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ARRANGEMENTS BAcCKGRouND OF THE | NVENTI ON 100011 Advances in plasma
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coupl e HRtth Hecyts Hlasgurintestiae of sdeaatpt §§%ﬂw hihs radiedimpaey (&hanber
vol une é Q.f or processing substrate 106. which is positioned above a bottom
electro i [00031 In order to control plasma formation and to protect
t he prdéesyi hgfachi&nbéhumiahsi igal sledwsod sioghf kblnﬂn&iagl‘aﬂi sigscapddurdy- be

mpl oyed. ?t of confi nenent rings 112 nm gg o% a. onductl ve materi al
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configured to surround the periphery of confined c hanber™ vol ume 110 i n
whi ch aszqnmzkmiasmatfm ’q‘tdnm suh-stra&ddﬂt): zom%ttmxsmexm wc@rm‘ihl"emmntr Thys 112, the
peri pher ( er va 1 \ b Y,
b ot r aatrenyss Dot & BT ouy {2g MoniaaP R 03 Fringl ol e it S1uMEn eqge

ring lidoaRdn@chOd®y 16b @6iif 00 sSupPeFdseid UDeUR B cdiddit ndQ0RA! dinos dat to
exhaust the neutral lgas speci es fromthe confinenent region (confined

chanberi4fdp gampla i thesgs refctan ff {aeetsmai wigsn 8 tonty! dippbeaetampliif al ity

of sl ot U a 2 : e gas speci es my
traver sfél j% 1%0%1}3%10?? ?ﬁlce%& (%6 Q\%Ch]lggpﬁ%{e%&%f%g?é?% tom%(tr.%g e{%tgtr\élea{mr egi on 132

(out si desgdjdnteeder votan®) phimprocesishagd ah@ﬁtz;ef thd ehdeehiaf ehobdicngapumped out
of processjng _chanber 100 via ,a turbo p 134, [00051 Those skilled in the
arts ars! ianEreHERt ringe dh PREde 5r%ﬁﬁdné9t @aag‘éﬂ%eiﬁ figeabl epY 68 8¥EF ng
enviro f u I is

For med el ESE petergh BRI L i SR R, BEOGP SR

condi t mim‘ss,nupi asdreserigy. heoal g,nhattad coufframetet afigcbif imeble ohdignerd wolkuoend1 10,

in an e iven suri
the nPn % guf c,om‘mup d’%m e so nme ﬁS i which a plasma is to form. In addition to
perpoge P

set of confinement rings 112, the periphery of confined chamber volume 110 may also be
defined by upper electrode 102, bottom electrode 104, nsulator rings 116 and 118, an edge
ring 114 and a lower electrode support structure 128,

j0004] In order to exhaust the neutral gas species from the confinement region (confined
chamber volume 110}, set of confinement rings 112 may include a plurality of slots (such as
slots 126a, 126b, and 126¢). The neutral gas species may traverse from confined chamber
vohlume 110 into an external region 132 (outside chamber volume) of processing chamber 100
before being pumped out of processing chamber 100 via a turbo pump 134

[0005] Those skilled in the arts are aware that unconfined plastoa may cause an unstable
processing enviromment. ideally, the plasma formed during substrate processing is formed
within confined chamber volume 110, However, under certain conditions, plasma may be

igaited outside of confined chamber vohane 110, In an example, given a high pressurized
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WO 2011/ 026129PCT/ US2010/ 047379 environnment, the neutral gas species which
are bei ng exhausted from confined chanber volunme 110 into external region
132 of prwoessimne2y,!. chanber 100) may encounter an RFPCiraiSdémomgrsesi c
field. The existence of RF current in the outsi de chanber may cause the

formati on, of unccl)nfl ned plasm 15 100061 | ﬁ)l cal ( dgé |ng

envi r orfRERPINPHethRpeniE M‘bﬁ{ECFFé 1ok AERORIY €% @H%S‘?‘ o Hoﬁ‘i‘Be R’PIRed chanber
vol ume 110 Thosg, éﬁ%hhﬁ‘éd@ﬂ 15hgs g{&éﬁﬁ{(m@mmM%K?Rﬁg&wt&%tgﬁ | owi ng
into processing cha usualfy tries to return to its RF source. In a
t ypi calfight/ n*@gmamtmd@nihcgmatmwmf Re RfFrenetiuhn oplatth cha@berayayi mobudie the RF
return currentf % & q t.he inside of set of confinenent rings 112. At
poi nt pAR S Y ﬁﬁc?’g{‘ fHE0PIEHt may flow al ong the outside of confinenent

rings Lgdodjanbrisieg pibdelsihhendiRplaa: wal Ry sthéaRwafrdk REassbae: ¢hanber 100.
From the chanber wall, the R F return current may follow a set of straps

130 t o dopitesd dlagder miemgdp@oritxomkéﬁduﬁ ehelpg arppire thee R§Lﬂwi§eéﬂ@\f/mﬁrower
el ec”og%ﬁ&%"%%a t%éh iﬁéﬁ“%ﬁéé‘d%]h‘%/&g Tod S} rf{'r %1%{55 "na mdl 7‘8% back to RF

sour ce via can e seen T rom the' foregai ng, by

fol | owigagfip@tiiod ARF fdnn Bmicurrant inkludnsheoril sdiale c@fresoMdv ;n@@lmtiaiﬁﬁ)er vol une
110 on |ts way back to source 122. As a result, a magnetic field or a

R F fidrtdpalsepal guiisemeeiding It he A0 0ot 422 éiﬁa%ewfmég%ﬂt mpdowdgleittence of
an RF f ELYLBIRe gizﬁleIﬂeﬁ G 1B “’Ctgﬂﬁﬁﬁ n@ﬁ%é g%ﬂigﬁg%{m g éatr%g%é ormed in

ext er na region rocessin return
curr entch’amhdrs 00 Zeeki mdkmwlm maéd&aé@ maﬁﬂaaummmavdﬁ st mapsofmaypbeitenpl oyed

to provide edance pa t her eby Qreatl a shorter RF return path
t han pa{t’ﬁelj%"(‘;t,‘\{hég&% { OIS e % 2. CHAMGF ey rlogter SHriAds Fpppg styctifey an

exanpl epsay ety &tmﬁtcﬁ@aﬁr@{i%duaxa&em@mo%y»%dl e Bk AcRiAPN | nerent i ng

to a [ower electrode support structure 28 Wwthin a processi ng chanber
200. THU8Y7whemnttvselFoetthe foregmne iy f()&id%mmg@gt!nﬂﬁnglt3éiipatitﬁlzzﬂ2\)vsf | ows
al ong the.bottom.si of. out.er 21 the, RF return
T St o DB e og RS Gedh bt s 58 Vo AR Pl B 207 o at it 256
provi dengsnl-aWekid JrRedansg :ﬂﬁtﬁb &dﬂé@z&ihﬁ QUL RLIdS Uk dhate rafioc onfd BenanrRt ring
212, the RF return current may idge to | ower el ect r ode support structure

