EDGE ELECTRODES W TH VARI ABLEPONER By | nvent ors:

Gregory S. Sexton, Andrew D. Bailey IE, and Andras
WKai0Ri10BACKCROUND [ 1] The present invention rePEr/@S20081054025

general to substrate manufacturing technol ogies and in

particul ar to apparatus and nmethods for the renoval

etch byproducts froma bevel edge of a substrate. [2]

In the processing of a substirate, e.g., a

sem conduct or substrate (or wafer) or a gl ass pane

such aFHGEESECTROVESWITH VAR BRR POWER 0,

plasma i's often enployed. During substrate processing,

the substrate (or wafer) is divided into a plurality

of dies of square or rectangul ar shapes. Each of the

plurality of dies wll b&ydmen@rs:integrated circuit.

The substrate | hen praqce AN sel | t eps

Inunioh. ey 9, Aol eé‘@?%aélﬂ/nﬁé‘rr’r‘g%%‘%gs( Blunf © hed)

and deposited. Control of the transistor gate critica

di mension (CD) on the order of a few nanoneters is a

top priority, as each nBxumtrwoudpvi ati on fromthe

target gate length nmay translate directly into the

operati onal speed and/or operability of these devices.

[3] Typically, a substrate is coated with a thin film
[1]of THarpresvetineentios irdatef Bugsheraktogubtiviconanifasturing d¢cnologies and
. prio o_etching, Are f, 1 r '
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asuHiggel ying |l ayer to becone exposed. The substrate is

then placed on a substrate support structure in a
[21P! a8ITRe ProB&SIRS NG sGhiahled.q., ASeraiP@idafpbr aberaelorafafer) or a glass

pl asma gases 1s then introduced into the chanber and a
pans! awaleasi encgesedrint el pageledislax ppplaciuice plasep 16 Haten cmployed.

substrate. [4].Durin n, e Ce83.S, . - .
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often formed on the top and the bottoms rface% near a . 4
Theiheiaa b BIEREESH TSRS SHS) I BLERTHIHaa GeRei ) eove
(or %&Eg[ﬁlalﬁ AL RN, R&Afrol dFehLS88isRF gdth Britfdbihieadion (O dalthe order

resul’'ts 1n accumul ati on of polynmer byproducts on the
of 4 fopr mndmetArstihe topricon sLtethpaymster deation fiont Be sargd gate length
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to about. 15 fraomthesubstrate.edge. v -
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result of several different etch processeﬁ,,ﬁ{gagic )
removed, causing parts of the underlying layer to become exposed. ¢ substrate is then

placed on a substrate support structure in a plasma processing chamber. An appropriate set
of plasma gases is then introduced into the chamber and a plasma is generated to etch

exposed areas of the substrate.

4] During an etch process, etch byproducts, for example polymers composed of Carbon
(C), Oxygen (0), Nitrogen (N), Fluorine (F), etc., are often formed on the top and the bottom
surfaces near a substrate edge (or bevel edge). Etch plasma density is normally lower near
the edge of the substrate, which results in accumulation of polymer byproducts on the top and
on the bottom surfaces of the substrate bevel edge. Typically, there are no dies present near

the edge of the substrate, for example between about 5 mm to about 15 mm from the



bonds that are normally strong and adhesive w ||
eventual | y weaken during subsequent processing steps.
wab@spaizgner | ayers formed near the top and boPCDIS2008/054025
surfaces of a substrate edge would then peel or flake
of f, often onto another substrate during substrate
transport. For exanple, substrates are commonly noved
in sets between plasnma procéssing systenms via
substantially clean containers, often called _
sulstrsts etlge s Honsvas, 45 sybesssiyroiprddoeiarplandy Sayesst ase deposited on the top
anni ﬁ(ﬁ S %nllr a@gsd?f thf Bevel & n%%':é ?e%{élb é) %{3 ?ldcﬂ\%% thaeté I}%!Jcee%seg organic
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Dielectric such as SIN and Si , .and t al
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do not get renoved during etchlng processes. These
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etch byproduct pol I ¢h ne ds to be renoved
whetsdigs T CRIFFEpt PBte%Wi]iV&% W‘B\Aﬂ%@t)@e ccumul ation and

