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loading effects from process chemistry, the process resalts near the subsirate edge may differ rom
the remaining {center) area of the substiate during plasma processing. For example, the electric
field sround sebstrate 106 edge may change due to changes from RF couphing to HER 116, The
equipotential lines of the plasma sheath may become disrupied, cansing non-untfonm lon angalar
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[Para 9} Generally, it is desirabie for the electric field to remain substantially constant over
the entire surface of the substrate in order to maintain process uniformity and vertical etch profiles.
During plasma processing, RF coupling balance between substrate 106 and HER 116 may be
optimized by design to maintain process uniformity and vertical etch. For example, RF coupling
o HER 116 may be optimized for maximum RF coupling to get uniform eiching. However, the
RF coupling balance to maintain process aniformity may come at a cost to beveled edge polymer

deposiiion.
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[ Para 8] Due to substrate edge effects, such as electric field, plasma
tenperature, and. the |l oading effects fromprocess chem stry, the process
results near the substrate edge may differ horn the remaining (center) area
of the substrate during plasm pntessing. For exanple, the electric field
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{Para 14] Hence, aforementioned prior art methods may require the optimized hot edge ring

{0 have a fixed geometry andfor material resulting in a constant value for RF coupling. Thus, the
balancing of R¥ coupling between the hot edge ring and the substeate may be reguired to trade-off

between optinuzing for edge uniformty or beveled edge polymer deposition,



[ Para :t4Hence, aforenentioned prior art methods may require the optim zed
hot edge ring to have a fixed geonetry and/or material resulting in a
constant value for RF coupling. Thus, the bal ancing of RE coupling between
the hot edge ring and the substrate may be required to trade-off between
optim zing for edge uniformty or bevel ed edge pol ymer deposition, SUMVARY
OF I NVENTI ON fPara 151The invention relates, in an enbodi ment, to a method
for processing a substrate in a plasma processi ng Chanber. The substrate is
di sposed above a chuck and. surrounded by an edge ring. The edge ring is
electrically isolated fromthe chuck. The nmethod includes providing RP
power to the chuck. The net hodtaigARYHEE DNMEENPOMN I di ng a tunabl e
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way of limtation, in the figures of the acconpanying draw ngs and in which
li ke reference 1111and| itlISrefer to simlar elenents and in which: [Para
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processi ng systemwth. a single ge ring.
selosed herein and s not intended to hmit tile scope of the mvention, which is set forth m the
claims herein. These and other features of the present invention will be described in more detail

below in the detailed description of the invention and in conjunction with the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
{Para 17| The present invention is illustrated by way of example, and not by way of
limitation, i the figures of the accompanying drawings and in which Iike reference numerals refer
to simtlar elenents aud m which:
[Para 18] FIG. 1 shows a simplified dingram of a capacitively~coupled plasma processing
system with a singde hot edge ving.
[Para 19] F1G. 2 shows a simplified diagram of a substrate in which a set of edge polymers
have been deposiied on the planar backside is shown,
[Pava 28] FIG. 3 shows, in accordance with an embodiment of the present invention, a
simplified schematic of a capacitively-coupled plasma processing system  configured with a

coupling ring assembly with a hermetically sealed cavity to provide tunable capacitance.



Irani 19]FIG 2 shows a sinplified diagramof a substrate in which a set of
edge polyners have been deposited. on the planar 'backside is shown. [Para
20) FI G 3 shows, in accordance with an enbodi nent of the present invention,
a sinplified schematic of a capacitively-coupled plasma processing system
configured-with a coupling ring assenbly with a hernetically sealed cavity
to provide tunable capacitance. [Para 2111FIG 4 shows, in accordance with
al | enbodi nent of the invention, a multi- frequency capacitively coupl ed

pl asma prp&a3| Ng =St gmlah ﬁ@oﬁﬁﬂfei\@thraﬁdnmb(ﬁilhe& Dherigteayors whivth. Wan
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configureduywith a nmechani cal capacitor arrangenent. [Para 231Ha 58 shows,
i n accordance with an enbodi nent of the invention, a top view of a
concentrifeafaimy befitgis ﬁﬁf\xisgiu Iae:ﬁbrdmtehviduixmnﬂ)sdihhaiofmw:x.bmtier,rpInmyt'ed in a

vari abl e capacitor DETAI LED DESCRI PTI OE ENVMBOD \ Pan
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{Para 23} FIG. 5B shows, in accordance with an embodiment of the avention, a top view of a

concentric ring being configured with curouts that may be employed in g variable capacitor

arrangement.
DETAILED DESCRIPTION OF EMBODIMENTS
{Pava 24] The present tnvention will now be described 1n. detail with reference to a few

embodiments thereof as ilustrated in the accompanying drawings. In the followiag description,
manerous specific details are set forth in order {0 provide a thorough understanding of the present
mvention. It will be apparent, however, to one skilled in the art, that the pressat invention may be
praciiced without some or all of these specific details. In other instances, well known process
steps andfor structures have not been described in detail in order to not unnecessarily obscure the

prasent invention.

[Para 25} Various embodinents are described hereinbelow, inchuding methods and
techniques. It should be kept in mind that the invention might also cover articles of manufacture
that includes a computer readable medium on which compuier-readable instructions for carrying
out embodiments of the inventive technique are stored. The computer readable medinm may
include, for example, semiconductor, magnetic, opto-magnetic, optical, or other forms of
conputer readgble medium for storing computer readable code. Further, the mvention may also
cover apparatuses for praciicing embodiments of the invention. Such apparatus may include
civeuits, dedicated and/or programmable, to carry out tasks pertgining to embodiments of the
invention. Examples of such apparatus include a general-purpose computer andfor a dedicated
computing device when appropriately programmed and may include a combination of 2
computer/computing device and dedicatediprogranmable circuits adapted for the various tasks

pertaining o embodiments of the invention.



