas ishowis n Féonrernedhewmithe aunhemret t heggrigididyy nBsks a
exceeds 50 per mllimeter, many inpurities enter the grinding marks and are

el ease@TEEEERE G RPRTATGE VR NGerR At UCt BPedBRcS BHEFBBY i kEREY

| oweri ng ityhe jghagagterikshi €$ o 0f Stk iC >1,.Qr i Cg, Al 50, .f
'vanishi%égthé strea%y grind?ﬁg %%?EgES dggggﬁhgd gg%ve?a%heée f%ggaggse of
subj ect reg ghinessuRbada tthesamdigleastt faoki gy  ntd hee. sandbl, aathdwor ki ng, a

powder sych as green carbon powder, a_ silicon dioxide powder, a ceramcs
pomder,méFEPFrigkﬁseﬁﬁ | ATERE NGasBarke | EorBedssaryinpat thet oniydihe
surface e of jd rface om_2 = 05, u . but
R A R e
m crocr aeks cofhceh@eguamtizhgl ass quag bt aj ek by 1di Sf@r 0C£SSpAGc &' hag
exceeds 50 ~C.m the progress of etching by radicals generated within the
pl asma BEEGHES UFastiS15Ad PhaERR, worRerebR e, t W& gGaFy s ofr okbs. The dédth of

the m crQgHaEkeqdassrd Had BROY &b Sk IBRSHA§InRY an salﬁgéa%éooén%%{m@syﬁges.s

and a schematic view of the principal portion of its appara IS shown in
Fig. 2. ihnthiegradgel oghdwsoma Xyl mnder 0. 25qu i Staxd  3nbcPodt 6k H9f o bmed
material, and 4 _a specinen, respectively. In the cylinder 1 of the
above-d8§6rli“§e&hﬁolsia§ﬁ‘ibﬂreS&pﬁ&uritlag hévensefeaght RE st 2rplesisded with

| t th [ [ f t he I A havi I f
mechant cal |y o7 O86San i orGeraces (& SR The & I opetd Asebrhs”

abovedesepibed nbheusalack | @yethésisubuacted jxnangl eneokighiing W ket he
polishing material 3 at an angle in the range of 8 = 0.1 - 30" , and a
pol i she@UFéageh LWALChhi d5ti lEaughteasurted], awtettai witidepadnaf the

i the forqula, D | =~ tan FJ - L sin 6 . th le B of
The angl & 0FT S ng UestHpit ABo0aF - PRERNTRANRD. 1 “rart W AP Ghcbhes

t he ang i ng descri ove 1s S

| arge. ©mothe qt herthandpswhen,t Ferangl £ 0l i XL edse 3@tchtiRg dPVr
m crocracks cannot be neasured. Furthernore, the abovedescribed L is
measur eBFBYeAtATEr 03E5pEPBGui PpEErhRLA afsPBges@bPeranboRr, a Wienoscopic

phot ogr c case of  applyj t he | e polishin rocess, it is
desir _edgpgéfa%cfrloilu%gtkilg%ge’ ?%e eo’%:fseeesd\%a_tdl g‘?lmdf 5 'adg'r_%c?gsac%s Jt‘?f’%r%%%ﬂ%’??ﬁ_lw den
the ni cwoehaakstivé t bllayeiaof Ateste aWchl1qr Fecubges tdie Fhel o5 @gksndth
hydrofl uoric acid after the angle polishing. As a material for preparing

the quaPt¥fgF&ss Wharaiy t Aenprneht isrehing dpspgedsaesynt hewi chguastizegl ass,

whi ch h I ontent _of air,bubbles and is excellent in honbgeneity. The
air bubgﬁgg’bg@%%% %gﬁrggufﬁ%rl?%? SBREY 16§0¥e§’t38F8&F€£W5 O?%%Eg