chanber particle issues. of the for n
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ectric metal filnms near the substrate )
renipeeé Idugug etchinp prackssb e Thésatidmp gan algo avmndﬂfﬁ% enfhiliket 916 during

of pol r ct and e
suﬁstH%Btv O%ef%gggtgpsy IH’IE}‘G yi @Es\f[léﬁ}q d. I y(ﬁgbgléa% interior of the
prdche dhambrpsedch ertioaibeenils, fdah|alsbl’l&zcmﬁeldtebgtclpbgﬂocdicngolymers
structures and nechani.s val
whigfipreseiuét 8¢ TENR{ed ReFPLC 1Bt e R S i iy i gharber

pm%E@?&ﬁéJe bevel edge, and chanber interior, to avoid
accumul ation of polynmer byproduct and deposited

f 1 18, 3Rd,A e 'f&@écﬁ%ﬁ tRerOGES She¥d Brhpphtau® rbﬁﬁ”rﬁ’eﬂklﬁls that provide

appreC|ated t ha € present iInvention can
impropddemedhizeigms of mmmulo‘nfsetckalgwrodluﬂtél dieleettjc éié;maafpir pelekBlms near

an a at us sten1 Severa
GBI st <. 0 St Eior BT sk PPt gy boproduces
andP@lpBWed [iBhs hill ©@MEpRIGPELEERkld. @ pl asma processi ng

chanber configured to clean a bevel edge of a

substrate is provided. THEUMMRM processi ng chamber
i ncludes a bottom el ectrode configured to receive the
[7]S UbBioadlly&spe iRy, elienditdiesed ebodimehe dill daeneed by uplidiolg siouctures
a radio
and mechanisms of removal of etch byproducts, dielectric films and metal films near the
substrate bevel edge, and chamber interior, to avoid the accumulation of polymer byproduct
and deposited films and to improve process yield. It should be appreciated that the present
invention can be implemented in numerous ways, including as a process, an apparatus, or a

system. Several inventive embodiments of the present invention are described below.

(8] In one embodiment, a plasma processing chamber configured to clean a bevel edge of
a substrate is provided. The plasma processing chamber includes a bottom electrode
configured to receive the substrate, wherein the bottom electrode is coupled to a radio

frequency (RF) power supply. The plasma processing chamber also includes a top edge



frequency (RF) power supply. The plasma processing

chanber al so includes a top edgeel ectrode surroundi ng
w@roosneBat i ng pl ate opposi ng the bottom el ect POTIES200$1€54025

top edge electrode is electrically grounded. The

pl asma processing chanber further includes a bottom

edge el ectrode surrounding the bottom el ectrode. The

bott om edge el ectrode opposés the top edge el ectrode.

The top edge el ectrode, the substrate di sposed on the
eletiotde crnreliraitg aul ensubiolg 1phiee benosioen thel ettanh ebcirodte dhe top edge

confi.gured to ge rat a cleanln cl ean,th
clefi i O gEealF oRTLE Hde Pl ? B Y B BRI e e Aetiom
cdg@ntbctrb® habtaimehebbtod EIecafoae eTE&Edtﬂoﬁlaédgy ele@tiak eﬁpdsés the top
one anot her through an RF circuit tunable to adj

edgetpdectipdfnthegep R#ge&hwr@flﬁ Rsoupgiratsedisnoesd aonige %%fgle F'gftéodc and
thedt:}oﬁgﬁsé?l e ch‘:ctfr&fc Q@E&&T&%%%&Mﬁe a cha%mlﬁg iR |6 g%an the bevel

ectrode and the top “edge €l ectrode I n anot
edgerdfaii substrate. aThebht@?dn @dgecftl@andmgi@thb éo@m elgleodsf ara electﬂcally

