; @\e3eR@IR=| | } <~(d~R-6~T@1 21 July 2004 SPECI FI CATION Quartz dass Jig for
Processi ng Apparatus Using Plasma Technical Field The present invention
relates to a quartz glass jig used in a processing apparatus utilizing

pl asma, and nore specifically, to a quartz glass jig, wherein a surface of
the quartz glass jig is roughened by nechani cal working, and & h of

m crocracks forned during the nechani cal working is shall ow. ac%ground of
Art Recently, for the surface treatnment of a sem conductor device such as a
silicon wafer, etc., a treatment nethodrotrtienng pl asma has becone
frequently used. As the abovedescribed treatnent nethod utilizing plasma,
there are, for exanple, an etching nethod of introducing a hal ogen-based
corrosive gas suchas. Id LALd ne:bagsd Ba5ceds ¢hLORLAENAE0 A%g Hihromd N
a plasma-generating chanber, mhl*e Introducing a m crowave via a

m crowave-i ntroduci ng wi ndow, thereby formng a plasma fromthe
above-descri bed hal ogen-based corrosive gas internally present therein and
treating aT&sfirdotituctitldevice therewith; and a nethod of depositing
silicon dioxi de qnto ar%grR ce.o@ gt§egicqgﬂ¥§t§rtdevice. | n theﬁg s
treatment met hods Uti FrZrRg pl aShe ~ag sHowt T Japandsel Bit eht T4F ojéf
Nos. 106994kk996nangd 330RAB4I096. HfifanadiHCRISI NG HYPALALUS AT € Jusednoand
t he processing apparatus are equi pped with quartz gl ass-nade jigs as w ndow
mat er i al sspeicids dagrl yshited di nguaete. shsistshel it evharefor at Ismrface of the
above-descri bed artz glass-made jigs, -a natural quarfz glass has hitherto
been nainﬁ?aﬁgédﬂghﬁ%ﬁeghga?ﬁhr?%% h%%%?eBV,“ﬁﬁ %a%r88§gﬁnﬁmtdnﬁ%n¥gﬁt
with  2ladyky 2004npLasABacks rmeéumngﬁcﬁw'zﬁ@éhe@QEBsmgwg%&rrﬁgbyi
designing to stabilize the etching speed and"to prevent attached materials
from sepashtiépw-For the mechani cal working, there have been used grinding
wor ki ng using a grindstone such as di anond, etc., a sandbl ast working

nmet hod using a powder such as a silicon dioxide powder, a ceram cs powder,
etc., and yRrkbpgu@y $¢raRi.Ng away the quartz glass surface. But, the
mechani cal worKi ng nethod involved a fault that sinultaneously with
rougheni ng a quarezegkags siod acles miefaceacks: ame rgenef ated eaid: @idwackead

by radicals generated within the plasma, only the mcrocrack portion is
etched and®§fF6Gn FHED AF alfhoFralCcREl eW24RE i neERer wot sttx&aENe R he MRS

Soar e {ELEERAECILERT b8 pBALLOhr AR POEUd Y ad ehE% B850,

confirmed t In’t asma, abnormal Ty 1 nten raviol ét” rays

el ectron besssines rlenseshd ogethed WthlionsgopTahsal sheWadi Chre, for
deteriorate the surface of the quartz glass jig, and the deteriorated
porti ons HEABPES a sHur EFingenmtdiachg Gfar tindiresiudigei gy he lagsocbasardy

d i nf | il f Furth , it ti h
That | mpurtTT SECERL 675 VT oPBerncke> PbT HEaP Byt hg sovh. BBSEFAETBased

mechani cajaworkisg, 2Rdat Ra dsaligena% @iy Masat edyat1bheqtreataent of a
silicon mafer to contam nate the silicon wafer. As a result of intensive
i nvest i ga@tiorgvameerithesentdrewaseanctespdthénpr esemtow nvent oeisy hdvemiagnd

t hat when a furfac% of aia%artz glgss %lg i.s subjected to, nechanica

wor ki ng Suchta3™3r FAG g fior kP RGeS - SaRabtEsE ﬂ@ﬁéﬁiﬂ'QQ%ﬁﬁ VB tBEhEdé a

surface rioughness) RapPLsEhOMRebeht @& 05 &k tindMi | SofBKERG, 2 EPHA,OL

m crocracks of 50 u mor less, a quartz glass jig, which is ?ree fromthe

gener at i orhegfewalgrior nahdetec meghehdoparddmdsist iargd $$1iowni ki iconitdan eatd oa of

