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108, which also serves as a powered el ectrode.[Para 5]
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to have a fixed geonetry and/or material resulting in
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capacitively coupl ed plasm processing system bei ng
configured with a DC relay switch. [Para 22] FIG 5A
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arrangenments for configuring a plasm processing
systemto enhance control over plasna processing
w@a00aetoer s. Enbodi ments of the invention inclRPEBEUS2008/067881
provi ding a tunabl e capacitance arrangenent for RF
coupling to a hot edge ring to produce desired
electric potential differences between a substrate and
t he hot edge ring, Thus, the equipotentjal I|ines of
{Paraghp p) iéé‘ﬁ‘a“%{%@ﬁt‘*ﬁhfeé’fboé‘“@“{?éﬁ they ieapEopribea &y praydyskmetbods and
arrang@RELTRA %ﬁniﬁgu @g% %ﬁm% *fe%ﬁ 0 Skehi @ in?{anc&HxQx? Mabfisma
“edge wt Icing cleaning of polymner
procesigmg pm@dut;zt\s }fmlumﬁ:;tlhES bﬁhehndmmjgecloiﬂe ;brhesdagbgtmzé;ﬁ@mpautame

arm:luéxn&ntamﬁzizll boulp i ?a {lm%%i rm(m% ;b(écﬂgb ﬁi?\lt‘bd QR énm paﬁ,np 1 iP Harences

betwedPahseNe pid fig h{:ﬂ &ﬂge ﬁﬁﬁ aml\om fieqﬁ@bkﬁhﬂta’h Oindd dfghe plAseRixheath fora
enbodi ment, the upper coupl i ng r|n and the | owner
piven %‘dﬂm PREES |“h‘<}) bh'é’? pEed B‘Lrﬁ%héd © pgiiggt ‘tﬁﬂﬁ“ﬁ st alge without

sacrifibths PR&GH: bl dgealy ﬁrﬂ@uaﬁ‘seirré'fﬁttﬁa%k Ligg sgal (ﬁ‘iihacs%%ﬂét@ g

rlng assembly is a cavity, the hernetical |y seal ed
;pm@aivl U YinTRY oPBiofk soauﬁ&% Wb ;:1‘?&)1‘1@“' Slodndy AR QUL lnﬁlt\s may be
to transport a e ectric material into and out of the
confizomdivtith dnripatr @nblods rmgmnd al lnw: a‘rmgnhgdunyge At anehdodiment, the upper
mupimw %#E Ing{ %C?moc% éﬁtﬁzaa mg*?)till aa%élaghlgg(?% fﬁ,ra ¥ é)r(1|c%1im¥u, »%4}1 dTe}mposui

inside bhﬁze memm‘t nma%eka Kdsealled ridgubdenbliois afch a6, tehRrmetically sealed cavity
el ectrical properties at an area on_top of a hot ed%
may by F(ﬁ‘é‘murpﬁu@t ¥ Wp]nﬁﬂuifﬂn&g%t BAGEHYE ‘n‘b‘*l%tﬂé rr@g:blah;n{oaﬁ Eeout of the
cavity (?1{ arl Qﬁh(ﬁ@:ﬂ% I iad éiﬂ&}{%%ﬁ bge @%:&Hfﬁn@g of Be '@b\ﬂilm\' #Rd assembly may
el ectrical potential fference between a subStrate
be modiiidd b ehs hz@tnuehjsg@ikpmg ntd@:rgd traidn therliehoetmaly ednladgaptty torgtect the
dumaalf ﬁﬁ*}pcﬁﬁ.g at ¢ d§1 agH &{ "% of Eﬂ& ﬁ%??n ﬁﬁ% gﬂ’]&ed@ n“‘éﬂ?eﬂ"t%l #QA&Q% the
apaudimfcf efftn c‘t&xphﬁi WeEe Mmat R’ne aSlluktSsﬂ teathihiranel t]banb;ﬁtpo&’dgﬁ diff@rgnee
betw c%xgh:?x \Eif?gz][ zran(ﬂ 15&"@%55{?}%4?&%%%’2‘:‘13 : Of"H.éylubé ula.o )%%{Zq‘ %]mxi arly, the
capacitiabdlo@hE ONLAEE +ihQBlay HA2HRYEAR] B2 GANRE %Ie@ﬁuﬁﬁ)(u@ﬁdl difference
di sposed above a shaft to nove the connector up
betwegiolh sehstrgtg red Bedphedeewing o pr&radraled de?dllbdi“hl“aﬁ ﬂk sabstrate.
enbodi nrent. The shaft nmay be RF coupled to an ESC
{ParaPBiver lslecmbodierenhrobidit wagbe eqnlig n: edgdradambet ot hA arpveable
LOHJ}L& H 199\ gr{‘,e&%pigtd Rb(‘.‘?t i ‘> %{]{0 HQO\ 54 Ith. Cv l'lﬁ{. 437 L 'jdil\i g}’tk} nm{u_ L(%ﬂd(.l W Hh
of may b OV e
the c,m@tm/m@dmn ﬂfﬂk}ﬁbt&mﬂt’:ﬁctﬁl\ﬁi\ﬁtﬁi ﬁzh}eb@ &hta«nﬁed ©oah Y la@te; asua}de
chani cal swi tch q g swi.tch, tur g on, .
thumu ’i ‘-‘ant;’f ii’t aﬁé@iﬁﬁm@dﬁg] ’Flﬁ?@ll :F"}Iﬁ Blrlﬁf‘lt H thEgt\/&Pié%r i el}lé‘e 3P%l @ll& 811!]11“
plasmd }B}%CédElR): h lsk%me%@xﬁh@ BOERGE i m%@v% D el BRI Qith the contact foot
connector and the foot, the RF coupling to the HER nm
to act 5e ppthanceled b cum D okl sreph.rgninarers a8 thv\BE gopHgdrom the

ESC h%q% I%Rzaﬁ]g ﬂ:t i@‘h‘ie ﬁ?&\lﬁﬁg t\»t}%n Eglﬂl;]& 9% iggdﬂq{éq'\ eh%h:{)&ggifsai&dlh\%d the foot,
the %xled)gpinm teakm HﬁR[nE’@ﬁ& @ﬁ}mieﬂ axrm&hhn(étdhimt Wbﬂhﬂmhumht}re 15 110
contact gvgween thg conr eum anCP tlpze h%tJ r{Fe RWuouphnw ul) trh%tl {lﬂ mm be nnmpnu:ed for

beveled edge cleaning.

fr



may protrude downward. Lower hot edge ring may be
di sposed bel ow a HER and nay not be exposed to plasma
w0 poogso@mbodi ment. | n anot her enbodi nent, firsPCPUS1008/067881
may be coupled directly to HER wi t hout enploying a
| ower hot edge ring. In accordance wi th an enbodi nent
of the invention, the first plate nay be configured to
arallel with a second plate to forma nechanica

[Para egb acilpeep eg}bp@tﬁ*@gh@ mewetihehediy riggpm @étfg cgatigwahwithea fir st plate which
a 2 U g JnG may 1

may fs:)'trrg%é ié{g,j(&) 12& ﬁg] gg‘é Eﬂga)t} %@%ﬂ% xgigﬁlgeecgg;ag% é{\?\\g? @%ﬁé%?xﬂ)t may not be

exposel te plasmd en myexabq@h werd| ifx yncgifer smbacpmentDﬁrit pg\tq)h@slmamup ed directly

to HER g :t?\g&tsnnﬂ)g%rx? %iexxa&?ﬁgt Jﬁiét nb,seo%t dﬁgﬂ‘dgmf lm& aa‘; mntiega*n%}t of the

