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WO 2004/ 027816 PCT/ US2003/ 029309 A METHCD AND

APPARATUS FOR THE COVPENSATI ON OF EDGE RING WEAR IN A
WEFRASMYSRROCESSI NG CHAMBER 5 BACKGROUND OF THEPCT/US2003/029309

I NVENTI ON The present invention relates in general to

R A BB SRR LER R SR o e NG WAk

process resul t Sphy EOABPRISBROCESEING GHIgRIBERIG 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 processi ng PACKGROUMNNOICTHE INENTION exanpl e,
the wafer is divided into a plurality of dies, or

rect angul ar areas each of which will becone an

Isgtr ie gtB)feeg%q é{)vg n l?ln 6&1%{%%1\,1\1%3{? rgfl t8|Sggr Ogeens,l %qacit % technologies and
i ﬁﬂﬁé’tﬁ&ir to PRI d3Ghd apshradtas SR RRiovad ;(ré'&@@ﬁdsﬁlltﬁcb}) cdnﬁpensatlng for

order to formelectrical conponents thereon. In an

edgeningg wear iph akwmaeredsssing ghaodess, the wafer is coated
with a thin filmof hardened emulsion (i.e., such as

a phot gresi st .ma qr to e

har dirhg’ﬁ pr%‘i%f’ﬁl%g %@ ar gr Thetf st Se% EL’ Vel @F ra'gf%%; %tgﬂﬁs panel such as
oR@YSddnA flagy T%afrﬁl @kplayn &aﬁﬂﬁ@ﬂiﬂlﬁ% JifashRyiebitéDeriplopet  As part of the
exposed. e wafer is then placed in a plasnma

pmoass@g@fmgsemmmw%waﬁr rfegampld, ghecwiafpigis divided into a plurality of
el ectraode

BB B IR U RSB AR P R o

pkQe5ca iPh 8§E8 of Stefd MIVIENP ARRSaRILase]dtivélh eert Bt (edthing) and
| ayer(s). In an exenplary plasm deposition process,
depesitad (depositien inpplen yetbrmeldciidal tarapanents dheseon. npr ove
dep05|t|on fromthe source deposition materials. In

”H”yg\?gam B R SERH NI TNATRELS: 80BN ohlddGytiPa Bid Bl of

enpl i S‘cussion,

HaldeH&d éBtSRn Ql &1 gWhiab b ngﬁotﬁfe@ﬁﬁmﬁﬁg tph@ﬂto\/dt(ﬂﬂhglf Ateas of the hardened
pl asma processing cha 100. A wafer 104 sits on a
eptuitn are 2haprictshtisalp paraved: Grasipgpaits 9fithe wedeplyingrayer to become

@Egg%gf Srhﬁ glaﬁgéysatggn 8{218%1 #fllcalépa%ﬁ]ﬁ‘lza rﬁ&eefé(sjl%; %n%\@err Kk r%égtlvely charged
dRRBHe, TN ICLcHeK f AGpld [phateeét@lbﬁtmon@e@a&s d&plﬁhsm flo@ed ias the

is well known. A cou ring 108 is shown di sposed
dhemberermd struditorfom & salac,te p@hnetsmsred\ greu@f thegadatyinglayer(s). Inan

f .30 |
L3RS LI oy RSN AL Ay
RPOH 2 ShQhd 6ol ddPOsHiOr halBials.

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.
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Edge ring 102 perforns many functions, including
positioning wafer 104 on chuck 112 and shielding the
wa@naentigieng conponents not protected by the wab@r/Us2003/029309
itself from being danaged by the ions of the plasna.
One inportant function of edge ring 112 relates to its
Edgé tiag 10D perfisragansnyUahétons) ihyluding posinssing kafeubs bhahesk 112 and
is well known that the eqU|§otentiaI lines of the

Shlﬁld@&ﬁe SRdating eenpasgrty ot psakeeted S Ak yfepisall from beingalamaged
thout an edge ring, the substrate edge
bygf‘ee%?ﬁ@gggﬁ \é{\’lf, ines the outer edge of the chuck, and
t he equipotentlal lines would curve upward sharply in
t he Gnedmpottyntdindtioa of edetrirat H 2adges td\its sffeds on prass Wififormity
t he su trat aro t he substrate edge woul d
ACTESIBF 8 faic Ty qewwn bt CouiRALFENehaReS O rﬂ@ﬁﬁlﬁf’rﬁ’ea sheath 106
t Ly O
cul BRI Baftfly bR IRk bPRE oS i HEIEEIE Inubstate dge
eleamichity defines der msear eﬁge ofsthb shuickt andsthe %qmpoteﬂyal lines would curve
el ectri aII extendi ng the plasma-facing area of the

UpWRTGIRAREY 1 the Vil qfuﬂﬂfgsub@tf?dst gff2Co theuckyfaas (of thegubstrate around
I

B g e e e R e
endetgenent tHahemSUd lasthe @tgter offsubstratd) ehe@ehyi doaiributih@to pdon @ocess

of 15 the plasma sheath stays nore constant over the
un@ﬂ?ﬂﬂewgﬁﬁﬁ@%%m8¥m?W€ﬁ§9bstrate thereby contributing

to process unlforn1ty across the substrate surface.

Unf eyt

he ne@ryke;& &l %l’eggﬁgﬁg Rﬁe\r}g?sé%arer%gmtg%@%%g cglél@Wth%eerdge ring
an&)aeﬁothelaymlyrlymg atrpétasespheeadgerof nestiuck Bppcass e\ld:otmdﬁillly yO the plasma

the . damaged regi ogns of the edge rlnq changes.