a silicon mgger mﬁéh inBuritigs, i s gbtained, and particularly, when the
surrace of a semlconductor device. In these treatmént methods
utilizing plasma, as shown in Japanese Patent Laid-Open Nos.
106994/19%6 and 339895/1996, etc., processing apparatus are
used, and the processing apparatus are equipped with guartz
glass-made jigs as window materials, rings for shielding, etc.
As the material for the above-described guartz 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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21 July 2004 glass is a synthetic quartz glass, a nore excellent jigis
obt ai ned. Furthernore, it has also been found that in the case where
grinding marks formed during the above-described grinding working are
streaky grinding marks, by reducing the nunber of t"e grinding marks per

| ength perpendicular to the grinding marks to 50 or |ess per pil b er,
| . e ( ; ( or . 2Julp§.
the contam nation of the silicon wafer with inpurities is nore reStrained,

| eading to the acconplishment of the invention. An object of the invention
is to prowlaera, quar togilasseqi gy wisictl n iwlzén weeiding, atpegedysidapigning

apparatus_usin gL sma, is less in enerati$n of ~abnormal etching and | ow
in contan%%at?gﬁ ﬁﬁ%ﬁepa iSc| &&° 9 mIRTEF es?PAnd Hoe S TRIE et & GRS
the charagiesi sti6s s@bnmA SBIHLONMUCT OF rABVILER A Si0an APLE DAL rRBIHGCt Ofe the

invention is to provide a quarts glass jig nmade of a synthetic quarts
gl ass, whixte | demor evegdeldreimdimg t Werdhamacteingt ixs gdesdsitved abovk. as

Brief Description of the Drawings Fig. 1 is a mcroscopic photograph of the
surface(ﬂlQ$éP§ua?FE'gI§b§?q{% S%R%ﬁﬁFéni,mﬁﬁngiﬁ 9 shoRE¥ERTI Feh

periphery, side Qﬁlﬁgﬁnj i@ioépﬁes &- cent r@érgfaﬁ.tziso Qﬂdépe_ Jé% ,an%n(dc)

shows an outer periphery side of the jig. Fiag. 'S a schenafic di agram of

the princiqualippr ticons ©fap ey pakiashi tige appatratusyldos e flakd.hesadgl ehe

pol i shing process. Fig. 3 is an enlarged cross-section of a specinen

pol i shed AR et ot | AT Ry apParards 1SHOMY S Fikpr ot Hhet airglzageagsdm

showi ng sfireaky, &ﬂ@?i@ﬁksé “@%%?%Q t &@yt‘%6¥#éd@P ' R 8rBALLEQD NQL o

subj ected to angl e’ polrshing, and the black streaky portion s a portron

subj ect edenerangi® pohdshaBgackdd by radicals generated within the

E plasma, only the microcrack portion is etched and grown into

an abnormal hole, and in the worst case, the guartz glass jig
is cracked from that portion. Also, recently, it has bkeen
confirmed that in the plasma, abnormally intense ultraviolet
rays and electron beams are released together with ions or
racdicals, which deteriorate the surface of the quartz glass
jig, and the detericorated portions become a source for
generating particles, leading to a secondary adverse influence
on a sillicon wafer.

Furthermore, it sometimes happens that impurities enter
the microcracks formed by the above-described mechanical
working, and the impurities are evaporated at the treatment of
a siliceon wafer to contaminate the silicon wafer.

As a result of intensive investigaticns 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 um to 0.05 i m,
while making a depth of microcracks of 50 # m or less, a gquartez
glass Jjlg, which 1s 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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21 July 2004 Disclosure of the Invention In order to attain the
above-descri bed objects, a first invention is concerned with a quartz jig
gl ass for a processing apparatus using plasma, wherein 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 grindi ngng_“g%oé‘pr med
during the grinding working have a depth of 50 a mor |ess; an second
invention is concerned with a quartz glass jig for a processing apparatus
usi ng pl ashes s wher ea n syrsurfaice ghiathe j§lps$s, sebjrered epwesidmdiyl agtiy is
working and has a surface roughness Ra in the range of from2 p mto 0.05 a
m and m&RTAeks fo?%HhEF‘gﬁﬁ'tHet saﬁabladﬁowg’%l?inngfﬂ‘é{}ga‘ ot Aof8D a
mor | ess;adde @dalet 2ggk a8snki hofkd hedrmeant k@R h§ acid g apiRRARL dFifB A
natural or synthetic quartz gl ass, wherein its inner surface, which is