enbodi nents thereof as illustrated in. the acconpanying drawi ngs. In the
foll ow ng description, nunmerous specific details are set forth in order to
provi de a thorough understandi ng of the present invention. It will be
apparent, however, to one skilled in the art, that the present invention
"maybe practiced w thout sone or all of these specific details. in other

i nstances, well known process steps and/or structures have not been
described in detail in order to not unnecessarily obscure the present
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foot in an i ment coupled to an C, | ower

el ect r odéerdiedrighclanngier ap in accordance wi th an eni bodi rrent of t he
invention. In an enbodi nment, during plasnma processing; the connector may be
noved .up or down to neke cont act with the contact foot to act as a

mechani cal switch, i.e. a DCrelay switgh, turning on or otf. the RE
coupling fromthe ESC | ower electrode to the HER . Thus, when contact is
made between the connector and the foot, the RE coupling to the TIER may be
optim zed for uniformetching. Wereas, when there is no contact between
the connector and the foot, the RE coupling to the HER may be m nim zed for
cd edge cleaning. !Para 20lin an enbodi nent, a |ower hot edge ring may be
configured with a first plate which




may protrude downward. Lower hot edge ring may be di sposed bel ow a HER and
may not be exposed to plasma in an enbodi nent. | n another enbodi ment, first
pl ate may becouPl ed directly to HER wi t hout enploying a. |ower hot edge
ring, In accordance with an. enbodi rent of the invention, the first plate
may be configured to be parallel with a second plate to forma mnmechani cal
capacitor arrangenent with an air gap between the first plateand the second
plate. In an enbodi ment, the second plate nay be RE coupled to | ower ESC

el ect r odgrhya B pl umakistopodifnesd & ‘fmp&r hdDuddenpg phag daRorfipoed ssthngist phe which

capaci tance of t mech cal “CI Lor n am cally

adj ust ed BY %Wﬁgo‘t"*h‘é‘“@e!:%‘hﬁ hﬁ? arPermat h‘g ‘gﬁe ’ﬁ@“m’@*? mﬂ)({jé?}émf ge. change
t he Fver |a}§§<ﬂ§edﬂ@3 B4:0R iDel seledikhdie I&a\&ﬁmﬁ&r&hﬁ&ﬁnmtaﬁ s@ih@dmmmup%ﬂl disectiy he RE
coupl i ng £ ) t he ,HER

dynami cal'f'y “"{&ﬁé" ‘r‘\’é‘g‘ﬁé’f‘ﬁ‘b{g}“ lﬁ%ég toF “f%%@ﬁ% ?@f{%‘é{ Oaig{ﬁ“ff%ﬁginot her
enbodi menhventibil) Ghertis pRind xaal bm&ﬁgurém bapesxallr@eﬁhatsemmj'plbe t€fonfiin grecledichlr om a
plural i ty Sf tcrori]ncgntn“ic 9 on LIP X J&bﬁx {1 ia 'm(%gz «cvm E}tt;l ﬁ i ng rmay be
conf i gur 8P 1P EARRETARE 8 f’%lﬁ’% and: 8451 f’l‘ff? Sections

separ at i ngrbobi@ent)tirt@nd &@ﬁ)&ﬁl@m@mwluptroédedr@%ﬁ’lfﬂhﬁdodcrwacbhfxainv ofstipum  RE

cow i ng ach cutout and/ oy each sec%}¥ rr’g%l 'ﬁ“& q él%uréam MR a simlar
or di ffer RIS FEEHR PGS REAR SR AT RNt e P GER BB Rt SRS %}ncent ric
rings eacdysamichity cﬂigt@iudbﬁlﬂotiﬁgﬁfp ased.dindpta& raiayvehe thdifsp phedo biedngavha hot  edge

ring. The concentr i e sepa by, anai,r

capaci t or"'&rt §f‘?’@’€ﬁ'é*rc§’f’m i %ﬁ “?a‘ﬁ%%tai Y PR "mg‘ﬁ{]?‘?’ﬁ ¥hqu WRE Fﬁg gmg %sm%u"f;ﬁ(‘

capaci t ariogerafectri: 16 drRAHIR mn@bm@g&ﬁclammmﬂgm ammgmhd:apm;m he

dynami cal Igly lFUSt ed to vary the RE coupling froman ESC assenbly to HD
HER, [ Par®“3%¥ fe features and advant ages of the invention may be better
gngﬁ{)\?\;o%?nyga‘%ggo; gfn naias ur%]b%dﬁ“tngi Iﬂbg\!lj‘ ﬁzﬁ'xqu&]p& tﬁcﬂxsaﬁ%eg@ﬁt{ lru%;kﬁsfeér‘{nk( s F' g,

si rr]PI i fi eltbnse ety o cozﬁccamca:pgclitt awahyxi@wp,lde.ﬁmphﬁs 05T pﬁim%@?s#!wn%ygh em 3t00
configure upli | eal ed cavity
to provi c1"’g’ht1 ﬁ%‘éﬁ?‘é"{%}f %((:ilat g‘ﬁ@e{gg ‘%ﬁ‘g‘qg%%’ﬁp"‘% e@mr ggg@ o 1s%lsfem 300 may
be a si nghaiu@ombdi m,ui@qsr {mnnxpzltxém@anfwnwh mRﬁxt@acpamath vetluyl rm»siv@ lerfgeredy st em
Iana_|2 exa N}_‘Zmuiar Or € qg& c'\)ﬂtléu%l e?n qrrrlay}}bgg gllst.}étd 31’1 .np gt& 0%51? 388&/0 Jnn%ﬁﬁ%g% X I’ gﬁr g d’
to incl udeh mﬁsmb&hﬂr&teﬁ c%ﬁtﬁ-bmythg ddptsspnb?@@m a a@t@dg rarg éflhecctmgssnmm mghuck
(550) 308 bl A e St oD PRI B eI Bthoposed
for ex arrpheqe’ssubﬁtemalaeit @@ssoii the fratengriqinas exveth ADMRNYY pi‘zaé?nﬂ:»*lmmé:ssu ng, a
”!“ ti f r eq}%ﬁg&g%o \ard %%&%Uu}gimﬁ hjogx W%&QRE?%]H;% x'E& oh Pl ound (not shown to

sinmplify power to ESC | ower el ectrode
310 thro RE e ). The RE
power from Qﬁ@\éene% %}r&m% g’w‘{dkm}({%%e?jg{gcp%&ﬁn %m?é !’Jn)(‘in%llagg%g%ﬁfo sinplify
t he fi gurielrene: fodghsi f'@&ﬂqﬂlﬁ&@ﬁf&th@ﬁmsb@ﬁﬁé@n afie. @Dﬁ?@f“o(‘ﬁ wepryge wdban and.
substrate, Y l. ials

ont o subsTian e el RRRLE el R ke B " .
3, cert aimowtoly ‘aﬁiptlﬁl 3@ tdrdigaredmyth meqwﬂmnamféwﬁét sith rdeee8edly seldeagivounded

wth res ] oBlhggtrode, which is RE powered. The RE power is at
| east onlle){gﬁmgu(i%/lL wﬁ%%{w 7"and 60 MHz. Still other etch applications may

require w {fé Upifehan 9*0%&1,{ 1996t ANEhL RS deQUWBIpILU&RIL QEpIk PebRuBERIPOVET ed,
using simlar f requenci es.
capacitively dl\(,hﬂl“?ﬁ system. In an example, radio frequencies may include, but are not hiited