228 vi a;’islétﬁ}oﬂ‘ieiéﬁ?ﬂ“&psi“?@@d nm«omwswmﬂembﬁwﬁel Yuppedermadriperigral 228, the

RF ret (9 0 epnward to a RI; source 222 via a RF match
220, 1 5%{ %émnqu;i%{?g%a g’d fromthe foregm ng, the RE' return

cur r entjopes]biRA2R ¥ semmg:m;fanaaim ty ssdkof koav intledmdeatath, 448 htripsgnadbe However ,
a magnetic field/RF field may be fornmed in a region 244 between set of
straps PROEAGO @W@%&%\nﬂﬂ%cz}ﬂ@ thegeby ‘F%%’&‘Eta shprigiharay B Hghi t ed

out si de,.af 4 h@xzﬁ?&idxneetﬁe ERATRE Ly Y19 Mo L BN rﬁag{n"é’m?rﬁ)ﬁ aQbid xutaﬁke right

condi ti‘on h as the existence of gas reactants suffrcientl y

press ur:éumbuismem;anyhm cBEpikizabdlimagmeting 26 E @ d)ower electrode support stracture
228 within a processig chamber 200, Thus, when the R¥ return current {Howimg along a
path 242} flows along the bottom side of outer wall of confinement ring 212, the RF return
current may encounter a set of straps 230, Smce the set of straps 230 provide a lower
impedance path than the outer surface of confinement ring 212, the RF return current may
bridge to lower electrode support strocture 228 via set of straps 230, From lower electrode
support structure 228, the RF return current may continue onward to a RF source 222 via a
R¥ match 220
{0009] As can be appreciated from the foregomng, the RF return current path 242 is
significantly shorter than path 142 of Fig. 1. However, a magnetic field/RF field may be
formed in a region 244 between set of straps 230 and confinement ring 212, As a result,

plasma may be ignited outside of the confined chamber volume (within region 244) given the
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100101 Accordingly, an arrangenent for providing a short RE return path
whil e preventing the ignition of unconfined plasma is desirable,

BRI EF DESUBI2PTIV@N20F THE SEVERAL VI EWS OF THE DRAW NGS POOAB2010/0¢73p9 esent
invention is illustrated by way of exanple: and not by way of limtation,
inthe figures. of the acconpanying draw ngs and in which |ike reference
numer al* 91‘?&?‘ NQIHLSEEHRY tg? ﬁ’é‘F‘@ﬂ‘é“r@ﬁ“‘éh‘ﬁ‘qaﬁ%vﬁP‘L}%F-‘e[‘@bwg%‘ HEYUIE YSHBNS a

si npl e plhogk Hhaghamefic f.gapaci tivel y-coupl ed pl asma processing system
with a processing chanber. FOOlBl Pig. 2 shows a sinple block diagramof a

pr oces SPAHH chambbnglyi arermngtinap-{dr preeniRR shortR n rgyampatin ObilggreRprging3A and
3B show, i)n,en;r%gdi mer][ls og the id,nveﬁtgi on, sinple diagrans of a RE ground
ret urn ‘BF BRHEIREARCOEEE Sspads desyabls. “6" ang 7 show, in enbodi nents of the
i nvention, REBRIEPUKKCEIPUTONADEF IDYEIRTERATOV AN Sasl yslEabk 8 Vg Pr ocessi ng
chanber. DETAI LED DESCRI PTI ON OF EMBODI MENTS 100161 The present invention

wi || nd#fbd degerdepeigvemioads dlususied hy et of entapie.cnd moely snbodiineitient her eof
as illugtrated in., acconpanying. draw.ngs. .ln the follow ng description,
mumrer o3 S & B FEOIPACYN S Y bR BB R v ERIR LG
under stsandamgendanid hiel pragent i nvention. It will be apparent, however, to
one skilled in the art, that the present invention nmay be practiced w thout
some orl0813 i3 & Hews sgpapietieckgbrgnmaot o P HRG v -Foig¥ edhlagns Nertssigown

pr Ocesssv%ﬁx%iﬂ%ﬂﬁﬁéssﬁ JHGLWees have not been described in detail in order
to not unnecessafily obscure the present invention. t0017] Various

enbodi neéaty e e desecra dxegietvdsddi digehowf sipnelesdign chamdich odd samdptdechnRdues. |t
shoul d beﬂke_%}I in mnd that the invention mght also cover articles of
manuf aJFWf’é?"ﬁ at includes a conputer readable medi um on which

conput §pefHa4a0] £ hNSE KHGE ! QRRLbANGR EdkhOthvOo BRQHE BBl alilie
i nventive technique are stored_ The conputer readable medi um may i ncl ude,
for exapplrel regepicongoebbr, magnetic, opto-magnetic, optical, or other

f o eadabl di f ' Tput, | d
Fur £ ner A Ehdend BN Acpo s Ba sy aver b S SRE &F b BB RRR "

enbodi neahscBéntd RS ab RIRBGLbRLap PSR ARPAAtUes MY include circuits,
dedi cated and/or progranmable, to carry out tasks pertaining to enbodi nments
of the invention_ Ex

ol TP DIRIRIBE BN EM HPIYENA Syener al - pur pose
{0016} The present invention will now be described 10 detadl with reference to a few
embodiments thereof as ilustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present mvention. It will be apparent, however, to one skilled i the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or structures bave not been described i detail
m order to not unnecessarily obscure the present tnvention.

[6017] Various embodiments are described hereinbelow, inclading methods and techmiques.
It should be kept in mind that the invention might also cover articles of manufacture that
includes a computer readable medium on which computer-readable instructions for carrying
out embodiments of the inventive technique are stored. The computer readable medium may
mclode, for example, semiconductor, magnetic, opto-magnetic, optical, or other forms of
computer readable mediwn for storing computer readable code. Further, the invention may
also cover apparatuses for practicing embodiments of the invention. Such apparatus may
include circuits, dedicated and/or programmable, to carry out tasks pertaining to

embodiments of the invention. Examples of such apparatus mclude a general-purpose
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WO 2011/ 026129PCT/ US2010/ 047379 conput er and/ or a dedi cated conputing
devi ce when appropriately programmed and may include a conbination of a
conput er /worgputazeodevi ce and dedi cat ed/ programmabl e ci PCuiusso1adapred f or
t he various tasks pertaining to enbodi rrents of the invention, [0018] In

accor dance W|th enb %(%%gen s of the p res«? i nvention: radio frsguency (R F)
gr ound FERHH % 28¢'Phf HESCUPRFESHY B 8 e EABYAPHERY Pros apHedi 340 i on

i ncl udg,gakabldatnRGPoShQUnp Rl O BIMER: BALL: {RF il EGLMRRLEUILERE DY
providing a direct RE contact (via a RE contact-enab éj ctonponent ) bet ween

