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ELI M NATI NG UNCONFI NED PLASMA | N A PLASMA PROCESSI NG CHAVBER BACKGROUND OF
THE I NVENTION 5 The present invention relates to the manufacture of

sem conduct or - based products. Mre particularly, the present invention
relates to inproved techniques for controlling plasma formgtpedhbdBoot pl asnma
processing chanber. The use of plasma-enhanced processes in the manufacture
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processes i NUNCONEINED BEASMAJNoA PLASM#& PROCESS CHAMBERpanel or a
sem conductor wafer) in a plasma processing chanber. Wthin the plasna
processi ng chanber, a plasma nay be ignited out of appropriate etchant or
deposi tion source gases BACK&EFROUNDyOFYTHE INVENTIODDsit a | ayer of materi al
on the surface 15 of the substrate. To facilitate discussion, Fig. 1

depi Cts a capacitivel y-coupl ed pl asma processi ng chanber 100, representing
an ﬁxenpl gry miea$>me1$tr doveatiomgrethiesther thef rﬁdﬁﬁfatcmeSOﬂ ﬁamﬁ@hﬂycg&nﬁse&ed to
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rai sed and | owered w thout noving reactor top Further deta
per t18i nioddgha wbstide.cam based arrangerrent may be found in a co 30 pending
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typically provided to i nprove process uniformty across the entire

substrate surface. Wth reference to Fig. 1, chuck 104 is shown di sposed
within a focus ring 108, which is typically formed of asui" | tric
material such as ceramc, quartz, or plastic. ’m mm ”m”(mm
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25 The equipotential field lines that are set up during plasnma etching may
be seen nore clearly in Fig. 2. In Fig. 2, the presence of focus ring 108
allow the equipotential field lines to be disposed substantially uniformy
over the entire surface of the substrate, thereby allowi ng etching to
proceed in a uniform manner across the substrate. As seen hypdiner 26b2
however, sone of the equipotential field lines also extend into the region

150,30, ok B340 o, ASGROCER: B LEBF (SR RPRBILR, |

conf i nenR398/LAMGE088) and ¢mdoepcnsted by refetncehdreion per pendi cul ar to the
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secondary el ectrons, .which may igpite and/ .sust.ain onfined plasm in
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with the t be-sp?a ed portion. The flange portion forns a plane that

i nt er seci¥ R &- shaped portion. The flange portion is enbedded within

t he 25nnul ar diled eqiipatentlad digld lides! thattaretsbetp duiingl iphasita, ettiifg nfhyed seen
relates to a,plas .or in hanber confi qur.ed rocess a substrate.
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30 outside of focus ring 108. The presence of the equipotential field lines in region 160 may

cause any charged particles that leak past the confinement rings to accelerate in a
direction perpendicular to the equipotential field lines toward the chamber walls. This

acceleration and the subsequent collision between the



20 conductive shield is configured to be electrically gr ounded1\lc pﬁicnzqqu
pl asma proceswiorog/oossanber. The el ectrically conductive shield paTriusdssiozr

t ube- shaped portion being di sposed outside of the annular dielectric body
“and sur r ourghafgedatartidesdndothe chafiber halla aryl genierdieakanidatyceldtidys, Which may ignite
electrically conductive shield further includes an inwardly-protrudin

fl ange por tans¥ersustat wucoriiaed plrgng ingsgicad 0 m-wrtmfénéedwéasmég@ds por edndimed to
The flange porti r pl_an at 25 intersects the tube-shaped
portion. Th‘%g’fﬂ“a‘ﬁ%élg8??‘("2‘#%“3“2‘%%&ded within the annul ar dielectric body.
In yet another enbodinment, the invention relates to a nethod for formng a
focus ring assentyhy inidvertdit ashatatiinsTeishiidn eEHw €60 rehli@s R HroBssABERATRY
i*s configured to 30 substantially encircle a chuck of the plasma processing
chanber .5 Theontst hod mayslamtgs componentsiyitizin thinregien. By wap of examme,dhisamdonfined

di h ielectric body. wt | ectr.i call ducti
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portion of the electrically conductive shield. The tube-shaped portion 1s
di sposed outlslivbey of power tarthe biaickdo etteeterdonsiktenty repeitabls etchaesudts n distanether
annul ar dielectric body with_an electrically . conductive shield includes

enbeddi ng afX¥RPEr ePreseBes elmvpntod plasmada région 1 ¢ff may gayse damage tgl thy chamber
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artion. These and other features of the present invention wll be
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ngs, which are not drawn to scale

to sinplify the 5 illustration and in which |like reference nunerals refer
to simlisr el enmeninsview offitlee fotedoinig, fterendre desiretl teihnajues fpamninizagyandrgliednating
pl asma processing chanmber. Fig. 2 illustrates the equipotential field |Iines

that may be theupwanted plaseasforastionip deesegionguisifierafdhe focusyipg of thg plasmp pypeessag

processi ng. chamber
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Fig. 3 illustrates, in accordance with one enbodi ment of tHey

i nvent’i onwotob@osd® i nventive focus ring assenbly, includi ngpﬁ&m
electrically conductive shield having both a tube-shaped portion and an

i nwar dl y-protruding fl angslﬂg%mmtmﬁ_r@}%&mmes the field Iines that
may be formed when the inwardly-protruding ange portion of the grounded
el ectrically-conductive shield is omtted. 6 WO 00! 0099Z C~~~9 140 O
DETAI LED DESCRI PTI ON OF Tl DE PREFERRED EMBODI MENTS The present invention

wi |l now be described in detail with reference to a few preferred

enbodi nents thereof as illustrated in the acconpanying drawings. In the 5
following d 4Dt hon, ol 1].S:.ar. f iLh order to
provi de a t naFaGe iR TeReE ingHE eBGrenf 162 Bl SR alchiy LBl 7L O
appar ensubstantietlyesncirtie achaclséf d plashna prot&xsingl dhambbatTHe Bl BSEiseinBNENt | ON