Wit hin therpkaanmpleso phitatcakehi R@cpnocRed®d a5t &nd HfHA |aFrPe Nobes.
Al so, when the honpgeneity is low, the etching treatnent is not uniformy
carri edtBuPe &FPgHTGeir @t chiegseréares, Rextthatthehenvemrantew st bes

expl ai ngd Lp.dgtaiL B g pr.actical exanple byt . these exanples are

i|lustratively sﬁoﬁﬁ,xgé thgeYﬁSSn?fSnpggsﬁ§%YIHﬁ??éaofﬁétho. Wor ki ng

Exanpl e 1 A surhaceisdved dBididodd agsuyaenvlr kad- tdd 2s- Crormed by a
method of scraping away the quartz glass surface by a
mechanical working method such as grinding working using a
grindstone such as diamond abrasive grains, sandblast working
using a powder such as a silicon dioxide powder, a ceramics

powder, etc., but in this case, microcracks are formed on the
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gri ndstone made of dianond having a particle size of 100 ~ mto obtain a
quartz gl dss-nade ring for shielding having a surface roughness Ra of 1 ~
m When the surface of this ring for shielding was observed by a
mcroscope, 20 per millinmeter of grinding marks were confirmed as shown in
Fig. 1. Incidentally, Fig. 1 is a mcroscopic photograph of 100

magni fi cations of the surface of the ring for shielding described above,
‘wherein (a) is an inner periphery side, (b) is a central portion, and (c)
i s an ofit&FfaFEri phEky 1§ dePaytait eshatt the Lepipl efsHhjeectbereoragks sane
wor ki ng r.rjnsd i . HF f.or 30y n the .sampl e was_attached
to a ti Sogrgrgtgi on o Qgpailms%%n%ofsé po &%%*gé a%%gﬁgt 8?‘ s%éavmmll‘%r?—fﬁé?ki, t he
surf aceegftethle sanplre, wase i prott e byoH tlendypott sherthd® £xPOoBEalile to

m crocrack |ayer 5 as shown in Fig. 3. _ A microscopic photograph at this
time i sPEhGRRATAEEy Frpm | e guantz a9 pght SWRERECpoidorP it ¥ e $H0rEE on
subj ect o] pald,shi a : I i ur subyj to
“angl e pggir%hi%g]?ég}f ghéer%gylag%s? Iagréﬁg p%ﬁ%i fita%lﬂr% e%?%gtélggghgrgﬁ%%%}?}ghi ng
(transpareiredpert idmdenmigkethbi ke lstataaks atieapiesenist wbi choar e the

m crocracks wi dened with_hydrofluoric acid. Such mcrocracks in the depth
di recti 8AMESANBECERSI | y 6Bsdh\BedIF bAiRfie WABRIAT  Ther johirs magkst hare

whi sker LI str S : ' fr.om interface between the_ transparent
porti onfglﬁ gg’su%?tgc por%%% He 6%”?@% V\cn}1elrr¥e he \X’ﬁ&?ﬁ@rgs arshd 3

gat her ed)amand ardepishopl), aftridieyM §f Ofd BEK Smaees Caksukrak-addt 0 be: 205~ m
The above-described quartz glass-nmade ring for shielding was used in a

pl asma 4ppar&tusthabi dgiaan nogbeat of 1they ardnging OFrker mera Ipsgth
speci es - i.ng S ed _far e N r em.occurred.

Compar aFie%gHEg%Prgllékl Rggurt gceg\fggd\%o% kggg\t/rviatsh gLsgri%gjldstoorneClo =i &ohd -7
havi ng mipaitmecke.si ze ohe300ytimiimy obhairRsa Clied t SmegbasseaBdet i dggh or
shi el ding having a surface roughness Ra of 3 ,u m Wen the resulting
sur f ace®REET8BSEPPedP by 2a T THTERIJPe, 220w nithl iMt er lof gitbedi ngherar ks

wer e copf.] d. W r o_a_quartz gl ass. sanple subj.ected to the sane
process?tﬁgg\%@t £ 53 %?%nggggéﬁ%déntag%g, 4 ‘:te;ge}aasr i %@I ﬁgrw’ JH‘ bHSE f JPERD