br ought igtin¢omg asbrkitk plasmesreskyoughiendid gushrkbat ky soefacéng the
roughness Ra is in the ranﬁe of from?2 I|: for siabilizi

mto 0.05 u m
the et chi'tifFyeed ot 5 e ?‘flh'@gaf"laé'&‘ﬁecp‘?r‘ép i?PﬁF R {F'4t $on F el
the surf %&%@H@Mﬁéﬁ?%@%%% 3 & Mpd Adh £2] Smdf e E ONSrECRELALS Mt
the plasnma attack locally recesses on the roughened surface, whereby
abnor mal cet chibyg pridgreessessz f@r t e ot hempltand,ieshern st heoRa | $elbess inleahn

0.05 a m_ secondary products (for exanple, gart,i cles, etc.) formed by the
pl asma ar€adiddl - o-be sepaFRt &8 FEBn Phe 86 LAYED S that t he

characteristics . 1 O ct.Qt, i.Ce . i det er.i t ed.. . [he
above- descri bed %u%%ﬁ%%gnégrgggeagée g\rir?gld lgs;/etad)ﬁ ‘nga%f gsgpgg%%g%g\fﬁ}
the quartjz gl aswisnf f aEenbysadrenhaai pabcweskingg appdract wdiChs 86g gbiladnag
wor ki ng using a grindstone such as di anond abrasive grains, sandblast

wor ki ng d$i ng- &S powtier SEERTASI®Nsi 9% on2BNexINAE pSRFEANTa cErhm E3Wpowder
etc., but.in this case, m.,crocracks are for t: 21 Jul 04
surface. °PE 5T J‘|nrr“=i)tolrcinantw]'t"ﬁ'lat ptaﬁgckl elget% i C{Tﬁgm%iﬁgrlgﬁ'aec S 8rdJne < g SBO&m
or |ess. qehenildie wepide cfhdhe- e erociasksrexceerscdiduciort Revaard.i cl es of
the quartz glass are liable to be separated fromthe quartz gl ass surface,
and particles afdsforeanpkbey gbi@cdt edf duhbnd e PlasmasSt teatmegitide a

t her eby marked|y fi nder.i.ng the el ectric c?ﬁrgcteristics of _t he . .
seni condJEESFS THERR grindIRY® wdFkihg®YBFRETRg TAKS af&®PSr med! 1 Hhat®
parti cul aph¥, elxeine G iindifige WK X DO 4151 891 8sdhagerdpari Bdsiene, streaky
grinding marks are fornmed. It is desired that the nunber of the grinding
mar ks per | ength perpendicular to the grinding marks is 50 or |ess per
mllimeter. The grinding marks are neasured through observation by a

i cr oscopBragisHERFLIP R AL SARPIHNE MFber of the grinding marks
exceeds 50 per m;llingeter, i rities rd ndi ng and.are
rel eased at the@&!tlr’éap?ne%ts o%m?%grgg#ioggﬁdu%lt?%%g%%%?ge%‘t hgégbi%r %éedlgf

| ower i ngthbe gelatactErass i §5gobft Maasmieconduchore devii@e. sAlos®, dmorinner
vani shing the streaky grinding marks as descri bed above, there is a case of
subjiect i RGFELRE ST 4 1f shREbPaSy WEIKi HPWS n t REREAAADIPRST JRdY IGhgtha
powder st a r rbon po il di oxi de.p eL._a ceramcs
ponder, - dt8: “Er" §E1, SR B e iRl e Ble JSERENE TSI e
surface roughnessgRa 20fid hg kkgetdifiacaiisgdd0m2 vhe Hei0QPal Mobidoml SO
the depth of the m crocracks is 50 a mor |ess. when the depth of the

m crocr agks Wfe t B lgFdrins ghass qaitg Sobf arnedS dy itthi §hr 0z@$5¢ ng et Hoh g
exceeds égogggst he progress of etching by radicals generated within the

pl asma becones fast, and in the worst case, the jig is broken. The depth of
the microcracksrggscribedsabgye d§1 {BaSHr etk Dys e @NOLE POF I SDi NG N QEHSS,
and a schematic view of the principal portion of its apparatus is shown in
Fig. 2. palFspged2vithshowsla stylnigndgmpardaupisiom D aFpplizdhing - b

Fig. 4 1s a diagram showing streaky microcracks,
wherein the white portion is a portion neot subjected to angle
pelishing, and the black streaky portion is a portion

subjected to angle polishing.