36

to @ﬁedqusgrrt §tﬁ1écemué§%oﬁ the edge pf the substraie, e Thys, H}ed:ggg)gtentlal lines of
0
the’ orggsl,rﬁléat dsa%?tg(néthge gﬁ)ﬁ@ Y& éatél{ ﬁ'fe;r’] t@%lg@gﬁfacp gf ﬁlar sﬁlg)stxg{e ?ﬁ?esoy
comabatirpvieprodess hﬁf@ﬂﬂ@@@@sﬁtﬁpls@bﬁrat&ﬁrﬁ&ﬁe r eCI pe in
the sane chanber tine after tinme. Over tine, the
pro S res | t degrades %)the poi nt where an edge
ri n@e a§ dehdRasdend  beviyan 2Ry eugfding Pagthérpémg@ i s
enfififitiche das met@gé %g WRERGER tﬂg La8mR RIS irPinB 3 dinity of the
25 an roceSS| R ﬁ% I's taken ou ?
damegodi regonsnofbﬂhd edget ing @angedst aihe change dg eherpladghacih Emlilg&auses the
During.the edge ring change operation, which may take
pr%swg%frm&awe PRt RaBTBHE? 19 Brogess degradation as e edge ring

wedSaval. The 1§ﬁfeec‘§1§f R AR REQ ?l'gﬁ Wﬁrqlsliyﬁﬁefe%}npm ﬁ’llg same

contrfbutes to a hi gher cost of
chghlzes nienepafee @a®l Ng system 2 WO 2004/027816
PCT/ US2003/ 029309

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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In view of the foregoing, there are desired inproved

nmet hods and apparatus for inproving process results in
W@ 2tasises processi ng systemthat enpl oys edge PETYS2005629309

well as for reducing the frequency with which an edge

ring change is required. SUMVARY OF THE I NVENTION 5

The In vieanifitenfor@loMeS therd dre ABEred TRABEIVER Riethdds afd BFjaRAGs for
for processing a plurality of substrates jn a_plasna

ImpioyBPEPGess teralitbiara Masma pbegssiag pysése St eyPioys edgn ringscas well as

of .t he trate.bein i sposed on_ a .chuck and
forsrﬁ?urcénlﬁwtg g gr gé'gllen% Welglg‘ghlrgll1 n g‘?ﬁfrr}nﬁg&%% 1% f %’glérse g‘i ng. The

nmet hod i ncl udes processing a first substrate of the

plurality of SubSUMMARYORIHE ISNENTIONO a gi ven

process recipe in the plasma processing chanber. The

met hod further includes adjusting, thereafter, a

capagl. v > :

pat g Ao s, Bl ot GRRRARMRI6R AHBRELR FARBTALA Kty of
sulssRarb &l a prasink peocesyivgkcHambetigfh flhen£stgcessingGyfymaeach of the

gi ven val ue. The nethod additionally includes . )
subjsitigiedsifigrljsneseden A ghudkipad sarreungded pran gdgerring dyringghe processing.

bst r i.n [ e Qi Vv reci.

TRt BRS RO TS Ui Ut PP SER st R Rccordance

to adivs ptdesss r%lﬁé & the piRmAProtetsinidcHatmbee r T meMowflirtiRr includes
requiring a change in the edge ring. In another
admgitingg theegsfter, arrapaiianer Vabie of@l capacitanes alons aeapacitive path between a

rocessi ng, system havin at .l east . on l.as .
PIBpBERR, NG RS bl AR P BB ARRIEn grocdeering by o
givedRATueATas mellitl dddafmally %Hﬁ%ﬁb@@sﬁ% Anbedndl sABtHHAESE tBe plurality

chuck configured for supporting a substrate during the

of spspates bsasiconglangetodhe @idefepioresy revane ingheaplagrng processing chamber

s@ihr BiRbLie, MACROE s [RIER Rt i AGuirih pmecip the

ed@d @Y a capacitive path between a plasnma sheath and
the chuck during the processing, the plasma sheath
bei ng associated with a plasnma generated during the )
pr odeardthey emblodimeristhe inyepiiwstslates te A fisera PaeRSS NS Bgtony having
{.ngl n.arrangement. for adj i NG iLh-sSitu
o 5 B PR G- RIRE TBRIcL Bl PREHE £l o, e lesms

prédessifpagiagibet RIUdRE B childk cpefigidedidieipfmdh Biitratetddfing the
invention relates to a plasnma processing system

Profgssingansh an| edgs ring havipp 48 euteppatrbeni ridiechitariperiphiasy of the edge ring

r ocessi luraljty, of. substrates,. The l.asma
suflp RS R iimeiR the el gind 1Eisntee Fioge AgapEi bt between a
plEHRRBELh B theTHRSE d1@t tHY plob&sind Ethe PIRARASHEN beihB @§Bciated with
is further included an edge ring having an outer

a Fﬂ@rﬂ@@@lﬁedtdﬁ@n@ lﬁhqeprogﬁ_sipg.r ﬂ"bmalayn@prqcpgirgd@gmbb@ditionally
inqﬁﬁ%é%ﬁg%ﬁ‘g%rﬁeﬁ? o 4RRQLLS D BANSAiANSY il $1Ea8998nce 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, wherein the edge ring is

3
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3 WO 2004/ 027816 PCT/ US2003/ 029309 di sposed al ong a

capacitive path between a plasma sheath and the
WG appoeBicilg neans during the processing, the pPCEES03/029309

sheat h bei ng associated with a plasma generated during

the processing. Additionally, there is included neans
dispesed athing aitcapayitive-[@ith betveerap plabma sigathvalditke swfposting means during

capaC|tance dlsposed al ong the capacitive path. 5
therpesssing dheoplpuna sheath heing wpodidied pith a@lsmargrasieied iuging the
proggsssgl%f qﬁ{ddﬂ?oqla 19,ttﬁ9r% ?sn f\i}lgfu?%% Irl]aegrgs Cﬁw%dﬂg%fﬁl Erﬁ gﬁl %'cgk%q t%nce value
of & b@aﬁﬂﬂrﬂc@msﬁ@sedfal(gllgrtﬁéicapBEihEEp@E.SCH PTION OF THE

DRAW NGS 10 The present invention is illustrated by

way _of exanP and not by of limtation,

fi ghbess apd othee fealuesefdhg plﬁgena er}mmwawap desCiiprcLin “PCFR g detail
r
belb iR AR elcBipioh BF e thideyiBh i AcoBLAERIN i@ HHE followine
figafes.a pl asma processi ng chanber, FIG 2A depicts a
sinplified cross section view of a plasma processing
chanmber 15 accordin tQ_an eggodinent of]égf
i nvention; FB@IEEEPE EB&?EIQ Frf)q}m DRA Y Yical
di agram for a capacitive path according to an
enbodi nrent of the invention; FIG 3A depicts a
si mihé preseht dveatiors Batlusirated ovwaf ofexpinpkrandumai by sedyrod limitation,
) nber _according t n enbodj nent. o i nventi o
in tiae%fgms 0§@e@éﬁm@yg@s€f’ raysings ﬁt&hmewlée*t Lk% eral?cggwgmrﬁwefer to
according to an enbodi ment of the
mn?ﬁ@%%?%%%aﬁﬁp@?ﬁ&: deplcts a sinplified cross section
view of a plasma processing chanber according to an
enb &8s .neddpiad a sineplified erndss sattioanotw ¢l alashih plepessing chamber;
sinplified electrical diagramfor a capacitive path