m nut esimphieisiiebace s tRE! ighaddivid mawik Pahiushad AS18.668Uklk Ofhe
measuring the sanple obtained for a depth of the mcrocracks by the angle

pol i shi hgeptoeess &F i ithibr kéegicradpteon, tiewidept h thesebG0 anamkatien t he
quartz glass.|Lig s used as_a ring far shieldin f a plasma appar at us,

af ter ugfﬁarfé Bﬁg ﬁééﬁ?°§8ﬁ6F%ﬁFgePghFﬁ8 BSPFF%HE“SEBErP@HlSﬁ'the surface
of the ring fori1sbi el dbng, vihesRbYgWaERES SOML K POt e &1 SRt §Far MOT kiDg
Exanpl e 2 The quartz gl ass-nmade ring for shielding, wherein 200 per

m | | i nefepcoiPeHe aboveak rhgtiendinge nedke @br suborticimegd tove tshe fand ave

t her eof _i ratiye Exampl e l, was bj ected . .t.o sandbl asf working with
gr een ca‘?‘ﬁ8ﬁgg§§u8§r§ n§24gqgn&%tehgﬁn_ 'algg’[ @'d’rtkol_nsgancfblpﬁ“fdt%r%% %t h
green carben poyEiesn Ofpdtddl:, Akt houghebn Comparad | pewBxanpl 8 letdigi syir face
roughness Ra was 3 ~C mand the depth of the m crocracks was 100 ,u m
after sBbyderingtre,sandbbast winkithgtwicdsegr égn icarrzore pondertioft #4900, t he
st reaky inding mar.ks were not observe ven. by a microscope. Also, the
surfaceog%ﬁg%hssfuﬁga\fﬁs rf.u?’h_é‘_erﬁs éﬁ?dotfgeterlfep}’ralq?u%%c?ﬁ ¥ 0EF8BKS 4l 40
U m VBenot bbs, auardz: WAsS 1hd NBschSEH 8feamibPgcEQExsNig! dhng pf,2

pl asma apparatus, after using for 3 weeks, particles were generated a
little, LBas.sudthamasthowdepthapit Hdte imidheciadles naf s$pecidiacatz onlsos t hat
no probl.gm S c.reaC} e$ d the 'ig coul d be used for qne nmonth. Industri al
Appl i paBi Pi V(\%) axie Ke t?rbf §81PPg MR PAGEREFOP ] staMyi gthe
wher ei NptBersusf age E0UENAGSHYRArd§:ds PN Yo ePak@d0. PPN £ARd N flept h
of the mcrocracks formed during the nmechanical working is 50 a mor |ess.
VWen itbggoneedfasta phd forthepkWassh peseesshagjappasabuskeabnor mal

et ching and p\zZH\i cles ?-F]e no nerat ed, sem conduct or  devices are not
cont am nated wi tf iﬁﬁﬁ fti &  amMP ni GhSHRar #€5° sefifésrdhetor aWiccestan be

producefleabudeHOWyCOS - angle polishing process, and a schematic view

of the principal portion of its apparatus is shown in Fig. 2.

In Fig. 2, 1 shows a cylinder, 2 a piston, 3 a polishing
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- g CLAIMS 1. A quartz jig glass for a processing apparatus using