21 July 2004 material, and 4 a specinen, respectively. In the cylinder 1 of
the above-described polishing apparatus is inserted the piston 2 provided
with a slope at the tip portion thereof, and the specinen 4 having a | ayer
of mechani cally processed mcrocracks is attached to the slope. Al so, the
abovedescri bed m crocrack layer is subjected to angle p°|ish%ﬁﬂﬂ bidy t he
polishing material 3 at an angle in the range of B=0.1 - 3 %Qand a
polished length L at this time is nmeasured, to obtain a depth D of the
m crocr ackPEpedcensef efmilhg, IDventitPn H = wsin H . Wen the angle C- of
the angl e polishing descri:bed above jis_ I h N err.or bec
| arge. On the oth@roﬁ ﬁd,gﬂuﬁ$T?ﬁPaB% egéﬁgécgg sr%Be? ?ﬁgﬁﬁﬁﬁqdﬁlngét
m crocracksveannet besnmeasdHeg-ndwir thetnore, tdimmhovegdescrighadsl itsor a
measured by a m croscope equi pped with a stage microneter, a m croscopic
phot ogr aphroceeésihg tdmpaseudfl vapployi Rb2she, andlereddl | shiswr hrevess, theis
desired for facilitating the observation of m_cr.ocracks,t revi ousl y. w den
AT - W

the nicroétacks®w th Pi cIACPEI G TS WIdEn ANE miocrhckE W
hydrof | uorhgagkdsakher nt Rgeandhngepeld HHRY.2 Asnargabenbal, b orapaeparing
the quartz g?ass jig of the invention, is desired a synthetic quartz gl ass,
whi ch hasmactowreohtentfof gaindbulgbl esrénd fsreecdel kemtinign hdreogensirtddndgrhe
ai r bubbles becone a precursor for_abnornal holes to radicals or, ions

wi thin t HEOPF48Fm1286 Eh&ERHcing ¢ g Gt &Sds §%3t e 7 F 021 SPORET gé sl B

Al S0, whep, theohoppEERei Ly chS 1:0Wydia L1 GG, t1 £REMeRb. S aNOl AU Iy
carried out, and abnormal etching occurs. xt, the’invention 'l be

expl ai nedzppadetas | byitdhe pIacha calwiexenph ess buirtdese ekamiles Are is
illustratively shown, and the invention is not limted {hereto. Wrkin
Exanpl e 1SYPsE7FaCetBf SENERAASE JIusstWas® Wor REd i thrat 288 r?T9§GP§SZ%@4
gri ndst ong, nege pLaglagend-Baving @ parbieke, 9760 R9crboihkaobiala
gquartz gl ass-made ring for shielding having a surface roughness Ra of 1 um
Wien the duwrincetiod $dmskbiang workshpehdivegawas pahserfved by ra o cCxescope,
20 per millinmeter of grinding marks were confirned as showm in Fig. 1

Incidental |y, Fi%ie 199&r bz nfér6ScapRAc OfhdtSgrdae i Ao fragini B c REEEAS o6
the surface of _the.ri for shieldi d iLbe ove, rein i

i nner peri’pher § sn!ad:ufn )8?:3 J;yngtehn trgi gggﬁgn%%%as 1 c?fwlggeg'ﬁ o£u ger_ﬁmgIil
peri pher s sidese Wthh1@spect t 8raug@ipl ensb] edihdio thersangi1uemki,ngis
after rinsing with 153 HF for 30 mnutes, the sanple was attached to a tip
portion efouwrhsimtdnswfhatpeki shisny HrarusheddsnReEn iBi g.n 2the heaggef ade
of the sanple yas inclined by 5 and polished t.o expose a m.crocrack |ayer
S a5 Showr £, M3EOA U U b, COPhOLORP IR RIS« HTE. EHRB TS AT | RY
Fig. 4. INKidhcihga JdHndi 1R DOFIA 0D 1 6-4he POSL- 9P 8HD) ect pdeho apgl e
polishing, and the left is a surface (not subjected to angle polishing) of
t he gl assurfiadsher porhnans sBBj esteddso 2apnghe peliishilisg ot ramspagenerated

portion), whisker-like streaks are present, which are the m crocracks
wi dened WitH Wy dFBEI LR)]r?%“%tciad:.taﬁﬁ\':hliﬁFErlgé’r ARSEFRCE hPHepts dF PREEFBRYcan

be easi | %ug%%re\ﬁedwﬁéQngheaMl Thechengt N ko §fe & higs Whi skgr ‘tlﬂe}ée%§ﬂé?aks