-

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



[Para 3:31In the inplenentation of Fig. 3, insulator rings 318 and 320 are
configured to provide insulation between a hot edge ring (HER) 316 and a
ground ring 322. A quartz cover 324 is disposed on top of wound ring 322.
HER 316 may flintier sit on a coupling ring assenbly 314. Coupling ring
assenbly 314 may be made from conductive materials such as al um num or
graphite to provide RE coupling fromESC assenbly, e.g., ESC 308 and ESC

| ower el ectrode 310, to HER 316. |Para 36] En contrast to the prior art,
wher e t heincodend subgrard wg' biisg dis;vmerbeiﬁot haclstoaaitcwhek (EBAPINBNESE 30§ vasdhenbl y

31.4 i f d wt I i [
3141), an %»%ﬁﬁé% vaﬁfide%“ (BRSh RN AR S Rl el D% e hvent on.
I | , 3 |

o ng” agmf' As taﬁe}s;%l et sﬁ%daﬁ xaﬂ@ze{’ief’ah% pYe S ‘,?digﬂﬂ,g,%x 4y %F”(s“;@ggs: gﬁe q

to pr evenft)uzg@gamma Ipit oqemigf’rmhxéﬂnmqvﬁ@ g@nmetsc%ﬁﬁl vﬂ@ af mdrm am@xad/inpwm(max a

37] En an enbad hthe u{e&&gga d%w?l%‘;@ ;sgﬁx}g%m%og% h&all gg%ggg@a&mww ng an

o-ring (no ace ween-upper
coupl i ng mafdgtnsxmé (mndhd\m/resmrpbﬁﬁbep figpredi ge BE pbwerAtoneRA attiespddr ¥ 12 wesher neans

of lot-mna a w,%(ys (&qtgﬁa% tg%p?ﬁs tﬁ@ﬁ&ﬂ%ﬁgiwﬁe Basiva 108 {o%h%é&{‘é%ﬁ tpg@f' ded,

sol der sea : y the ma i al being
enpl oyed xé@:ub&ze"ﬁ(muﬁ) Isubm@tq: B0ty Pésnemaly ibc u(iﬂa}@ tMtVWﬂd@r @mmmrssmﬁgom@ be

bound. oY BegIst DS OMERLAI SelEe) 1 Doy Teved, that changing the
capaci tance I 314 may result in a correspondi ng

change i Nep. BQ/S»fffm tag Q}O"&tn ih bﬁz §Qp 'ﬁﬁ‘&ilﬂ%ﬁ&ﬁ«)@;ﬁ‘l@m Fher ARRL lqﬂ’? t%sbet he

capaci tance 1S being I ncreas sed t rou upli ring assenb
i npedancewoindedwite supict 1g iweﬁgiea%@@n\b*myh is REppotvpgd d Sy RIaB®ET et ighgt pﬁ@oﬁ n a

hi gher RExgl t’ﬁ’%@ﬁ@ i BEMERP qﬁ&' (){h@lcéghoz phdA8orlshR By 13&1@[ @&9 b ’ut rRiGReE

pl asma. densit e generated area above the ara 3910n die
ot her har@dtﬁﬂiﬂ\’»’@)@éﬂmw@w bé RFheW@alb%ﬁ&San@é R@fﬁeﬁ#@%}%upl | ng ring assenbly
i s decreased, the mgedance may decrease resulting in a |ower RF vol t age

on. the tiBsraifiif ack: e musgEron THiS, 3. MREH Heal GRS preichimed® ea above
the HER rEﬁMu@@mLtﬁ&ﬁm bbiRRERy ﬁQ Hfé% rﬂ@qgtﬂ?@@em% Lhnahngedianges: Qbathe

i nventi on, shows coup g %
is dmposed 0:1 1op of ground nnga ’%2 H}.:R 16 may further sit on a coupling ring assembly 314,
Coupling ring assembly 314 may be made from conductive materials such as ahumunam or
graphite to provide RF coupling from ESC assembly, e.g., BESC 308 and ESC lower electrode 310,

to HER 316.

{Para 36} {1 contrast to the prior att, where the coupling ring 18 a monohthic strocture,
coupling ring assembly 314 is configired with sn upper coupling ring 3144, a lower coupling ring
314b, and a cavity 330 in accordance with an embodiment of the iwvention. In an embodiment,
cavity 330 is hermetically sealed inside the coupling ring assembly. As the term 18 employed
herein, a hermetic seal is designed to prevent gas or Haquid from entering or escaping fromsa
cavity.

{Para 37| In an embodiment, cavity 330 may be hennetically sealed by employing an o-ring
{not shown) to be disposed at an interface 332 between apper coapling ring 314a and lower

couphing ring 314b. Aliernatively, other means of forming a hermetic seal may be employed, e.g.,



assenbly 314 wth hernetically sealed cavity 330, an. inlet Channel 326 and
an. outlet Channel 328, In an enbodi nent, inlet channel 326 and outl et
channel 328 are configured to transport dielectric materials into and. out
of hernetically scaled cavity 330. Thus, the capacitance of coupling ring
assenbly 31.4 may be nodified by changing the dielectric material inside
cavity 330 in an enbodi nent. Want 411D electric materials may be a solid,
liquid, or gas. For exanple, dielectric materials such air, nitrogen,
mneral Gédistar@astided, odiller swta@d/or Ghsy 6L & apprepriskelymeasdhi themaimyt beg enpl oyed to
achi eve a red term ned capacitapce in an enbodinent. [Para 4211n an.