‘pl asma, characterized in that a surface of the jig is subjected to grinding
working and has a surface roughness Ra in the range of from2 ,u mto 0.05
,u m and mcrocracks of grinding marks forned during the grinding working
"have a depth of 50 ,cc mor less . 2. The quartz glass jig described in
Claiml, wherein the grinding marks formed during the gringing mn{kinghare
-streak rinding marks, and the nunber of the grinding marks per |engt

per penéi“gﬁfeéﬁaﬂ-g @me ot | AdPRECHELRS ir§557(§*‘36fl"legé’s peflnithei wstldmdex. "l

quartz Lirg ghass e 200855 ngoﬁﬁgggagusaﬂgdgb{&@; agne, iﬁt;g;ggﬁe%sd In
that a surface of the jig is subjected t0o sa ast wor ki ng an as a
sur f acepietighnésprRaiidedt e tharge lafpef raamthe Wt im tpp 1k Oh hegednd and
m crocracks forned during the sandbl ast working have a defth of 50 /~ mor
less. 4th¥hesSHESITENgl AsshpVindestri bawein ahy b aticahlys Areeessed

wh i ~ I t i t -10
" hsve AR AR RIRBERE SRR K nRac YR PR S 8BR aSa e BPSafBRYEY) cal caV] ca] ca
] ca] ca] dapcalibalicafcat cedd cla] davera] ¢a] calicid cod £ ajea) eafta] cad radikajgRal ca

Ra!: 9M f: 0: $<-<4<@@ %% ' ' ' ((n, u, x33449949: 9{vgl ga\ ca] caV]
1: ;ﬂ: ;ﬂ: g? g?}?gﬁ; é’joé&]sé‘&]?’@a]“@é\ﬂrdéjlc av|h) &) eagta) L8] EBpcApedEC é’]fg;f% cal calc

a] ca] cahca] calgal CaFé/lE?_ ﬁlg(%%g‘/bsgédl( ;l}é%%ﬁﬁ//?bola%&lt@fs YO (deadureq,

, " 10% o0& () - FF10% 0&

to obtain a depth D of the microcrack from the formula, D =
L-tan 6 = L'sin ¢ . When the angle 6§ of the angle polishing
described above is less than 0.1° , an error becomes large.
On the other hand, when the angle ¢ exceeds 30° , the shallow
microcracks cannot be measured. Furthermore, the above-
described L is measured by a microscope equipped with a stage
micrometer, a microscopic photograph, etc. In the case of
applying the angle polishing process, it is desired for
facilitating the observation of microcracks to previously
widen the microcracks with hydrofluoric acid, or to widen the
microcracks with hydrofiuoric acid after the angle polishing.
As a material for preparing the quartz glass Jjig of the
invention, is desired a synthetic quartz glass, which has a
low content of air bubbles and is excellent in homogeneity.
The air bubbles become a precursor for abnormal holes to
radicals or ions within the plasma, so that etching proceeds
faster to form large holes. Also, when the homogeneity 1is
low, the etching treatment is not uniformly carried out, and
abnormal etching occurs.

Next, the invention will be explained in detail by the
practical examples, but these examples are illustratively
shown, and the invention is not limited thereto.

Working Example 1

A surface of a quartz glass was worked with a
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10GoGo 10GoGo 10GoCo!
'3F:IOWEDGD&T()-Z!!#10960:0&f()-!!#10@6'&f()-!!#10@6'&T()-!f Hf | kI mvXMB7 10
,i8=210%&'()-!|F'10%&&&'()-G4th'10@8"&f()-G4!CF'10%&'()-G4th'10@8"&f()-G4m
Bc. WAMBY7! #@#109%&' () - #@10YNCN&' () -
HF 109%R&&' () -!'qF 10%+& ()-!' I F 10%&&& ()-!I F 10%&R&& ()-{\QF,! 10 10
'10221OW§££%aéé %oggﬁg)Bflgyég%§§I£g§ing a particle size of 100 um to
obtain a quartz glass-made ring for shielding having a surface
roughness Ra of 1 u m. When the surface of this ring for
shielding was observed by a microscope, 20 per millimeter of
grinding marks were confirmed as shown in Figqg. 1.
Incidentally, Fig. 1 1is a microscopic photograph of 100
magnifications of the surface of the ring for shielding
described above, wherein (a) is an inner periphery side, (b)
is a central portion, and (c) 1s an outer periphery side.
With respect to a sample subjected to the same working, after
rinsing with 15% HF for 30 minutes, the sample was attached to
a tip portion of a piston of a polishing apparatus shown in