was obtained froman interface between the transparent portion an
surface pamtli,onvifé¢dne ther tRonivherasd hehwahi Skerss (arre, gaekened)y,y apdoducept h
(D) of the mcrocracks was calculated to be 20 ,tt m The above-descri bed

quart z gﬂ§§§wﬁiﬁ99%%u;Hiﬁt%ﬁﬁ%ﬁdiﬁbcmészEEGdih?atﬁﬁmﬁﬁf%ﬁﬂmﬁﬁﬁu%i%%k?ng
an out put 0f.J S AN US! ROoLF 4 AR A RS 2peELES ML IdFadilp: depysed
for one nonth, no problem occurred. nparative ample 1 :
of the semiconductor device are possibly deteriorated.
The above-described roughened surface is formed by a
method of scraping away the guartz glass surface by a
mechanical working method such as grinding working using a
rindstone 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




A surface was worked with a grindstone of dianond 21 July 2004 having a
particle size of 300 ,c, mto obtain a guar is glass-s,ade ring for

shi el ding having a surface roughness Ra of 3 um Wen the resulting surface
was observed by a mcroscope, 200 per mllimeter of grinding marks were
confirmed. Wth respect to a quartz glass sanple subjected t

processing with a dianond grindstone, after rinsing with 15~ or 30

m nutes, the surface was inclined by 5" and polished. As a result of

nmeasur i ngs thezsanpl ex obtai netbd:oraret depteh ofhd héeptbr acr atks i adve i
pol i shing_process as in Wrki ng Example 1, the depth was 100 ,u m V\h%rs](the
quartz gl 8RE"¢RgiRas Lsed a_T alfPfig f dInhi EPRI GRS LI 5Efa "4t S
after usi 0gg week,. | L g r&i, QP8 - 066 HELEed ~@n 1tihe ;surdace
of the riér'::gc %éssﬁlse’ﬁ?'ngj m%%c%%&?fs‘ %}gﬁl h%ot bg treated. Working
Exanpl e 2>dheespuantzdglfass: nede quagtfoylsheelsdinfgcavheardnp2@@ipées are
mllinmeter of the streaky grindj ng mar ks were confirmed on the surface

t her eof iFPTRDNPArRIN e IEREFHE U, TRESTEUbF R t I T artdif st Wor kiTh§ TRFh
green car er . qf nd en j.ect ed wQr ki Wi
green carrﬁagl[r}(%%‘ er hgfnglzfg&gaAl %%gugﬁﬁ%ﬁlt ncgarg{??ggggggqﬁ%}tel\éi%, tﬁg s&?j%ace

roughnesss dig M&$a:3¢ £ oM andz f he nédepd hi 08 ifihe woraiony acks inads nf00nay kaf aee
subj ecting to sandbl ast working with green carbon powder of #400, the
streaky drdumkhg redrks PREte cgarglyser wad ehen DEARCHREr 0ESTOPpEIS AN G hé

surface r%u$%%é5?%a$§§8%F? @\xg%%ugggperidne%itn?q g%a.%}gg giﬁ%r O%rzq,ncekd'ﬁ wag, 4Q a

m Wen t r g as r Shieldi'ng of a plasna

appar at Ugge Aft8d U9 Ok 3nWReks, Hartikd egyeiE Oenedatied aeld ttkagrhut
such, was | ower than that in the internal specification so that no problem
was cr eatsstpeirdii a2y i gteoutebegusadingr gdefontde | Huse¥i aless per

TG, whorBi T YISt T ace T0UGnAESE TG & FPORZ 12 { D0 UR . mfPARA% e

depth of Jhe jLr0ef agks £ opTed dwuigag hhe Jmahanigal el king i siHbh ugnher

|l ess. Wien it is used as a jig for a plasma processi ng apparatus, abnornmal

et chi ng anchipar t o£| ebeareger inotirgenee aked exx@@dsondlicrer deli lcios: aae, noany

contam nated Wil MRHLLL S5 209 NAONL YA S50 GONAUELoL 28y GRS R Pe
treatment o©of the semiconductor device, thereby markedly
lowering the characteristics of the semiconductor device.

Also, for wvanishing the streaky grinding marks as
described above, there is a case of subjecting the surface to
sandblast working. In the sandblast working, a powder such as
green carbon powder, a silicon dioxide powder, a ceramics
powder, etc., is used. In that case, it is necessary that not
only the surface roughness Ra of the jig surface is from 2 um
to 0.05 ¢ m, but also the depth of the microcracks is 50 4 m or
less. When the depth of the microcracks of the quartz glass
jig obtained by this processing method exceeds 50 g m, the
progress of etching by radicals generated within the plasma
becomes fast, and in the worst case, the jig is broken.