coq?ge?ﬁt‘ér %te eanl tﬂ%rethpo Sﬁfngrcuhtat Bl 1o ad ngl‘Lg ogrr#—g? RF current

I AC ANy & SubstTat e
goiftt Batve@rife subsirite dppeee ss tvdoatia mbaerrodevdhe beitem kg electrode and
bottom el ectrode is coupled to a radi o frequency (RF)
thejopsdee 86 The nethod al so includes flow ng a

cleanln%}gas into the proceSS|ng chanber The ?eth d )
[91f urInhaothch embadigege e oA Placleaniign? BV 5| 48He! Restibstrdie in a

pro?ses\{iﬁk cﬁgzgﬁeﬁqg Hjtr&ﬁ[‘de?lUb§ he 3leth EQnElh@e@'blﬁéﬁ?g Q%\i@étra@d&? aBbttom
poweri ng t he

ttomelectro F power supply
clearde by tgr poneksing charhbg, e/hgemeﬂhedxottmdeelecﬁhéﬁ pr Qm:lekidltﬁgl radio

fre(ﬂ%gc&b @{F) rri)g)%ﬁf glﬁpﬁpyoggge egneﬁ s%q%%lfl’ ersnr e%/nlg I n%l 1n%,#as into the
prob&Bine @88 € ClHcOdethb® figthee inciudad bahogiring! rad&ammg 1hmtrtaomaar the
edge el ectrode surrounds the botton1e]ectrode

bev@b?ﬂgg@g therrabligs t@d:b?@n dhehevelsdage bym@w[néag ]éqjlgoétom gcctrode with a
RFZJIO\%Q gglg’an& 99 gﬁﬂg&gé Qtt&) Qigé B%@@&heo Thb B?oc@é?.hng:’Khmber has a top

and“t he bottom €dge el ectrode are
ed@@ldmrgdﬂ'sﬂad'omuh@mmmlﬁmgh@ﬁt@ bmmma thepgtostemmeelecthde. bbie topredee

ele%qoggﬂsre %1%(: rtlcir 9 %503%? éifjhz? gotgotnrrté S eoetl ‘1.:1'5(5 %?r he b(l)__g__om electrode,

andCoppotHstthd Wwhakbe elelraid] USk thh edgarmmtrbdeofthe%bmataf disposed on the
goi ng between the substrate dIS osed %FQi In a%ﬁ:}

botiswh SF FRSst ncats RRSRE BHESCRELPHfg MEHARBBISE bh Fritiie % geaning

p1a5+e? P Py Bl g@ gﬁ@tr&l‘e aﬂd %%Qtf)ﬁte@ech@daoir@‘élegt%@ally-rdib@pled to one

asm proces i ncl udes a bottom el ectrode
anoa:’rwnfhrglghe?d bemrc@aéumbletth @dslstkih@ ameunt of RE cyeentgging between the

Iecé_ode is configured to |ift up the substrate by a
subgirgl FFREY of 1ift pins and the botton1e|ectrode i's

o S5t B AL e (o0 Rt SHRRLY G Thy s
cdg@lo@ LiRBRe is provided. The plasma processing chamber 1ncIudes a bottom clectrode
configured to receive the substrate. The bottom electrode is configured to lift up the
substrate by a plurality of lift pins and the bottom electrode is coupled to a radio frequency
(RF) power supply. The plasma processing chamber also includes a bottom edge electrode
surrounding the bottom electrode. The bottom edge electrode and the bottom electrode is
electrically isolated from one another by a bottom dielectric ring, the bottom edge electrode
being electrically coupled to the bottom electrode through an RF circuit. The RF circuit

includes a resistor and a tunable capacitor between the bottom electrode and the bottom edge



surroundi ng the bottom el ectrode. The bottom edge
el ectrode and the bottomelectrode is electrically

w0 2@Bavead f rom one anot her by a bottom di el ect P€T/UR2008/054025
the bottom edge el ectrode being electrically coupled
to the bottom el ectrode through an RF circuit. The RF
circuit includes a resistor and a tunabl e capacitor
between the bottom el ectrodé and the bottom