enmbodi merft® kpﬁ a %?WBW”ﬂB“@Fﬁ'ggort dielectric naterlals into and/or out
of cavity,, 330 an ac qhh&n an active

Bow cont ri&f Wé ris(?]%’fl%’é‘“éh’s f”é@‘i’ f’? lc&ﬁéf’éi\j}ie‘df ‘?‘T ‘6\/\?"5‘:’”’ eﬁ%‘%ﬁﬁa‘? or ‘out of
cavity 330ximng thecagyrianic ol bdupliqomioreichdth: %mmrayeasa]vpi egorkeipendingtimogerihc

mat eri al be fl.owed t avi t Qw,.rate
during pl}gi‘a%ﬁm"er%&l&x%g W{;‘h 4 #@%{“ﬁe RE e iFé“q?ecﬁip‘p’fcﬁ'g“'%gbgn\%’émf ‘%e\(/iv control
system tiheugh té eepliacrinpienbyl, teypdienc: bowe douplitoriapassdnbliBB0eiag a desired

vol une. wever ur i rocessi.ng, the t. IS not
bei ng dy:%‘ﬁﬁe%%ﬁi feﬁ"q?“i’ '\?/gé&)&thﬁ's‘g'pb g %ﬁfe to;g%;ﬁm?e %ee%tg;gsp eil?Ifeoeh‘h%]nt rol
system p[i:Baiaamkaglﬁmgmdmmateﬁmmhmahhc@mtm@ﬁiﬂel n, for exanple, uniform
etching of substrate 306 nay be desired during plasna processing, In an
exanpl e, {#afa %t  ddelbecter suddberdaplemithe bepasivinectidk doopigicvezesapblyny ring
assenbly 314 a o X ) \ ool om ESC
assenbl y Fo et RO AR ERRARLHANES LBl M ol B e
sheat h volERgBhus, the p}asl.marﬁg)xsxavbmthe a@wb@:medxeéﬁéﬂgey bilng. 316 with respect to an
area of .RF sheath voltage (V,0,1,"0 above substrate 306 to produce m ni nal
el ectri Ca{F’mpO{@ént |‘*&I%mﬁ‘méﬂéﬁcfé@mwdimm?'Of'ﬁm invgation Fig hslneeorerdingengi t h an
enbodi ment... . Thksy x&&%ex%%hﬁ&tqgﬁid L%.lut\:l 398, 1 iQfer &l %eplﬁﬁﬁd 8 ﬁﬁﬁgﬁg é'ha;n% aﬁ?x gi ven

pl asma process 1's optim ze 1 on ardnment s

subst r at gn30 @andumnghnlct d‘ih@akxééﬁtané awtlei @hﬁmmb W@Imﬁwfeéto *tc%h@ogd’gﬁé%mc
substrat %g&@ﬂﬁﬁ% aﬁ@&ﬂ%?gcsb‘:%w ’@dﬁ‘ﬁ%@um‘i M T‘lﬂ;s I'efge> aﬁ%ﬁaﬁ& 0} %)ﬁliﬂﬁr?gr of the
substrate asha processl ng he vertical profil e et ched
pattern. dRably Bmmmtbemétheéér yhangsnsé@@wércmc@naém} m@dm@rﬁw mamy be

sel ected odiE coupling ring assenbly 314 a predeterm ned capacitance to
mnimze coupﬁ ing from ESC assenbly to HER 316 to achi eve dissimlar

pl asma shegliypet V‘ﬁf%@:c@@ ni%fe%@ls Aay Bga §ch@!afu{hsd’ ot é@gﬁm(e\(aﬁﬂ @QQQIecﬂmﬂﬁenak
substrate edge'ring 3 respect to an area of eath vol tage

(Vsi a, s, "such ir, giggen, S}’u‘tw’ti F’&t‘é“%ﬁ‘ vy e aR H\&rﬁ“@{ ‘éﬁ’c‘t”m"ba’ﬁ t"pot enti al

differ enQ@ﬁlé&ll prBietermined ddpacitafbeSh Bebddingecor dance with an enmbodi ment.
[ Para 451Due to the high voltage potential between substrate 306 and HER

316, arcippgd@y OCKUKL eMBodiRBn DAY &lrad] B aaRpeHk dSIBSk: htctisld Ao adNai GBI JLY
arcing is an uncontrolled event that is undesirable. wever, there are no

devi ces CAVISHEOHEYdrEn 28 BFsine ayhenirahsstenen ffsan agtive oy SRilises g%l osi on

on the beyghas Qe ‘ﬂf)v. sl hate oaaﬁxmg 3Bendes &ﬁﬁh@a&}suﬁm@ﬂkﬁalﬁbﬁg
mechani smto renove pql yner. by-prq ucm‘ﬁdgﬁ)o& ted on. bevele ge of the
i3

Subst r at SxRPIACEoR BAHEETRITH PH 08 BBt B CHH of hRTRETBHCC flow Yaie

during plasma processing. In another example, for the passive flow control system, the dielectrie

material may be flowed into cavity 330 at a desired volume. However, during plasma processing,
the dielectric material is not being dynamically flowed through cavity 330 for a passive flow

control system.
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(Para 461in the prior art, the coupling ring is a nonolithic structure and
the .RE coupling to the HER is optim zed to bal ance between uniform etching
at a substrate edge or deposition of polyner by-products on the bevel ed
edge. Unlike inor art nethods, the capacitance of the coupling ring
assenbly is tunable by baying a predeterm ned dielectric material inside
the cavity of the coupling ring assenbly. Thus, in nulti-steps plasma
processing of a substrate, the electrical property on the hot edge ring may
be adj ustiegrt43)ac hti‘weemé £mmﬁmmungmdumhmg utﬂfaueamhimg‘ssmargxe apeolevel ed

Tpara. 47 RG] SRR aHR B R i Qi op FOUARR fon, a

mul ]E i- f r@w@d ﬁmywm@mmhb;yeh% §z@tﬂe¥9&1&ﬁkmﬁk@ﬁﬂiﬁmﬁﬁ@@)ﬁ&ﬁiz@@k&y&ﬁmmnéﬁl&‘hﬁl ng
configure k r Jmy be
confi gur eﬁ*‘f”& % iﬁ%&&é 640 ‘Q‘%‘Bﬁﬁﬂ@‘gaﬁﬂ‘ﬁgﬁ‘* “g‘fagﬂi Pb‘é’é"ﬁﬁga ¢ Sﬁgﬁr ) &% 206, an

el ect FSSt{&’L&._Q;,JM&(s:L(bES@ ed&@ﬁmm\ﬁﬁﬁe@@m& qmrmmemeot:agmsm@mr ri ngs
418 and 4 | Par @, 481Consi der
the sit ua%f’\fn“%@feel flo ﬁfg‘?“c‘éﬁé‘éﬂ’ﬁf%‘“g u’é’f‘?‘?a?aequée“"“ ity ™ Sr‘&ﬁ’é‘gg ed.

Pl asma 40dcdrancdeits ki aitfodidhan TRS:, G efusiavst Hhes Gfitm}ii%ntah&uzﬂi iarmgu ¢t eracts

wi th RE power from an RE er 12.. Pl oyed to
bt ch. | andRTe ARSI SHiTER e oo ELE e et Do i R P e, D
devi ces. x[uﬂﬁ:éﬁmﬂ&iﬁ&n&fe@fxafma'E:JLQWd}bx&ﬂ@%ﬁhﬁi}&ﬂﬁd@aﬂﬁfoﬁﬂe{t,m“w Sith fespest

electric field, er.at and the rocess
cheni st ry® ti}?ﬁ(}“’b‘péhggn;i%hg“ HBB‘B’@S} TR PTHCFE ] fiﬁ% &F Plé“n‘g‘u 's;otf(rﬁB ﬁhw g‘gli !to o be

di ffered ga@m t he remai ning (center) area of the substrate. For exanpl e,
the equi potential lines of the plasm sheath nay becone di srupted, causing
non- uni f giPar« Bk ang‘iﬂézﬁmi\ aiv st sebddtdichnvameunt! mthe: slibsd rcatie: @dglexe rBar a 5011 n

222 ;ml gag%ltr}{b?t § !Qna éiu Ldaiel zmmfcflc,ah%q?mggg ¥1y %xgm, ?i« L{l]Lg'}Bg T'rﬁglal i f seﬂ*ﬂéﬁggﬂfgn ?Ta;l Bg
configur e:tifa t{V\ltcﬂlh\E(&Bmsaﬁ&tr plaont sl b&wray satvbeof EFrvhedt ot dol way.) Weevdi sposed.

above a shaft 0 JTRV.E.. CONNY [ar £ gWM th
al | enmbodiRs IEL eﬁigt. AR ﬂg ﬁ\\}ﬂe}ﬁ s’%)t.t??‘) ‘i’me‘k%?&‘r”%h%ﬂﬁaﬂﬁ L%thlﬁ ﬂifgg s?xéggx%ﬁ% gur ed
to achi eve p&ﬁuﬁ’ouptkmmg cmmm pESTial dfernek &¢hkadeV Azig,&};hmwghn@ wwitbrap  432.

By novi ng gonnect or 428 up and/ or down, connector 428 may nmake. physical
contact with @8Rtact foot 426 to act as a mechanical switch, i.e., DC relay
switch, t ..n on CrhONR T 86! 5ede 410 to
VER 415 | azr‘ (Ij'ﬁt £0 i[i£ h%ggtglﬁﬁ&%ﬁﬂag%&é nLngﬂsﬁg?dlb }%&E%[giu r@ ? ot ﬁ ER 416
may be opztcumcm@ld. &L@ﬁipﬁ‘ oige dissubitraier?@lb. Poteiy] seginghs em@n@@k(ivwﬂiﬁm W

veei gni " d,, &’ié"ﬁ‘?”ug‘c’&%} LK V%ﬁ&%&ﬁ‘& &ﬁﬁeﬂ&%k&l&%ﬁ‘ ﬁu&l@' ﬁ%%&h?&' ng at

the edge 0 he subStradt e en connect or IS m)ve t o nmake physi cal
cont act whictp-olsiac tn fhobeveli@@dee of substrate 306 may be desirable as a dgamna mechanism

{0 remove polymer by-producis deposited on beveled edge of the substrate tn accordance with an

smbodiment of the invention,

{Para 46} In the prior art, the coupling ring is & monolithic strocture and the RF coupling to
the HER is optimized to balance betwween uniform etching at a subsirate edge or deposition of
polymer by-products on the beveled edge. Unlike prior ast methods, the capacitance of the
coupling ring assemtbly is tunable by having a predetermined dielectric material inside the cavaty
of the coupling ring assembly. Thus, in multi-steps plasma processing of a substrate, the electrical
property on the hot edge ring may be adjusted to achieve uniform etching during the etching step
and beveled edge cleaning of polymer by-products deposition during the cleaning step.
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[ Para 521In anot her enbodi nent, RE coupling to HER 416 nay be mnimzed to
provi de maxi mum potenti al differencebetween substrate 406 and HER 416 to
renove polynmer by-products deposited on bevel ed edge of the substrate when
connector 428 is noved. down such that no contact is being made with
contact tbot 426. [Para 531In the prior art, the RE coupling to the. HER is
optim zed to bal ance between uniformetching at a. substrate edge or
deposition of polymer by-products on the bevel ed edge. Unlike prior art
"Etﬂég? §Phgggffhangea%oﬁmmiﬁhmﬁayeh&hemaﬁmgmﬁadofmemhange dattRF coupl i ng
to rom ower. ectrode on or off

proper t i SEIGHCY HHAgEve %@“ﬂé%dlmwgcagﬁl% WF‘P% )‘g Eeé'ﬁ)%coﬂ)‘?ég ?fg“ BI:; %@gsrglf*%g of a
subst r at gwiskih ei’i&hﬁ%i‘(k‘bﬁ&;k 1 sPROP U MasOR dobfpunatto Gﬂlgﬂe t kRgndeEyphe ckpiddel zed

h h
bt cni oy apanbeHedepn s ek B TRRD MpSGar B deiate BRI o O

pol ymer bmmn&aeamﬁgﬁﬁwhhm‘m;ammmmemm, by turning off RE coupling
with the mechanical switch during the cleaning step. [Para $43Fi g. 5A
shows, i MP&REGCA] _da_rﬁ:cexsku:ztﬁm mmzﬁmb@diaﬁ‘eﬁm cofmpiheubsnue H06 Biyeing proo¢skdd:

L eauenc SRR Wy Bl YR s L R PRI R A RO B
sy E t te m ?G&gg%ymbpmﬁm pédegenred2.t mammoa ﬁhﬁ(\' gﬁs %npig%gied stebi pEzgtécpr dlebcaﬁ tnramlzieif;S 0 2,OI a
substrate uc an ower el ectrode.
510, a qdﬁ?”?b‘ﬁgeségﬁT?&”%ﬁg uﬁgu?m%lngs 518 and 520, a ground ring 522.
xarl o ToBPY orAsEpmpiRhRl AMADRIEEHL Byl WBORIIFRERC, ok when
gas (not tshmwmutond itepbadingledfedis gmn glocksychrastys mm* thisRBEe praes rfsplamean RE
power ge d/ Sit

mat eri al gﬁon%‘giate Jdg? ¥ be%ﬁ?%éﬁq}% ek ‘p‘%ﬂ%ng%&%{g%i g\/%@%tg& g? ag%%il n the
i mpl enenttiad dypipowhtidFiiges OSthe@hsmﬁerth@m@?m@m‘s wlech rawging ﬂ@i‘!‘réﬂlé@@eﬁfof

substrate 50Q onfigured to insulate HER 51.6 from
ESC 508 tmw%dﬁ%hg&ar&kn%xﬁygg&té%T%\g from ESC assenbly 508 and 510 to HER

g ég i 55? ? :V%?’ﬁg} naaI? fm%éh{rﬁt%en F FEPWeL 1R Td 10 HispRba attd £ BB M 41
and around the edOe cn‘ substrate 406, In an embodiment, HER 416 may be configured with

contact foot 426. A moveable connector 428 may be disposed above 4 shaft 430 o move
comnector 428 up and/or down in accordance with an embodiment of the snvention. In an
embodiment, shaft 430 is configured to achieve RF coupling with ESC lower electrode 410
throngh a sirap 432, By moving connector 428 up andfor down, connecior 428 may nake
physical contact with contact foot 426 to act as 8 mechanical switch, i.e., DC relay switch, to turn
on or off the RF coupling from BSC lower electrode 410 to HER 416 i an embodiment.

{Para 51} In an embodiment, RF conpling to HER 416 may be optimized to provide minimal
potential difference (Ve = Vodge ring) between substrate 406 and HER 416 to achieve wniform
etching at the edge of the substrate when connector 428 is moved up to make physical contact with
contact foot 426.

{Para 52] In another embodiment, RF coupling to HER 416 may be minimized to provide

magimum potential difference (Ve = Vedee g Detween substrate 406 and HER 416 to ramove
L d - -

il



capacitor ring 528 protrudi ng downward, may be di sposed bel ow HER 516.
Lower HER ring 526 is not exposed to plasma 504 and may notneed to be
replaced a frequently as HER 516 in an enbodi nent. In accordance with an
enbodi ment of the invention, first ring 528 protrudi ng downward from | ower
HER. ring 526 may be configured to be parallel with a second ring 530 to
forma mechani cal capacitor arrangenent with an air gap 534 in the opened
cavity area 514. Second ring 530 nay be RE coupled to ESC | ower el ectrode
510 t hr oyghmapbup@tadydepbsind capsad 2ddernf dr selibod wentonneéamoralidd entyodd nent |

of RE gg%ﬁ'f‘ﬁ’@&f la%%}%%‘?%z@?%ﬁam# «8& g%@ﬁ’m%iﬁvat by Ld°tvie?ﬁaf‘.z'v2}’ty“a! another

oo el 1L OB AL ANiE S ey F-EbEG, o e

necessar yanifornt m}ﬁng am lsetemt addean de;:[oE%amaoﬁﬁvlm brgr qdhﬁs mathp boekd sﬂﬁg
>eo0nd! | 2Tt RRwSE e A ST U AU BB |
ring 528 H‘ﬂiR Aom@EDdovaehit O(Eymc)h afigp zrt@:ct the cloaraedl aspptmg; fmr‘tesaqf hhBER.

capacita d | | t |
e o T ey RO Bl B B R Do SRS M e
[ Par a 60Xhay hampemhecdmmgh RF REu;ﬂmu p¥ iumgng on ﬁEReamﬁicaﬂwy ibletocpbibvd unddmt 0

provide m al differenc Ly 1n et ween
substr at e"t“% éﬁ‘&%ﬁz .‘i%s{f% a{’é‘ﬁ"ﬂ gm‘g?\/fif& ng,uecﬁ Bird Ohg ’g‘ggﬁ’ l%ﬁ% of the
subst r at elepdsgionseg b deltidvad bH8OninsoiiBY eduplipg tvath mmxmknﬁn:m?mfbfap pi ng
with fi I’S%TH ng 528. [Para 61] 1 n anot her enbodi ment, RE coupling to HER 516
may be m TR &8t o provi de maxi mum potenti al dlfference(\/',,,5|" -i4)
bet ween te 20 u ep05|ted
on bevel Zggidiz of]%f‘ %é %’gﬁ’gﬁ‘? gééglv\#]gﬁv‘gig%\éﬁ39&}!1%%&3}%]‘25%%@Bﬁégwn such

t hat no dwgn&rapmpngm@s bapleg phadzepw%hng Fsm ?Oplbgmgwh&[ﬂ%ﬁ*'éh62}@8@*{«3358
shows, | na&%ﬁgx a%"é%ggm ti)lgwan f&\@ ﬁfff 3 1he ebe' c@‘(ﬁ%écﬂ@ mcfﬁgg Qg {1&%\9’ of a

concentric oyed in a
vari abl e t@a@a:&w@k SER. mﬁn’g@mﬂﬂﬁ ﬂlﬁrﬂeaﬁﬂ%héimgwk@ﬁ) 50&61@(5% lpiver Cﬁqchgd%40 may

be confi gi"f B gx}é\%t; RoQU5PH %rﬁuﬁég g%;% 5 QNP5 2208 arofnd z'n{ES‘i 26Ul lfltqg<§§Q.0@y§2Q e

separate St "section a second cut out e separated by a
second qua,la%; 55660208 h Gkl REAH IS GREENibinGie 508 % &ﬂ& ke,

enbodi men
Pl%md 504 may be struck when gas (not shown to simply the figure) interacts with RF power

from an RF power generator 512. Plasma 504 may be employed to etch andfor deposit matenials

onio subsirate 306 o create clectronic devices.