The depth of the microcracks described above 1is
measured by an 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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produced at a low cost. -9 21 July 2004 CLAIMS 1. A quartz glass jig 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 from2 a mto 0.05 a m and.mcrocracks of grinding marks formnmed
during the grinding working have a depth of 50 umor |ess. 221 J’J}gzwrtz
glass jig described in Caim1l, wherein the grinding marks forned during
the grinding working are streaky grinding marks, and the nunber of the

gri ndi ng marksipkr kedgth pespendimenl arraspadtel indi ngrmarkes £yl30der lless
per mllingter. 3. A quartz glass jig.for _a processing apparatus usin

pl asma, cHar &&er P2BYS A SEKA bfdsui’Pgéégéf’gt h%pf‘?ga%:ggsug%)ec‘tnesae]i%ecli he
sandbl ast, morki ng gpgdvhasqawsyhf ace rpohnessfRaciy pbetiangenekebrrgmazdim
to 0.05 ,cc m and mcrocracks fornmed during the sandbl ast working have a
depth of 8% ummrciess. 4. Hheigoaréz Hepss jof deschiebedaldyanprogessed
Claims . 1 to 3, wherein the quartz glass_is a s%nthetiﬁlqu%gtz glass. - tO0
/ N& NC/ NFPNGZAG T F N N N KRBT RE\ tokdpg siope. Also, the above-

described micreccrack layer is subjected to angle polishing

with the polishing material 3 at an angle in the range of ¢ =
0.1 -~ 30°% , and a polished length L at this time is measured,

to cbtain a depth D of the microcrack from the formula, D =

L-tan ¢ = L-sin & . When the angle & of the angle polishing
described above is less than 0.1° , an error becocmes 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 egquipped with a stage
micrometer, a microscopic photograph, etc. In the case of
applying the angle polishing process, it 1is desired for
facilitating the observation of microcracks to previocusly
widen the microcracks with hydrofluoric acid, or to widen the
microcracks with hydrofluoric acid after the angle polishing.
Az a material for preparing the guartz glass 3jig of the
invention, is desired a synthetic guartz 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 is
.ibw, £he etching treatmen£ 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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is a central portion, and (¢} 1s an outer periphery side.
With respect to a sample subjected to the same working, after
rinsing with 13% HF for 30 minutes, the sample was attached to

a tip portion o©f a piston of a polishing apparatus shown in

o]

Fig. 2, the surface of the sample was inclined by 5 and
pelished to expose a microcrack layer 5 as shown in Fig. 3. &
microscopic photograph at this time is shown in Fig. 4. In

Fig. 4, a right white portidn 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
i

can be easily observed from the above. The length L of the

whisker-like streaks was obtained freoem an interface between
the transparent portion and a surface portion (the portion
where the whiskers are gathered), and a depth (D) of the
”miérocrécks was caicuiated Lo be.20 j7i ﬁ.. The above~-described
guartz 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.
Comparative Example 1

A surface was worked with a grindstone of diamond
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having a particle size of 300 m to obtain a guarts gleass-made
ring for shielding having a surface roughness Ra of 3 i m.
When the resulting surface was observed by a microscope, 200
per millimeter of grinding marks were confirmed. With respect
to a guartz glass 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 1in Working
Example 1, the depth was 100 g m. When the quartz glass 3jig
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 guartz 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 #2480 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 c¢f #400, the streaky grinding marks were not observed
even by a microscope. Alsc, the surface roughness Ra was 1.7
(£ m, and the depth of the microcracks was 40 u m. When this
gquartz 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 lower 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 g m to 0.05 ¢ m, and the
depth of the micrccracks formed during the mechanical working
is 50 ¢ m or less, When it is used as a Jig for a plasma
processing apparatus, abnormal etching and particles are not
generated, semiconductor devices are net contaminated with

impurities, and high-quality semiconducter devices c¢an be

produced at a low cost.
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CLAIMS

1. A gquartz glass jig for a processing apparatus using
plasma, characterized bin that a surface of the Jjig 1is
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 gquartz 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 marké per
length perpendicular to the grinding marks is 50 or Less per
millimeter.

3. A quartz glass jig 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 # m to 0.05 ¢ m, and microcracks formed
during the sandblast working have a depth of 50 g m or less.

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

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

— 10 —