inventiaVihe Girdt h&téﬁ@@ﬁ@ccﬁﬁﬁhﬁ*d rnebgapeu Nl ta@thtahe Jddf;ﬂ*tte B @be atifechanical
.change the over | appi ng area between the two pI at es in
capacigy «%:}ﬁ%mﬂﬁemf A 8P PeSweqRbe Bisp Pierigid damep el e In an
cmbmﬁﬂmrth@ ls&%ﬁ-{ pde 2 tder HRRITRY 180 adicust 8ehad @gﬂtﬁ'ﬁ bl Y straps.
the mechani cal ‘capaci tor arrangenent. [Para
Durin @pﬁ@.‘ﬂh@plogﬁb@ gi theptpactduee oeibh awpimaa}pcqua@m @rl qnoement may be
d\enanﬁcdﬁi(\‘ a%}t%&%d ‘1& TRY. mﬁ?{?(&%ﬂ!}n %gglam%r?o %‘zep‘rlillsltr btk %&’ ghange the
F1C Tings.s nent, a concentric ring
overlapfiys bea eanfgmgﬁm edo Matdd iBapbmbalimbyt. Thug wlfcoRIF Sowitiely &rom the ESC

o Bt e e o TP R0 ki pcor
m«dmg@gﬁl [ ng, each cutout and/or each sectl on may be
“configured with a sinmlar or different geonetry in an
{Para @rﬂoodl I%ﬁ&thu &xtﬂﬁuﬁm@ Qi %&tmm@mqm %E‘Jh{ukﬁu.ﬁﬂ lﬁg,sm configured
each wth a plurality of cutouts nmay be di'sposed bel ow
from agpliretityed genveintig rinTh elngomedotimant mi oeges iy ihengebagat gdred with
a phur ak?%(l%gig.u%ui} %%M%{PMLR" %&m%%‘?@%&uta%g il ﬁ‘{&g&”‘%ﬂggél Lgﬁ% g,
predet@fuibdineed meiptmmm R¥F &gﬁphﬁ&pﬁﬁh hmﬁutaﬁ:ﬁ ‘angeisattionagyyvlie confisured

with a Eé@ a5 0k &Q%Ya_y lfllgrf? gEtﬁq'? e%g&%g}cgg ]I 5%\ g;%r &Lﬁ“ﬁl gxr Lg\l?ﬂlggﬂx 1C Tings

each vﬁﬁwﬂﬂ bR08S FRluolREndy AR Ho R 1Yy B BoehE Bhe UNEIEEREARE: rings may
with reférence to the figures and di scussions that

be stpﬁl@tqd@wtm R Gap & DROWSIrIcHoREEFOCSETen ot Rbethmenth dHinms plasma
;}1()a.esgzg% aJJ@ a%?:%z%‘@é of tﬂi\! @é&&efﬁﬂn rReS: ﬁ&g&toﬁ aﬁgmseﬁl%ﬁf‘iﬂfa%g%&fmﬁmanv

fivel y-cou sma~processi ng system
adjustebnfvaguhe 8 F \Amtqlfh;a foou mh ERQ ardengphassertily with a
hernetically sealed cavity to provide tunable
[Paracapaci fiﬁl”f@ﬁmf:E Bat .ajx-ﬁﬁ}wé%leaiﬁﬁ?a'npsmﬁﬁﬁﬂ&k g bszytastuem: 061 with

e.a sin doubl tri requenc
referercy 5%&%1‘ Wygﬁ fseharge ey el i Saog AfPrE Spsgpgh an
et msfuh@x@ilé@ ﬂfé‘_}ﬁa&eﬂﬁﬁx dritigh Ltds@mp@ﬁgd Rh&nmARtof |a'x§ia’kﬁﬂ elOsouBlefl plasma
, and MHz. Pl asma processing system

pr OLL%B!@@ wmyﬂ ped ef@m"wg:érse dl § wluptrudes wseanbls vt ehegnetdsdy pgpled cavity
io P»‘“‘%B%“E‘R%ﬂ?cﬁ&gmc‘gn el ectrostatic chuck (ESC) 308. ESC

[Para 32] Plasma processmg system 300 may be a single, double, or triple frequency RF
capacitively discharge system. In an example, radio frequencies may mclude, but are not limited

to, e.g., 2 MHz, 27 MHz, and 60 MHz. Plasma processing system 300 may be configured to



al so serves as a powered el ectrode, is disposed above
an ESC | ower el ectrode 310. [Para 33] Consider the

W@ Ra09ae40on wherei n, for exanple, substrate 306PCHURM0SI0p7881
processed. During plasnma processing, a multifrequency
RF generator 312 with a path to ground (not shown to
sinplify the figure) may supply | ow RF bi as power to
ESC | ower_ el ectrode 310 t hrough an RF match networ

mcludf ASEDSERGAAC Paing Fl}ﬁgpqefi 9b@\f¢emfell%gp@§tlc ek Q}Sqﬂoﬂ%f E,fyg GRS, which
also »eR!:es%@Q {J/\Q’{ez%g Eé}@od@% $idoSlaaghy é"éx{ 5@ ](Q&S Zﬂe@t%desﬂ@vm to

sinpli i gure) t ignite plasm bet ween an
{Para$ %ﬁger &‘g{?&éeﬁ oflei30% ﬁD&a%H bg} E%ﬁ;ﬁé‘ Qt%st; eas%H‘?s ISI}IML Afcessed.
to etch and/ or deposit
Dur mgsgibsm ;amees%ﬁ a mukmduearkeaueﬁé@ten@ mioc 3 H?Ewnth emtﬁ [z@gma& &ot shown to

smzphféqiﬁﬁ ‘éreblﬂﬁéFup x I&x }bfi:l “qué‘g“?e}gg Eé?*gg L] ?FS%I&% S?H(P%muah an RF
match ﬁl@t&ﬁﬂc trot GhoRvl 0WRpIE! BRITRHS, TRORERoLST RbmIOVEmedior BRI may
power is at |east one of 2MHz, 27 MHz, and 60 M.
nter aoswtlhn 96 o shavaroappRt s shel fmse i eniie glirwa SBbbeweeran upper
electrddB REE ax?d SokiRd @O@r‘qa%lihem!t ONEEmBLRGED ‘3@% fz'hﬂ’ mpg 5%35; nnn,na s Onto
powered using simlar frequenci es.
sub&tratﬁﬁ*l}femmw&ttcmrwﬁ déng:u 3 i nsul ator ri ngs 318 and 320
are configured to provide insulation between a hot
[Paraddge rangoMHER]S 3 1@ramdid gpbumdny mag r@RRe u;ﬁpaq umm ¢ 302 to be

<rrmmc%%6\ 1H331§52;¥‘éb1‘|rt?> ﬁii?\\ Oe?ecgﬂg% \\élé&)ﬁ Tl{rg-gwg\%gegi r%}g g‘ﬂ;tﬁo))x e 1 41t least one of

\my@mm}{m Gad a»m'gfms seimier 3d4 apEicaRens RS fE:QMEO N uehd\eecrrode
terials such as alum numor graphite to provide RF
'mdth@!ﬂw plsgradederPEBE pesERnEyE ~émg'u RFE“Q@H@WmM ESC
| ower electrode 3 10, to HER 316. [Para 36] |
{Para d8ht r dutthe igpigeensitiop of Krer 3. pdatar ‘t“hEé 3ddaptd 1>¥f§;arrs cprfigused to
provid@ nﬂ?ﬁghﬁ ngx&x?%ﬁ&cctd&f@ xqréaf ja p% i?%tg[ rdnfgq,u@lgiiﬁt% b.§ % &énﬁ Sover 324
i dmpomdpalnltqgofr ar n@cm@;%zzam m3 bfamnj yur&sﬂsu oh sac:ﬂmhd@nue %scemhl\ 314,