a confuﬂamrhﬁomhmgaramd t@kmmmegemmb@@mm@mﬂte 1sttmI|®t1ure [0019] In this

docune ri Qus nt.at Scuss

cont i nanehdl YRt s TR R PEbe AR BHT T REvitien e oRe IR i ted to
a si ngl@o@enkiune iRitechi:ng q@@ﬁmvmmb@nmaim@@k $10h @Rk ASHB nPLAS S SHIRMiIngY St em
with one or nore confinement rings. Instead, the discussions are meant as

exanpl esshardiit fesurp podnfor Be Risrenot chr mtttemrwdmﬁ@ dseahipt esntpetdsient¥d, [ 0020]
In an e”‘q di &E%Eedgﬁ‘im«éaﬁﬁm a?{\’ﬁﬁ% gm!ﬂnen% oK. {fz{ V%hee‘ | ﬁﬁ@ﬁ are

prOV|de e while
substanmmaﬁwy ellnlnatlng t he p055|b|I|ty of a magnetic fieId/RP field
bei ng established outside of the confinenent region (reglon as defined by
the perlPPhE) tys dpgangbifrigerdmienemgyons mvahe ErsHidHsRE 2 $MEC R F ground

return QnERNGENRRLSs 'ER¥xQ ib ”&Eﬁ%”&ﬁgn WAL & £RAAGI eh'té( ?('sMerOUpl ed plasma
(CCP) processing system round return’arrangements

i mpl emehBdeme:tt hing sad pmgcieswph@ l@hﬂﬁmﬂlﬂd wotdvs@mghsiyxed vmh mwabh@'cl ower

el ectrode support struct £, in an enbodi nent ‘ﬂ\[i ? ]r one enbodi ment of
the i nv&RENY “‘é‘“ﬁt N&’ﬁ%{} 15 BSEHSRIOAT P HRRAERY SRS ‘F‘r‘r‘iﬂ*élhféﬁtﬂédb Wth a RE
gasket .y Thet ;Rﬁhg@ggg‘gley&géhggegmde of a conductive material. In an

enbodi nent, RE gasket 1s in electrical contact wth the confinenent
ring ar!ﬁﬂ%ﬂl|Iowerenéhécmmodéﬂsulwmltm St geonnd eem@wczhna@mamg&mmuhﬁacw’g)

struot a0t RRFIEhBRatPRAT be kP Pt e i E iRl RO i E R er

conpl i giksiBNinNON: HARTRL ANt/ R FOWRYSfing EMIKBEESREINY o CMAFBEfndbdnbr@idpVabl e
| ower el ectrode sg‘g{)ort structure, the RE gasket is configured to have a

shape dredia sreledin wxeaw@m@éﬂ*@ QORENHIBYE T blfcmtm@uglm@mdihmﬂﬁg as the

la(r)mmeg %gﬁcﬁ%ﬂﬁn slﬁl?p%r}bpﬁttr (Hc%:‘ e f.}"gﬂ*&*gﬂ‘f ﬁg’fﬁ{: gt L)Hg{{g Sﬁgfhg)n In an

cur vat yoe€ rdesicgmifd ansteax anipl Y ¢ Lﬁﬁmﬂ mauﬂﬁﬁdmmm@m aas |bdembe:1ﬁn&klaﬂedn a
f1exi bl e conductor. RIP gasket), thereby enabling theh%gound ring to
mai nt auﬁﬁ“‘NE“E%h*ﬁf&%‘NWihh" ft‘?fé‘%éﬁ‘f‘lﬂﬁlér%@ﬁti?Fﬂ[j‘dwbﬂpw CHEE-d8 80t he size of

the emhodinent.

j0021} In one embodiment of the invention, a RF ground return arrangement may be
tmplemented with a RF gasket. The RF gasket may be made of a conductive material. In an
embodimnent, the RF gasket 1s i electrical contact with the confinement ring and g lower
electrode support structure (such as a ground ring).

{00221 For a processing chamber with a fixed lower electrode suppost structure, the RF
gasket may be refatively small and may be either compliant or non-compliant. However, in
processing chamber with a movable lower electrode support structure, the RF gasket is
configured to have a shape and dimension to accommodate the movement of the ground ring
as the lower electrode support structure is moved in a vertical direction. In an embodiment,
the shape of the RF gasket is configured to be a large curvature design (for example, an
apside-down or a sideway C-shaped flexible conductor RF gasket), thereby enabling the

ground ring to maintain RF contact with the confinement ring. In other words, the size of the



WO 2011/ 026129PCT/ US2010/ 047379 RE gasket is at |east equal to the size of
the gap between the bottomfacing surface of the confinenent ring and the
upper -t kiwg 28uwi2erze of the ground ring. In addition, theCRESQ@asle&1379s
conpliant, thereby enabling the shape of the RE gasket to change as the

gr ound noves n an exanpl e ground, ring nove
(narrov&ginéaqﬂ‘ﬁ‘e“‘dh’ﬁ“ﬁé’ﬂvﬁgé‘h)ﬁteﬁé*ed}lélwp Jehgeearias P‘i’m‘&“‘géﬁf% fﬂfi%ﬁg) t he
RE gaskghfihéné At%tvem@lm ﬁ%ﬁvém mﬁa sh8e eﬁwa@mm @gadae‘n@; didert hmhest

di stance from the-confine ring, the RE"gasket "may have nore of

hal f - dom@mshmpethel&me)wimi ﬁleaswh@mm@rthe b qdishen it chmta@aﬂ&egr@mddmur et ur n

arr angenent prin oaded s|.i di ng cont

2t angditere. Tt GpngS MonsrdtparRy BB PR apg hent SRR A ude a
SPrin, GuodRIME! aROHPL&didetent 6RNT iNBRTRRMskEd iDHattchRe. SRRV, WRED S drsuwhi ased
t ovar d the wall. of a ground rlng in an enmbodi nent, the spring meénber is in
el ect r irar! is sbibe dathonl difapdeeraualthe @ﬁmﬂh@@gﬂbwnﬂlﬁriifngﬁwfdﬂ% boREBIE 0pai nt .
Thus, e}nlft{l%uggln Qd ring noves up and down, the ground ring remains in RE
contact W th SPEonfinement rinu via the spring-1 oaded sliding. contact

ar r anggoerd;. (n hatRds eﬂﬁmw@t@ént@ﬂﬁtmemaﬁ@aﬁmmnh;;«»éxﬂim Riay@eouptineatadrith
arrangenent may, include a confinenent _ring, w th an extension. The extension

may ext w&snaévmiﬂﬂrbhdtaa CREATE R $h*ab¥§frwelowéqdl shigfugwatagt FHMEETEPInG. | n
an e”bqgh”ﬁ\[?fudﬁﬁh@bﬁs}(ﬁﬁx@)ﬂap d ?ed%’ﬁ'c%h@%%‘ijen?hn@ Tl %ﬁw 19&95%:%5%@ cﬁ the

ground rin narr ow n en“t he .‘extensi on an
ground mwmgi thd hell pif @xronntiyingf it he @mk‘b@nsmnmm Qr mgemgmimummrdmgmi eates a
| ar ge caﬁacit ce ar Si nce i npedance is |nveilf é ﬁ)}ro ortional to