20041 G2 B BER RS 520 360 on BT b BB B ember
acchen PR EERAER EMECPAEITSyiobhe pr esent i nvent i on wi |

now be described in detail wWwth reference to a few

FIG. 2B depicts a simplified electrical diagram for a capacitive path according to an

embodiment 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 to an

embodiment of the invention.
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preferred enbodi nents thereof as illustrated in the
acconpanying drawings. In the 5 foll ow ng description,

WO m0DIsse speci fic details are set forth in orBer/usmo3/029309
provi de a thorough understanding of the present
invention. It will be apparent, however, to one

ski IDEFAIED IFES@RIPTIONIOK THHPREFERRODENMBODIMENTS
practiced without sone or all of these specific

details. In other instances, well known process steps
and/lor ructures h SCr 1. ' t.ail
o1 SRS D G 8 PG R BBLD Kl i e

preféinbadimdiiethtRaf bY dasteded ihGhasicanipagesg dfawimgs. In the
resent invention may be better understood with
follogtieg deseuptian, nyaeipnaspastic desaily am set fosty ippsdar figprovide a thorough
al.l ow. ile not .w shing oy
sngep e redeh UeRPRT o P BE R, BAOERS ¥ fnddin e
art) thiXGhé Pre¥é&it fnvWBdh mbl Be pRRACIIWilleRit 8orBEer 16 these specific details.
capacitive path fromthe plasma sheath to the chuck
In etheinghnaepevalbigw v prgcesh aspeand/onriruetyeasdieve notihigen described in
capacitance. in turn.15 . affeqgts . / '
e R Py B o 2y B ERER. TRE QP
adVanBes ot Ak BRSert ivenEHRAAS b BedRAGEROE VithSeference to the drawings
conpensated for as the edge ring wears away, process
andidigeussians twt fodlownevi t abl e. Furt hernore, without
conpensating for the change in capacitance as the
edgef.ing.wears a e ' ' .
o005yl e Rk BEBRERS: BARSEER DRTales e
wheh aitgRie ridf isTWornavdy] thateepaditaie 9fdn@nhe &dpeiti¥é\path from the plasma
il lustrates anot her plasma processing chanber diagram
shqagh tatthe phuckdhronghhdicredgeripaehngen Fhe ed8 §ie GagitaRce in turn

6.,t0,chuck 112 throuygh. .e i i ' .
e R L e R R
Unléd4 thi§ Biilse i acifa@bPlsicothpehdated ¥0:8as tBel ederrinpowd L awa) @rocess

ceramc ring 110 are as shown in FIG 1. Beginning at
degradativnnislinevitahde. skiurthermorst witheis lcompensatingfos theschangewn cgpacitance

uival.ent capacitance 25 ich is defined hy t.
os SR B iR At 1 8S5RERS Rt S phEp G pidestiles more
fred@&ht e@é@ﬁﬁ@@qaﬂg@ace in between. Along the capacitive

path 150, there is another equival ent capacitance C2,
whi ch is defined by the surfaces of coupling ring 108
and ToHaciligiedisquagien.dfiGedddllvstigtgs angherglesmaeroedssiag chgmber

.b .. her .al it
T L A e

ed%eaﬂ mmfa@%i@{ed. Rairiih©n&k ky FIG. P2\, gRemb shaueie NOR) lvaserel 04, chuck
0 sheath 106 and the upper surface of edge ring 102

112 oroplingyon 08, edgraing Hive endeeramisripg Hfpaeas shpangadiG. 1.
Be]g15n(1)ﬁng5at\{l\§g 020(1‘)1 fl‘-cltlfr)l%7S181r ace%%élg&zpl%éh%gegﬁs %I?own an equivalent capacitance
CO0, 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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Referring nowto FIG 2B, a sinplified electrical
di agram for capacitive path 150 is shown. Chuck 112 is
we@bmaenrise@l |y coupled in series with capacitaneer/(8003/029309
whi ch is shown disposed between chuck 112 and
coupling ring 108. Capacitance C2 is coupled in series
aI o%gfqmag n@pa@FIGx VB, patnhplifted ebeetrivabdiagaupfor ngparitivg path 150 is
ower ce of .edge.ring 5 1Q2. Capacitance
shyt e {135 PiFisalNisppled SuPGicsei @rfeass ab WHicatiggown
dispb¥d bER7e h%hﬁ&@l"@an@i% dirfy £ | {dnld
1 pacei tance Cs conp gr%es he c@%g%tiggggatiil}p%@gﬁsmes
alopg thec@ppctltlmpath 15@ bétesenvcdupliogpag il 08 andth€2owert fasest edge ring

a aCitanc | as 106. Wien the edg
10F AU RREGH TUEH aR by e geteBy maﬁ%mﬁ 54 ringnkD2 is shown
codtPm! sEﬁwltﬁjcapa@ftirfcb lpyt %Qcﬁaﬂcé be sf_ﬂ'h RS Hd Gpacitive path 150 by
material of the edge ring changes. e ane n
courdingdn seaies avithGca@aditance €2 betwati eatasitince qal add phasma sheath 106.
environnent in the vicinity of the damaged regions of

d n As t he envi r onne ha
pr o068 T e tingdS et TG or e 15 P pLma. (e Capacitance C1
tugbutadié {d @6 d&‘élé?:‘&% ﬁqﬁfé} BIST tHd Ee HngldREndek @
y chanber of FIG 2A, 1i ncl tudigdrli% ar% e%éér%% Z%c%n%a%gdpg&ance
Clriegirpaffegs therpl@@tgaeeﬂvirngndxﬂﬁn thetvicinitpef the demhagddhagions of the edge

ion.304, which nma take rmof a
rm?rggig‘i? plﬁsé'gar ?Vlroapeﬁﬁqha?g?se%éé%e% syl ngrﬂ -alters the
af orenmenti oned capacitance Cl in the vicinity of the

danpued A REk@4ates 4 SighplifiBABRRY ARG |
in FIG 3B. | neséont rpalst to t?ie Sit ngt(?&g}rli@?itag}%% Ero%gs%i’i@ chamber

of ¥l§e 2Ay clusling art mnmadammeegbh 364 i ¢dpatrmigl 1621 & it bedieved
di.el t 102 is
f R % 554 e BT B B i e g

101 sltdpé e Gforeméhttbned -Eﬁ‘éa%ltél{& (833 §hd ﬁcfnﬂ? of ﬂﬁl déﬁlagéd region. The
capacitance C | in turn increases the't

chapggh@apiaame pathonghovapadl@i B atontrago tliéentuatrm]rmmn@i 219}, the

e S P R PSR PR 120 (oo™
is l bhdet0Mhd t‘Hﬁmﬁl{ga@ﬁHe SRRBER hilelid1sifHE < HEEY eﬂﬁ?ﬁmrease in the

e current along path 150 1 ncreases. This 1ncrea
valu¢i of twpadtancel ibornesreasdsehpiosd rcapeshmmeialcmgobapmwe path 150,

corfiitiedne T UEHOR hdRBsats Horherta sh(hesie: Mo ReZ = dizAa).
As %&lﬁlp@aaﬂcg Qlong e paAk ?romr ®é ﬁfaknﬁ;? sﬁ%ﬂf{oﬁﬁé clﬁlﬁzﬂ'dg&%asgg the current

the substrate. In addition eatures etch
alongpatbd§@ irmrezass. oFhit meressehiatthatierenhbstwead thetpldsinatsbyah dﬁd the

ChL{SP gﬁ?@gﬁé’é %t ; elireigl%g; %@g%%?%e%gg%@sg%gﬁégikggse in the etch
ratesé%tﬂ% Efe®r tl?edsglﬁstﬁ{t@ Bel AFmeeto%B%r ?%151{5 otfltl'ikgsu%gtlragg ®Im z{d%nlo% the

f eat ures over erin
feamms etehedén the edg@aheaﬂiif the sibattate ah@w wiore ﬁlt\mudtrds ﬂie|sQM%trate
he etcﬁer to.remaiin in service until sone |ater

pergxéfftgrl asdhg erggring crofien pragiesses. ldsalke theseiveslidhediogthange in substrate
ed AR G taA D glltﬁ’ﬁgo fiS G re SRR Rl t%g r ﬁis% {2 %flgé r(fxlpé Ruld

characteristics angi ng nore than
eithenootrerodeaordtrads 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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such the edge ring lifetinme is shortened nore so than

by the nere | oss of material. It is the 6 WO
WQoM4HOBRTB816 PCT/ US2003/ 029309 purpose of t hi BCT/US2003/029309

invention to effectively extend the service |ife of

the edge ring by conpensating for the erosion so as
purbBseBMhiiidntibe tefbstivall extead theatbiicerlit of tladgeri

feature tilt effects with tinme. In accordance wt one
corppgpseingdPpr theererienstons tp minimizoihe spbiiraterngge atch fate ghange and
&a@%pﬁgehggg th Iong capacitive path 150 attri butable

anage i s conpensated for by reducing

t he capacitance of one or nore of capacitances CO C2

or IﬁSiccd)ﬂalaﬂcepWﬁlﬁ eid expectrdif bl preseht invértioni the fchas ih the capacitance

capaci tance C_due to_edge ring thlnnlng damage_ i s
alopg eapagitiyg pabclodAitripgtabledo edgering dagmes iompeasaiedios gy reducing

I f t

the\r’g:a‘gq%lté.ﬂ% cﬁ%@ %ggl‘lj%?f& éaB§c1 aRXI:@slcnos g{%e"?e%?oggi rﬁéﬁftegg(g émbodiment,

thed@@ERa$n Odpatitgnce @ﬂ&ﬁlettél Bl rﬁv& thinBpehflge #@hebly dddreasing the
provi di ng a mechani smthat can nove the edge ring and

capapiganes (iB1assrgiatechyith tha gaprbetyrsn the leweaeefaeagéth@wége ring and the

capaci t ance
prolvitifga ﬁ@ckﬁﬁﬁ@@ ¢hat EdrGmoddtht leﬂgésxﬁlﬁg’iérﬁlsthe bdsu;ﬂmg an@éﬂ:ﬂﬁl&r apart to
wi th one enbodi nent of the present invention,
decspasp efqaperiiapesS?2 srbetyern ipicempensate for theracrgased éwpﬁgﬂce Cl

posi tion 15 coupling ring 408.
Cm%??ﬁf§§$$%Q%kgﬁdﬁ%4%§%g§A vari abl e position coupling

ring 408 is configured to travel along a path 404.
Si NEIG tdreilhapates, ia dcerdaateivith bne apbedibn@Acs the pieSent invention, a
dependent upon the di stance between | ower surface of
simgidied £1958 Seetion YRy Ol PlaBPEPI9eRTS g shambgith # yarigblggposition
[ f 0S|
couﬁ)ﬁ’ﬁé n‘;{lg gﬂ@\% ﬁ%fe%ﬁg%ge {t@éﬁ‘ étg,p v ﬁa{ﬂéﬁg&%ﬁ c%u})h Prfide6s is
corffRRed th aneel deng 2PatBR0USSinge the\capdcabhe® Qi dfic@pacitance C2 is
coupl i ng Hqé} the increase in the capacitance C
depeaderd uper thoydistAncghietvren leweysurfasepirdae sag 19 endyeariable position
D%, h h
cm%hng ‘l‘;tng on1 %%ng?gvarpo%g}og%gggu?b éc:) ﬁoscf}zon «%c&n 9%%*210% vﬁ]d ghange the
cap’abﬂ)aﬁ@e Palub of OdpacitiiRe@® result is t hat the total
capaci tance al ong capacitance path 150 stays

substantially the sane, or, is changed to a |esser
ext BHtsingjargiapl§Posisipn sPYPling singethgdiiseass & the sapagitance Cl

assﬁﬁcﬁgnl%dgpd&n&%%d %g%e %@2{%@ PJZbSesog{r%%{ }%ﬂ a?év\% tt e aﬁamtance C2

thrblﬁgh thé reposiviahingif @afiait positivrccuplihddng #08Jaloh$path 404. The net
i npedance between the plasma sheath and the chuck
resylt 33/thatdhe datalrpapegitapeq alenggigacitapee path & R pgegpubstantially the same, or

is Jhgf?gc‘e%rto LSO et gﬁlcg %ecaﬁicﬂgnémq@ee%vmg plasma sheath and the

chuck remains substantially unchanged or is changed to a lesser extent with the use of a

boﬁfﬁﬁ?%m %izgne%!)(?iuplgﬁ m@&?ea%ﬁg‘f]%"%‘f)%&%g 69 %(!g}gmphshed by

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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This in turn hel ps keep the plasma environnment in the

vicinity of the damaged regions of the edge ring
waeamghzasté al | y unchanged or is changed to a | eBSBUS2003/029309

extent as the edge ring wears 30 away. 7 WO

2004/ 027816 PCT/ US2003/ 029309 Furthernore, the use of

a VERiiitlerd) @sd s @ a vatisdld ﬁ@it(drt@uﬁbﬁ@ﬂﬁg tleystaededdao change

change the edge ring. As the edge ring wears away, the
thecedgpringgAs theedes ring pissrsiavspicilic coURrmgtis Fappsitippgsicta sgrrect for

degr adat.i on. Ol Nty W i | A
ookl A R VAL b i LB LRRELE B L Wi Reca to e
repRcb & B&davise Stdxitiisive dtrustarnb@anape o BecuSEhe fcredie e ts Rapaditance

the capacitance 5 O due to edge ring damage cannot be

Clalye tuedasiringclampan sannod bp edeanaely samppesatad hgyond spmepaint by
ecreasi ng one.of the ath Capaci c ,
fu B Rl P e e S en PR Ghlap ERAR Al ogcur tss
fre@idn@l; tidintin tHeSri YL, ﬂﬁﬂ%‘z irét@lcﬁgtﬁatmaﬁtl& YnaBfacfudie g dowh Gime as
own tinme as well as the need for equi pnent
wetl @ diei iged forcquipsesas icalzbraiproiecessitated by Hrearplacerping prosess.
In one enbodi nent, the anount of edge ring thinning or
da . hrical | - .
O3PS SR g B LB At vy gy

detehABE ForRAYpalBASdH prst@ss ihaatil@ar Hld3ghatphd@KIIMS ShaditRf by measuring
time. For exanple, the thickness of the edge ring in
thetadge ring thieknsas pveyitiones Hengxaneplpxthe tidkaesssifile edeeamgar the
robe, .1 n _one enbodi rent, th nt_.0f;: e
e N e S s

am@ntbfled feEih@thiting Reletetmiearas @ffuftibs bf dineor ps @C@REES of the
t he capacitance value Cl as a function of tinme or as a

numhberf ofisgbstesiesarogensednibgisapactiance yehie (Gt as fypeftansafdiunaras a

be determ ned. This informtion be .us t. 0. .
fugp P s PRE: pLriral ity Bt RutiRE i inggmgtion may
be usicb ideferfnetthéRqire8eceasd Mabhdan&d, a§ B QuRHBN Bf ti@E or as a

substrates processed, in one or nore of the other

funstipn of themvaber of sbgiratereproegssash i ane qyanadre béthgedher capacitances
i dieed R P Pl RS BoRbaRh P RAeR Fiorgh 18 ofsethe
indr&HsO T 1AS cEiHIREIRe chlisctg ead HADIMIROSddrh4pR. 20 tHeQlEhBIB Bosition
ring case, this information may in turn be enployed to
cogpdinguingtaase, itles infoumation ngaypn tetu be sopheysd te ealoHate diesrequired gap

O T BB S B 5T PR, g o

as 8 YRRI6ALE FreRILAMRE S EHibstrResSibéSERE I datibthctofifys&set th8 increase in
I ncrease in the capacitance caused by edgée ring

tha deipacitange chamsed)by edge rangchineingalatregé.nent , t he decr ease
in the capacitance value of one or nore of the 25

? thg %Plgcgﬁﬁ‘ceﬁbg)gﬁﬁesrg,ﬁthg ?%Céct:agg Hg%% ?crgvyciltgr?ce%aa}u% o1 ore of the
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.



10

15

20

25

30

be conputed, either theoretically or via

conput er - assi sted nodel i ng taken into account, anong
w@bdven3781¢ he naterials of the various conponenPGT/O820051€29309

pl asma processi ng chanber, the geonetry of the

chanber and its conponents, and the process recipe.

Thi Reduthy thBthsaitaitewalueef oheothipleyf €tk dther @fainéd3@long the
capaci tance of one or nore of the other capacitances

capoitiyp ppty betvecen dpraplpsmey sheptand sl chuek thrpeghiihe sdge dngemay be

and.the .chuck in th roductd on . ch .
w5 Sk o B G5 eafR B En gt in, or example
on€ @iNa6letl B ateweachiat 68 ehad Ibe PR vadedfto phgsicdl fehove variable position
capaci tances al ong the capacitive path between the

coynling g JAB alntiverid thenedgeimingk Thapefugiar(Phmabryanchpied agaipst chuck
1126 o RGFETRLLADRT s\ Dy R 04 Segilt. Lhe case of a

var fable pEsition COU&FIH ring, for exanple, one or

nore |inear or screw actuators nmay be provided to

phy giddaiohylyronie coraeinplated thaishd ¢dps ring euylterigitely bgaddi@tnally be

relative to the edge ring. The actuaLor(sh may be i
magp glovplde taeunprasate frdke ingnepsqin thepapasitane kg attiiutgple to edge ring

eV I i f: j . it I AN .
YFRRARE SRR, s BT KO0t UL e s saioar
andp@divide dBlable ib&rts WEieh 0BV Bdp@iticded aypeidsdiretht @apd htbween the

increase in the capacitance C attributable to edge .
chyakpgd therfonplingriag o de betseen the coupligring andithe ¢geging) @r in

0_k [ ri stati I

beife FERAR0 Hud RUPlc B IS R0 5 Sl il R ke Ba@Bflec 1
attfiBRslse td &gk Ringdmpgingfawags the chuck and the coupling

ring, or in between the coupling ring and the edge

ring, or in, between the edge ring and the plasm

shelit #1y qage, éffis peaferable that dhecapecitapce adpustmp diersHerned in-situ.
A1 t ' i. nni . ' I .
T R By G M U oA T i

chdigbdp & Altovined dapacstahée of oh®d off hidke dfthe bthet GappeieineeLdIbigy the
that there be a nmechani sm provided with the

|
capse e D3t gt e Blasne shepftodthechivisls i be adi e Mithoi thg need to
t i | i td
roreth©bibiE pARSna ARABLL ANE SB R DN Ind BB Ul b extended

pefdy oxied Thd AtButtort doapled eslthe Varisderpysitidheupliag MRg is but one
processi ng chanber from service on the production line

exgraple ghthisype eEig-siticapesdtange adjysEment prechanism e pifees sl iagrease in
to the varjabl.e ition c ling ring. is. b qne. 20
il haiogPac | ERTERIRL GRR FBIRbPE dhinalh. B BHLrur il e
co?fh@&ﬂigﬁm)l& Bhdesetitidnafy Bub &9 8¢ 4 ParidblEinfRBae i@ tHeQhuck
attributable to edge ring thinning damage. As a
thrpugh the pseegdzmnysriabletinwedanse geviery svahrag anvayiable capasetor. In this case,
theia%jﬁ\%s:tg%gn% rIﬁ/ayh]:)l’étmartrcFleybyhaad\fuestiralg &Va u%lo? t}llen\pa?ggpecirenptegantcg Gevice 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
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t hrough the use of a variabl e i npedance device, such

as a variable capacitor. In this case, the adjustnent
worenp4bersnmde by adj usting the val ue of the varpebig2003/029309

i npedance devi ce as 25 necessary to offset the change

in the capacitance of the edge ring. It should also be
inckdaskeingh® Ofpatifidice EQribhABRES edeshiphinitig dantighdroéyer

or a greater nunber of conponents in the capacitive,
degsadation & 1rdegsdiana thyl edepsing sambheaplg@yedhior a dongskperkndmfgime before

t he ed ring. lrrespective of the nunber of
“ﬂggﬁﬁéﬂgﬁ?gmfs&ch as rings or any other structures)

i nvol ved, as long as one or nore of the other

capddiileahs &sveatiom Pad hren I6sceibpdii tbimyofatdialyetfored einbediments,
pl asma sheath and the chuck body can be reduced to .
thegs gr¢ akterptiens. permotaions/a0d pauisalpety Mhspdal Mathasthg scope of this

inere . o . - .

i BP0 b1 ARRBF UL 0500l B LMY AR 4Gy gine

appiftatiéd) & he@d beivngers@od igat eiihedneidn &6 appliedngdepddaidnGlocesses.
of tinme before requiring a replacenent. Wile this .

In thg pasetaf grilepesitiorepracesssuraveietpricertain eteh pedcesesdhafeposition of

o PR ol St P e
afos&Rditiondd Edpasitive pmB Beivien theqilaindhgatl and tid vhugk bbdyg and in some

drawi ngs are described in the context of an etching .
casgppequitgtancdjusinens Hhsy ingressesthel eapseitnnge elsewharpalong the capacitive

knvention al so,appl i to d ILtion proce Sow.ln ..
paipld Ehed e IR dar iR SL s Pn Qye e iy e elhpiicall
det@frfiRePTOHESERS thelcAEn GRS dab&fitaBe of B EddeaingQiuiettb he deposition,
edge ring nmay decrease the capacitance of the edge.
or theghangedn thetdapaci@nes ofrtheredgeiringanayckepaedal¢d er pathpmatically
bet ween, t h |l asma sheat h and, th u bod and in . .
cogGiee s dBopied B0 B PRblokeh TR ReasnSon f adiusting
oné 8NAbrel APAPafitcs AWMG tRe AoREntibeedCapastiild pdth. path to
conpensate. In this case, the anmount of deposition
over tinme may be enpirically determ ned to ascertain
t he Fgriagrgerd, if is het negprsenytthaidlee iofention bedigrited;ta gnyl partipwar type of
the depositiqn,, or the change in.th i.t ance .of .
plaptid s ol St s CPhueEaBAREL S MG applies o
anf HHPAIT Slelsmal frloSedsihb @F Bk eHat &?éri&ﬁ&@r&%s@@rﬁéﬁ@n d@e to edge ring
facilitate conpensati on by adjusting one or nore
thigripa dimagecas sheabwilyptof emaggrint enrthetadenadg.dapspsrtiveef hoat the plasma

o SR Rl b P s R B P A coupi
pldsfia Rl Sae sydCaR! sidathets. itshénild 6RO LE AblcatiRd thdidhretridhy

invention applies to any and all plasma processing
altepativermgaysiodimplepeniiegibe mythngde 9nd aengratasss obheduesenoinvention. It

. ed ri t hi,nnd damage or fhe buildu f . .
is GEREF AR phad g DO g De P olsdts R presedhgs ppluding al such
altBhBSH¥Bpermutations, and equivalents as fall within the true spirit and scope of the

present invention.
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i s generated, including inductively coupled plasnma
processi ng systens, capacitively coupled plasm
w@r@amessiang systens, and others. It shoul d al seCh®S2003/029309
noted that there are many alternative ways of
i mpl ementing the nmet hods and apparatuses of the
present invention. It iscalwiM$ore intended that the
foll owi ng appended clains be interpreted as including
al] such 25 alterations, pernutations, and equival ents
WhatkisclgimediiSi hin the true spirit and scope of the
present invention. 10 WD 2004/027816 PCT/ US2003/ 029309
CLAIMS What is clainmed is: 1. A nmethod for processing
1. a pAunahid for pfocssshgta plumdityl of sabgitadsin aplaaaIeodegsing chamber of
chanber of 5 a plasma processing.system each of said
a plagiAR ProsESINgsYHgMarach 9 &ld shbsiraterheing disresedsen 7 shireddpy

surn B8, & e P s BUf pRICSER LT L) 71 %o

subst r at @ecdssingadistdabsatd of said glinaity ¢sabRiseslif atqo@ddnbe to a
. said plasma processing chanber; thereafter adjusting a
SIVRILPIRET S A5l ipapidelasmacprecessing ehaikeral ong a capaciti ve

or obessi g A s RLER OlbePASTE Tabs? oTF LRl R Rlong g sapacitive

path bétgvebiy a plagind @Readtinaid Fladna PoOSEIBE icHgnBer218@ 0aid chuck through
_Substrate of said plurality of substrates in
saidedes gy given wieg agdven process recipe in said

pl as ma pﬁrgge%giiggge@otﬁﬁ%&rtra@ (;fes][';nds h%dc{f{é%%tﬁges in accordance to
wher ei n 7 sai justing 1s pertorne Aout requrring
saidigivBap@ecdsiecipe i@ seidgaasmaygrocekbing charhiser At afjuding] Wherein
.1 wherein said adjusting conprises increasing a gap
saihedipinng is pIfarmed tvithgptrggwising pshengsan seid speeciing-ve pat h.
3. The nethod of claim2 wherein said adjacent
surfaces includes a surface of said edge 20 ring and

2. a sUiid me®o@bf alafi® U ptHeRdn Edid 9djabtirgadothRisasiiBrepsing & §ap B&ween
chanber. 4. The nethod of claim3 wherein said

adjgesnipturiaeesralong said ¢apgeiivepathong an axis that is
per pendi cul ar to said surface of said edge ring to
i ncrease said gap. 25 5. The nethod of claim 3 wherein

3. s ﬁi "ﬂn}%@ﬂn@@lﬂﬂ oPtlaie s svhaeeif hafrBghcdne PirEzenSludbs a Sirfddk BYsaid edge
chanper .
ring and a surface of a coupling ring of said plasma processing chamber.

4. The method of claim 3 wherein said coupling ring is movable along an axis that is

perpendicular to said surface of said edge ring to increase said gap.

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

etching chamber.
6. The method of claim 3 wherein said adjusting is performed in-situ.

7. The method of claim 3 wherein said adjusting is accomplished by activating an

actuator coupled to said coupling ring.

11
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6. The method of claim3 wherein said adjusting is
perfornmed in-situ. 30 7. The nethod of claim3 wherein
W@ anod/ozmsjiast i ng is acconpli shed by activati ng BOT/US2003/029309

actuator coupled to said coupling ring. 11 WO
2004/ 027816 PCT/ US2003/ 029309 8. The nethod of claim

8. 7 Wiy @ethod af elade V7 we®din k4id actbatbeRla laRbhtdt@tor. 9. The
met hod of claim7 wherein said actuator is a screw
actuator. 5 10. The nethod of claim3 wherein said

gi v eRresent cl.tance valu suf ficient
0 to f(;]Fef 91](},88 E Frer %g?eérggmﬁ‘gauatgr ad sf%?ﬁvcae?%qtohg sai d

capacitive path, sald first increase in capacitance

bei ng attributable to thinning danmage of said edge

10.1 i nhhe mathodleéclaim B ovhersin sdid givies vahe r@rwesfauacﬁaa@ﬁltasqq Yedue

sufﬁmel&%? egr {{%3‘1 aflhi?rrga Zeﬁll‘el d?‘é)aﬁ Cess on 1éfca?a[c pféh saflﬁ first
1ncf§€§ehﬁ@a1§tf01t§1|1@| b‘éln'-é EBLADIR t6 @hﬁmﬁgﬂh&ﬁégd’tﬁf slaﬁi dage tiapmed
after a predetermned nunber of substrates is

processed in sald plasna processing chanber. 15 13.

Th met h 1 wher.ein said adj.usti
por T meton & ¢ R SHE e el Bl Bkl Sy processing
chaﬁﬁieﬂlswp@ﬁm fBf # pRASABInEN aRbEkt R fichewherei n sai d
substrate is a sem conductor wafer. 14. The net hod of

claim1 mhereln said adjusting is perforned in-situ

t d d wit.h
12,07 PR PGS oh SR vivefti e Bfiolia i pEd i afBF pregetermined
nurﬁ!ﬂae@%? sPRR8les is pkSeessddbn %H'fa%nﬁfpr&eﬁlﬁ@ dhaphiRf ei n said

pl asma processi ng chanber represents an etching
chanber 25 16. The nethod of claim1 wherein said

e n anber re resent s osition
3 D AT P0G 57 3 1 SYRTRS il SRS Rerdoraied Oaith ue apgetuator
proprd@& St AQ ﬁmmacés n%%ﬁﬁﬂﬁe? A wheRHVGEd YfsHate %J@l ed
pl asma processi ng cha 30 18. The nethod of claim

senficortdurtor wakai d capacitance represents a variabl e
capacitor, said adjusting includes changing a val ue
of said variable capacitor. 12 WO 2004/ 027816

14.PCTT1ES208:30 828819 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.

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

etching chamber.

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

deposition chamber.

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

inductively coupled plasma processing chamber.

18.  The method of claim 1 wherein said capacitance represents a variable capacitor, said

adjusting includes changing a value of said variable capacitor.

12
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19. A plasma processing system having at |east one

pl asma processi ng chanber for processing a plurality
w@boogbmsie at es, said plasma processi ng chanberPCT/US2003/029309

conprising: a chuck configured for supporting a

substrate during said processing; 5 an edge ring

havi ng an outer periphery, said outer periphery of

said edge ring surrounding said chuck, wherein said
19.edgé plasmy nrecegsing sxséam havingatdeashpreplesmapivsessingshomper for

profesPip Ao PRIy AP L PP RREES e
gener at eglciliekicogfigabd (R sOsRIShdWsubifiste dafin@dia paresig;

for adjusting in-situ a capacitance value of a ) )
capaci t anrcedgermediasingas @utsr pephesy. gaid apies peripherpaf said edge ring

Suré)glflgl-l[—lg gfllﬁlscﬁslﬂ(g w?%?gﬁl? ?@l gggei‘zﬂs%tjig }sﬁése;dlagoglg] %ciap%@%e%ﬂh between
a pRShAGRAth S faAC&RicR G Sad ProceRig] §did/Slafdh bheallbbetdg associated

“The plasnma processing system of claim20 wherein said
withlagdasmageoeratedi dvging Naidipracessing; ehér conprising a

coupling ring disposed,.along said capacitive p

wher el n whphegaeh o Gy ede Sl f PR gL y By e Bftance
disﬁ@é_egaﬁ)ﬁ?%aiﬁ'cﬁ]ga&%p%_tlﬁurface of a coupling ring of

said plasma processi ng chanber. 20 22. The plasm

processi ng system of claim?21 wherein said arrangenent

20,0, &8 Blaie bihse e PRGN B S hGPE bR sRRGhOUIASidS
adiRETHRe G BehMentAjas RitduTalel AkRg ehidapabitBRYRAH.I Ny to

i ncrease said gap. 23. The plasna processi ng system of
cl ai m 20 wherein said arrangenent includes an 25

actyator. 24. The plasma processing .syst.em of claim?2

21 e B¢ Blesnt arosErin R e A PUay P Sat gposniagi b Chamber

furbleASSBpRGAE £ S5 S URFORId ARl I PhpWTEhdth 8d Fherein said
actuator 1S a screw actuator. 30 26. The plasma )

adjpcant esficngimsimsleeaswface bhisaid ¢dgeving andr wafaer efgemsiplinggag of said
val ue of .sai.d ,capacitance disposed al ong said

Plasma DIACETSIRE YRIMPET-s decreased by a given val ue, said
given 13 WO 2004/027816 PCT/ US2003/ 029309 val ue
represents a capacitance value sufficient to offset a

22f i r The plasme pseessingsyproi ofahaim 21| wheyeinsaiddairmagenséntiis/eoupled to
,gath,.said first i crgase in c pac”ﬁance %eing} ‘< that i

saig COYRIRGTAES Y CHiENFRANY MEYFAEE COBP A BB PHiythat 1s

perpendicular to said surface of said edge ring to increase said gap.

23.  The plasma processing system of claim 20 wherein said arrangement includes an
actuator.

24.  The plasma processing system of claim 23 wherein said actuator is a linear actuator.
25.  The plasma processing system of claim 23 wherein said actuator is a screw actuator.
26.  The plasma processing system of claim 19 wherein said capacitance value of said

capacitance disposed along said capacitive path is decreased by a given value, said given

13
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5 27. The plasma processing systemof claim 19 wherein
sai d processing includes etching said substrate. 28.
wabm4prmsera processi ng system of claim19 wherBCTIUSANE029309
processi ng includes depositing a |ayer of material on
sai d substrate. 10 29. The plasma processing system of
valGd Rbfosdifls WogsRitihce dallic saffidiunt RNSIEset £Afs fiRAdaSe f capacitance along
_vari abl e i npedance_devi ce, said arrangenent for =
saiyepaeitive gathnsaid first ngreasciarapacitancedeing atsibyfablestgithinning damage
(ﬁf%gp i&ﬁppe i ncludes an adj ustnent mechani sm for
adj u |n§ a capaci tance value of said variable
i npedance device. 15 30. A plasna processing system
havi ng at | east one plasnma processi ng chanber for )
27.pr oElessplpsipa Brosessing systyme claimp 4P veiegain sajd proggssirgrgcludes etching
sﬁ@&ﬂﬁ&%ﬁing chanber conprising: supporting neans for
supporting a substrate during said processing; an edge
ring having an outer periphery, said outer periphery
of said edge ring 20 surrounding said supporting
nmeans, wherein said edge ring is disposed along a
28.caphlq plpsrea prosessingesy ea ot layn 49 vehestip sif prgrgssig wcludes

DROL L i 1] i processing, said plasm

dq%%éggﬁl%&?ﬂg g%?%@ﬁ%#gg“&?% “a pl asma generat ed during
sai d processing; and neans for adjusting in-situ a
capaci tance val ue of a capacitance di sposed al ong

29.sai Gheplpearne progessprsisterpigipim thevhsreis arid spRrciardergpresents a
varfc’a%rc'eti megz];nc% ld%{lime 3 id“a'l?’r%{l e'nrlle %%rdad u%{iﬁé #n'—sqgl s% @aﬁ'agi?a%ce value of
I'nCredasing a gap between adj acent s aces al ong sard

said& edpaEitdric¥ enceded an 3djusthieft MEGRARNPIP EGESINYh GypaditmtObalue of said
clai m 31 wherein said plasma processing chanber 30

varfaglet imwedansageyiseng a coupling ring di sposed al ong said
capacitive path and wherein said adjacent surfaces
i ncludes a surface of said edge ring and a surface of

30.2 cmgm nOprbEd3Ging ksysteth ﬁaviﬁ%aﬁe@st Bﬁ@%l@&ﬁﬁ PebceRBFBambeifor
WO 2004/ 027816 PCT/ US2003/ 029309 33. The plasma
propessingsilwnglityaftsubstatesciaid plagra processing chambenpompsisingt
adjusting is .cou%%eg to saj.d co%ginp% r.in .gnd is.
conf i gur SPPPEINedVES LT URIRTTE A5 IR “AFB% 831 RrERPEE
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; and
means for adjusting in-situ a capacitance value of a capacitance disposed

along said capacitive path.

31.  The plasma processing system of claim 30 wherein said adjusting comprises

increasing a gap between adjacent surfaces along said capacitive path.

32.  The plasma processing system of claim 31 wherein said plasma processing chamber
further comprising a coupling ring disposed along said capacitive path and wherein said
adjacent surfaces includes a surface of said edge ring and a surface of a coupling ring of said

plasma processing chamber.
14
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that is perpendicular to said surface of said edge

ring to increase said gap. 5 34. The pl asma processing
waeymuemsod cl aim 32 wherein said neans for adj BST/USZP03/629309

coupled to said coupling ring and is configured to

nove said coupling ring along an axis that is

perpendi cul ar to said surface of said edge ring to

decrease said gap. 10 35. The Blasna proocessi ng system
33.0f Eheaplasma pigkesswigsysiamet slakn S 2 vderean paid maaps fon eliysténg is

f.. i r.act n cr .aC or. 36 The .

o g epulBRr B LR HnIRgia PR ESEROBMY g fone Dracs
thatis pagpehdinger toahidesubfacsal did «igp aiap taincrad s al ong

sald capacitive path is decreased by a given val ue,

said given 15 value represents a capacitance val ue

suffl cie et ficr [NaTol g [: I tance .
3431 o U bRty kRl P RRAE oA nERRER W e
coupRAAS kdiaR6EpI R v Adtis tdifigakidao hvovt BhidRbaglibaiIfongdn axis

said edge ring fromsaid processing. 37. The plasma
thapis pewerdipyasipsaihuscepliard wige e tederrense spid gpaci t ance

val ue of said 20 capacitance di sposed al ong said

capacitive path is increased by a given value, said

35.0i VB pl¥ghd!froc€RIMRSesttH o cRaf3CiviRRGE sia mians i i@k includes

to offset a first decrease in capacitance along sa

onecefgdiiens agtuateitand assarey 4qtyater. decr ease i n capaci t ance
being attributable a build up of material on said
edge ring fromsaid processing. 15

36.  The plasma processing system of claim 30 wherein said capacitance value of said
capacitance disposed along said capacitive path is decreased by a given value, said given
value represents a capacitance value sufficient to offset a first increase in capacitance along
said capacitive path, said first increase in capacitance being attributable to thinning damage

of said edge ring from said processing.

37.  The plasma processing system of claim 30 wherein said capacitance value of said
capacitance disposed along said capacitive path is increased by a given value, said given
value represents a capacitance value sufficient to offset a first decrease in capacitance along
said capacitive path, said first decrease in capacitance being attributable a build up of

material on said edge ring from said processing.
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