Counl Sy s < epne redi Ty SRRel e G E Aty
erphifd {0 PreASESDLYipliAS HLREE IR BBy Pl BREBORRAGERC 1@ver electrode 310,

hernetic seal is designed to prevent gas or |iquid
to HER #bfn ent ering or escaping froma cavity. [Para 37] In

an enbodi nent caV|ty 330 may be hernetically seal ed

{Para 8¢l enﬁrwmfn@ﬂaﬁ VPTG PhBE RwRing Budbe waneipddeastarture,

n Kp( a t}‘ “)J F
muphfh rihd t;%%f}gl : ng%ﬁ;ﬁ% zﬁgﬁln‘ﬁ Aﬁ%ip&%ﬁ erPQ el oﬂ%% 3914@&@‘1@.;111;1 ring
314b. ofd £ oy ﬁ@(} a hrermdedde cvisenl enrhaylinent em]ll. G)y\edt,mn Inan unbodlmem

cavity %égrs hi_f}BL,l g}r Bup va{f‘“é&%/ﬂlhﬁ?%ﬁm”ﬁ‘@“ ﬁﬁ‘t‘%\%P Y|’ e»bté? hﬁéﬁl 18 emploved
herein SR O% 8 ABis iAo RAUP bR BB B RESEFBhYentering or escaping from g

cavity.
{Para 37] fnan embodiment, cavity 330 may be hermetically sealed by employing an o-ring
{not shovyn} to be disposed at an mterface 332 between apper coaphing ning 314a and Jower

couphing ning 314b. Alternatively, other means of forming a hermetic seal may be emploved, e.g.,



[Para 38] While not wishing to be bound by theory, the
i nventors herein believed that changing the
W@ apavddoance of coupling ring assenbly 314 nmayPCEES1008/067881
in a correspondi ng change in RF voltage at the top
surface of HER 316. For exanple, as the capacitance is
being i ncreased through the coupling ring assenbly,
i npedance of the coupllng ring assenbly is being
lemma@cﬂr«@é% golfrsgnly fuslprinsa Sl gh arprRIFNAY (el tht “’*@‘ﬁ"é’ﬂt‘{?ﬁ"&
he.,. erefore, a higher plasma density
empb§&f&qg§§g;é§%§5t§¥%n@26 area above the HER [Para 39]
} th ; ’ I,
ara S91 " LY BIPRS B RoB IR e e RRPREL N 306G B
changwpyhedeprease afesubtngngy mmeaqbll\ombirmar:rmdt maﬂgr@nespmﬁmo s:lmwe i

RF '\-foitzﬁzé‘ a&ﬂ%&%ﬁ%&%&e ?Eghggﬁb nﬁ{}u%émpgs @ th[z F%Hag\i izﬁx@? 18 i%mu mcreased
throup RO UBIEEr Ny dsBeralily eb B oiemt: @hhd mﬂm MENE ds@RubiFistheind
“shows couplln%grlng assenbly 314 with hermetically
deefeas@aqe%dﬂ%wtiw sGF atagamt e temsyiier 0B iy é*i*f*l@‘etq ghigher
piaqme?p%@irtl»elna ﬁ #85 Lu tﬂﬁn%ﬁ@&gﬁ ReRL e iR channel 326 and

' et channel 328 are conflgured to transport
e Ahel © X R td Hring as
{Pax dgég egf)tg {ah\% ofiBk gégﬁlﬁﬁ; c&ﬂh&gﬁgg%gq aé?{lrécn gvg ﬁgef Og@u Fﬂrmn;?ga ssembly 1s
decreapddy g‘lf,aszged:msymsq 4&&11&@5{: bsullmnel mf 3 ‘@dx cbRF olobimgi anghit o surtace of the
Jel ctric
HER. Jigis dciend efsamamﬂﬁ e Qe B R S vy e a
roexal ,

[Para 3& er s S IR SPGB | SatrBroBplfne ring
assenMRBEY willl i MESEREIY 8RAkdREE 1300an Y REmENMIQKEEn bilet channel 328,

achi eve a predetern1ned capaC|tance in an enbodi ment .

Inan i[lTFba)ﬂanlePﬂlpWi@ﬁn&é ABO dichasrilet chapee! Sahareaionfignred wrigmepart dielectric
mﬁten%' %ﬁ Ghd %n& JFRLGIH AR am @”c@/ 330, ?Hﬁ % &1 J;t%é(w?iefgo&[ﬂ%ﬂ ring

Ive or passive Fow" cont r o
assemlaet'iﬂ a’vmafy Ibe\zwxaﬁefmdrmi N hsvyxsngﬂne dichetrei rehtemlnnscdmh&v Bw In an
b { ow ng into and/or out of cavity 330 may be
e m'(W‘Hﬁmcally control l ed. For exanple, the dielectric

. 4 my be flowed thrqough the cavity at electric maters
Para JFb et S HPREATRTl A B BE IO S5AG pr B E88afglicpsiric materils
sach aRNALDGS:, 8XaMRlod, ckQk oft neaa@;asm&@l BhOW:GRBLAES) beSH SIS to

the dielectric material may be flowed into cavity 330

achievgg pau‘@@wwe@ CRREFHTES THBVWSYE YN | ng pl asma
processing, the dielectric material is not being
{Para d¥hani lsarlepbpiiowed tiemosugho davipoy Bldatiomeigripasgp ged/or out of

f‘ I
Cavity {9 Wag %Qt {J Qm%%?&rpﬁ& Pﬂ(\ sfoA‘i?% g s@g{lﬁl Gl ]E E}g Ggf‘lsf{ﬁ &tnksgga»émm, the

dielec mmyndnm i(ﬂ 8swimednidund: ngoqﬂlcﬂmmt} p?r?;ﬁcﬁsdkn@nmhm&&snum trolied. ¥For

xamp irst dielectric material ma qq
exampfﬁbt 5 ¢ gc(@abm‘a f,hlgl ay be %%% ](S}xgg i %{m&, %td%&ré Lr!ﬁl é‘& tow rate
duringGARAGI FraR6End. OnQRbH M 8Bl GRUR! f-RGvd NOMCER e system, the dielectric
matertal may be flowed mto cavity 330 at a desired volume. However, during plasnma processing,
the dielectnic material 1s not being dynamically flowed through cavity 338 for a passive flow

control system.

K



assenbly to HER 316 to achieve simlar plasm sheath
bet ween an area of RF sheath vol tage (Vedgering) above
WGQawsve@re edge ring 3 16 with respect to an aPEHUSIH00$967881
sheat h vol tage (Vsubstrate) above substrate 306 to
produce mnimal electrical potential differences
(Vsubstrate - Vedge ring) in accordance with an
enbodi ment. Thus, the equipotential |ines of th
{Para 61‘ s meC @Rslst fhe pipatian gibgein. praanarlsy v ks el““é“'&p‘ti‘lsﬁ'i’\iféﬁ 306 may

be de»:ﬁ@d 5&3}% i %ﬁiﬁ&ﬂ@&%ﬂ DL e&% 5108, & ﬁg%e@&r& ‘x‘sﬁ%ﬁf PGy % ected to

strai ght vertl I on nbar ments at e e ge
give L&mbstz rag e»%@@ﬁiyrf’dyr ’i&ﬂ&iﬂ%@hudlcﬁwﬁﬁl% ctmmngnw: Rh coggpedtom ESC
t he., su strate d
as%gmhlp (5 L g@é{c’ﬁg) (C]mtw, sumézrrt l?iéa‘id sheat Hnlmn T P T hﬁé'ingft%lh‘éh&ath voltage