capaci tRHEE! Wit é‘el WE 5@ he e A 158 e PORT e LR P EPUNEEEAREE St et ur n
pat h f qfy, $l3QcR held %Mdr}uﬁ%ﬁﬁ% in k@%ﬁém% Elﬁerwﬁﬁngﬁa%&uaﬁ{ #RgpaARAt, in

an enbodi mrent, may 1 nclude a conductive rod in electrical contact with a
cortfi rie'tdwfénﬁdm&Ngmaﬁtdltamg#!mﬁnd ring. In an enbodi nent, the RE conductive

rod is sed w t,hin ond iye Liquid, which reS|des jt.hin a. recess
rea of RATGFE s R BodREEY S kf oMyt Pleg SRt b hcal iy o
part. Qifonﬁh@ngﬁiﬁeﬂﬂﬂp&i MEerlsQ6h, MBRRKASsbA e eRaduehiveal Ay beattl thhe
ground ring. aresult. RE contact is maintai ned between the confinenent

ring ariéde ! gfribagmmﬂmgmwhaam pebmiinesh dircritarsiongs pestipred vt deloas | ow
| mpedang e, Rl é% ﬁ.rw&%‘?d R tl?lr{‘“x Nt 60 e olagg%{?&cﬁ?%e\/% %Q% naz?@ el ated from

the foregoin d Feturn art ange RE return

pat hs fsﬁﬁurtd”leﬂREI iteqtrummmwﬂﬂ@m\mmcﬁuﬁnm psond ting td‘&etepaiizoae affacitance
arrangerrent s. In addition, @Ch RIF.ground return arran enent does not
encapsulét IR ‘&Wéﬁ"‘%‘»héﬁt INVErSg éyﬁ’é‘mf)é“‘é’fdi B’r‘e"’é?ﬁ‘iih"@c‘aﬁ ‘IR’IJFWQJEQ‘H?“H‘&QH&M c field

and sustal ) 100, nfinenment .region. WO
2011/ 03%%2%}%&/?%%%8}51‘ 04%’ 9 2;1%{;P ?’an %&%lh:egyéglgnd advant ages of the

pr esent}8dIfjehtdtion 'm;aymbed mmgemeun desstrobalimkenh nrue fimledceR F ootdetif¢ gulr es

and di Stg %F %hggfmtm(&tt W u.ﬂ a umﬁnemem ring and a ground ring. In an embodiment, the R¥
conductive rod 18 disposed within a conductive liquid, which resides within a recess area of
the ground ring. Thus, when the ground ring moves vertically, a part of the RF conductive
rod remains in the conductive liquid of the ground ring. As a result, RF contact is maintained
between the confinement ring and the ground ring via the RF conductive rod to provide a low
mpedance path for the RF return carrent.
{0026} As can be appreciated from the foregoing, the RF ground return arrangements provide
shorter RF return paths for the R¥ return current in comparnson to the prior art arrangements.
In addition, each RF ground return arrangement does not encapsulate an area that is capable
of creating an RF feld/magnetic field and sustaining wnconfined plasma outside of the

confinement region.



100281 Fig. 3A and 3B show, in enbodinents of the invention, sinple

di agrans of one exanple of a RF ground return arrangenent. Consider the

si t uat i orwotrerigiznet29f or exanpl e, a substrate 306 i s bei ngCprusc@s®eB7N t hi n a
processing chanber 300. In an enbodi nment, processing chanber 300 may be a

capaci t i cou ed p M. processin chanber rate
posi ti dﬂég"lia awsa’@% $h Blaget ?‘o‘gel’éf%ﬁl“ Lol ‘Hﬁﬂ‘é‘h §t‘F§?le‘" F’é&‘é’ é?‘ﬁb

pl asme 3Rkl GJJ f@i/e«téﬁdﬁﬂ?ﬁ@%ﬁgtﬁa@x‘@f&sp substrate 306, may be formed
bet ween substrate 306 and an upper el ectrode 302. 10029] In order to

cont r ol {0pI¥sna fbamdatﬁ@hmand m@cénmwi thmeaxpmmesmmgds@pmeﬁ ownal | s a set
of confj ne

el ude BB T SouPd B RN LGCTUr ey OB AL EOn TP HIGUE | ing. | S
of Confsklﬂﬁh}té 3@ B bGP0 dNBhiRe phRdeiRf ciRndendUE inve Jaloaihal:, such as
silicon, polysilicon, silicon carbide, boron carbide, ceranmc, aluninum

and t herbeseeng CoOEEY 308 gu|byp 2 csprcivrelrontitlekpanna plosgssingrhamiyr. be

conf ! o4 Bk BMRLOUPL L ASRRHIGROSEY OF AcGRR! bAEDERATRRLNOLIIEIO | 0

t he perd dheny 3@, whenf mpetk ehgbed te\/@d:wﬁ&mtaﬂt@ Jomymal mofob@cdbéivaed by upper
el ectrode 302, bottom el ectrode 304, insulator rings 316 and 318, an edge
ring 3EbHAEE 409 Gk wsttlpgislesiBport structure 328. 10031] During

subst r %Ezgrl%‘??e’? 't@%ﬂtﬁ)@%ﬁlﬁx fih Jln%‘f‘{o xg%gl@lnlg?e%t al }F&c‘e@#ﬁé ﬁ{&&@é? kG Gnot

shown) ‘into confined c er vo i nteract wt current to
cr eat e api @sm{1808cntRinge Ai 2 enty bamypherefl] Swi dfgoth&fﬂuﬁﬂ riREs $obmae u8PRieta0 an

FZO Vi a,. a cable 324. F{’r‘?m RF match 3. 2Q Ee RF current 3 y flow
up al orig‘““é‘ Béﬁﬁi‘%ﬁ%“ﬁ%’étﬂaﬁ POPEHRE BRECAUBRMISIEE. 51 PhE GePe RS He gas
W thin ganfd aggk &i*’@fﬂh%ﬁcﬁ&%‘ rHéE@meﬁde{ & J;chdi‘i‘ %i%ﬁ@o@@ﬁm& 0Q8RL bdeQrder to

exhaust t'he neutral gas species fromthe confinenent region (confined
chanbeﬂaﬁnﬁuﬁ@dB&@}ﬂms@vmomxb&nﬁ&nenent rings 312 may include a plurality
of slot.g qh s slots ) and 326¢ —“Th, nunmber nd‘si,epo~ slots
on set BPAS LR SrRfe ey Ity SRRy T ebkra e b B R bRgy o
conductARGENELEMINIIRE volliRR NOU halchgAS PR €% FRY. tih auaikiss 1 &0aF conf i ned
chanber volune 310 through the slots into an external region 332 (out5|de

chanbercopbneme)t rges p?%éeﬁseﬁm@ebm{mﬁe? ngbdapbrorduneihg n}@ur@ﬁﬁ@dﬁ ingd
pr OCESSD P@\URG de3 gl a L&t%n’? UH}E}G O?H{Tﬁstﬁ%ﬂr t:l‘QO?’l%l nldn’ Ei »ipdlfli*?mva%r]&%’ the

exi sten e & eont I nenen re ion rmay €ause the
R cur'ﬁxdmtloﬁa &ifﬁtﬁarda@ﬁp;\mi%mthm gas reactant to ignite a plasma. Unlike
the prior art WD 2011/ 026129PCT/ US2010/ Q47379

{00317 Daring substrate processing, gas may flow fromt a gas distribution system (not

shown) into confined chamber volume 310 and mteract with R¥ current to create plasma 308

RF current may be flowing from an RF source 322 to an RF match 320 via a cable 324,

From RF match 320, the RF carrent may flow up along a path 340 through bottom electrode

304 to interact with the gas within confined chamber volume 310 to form plasma 308,

{6032} In order to exbaust the neatral gas species from the confinement region (confined

chamber volume 310), set of conflinement rings 312 may include a plurality of slots (such as

slots 326a, 326h, and 326¢). The nmumber and size of slots on set of confinement rings 312

may vary depending upon the rate of conductance required. The neutral gas species may

traverse from confined chamber volume 310 through the slots into an externgl region 332

{outside chamber volume) of processing chamber 306 before being pumped out of processing

chamber 300 via a turbo pump 334,

{0033} In the prior art, the existence of an RF field ouvtside of the confinement region may

cause the RF current to interact with the gas reactant to ignite a plasma. Unlike the prior ar,



an RE ground return arrangenent is provided that substantially elimnates
the generation of plasma outside of confined chanber volune 310, [0034] In
an enbodiwenniveeRF gasket 350 (see Fig, 3B) nay be enplroyam$2aio/ogreate a
RE. contact between set of confinement rings 312 and |ower el ectrode

support structure 328 (such as a gr d riing ar other structure
ol bot r it § §rOUBA LSS S 8 5’@!2*2)?““ t"“b‘a&!&@t’“‘@%@‘e“‘-‘T‘F%H""é%om ment

i's made jg‘g}g‘r@iﬁs,g@@m{mh Y IRLIRE LAk meSH@h as stainl ess steel and beryllium
copper, for exanple. AIthough RE gasket 350 is shown with a circul ar

desi gn. iﬁwwagkemt@ammw hiayasket ey ( S%h!&l g!étmt basmpbweh ageas AR - donut
shape, J ectan .

appr eci Qfl@gut?‘?%ﬁ?*t?? 0‘?%@5‘&8?15‘& r%t"ﬁa& % VG e?%%“‘%ﬁ g”*‘“%féé’ﬁ‘é‘t*“’r‘?%@ﬁ%t@ based
on ManUkaGLHRY /i6: Arebekenet1as eie@ﬁeftmt&h@cﬂea%& gaskale proyidesaskhe
required RE contact between set of confinement rings 312 and | ower

el ect r g€, Hupppmrhodinenidy mrde Bom a qeodeB]veumiin®. vk aprpipiesaprel WE gasket 350
the‘;‘lt g}eo gﬂgﬁpﬁ 54 Fﬂ?rh%&)ﬁe ‘xitF‘;uthr gﬁ&&%ﬁ% 3 tttwtm re &hf}@ a%dmg?itgnm ,

field naykdesd Qﬁﬂ@ﬁxe bihe Ot MREUMBILES su@adsh Mdem@s aﬁtqut«dﬁh@@af laphery of
confined chanber vol ume 310 and effectively creates a Faraday shiel d around
the pl d8HanSHShEy ot Bgdei g cpn Be ﬁ%‘uﬁé‘é%fhlﬁﬁe%ﬁt“”*—‘”q1ﬁi;|sﬂ“—‘ fgert e gr ound
return @[, . DAY iating a
region ?gp&g?@ﬁ%*{aggéﬁﬁdﬁﬁﬁg ¥ gahg{r)r}rgr cgfgiert&%g&ghf R&{L wuéeg{?éﬁ%%gr vol urre 310.
100361 thheqRFed RO wndtaretioms eenater aﬂmﬁammmfs iofgks @$2 aﬁNo&m@l eBBradysuppgort

i mpl enent ed h| n a processing chanber wt h fixed | owner electrode
corrponeqﬁt“é“”q: ‘a processi ng chanber that has novabl e | ower el ectrode
cormonqttt@s; &ttm%% pt%oumtsﬂ%k&@a@tteﬁtf&%@%ﬂt 3By bR RiTRhgARDEEE as shown
in Figs_ 4, 5, 0037 shows, in an enbodi nent of the

i nvent |\t9mimua«:taaugzr@Lﬂg@mﬂeﬁudmm‘m&ngbdmmtber @vluaw Héjiosthadh femga;ﬁnprit@h‘esm ng

chanmber_ 4 r to 3B 402

Coranr e A Ty e fofopd s B Dt SRR AT 1RG0ty ERNEES e a6,
whi ch i @aPBed vidima 3 NRADEBchiOVR e r@k @ GLIT RER y SHRRDKbwsd U Glddi@. thbRbAN

enbodi ment, RF gasket 402 is nade of a flexible conductive material, such
as st aipiPessng pliama upgprdwematiodilverihe Rﬂ%mgtaskretwmemmymnwe‘ wenabhortonut
shape N d Q N . C-shape
RE' gas eF tl%;f\"rp‘1 \W(?LU%’ gﬁ‘%é“%%lgg Eﬂt\wgi Dubﬁ“?n ﬁlat"%ﬁas 2 mensi on

| ar ge eawnafigdd stlmnmeﬂvmidmea«tbarge curvature area such t hat when the | ower

el ectrode Slé% ort structure is noved vertically, gfnd ring 428 still
r emai ngd 93 ’ggrﬁ%}&t‘ RV hAEEReTSBRE TS |’ﬁ‘g’«“&il’§ m@} Rty "t%mﬁé'“’%’é&%et 350

of Fi g - Fec . )
2011/ 02 Eﬁgfv Vi us2016 %‘4%%%8%@%%%? 5 r Ee;?‘}‘%’x“/‘%%fi??éﬁqo&%“‘;f/%%n"é‘ bet ot

cont acthas mmahlﬂttmﬁ@kdueﬂmemnp@reemndxedﬁhgo@&m acangamenmerly bei ng 412,
t her eby, \pﬁi{é)]\&/"l d%g%ﬁg short RE ret. ath 442 while confining plasma within
t he confiPHaeF? Pt Ligs * 1o ﬁ‘ F| g. 5 shows in an enbodi nent of the

i nventi i@m’? 1R8] ARl st’t‘xr dul e’%‘tltbcﬁhﬁ&{ @RI in&RE] VR EFabhSriGeRnPiRaRESLAGE hamber
500 w | RE ground return arrangenent. In this configuration, the |ower

el ectr ometdwptb&r@pstti pusting ehasbergib Fenit arhe Fkg)v\éﬁ aeti eBt # Bdezaslup 682 ts
ower .el e ode