[Pava 56 In the implementation of Fig. 5, an HER 516 15 disposed avound the edge of
substrate 508. Quariz sleeve 517 is configured to ingulate HER 516 from EST 508 to minimize

direct RF coupling from BSC assembly 308 and 310 to HER 516,

[Para 87] Tt an embodiment, a lower HER ring 526, which may be configured with a first
capacitor ring $28 protrading downward, may be disposed below HER 516, Lower HER ring 526
is not exposed to plasma 504 and may not need to be replaced a frequently as HER 516 an
embodiment. In accordance with an embodiment of the invention, first ring 528 protruding
downward from fower HER ring 526 may be configured to be parallel with a second ring 530 to0

form a mechanical capacitor arvangement with an air gap 334 in the opened cavity area S14.
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[ Para 63]In accordance with an enbodi nent of the invention, first cutout
550 may have the sane area as second cutout 552. Alternatively, first cut
out 550 may have a different area from second cutout 5.54. In an

enbodi ment, first section 552 may have the sane area as second secti-on 556.
Alternatively, -first section 552 may have a different area from second
section 556 in an enbodi nent, Thus, each cutout and/or each section around
the concentric ring may have simlar or different area depending on a
predet er riened rr@edo fuay bORFE konpadREESO lgyker Rigetr o[clParmthﬁx&glCmnlsiaﬁe*roFsm:e»s §83 uati on

wh k] t 540,
oy be. 0 & AbEEH Gy R TR L RRRE It T e i e SETERTA Pl "D, "2

air gap tgﬂwixﬁth;@tcﬁ:mhﬁsiRie)tiauarmigazageﬂeedond nng@fttenbodi rrent The capaci t ance
may be varied by rotating a first concentric ring past a second concentric
ring suchPthets]t heAbwenivelypiongotbereabodimentt Batspdil nepbe diskdlidinedly trmy be
e o A SR S8 e R BB OREE LABRE " 1B TBSL AL SRl o
enpl oyed Heaepsow dehivanilaimnetioapaci t ance to affect RE coupl i ng from ESC
assenbly to HER [Para 65]As may be appreciated fromthe foregoing,

enmbodi neriPsraci9] t heDimmearitsine procpysing] steondeitnh 8@ manbk awnfigmebivemvs ug sndidry RE
coupling h . [0

capact t ataesaftdh SRR S0 ki RENAR ST ERATSOINERE e
coupl i ng rirg 2R& ﬁmboémm ity abnsaftosy tre @xﬂriwpmmmsthbg@mm@ tea@ebﬂhay be

achi eve N\E}Qﬂqié&%ixlardﬂtq{aﬁgm piﬁlu@?mcgﬁmgf ?ﬁ@%rr cBY1RE RAHR Blver cIkQ@ervel ed
edge duri roces e thls i Avent1 on has been
descri bedSiﬁm HeRm%fi mfansae\beﬂraienqor eferred errbodl ments, there are alterations,
pernutations, and equivalents, which fall within the scope of this

i nvent i orPam &%,  t WenembpdmentuRfraeplingiod b SIor Bt beAPEMEPS Wi IREHRERY f or
conveni e f}foﬁ‘enﬁl;l%] QL 6, Q,s;,t% be. meﬂbetn@eeﬁ Qi Sod DA HBS0PR DhciNE whkR TS

herein. it s d al so be“not etd"t here are many alternative ways of

i mpl enentdhireande pirddy sabragpder steoabanG0inEoE E EntreatPEHIPIEn. ~ Al t hough
various exg %ﬁ{h@irf}r&\“@@d herein, it is intended that these exanples be
|IIustrat|ve nd not limting with respect to the invention. Further, in

this applypgafdi9n. & B8hainbolimehl RIREDHEISHERE 0 @iiv m&@mk&m phoRidt he set.
It is therefore i ntended that the tbllow ng ai ne bﬁ i ntetpreted

t
as i ncl udpsguep poigpiih ddierarstMons -~ eor wﬁﬂ’é‘t“i“ﬁh%‘%"‘&’ﬁdméq*ﬁ‘? PERe ??fé‘é“"f“al I

W: thi ndt "R By-BRIMAS a0 ted 96 PRIk 1RV BERRT WHRN RbhDihg 536kARMBI WAt i s
clained is:
down such that no overlapping is being made with first ring 528,

[Para 62] Fig. 5B shows, in accordance with an embodiment of the invention, a top view of'a
concentric ring 540 being configured with cutonts that may be employed in a variable capacitor
arrangement. In an embodiment, concentric ting 340 may be configured with cutouts 550, 534
and 558, A first cutout 350 may be separated by a first section 552, a second cutont 554 may be

separated by a second section 356, and the ke around concentric ring 340 in an embodiment.

{Para 63] In accordance with an embodiment of the invention, first cutout 550 may have the
same avea as second cutout 352, Alternatively, first cut out 550 may bave a different avea from
second cutout 554, In an embeodiment, first section 552 may have the same area as second section

556. Alternatively, first section 552 may have a different area from second section 356 in an



In a plasma. processing chanber, a nethod for processing a substrate, said
substrate being di sposed above a chuck and surrounded. by an edge ring,
sai d edge ring being electrically isolated fromsaid chuck, conprising:
provi di ng RE power to _said chuck provi ding a tunabl e capacitance
arrangenent, said tunable capacitance arrangement being coupled to said
edge ring to provide RF coupling to said. edge ring, resulting in said edge
ring having an edge ring potential; and generating a plasma W thin said
pl asma prededieng hharhdreuion: prioc esh ssabdasulishe ahesnirgaing nsytheta svdarbei ng
processed sai abl e capaci t a rra nt onfigured to cause
sai d edgée® :ﬁ{}#ﬂﬂn E)FS? gWF‘i‘cﬁ‘ T BEHRE %eﬁfi?@f OP{;'%égﬁg Ci?““mngC potential of

d b t
\?\E‘Ie r eISll:ll 2{ it’?f (%4 H ab %ns%rgr i?lg 81 uéiﬂc% wkaezgxé,ﬁglee?r%gﬁg gwo %ﬁm@zﬁnyﬁt} Qosgxpﬁ'% i§ Lg‘ls ren n{)l y.
The net hognahtrelrag i@ m'wﬁ:eldapam;eé addr el‘jff}sn ﬁhgcmxpmicaggenby ye wmﬂe‘ﬁ by #1g:

di

Ip{)\(/)v\élr I(:(r;u‘ x‘lgaﬁg&) 6%%)2{ J Idrz]t 1&22;'8{1]1%{ dz?J;n e\{lllb%df};gm? ].Lh%\é’%{ﬂn&a%).(\é[ 1'139% b | aﬂgd ?‘IZ?IHS tic
seal ; rotatipy aimdamgm:drewnn&t i (saioluj/uszea}lt:@d'n@awlt Bt flsa}\di léhﬁemg@tqa ©hl |y
seal ed cayity bei 1S S I wherein
eaid her ncél{ougs é‘i"? s&% ég ué) 5 11 ORs \%ibet\rl%ecg%cdgﬂnqczﬁl?l{g uktqlgehcra{){&mﬁ%l 21{{8:{1% Pl
outlet: tmedhmacd p{pﬂd:xtod hredngeternt commned m{h thmeamconriotes bivigaisthuiseravdei cal | y

| ed
Sea € ¢ aVI tl(.yVC(:in? TO’sv\heeﬂr}Eigtg c*ﬁ:%pg U& 43 %E“ tﬁﬁ;t}g% ﬁ?l}'d H}ﬁbﬂg'@gefg?i F{eas 4. The

met hod of ™" rei tric t one

of a solid Iqu ) rf,c&r:é% homﬁhc P&m th&I@n& Io?ihmtﬂentm%ﬂﬁida said
udes at

dielectri rla I nc | east alr. trogen, mneral oil,
castor oi :h.t;thmhed grraapdrapksyic ey Ih_l* coupling oz‘ the hot edge ring r}nouw{a the mechanism of

changing the capacitance between ESC assembly and the hot edge ring. By varying the RF

coupling to the HER, etching uniformity at the substrate edge may be achieve without trading-off

cleaning of polymer by-praducts at the beveled edge during plasma processing.

{Para 66} While this invention has been described in terms of several preferred embodiments,
there ave alterations, permutations, and equivalents, which fall within the scope of this invention,
Also, the title, sununary, and absteact are provided herein for convenience and should not be used
t0 construe the scope of the claims herein. 1t should also be noted that there are many altermative
ways of implementing the methods and apparstuses of the present tnvention. Although various
examples are provided herein, it is intended that these examples be HHlustrative and not Bmiting
with respect to the fvention. Further, in this application, a set of “n” items refers zero or more
items in the set. Itis therefore intended that the following appended claims be interpreted gs
including all such alferations, permatations, and equivalents as fall within the true spitit and scope

of the preseat invention.



What is claimed is:

1. A method for processing a substrate in a plasma processing chamber, said
substrate being disposed above an electrostatic chuck and surrounded by an edge ring,
said edge ring being electrically isolated from said chuck, the method comprising:

providing RF power to said electrostatic chuck;

using a coupling ring assembly to provide RF coupling from said electrostatic
chuck to said edge ring said coupling ring assembly surrounding said electrostatic chuck,
wherein said coupling ring assembly includes an upper coupling ring and a lower coupling
ring coupled with said upper coupling ring, a cavity being formed between said upper
coupling ring and said lower coupling ring;

transporting a dielectric material into or out of said cavity to change capacitance of
said coupling ring; and

generating a plasma within said plasma processing chamber to process said

substrate.

2. The method of claim 1, said transporting said dielectric material is performed

when said substrate is processed inside said plasma processing chamber.

3. The method of claim 1, wherein said dielectric material includes at least a solid
material.
4, The method of claim 1, wherein said dielectric material includes at least one of air,

nitrogen, mineral oil, castor oil, water, and glycerol.

5. The method of claim 1 further comprising transporting additional dielectric material

into said cavity to change said dielectric material inside said cavity.
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6. The method of claim 1 further comprising transporting a portion of said dielectric

material out of said cavity to change said dielectric material inside said cavity.

7. The method of claim 1 further comprising:

flowing a first dielectric material into said cavity to give said coupling ring
assembly a first predetermined capacitance for optimizing said RF coupling from said
electrostatic chuck to said edge ring; and

flowing a second dielectric material into said cavity to give said coupling ring
assembly a second predetermined capacitance for minimizing said RF coupling from said

electrostatic chuck to said edge ring.

8. The method of claim 1 further comprising disposing an o-ring inside said coupling

ring assembly to seal said cavity.

9. The method of claim 1 wherein said transporting said dielectric material inside
said cavity increases said capacitance of said coupling ring assembly to increase RF

voltage at a top surface of said edge ring.

10. The method of claim 1 wherein said transporting said dielectric material inside
said cavity decreases said capacitance of said coupling ring assembly to decrease RF

voltage at a top surface of said edge ring.

11. The method of claim 1 further comprising:
transporting said dielectric material into or out of said cavity to cause said edge
ring to have a first electrical property;

etching said substrate when said edge ring has said first electrical property;
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transporting said dielectric material into or out of said cavity to cause said edge
ring to have a second electrical property; and

cleaning an edge of said substrate when said edge ring has said second electrical

property.

12. The method of claim 1 further comprising: sealing an interface between said upper

coupling ring and said lower coupling ring.

13. The method of claim 12 wherein said sealing includes resistance welding said

interface between said upper coupling ring and said lower coupling ring.

14. The method of claim 12 wherein said sealing includes using solder seal at said

interface between said upper coupling ring and said lower coupling ring.

15. The method of claim 12 wherein said sealing includes using glass seal at said

interface between said upper coupling ring and said lower coupling ring.

16. The method of claim 12 wherein said sealing includes disposing an o-ring at said

interface between said upper coupling ring and said lower coupling ring.

17. The method of claim 12 further comprising matching a seal means used at said

interface with a material of said coupling ring assembly.

18. The method of claim 1 wherein said coupling ring assembly is made of graphite.

19. The method of claim 1 further comprising:

flowing said dielectric material into said cavity at a volume; and
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preventing said dielectric material from flowing through said cavity when said

substrate is processed inside said plasma processing chamber.

20. The method of claim 1 wherein said dielectric material is transported into said

cavity via an inlet channel and said dielectric material is transported out of said cavity via

an outlet channel.
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