edgeel ectrode, one end of the resistor being placed
clepgadreers ot resitias hgingatiased peieening hoHemtadapbleeirode and the
t
tun%ﬁl@ %%ﬁcfltég&‘ ?xzd;gle og}%ﬁgﬁchp?fg tgg gagllsﬁ)fr bglﬁg ﬁ{)%ﬁh u?{}ﬁgnﬁésﬂﬁ processing
chamt[ek tidésr emdlunips edge ec@eead:etctrod%smonnchnmdm ngulatr ipl‘asmb]atoang the

oo SR e 0 0 B PR P o e

ance HRCAdt@HE el kldchBd DB fosn &fégaeomlelectrﬁ@d@ QRPRELGoRN €he botiom
anot her. The top edge el ectrode, the bottom el ectrode,

clegiFngiet sl B@thﬂ@ﬁme@@@ clraeder el sonfiearddnfseaeria eleaning plasma to
cle} ﬁh@% e@gecolfggrg&&]g[ ‘I%I asma to clean the bevel edge of

e substrate n yet another enbodi nent, a
| a ' I
1,5y BAOEE S50 EhT AOLLONE e S 1R8O v
edgehﬁmsetbstnateok phﬁbeﬁledi 'ﬁh)&t filesmagirecbsigrchacbaf ingud@a Hogom electrode

receive the substrate. ot t ectrode, | s coupled
cortfiguzgd ta&?fal\fﬁrtﬁa SRS ( ﬁ% %fﬁ Pleglislss ol 58 R ey
r Q58S Shpdy.C heRbRisnal ﬁ@cdsﬂﬁ% URESHheR alsOPin€0@8 £1dpCddee dectrode
surroundlng an insulating plate opposing the bottom

suresupding ot ensuliag o em@enmﬂecwt@ab eliegtragie o chhejtem efige electrode is
oo, PAESISE SN B ETIGIL A 5 ot i

elehﬂ:tdta emr@indng ltlmimttoﬂneectrodet dPheebdgemeﬁgachmm@ée oppesahe top edge

the t ed e el ec r od T ottom edge e trod a
clogiis AEp GG 56 CEECHIF S DR CBHAGROT HOP Bop Gt bottom
ed RAGLBAEEILER S titd BRM dlectione thgiek mﬂnedne@:tpbﬁféeenﬁhlmebp edge

than an opposite end. The top _edge el ectrode,

th
elesiteidst thesebstits dissessd on thenkotiont dlesiods. dpd Ff@d@ttoerf*&g% flgctrode are
con?% Iteg % gg%gﬁ t%l egltecrm%%egﬂgtﬁa &P @%’mg H:Heegevtepe nﬁftﬁé Subktrate. The

eani n an the bevel edge
bot&iﬁbeﬁgeaaectroﬂhemha:he otterd geectbéc breoclectacudlyt dmeplbebtt@ @ne another

e are electrj.cal.ly coup to one. an
g G G S SIRRIEPIE G A RRS P oS A e i gpbstrte
displseg Ur rent goi ng between the substrate di sposed [12]
O her aspects and advantages of the invention w ||

[lzpec@ﬁ@r aRRek e fdvamagdicof§ B! veign detiBbbRehe apparent from the
description, taken in conjunction with the

follawtrgnpeaiadn éesmmwnn diken j in| epsfungliem gvithy thRagecompayigpfi@wings,
inubiP%inBhL UG B SSnfle il &Y nvRbER DESCRIPTION OF

BRIEF DESCRIPTION OF THE DRAWINGS

[13] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.

[14] Figure 1A shows a schematic diagram of a substrate etching system with a pair of top

and bottom edge electrodes, in accordance with one embodiment of the present invention.



[13] The present invention will be readily understood
by the follow ng detail ed description in conjunction
WOWRaR/109289 acconpanyi ng drawi ngs, and |i ke ref ePE€nUS82008/054025
nuneral s designate |ike structural elements. [14]
Figure I A shows a schematic diagram of a substrate
etching systemwith a pair of top and bottom edge
el ectrodes, in accordance wPth one enbodi ment of the
present invention.[15] Figure |IA-1 shows another
[15¢ mbbigined rt-1 slayptsaopther amdboiliment repBANg rasistor ¢ o4, dmmeerdaigevith an
errb[o L,ment I(13[f. tgtelmpr esent invention. [16] Figure IB

n.. [
emBaliamA O tHUH esen inve ; ) :
HOWE" an el argela region B of Figure I A 1in accordance

ith one odi ment . of the.prgsent. i nveption, 7 .
1168} oEieRTH SRoRs Mnerufteed B BoftoRhofRE drseiihle o one
emBSGRECTAR pskit igvratigbodi ment of the present

invention. [18] Figure ID shows the bottom edge

[178] eEibiRdrr REbRY 8T QURSRrANAL breFodRabA € it afReddhed with one

tuned to a | ow value, in accordance with one
emberioeitipd Hie pafsentiavepii@sent i nvention. [19] Figure I E

shows the bevel edge cleaning plasma generated by RF
[18povEiged ERbshpwatthe dntiory r@@ﬁcﬁg@trp% beigg ezreinded e thpdunable

r.ounded hot t d el. 4,2C.C0 > i

cosgh B0 AP B CrRG. s dhict et i CROBRR Gl 1 b Wesem
invéiias that part of the RF power supplied to the bottom

el ectrode is supplied to the bottom edge el ectrode

[19)heriglidog Ftdupablie weagnadid deaning flasnaceheratad by ®F poalersd, substrate
i n accordance with one enbodi nent of the Pr esent

ang gﬁ;@pﬁe;ﬁl dep etllglﬁlecppaeu and grevnded hotterp £dpe Glsft Oéla,g]él accordance with
onddnfRA Gt Qfﬂép%s&?ﬁﬁéﬁio‘ﬁd by RF powered substrate and

ottom edge el ectrode and grounded top edge el ectrode,

[20:] n ﬂ%l?l‘g r ﬁaglﬁ)gvéz]\/\fhg] Bé}p of ?ﬁ'ﬁbgﬁ' PR s@fpticfQo pc?tl,e %@ﬁ&r? electrode is

nventi on. ure 2A shows a process flow of _
suppiakoahé bgtom dizy elecedipeviehdaniunalptapesiwr is tinalde arhdzingéue, in

w th one enbodi nent the present invention. [23
acc?ﬁ’d@%‘ieé“’lg'é’@ﬁg&gdlgﬁ&cﬂﬁ?e %Fsggtelg‘éenﬁ Prclj:/v \(;f glener aEi n]g a
bevel edge . cl eanin l.asmm, .i d i
21D YRR STOPS DD BIEn AT G BT A D R oSy substeae

and® PO &dRE URRESAd AW grfima&Nespatd R elBcifda8 e facdoRda@Ed @Mith one
cl eaning plasma, in accordance wth one enbodi nent of

embdvemert @f teprasery éveném.
[22] Figure 2A shows a process flow of generating a bevel edge cleaning plasma, in

accordance with one embodiment of the present invention.

[23] Figure 2B shows another process flow of generating a bevel edge cleaning plasma, in

accordance with one embodiment of the present invention.

[24] Figure 2C shows a process flow of generating a chamber interior cleaning plasma, in

accordance with one embodiment of the present invention.

[25] Figure 2D shows another process flow of generating a chamber interior cleaning

plasma, in accordance with one embodiment of the present invention.

[26] Figure 3A shows a schematic diagram of a substrate etching system with a pair of top

and bottom edge electrodes, in accordance with one embodiment of the present invention.



[25] Figure 2D shows anot her process flow of

generating a chanber interior cleaning plasma, in
waecwsnaesce with one enbodi nent of the presentPCT/US2008/054025

invention. [26] Figure 3A shows a schematic di agram of

a substrate etching systemwith a pair of top and

bott om edge el ectrodes, in accordance with one

enbodi ment of the present irvention.[27] Figure 3B

shows a bevel edge cleaning plasna generated by RF
[2TowErzedt BBtshows elbeetlrdde clrardnd plasromgentgatede be &' pberanibttom

R e OBt el SCCRE iRt el SR oy T afance win

oné BavsdiRcRaT theGhesantPiv@ag&si Nng chamber to cl ean bevel
edge cleaning simlar to Figure IE, in accordance wth
[zsﬂneF%M BRIMs Ofartt d18 RERSAIRH chbM¥ @RS cRM bdvéPddgElcBUKiBg similar
B shows a part of a processing chanber to clean bevel
to Bigus &), saasrerganse miithgne embadingeit of the prosent vedti®ance with
anot her enbodi nent of the present inventi on.@[gsog o
29 ghiicere4B shvons: martpd atpresessthzptisnber 49 algae brygbrige clganing similar

o BB MBSy AR LR 8 Frafon Lo

jnventio DETAI L SCRI PTI ON H VPLARY L
e P 8 P e YRS BARNE LY plgpning sl
to FigRicQECHh REdrisict s yansomecheiidmms bthe prEsneineéion.

byproducts, dielectric filnms and netal filns near the
QEEAHSA: DESGREP TIONDE FHEE BEARY o DEMENAS
byproduct and film accunul ation and to inprove
[319r 08 &&sul yk@hglaryleinbadlin ents doaippasved striaurthasienshimhibregto ramove

el PypraUECts el BT 55§ Mt Dopusr [ A B S GPEF g phamber
int&§r b Bvoid Eg%m@f P}%&uhﬁrﬁhﬂﬁﬁc&xﬁhﬁ[ﬂﬂ%d 10Qufiove process yield. It
e

cl eaning a bevel edge, in accordance with one i )
wikhbapiareshto thdseskidledindbent thetibhe prerEh INVeH IR bERERcHERd vyithout

so@%%ﬁ%ﬂro%ttﬁe %ﬁ%ﬁg?%taiis}gt Wi ReBipSubstrate 150 on top. The

rate I's an electrode, which is

ower ed a RF (radio n r T.
8] Eier B afpiicn £eitis” AL BB BT saBe Hh ofdatr N one
embd@mehtno ROt f&Eneivatione NThantbee 16Lbsd & atlsstistepmopdrt 140 with a
is an electrostatic chuck. Oﬁgosi n thg I Qr\\/\g{) 4 by a RF
subisiralet 50 @8 tamoThessuRHranSpPe JF0 ft gy deciigds. WhicTgljgowered by 2
(ra&imgﬁgl%@tpowtep §ufcel 1338 Tg@ﬁbgt?tﬁéjs%)@ért et dalled 1B®er electrode
center of"‘the insulator plate 163 to provi de process )
14@ak anbtier smbstimetteths gphstipte sepnertal 49ds b cIRETqsHlR itk o Opposing
rounded. . The .subst r.at a : £t
iehgihelod” PR IR LB Epat o2l el RiPliREO DARs gelfieca 16
colpldasth it @nteAST 186 Distilaion plardicd Mo frooide bragessasas. ATtarmuibstrate support
enl arged region B in Fi%ure | B.

calb%a&bbel PYWECTEg WPW%d hesubstratg Slg.lf; ggg%l Ie:(?g'e 1ki$\{hea|t includes a

top and a bottom surface of the edge of the substrate, as shown in region B of Figure 1A and

enlarged region B in Figure 1B. In Figure 1B, bevel edge 117 is highlighted as a bold solid

line and curve.

[33] Surrounding the edge of lower clectrode 140, there is a bottom edge electrode 120,
made of conductive materials, such as aluminum (Al), anodized aluminum, silicon (Si), and
silicon carbide (SiC). If the material is aluminum or anodized aluminum, the aluminum can

be coated with a layer of yttrium oxide (Y20;) to protect aluminum from being corroded by