Struct SO ti‘)nctl'tﬁ{gﬁ a}{.ﬁr&u,ncg by i\\;#uSczst ¥ 1 t §f nd g grgund T \C7\
suppor " FEHE A VS U aRd Pad 8’?6%&3 Rg é'zé ‘}‘é SRR TRE IR i n t he
sane diwiges isQhut of a movable lower electrode support structure. In an embodiment, RF gasket
402 is made of a flexible conductive material, such as stainless steel. In an embodiment, RF
gasket 402 mav have a half donut shape (such as the upside-down C-shape shown in Fig. 4, a
sideway C-shape RF gasket, or any other curved RF gasket design) that has a dunension large
enough to provide a large curvature area such that when the lower electrode support structure
s moved vertically, ground ring 428 still remains in RY contact with confinement ring 412,

Sinular to RF gasket 350 of Fig. 3, the shape of RF gasket 402 may vary based on



[ 00391 in an enbodi ment ground ring 528 may include a recess 504 filled
with a conductive liquid 506, such as nmercury, for exanple. D sposed within
conduct i WeOI20un2612806 i s a RE conductive rod 508, whi chPC3/usade/ofiT3om a
conductive material such as aluninun1 for exanple. In an enbodinent RE
conductive rod 508 is conflgureqz | east to co §)e confi nenment 512 to
ar ound "FAHERBIET S PHTISEREs iy oaRtact sgnpiatng e&éﬁ@&mw%@&%&

confi NeEBNhehéMing 132 3Me:8] 9&&%@ Ao Rr\b@nRkm eonduat wﬁnﬁ&dpé@}ﬁa "To

m ninmize the potential of exposing conductive 1iquid 506 to the confined
chanbeﬂaM@h@memnangésm@nRﬁiﬁmcﬁuch as an O- rlng) nay be enployed 1100401
Thus, flned cha

ol oct r Rt gor 188 ona BRUSYaRt e et A TBe e RaBb AR Vet oq s08
cont i NURusta®1DLathsRASIAE cWhhBirFo0 QREUCK F beodnGtuth AOfhee kb @RYRiFRI Nt ai ni ng
the RE contact between confinenment ring 512 and ground ring 528. As a
resul t ,coafigRBtipeths Wwsathcsa susppt swcded ifopvathie RE loeeusiackadersepport n

whi ch tf “mf‘)l t It\axlf smﬁ;&ql{ml“%mtnkg%v\ﬁoﬁherqgtipflﬂb‘%e?@ﬁgﬁ&@e HL!?Ltt)H ut%m%ge chanber

substan

vol une rﬁ@\ﬂs@lih em@fdaausmaum Age a“’anisaawm}mﬂ@@mlm& skii@ diréct®Rows, in an
enbodi nent of the invention, anothr %round return arrangenent for an
adj ust ale%"idaﬁﬂﬁﬂﬁ*@é%ﬂﬁgr%lﬁéﬁ%r 2800 i85 e arecew rddleday lah@usm%\é» | ower

el ectrage cﬁ“r%o%éh a%tﬂﬁéfgﬁﬂ*&r re%xﬂ}g@% o@NALTRY. LRGlMIE 5 m‘&rﬁ‘élﬂga kng 602.

Thus, as't I"ower ectrode support structure noves vertically, ground
ri ng 602nitstat sad MR iwigeh 1 ntdde fsane coiduegtd mmuﬂl}ﬁséﬁ 31*» h ltmaxm:m;ntbodl ment of

t he |nvent| t he rou return arrange es a |ng | oaded
ol ne bR e b e {a e SR ah i 4 kiR ol Paee

cont act. afhARARRAL 10RY uREnIBHS sHEOM &n&ORAYSTd NP cm&@ét% és@ﬁbhsﬁé&ﬁ h as steel.
The spring-loaded”sliding contact arrangenent may include a spring member

604. Srhehntgfnm@nbwnmmnmw I@ed aragpdirmg SEBatfa R¥ ow@canqﬂc@l *OSprimn‘gmn*ewber 604

b fi
et T O R ek R e A T

b|ased(@g@uﬁgh0@n$qnﬁ@p@;§ﬂ@09§§ground ring 602 10043.1 Thus: as the | ower
el ectrode su&port structure is noving vertically, grotnd ring 602 al so

noves UBO4Hd vty thihbordingd ichaabarivelinRes edwsiad by W baflewemesrtogs ng 612.
Wth tQﬁP‘Z‘R{ g’l%rmSQESSL@E';;%%#%&“&%% willle'r ?&?93@?&%:;11;9 r%*l%rc{ REd $hit,n path

642 is eturn current faverses al on € I nsi e of

confin e:msadm tivk rmgu RI1SV6L e gibo uindntinhg: 160 Rfmmnt%shmyexbaﬁkmémeﬁmﬁ 2soudr ce_
[0044] Fig. 7 shows, in an enbodi nent, another RF. ground return arrangement

for an GRGHSEHHTE g%m* BFeE ST FUERaHbEl pomvided faht%rﬂfo@ﬂﬁﬁmm’*a in
confi n%ﬁ%@ﬂ el Jagh Zl&n Yt 6l #fé@ uRf tﬁé‘ﬁl‘?&%ﬂ{‘m@%ﬁwtﬁé&.ﬁﬂ%&r\%’#mﬁ gamay be

par al | to a side §ur ace round rin s part of
a novabkgich owes e@dhéxsh&cbdehsumﬁxde thatia G*bhmm capifd bf Q&Exzﬂmns aehas#B2 i s

enploygﬂ %1 reate alarg Q?a0|t ance area bet conflﬂﬁnent ring 712
and ot Qi 0™ PRBSITARAT (7 pHigp; TRITET eSS he
capaci tang8erhSntithv: ﬁlr ﬁ%ﬁ%ﬁi@bﬁi fdedsQink hﬁmhﬁé}%@n%%ml I Figd handkglier the
capacit ancé val ue, | ower i's the Inpedance val ue.
lower electrode suppfm structure 18 movable and may include 8 ground ring 602, Thus, as the
lower electrode support structure moves vertically, ground ring 602 1s also moving mn the
same direction.
[0042] In an embodiment of the invention, the RF ground return arrangement includes a
spring-loaded sliding contact arrangement. In an embodiment, the spring-loaded shiding
contact arrangemment may be made from a conductive material, such as steel. The spring-
loaded shiding contact arrangement may inclade a spring member 604. Spring member 604

may be a spring leaf, for example. Spring member 604 may be fixed to a confinement ring



[ 00461 To create a high capacitance area (such as one wth a capacitance of
10 to 100 nanofarods, for exanple), extension 702 is positioned within

cl ose prowOdrentye2sr29ground ring 706 since the capacitanc@CofUSanoauBad i s
directly proportional to the area and inversely proportional to the

di st ance bet en ext S|on 70 round ri 8§ mdﬁ ‘g

capaci t4ncé? ‘t"ﬁ%%‘&b 1‘0‘)"“6& é“ﬁe‘ x‘ﬁ’é‘ﬁ%ﬁ*&‘fl gy SRR SFOFCHERIE as a
RF ShOQMRaGﬁm§QQQ%%§lﬁﬁﬁuf@%mﬁ&&H[@o@%ﬁﬁ&?%n&gairaVerse from confi nenment
ring 712 to ground rirg /06. In other words,” extension 702 and ground ring
706 cr d8b4y amsmzvyth:trbve@anbetrmw,np@ eettkes RovingrettignHy. quowsiing &ds t o
travers t he short at h
742" 2 BT HSQ By AR BRLP o0 s &P SR OT O B beRr i B bveit R 142
of pri gpridsloddedsliding TMSet 2B aSRORdnEla FErirat iy A Ss progidedad ehtyh e

pl asma i s confined wi thin the confinement chanber vol une. [00471 As can be
appr eci laﬁ@umrr@mrﬁmwﬁe#cgm thyinsshe! seninspentibe 8i honereust rishedheesent
|nvent|o [ ground ring arrangenents configured for

establ i'§ .(m9¥%ﬂﬁl&p “?%ﬁurn pat hs while substantially preventing an R F
field fgn&mmel. Mosiestsadl dnsuetehdirhed: ottt RiFdeoshibirhes avedgearnofortibe
proceSS|ng chanber. By creatjng RE return(raths wth relatlvely | ow

i npedarEBistabeREPPRIHRE CBURPENO0] & Hbrabedient o contitesial 588 BRERYo the RF
sour ce sl A, T DGe RS Ao akl e b mix%éﬁamifé@hﬁ? sifh SLB‘ QUi ded Y he RE
ground return arrangements. th th return erng kept away from
t he extwowmal riveghow mjh it hart pf moesshln@omaﬂmmadg Eﬂr@mt\ﬁ&mmc
2011/058&%%PCT/U820 /047379 £053|blllt of ni ti ng unconfined pl asma
out si d IHeensET {Urdt SORYRE I o116 Add %L%‘b AR AT NPV RP B 100481
Whi | e thissyionvanthenr frasrdeeamodessnidadnd f tu%ra‘»‘isu@{im@@i‘%Eﬁ‘lcxt%&f&r red
enbodi ment's, theére are -alterations, permutations, and equivalents, ss.thich
fal | wiitirsely he(zisébvee obpedapee. i Huenﬁzremheﬁmem@mamwm thexanwpl ieghear e
prOV|ded h FEInﬁ is intended that these exanples be illustrative and.
not |i '¥F Lﬁnt% respect to the invention. In addition, even though the

i nvent lgema;sr\d@em hbgeh dapadiohad R {dueh as @r&p@cﬁhbk}lﬁlakﬁ&l{mm% ph@sma (al ')
processi ng system the invention may also be applied in relation to an

i nduct nv}emymefbu’ffﬂ axupitlak gelepyiot eebismgsispaedwithin closappriielipliasimanpristessi ng
system- the (0)Y; e for
convenlgﬁgg S dﬁ%Jd “h%%hb%LﬁggﬁL?%pgpﬁxgtSgtgﬁg‘%ggggp§$lkﬁe

her ei n.pripurtitiet 1o theeliabst bagtech 9xtondibd 200 @obmcghhg”abbmmeaﬂgid f or m and
is provided herein foraﬁ nveni ence and t hus shogld not be en?Io ye
const r U8PHHEANGGTHe JaRd 7 éﬁF“wﬁV@HPFdH MM#%%miso%ﬁﬁ?ééﬁgﬁkiﬁ“?ﬁ clalns

|1 the &%ﬁn@& HRGLE rehiftn SREAXE HaRGEEHOn, ‘:%H{%Qmﬂ&ﬁ E"nhsfih i ERARE hQ 7BGVE 1S

commonly Under st ood mat hemat |c§% meaning to cover zero; one, or nore than
one nenhbnwukﬁaehmuhdnavzmubemnmiedgﬁh@twhmeaeuanepmhnysmﬁ&e%maeﬂméﬁmays of

| enenting the t hods and, appara es of the rese e . It is
oy of G LN At aerod Tho s TS rcB e P REoARee i RF 5Bibd as

i ncl udl;ﬁ% ald 4sSHENdA bEEALIRSTONRINBH At RS re RAGIEHNE ¥ahqat ¢ Bﬁmf @t
within the true spirit and scope of the present invention.

2011/ 02@;{219 POTsUS2016f 84 728mee path s provided while plasma is confined mthm the
confinement chamber volume.
{0047} As can be appreciated from the forgoing, one or more embodiments of the present
mvention provide for RF ground ring arrangenents configured for establishing short RF
return paths while substantially preventing an RF field from being established in the outside
chamber volume of the processing chamber. By creating RF return paths with relatively low
impedance, the RF return current is more likelv to traverse back to the RF source using the
more desirable RF return paths as provided by the RF ground return arvangements. With the

RF return paths being kept away from the external region of the processing chamber, the



Cl AFCS What is claimed is. |I. Aradio frequency (RE) ground return
arrangenent for providing a | ow i npedance RE return path for a RE current
wi t hin a wocoa#esreg chanber of a plasna processi ng chaniper/usaetiong7379
processi ng of a substrate, conprising: a set of confinenent rings,
wherein sajd set. of. confinement rings.js configured to suryound a confined
chanberim\%l’g‘ﬁé? ’ ‘&ﬁ%ﬁ“é‘i“ﬁ“§'§i"§5@%ﬁ@? ﬁé@*@éﬁ‘b‘“e‘f"‘%@? FRARRET S BAPIr ed f or

sust ai nj,9ga Py 28MBnf:Ql etching said substrate during substrate processing;
a | ower electrode support structure; and a RE contact -enabl ed
conpondf®48ivibirieiins makdicRBias betradiseriraloh edrsodporer prifeosd debodmBRscont act
bet ween, sai d :ﬁet‘ of confinement é‘j nﬁ\i‘ and ﬁlajmld,\hoy\%r. gl ectrode, support

st ruct JPEE STHREFHEPS FEURURENS APLERRELeH: Wikt W s ae8 9%t es

r et ur niRgrsiah d ARbouglCHTRNExDAGKs 40 padl-idlid 180uE Geis nidndethBatRFe@eQtRgies €t Ur n
arrangenent of claim| wherein said RE contact-enabl ed conponent is nade of
a conduwtiflyaragee end apr imigng ThiE RPeg louirinyettinen laprddngerers thetigkthei m 2

et e 1R PUBL 5 L, BUPRRR TSP B R o

conponeans invenirREa@alsk Bt applied in relation to an inductively-coupled plasma processing
systernn or & hybeid plasma processing system.
{0049} Also, the title and sununary are provided herein for convenience and should not be
used to construe the scope of the clatms herein. Further, the abstract is written in a highly
abbreviated form and is provided herein for convenience and thus should not be employed to
construe or limit the overall invention, which is expressed in the claims. If the term “set” is
emploved herem, such term is intended to have its commonly understood mathematical
meaning to cover zero, one, or more than one member. [t should also be noted that there are
many alternative ways of implementing the methods and apparatuses of the present invention.
It is thevefore intended that the following appended claims be interpreted as meluding all such
alterations, permutations, and equivalents as fall within the troe spirit and scope of the present

mvention.
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5. The RE ground return arrangenent of claim2 wherein said | ower electrode
support structure is a novable structure and said RE contact-enabl ed
conponentwp0a/RE2gasket. 6. The RE ground return arramgensne100%73¢$ ai m 5
wherein said RE gasket is conpliant, thereby enabling said | ower el ectrode
support structure to remain in said gE contact with said set of confinenent
rings when said | ower el ectrode sud‘B MM ructure is nmovi ng vertically. 7.
The RE @nupdifgidiyn arrangenent of claimb5 wherein said RE contact-enabl ed
conponent is a spring-loaded contact sliding arrangenent, wherein said

spri ng-1. chdeto Seqtency (8F giowg! mtwranyengment helpaeading adpwiimgedrendBE af f i xed
to said set oé conlif{%rﬁ]ement ,ri._ngs_ *\A@er}ejinaﬁaid spfri ng _mem_;)erU IS bi ased

agai nst'S VS BRRENGERY CBFSE AT BREc B RaREt %ﬁrb@&%“& BTSSR i s

conf i gufuedlsheode@nl & 4 fieRak aGinpMsind: sai d | ower el ectrode support structure
via a spring contact point when said | ower el ectrode support structure is
novi ng ver t il plronfigemTgiRE, Yhoomdadeeupiroafipanedmags sofongikaiethtT wherei n
said spring menber i,S;a.spring leaf. . 9..The. ound. ke L[ angenent
R R R e B R I S
RE gr oubgdsusedining a plasaagenaingtait balisou® dipigr shlkuarl gotayry; el ectrode
support structure includes a recess filled wwth a conductive liquid, 11.
The RE gr ourfidlOMet SEHT SleSHARISHERICISE: %9ai m 10 wherein said conductive |iquid
is mere ny, ,d2..Lh&. ‘ F.ak% G ent. of. akai !l nerein said
RE rod is dias%%é“e‘ﬁgﬁ <18 o ﬁ%ﬁ']&@éﬂﬁgﬁﬁ%‘? pil ydgf)}&rdc?:{/\liﬁgi ng said RE
cont actprboetiveeRF sandcidetwah seainki ctreftembmgsigandd sad thwowerirediestppode

support structu_[e. . . . e , A
structure such that said low impedance RF return path facilitates returning said RF current

back to an RF source.

2. The RF ground return arrangement of claim 1 wherem said R¥ contact-enabled
component is made of a conductive material.

3. The RF ground retumn arrangement of claim 2 wherein said lower electrode support
structure 1s a fixed structure.

4. The RF ground return arrangement of ¢laim 3 wherein said RF contact-enabled
component is a RF gasket.

S. The RF ground return arrangement of claim 2 wherein said lower electrode suppornt
structure is a movable structure and said RF contact-enabled component is a RF gasket.

6. The RF ground return arrangement of claim 5 wherein said RF gasket is compliant,
thereby enabling said lower electrode support structure to remain in said RE contact with said
set of confinement rings when said lower electrode support structare 18 moving vertically.
7. The RF ground reterm arrangement of claim S wherein satd RF contact-enabled
component is a spring-loaded contact sliding arrangement, wherein said spring-loaded
contact shding arrangement includes a spring member affixed to said set of confinement
rings, wherein said spring member is biased against a side wall of said lower electrode
support structure and is configured to remain in contact with said lower electrode support
structure via a spring contact point when said lower electrade support structure is moving
vertically.

§. The R¥ ground return artangement of claim 7 wherein said spring member is a spring leaf

11



13. The RE ground return arrangenent of claim 12 wherein a gasket is
configured to provide a covering tbr said conductive |iquid, thereby
pridhP8RYE hgoaitd26abidct i ve |iquid from escaping i nto saiPdTasadionems7ehanber
vol ume when said RE rod is disposed within said conductive liquid. 14. The
RE groupd_return arrangenent of clajm 13 wherein said gasket {s an O-ring.
15. The" Rﬁleg*?'aﬁﬁ R ST HPRSHEEALARIBP I g of A St e
contacgmggﬁg&ﬁqsggﬁgg@ent is an extension of said set of confinenent rings.
16. The RE ground return arrangenent of claim 15 wherein said extension is
par al | €l0. wheRagsioé reumfascepanaa oo tlaga P dviicosie said leetrrebgeodt ppoett

structure, 17.. The RE ground .return arrangement of claim 16 wherein said
ext ensi‘GHPE "68%%?% %Wé‘ﬁgﬁﬁ%?“tig} %‘a‘?“gb‘"l'tb\/@f*cg‘éﬁctrode support structure such

that a jijarge gapachd 8GR @hegerhét oF ERLR D Bekweehis abthuentengiien and said
| ower el ectrode support structure, thereby providing said | ow inpedance RE
return PAEWYf or said RE current back to said RE source. 18. The RE ground

return arr. pent _of .claim 1. rein:.sakd.L.ow i C RE _return. path
oL B AR Rle Sh AL RS s T e LmeIce BLaen
cur r entsaldcogénenatigual, RerdbivalrovidisbshdeR 0torsait dewanh kaiedetaiianbienvak ume,

t hereby . preventing devel opnent of an unconfined plasma from being ignited
dur i ng TEHEF @ FYE SSYTRECTO4QSUPPRE SRECYound return arrangement of claim 1

wher ei ny s alglg Bf %ﬁ:@z@.‘é@&n%ﬂ%wﬁﬁerﬁ o BaGARAGIHetaYh Ygéﬁﬁ@i"ﬁ la@fiﬁ %h@t? MPyBlRcessi ng
chanber. . The ground teturn arrangenment of claim erein sald set
of confd wement farismgsonduormd 8qokl, herdpguotinve: ymat emidattive liquid from
escaping mto said confined chamber volume when said RF rod is disposed within said
conductive hquid.
14, The RF ground return arrangement of claim 13 wherein said gasket is an o-ring.
15, The RF ground return arrangement of claim 5 wherein said RF contact-gnabled
component is an extension of said set of confinement rings.
16. The RF ground return arrangement of claim 15 wherein said extension is parallel with a
side surface area of said lower electrode support structure.
}7. The RF ground return arrangement of claim 16 wherein said extension is positioned next
to said lower electrode support structure such that a lavge capacitance avea is cregted between
said extension and said Jower electrode support structure, thereby providing said low
impedance RF return path for said RF current back to said RF source.
18. The RF ground return arrangement of clatm 1 wherein said low impedance RY return
path faciiitates said RF current back to said RF source without engbling said RF current to
generate a RF field outside of said confined chamber vohume, thereby preveanting
development of an unconfined plasma from bemg ignited during said processing.
19. The RF groond return arrangement of claim 1 wherein said processing chamber s a
capacitively-coupled plasma processing chamber.
20. The RF ground return arrangement of claim 1 wherein said set of confinement rings is

made of a conductive material.