Fig. 2, the surface of the sample was inclined by 5 °

and
polished to expose a microcrack layer 5 as shown in Fig. 3. A
microscopic photograph at this time is shown in Fig. 4. In
Fig. 4, a right white portion is the portion subjected to
angle polishing, and the left is a surface (not subjected to
angle polishing) of the glass. In the portion subjected to

angle polishing (transparent portion), whisker-like streaks

are present, which are the microcracks widened with
hydrofluoric acid. Such microcracks in the depth direction
can be easily observed from the above. The length L of the

whisker~-like streaks was obtained from an interface between
the transparent portion and a surface portion (the portion
where the whiskers are gathered), and a depth (D) of the
microcracks was calculated to be 20 g m. The above-described
quartz glass-made ring for shielding was used in a plasma
apparatus having an output of 1 kW and using CF,/0, as a gas
species, When the ring was used for one month, no problem
occurred.

Compa;ative Example 1

A surface was worked with a grindstone of diamond
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having a particle size of 300 u m to obtain a quarts glass-made
ring for shielding having a surface roughness Ra of 3 u m.
When the resulting surface was observed by a microscope, 200
per millimeter of grinding marks were confirmed. With respect
to a quartz glaés sample subjected to the same processing with
a diamond grindstone, after rinsing with 15% HF for 30
minutes, the surface was inclined by 5° and polished. As a
result of measuring the sample obtained for a depth of the
microcracks by the angle polishing process as in Working
Example 1, the depth was 100 g m, When the gquartz glass Jjig
was used as a ring for shielding of a plasma apparatus, after
using for one week, abnormal etching portions occurred on the
surface of the ring for shielding, whereby wafers could not be
treated. Working Example 2

The quartz glass-made ring for shielding, wherein 200
per millimeter of the streaky grinding marks were confirmed on
the surface thereof in Comparative Example 1, was subjected to
sandblést working with green carbon powder of #240 and then
subjected to sandblast working with green carbon powder of
#400. Although in Comparative Example 1, the surface
roughness Ra was 3 ¢ m and the depth of the microcracks was 100
# m, after subjecting to sandblast working with green carbon
powder of #400, the streaky grinding marks were not observed
even by a microscope. Also, the surface roughness Ra was 1.7
# m, and the depth of the microcracks was 40 g m. When this
quartz glass jig was used as a ring for shielding of a plasma
apparatus, after using for 3 weeks, particles were generated a
little, but such was 1lower than that in the internal
specification so that no problem was created, and the jig

could be used for one month.

Industrial Applicability
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The quartz glass jig of the invention is a jig, wherein
the surface roughness Ra is from 2 4 m to 0.05 ¢ m, and the
depth of the microcracks formed during the mechanical working
is 50 4 m or less. When it is used as a Jjig for a plasma
processing apparatus, abnormal etching and particles are not
generated, semiconductor devices are not contaminated with

impurities, and high-quality semiconductor devices can be

produced at a low cost.
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CLAIMS
1. A quartz jJjig glass for a processing apparatus using
plasma, characterized in that a surface of +the jig is

subjected to grinding working and has a surface roughness Ra
in the range of from 2 £ m to 0.05 g m, and microcracks of
grinding marks formed during the grinding working have a depth
of 50 ;£ m or less.

2. The quartz glass jig described in Claim 1, wherein the
grinding marks formed during the grinding working are streaky
grinding marks, and the number of the grinding marks per

length perpendicular to the grinding marks is 50 or less per

millimeter.
3. A quartz jJjig glass for a processing apparatus using
plasma, characterized in that a surface of the jig is

subjected to sandblast working and has a surface roughness Ra
in the range of from 2 yum to 0.05 4 m, and microcracks formed
during the sandblast working have a depth of 50 u m or less.

4. The quartz glass jig described in any one of Claims 1

to 3, wherein the quartz glass is a synthetic quartz glass,