may be practiced without sonme or all of these specific detalls. In other
i nst ancagludesean anaulagdickacaehadys arntan eeatrieallyseandustiveshisidswramdingsbe

d i bed i 3N t il th : t
mvent  aitulad iR Pe i, R SHerhRoal3 e RREE FRRM i Yo BT o e BrETER,

pr ocesSgandddovithis tw;sa&s:ﬁ@Eio@édsmg(chaxhﬁars@x\aqﬂcmesraaﬂys!smearpoahdrméﬁ?g ing the
unconfined plasma (i.e., the unwanted plasma that is inadvertently 1gnited

and/ or gisposail wetsideafsharmnolar dieectichomiyrand gjrropsdingiat least prit of ereznoyliad

herein, .the region, qutside of the focys ring refers to.annular regjon of

t helthi adiclpopieibade g elasiinaly chactive Shesd therncfites 48 RGRPEH Ui e
whose o y o ' . o .2nc i s ring.
The  pl ataats IFELEDER i SetBbAroRa b e kol b, ThE Rab ool St

t he f oc@smisidfland thet iatetetisithe fub&lshaped ppitivihe rEtel flange gortiof 1§ embedicd@titin Wher e
pl asma can no | onger be sustained. By elimnating the unconfined plasna,

t he anoitheansplapdigdectamlasiybed by the etching plasma that is di sposed above
the substrate may be nore consistent fromsubstrate to substrate, thereby
rendering the etch repeatable. The elimnation of the unconfined 20 plasna
al s@shel ps 1 adugSthbhanddihes 08 ifenlberHatdOW h flhsrEOpRRRBRMScHAdbrPsRH gufedt he
region outside of the focus ring (e.g., door seals). 3n accordance with one
enbodi meopraskssthmbptrasefihe phvoapiwassingrysen mepdovd dearkeohbgursd to mepport
assenbly, includi a grounded condycti ve. shi el jch is configured to
concent rBg @%Hétcéﬂfgflﬁa iPAPCefIIRg- %W%@sﬁl}"ﬁe’t lﬁgl“%%g’cw eids] .%bﬁ'he

gr ounde i ve: sk f i Lt 3 .

Plbe- shasaa it SElethe RIE T Rdks oy SperblT i s R e R icRotric bogy
ri ng bodandancictridalyaoaductive ehielddunguidiag ge amolar dislastrichodys Brdubattdchlly
within the dielectric focus ring body itself. It is believed that this
conf20guresndaetive shiald mooafigyred sbr elsctiigpdlygrrundsg withis tig plasramprogessinge| d
lines inithe regio i e [l Y, i al: i ng
the. dencri8yst“ShE RSBk, ShrShrbithleRE B P n et dtlbh Bk RBHE 19
of the fgatde 30tle Mdulat HigledfiRbdkdy @hd QREAMAIRCAUEDS yf B ingllar diskcidr ticl e
that leaks into this area is 7 W O 001 00992 17 C 2002 PCT/ US99/ 14077

subst ant bady. yTheeslentrichilytconduadtive sbiskinfuither ipclutpsumiaward)y-phetrysieg flange poptierf
pl asma ignition and/or sustepance he features,and advant ages of the
present g?ﬂ?& i elsringal copeehwi tHh‘Hé"’QF‘iBB“W‘t ?Fhe fange pértion forms a plans that
25  intersects the tube-shaped portion. The flange portion is embedded within the annular dielectric
body.

In yet another embodiment, the invention relates to a method for forming a focus ring
assembly of a plasma processing chamber. The focus ring assembly is configured to
30 substantially encircle a chuck of the plasma processing chamber. The method includes
providing an annular dielectric body and surrounding the annular dielectric body with an
electrically conductive shield, which includes surrounding at least part of the annular dielectric
4



reference to the figures that follow Fig. 3 illustrates a rel évzarﬂEQJgpQZ on
of .t he pl asg gy@owssi ng , 5 chanber of Fig. 1, including a fracusswnag?
assenbly 300. As shown in Fig. 3, focus ring assenbly 300 includes an
annul ar  db&dyewith aGutehapedpgortibn of tHéi ik theilly chAdicioe Shid[d2 (Ehe @&l siRHEd Bdotion

whi ch encircles chuck 104 when vi ewed from above. Annul ar dielectric body
302 may bis digposediowsidg of thetaapuler dietsctrint hady. e enireunding theaonylandielectric body
alumna, silicon ni.tride, .or. a plastic . mterial such as, TeflonTM .polyimd,
pol yet her BiaPEetee b sepggeive shismeuagtebeddme an iw iy pepspibmg Binte
like. . AgoMichlofpg dbahbaRAGbnbaiie sHRIEWIniARE dhitarti B8tk oy Loy indigalyRY
al so be a conposite structure that may include two or nore d|¥ferent

porti ofhs, pednidimgsf flavgeqiortioyis reelecricEctontacawith tietubershaped pection. CThreeflange al .
Focus ring assenbly 300 al sp includes an electrically conductive shield
304, whi cROEBNJHPE 7 Blege that ersedinedubsoshapehratiaia) “ and an

i nwardl y-protrudi.ng portion 304(b), which is in electrical contact with

t ube- shaped porfk0 ) i i : - rti 4(a)
substantial ly sur r%ﬁéﬁ%ﬂfgaﬁﬁfe?% ‘%rﬁse"l’:‘f gT\X/g%mﬁ{)‘rU{h?%e?l&%? ﬁ@%ﬁ@l%‘?&&eéﬁect ric
body 302 whidwein thededilyd fesotiptish Gi0thp @rivienfion 2 nltbnjuscesib editiabe filloking
annul ar dielectric body 302 itself. It is believed that the presence of