l'ine and curve. [33] Surrounding the edge of | ower
el ectrode 140, there is a bottom edge el ectrode 120,
wora@s/1eR23conducti ve materials, such as al um nuPCT /BE3008/054025
anodi zed al um num silicon (Si), and silicon carbide
(SSC. If the material is alum num or anodized
al um num the alum num can be coated with a | ayer of
yttrium oxide (Y2@B) to protect al umi num from bei ng
corroded bythe etching chem stry. Corroded al um num
the gtehifnf adhemofry. aﬁ@@h@s&éurmaumi @heflghe obif end caBetpadiette problems.
| ower electr 4 tQ de 120
Be{%egP ethe lc“’glerbo m&e gl el"8 ect i %(H{r%‘l n Engfzéligcgliog%tq rE‘IS cglfﬂie 572 botiom
diSepss ahg Ng1 tdﬁ@tﬂo@ﬂﬁ fsefkrR@E rtael eoxﬂeéoelwnddd heo hed ttmnbetdcgﬁ edge
el ectrode 120. substratel 5

|
electiodeohilactn gpe an?ncﬁjém%t g@ﬁ?ﬂé@ég is ey 6@@032’6‘9 *B%&sﬁ%m edge
e1efc&@deb@bt BN GEAIR &Ju%ﬁlt e\rﬂgg Bledirfde 1@61 Hefe is InARGHBREM %htaaﬂg ring

insulating ring extends the surface of the
12povhichedees ted mﬁam)@%thqmwna@qigﬁgﬂ@tm@t P28t facing gubstrige 150. The
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bottom electrode assembly to move up or down. The bottom e}ectrode assembly includes the

tthe power

bottom electrode 140, the bottom edge electrode 120, the bottom dielectric ring 121, the

bottom insulating ring 125, and the isolation ring 122.

[36] Surrounding the insulator plate 163 is the top edge electrode 110, opposing the lower
edge electrode 120. The top edge electrode 110 can be made of conductive materials, such as
aluminum (Al), anodized aluminum, silicon (Si), and silicon carbide (SiC). In one

embodiment, between the top edge electrode 110 and the insulator plate 163 is a top



bottom el ectrode assenbly to nove up or down. The
bott om el ectrode assenbly includes the bottom

web@siionde 140, the bottom edge el ectrode 120, P€TES2008/054025
bottomdi el ectric ring 121, the bottominsulating ring
125, and the isolation ring 122. [36] Surrounding the
insulator plate 163 is the top edge el ectrode 110,
opposi ng the | ower edge el edtrode 120. The top edge
el ectrode 110 can be made of conductive materials,
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forgyfctop R mgﬂﬁéﬁeﬁébMeen the insulator plate 163 and
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insulating plate 163 is kept very small, such as less than 1.0 mm, so that no plasma would
generate between on the substrate surface that is beneath the insulating plate 160. A plasma
can be generated near the edge of the substrate 150 to clean the bevel edge, with the
grounded bottom edge clectrode 120 and the grounded top edge ¢lectrode 110 providing

returning electrical paths, as shown in Figure 1E.



bet ween about 10 pF to about 1000 pF. If the capacitor
151 is tuned to be at a | ow val ue (|l ow capacitance),
wG olk/1ee3bet ween about 10 picofarad (pF) and abomUSZ008€054025
pF, the bottom edge el ectrode is grounded, as shown in
Figure ID. The bottom el ectrode 140 provi des RF power
to the wafer 150 to generate plasma. The space between
the substrate 150 and the irfsulating plate 163 is kept
very small, such as less than 1.0 mm so that no
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resonant frequency far froma resonant frequency
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bove, the resis 2 can mﬁth a_ .
e @GPt e FihOR MLt e GRRLEY afi SR IRE P clpecarytst. e
cap@ito? NBWNardNrckis @182 | hable a Bew RirsceSABRob ROtHe Bkl efge cleaning
edge el ectrode 120 and the wafer 150, through the
chagbet om el ect rode, supply RF power to generate pl asna.
The top edge el ectrode 110 provide returning path for
[41} heDwingsnabsteade kavelder pleaminppracesitheiid P et 23Rmpplies RE

o PEIES RSty M DGO S8 1900 A 448, 630k
100c apidc td aboul ZDO@vhtis ds i gsharate 125 2leamab blsiaa.n elhepeleamemsplasma is
conlﬁgl?rgd tt(? bEa tE‘Sn nedeby t%d%p 8eