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NMETHOD AND APPARATUS FOR THE COVPENSATI ON OF EDGE RI NG
woBAR/021shs A PLASMA PROCESSI NG CHAVBER 5 BACKGReMRs£903/029309

THE |1 NVENTI ON The present invention relates in genera

DAuEtHRLLAND ARERR AT FOR ATE PR R Tl gt P rive war

process resul t spbyw, FOABENSBROCESEANG (RHURIBERY wear in
a plasma processing chanber. 10 In the processing of a

substrate, e.g., a sem conductor wafer or a gl ass
panel such as one used in flat panel display

manuf acturing, plasma is often enployed. As part of
the processing glcRAROUNMPMICTAE VI TIONT exanpl e,
the wafer is divided into a plurality of dies, or
rectangul ar areas, each of which wll becone an
integrated ci.rcuj.t. cesse

sor i 4Be BreseEip e Rar BieubRE TR e fehnologies and
lﬁ ;El:ﬁc\.’lﬁgr to SRR Ghd aPshratas FRRASIVER p@&ﬁﬁ’@ébﬁlts@})coh{bensatmg for

der to formelectrical corrponent S thereon.

eégﬂmgwcquphakaama@t@essmgq:hambess t he waf er |s coat ed
with a thin filmof hardened emulsion (i.e., such as

Par dOh 8 PSS Ot Pt iR s oY P aiee D bfeS panct such as

oBausddns %ein@l ﬁﬁpl&f‘ﬁxaﬂlﬁd&ﬁhﬂ% @ﬂa.shﬁ)i@éﬂdrﬁbnﬁ}ﬁ@f&ﬂe As part of the
exposed. e wafer is then placed in a plasnm

ppcm&s@m rﬂgsemmdmtomafsr rf@rgwmvhel, {heaypderga divided into a plurality of

s SR oy Bt ol B WD v BB e e e O Gater s

phéYested upé 5188 of et iaRviRKPPERHalS aﬁa@le@ﬁvdm@mawa w(éwmﬁ@) and
Ia er . In an ‘exenplary plasma deposition process,

dpptasst ( eposiliory ie pyslenioderm glectiskl omposents theswon npr ove
deposition fromthe source deposition materials. In

nany t

ermp! S5 TS B SR HHOES e hEER Bt e i of

hiatdetiat dral€in &.co, sUPh bd 4 plibteresifamSRY pridtto ¢ichiMgOfArdas of the hardened
pl asma processi ng chanmber 100. A wafer 104 sits on a

mw arg thopyseleptielipisaored.causingapasts of therunderlying fayer to become
%@? ggf ﬂl@ afef [ﬁg&eélfx ecgt]if{ %Eﬁlq]s,ﬂﬁé ecﬁcg?su?ic@x%f KR n%?ively charged

efnbde, Sﬂlﬂd@ﬁ:hh&.f Appropiidt etchir Rovirge gdsds ghe piesi ﬂdv@emi, mw&he
is well known. A couglsin ring 108 is shown dispose

charbiand styrsio fam ap ?talwwﬁ%@eaffé thegelegying rkfeyer(s) In an
e&&ﬂﬁlwgs dei)gmﬁgﬁl }ocgﬁilgl #Afole g:(lledﬂfég Yo B gigétg Bﬁn%ﬁimprove

cur rom c 0 an e
deposition from the source deposition materials.

In many plasma processing chambers, an edge ring is often employed. To facilitate
discussion, FIG. 1 illustrates a simplified cross section view of a plasma processing chamber
100. A wafer 104 sits on a chuck 112 which supports the wafer in the plasma processing
chamber. Chuck 112 acts as a work piece holder and may be electrically energized by an
RF power source to facilitate etching and deposition, as is well known. A coupling ring 108
is shown disposed between chuck 112 and a ceramic ring 110. One of the functions of

coupling ring 108 includes providing a current path from chuck 112 to an edge ring 102.




10

15

20

25

8 March 2007 WD 2004/027816 PCT/ US2003/ 029309 Edge 8 March 2007
ring 102 perforns many functions, including

wpasidozasisng waf er 104 on chuck 112 and shi el g¢fRgsioddfo29309
under | yi ng conponents not protected by the wafer
itself from being danaged by the ions of the plasna.

Edga @inig00 ipefdims sy fupBtiddk, lﬁ@lqemg |p6§tléﬂ-la% k&l 9& oh @htdiS112 and
effect on process unlformty across the substrate.

shjeldipg th%mﬂenkmwpmments met Blzqtﬂcisdtbafrthe whfet itsed&frah being damaged
"Y%@?’ﬁ?"fﬁl%g‘kﬁ curve upward sharply past the edge

thout an edge ring, the substrate edge
el ectrically defines the outer edge of the chuck, and
t he Qmuinpottentfurdtiohiofedgening T 2aulais to UPYEEE of Bﬁ{c@ésmnhfemmy

the vicinity of e substrate edge. such, areas of
ac’icﬁ%ﬂ@ m dt ﬁr‘&qh@oﬁnﬁha@%%quﬁmt@t’@bb@esw@ Ehmplasma sheath 106

e nent, from,h
D I a 1% env ?r onne ngg ﬁéh? %ié%ks trvg lté?uqfaﬂ §dgeine, }heospbstrate edge
elestrtﬂ:aﬂy d¢fenes tiesrériedge of the bhiidkghd e B@ont@ﬁtﬂﬂ ®88s would curve
cross the substrate surface.

uni formty
“Plé’F”é’fci?‘FTP&é}q ¢ giefratypiiep %“h@if% edgen Asaurh @r@ﬁ eﬁth@fsubsm@te around

under |
GRS ISR (R bl AR Ao e slpny
enmmrmhfmt tHaasxists at the emttamf sﬁ@dﬁﬁtedﬂ&t@?%@nﬁ%hﬁlhgj@) br hfdess
e of the substrate. Thus, the equipotential |ines
15:%%95 K BHEAGe-st ays nore constant over the
ent| re surface of the substrate, thereby contributing

Lo PyQERaH%aly 'eﬁt% ik Hleﬂﬁ:{sﬁﬁsfaﬁ Hg gﬁ%k&? BB With %ﬁ ®dge ring

Unfortunatel y, edge rings tend e Worn away

and/pn@htlwndhdylpg asuduresrike edgamétite. chﬁek iﬂ]ﬁ'ﬁ[@ dl},etﬁcamﬂto the plasma
inthe vicinity of

th
to %")ﬁ cégtanqeg)éll 56%5 ?]Fee%]q\ggr g éu firite. cHisglbe equipetential lines of
ﬂlecﬂlﬁsﬁ’tgﬁshte@chtsth?s Rlo?S SBhstal: JyaF {hece C St H:gofztﬂe Q{bgﬁ'& S‘thereby

result to change over tine, utes r'oces
conts hutingad iporcessurtifoemétyl geross thgsubs&atesuﬁ'a@y This is the

case even if the process enploys the sane recipe in
t he

er.tinme after tinme. Over, tinme
pr or VB paliy £ efipes dend tp 5 viomn BEVeRAEIcdYhe Blagea
Vitonehefi 3AYtheled ‘(ﬁlﬁﬁlaﬁﬁ% ‘fﬂ%‘v
o rleqwer ed, sgbsg? gﬁ%algég?e‘]g& r ougf:{]tﬁ.l q?i?ht&%fthe
dwﬂ&@dﬁ@gloweofpthasdm rngebengss. n@he:d:tmrrgefo the plas:h& in i cavibes the
%g i.n, order tofamhta& an ed e ng, change.
process res lB

ttﬂ ghzg@a QV§r tHBe é‘H%ﬁ%‘EI‘ g5 tornr z@qﬁ%?s tthg gdee ring
welt@ Uiy, OThid 4y fhe chdt@veNBIRE R6ELE Biplogs ﬁﬁ%ﬁfn‘é echigd Vmﬁﬂﬁsme

use of the affected plasna proceSS| ng system
chamher Himgaftestime. a hi gher cost of ownership for the
pl asma processi ng system

Over time, the process result degrades to the point where an edge ring change is
necessary. When an edge ring change is required, substrate processing is brought to a halt,
and the plasma processing chamber is taken out of service in order to facilitate an edge ring
change. During the edge ring change operation, which may take hours or days, the
manufacturer is deprived of the use of the affected plasma processing system, which

contributes to a higher cost of ownership for the plasma processing system.
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view of the foregoing, there are desired inproved

woebtdssi@and apparatus for inproving process pegpaibizn29309
in a plasma processi ng systemthat enploys edge rings,

as well as for reducing the frequency with which an

edgenhihgofia ?&‘@g&ilﬁé{tﬁ&g iafe@ﬁsire%@%ﬁd et dds ahAYpPI I or

.5 The invention Telates, In one e iment, to a
Impe¢viagiprioogss pesotie §62 plgsraa plooesaing systah tha einplayaedge rimgsaas well as
| asma_pracessi ng chapber of a.pl gsma processi ng
tof 5725 HediRtEachini woher redifedeuRanbeen on a
chuck and surrounded by an edge ring during the

processing.  The SEUNARYOFUIEE INVIREFIONY & first
substrate of the plurality of substrates in accordance

10 to a given process recipe in the plasm processing

changqer.. The t,hod further,.includes ,adjusting,. .

© hor i ipuehiion FS h bif cofaib . e RenBTiat Hrodiing s piyglity of
suBst&@RAE b plaéMaRRéddesiigsd ViRedbeRof @ﬁlﬁﬁﬂ@ﬁ%@&@fn siyﬁeﬁlb@ach of the
Sugl asma _processi ng chanber and the chuck through

freatechpiee dispryedyn a chyugkand sumpunsied Phen gdgchidng during the processing.

RSBty OGS PR BRI LB PSRN o HBHE R lornce
to @igh@R pREcR6LEEIpk @i R ldsthal Ji6ceiBs EnYe CERSIB%od RaHReIncludes

15 after the adjusting, wherein the adjusting is
adjyisting thesepfisr.tawapacitesegivaluaef acapacitages dlong hepacitiyepath between a

[ .apot her enbodi.nent . ,the javentiop r tes ta
pldsi el PR S e D RE Hmitt g 8 EPpeictBrongh BieiReg e by o
givihORRRS e nidiiieidid@allP RRMESHoBesdinB a4k adndlsibSfate of the plurality

substrates. The plasma processi ng chanber includes a

of suhsites imtdcgidenes todhe givppprossa gecipesin b plasnea procéssipgichamber
r i n nd..an .edge ring havi ng an_outer .
ER SR, MR RafePieertont Rl @ity chane in the
edgeifih@unds the chuck, wherein the edge ring is disposed
al ong a capacitive path between a plasm sheath and
the chuck during the processing, the plasma sheath )
bei Aareiiescmhodimeity the uafepmcalsrﬁgtegémep B¢ PRSESSiRE Bem having

o P58ty L R S5 B0 IAS, LG o

pre@psey dianter itkludes o thikkeopigiréBfE SupbosRsLehbstéde alﬁ&@me
e

the capacitive path. In yet another enbodinent, t _
ProGesung anskanyedea fiag having ap putshiperipheiye e mytes periphery of the edge ring

' ' chamber. for
Bl £ S0 03 PgHAGREPL Ao IREHL B ervcen
plasma sheath and the chuck during the processing, the plasma sheath being associated with
a plasma generated during the processing. The plasma processing chamber additionally
includes an arrangement for adjusting in-situ a capacitance value of a capacitance disposed

along the capacitive path.

In yet another embodiment, the invention relates to a plasma processing system
having at least one plasma processing chamber for processing a plurality of substrates. The
plasma processing chamber includes supporting means for supporting a substrate during the
processing. There is further included an edge ring having an outer periphery, the outer

periphery of the edge ring surrounding the supporting means, whetein the edge ring is

3
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for supporting a substrate during the processing.
wohessrtsief urt her included an edge ring havi ngpafRuSibsbze309

peri phery, the outer 30 periphery of the edge ring

surroundi ng the supporting nmeans, wherein the edge
dispofdl dléng aXcaPadyBiCpati eNWpRERd/ i i

ol iSng Seapa it Parkch %ﬁ?eif@g ?ﬂgﬁ‘é Sg&ggﬁgctih § S\pporting means during
thyproegssing zthp plasma skdatinbdingasdodited withparasnegeenerates! during the

duri.n ocessi.ng, , th | as heat h bein .
oGt o o3 et e R oo 2 dapacitance value
of Rlc@FRAM R BispHstdi A brNBE bipackiREp&nl S | ncl uded nmeans for

adjusting in-situ a capacitance value of a

capaci tance di sposed al ong the capacitive path. 5 .

Thedéesgrind othes featuras of the prspent inveptienswill be dasembadoin nyir Hetail

y ' i n re tail _.belowin the.detajl.ed .
b, SERE JoRA e RROR o0 Bl isme B e Lol Mk o TpHovime
figuhte. following figures. BRI EF DESCRI PTI ON OF THE
DRAW NGS 10 The present invention is illustrated by
way of exanple, and not by way of limtation, in the
figures of ¢ REEIRRSORIPKLON QHTHE DRAWINGHi ch || ke
reference nunerals refer to simlar elenents and in
which: FIG 1 depicts a sinplified cross section view _
of dhpbesem iprenties & itllgstedaityewsy offek&nplAariiEfuit O Sva® of limitation,
. sinplifi %d cross section view of a.plasma _processin
in @ﬁg‘fs&eqs of $hs ageQrPAYHIE Grawings abiBaVehkkerelarepce numerals refer to
sithiV¥ e RtdeBY anfihiBwhidR: depi cts a sinplified electrical
lagramtor a capacitive path . according to an
enbodi nent of the invention; FIG 3A depicts a
si mpl@.f1 éapiats o simpdidiet icooss véction efeveofial pamme grocassing ichgnber;
chanber according to an enbodi nent of the invention;

20 depicts inmplified electrical diagramfor

o c EISEAA oRSS s Sirini e s geot G e Shaleh RO Agigmber
acdRNBE td BTemBddite AR InGErtion; Si mpl i fied cross section

view of a plasma processing chanber according to an

enmbodi nent of the invention; and, FIG 4B depicts a

si mplG f3Bedepitte s simpdified ¢lesyicahdiagmmdoragapotitive pathatdording to an

em%ggi%eg gigthctean%rrlltionz;S enbodi nent of the invention.

FIG. 3A depicts a simplified cross section view of a plasma processing chamber

according to an embodiment of the invention;

FIG. 3B depicts a simplified electrical diagram for a capacitive path according to an

embodiment of the invention;

FIG. 4A depicts a simplified cross section view of a plasma processing chamber

according to an embodiment of the invention; and,

FIG. 4B depicts a simplified electrical diagram for a capacitive path according fo an

embodiment of the invention.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
wonesgntsisnventi on will now be described i n depeifusywiostioszee

reference to a few preferred enbodi nents thereof as

illustrated in the acconpanying drawings. In the 5

f ol opr ASLEBSPES CRIPTIONUWIE TS PREFFRREDASVBOBIMENTS

set forth in order to provide a thorough

under standi ng of the present invention. It will be

killed.in.the. h
© he T5F BhesetSHRAGRe nof e Eterined i A Fich Mbreatd B apw
preftdreddmbdignents BREOF asilRSkaEd § the hétoRipARYing BRWIREE In the

wel | known process steps and/or structures have not
follnveing desseipiivie aumgroug spesific datailsrageeset fasthhigrorder to provide a thorough

nnecessarily obscure.the.pr.esent invention, . The .. .
ung g OF fo bresent iovenrion o1t Vi BF Appasshititveveh o Al dilled in the
art!TEt the pRe&iitShverNEE iial B0 Pravtitdd withdik Sa18&of A1 dftBese specific details.
drawi ngs and di scussions that follow While not

In gheninpignees, Well kenwvropigyess iseps §nd/onstiugtupns hizes/vet bggn déseribed in

i_pventor. herein that. en the edge ring i rn_away,
ctpfl 7 B3 T Sty AP I BB Fpd el
ad RAnBeBof B ﬁ?dséhtﬁ@vehﬁ_@n ﬁﬁg B bEr A8t siobE weHGEfefdnBto the drawings
changes. The change in the capacitance in turn 15
ané flifseussions thet fllgwna environnent in the vicinity of the
damaged regions of the edge ring. Unless this change
in C e I . [ .
o DR 18 EVREDB2ES0 s e ARSI herin
whieti thid@ipaeing is whintovy, the Kpeiciaide albnk dlic dapaciiapgR fioh the plasma

capacj tance as the edge ring wears away, the process
shepdlytodhaehusk thrgugihths edgctiegichengesn dde shangste thepgpecitance in turn

TS P A2 LR o v oo
Unikse dets shange ihaphatancais 2gmpsnsaed \ibd 3hhd dige eidigandatd akay, process

path 150 from pl asma sheath 106 to chuck 112 through _
degradationiisneyitabls. Furthsrmeredwithgatt spmpensating for therchangedp capacitance

osBARBE R0 ORI D s Ot unchh A P It mor
fregbenteddetidg dhandes. Begi nning at the conducting surface

of chuck 112, there is shown an equi val ent capacitance

25 . Which is defiped by the surface of chuck 112,
th e%glf?%@&e %%cu&%%ﬂ’#ﬁg% ilstratgsanothey plasma psorgesing ehamber

. _ P Sy
gl RSMhioth R Mepd N RBAAG 4ot pRRYY llalh 100Gyl 112 through
edgpringH)2sis dépictes. Réfeeingmdwity FIGNQA Lpi8smmshenthel 06owefer 104, chuck

ace of edge ring ,102 and the space. in between,
1 lﬁ-«tﬁwwé}g iy ok ringol 0 and ceragaie png 540 aterns shpwn eckiG-d-

BelRhfig'afthe conducting surface of chuck 112, there is shown an equivalent capacitance

C0, which is defined by the surface of chuck 112, the surface of coupling ring 108, and the
space in between. Along the capacitive path 150, there is another equivalent capacitance
C2, which is defined by the surfaces of coupling ring 108 and the lower face of edge ring
102 and the space in between. Further along the capacitive path 150, the dielectric material
in edge ring 102 forms another capacitance C1. Additionally, the gap between plasma
sheath 106 and the upper surface of edge ring 102 forms another capacitance Cs along

capacitive path 150.
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Additionally, the gap between plasma 30 sheath 106 and
woOheosuptag surface of edge ring 102 forns anot Bets2003/029309
capaci tance Cs along capacitive path 150. 5 8 March
2007 WD 2004/027816 PCT/ US2003/ 029309 Referring now
to Hle(ﬁcrnﬁ@,now ts IFiXp) 2B, iaetinplifel dl¢ctadal diaggedfdr Cafacitive path 150 is
S

acitiv 150 is shown. Chuck 112 i
Sh%?ﬁcﬁh ﬁ?;) l}ﬁw%ﬂw pouplasrin seriegiwith @ﬂ@p@@m@eﬁg,ewm@; is shown
2 ) )
LA SoSTAR, |) SRSGHBERERE, USIIhE it

almigdhgcaﬁaeltwapahl ltSD\betmaﬁ bouglilg bigiz\VO8 And GieNbwWaEaéd 6¥dge ring
ower, face of edge ring 5 102. Capacitance

08, and t he
108 %amﬁ“eﬁcq G =f"‘t51}1%%§%%‘§nqdﬂ?éf il Gielsetric rpateal of Page tote Witgeshown
h acit.ance
cofRflSact Vi SMiakB D, TorkiREt LESobleityIRR IR i 150 by
cotplingdo sidsngth mpaﬁtamesCWbéﬂWeemb@thtme €2Gad k@ﬁsﬂﬁ%ﬁeath 106.
capaci tance C2 and pl asma sheath 106. Wien the edge

rin and/ or danmpged by the plasm,

Cap R el s St qr&atrﬁgecfamhe elRa, the Capscitance Cl
attiTBtEb1E & tliéfdlél&@n@ Hﬁfénﬁl M&E@& sC lT'ﬂQ Qlﬁmhg in capacitance

capacitance 10 In turn a

Clen\ttilm@ffneta thej piaanlraeenmronmentyn dfe mhmtyd aﬁﬁg eldmﬁmj rofisnoéf the edge
rin th | asma envi ronnent changes,
rink s S0 pat Vg Bl behech; RoosARSh Joprmdses a
sinmplified cross section view of the plasma processing

chapi®r3A Afustrhtes a SithplifiBg bidds RQtiaRNVR
e ion 304 in ed %e rpllnlg 102. t1 |\s/ be evegslgé’aﬁ%g@sgmgchamber

inqhedingan @mplag d@magmiyeglak 804 heed‘ge rimg 002 alt is believed

Rt oibhbelBe S oF et RG4S o i
10ZlaltrgeR af§emetiontd QapachaRa€d 1A ARAGLHILY 8 BRIdAmk %@%@Wﬂ The

in FIG 3B. In contrast to the situation In
changed capgritive Dathtlhehompaﬂ(ﬁa?vﬁ; elnQontradt te tlieuttaehioa ih BIG 2B, the

RTE LSO o R e R 1:

is lageNOR 16 the ®ifnihg of thé Sieleb@iceR&id] (sibd2eC = € 19{is increase in the
capacitance Cl in turn increases the total capacitance

valye pheppecippaes €l vietusa ingreass thotal oapacitinet |a1n@gthmmve path 150,

corp M558 ) LSRG MR Giong T R oo

As thicOmpedacp |aﬁ>$1§3h6315’a@@frbmttﬁe bﬁﬁn& Bt HeRd QRRE ﬁecr&ﬂgs the current

current along path 150 increases. This Increase
alopgpath J 59 inpreases: vlaemmcmsepn senurshthetweanttc phema sllmadkand the

BT R
ratesa:t bl Edre ®f tHehBitha(& rd1&ivRth Bthef RGBT Be sbgﬁraﬁau B LA&ESn, the

In addition, the
features etched in the edge areas of the substrate show more tilt towards the substrate

perimeter as the edge ring erosion progresses. Ideally, there would be no change in substrate
edge etch rate and no tilting of the etched features over time. Also, the edge ring would
either not erode or erode at a slow rate which would allow the etcher to remain in service
until some later service interval was reached. Some semiconductor manufacturing processes
cannot tolerate the etching characteristics changing more than a very small amount, and as

such the edge ring lifetime is shortened more so than by the mere loss of material, It is the

6
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25 features etched in the edge areas of the substrat 8 March 2007
show nore tilt towards the substrate perineter as the
wedyr/miglg erosion progresses. |deally, there wyhﬁzobﬁozsmog
no change in substrate edge etch rate and no tilting
of the etched features over tine. Al so, the edge ring
pui'fﬁkg &€ thﬁ'lﬁﬂﬁﬁmﬁ% ei?écﬁq Bly QKkteRd BfiGeRicedifs bPWe rcﬁé@mﬁg‘bf h
woul d allow the etcher fo remain in service ti
compensating for thearodioresd astte minimizathe selaatiateckdgSeteh rate change and
ucto manuf acturi ng processes 30 cannot
feaﬁgegftgftgct[s% BfiB%i ng characteristics changi ng nore
than a very small anount, and as such the edge ring
I'i f & dd¥BrdaficeSWRA bﬁ@%e&%‘f theSRedeiiviitionBe e 119&1% cBpacitance
material. It is the 6 8 March 2007 WD 2004/ 02781
alopgvanastye Patrectributaplsde edge ritg damage mqnmnsaned for by reducing

theg b ekl Ponk Sk e b BT abisE b CeGr £ 1B & pietPied sehtment
theSiHkr8ise 3 EapBlnce hiuedb 8dgeBiRARInANG dahRad W drshi ll;)I decreasmg the

effects with tinme. In accordance wth one aspect
canahlémﬁ Edassociaiedwith dhe, gapibetvisen thedowar surface afithe ﬁdm and the

cobifeal, SPRR bhelip Bl fosrey B rodliReC o S Ry

pro®idifnN® nREhdiNe it c4PR8ed tha BERSifgAnd e &5upfife rihP filtther apart to
preferred enbodi ment, the increase in capacitance C

decyense ths caputapeag2 thbatweengo dampersatedonthe duareasgd capacitance C1
ance C2 associated with the gap
cm%%?é\iéel‘?éetqﬁ]@tplome%a&éﬁ}%g ice of the edge ring and the

coupling ring. In one enbodi ment, decreasing the
C apBKF.t4aniimsERted, $n aoniaptd wile OndymBdlipe s thdsesent invention, a
nechanlsn1that can nove the edge ring and _the coupling
simpligigd £1p8 proFioR yist ok applasmachregssaing phambgs ydth ayasiableposition
e C
cofhEEHR 08 RATRAIA 1 A0, M LR B GRRE AR Rs

conﬂgutesittb aiaeel, along saimlondea N&ificanht Ba d@ﬁﬂatﬁﬂb@l‘ﬂtb &E BdpabitankO €2 is
resent invention nplified cross section view of

dep&ﬂﬁ%ﬁlﬁan hestiganse P@@W@ﬁaiﬁy@r swifaag of edes inghl 02 andsiariakie position

cork g SR 0SBl 80sioBh SF o IB8idR SbShind s wi gigne he
capiatizanet value bfcapapiginge €24. Si nce the capacitance val ue
of capacitance C2 is dependent upon t he di stance
bet ween | ower, surfage of ge ri 102 and vari abl e
posﬁeiuﬁlﬂg aé’é‘ﬂﬁ‘iﬁF H@Slfl?fhﬁou@gﬂg ) WHEfafeh‘E %%QPP?I@HC%@
[

wYBEGANHE A0 LR 08 0R Vil AR B sciancs 2
thrM@hl thd:)tepogﬂenmg ofivartabjd posiiionicogplinghing 408rabapepaitndd4h & he net

result Rs tﬁat tﬁ‘e total capacztance along capacitance path 150 stays substantially the same, or

is changed to a lesser extent. Since the capacitance between the plasma sheath and the
chuck remains substantially unchanged or is changed to a lesser extent with the use of a
variable position coupling ring, the impedance between the plasma sheath and the chuck
stays substantially unchanged or is changed to a lesser extent as the edge ring wears away.
This in turn helps keep the plasma environment in the vicinity of the damaged regions of the
edge ring substantially unchanged or is changed to a lesser extent as the edge ring wears

away.
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associ ated with damaged edge ring 102 can now be 8 March 2007
of fset by changing the capacitance C2 through the
woepemiztgieni ng of variabl e position coupling fPG'ﬁfUéﬂﬁ3/029309
along path 404. The net result is that the total
capaci tance al ong capacitance path 150 stays
SUDFhLAREIIé Mhé B FaRriallE podifort&ApaRe r1h§ délaifseb‘ﬁé f€ed to change
extent. Since the capacitanhce between thé plasma
thss%&thgam thméd@Ermglmks aveayatha souplingtringt is adpoyitioned to correct for
d.or is chan e xtent. W
Py Grianioh, Ao DS bErebsia Mgt Sag ring 2 wilFeed o be
repl ARG $REHRSe HELUBRN elshBctatAa A dg%%%%&u@@&etlﬁ@e&g WE the capacitance
stays substantially unchange is changed to a
Cl assde pdmrgdmet‘shmoe g edqqnaigly\mmpsnwﬂlybeyoxﬂwsosna point by

hel Kk th t th
fughe e e R AT BRI ™. BREVeh rglRctmettanfariess
ﬁeﬂﬁ&ﬁ@ﬂmn%e bﬁox‘ﬂ?fla ﬂ&?éi) yir&hRingboREEosAY htRbifaerih ﬁo@ﬁ’ Gne as
ring wears 30 away l\/arch 2007 WD 2004/ 027

wetl@s tiysred 3¢m93merxc mcahlsam recessiiated by tlmfrealamqnaptoeess
p03|t|on coupl i ng rlng delays the need to change the

o8 A SRR gL AR g f B0 gt
deRafinad adr aq:%me‘hlﬁ%éﬁesé/\in'eﬂ pastiduldr pREmh AERENAE hanepisy measuring

edge ring 102 will need to be replaced becauseo

theesdgé ﬁl@g\ﬂ@clgteﬁmw tize. d@rexpanple, tb%@aﬂk@esdﬂqf ¢he efige aing én the
o050 SIR3S 1B Netacholied B b 2o risen By SR RPR R e e

am@RsT b En® tndhg ishiRtedinhiRd a8 aBaGIbADEEMe oFRYERBELion of the
repl acenent will occur less frequently than in the

nugbeionf sipstratesispeessedy b @@naﬁgame fvnlue Eét gsya figiionad timejangs 2

Suft 988 oy e Wb e 955 o, EHRE i pprmaton may

be sedaB @e&ﬁhﬁﬁ&ﬁ@féﬁmr&d@mﬁﬁﬁ&hﬂb&ﬁﬁcﬂﬁﬁ&eﬁ 4 fiiclidt AMiri®ods a
damage may be enpirically 10 determned for a

ﬁﬂ}?aptl pétbmuunrbﬁb@%%lbstmﬁwaprmsqdcm Qe op nmmf the othes eApagjtances
alo% %l;rebc%p%? X\éggﬁﬁ B[%M]e?% pﬁas%(% ea{ ﬁ!écgig 2% ﬁ?err]g pifset the

indré¥8e intthE eﬁl}ia%ﬂal{c@ ¢hoyed byeyg dlﬁlgmﬁﬁlﬂfgﬁﬁmh%b Nth the $RAMLAEposition
probe, in one enbodi ment. Once the anount of edge

coynling ringjcas, fajs irﬁortmﬁ@n wwap i tugs be emnployed torcalsfulate the reguired gap

ti o strates pro
auftfe Brodfien e Beokfioe BATRE £t o008 e P TR G of tme or
as 4 BurfctiBg bf me n@fnbbh@f JubstReds prdcesdel Storsati EBctMil) GERSQRe HBdease in
be determ ned. This information may be used to

therapeqitenercauped hyeasige ring thinring damagen” capaci t ance, as a
function of tine or as a function of the nunber of

subgt LRliss b6 Tt qhe &é?:re%geem%e Egﬂ'agita%fce %]ﬁe 9f &‘Feror more of the

capacl t ances
other capacitances along the capacitive path between the plasma sheath and the chuck may

be computed, either theoretically or via computer-assisted modeling taken into account,
among others, the materials of the various components of the plasma processing chamber,
the geometry of the chamber and its components, and the process recipe. This information
may then be employed to reduce the capacitance of one or more of the other capacitances
along the capacitive path between the plasma sheath and the chuck in the production

chamber.
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‘al ong the capacitive path between the plasma sheath 8 March 2007
and the chuck in order to offset the increase in the
woapawiztance caused by edge ring thinning damager/ukihosin2ezo0
the variable position 20 coupling ring case, this
information may in turn be enployed to cal culate the
I eqRelBEng 8RR caPabitaRE WAL OhE 8PmbRT t@@&fﬁﬁ%pﬁaé?ces,along the
coupling ring and the edge ring, as a function of tine
capaeitivgpath Hetwesn tbe plafma kleeathuanidghe dfuck thretghathe dge ring may be

rogessed, t.o satisfactorily,offset the i ncrease,in
AP e Vet SR o5l PORRR FopIBE Hagotor example,
onk Or RORL NRL: &RAGN ersﬁhﬁ B eRERARE 0 IpRy §iElyCRPARGIHIRIE Position
val ue of one or nore of the 25 other tapaCitances
cogplinggingH@8 celptivd toitheedgstringb dhweetnatot(s) phpbsenchheed tapainst chuck

nd the. chuck .m be, co d..ei.ther theoretically
llgpr%?r%mg&%ﬁgrq%g?} %Qggaﬂ;gg@gpffﬁﬁﬂrp ken into account,

anmong others, the materials of the various conponents

of tAuditionalsyTat P coRemPland thAtaRbD&ge rink MeaydgeRidlyY o:0ddditiRally be

chanber and its conponents, and the process recipe. _
maglg moveble & perpesate ferthe insteapringhptappeithneo Cl atiribetablh o edge ring

: i g f th her,. ] .
wiARERHAAC b S Ric BRGRICoKerH 8 KO Bk AR S B Stapionary
and pebvidean@blekinietts] Which cQbChdsitibned RomdeaEd intthd gMRtehween the

2007 . WD 2004/ 027816 PCTI US2003/ 029309 Reduci ng the
chuckrad ithespwplingring osin befwreet thagpepling ringand theegdge ring, or in

oA BB SR e RS S BB g
attfibutatle aosdpk irfhigebinhing \damagels ways. I n the case of a

vari abl e position coupling ring, for exanple, one or
nore |inear or screw actuators nmay be provided to

phy 1 881 985°- Ko referabla tha thesapaditapcendiisiment bg peiforgpedde-situ.
T b PS5 bAbfe o e b gt BEMAB e Byl Brocessing
chanlgn tealtpav thergpdcitandef ofdas ot @dre AidbE dthemnabhditantds aldhg the
cont enp git ed that the edge ring nmay alternately or

CARAIVE PEBCHYCBAne Platea MseRond therhughrindbrsaliustadobithays the need to
r ,
58 o ARG ey B MO 8o S v
pefial ddarinpe. t Thee avauapdricogplad o the garidblegissitionaiou Pl dinglid banshe
r vig .hovabl e inserts, which can be positioned as )
exdralatithis fvpe, ig=5HY capaciianss adivstment merhaginn torrffsebilip ingsepse in
e ) ¢ . p . o
il Ot SANRAL O GRS ML i,
cogitiegring niay befrhaietstdtioaarybat mag Raver vahiable appeddnasah&thuck

attributahl e to edge ring.thinning danage.
through the use ok}la variable ?(%pedancegdewce, such%s a variagble capacitor. In this case,

the adjustment may be made by adjusting the value of the variable impedance device as

necessary to offset the change in the capacitance of the edge ring.

It should also be understood that some chamber designs may include fewer or a
greater number of components in the capacitive path between the plasma sheath and the
chuck through the edge ring. Irrespective of the number of components (such as rings or
any other structures) involved, as long as one or more of the other capacitances along the

capacitive path between the plasma sheath and the chuck body can be reduced to offset the

9
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In any case, it is preferable that the capacitance 8 March 2007

adj ustnment be perforned in-situ. 15 That is, it is
wonedsananbe that there be a nmechani sm provi dedp@trARzdosrer9309

pl asma processing chanber to allow the capacitance of

one or nore of the other capacitances along the
inéréd3a e thee \cBpRAhdtelTEl WaRtdbeo I%Hﬁesﬂﬁg fifddddAnde! HBcess

chuck to be adjusted without the need to renove the
degiladatiom ip redoessiindghe ¢dgetiing cin beremployed for @dongse period of time before
re ur.c)ductei pn que for an extended period of tinme. The

YRt BP a&%’ﬂ%‘f ed to the variable position coupling

ring is but one 20 exanple of this type of in-situ

C ap avhilofhisdnachitids haebden HRSdtidBd fieirfs 6Xfse6&thl frBRrred embodiments,
increase in the capacitance attributable to edge

d
there arg altriaranss geramneiinas, and cquivalents svhichdahvithin thescope of this

. [ ' b de_stationary. ave .

B LG T G B 5B PR SoYghn gotine

appladatian) | iesholldeséandersthoditha theSiHGéhtidg aRo \uppliedb Beposition processes.
capacitor. In this case, the adjustnent may be nade

In B¢ caen ef<t deppsitipreprpgpsgeotaven fis comgin gish @reaepedidhe deposition of

[ S t ff e i h
it 68 100 BB FRG WBQ el Blohifg) BT € fore e
afdradeiined eapabigive o etRRniliey pledsd gesthaBy thetlubltd Bodye WRl in some
or a greater nunber of conponents in the capacitive

casesTRAHE ancadiiisiment thak npreaserche panapicance elsewhare Rlopg thagpacitive
pobf1 SRR s BBHRE My Ok B DIV B oy b gl

detemiinkd eflasc@taih tHRGhasgedn ehefapiditateddf thredgetrii@rdue to the deposition,
capaci tances al ong the 30 capacitive path between the

or fle£8pRgedA élmapwi@g@er@f the edge rpgayaychermerdelederunathiemaically

t : VA . s
coBphBT TPl b oGy RS TR ropensgrion by adjusting
onélbi moRldapiinées akigehd dfogenichtiGmidgpsbiivrgeith. pr ocess

degradation is reduced and the edge ring can be

enployed for  a longer perjod of tine before requiring
a r EPTRIEIRE L s Opi eseshy $hat thecinvendion fha dimyisd o amspartigdar type of

' . of | . ' . .
pa bR A SRR, RCUBLiES ELORATRL B B onis
any ad allpldmhaplobessihgapstens thahéxderibnve @hidesy deghdati Gk éugtb@dge ring

.althaough the draw ngs are, described.in_the context of
thigping dampger tlaepblrli'g&atoff graterial o thseAge Hag, imerprdive s howdhe plasma
. V - .
s {46 LD A5, D015 EBRELAEY, BLACTABRRively ol
plasma tpaocessirigdysienmcariselers.t hehalddalso bé nsted that thetecdrt adanpn

t he, ed\ge ri.ng may decrease the capacitance_ of the edge

altgmafivevays ot iElemgninedhe mefods Aterpasauses pitbe peesent invention. Tt
is @g{eﬁeﬂﬁ@ fhedrld€a BRI BNGRE ApAded OGint WeKieBRA¥A a8 Dliddthe all such

alterations, permutations, and equivalents as fall within the true spirit and scope of the

present invention.
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cases, require an adjustnment that increases the 8 March 2007
capaci tance el sewhere along the capacitive path to
conpensate. In this case, the anmobunt of deposition
over tinme may be enpirically determned to ascertain
t he change in the capacitan f the edge ring due to
the deposition, or the éﬂﬁﬁ@@ in the capacitance of
the edge ring may be nodel ed or nmathematically 15
conputed. This information may then be enployed to
Whgtisiclaimedisconpensati on by adj usting one or nore
capaci tances along the aforenentioned capacitive path.
Furthernore, it is not necessary that the invention be
L1 i m Aektlical fanypropessingaliplaralityypisubiiratedl ifaPlasgRPRs@bioN
te hnqh%%y. Accordjnglé, it Es contenpl ated that the
chamDEr R L ASHPIOSESSING SYSRY ¢asa oAFnd Srbadie bsmechisposedon a

LSS, j [ to
O R e PP R AnE S PR S Oo iife
mat eri al ocassieg edige snbsigie ¢isarlgpenalifywd sobstfatewit hecordance

o A1 Se BER1G “65 olbRE PYeckins DIV cotpl od

pl asma prigeEacNtobyBiERBy haft AUBAE § portibn SPOHY 0@ ring
_be noted that there are many alternaglve ways of
disnosedsteng ¢ apaciioe pethrhstieearndlappathanth de said plasima processing

LIV, ' (S e [+ t hat t he
et BP0 ol hopehisaid ek irieR] frbiPLER8 6k Rbaiel;
betbdensuithed2p riap tand adid olsck; per mut ati ons, and equi val ents

as fall m%thi the true spirit and scope of the

present iAGFEHIS GHIVSHER 18 SR ACAPasHENCE Yalus A oppagitapee along
safdl ApHBEvd S ' ' i bl Yxi

o RpRAGy¢ Mo AyRIneRett g BOREASIDuBIRE Mo b Olon
is prtstaatislinperpystiemr te sat soffaceaif daid vt rimg © ddfishg gap between

di sposed. on, a . chuck and syrrqunded by an edge ring

2 ifpbe e i e ring Rl s e et PR ERnE 8edi ng a for st
subst r at gr&fessind 8 sdtoH8 ahtstiteQf sHH DRIEIR QT sif}trates in
accordance to a given process recipe in said plasma

acenrdaesdo pyd ehvanpeacessgeepe il vedd plagrouptocergingichgmhenafiegsaid
. ' . of . [ | i ' di ed .
s 80 MO R e B0 i e

rigai d pl asma processi ng chanber and said chuck through
said edge ring, said portion al so being disposed
bet ween sai d edge ring and sai d chuck; thereafter

2,20 USllfinddoridith PrvRERARLI ARG R bpRles i aRAR 4 °

between adjacent surfaces along said capacitive path.

3. The method of claim 2 wherein said adjacent surfaces includes a surface of

said edge ring and a surface said coupling ring of said plasma processing chamber.

4. The method of claim 3 wherein said plasma processing chamber represents an

etching chamber.

5. The method of claim 3 wherein said adjusting is performed in-situ.




said capacitive path, the adjusting including novi ng8 March 2007
said coupling along an axis that 1is substantially
per pendi cul ar to said surface of said edge ring to
adj ust a gap between a surface of said edge ring and
as fac li.n and

6 gecont Sady pEfaimf B B it S poSBEEREl eacfyating

mﬂaﬁ@mﬁaﬁagc&@)§@1dn@mﬁgﬁngrocess recipe in said plasm
processing chanber after said adjusting, wherein said
adj usting is performed without requiring a change in
7.5l Oredgemob bf']&am‘?é W-B%Fen'fr?zfl& Q«S{uﬁgr & a":ﬂn%lujl acigdel n said
adjustlng conpri ses 1 ncreasing ween adj acent
surfaces along said capaC|t|ve path 3. The net hod of
cIa| e said_adjacent surfaces includes a
8.sur fi’?\i‘]&f’eﬂ“\l\&l dg 8 aﬂiméé Jhiersingpid ATUBOLIS ARSISY AT oupl i ng
ring of said plasma processing chanber. 4. The nethod
of claim3 wherein said plasm processi ng chanber

9.r eprByenethodnf claich MﬂngremhMgwen Salug h@rewenth acdapdcitahazi m

sa stln erforne
v 3 Bt A SRt i BReikfiar Rfoab Bl itk gt Seid
firstinbi%hddig caﬁacamrn@mgsdﬂﬂ@uhmeas thiMdhl; B8made HehidaldQE ring
coupled to said coupling ring. 7. The nethod of c a|m
6 wherein said actuator is a linear actuator. 8. The

t
1% AL g oL SRRSO SRR R0 OBEI o,
proadssieg chpmies éndraed fop apirédete@inedahisensofftfm&i ent to
offset a first increase in capacitance along said
capacitive path, said first increase in capacitance
11bei ngh Iy ge
T et e B P e e
prediferatingdguingbep ef fubstnacs iaprerssdinsgd pleass prigesingndhember.
is operated for a predeterm ned anount of tine. 11.
The nmethod of claim3 wherein said adjusting is

12per fFitfertRethed bdlaith 1 PhERe RIdAdIEHinB U@ fordkd ﬁmﬁi ﬁﬁi i
IS processed in sajd plasma processing chanbe

actrptor pEvidRd with sdidiplesma wrnsessing dameratidughdreiy smg substrate is
ajggﬁéqmpagrﬁgﬁ§ltu u5|ng an actuator provided with
salé)p

asma processi ng chanmber and wherein said
substrate is

13.  The method of claim 1 wherein said adjusting is performed in-situ using an
actuator provided with said plasma processing chamber and wherein said substrate is

a glass panel.

14, The method of claim 1 wherein said plasma processing chamber represents an

etching chamber.

15.  The method of claim 1 wherein said plasma processing chamber represents a

deposition chamber.

16.  The method of claim 1 wherein said plasma processing chamber represents an

inductively coupled plasma processing chamber.




a sem conductor wafer. 13. The nethod of claim1l 8 March 2007
wherein said adjusting is perforned in-situ using an

actuator provided with said plasm processing chanber

and wherein said substrate is a glass panel. 14. The

th of .cl.ai.m 1 rei.n said plasma processin
1 hantts el 2t el TR0 iR sp BB ar oSt it nod
caphiciedradaitl ddjWitREehdu@RicHaniBbarealié SERRSTHIbRNARRS or,
represents a deposition chanber. 16. The nethod of
claiml wherein said plasma processi ng chanber

epr : rocessin

1 S s B Wl B 104 D B R B RS TR e

fonprrcessingsapldratiapaitinbatraes, 549 pRSMA pfocassiay ¢hahiber comprising:
capaci tor, saLd a 'U%L'ng I ncl udes chan%ing a val ue of
sai d var i 2PTHES CapHEIe }E‘DF SuRPOrtIgy $hsEatp fBH RS widprocessing;

system hayj e%hglhgﬁﬁglaﬁ%ﬁtepkéég{%?t@éﬁﬁ%ﬁ% ggﬁilgﬁg}(nnﬁgam

for processing a plurality o rates, asna
edge vmgsuirpenditpsadbehucknphérsinmgid edge chg ikdispmséd gongd f or

supporti a substrate, duri ng sai.d processi.ng; an ,
cBHGR% o4t BpthoPng Plas St pifseifihyR Rt PlaeeShe, seid
plaend ﬂi&@ﬂh}beﬁfg AR50 cht@DgRN hiphEms Weh&uRdiddans id pflkskg:

wherein said edge ring is disposed along a Ccapacitive
pat h bet vieewPHnBHriag hevisg aldesst afidst pairtipnahsporeddativegn said
i i ng, ' nl e lng. associ at.ed
oGP BhOFAT Thilk, < A8 LSy TRTDSRIRpd ROt AREBaBSE
patlgupdi ng ring having at |east a first portion disposed
bet ween said edge ring. and said chuck, said coupling
ring bei rig AHA8BTLEH fon Aigtiaginysibepenpreitapee valae At a and
Aei@hEANGSITEAN A1 i N3 ' i
cagallue of "a cggg%ig%lgg%%% gilvg ggjésda?g%lg%%eg%?gﬁgg ag(ﬁol S\%d
copplitg rismim] iacoufigreerbiotmie saolguiupbing ting alodg ax axip than i
ring.and. is configured.to.nove . said caoupling ri )
PeLHBiSUIEh (0.8 pAch AP € edgeinictn a B S pe R Pueail yezfade gfseid
edgatifls 8AQE siig of iddbuffiingaingap between a surface of
said edge ring and a surface of said coupling ring.

19. The plasma processing system of claim17 wherein
1958l dl"h%qzlléf’sﬁ{d &ch‘ESHE Eﬂfs%een%’ of claim 17 wherein said adjusting comprises

adjusting a gap between adjacent surfaces along said capacitive path.

20.  The plasma processing system of claim 18 wherein said arrangement includes

an actuator,

21.  The plasma processing system of claim 20 wherein said actuator is a linear

actuator,

22.  The plasma processing system of ¢laim 20 wherein said actuator is a screw

actuator.
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adj usting a gap between adj acent surfaces al ong sai d8 March 2007
capacitive path. 20. The plasma processing system of
clai m 18 wherein said arrangenent includes an
actuator. 21. The plasma processing systemof claim 20
said actuator is Ln act ua . Th
2 o T SRRy PR oDl aR nsBge Ghneligiog Valte of
safFédpati@ce 8isposed hRWg s@ﬁtdd?édiﬁve fath 53e&eMRUGY 22000 vabid,
The plasma processing systemof claim 18 wherein said
sagchgiaen vaRe Epiespife a srpastirrecapash ot tae fisos deptd amqnge in
d Lve
caggtlhging@ﬂgﬁé Eé.l%{ gaéﬁ@ftﬂe ggt(lelh agcﬁ g%z gnq:a%x gln(% Xcﬂgifl(\!eabemg
at&ibﬁ;fabba tenhmhmgmlbfrﬁg& ofsald édde ringcr ease in  capaci tance
al ong said capacitive path, said first increase in
capacitance being attributable to thinning danage of
ai K :
B e o G B LB T 0 PP Etuces
ctganglsadbgdistratee. 25. The pl asma processi ng system of
claim 18 wherein said processing includes depositing
a layer of material on said substrate. 26. The plasna
2901 Ocﬂ%sﬂlﬁlﬁnasp‘rél:&gihgfs?&érﬁloﬁfbﬂaﬁn‘&’@ fREdIn §ad gro%es@,ﬁfg hS0e&
represents vari ab ngedance devi ce, Sa
degpsiting e ket of materaj apseidybitratei t u sai d capaC| t ance
val ue of said capacitance includes an adjust nent
mechani sm for adjusting a capacitance val ue of said
26var i Hid piasinm)lﬁdae%emg destérg of clifn 18 wheRSiBaid tReR&Ico epresents
syst em hayi at. | east one plasma prqcessing chanber
a Yasiabls e o se‘a% |Salfiélﬂaflse%<fnt sdiustrg w-sivksayl Gapadiznce
vaPSeRASSR A GRADREI AR dhiRilent nRRALH 00 ITRARS o O°
supporting a substrate I ng sald processing;
capggencd yijudehsaiigvaaiableumpedpee dpher.y, sai d outer
peri phery of said edge ring surrounding said
supporting nmeans, wherein said edge ring is disposed
272! ONg phiskia @%‘deﬁélﬂg‘i‘sy@ﬁhﬁh@%g’\ﬁ%hsﬁorm 84 SBE&RLRg Bfnber
sai d supporting means duri said proce33|ng Sai d
foppraseningtieivialityed fﬁgbsé@msc&raa? pldsma processppigachamb epeconrpaisig:

during supporting means for supporting a substrate during said processing;

an edge ring having an outer periphery, said outer periphery of said
edge ring surrounding said supporting means, wherein said edge ring is disposed
along a capacitive path between a plasma sheath and said supporting means during
said processing, said plasma sheath being associated with a plasma generated during
said processing;

a coupling ring having at least a first portion disposed between said
edge ring and said chuck, said coupling ring being disposed along said capacitive
path; and

means for adjusting in-situ a capacitance value of a capacitance
disposed along said capacitive path, said means for adjusting being coupled to said
coupling ring and is configured to move said coupling ring along an axis that is
perpendicular to a surface of said edge ring to adjust a gap between a surface of said

coupling ring and a surface of said edge ring.
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sai d processing; a coupling ring having at |least a 8March 2007

first portion disposed between said edge ring and
sai d chuck, said coupling ring being disposed al ong
said capacitive path; and neans for adjusting in-situ

aci.tance val ue of a capaci : posed al
28,7 ot ReRIATP PROESSIRERYS g fidhng Vf%relaa? SRy 95 afiiging
incRU& & dra 1ﬁeal%cufa@5f|%a AGclcdnaiet i s configured to
nove said coupling ring along an axis that is
per pendi cul ar to a surface of said edge ring to adjust
g veen a surfa e of I|n r|n
28 P P e Bt P B it 7 R R4l of
safl apaEitRLOipEsken gloay ShidMapdcitdleaiath igﬁewbﬁe& b} aSdvesh value,
means for adjusting includes one of a |inear actuator
sapghyiven %@P%WP&’@?IU&? GrraciancevRe spHicHat it s fing lnpyersein
cofscieh bl B AL S B, SRR LRSS HRaliheq PR
atolibotabiestedhiboying dgmugmoi\‘mid,mige rgifrbng kaié prdcaisug
represents a capacitance value sufficient to offset a
first increase in capacitance along said capacitive
3epat hrheSthdnd 15r6§éssﬁ1@ SURER S bRk 2P el AN 684 P&abfance Value of
attributable to thrnning danage of said edge ring from
saghmagta@eeéspcmgd al®0g said eamcamaﬁrlemmsccgbsymmvdﬁw

sofd ] Py Bl e A B BRE eb P05 Rk i By Spgemsem

capﬁlﬁfaﬁ@éﬁdn@&’alcac@avlﬁﬂe pathUgid fisaliebrgiisy @Ncapatitice being
represents a capaci tance value sufficient to offset a

atiribptaplepdhuildapeotimaterzal 9a spidedaering Hrg: seid proeespiagi ti ve
path, said first decrease in capacitance being
attributable a build up of material on said edge ring
fromsaid processing. 15
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