i nwar dl y- digsresudi ng portion 304(b), which is grounded during 20 operation,
substantially reduces the density of the equipotential field lines in the

upper portion of annular region 306, i.e., the region outside of the focus
ring. Wiile not wishing to be bound by theory, it is believed that
LQwardly-protruding portion 304(b) forces the equipotential lines to curve

sharply away fromregion 306 in order to stay in between high voltage chuck
104 and the ground potential, which is present on electrically 25
conductive shield 304 during operation. If inwardly-protruding portion
304(b) were absent fromthe electrically conductive shield, it is believed
that sonme of the equipotential field lines may extend into regi on 306,
particularly into the upper portion of region 306, to energize ions in
regi on 306 and possibly ignite new plasma or sustain plasma al ready
existing therein. Wth reference to Fig. 4, for exanple, the electrically
conductive shield is shown having 30 only a tube-shaped portion (i.e.,
wi thout an inwardly-protruding portion). In Fig. 4, sone of the 8 17 D ~
D 2002 WO 00/ 00992 PCT/ US99/ 14077 field lines are shown extending into the
upper portion of region 306. Because of this, there is potentially
sufficient electric field density in this region to ignite and/or sustain
t he unwanted plasma. Note that it is disadvantageous to extend the
t ube- shaped portion upward beyond the upper surface of the annul ar
di el ectric body of focus ring 302 since the presence of a physi cal
structure, such as an extended tube-shaped conductive shield, in the upper
rtion of region 306 may inpede substrate transport and/or byproduct
exhaust) Wiile it is possible that sonme arrangenent may be provided to nove
such an extended conductive shield out of the way for substrate transport,
the additional conplexity and expenses involved therewith woul d have been
10 undesirable. Al so, such an extended conductive shield nay be corroded by
undue contact with



" the plasma byproducts. ,, It should be appreciated that it {pyDEL 200De

di sadvant WQM(®8993nd/ or inpractical to fill up a portion or PETUS8Y14027i on.
306 with a dielectric material sinply for the purpose of mnimzing or
elimnating the near-vacuumregion in whichfglasna may be formed. At |east
a portion of 15 regi on BRIEFARESCRIPTHON QEJHE BRAWINGSenai n unobstructed to
serve as part of the exhaust path through which the etch byproducts may be
punped away. Accordingly, the use of the inwardly-protruding flange portion
(as is done in the enbodinent of Fig. 3) to force the equipotential field
lines to curve sharply away fromregi on 306 advant ageously reduces and/ or
elim nates umﬁegfésemn@érﬁ%ms {IRffRtel Q?Wyfobek&nﬁle,ean@ﬁgy% %sﬁ&iﬁﬁéﬂ,%@t ed
wi th extending 20 the tube-shaped portion into the upper” poftion of region
306 (whiheHigumss dflthe keaompanyingtdrawmgs, vansipare nopdiivnds s¢dietossiinpli§tthpat h) or

wi t hout 1t he di sadvant ages., associated with filling region 306 (which .
i nt ef f elBStrgfiohand o ‘@@%&3& TOpenst P‘Bﬂ?‘?fsﬁ&é%@ﬁﬁg?’r@gwmt?- protrudi ng flange
portion 304(b) is~shown formng a 90 angle with the |ongitudinal axis of

t ube- shaped tqi ' I weld in Fig. 25
3, the exact@g'éﬂgﬂgggéﬁ?gﬁg%ﬁg e°§§§83%?f@% gmﬁﬁ?g§§%%¥§ﬂggﬁ%% critical

Li kewi se, even though inwardly-protruding flange portion 304(b) is shown
connect ed t o Rige ilijppeateedgeqoipotantiel Sdid hees thatrthaybe Rrked jn thie pldsma
contenpl ated .that this connection _nay be nmade | ower or higher relative to

t he upperoceayis shambmsof i Jedirpgrlasyip OEHE- Al so, the exact depth of
penetration of inwardlyprotruding flange portion 304(b) into the body of
the focus ri r j . coprse

pref erabi e ¢ HaE 1 HuRlcas RaboiriBe Bl GE ibodin g SF AE pridepl Bioh MR

suf floci envdntiveTbaustriig; L3eeiblgf inchrlidgor gounded@ldctridatipdondtive sleldMavingogh  of
equi potential field 9 17 DEC 2002 WO 00/ 00992 PCT/ US99/ 14077 |ines away
flour reagnbersBagdaedtionanican mraerdyssetryding flagg PeBYY ty in this region to a
sufficiently low | evel such that unconfined plasma cannot be ignited and/ or

sustai ned. Additi ' I r udi : P b)
s shown i nt epitat Tgrrerd B MG HRY Bl s TRE R i e 085 kg e |
is not ghsAbNbeine A8eRRAM sttrid0ly BXANTRIVE shitld ik Sritwell, enpl at ed t hat

i nwar dl y-protrudi ng flange portion 304(b) nay be a separately forned
electrically conductive piece that is in electrical contact with

t ube- shaped portion 304(a) and ground. As such, inwardly-protruding flange
portion 304(b) would also serve its purpose of bending the equipotenti al
field Iines sharply away fromregion 306 so that unconfined plasma in this
regi on cannot be fornmed and/or sustained. 10 In Fig. 3, tube-shaped portion
304(a) is shown di sposed outside of the annular dielectric body of the
focus rind. By spacing the tube-shaped portion 304 (a) (which is grounded
during operation) as far away from high voltage chuck 104 as possi bl e,
arcing across the gap- between the high voltage chuck and the inner surface
of the focus ring is substantially m nim zed, which advant ageously prol ongs
the life of the focus ring and/or the high voltage chuck. 15 In one
optional enbodi nent, annular dielectric body 302 nay represent a conposite
structure, which includes two or nore different portions. Wth reference to
Fig. 3, for exanple, this refinenent is shown by the presence of both first
annul ar dielectric portion 302(a) and second annul ar dielectric portion
302(b). First annular dielectric portion 302(a) may be fornmed of, for
exanple, a ceramic material to nmaxim ze resistance to the etching effects
of the plasma 20 and to provide structural rigidity and stability with
changi ng tenperature. It is contenplated, however, that first:annular
dielectric portion 302(a) may be formed of any suitable dielectric material'’
such as quartz, alumna, silicon nitride, or a plastic material such as
polyi m d, polyetheretherketone (PEEK), polyamd, polyimdamd, VESPELTM or
the like. Second annul ar dielectric portion 302(b) may be forned of, for
exanple, a plastic 25 material such as TeflonTM which is closer in
dielectric constant to vacuumthan the dielectric material of first annul ar
dielectric portion 302(a). It is contenplated, however, that first annul ar
dielectric portion 302(a) may al so be fornmed of any suitable dielectric
material such as quartz, ' alunina, sili%on nitride, or a plastic materi al
such as polyi md, polyetheretherketone (PEEK), polyamd, polyimdamd,
VESPELTM or the like. In any case, the use of a dielectric nmaterial 30 that
has a dielectric constant close to the dielectric constant of vacuum for
second annular 10 WD 00/00992 17 DEC 2002 PCT/ US99/1 A077
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dielectric portion 302(b) advantageously reduces el ectri cal strtggﬁgt;&p@
t he focus ringoooaIsdenent. To el aborate, electrical stress mayC et ed
if second annul ar dielectric portion 302(b) is formed of a material having
"a high dielectric constant, and there is a small vacuum gap between
t ube- shaped port i QERYIED DENCRIBIHAN Qin b HIFPREFERBE ABRHIIMIENTS02( b)
(due to, for. exanple manufacturing tol erance) since nost of the field Iines
woul d be concentrated in the small vacuum gap. By using a material having a
dielectric constant close to the dielectric constant of vacuum for second
annul ar dielectric portion 302(b), the field |ines are nore equally spread
t hroughout the tTheraams ihehieewill How bsldageibed & ddtahwaR ddfaenderth 4 fegy | Nner
wal | of 10 second annul ar dielectric portion 302(b), which hel ps reduce
el ectri cal pseicosd eobddmaitoihgraoies Ukwtrated in the agfompanying drawvinghgin the
arrangepent, .,. .. By.formng the annul ar .dielectric.bo in t or. nor
Separ ot 8 pdPHPE SSEH S BUAHS Shot PR ATp S A RV R e
304(b) int 3 [ t:rl, &rhody; ' b
oxanpl e, | sOEeEBA, S g piCopR! o T X PRarhEBoMhicE do ik skita®h e
i nwar dl y 15%rf)rledtithsipregerdt havegeon aidyi berpradticed tvithompame dpell wé diesé spesificadunailsar
dielectric portion 302(a) and second annul ar dielectric portion 302(b) of
Fig. 3. Accarathergnstanges, vell kBewn prassss-tsps @Bd/ehpiEnctyses bays mohpeey daseahad;ip
body around,the. e ical UCT i |k to enbed the
inmardly-pr%? EH}ﬁggé°£ﬁ§§h%%$$§%ﬁf§%¥§m?ﬂ%8§%%%pggﬁ i€lectric body.
Further, if adjustnents need to be nmade to the position of the annular
gielectyy ¢ body nehabtdice withtteabpsekof the prisei@iiintentiah, FadcsHEait]ds Sipstagially
¥ or exanple), the use of a nulti-portion annular dielectric body also hel ps
sinplify thenprdved bymeducinByongdiyninitingtherpheoniined plosme fite.,Veg/ upwantediplasnahay is

by raising or |owering fn-st-annul ar dielectric.portiqn,3 wi t hopt

di st ur bi ng %”ﬁ‘@v?rées“cdydg“‘lt?ﬁjem\‘dé?ﬁfgsﬁa\nﬁﬁ OHES}C‘;&JM us Wﬁgi @‘sgﬁﬁg @Wd%&%{)f%ﬁd has
been descri A : I § ’iﬂﬂlﬂ' . . .
alterati ons?&%ledr’ ?rhuét %@@nd;{mgﬁg?{ggg?@gﬁfggtrgﬁ%ht?c f%ﬁ% Ef/?nﬁtoﬁi%% él'ﬁﬁfgﬁggssgﬁg

t hi s i nvent chambdiywhnely isodxtexahtpltke calluhhofigpact lnéhopd agtampapipheryss definesiist thm
enployed to illustrate the invention utilizes confinenent rings, those

confi neh®nt cErwgierance of she fsusrpgeilhe plasma rsayelembin ed wathyt bawsiwmg of spase.

conf i nenent I [N 1 eguc . | e

outsi do of . GAE gF B il Rt DEIer BB re B0 it BBt R aoma can
inventive fQUsngdre sﬁétbﬁ‘l@ﬂ.eMimiﬁ&mglh@ﬁnédﬁﬁhb@ﬁﬁsxﬂa,&@@ﬂﬁ@ﬁﬁt\tﬂ‘p%/@idﬁlﬁsorbed
shield having an i nwardl y-protrudi ng flange, al so advant ageously reduces

unconfi ned pHyabeatchongmlasnmthahts/dsposedsibone theesubsteate wiak he fbre comsiventdudg2 ~
7 DEC 2002 p~,r, ~cs99/i,lty~t confinenent rings ar rovi ded. . Furt her
A1 Chough a CHBSHERE Fo/sibytress. By Srrdehne lechabpromtia e sirn o R ghesttined
herein bg faghddd ALEHEALS FRRE AR Qlrobidh P bRARIIOGH of COAHIERA! dispdsed f the regi
£qnt enpl gt e?gtéhat tﬁeg})n\%%t%ve foé)u‘s ring assemg)l y rrgy al so‘sﬂl‘))eebene]sai'r?:glxgtrl1
%4 etch pr ocmasids optheffocuraihg fe.f dvor s¢a}pPes of pl asma processi ng systens
(e.g., inductively coupled plasna S processing systens, ECR-based systens,
MORI sour ce-based, systens, and the like). It _should .al sa be not.ed that
there are may al tg}mmc\aacwygoaﬁe kvt 1 PRETBYSIES, (he 15 pReidee asfosns
of the prese il I: . i 1 . j
appended of ot e BN dlodipk o olidRl EbARELL EhERLA BeobfifurtPlo OMcBiirate the
per mut at i onsequipésteatnlifieii BrdsSinake forhd riMg bédyn THeeerbiinded sphductiva sisieRignperably
the present invention. 12 WO 001 00992 CLAI MS i )
25  includes two portions: a tube-shaped portion which surrounds at least a part of the dielectric

zia e.‘.'lL'!' [P s |

focus ring body and an inwardly-protruding flange portion which is embedded within the
dielectric focus ring body itself. It is believed that this configuration substantially reduces the
density of equipotential field lines in the region outside of the focus ring. By substantially
reducing the density of equipotential field lines in the near-vacuum region outside of the focus

30  ring, the amount of energy acquired by any charged particle that leaks into this area is
7



17 OEC 2002 PCT/ US99/ 14077 A focus ring assenbly configured flof DEC 2002
substanti a¥o90/@98d rcl e a chuck of a plasma processi ng chanbegtus®nmaei7si Ng:
an annul ar dielectric body; and an electrically conductive shield

sur r ounglibsgngaiydrednend, drerabyesentiallyelimibyting ticposdibitity bﬁﬁlhbxﬁa CEMECAA VS
shield being configured to be electrically grounded within said plasma
process?%bené’Pf‘énber, said electrically conductive shield including 10 a

t ube- shaped portion being di sposed outside of said annul ar dielectric body

and --' surreyn %a@\ge?{md ﬁﬁfﬁﬁtag%rotf ﬂ?%%rﬁﬁégin%@rg\‘]%eng%@? tgg Fgﬁ%ﬁ{'@%%%m nd_an

I nwar dl y- pr ot rudi ng ange portion mg-rn-el _ aid
t ube shagednguaptthefiguneatttt fIIRMGEFIRD liudiRattOX FolE@nepdttien %fﬁﬂkgﬂaé.ni%ﬁoé@s%&%
ed wthin sal '

sai d_ tube-shaped portion, said flange portion being enbedd
annul ar chprahesof Fig lpgindingsa focusitieg sssemblyridfy Asdenl in Fog. X fadusrihgwher ei n

said plane int ec sai d tube: shaped pari.ion pper edge of said
¢ Ube- SnAREECDLRITER RS f e FielG R bl HenBling Rod Horiene 08 e ng
positio hyn q f [ n el ect ki and
B ey PR RSB 00 SRR 04 SHieh Sy il s At i ElefiSl Hotly 303 4na)
assenbl pe dbrmekdaifia shitable dédlevtsameterihbumeh hoqumtzaaRithirg gliRowiritide, dranshdtisdi nal
axis of said t#ﬁ?ﬁ-Sh%&eg portion. 4. The focus ri n% assenbly of claiml
wher ei n maienpl spehuasatetangt . rolyimad, potigthesetherketene REEK R polyamid, notyimidamid,

por 'on‘,aégi, ) -annul ar portion adjacent said first annular portion,
at H)aast a %ti%ﬁﬂg}]ﬁgai d second annul ar portion being surrounded by said
t ube- shaped portion of said electrically conductive shield, said first

annul ar . pAs tilbbe dchgedbierdiersin, fanfnsibr dieRbgicivolde 30Rhes Ado béAatshnpasend

annul ar portion is fornmed of a second dielectric material different from
sai d fi rssmcrethabmay énhededwior mege different portiops each phwhichanaybo fgged of a

PCT/ U8994.é4077 5 o The ftgc s ring assenbly of claim4 wherein said first

di el ect rt* err?ﬁ&%‘ﬂ SEORESHY i r st diel ectric constant , said second dielectric
constant has a second dielectric constant closer to a

Focus ring assembly 300 also includes an electrically conductive shield 304, which

15  comprises a tube-shaped portion 304(a) and an inwardly-protruding portion 304(b), which is in
electrical contact with tube-shaped portion 304(a). As seen in Fig. 3, tube-shaped portion
304(a) substantially surrounds and shields the lower portion of annular dielectric body 302
while inwardly-protruding portion 304(b) is embedded within annular dielectric body 302 itself.
1t is believed that the presence of inwardly-protruding portion 304(b), which is grounded during

20  operation, substantially reduces the density of the equipotential field lines in the upper portion

of annular region ?366, i.e., the region outside of the focus ring.

While not wishing to be bound by theory, it is believed that inwardly-protruding portion
304(b) forces the equipotential lines to curve sharply away from region 306 in order to stay in
between high voltage chuck 104 and the ground potential, which is present on electrically
25  conductive shield 304 during operation. If inwardly-protruding portion 304(b) were absent
from the electrically conductive shield, it is believed that some of the equipotential field lines
may extend into region 306, particularly into the upper portion of region 306, to energize ions in

region 306 and possibly ignite new plasma or sustain plasma already existing therein.

With reference to Fig. 4, for example, the electrically conductive shield is shown having

30 only a tube-shaped portion (i.e., without an inwardly-protruding portion). In Fig. 4, some of the
8



di el ectric constant of vacuumthan said first dielectric constLZt BEg %n.ﬂzThe
foeus ring awsesvmbyo2of claim5 wherein said first dielectric matrardoaldirs
ceramic. 7. The focus ring assenbly of claim5 wherein said second

" diel ectri cfigratiaes @b showi extbadinp/int8 theAippkasdrion bORpiAI 306, Berabes of4RR] hetyied
to process a substrate, conprisin 10 a chuck configured to support said
subst r at e RAENtEYY snEsHent p}eg@éé'sqlmgens&mw i 5eion te igiteandiontshstaiothe tawantad | y
encirclin 1sald chuck, said focus ring assenbly including: an annul ar
dielectric B%H?; and an electrically conductive shield surrounding said
annul ar dielectric body, said 15 electrically conductive shield being

configured to bRof @&t if iscBdaliVarihgiens ffextéidthe nibaista d&dag&;mmpﬁp@%%es}end the

c¢hanber, said electrically conductive shield including a tube-sha
portio 5 beuppgr dispesd thoumslad dicdicticbatyanfiotusming M2esmaeithe bmdgncamﬂ a physical

Chwardly- B%m%‘afﬁ%ﬁeﬁ%ég‘é’wﬁt &%p%%dﬂ% SN Gn i b poriiaf regon 30
{ ube- shapeg;pahER bRk rhld ygfadﬁaresm AR LS PASibl MR BRE! S
shape ange el'ng enbe

sai d tube- portion, sal rtion I'n said

annul ar di girgtdefrient hagpe pﬂ)VldBd&oﬁﬂl(ﬂ&rmc}DmaﬁSIﬁeﬂgzoﬁ&meI’shﬁid SltdfthBway for
wherein said plane intersects said tube shaped portion at an ugdsr edge of

sai d t ube- sHEpels trssperbihe additipnabprmpls @@e e@ansfsmsévezisthgwm @ddﬂliambeen

pody ahl- o PaRarolen s Suate Sk HRRT ol aF Bl 30 Gy Lef Forbigharim

processi ng iNAFHEE bRrodhc@d. m 8 wherein said plane forns a 90 angle with a
-ongi tudi nal axis of said tube-shaped portion. 30 11. The plasna processing
Jgharrber of claim8 wherein said annular dielectric body is formed of a

first annul ar pdtshonid beappeecsatediidt #mmyl adso Yrohsddyantaggons end/os anpratiicad to fill up
annul ar 14

| east a po ﬁﬂ%@%?r@g?%eg‘ggéﬁg Q‘éﬂ%ﬁ‘g é%'g?nﬁ%‘fzt?)‘il’?a 6@%%&&2%}15@5%%@%@% or

e P SE esh R  SABAH SHP 2,58 L o

annul an5porrtgion 306 niay; ireghyahse neatwndmdinalmebittiucteddtserveals part of the exhaust path
through which the etch byproducts may be pumped away. Accordingly, the use of the
inwardly-protruding flange portion (as is done in the embodiment of Fig. 3) to force the
equipotential field lines to curve sharply away from region 306 advantageously reduces and/or
eliminates unconfined plasma formation without the disadvantages associated with extending

20  the tube-shaped portion into the upper portion of region 306 (which may block the substrate

transport path or the exhaust path) or without the disadvantages associated with filling region

306 (which interferes with the exhaust operation).

Although inwardly-protruding flange portion 304(b) is shown forming a 90° angle with
the longitudinal axis of tube-shaped portion 304(a) of the electrically conductive shield in Fig.
25 3, the exact angle at which these two portions intersect is not critical. Likewise, even though
inwardly-protruding flange portion 304(b) is shown connected to the upper edge of tube-shaped
portion 304(a), it is contemplated that this connection may be made lower or higher relative to
the upper edge of tube-shaped portion 304(a). Also, the exact depth of penetration of inwardly-
protruding flange portion 304(b) into the body of the focus ring may also vary from system to
30 system. It is of course preferable that the inwardly-protruding flange portion 304(b) protrudes

sufficiently into the body of the focus ring to bend a sufficient number of equipotential field
9



differenta%ﬁomgd first dielectric material. - 5 12. The }?a@ﬁﬁ 2002

processi n of claim1l wherein said first dielectri®“HePMMYU has a
. first djelectric consta sai d second dje tri ¢ constant has a _second

i €1 ect TS RUNSFAMEBPBALS 250 ugr BRaeCaas AERSEn he FRARIANEIRSHG
175t Ciodl RGN duen 90 Bhaslinch Bidtha cHAfo AR AUhARE S iR hanber. of claim 12

wherein said-first dielectric material 1s ceramc. e plasm
processi ng chanber of claim 12 wherein said second dielectric naterial is

Tefl onTM 15 Aliditicklally pdltiomgh proadlysproguding fibege pirtiat 304¢b Bisfshiowh @itegrally
conprisi.n confinepent rin | SPOS above said focus ring assenbly. 16,
A met hogo‘%k?a“f’ Vﬁ&’ﬁ’gfﬂgl’mg‘? gﬁ‘g%@g&ﬁ,yu is pojbsehnely, pesessasy. nesc hanber .
said; fo Lk ' nf | | ci.rel

chuck. of FEIPe Kl AR R BB ching ok o BothSh 30AG Tl sEAseb s,
di el ect forenddadsctrieally condnaivediie thatiislirpeleutties] cohtadiaty fube-BBahed WoktlbnaB04(a) -
el ectrically conductive shield, including 25 surrounding at |east part of
sai d angdd grownde Ascieh cnpeeily-retmding fanse peripadB 040 twand also senve its purpose of

el ectrical ly conductive.shi sai d, t ube- shaped i on bei ng.di sposed.
out o1 de PgPabg TE iR i) Befl Bnes Bhnpy AN R Bl a0t Bat hcoRned s in
i nwar dl yriRrediba ehiidt bl FrardPRilidrQBstBhegai d el ectrical ly conductive shield
wi t hin said annular dielectric body, said inwardly-protruding flange

portion being in 30 electrical contact wth said tube-shaped portion, said
f1 anfe porti om HigrFituke-shapkd pertion304(a) isshowntdispwatdioutsibeeftha penulpaditiecnic 15

't o1 s o0ty el b 15 PBHa B PRORE i B haped rern 208 6 drr e e upueL e
bt woon IR HRRLRE Sl AFEPER) hER KOG ERIR S BTG U REGRE BpRRbeld

surface 1@t hégh vblgschagk aidethe frirer suriedwf tHe foculsGinglibeubikeinkially afinigdigddwhich
wherein said plane forns a 90 angle with a | ongitudinal axis of said

t ube- shagsvaniggequsinproiangs theelifemfiilrifosts angand/amhehighaiotageshucknnul ar

dielectric body is fornmed of a first annular 10 portion and a second

annular portion adjacent said first annul.ar .porti at | east a portion of

ol dCecond afhorerP o pBRdeienb SofRoyhabaC Ry Bl s R Ll aRon o

sai d el eghidterdl WiichQneluads twe silth@kedifféahtioltions! VHREEf@EndRab F@D, For ekamprd

of a first dielectric material, said second annul ar_ {)orp ion is formed of a

second dihé$ mfineinenistshowabydhé presence of botinfwsti ainflar dicledirs| poction 302(@tandi al .
second annular dielectric portion 302(b). First annular dielectric portion 302(a) may be formed
of, for example, a ceramic material to maximize resistance to the etching effects of the plasma

20 and to provide structural rigidity and stability with changing temperature. It is contemplated,

however, that first annular dielectric portion 302(a) may be formed of any suitable dielectric
material such as quartz, alumina, silicon nitride, or a plastic material such as polyimid,

polyetheretherketone (PEEK), polyamid, polyimidamid, VESPEL™ or the like.

Second annular dielectric portion 302(b) may be formed of, for example, a plastic
25  material such as Teflon™, which is closer in dielectric constant to vacuum than the dielectric
material of first annular dielectric portion 302(a). It is contemplated, however, that first annular
dielectric portion 302(a) may also be formed of any suitable dielectric material such as quartz,
alumina, silicon nitride, or a plastic material such as polyimid, polyetheretherketone (PEEK),
polyamid, polyimidamid, VESPEL™ or the like. In any case, the use of a dielectric material

30 that has a dielectric constant close to the dielectric constant of vacuum for second annular

10



15 20. The nethod of claim 19 wherein said first dielectric rrat1e?iD£CI2&ﬂ>2a
first diel ectwodooednstant, said second dielectric constant hasP(ar/gggmaoin
dielectric constant closer to a dielectric constant of vacuumthan said
first diel @ilddibc perish30L(b) 2Qvatlagedingy rodubacki@bricl sireds FQthi eefobussaigd i r st
dielectric material is ceramc. 22. The nmethod of claim?20 wherein said
second di elE@gwgaReaterial is TeflonTM 16 . ASI. Aaf, . AY. A"3. A'uy. A . A

.Ah. Aly. A{. An. A3. A A A. ANFw @C ¢( EU

e ral s cahrahed akenlaksal sl Geherl Rl ARl AR bARLEA SEhSRA s
U c”a] cal " yfe@ﬁw«@a&m heting abidh erRbek WhasaUkaherlis aksalicabaal g8 cal ¢

ajcajcalc

2l cal caf caltsaasalubeslugtd paiisal:0di ) descond eausndicipatiapoulad @M ot (1)

* ++++++9% %

] ca] o8] 6 A RATEL) BUPRGF VAT R CAEIAeR P oe e LE NS BF EOMERTEE R .
10999: W

3L 09%0: W demivazhanciag) SLAARARARANTINARREIRCR dott BRIt bkiddieRlcRl ool

a] ca] ca] ca] wahan] efajacaim dhcbord amphia ieddondd pertidiB0BY KKNEBIdUAds are more equally
VHWX/ YYZQZZI\\ ¢ wr mhc”Y]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] ¥ é}l@@ﬁbo@_@@ @@Fgﬁdqeg@qe@@égf}@gp Rpition 3042a) and the inner wall of

4 I SSRGS ERSC R Rl -+ e I f
o] cal calea) SRR S TE PRARRADRET carn rear vear earicnl LRy lohg o,
?,Cﬁiwm%iﬁ?]rlﬁ%fu‘ggﬂg]egmﬁgﬁ%‘réﬁgrﬁ%ﬁ%%db] X]]]ca] ca] caU] ca]c. a] ca] ca] ca] ca] ca]
cd&] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]cal]ca]cal st
t et ut uuuqum#wwa/xﬁ}JmﬁIgylwwmla{r djdbdctiic-badywmnrivo jonmragb béflai te a]m'mp}; dhé embarkijng
ajcalcalcalcg]c'a c cal ca g)slllﬂ M c(?gca%‘g ca ca,] c? ca
] ca] ca] cavvag~ %M(%]}( Y 9 simp

-z2"S@o

O 2 S e e‘sé% ‘6"0?@?“(‘3?‘*8%2% PRE TR LG P . @m@hf)mw iy
0%&' () - y3Q Hpid¥rh dingSfl a{p¥epoficn) into the space between first annular dielectric portion 302(2) and
10% u&' () - & 10% u& () & 110% u& ()-"fS10% u& Ej&p 10TT 10TTC ea?H
10TT! ! 1 : $10%A9vé&m(u) adielegticpertion 3028083/ URCqordinglyvat igngtnegessaystogiold tie
TOTT! sos o tRlgs digetciedady g dps eRBieAlY SorgRRt TRV FA 9 SR () -
g! f 9! 9310% 4w dry trudfAd flan e portion into the annular dielectric body. Further, if ad]ustments
10TT! 9L6! 10% u&' () -g94! 10% u F) -1£19$10% u- u& ()-2990! 10% u& ()-9 u&
()-99-!10% méed wbe mad.ci)fﬁ'lthe Vel OVEEe emuldiergettic bpdp vdatiye tb)d:hé)%dC(c)(m oI(Denio

- -u: 0 > ~ =
10-u 10 20 gh/ rate & gyste%n%?’or‘examplc), the use of a multi-portion annular dielectric body also helps

) simplify the adjustment. By way of example, adjustment may be made simply by raising or

kY -
€~J lowering first annular dielectric portion 302(a) without disturbing the rest of the focus ring

arrangement.

While this invention has been described in terms of several preferred embodiments,

25  there are alterations, permutations, and equivalents which fall within the scope of this invention.
By way of example, although the plasma processing system employed to illustrate the invention
utilizes confinement rings, those confinement rings are not absolutely required. Although the
presence of the confinement rings helps in reducing the amount of charged ions leaked outside
of the region immediately above the substrate, the use of the inventive focus ring arrangement,

30  which includes a conductive ground shield having an inwardly-protruding flange, also

advantageously reduces unconfined plasma formation and/or sustenance even when
11
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of the present invention. It is therefore intended that the following appended claims be
interpreted as including all such alterations, permutations, and equivalents as fall within the true

spirit and scope of the present invention.
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3" 109%&' Y ) - propessg ghamber, comprising:
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$10%2& () pi'g(c%fssjigg/qghag%ber, said electrically conductive shield including

10 a tube-shaped portion being disposed outside of said annulz-tr dielectric body and
€ surrounding at least part of said annular dielectric body, and -
an inwardly-protruding flange portion being in electrical contact with said tube-
shaped portion, said flange portion forming a plane that intersects said tube-shaped portion, said

flange portion being embedded within said annular dielectric body.

15
2. The focus ring assembly of claim 1 wherein said plane intersects said tube-shaped
portion at an upper edge of said tube-shaped portion, said upper edge of said tube-shaped
portion being positioned in between an upper surface of said annular dielectric body and a lower
surface of said annular dielectric body.
20
{} 3. The foplus ring assembly of claim 1 wherein said plane forms a 90° angle with a

longitudinal axis of said tube-shaped portion.

4, The focus ring assembly of claim 1 wherein said annular dielectric body is formed of a

25  first annular portion and a second annular portion adjacent said first annular portion, at least a
portion of said second annular portion being surrounded by said tube-shaped portion of said
electrically conductive shield, said first annular portion is formed of a first dielectric material,
said second annular portion is formed of a second dielectric material different from said first
dielectric material.

30
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7. The focus ring assembly of claim 5 wherein said second dielectric material is Teflon™.
g. A plasma processing chamber configured to process a substrate, comprising:
10 a chuck configured to support said substrate during plasma processing; and

a focus ring assembly substantially encircling said chuck, said focus ring assembly

including:

an annular dielectric body; and

an electrically conductive shield surrounding said annular dielectric body, said
15  electrically conductive shield being configured to be electrically grounded within said plasma

processing chamber, said electrically conductive shield including

a tube-shaped portion being disposed outside of said annular dielectric

body and surrounding at least part of said annular dielectric body, and

an inwardly-protruding flange portion being in electrical contact with
20  said tube-shaped portion, said flange portion forming a plane that intersects said tube-shaped

portion, said flange portion being embedded within said annular dielectric body.

9. The plasmé processing chamber of claim 8 wherein said plane intersects said tube-
shaped portion at an upper edge of said tube-shaped portion, said upper edge of said tube-

25  shaped portion being positioned in between an upper surface of said annular dielectric body and

a lower surface of said annular dielectric body.

10.  The plasma processing chamber of claim 8 wherein said plane forms a 90° angle with a
longitudinal axis of said tube-shaped portion.
30

11.  The plasma processing chamber of claim 8 wherein said annular dielectric body is

formed of a first annular portion and a second annular portion adjacent said first annular

14
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12.  The plasma processing chamber of claim 11 wherein said first dielectric material has a
first dielectric constant, said second dielectric constant has a second dielectric constant closer to

a dielectric constant of vacuum than said first dielectric constant.

10 13.  The plasma processing chamber of claim 12 wherein said first dielectric material is
ceramic.
é’”; 14.  The plasma processing chamber of claim 12 wherein said second dielectric material is
Teflon™,
15

Fiige
N

15.  The plasma processing chamber of claim 8 further comprising a confinement ring

disposed above said focus ring assembly.

16. A method for forming a focus ring assembly of a plasma processing chamber, said focus

20 ring assembly being configured to substantially encircle a chuck of said plasma processing

chamber, comprising:

providing an annular dielectric body; and

surrouf.xding said annular dielectric body with an electrically conductive shield,
including

25 surrounding at least part of said annular dielectric body with a tube-shaped

portion of said electrically conductive shield, said tube-shaped portion being disposed outside
of said annular dielectric body, and

embedding an inwardly-protruding flange portion of said electrically conductive
shield within said annular dielectric body, said inwardly-protruding flange portion being in
30 electrical contact with said tube-shaped portion, said flange portion forming a plane that

intersects said tube-shaped portion.
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19. The method of claim 16 wherein said annular dielectric bedy is formed of a first annular

10  portion and a second annular portion adjacent said first annular portion, at least a portion of said
second annular portion being surrounded by said tube-shaped portion of said electrically
conductive shield, sgiii first annular portion is formed of a first dielectric material, said second
annular portion is formed of a second dielectric material different from said first dielectric
material.

15

20. The method of claim 19 wherein said first dielectric material has a first dielectric
constant, said second dielectric constant has a second dielectric constant closer to a dielectric

constant of vacuum than said first dielectric constant.
20 21. The method of claim 20 wherein said first dielectric material is ceramic.

22. The method of claim 20 wherein said second dielectric material is Teflon™.
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