(Vo J@,a)tdber dsubkilas ad@@4ngAib Qﬂﬁl&%ﬂ:@é@d ¥ an Ared @€ AFGhekite b @t (€ o)

terial may he selected to glve cou | ing ring
above 3@@@% A6 awﬁ)gmmf@aé? WERFWEY ROEEHRY P HRCECE Y mioni i e rise) 1
ace m‘dgtll:(, PPk iﬂﬁbd‘d‘i@mt ES% u@%ﬁ@&? iordifia R 3t @wtp%sﬁﬁ@h@z\ﬂ@ fox a given

dissimlar plasma sheath between an area of RF sheat

plasmapiotesy e f(ﬁvedge@l tp kerp)ion b@mbarénﬂbstts tathe Eézdfgé st eSS sir amht The
vertic a\é\n \}mr[bonfo%P ff)g its ¢ {94 4 %gndglrﬁs 1%%? e é(g%;%a\g mwm Lai uai%Ql yi3! etuhmw with respect
to the a;hmﬁtot ﬂ‘&ahb'@m&ﬁhﬁ*ma|p]a@lmf1 &aﬁfc@ﬂ&@&am@\d&ﬂbﬁtﬁ@apx@h&e Mehkgachui

ng) in accordance with an enbodi ment. [Para 45] Due
pmm“}o the high vol tage potentlal bet ween substrate 306

and HER 316, arcing y. occur on the bevel ed edge of
[Para dghst ralEngbely. Wﬁ’é‘{‘ ﬁy'ec%év Reyiat Bay fe SHESHE ooT Feghupling ring
assunﬁ\( ank a tﬁh@l&ehﬁmb‘@ gﬁﬁl 1'&@1'9& ﬁr mmﬂﬁ'\( R cols I%fgeh@{} € S00ssembly to HER
devi ces on the bevel ed edge of a substrate. Thus,
316 maﬂ?@mgdiwmﬁalrcﬁoaf@»bmk b@n conat fes piekde Hmthe\d@tevcon“» adge ring) AbOVE
S’ubstrzﬁcy Q(i}crr%tsae’: 'i%Qch%ypeEtem %1% Sﬂra%? IR% Ay ‘?I f‘ 9 \;, St %I']:QQ Lt ¥rate 306
0 renove po\yner y- produ deposi {0 %é }
to prodiglg ea@fmirh elestlbbsitpoadngal diffae st @’an{;@k wWivL. R, @@ e mnmﬂ apedntvith an
of the invention. [Para 46] In the prior art, the
““ﬁﬂkﬁﬁﬁllng ring is a monolithic structure and the RF
oupl i to t is optinzed to bal ance hetween
{Para r}‘hi f or %f“t‘ﬁF E@b‘lm@ ﬁ‘:“sﬁ‘j’éé‘l“ﬁgff%“ wigEb %‘r’“‘d@ﬁo@g ?1 'ﬁ %df arcing may
oceur @l@hﬁ( B 1QY e dRb QHUGLSa@R0d N REYE! §6:nE 4A8y vkt dRIREER Rhat is
met hods,” the capacitance of the coupling rin
:mdt_st&@é@ﬁm yuq&_g il@qmmlgha@ dlgyu,m‘n thgbtas epdedet el mu@ gighte. Thus, arcing or

micr Q—gxﬁo‘g&{ ('.lﬂ l?&%l DTVE \.]LL&!UL (’.lp ub\gl h&‘ﬁ gk lhg )é'iﬁ% ib d‘s & %P{,t{l%lwf n%g hanism

o xemO‘f e ;aﬁs:uhsthﬁatwemﬂ fe@og le@@ﬁx mecam ﬁfﬂ@ p);@ti fe)suisay atc:he ’lhﬁ‘ﬁ dam.f: with an
) ed ge ri,ng may be adjusted to achi eve uniform etching
dmbmﬁﬂ~ﬁﬁ§“ﬁﬁ% @i ng step and bevel ed edge cl eani ng of

t’amggbp [ipé %pl%]?iguﬁ?l%%mg’gglgg{)éli? zfn ng%ég‘f‘@éﬂ‘g%‘%{ﬁgg ‘len%- couphng to

the Hfﬂﬂ@%ﬁ&?ﬁh 19baltle bkln%@ﬁ]{u‘u@tﬂ $13 &dﬁﬁkl &t' o fuBUHEN N e or deposition of
capacitively coupl ed plasnma proceSS|n9 syst em 400
10

polymprdpsnppodients ¢iyie davaipd dilce. Dalikeaay art methods, the capacitance of the
coupling ring assembly 1s tonable by having a predeternmuned dielectric matenial mside the cavaty
of the coupling ring assembly. Thus, m multi-steps plasma processing of a substraie, the electrical
property on the hot edge ring may be adjusted to achieve uniform etching duning the etching step
and beveled edge cleaning of polymer by-products deposition during the cleaning step.

i



switch. Plasma processing system 400 may be configured
to include a grounded upper el ectrode 402, a substrate
wa®9/0a72] ectrostati c chuck (ESC) 408, an ESCPCTWE2008/067881
el ectrode 410, insulator rings 418 and 420, a ground
ring 422, and a quartz cover 424. [Para 48] Consider
the situation wherein, for exanple, substrate 406 is
bei ng processed. Pl asma 404 may be struck when gas
(Para ¢Rbt ~ SHevthshegssitapiajdanke M g .e@)bmﬁiﬁteé? HebesingpitipnREmult-
4
:tr&queg%"\%ﬁ‘p{x%\g@ Y Q(Q%}ﬁglt;ig W or ?&@Gﬁ ?xgéﬂm jt’;tr;)gateg ry:aa%}‘fgggi %&ﬂ g%ﬁ DC relay
switchs Lh’lh@txma;t@:eé;‘{nﬁ? ix@teor%@t tga\eﬂ:ee:@uh pured todievindes gropPdadaps @] electrode
402, 8 SPhsig r r#?g}f%&t I %@%gﬁm Iy % é n‘p@r@gg‘%e }e{{f ?zg‘E a{?’ ﬁluﬁ%’ucﬂ dﬂ% insulator
rings Akha¢ uqur@mmrm@e&a, ety YovelY4 cause the process
results near the substrate edge to be differed from
[ParatBe I aN@isRicNGe (BRALE RoheRNe TorahathPR, QUBSItE A®is HEOE: processed.
exanpl e, the equipotential |ines of t he plasma sheath
le%@ﬁ Hax Bhiugk é&ﬁﬁ&éﬂ“%ﬁ’@%ﬁ“ A SHEM e ifRBr g ACta el IRdy power
from aHlirgt ;]Fd\&@x‘ G b QR8F PN qﬁzﬁqhﬁ 494 ki’)%t\ At ﬁ}p%i@g 10 kB 3i i@ Uepbddk materials
the 1 npl &mentation of Fig. 4, an 416 1s |spoged
onto sabbovie 486 coupdit pgerdmydadcksand around t he edge of
substrate 406. In an enbodi nent, HER 416 may be
[Parad®nf | gﬂmze‘dl enichhoredniudettatd ol o263, sAclhpvaalieliddmantaor
ove a shaft 430 to noye
tempes a9 ST B0 PSR SPHPSELPHARUE W pRPCs resuls nea
the suiRFRQAIRRRLQS TR fbAMBAdRMing teflr)epadi®mRbstash afdr example,
430 is configured to achieve 'RF coupling with ESC
the eqyigieptad pragst g sy $heeth Y hgoeypy éléi u,g@g COpFREHOY- H@lf@ﬂ‘ﬁ on
neulEARIRALEH 1881 4R sARdLRMqdown, connector 428 may make

ysi cal contact wth cohtact foot 426 to act as a

{Para QE]C han.['n(f 4 mﬁ»‘@ntm%‘at uh of F c' %l ﬂ&ﬁ% 1 §W Lﬁﬁﬂkcdt Sotdl p{ml@tﬂnw ring 4

of f t cou |ng 'ower €l ectrode” 41
and "mHEﬂ t4d &dgernf aubsontbadh. rrhntn en[sﬂ%&irraetﬁ]ﬂ ER Al @magivb odifipendd, with

conachigt BT DOTERTIST TP aee (VRUBRts aps £ RHe s ringy

conneAGLIUBAR HURS tiad & 4A06dand Mﬁﬁl&& 1Bn@aE BF 8¢ SdBlHO NMMan
etching at the edge of the substrate when connector

embodgpent; Pk ber %fwe%k@hﬁhy&i“ carvlgitaeESwilprer ebrtrady 410
lhmug{] g}%{m 446, lﬁsPﬂ’s'b@xgﬁ%lmd&m‘?Q% ?5}1&5{%@] ”&{Euu&: #2594, RI ﬁlﬁ‘iﬁ.

T mnimzed to providé maxi num
physicpotosnici *aith dﬂ}!ﬁiii@ fam d26 (vsulst mattenicaliedgb. rd. 1Y) rddet weeh. o tura

onor QLRGN BRIk PUTHELATE Y i

[Para %gp n eclﬁ.}gé él"t&noihﬁxeggﬁt\f gé\figlln%%ﬁ ;é'g-’% (h la&_} g %}%OIIQL}/ﬁ{:Tt\}H)éOS ide minimal

potent Feradtd (VIDe. RF . LoUNbRG s utliRRe HERM'}(SHHRU 10 &Ghidv@ wniform
bal ance bet ween
etching at the edge of the substrate when connector 428 13 moved ap 1o make physical contact with

contact foot 426,

[Para 52] In another embodiment, RF coupling to HER 416 may be numimized to provide

maximum potential difference (Viwasse — Veage ung) between substrate 406 and HER 416 to remove



uniformetching at a substrate edge or deposition of
pol ynmer by-products on the bevel ed edge. Unlike prior
wa@eametonnds, the mechani cal switch may be conP@CQUSAS/067881
to change the RF coupling to HER from ESC | ower
el ectrode on or off to affect the electrica
properties on top of the HER Thus, in mlti-steps
pl asma processing of a substrate, the el ectrica

pol sma‘r WpePtyeroirrPHisdRBbestlgbedae g iy bueioptarRoR BRI HES iighoved
down & BFL?E%'% k&g A {te%{iﬂ Wik x@i‘ﬂl LigciREDaY cal switch to

'eve uniform etc Ing during the etchlng step
{Para 351 | af Y, & Al alance betwee:
rara 81T 211 /LS SRS BLFRIMERAC SOATRE . e e
unifmﬁl%tcdmumt amgbmateredgh er dapohiami glfol gwiithyRpradicisg thhbeveled edge.
eani ng in.,acco

Unlikw 1% axamx 01 ﬁ%ﬁtah ’té\ft a4%1\ezta hﬂ\}%ﬂﬁ chP ey em cthlaslzwe t&ﬁ gﬁ Nupluw to

HER {&ap aartmwﬁi FecBOUPHEs FF RITRcPHO RSB AIGre)sit8 00! the HER.
beln% configured wth a nechani cal capacitor

Thus, Wripg R RESTPPESRE 8B ¢ SERSHE Wsﬂ‘«“@?ﬁ%h@@%@} Qpghe hot edge ring
may b& 9@5%2?({ gl%elkg Mﬂ&'ﬂgﬁ% @C{tg;pggggfg% %g@gg%ﬁ@ih @&% p&leaéﬁa% uniform
etchin g@@niﬂm ptching step odenibd D, bavelpdadewcisireave 1@5}7‘1’3@ by-products

dnposmﬂ%‘ Fltag ggtvn%\ @%})ﬁm ﬁgw mq'f l?ér‘n@? Hg " dtlmgi %’éﬂg“i{“ﬁ kt“ ltcﬂdim g the
demnm@ﬁ@gln for exanple, substrate 506 is being
processed. Plasma 504 may be struck when gas (not

[Para SEBOWN 1:9 S sHk, fihRcdrli @idt QJithl s teBRE LS nVb L He RvcROMEE multi-
froman RF power gen nerator 512. Pl asma 504 nay

be
frequepptagyay qlbg@tpéqql FIRGE n@é%%$\ﬁteﬁh}®rheg}“§mgﬁg@ ed with a mechanicl
capacifH’ Qﬁ%@k@nf gﬁ%ﬁg ﬁ%ﬁag %léfe% EQNhGy Q{I(\éwgﬁrea kPRERR S krounded
upper dp@p@béﬂ”arwhndnet Hep. eidgleunf%t:@u bhimka(f é%@@ aQEéE tlz&\ u € mlodc
o 10y 4 su ate

510, 8 %B%% kige\c Z¥ Jl mséx?%n T ux Lug %mﬁ] dg g g}%f? Lm er 324,
HER Par
Para BSloer n‘dHEﬁdH g zon ooﬁ%% ﬁ%m@ s B S@‘“ PR grocBused

Plasmi FO-Bha e BPaLick Oheh bLROMOZhoRNAS B Nhe FRWRYAIhacEBYH IBE power
di_ sposed bel ow HER 516. Lower HER r|n81526 i S not

from ag,RIcaser rengstiashia- SHETEAG My Besrniesd 4 geband apleagdignaterials
onto »\@wbtml%qﬁgm 1¥d€§§§bﬂﬁ%l n%é'@adsn an enbodi nent. In

accordance w th an enbodi nent of the invention, first

{Para ﬁg()g b5£% %‘k_ s%ﬂ)tlcrnlﬁ% b1 QL(P\N{LV\W% ml% ?,‘r’]{ﬁémtl%%lé dﬂgrhégtﬁve of

e configure to be secon
substr88008. o(}ainrfrsiaa\ mb’hammiaém @Hpamutzm }-iﬁﬂ.rfdﬁg?&mﬁfbk Wik hw @mimize

the d ot} 'g @ 514. Second ring

direc %%@0%36“ JERESCatpren 15 e PotEFRE ot r ode 510

Iurallt n_.an enbodi.nent
[Para ’\E{ n’%&d‘f’ “1? 3d mf‘*ﬁ% ‘hﬁfjﬁ‘?@“‘* Pgét\%ndwsmsng crﬂ%f/i Bléd W :th a first
capaci@ifpihQ)ed p&ﬁu@ﬁzﬂ\dbaﬁu adi DY Babishiel 0L YERE 1 RFLower HER ring 526

coupling around second ring 53

is not exposed to plasma 304 and may not need to be replaced a frequently as HER 516 in an
embodiment. In accordance with an embodiment of the mvention, first ring 328 protrading
downward from lower HER ring 526 may be configured to be parallel with a second ring 530 to

form a mechanical capacitor arrangement with an air gap 534 in the opened cavity area Si4d.
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[Para 58] Alternatively, in another enbodi nent, first
ring 528 nay be attached directly to HER 516 to form

W@ b@oaari t or arrangenment with second ring 53PCT/L824003/067881
HER ring 526 may not be necessary in this
i mpl ementation. [Para 59] During plasma processing,
second ring 530 may be configured to nove up and/ or
down relative to first ring 528 to change

Secongyiag FipprnGe BF saubiet e bessrctodio 133*@0%?0& *Plfadipy of straps 532
in an e?x’xiﬁgxmr.’e%ﬁ Inndhrerhedt 'iﬁé'l Tur aﬁ% Ghang fg n'iﬂq C@(xﬁﬁ«!) %@% RBvide
area e capacitanc€ nm be dyna jUS e
mamumahum@npkashﬁ}pm@ﬁmgsumgdsﬁmuény&vﬁb RF coupling from
ESC | ower el ectrode 510 to HER 516 in an enbodi nent.
{Para PPar a Sgdmdtivebnirembtei eeidinBi, Gouphd Fly they WERBIE] dm'ytiv to

e 164 0PEThE Sl Bt L T RS A S T REE26 may o
be neckislR A4 Ghit DuAehégMenuni form et ching at the edge of the
substrate when second ring 530 is noved up to create
{Para BOKI mm;@*gq%@&%;&&#& ¢ Redonl $the RO a9 28 cokifakay t@ lﬁm'e Rip andior
anot her enbodi nent ﬁ'coupllng to HER 516 may
down feiasiverio Bt iee pHOichensdia SHERRPORLHER Betwar #e"r’"éh&@ 530 and first
s d n d
rng S %Eétég%é{bt@%&}ig% \'%},e&gig g)‘;l"r’g%‘t (g%hﬁﬁ%'ﬁ U’p§ L%ggutigg: @b
dynanbeiighddsted denmf pladne: pubstinatievanhén Me@mptilm’ frong Fﬁ;:gl)lmmsr electrode
t hat no overlapping is being nmade with

, veg own suc
SH}mB$H§t}¢iWﬁ§e§§§gmffﬁra 62] Fig. 5B shows, in accordance

1t h di..ment
(Para §hf O o A R OROPI B 5 s %ﬂ&sﬁi%u&waxﬂ}w SR it St Profidg minimal
potentRRY: RAEIPF QY .ed- kN, &, ‘K%ﬂx@% SuIRARAGHE Qfd BERSNGNEBMeve uniform
In an enbodi nent, concentrlc rln% 540 may be
a

erching airfhe eiced tei whste blrrssesssl imsy h@os%up IR ofgafpasimum

’ Jo ﬁqu separated by a first section 552, a
U“thHB Hiph gﬁgéﬁ@ 554 may be separated by a second section

}_Paragﬁg’ %ﬂ% tﬂe ;[Bll%% ngnél?%mg ﬂ&?{‘wtéﬁﬁ ﬁ&?% %49111 J@m%ﬂl mﬁ) rovide

*cor dance "w an e
maxinedn pfhemahﬂmtanwﬂ\ SulehiSt Vodlt 00 beERon mﬁmrhtavéﬁ bitEHERME 6 to remove
rea as second ut 552 Altern tivel

poly BB TR PHS a4 T FFLr ! AR CHD TP MBS ' moved

down SR# thak Ro a0 REbRdIBALy mhdd Sk BRELELEMHS2 may have the
same area as second section 556. Alternatively, first

[Para $ECTT ONe ST2.IRY RV @Al (iBHLENMLBNSRA QM SREARA, » mp view of a
section 556 in anenbodi nent. Thus, each cutout and/o

concensrie Hng 544 bane eonbgncdpnd aomeehatrnay b aneplpeeyd awmbie ¢ mﬂmmr

trrmwuklgi]a ?ﬁ a m?h{n x%ﬁg nuﬁﬁﬁ?ngf E’-ﬁ{‘ ga{‘ He \éﬂﬁl@eg.‘a%qg L%Iifm ”%‘E'; 554

and 558 t”uﬁm mmmhef} etan ba, f»qu [e&hhmpeh B;»t tamuommiﬂ: entaond c.nuong:sw may be
ql ar t concen may. be d|s sed un

sepi mlg.d [ Seqgn "f:‘(m@e\ﬁ 1 c[ WBV 458 ‘é‘@ﬁa‘?‘h—% H By s uc. nmm

[Para 63] In accordance with an embodiment of the invention, first cutout S50 may have the

same area as second cutout 532, Alternatively, first cut out S50 mav bave a different area from

second cutout $54. In an embodument, first section 552 mav have the same area as second section

356, Alternatively, first section 352 may have a different area from second section 336 m an



air gap to forma capacitor arrangenent in an
enbodi nent. The capacitance nay be varied by rotating
wa@2dopeto7zoncentri c ring past a second concentPCTUS1008/067881
such that the overl apping area of cutouts and solid
sections may be varied to dynam cally adjust the
capaci tance. Thus, a mechanical capacitor arrangenent
~confiqured with two concentric rings having cutouts
embmdﬁzﬁ?mtb hémﬁ‘f“é’fé‘@‘i{ é:}%@loe@pkag..ggzﬂ RESBP th@aﬁlg.@mx ISABE My have sinular
or dxﬁ@[feﬁte.ﬁa cgg}ex%?h'spbﬂ 26 eﬁ%t@x?ipom ! ﬁ?“q}ln}{miﬁpﬁﬁgﬁ r%bl[ugar a 65]

appreci ate egol ng, i ments
i"uagakt he{éﬂ@‘ﬂ@p 18 gﬂxzf?;]g)g\(s'hgﬁ-u{r%L 3@5’1}3@”& Alhalg ‘?”ﬁﬁlh mmm o]
coupl i hdt “edge’ring t routh
CONRCOINBC hagg iMooty tmhmpgmdgmﬂhei g “a&ad bt ameentpet: mgfemiES&eparated by an
. _assenbly and the hot edge By vyaryi nqthe RF, . ..
aw 369018361111? ?] *Z}Ztabl’[(fl ﬁiél?&}_‘é?ﬁ)@llétl‘lc’ﬁll E‘H&)Oﬁﬁﬁl%% X%aﬁ %*ipgkt tapﬁeema\- be vaned b‘f
rotating WIRtrcah&nadgendmy: JJQ{,&QT'(!{@M@H\M HRoHich taa dieRGe@dding area of
cl eaning of polymer products at the bevel ed cli
cutouty)pnd S@é\d é@Cé@ﬁamgy g% é§§dﬁ@ dy angg iy Gﬁ]uavﬁp CRpaciirge. us
mcch*zh{ég%?ﬁﬁig tﬁ@ﬁw@ﬁ@ﬁ} %ﬁg&ﬁ E(JP@ Qh k0o E‘&{C@ﬁn x9ﬁm§e}\('§'iiﬁ cutouts may be
preferre enbo dlmants ere are alterati o
emplopet pratdonsiabla mmw«aqanwads giftes RFwhingpffadok B WL tahsambﬂ:.h@ HER.
scope of this invention. Also, the title, sunmary, and
[Para@Bist r akst may be grosdudetirisenie fordecomgconikeimiens ef &indvention provide

o P B RGO o B e PR Bl Mo o
mnmab&l@rmﬁm&,mm&&fmfmk@ﬂw LhdhetBLedPR RO dByale ing the RF
aratuses of the present | nventl on. Alt hou h vari ous

coupix@g( g'ﬁbqe B&Rqpishipe @Wf@@atxhaé fhwi sebstisge qdge My &R @@}gewtqa,whaut trading-oft
cleani h&a%i\%@m'lﬁédd%% o et &ial LM BNy P}%&m%}*n%és‘sﬂg, Wi th

ct to"the iInvention. Further,

liG 0 t. [ S
{Para @@E \@'HIL Ens By ?}%tulx @ms bun ﬁ%}ig odr {é)etléxﬁ)'tf%ﬁ éc,e\ a?al %&fﬂ?{ﬁ mbodiments,
there a&@&ikemwmg eppencked, *ﬁidaaqtm alpets) whiek frlletddn ds seopd afdhing gn ention,
Also, :%lalp ifs:wufaw}aaﬁt t%ﬁ gflh%git {%Lgprrm Q@hﬁ“é@&b‘ém 6?‘“&?4&\/‘%4 eign é‘%{ not be used
to condtfeaRd dc8Pe G MainWiakeih STtGhailaeeo bs hodd tliaﬂth@rcﬂir@ﬁxﬂﬁy alternative

processi ng chanmber, a nmethod for processing

ways fé uﬁgwﬁﬂw bamtiodpant HPaBBENeY b B‘ﬁ&%‘éﬁ“%‘[‘ib\?’e Athepgle karious

mmp@ﬁndmsg b ;guﬁm&dmby @ﬂzgﬁg&ﬂ fdd 1&& u% kseﬁaﬂumng@ R&l N8 limiting

ectrical y I sol at e om sal d CO[TpI'I S ng
with r¢spew mjahn epveRtipoviertito nsiansdlpphmml {pf\- ouli o mtgma ¥ ct%cm a@loamr more
aci t n t unab

wems i r[ﬁ ?%‘be ub£ a}gn(%}ge(g ‘%&E’f g%g W an d}@lé{ craipﬁﬂdmts g“‘ B\?z&} L&:éii 48
includRe alaug Mﬁgatibﬁq gahthigtige, dodrgiiviiesk ki faligvithin gittheadige and scope

ring having an edge rin otential; and
the {’}I‘E%ﬁgnt v enn@% g g p
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generating a plasma within said plasma processing
chanber to process said substrate, said substrate
wheimngogrncessed whil e sai d tunabl e capaci t ancRCT/US2008/067881
arrangenment is configured to cause said edge ring
potential to be dynamically tunable to a DC potenti al
of said substrate while processing said substrate. 2.
The nmethod of claim1, wherein said tunable
capaci tance arrangenent igqcdmgies a coupling ring
assenbly. 3. The nethod of claim 2, wherein said
What solgphédig: ri ng assenbly conprising: providing an upper
i. lclgz\llj\ag;ri 11321%1 l}]rﬁilj’ i.lr]e%am? %lga\é%h%lrs, E];g%sglbtlfagi\éﬁ é\ht}?%s%gzg:agg%sg%ge? said %‘t!tb(zjm‘ai:e being
dispose®@atphi Aghtdkn@disorrdorisd ay hesdeting, sedbdgepigtetigrtpcaically isolated
. hermetically sealed cavity, said hernmetically seal ed
from sig\FPESK. BRIPHE 8 sposed i nsi de said coupling ring
asoCRRRF e @b tigakgdihermetically sealed cavity is
configured with an inlet and an outlet to transport o
dirret idord tenablt phalaniaatnaemait saf tunabildcdra irped Fenpgment bemg

o SRS Db SRR FEBEPLLIGE Ly o o

havingsai edlgelriep eeentiad; dt eri al i ncl udes at | east one of a

. solid, aliquid, and a gas.. 5., The nethod of claim4,.
senersf P gl na a1 0 o GO R OneRr R PR B S S FUERe o
subste®E bAhg prodbdELYRIM sl NOEAE clabicanC @Bk Qoo Rbhy is VORI vedaR Ghuse said
_ ycerol . 6. The nethod of claim3, wherein said .
edge rpgRwpBtito be dxdcply derbbyiriadde pefeatiad of widsybaa pdle proessing
said “@,g@%tgved by at | east one of an active flow control
“'systém and a passive flow control system 7. The nethod
of claim2, wherein said coupling ring assenbly is
formed of a material .that ingludes. at |east one of ,
2 EleeR PP R il S P D e iglgdes o
couplin®@lihpsksohblgl ai m 1, wherein said tunabl e capacitance
R arrangenment is a mechanical switch. 9. The nethod of
3o ol mvtbod ohdien h T set rraii e ng Wit R R CORPIFSEs: a
ﬁ@@(hg {,gmg]gE&ﬂ@(m;{‘gqgn'm and a noveabl e connector, said

vea nector bei'ng di sposed above said shaft,

serbdidgigaflowiscoppidd g, edd favedricbtding rmgvs egipldivdth said upper

cmipiiggivigg%l !%;L%Q%Qiengtgr&mﬁp or down relative to said contact
providing a hermetically sealed cavity, satd hermetically sealed cavity bemg disposed

mside said coupling ring assembly, wherein said hermetically sealed cavity 15 configured with an
nlet and an ontlet to transport dielectric material o or out of said hermetically sealed cavity 10
change the capacitance of said coupling assembly.
4. The method of claim 3, wherein said dielectvic material includes at least one of a solid, a
hquid, and a gas.
5. The method of claim 4, wherein said dielectric maternial includes at least one of air,
nitrogen, nuneral oil, castor oil, water, and glveerol.
8. The method of claim 3, wheremn saud transport of said predetermined dielectric matenal s

achieved by at least one of an active flow control system and a passive flow control system.
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foot, said contact foot is configured to couple to
said edge ring. 10. The nethod of claim9, wherein
wa200d/oedoaft is RF coupled to said chuck by a sPCEHPS2008/067881
The nmethod of claim9, wherein said edge ring is
configured to achi eve maxi num RF coupling if said
nmoveabl e connector physically contacts with said
contact foot. 12. The nmethod of claim9, wherein said
7. CHUEmEhOTof SaifPNGHILhid Q0 RGRE BYE A b RLIUNT RN & QPRSI that
_ if sal d noveabl'e connector does not phyS|caIIy cont act
meluded 4t heasiaing of omtdacts vef rogenial l8emiflve avdtehadtof ¢l aim1,
8. \r{:gll%fg%lp(&% t.q%m e I“tqlg}' eﬁé‘?‘f é; ﬁx:@éﬁ%ﬁ Htma%ritﬁl%c: %ﬁ%&%@f’h‘é‘a g 8}&@]}&1@1’0&]
mwnhclaln113 mhereln said nechanical capaci tor
rang nt .conpri sing rOV|d|n irst plate;
9. Vi f %Emad@ak ﬁﬂ‘etﬂ‘%\?’% mgghe ’&“ég\é‘dﬁji BIMBERS; s
cpgﬁhgured to be parallel with said first plate, said
first plate is configured to protrude downward from
satataetipetapflg, said first plate and said second plate
r Y. I
;r%g\ %&Bﬁ s:aihgrg «f} A’ n‘x?{JaB ulgeg‘%)g\éage =P 8?68 aHE\ae déatdy \h&é said
shaft ;sﬁm@iameﬁamﬂl xts&cmmahgpéaat ‘ot @bl&*-madnarmn @le;or amln parizamakb ggd contact
p Anﬁans g% nove_§ajd secon g .or down to adjust
ool S3IF COVAT Qﬁﬁ?ﬂﬁ‘%?@ﬂtVWQWQ 8?@ %] ate duri ng
10, PHRsHBRL OCASH N Gvheldn sald&maL R@Qn@ﬁ e@{(ﬁ'ﬂm chdek WhLERIN
sai d mechani cal capacitor arrangenment conpri sing:
.o pf quh%m‘ad:pm%tx\ terhe sy pdus lmgn‘gcorggp@dftqs pedpeve maximum RY
coupl 1&9%%9%6&%1{' Béhele &om{l oy &%tﬂts \bli@ﬂc\fﬂﬂ EsthacP btk al ity
of cutouts; provi 'di ng' a seconhd concentri ¢ ring, said
12. séim)nethwbnb:émtm} oV hexamgwsk ecigarrfmggmcerﬁ;weﬂhm abineeemdunum R¥

cut ou sec con ce ring,i
coupB sy By doe b WP ERA GO, P St
13, rimngnehiad & diRst, wﬂﬁfh@@ﬂﬂd tuatiik ngaamf@ EEANENLONE 8 Rickhical

ring are separated by an air gap; prOV|d|ng nmeans to
capacip EEPRECE¥MY second concentric ring to adjust an

14, OVRILARPL P& é?iﬁlela% Wik RSk Pinbd %ﬁﬁ a n?'ﬁ‘?mfj% ﬁgm%t‘l‘%ﬁlgnbmw:

processi ng. The method of erein sail
QMDUGWQdﬁﬂanﬂgald first plurallty of cutouts have

;EE{ 1 u\s A w:.wn’(i dﬁ ite, w‘ll% SL(tuilﬁf_l\?d'& is Wméc’t? uf ongalt}&%dlo &ltﬁ? La"il(l? Hlst
uralirty oO
plate, @ikl Bitgt ;S zi&aés/ ﬁ}rﬁ@ﬂfeﬂm prtliy deidded dotm s@umzmgs bi@RSsaid first plate and
said second plate are separated by an air gap;
providing a phevality of straps, said plurality of straps are configured to RF couple said
second plate to said chuck: and
providing means to move said second plate up or down 1o adjust an overlapping area with
sad first plate during plasma processing.
15 The method of claim 13, wherein said mechanical capacitor arrangement comprising:
providing a first concentric ring, saud first concentric ring s configured with a first

plurality of cutouts;



18. The nmethod of claim 15, wherein said cutouts from
said second plurality of cutouts have approxi mately
W@ a00e/0akiomensi ons. 19. The net hod of cl aim 15, REEDE1008/067881
said cutouts fromsaid second plurality of cutouts
have approximately different dinensions. 20. The
nmet hod of claim 1, wherein said RF power being
delivered to said chuck has a set of RF frequencies
tl\ﬂ?g i lln‘cil s@g%%l c@h elnﬁﬁsﬁ nﬂo E‘ﬁd fcoAPOMcedriVHAy 1 ARANEuEd with a
and about A plasma processing System
qecomh}dw ihg o op l@&mnqb;mggé@mgﬁnh g#nd e»rmgbgfrﬁ(g marle:dmf dhel w nh said first
LOHLEYRIDL {/!Ie}ff a‘-‘u&@%ﬁ‘%k oguea{%ud}:%ﬂmﬁ &8&. mé LUHL&?H? 3(3 i 1“ d!i.’: s%pd: &?eggw Al A 2ap.
e@lge] dmm@ﬂhetmgtaeé ail fekeal dc}ylwzﬁ@;i am.etda afdmm,x&:a.ledqqhmsma with
ower.is provided to said chuck; a

V“d“Fhﬁﬁﬁﬁ‘neéﬁgﬁﬁ? FEBSSPEr angenent, sai d tunabl e

16.  CBRAGLhANSLIAR BNYRRN saRBd ALEARIsEd 1@ phahisty @¥8R0uts have
ring to provide RF coupling to said edge ring,

appum@gtelvmamg ditpesiing edge ring having an edge ri ng
i7. pq ? H{e h%l 81 ?ﬂgn %@' ﬂwp‘! ﬁ‘?m 1[?1]’08& %%‘?ﬂ :rsligd ﬁllg %rht\l I cutouts have

gure proce substrate,
mnumemaﬂb&ﬂﬂ&tnaﬁmeﬁemng processed mhlle sald tunabl e

‘ aC| ce.arrangenent is con ured to cause.said )
15 BN RS Fufanf, AP0 Bl ot AT SRR G oL have
ame@@@@nhmme&ﬁm@@mq substrate while processing said

substrate. 22. The plasma processing system of claim

19 oFhe pasthodioh clsin 45 rwhvadn evd SpaeE teitaihiee el ety of cutouts have

approdifGtHAfRRnCONRILAG 11 N0 assenbly. 23. The pl asm
gssing system of claim22, wherein said coupling

20. r1 imgneths@nbiie;mnb Ivreresi wegd hhrpoupipiem nuccﬂnlms biergo saidigiuak has a set of
ower coupling ring, sai.d | ower :
RF frnexéﬁd]mcé ﬁa\x}\fntah;r(]l ,.%l(ftdc:%%)%grof 8%&}6 5 \ﬁlél? }ﬁ&t g\fﬁérzﬂ‘dél%{}\lf 60 MHz.

21 hepmRih@r&edling Bsheri®in:ealidshageddeednCambihys chdiutired for
hernetically seal ed cavity belng di sposed | nside said
procesgigpIsPRigate g ebsenpPyne dh@%ﬁ AORRiF hﬁ@r fidh uprgpdpd by an edge

ring. a%g?}i%dﬂ}%ayéugtyi’ll‘{%l&ﬂq dBUE el BRa %rﬁ#’m %d an

to transport ectric materi a nto or out of

S&FGOhGHNEU%Ghﬁmyseedheﬂ cavity to change t he

ga}a%%aglj;sl% f,g}?giglicl%(.% mm‘%fm{_ l{pmup gng..% %ggms,x mu, ma 15ﬁ;11£_{) 1t bcfmr coupled
to said@beribato prockiu@Esoadling to sa.:d edge ning, resultng in said edge ring having an
edge ring potential; and
said plasma processmyg chamber 15 configured to strike plasma to process said substrate, said
sabstrate being processed white said tunable capacitance arrangement 1s configured to cause said
edge nng potential to be dynamically tanable to a DC potential of said substrate while processing
said substrate.
22, the plasma processmng systemy of claim 21, wherein said tunable capacitance arrangement
inclades a couphing ring assembly.
23, The plasma processing system of clanm 22, wherein said coupling ring assembly
COMPISING:

an upper coupling ring;



| east one of a solid, a liquid, and a gas. 25. The
pl asma processi ng system of claim 24, wherein said
waolr@bsedori c material i ncludes at | east one of BET/PS2008/067881

nitrogen, mneral oil, castor oil, water, and
gl ycerol. 26. The plasnma processing systemof claim
23, wherein said transport of said predeterm ned
dielectric material is achieved by at | east one of an
aﬁol‘.\‘éﬁ &Jé}@)% 99@35@' TowY SN AN &s Past Vit k*@&"u;%}m& h ng ring
system he plasna processing systemof claim?2

to foroph deehetic sedid tunabl e capaC| tance arrangenment is a

of Igemiegc.ﬁh \Aﬁ‘{i’éé cayity, saidi heugﬁiﬁﬁxﬁb étfdl (rnoxcgﬁﬁel%g%pmr}{osgg m»l?le sand

erel sal
couplisiaifd sss@mblond: 'ﬂfﬁémf\,@ﬂﬂm antaly naldablie s oombakalvitlsad ﬂxiei and

an ot BB i RS e ot B8 Pl ot B g s o change
the cafR¥QRBLEsLPBARGLORssBRLRT down rel ative to said contact
foot said contact foof is confi gured to couple to
24, sé}m;pimg@armeﬁgnw ggtemrﬁfg.izpmalgm hpievceskdipigetgy sragmabmcludes at
) i d shaft is RF coupled to said
teast oﬁ%ﬁt@%@ a@??g‘ﬁgaﬁé The pl asma processi ng system of
25, clied plus@@, praessieg nyseai of @aigae.-ir hegretrssachdiflieguit edidrial includes at
toast oS éeve maxi mum r (]: {) g i f sai.d, noveabl e connect or
east OBROLTL A TRCLINPHE S WATH SR LR £5°F 5ot . 31. The
26, PHasiBnRy ;ﬁ@g%%ﬁi}@&s&&’x%ﬁﬁmﬁf 2 hak2Bid WIeREL B &l Hedetermined
edge ring is configured to achieve m ni mim RF coupl i ng
diclectrip nypggri! FovbiahteicB rvecg ot g agivr dlovpiopsprasey: edmasyve low
aid contact foot. 32. The plasma processing
“mm}m\t\hn?n of claim 21, wherein said tunable capacitance
27. aiinaﬂmnanbcassn@smhatm gal 2 Ic apaeint @rd tanatdmg’@mm'z&sauanuemem
%E gl asgq] processi ng system of claim 32, wherein said
sam EHEH capaci tor arrangenent conprising: a first
8. pH@dBasnd 19660806, Blstheof @ADL 7 atenRth PldhectabicslORfik uh@gises:
to be parallel with said first plate, said first plate
i &sha8inf | gured to protrude downward from sai d edge

rd QQuacP Bodl Jhlir st plate and said second
a moveable connector, sard moveable connector bemg disposed above sad shaft, sad
shaft 13 configared facilitate moving said moveable connector ap or down relative to said contact
foot, said contact foot 1s configured to couple to said edge ning.
29, The plasma processing system of claim 28, wherein said shaft 1s RF coupled to said

chuck by a strap.

30 The plasma processing system of clamm 28, wherein said edge ring 18 configured to
achieve maximuam R¥F coapling 1f said moveable connector physically contacts with said contact
foot.

31, The plasma processmg system of clanm 28, wherein said edge ring 1s configured to

achieve nuammem RF coupling i sard moveable connector does not physically contact with said
contact foot.
32 The plasma processing svstem of claim 21, wherein said tunable capacitance arrangement

1% a mechamcal capacitor arrangement.
{8



pl ate are separated by an air gap; a plurality of
straps, said plurality of straps are configured to RF
w@ouwphasosni d second plate to said chuck; and neEEFES1008/067881
nove sai d second plate up or down to adjust an
over| apping area wth said first plate during plasma
processing. 34. The plasnma processi ng systemof claim
32, wherein said nmechani cal capacitor arrangenent
conprising: a first concentric ring, said first
concentric ring is configured with a first plurality
3. ofhapitout mpccasiseeoht cloopnid kberimgd waibdrsdoepatitor
m_mmc;fqlgic{‘e,qt1r)i_ig;m(|_r,_i ng is configured with a second plurality
RSP T Ot Y ™ sai d second concentric ring is configured
tofikepiprral lel with said first concentric ring, said

first concentric ring and second concentric ring are
kAP I by ‘ﬁ%ﬂ;ﬂaap% coREgEd fﬁbbwe_a[éé WER Y ISR B said first
plate i€ QRERMHIE plokilGe EQv A SlonARIOMEE hBR R RO @R Whd fhid second
said first plate during plasma proceéessing.
plate are separated by an air gap;

(Y]

a phurality of straps, said plurahity of straps are configurad to RF couple said second plate
to satd chuck: and

means to move said second plate up or down to adjust an overlapping area with said first
plate during plasma processing.

34. The plasma processing system of claim 32, wherein sakd mechanical capacitor
arrangement comprising,

a first concentric ring, said first concentric ning is configured with a first plurality of
CULOULS;

a second concentric ring, satd second concentric ring is configured with a second
plurality of cutouts, said second concentric ring 15 configured to be parallel with said first
concentric ring, said first concentric ring and second concentric ving are separated by an ai gap;

means to rotate said second concentric ring to adjust an overlapping aves with ssid first

plate during plasma processing.



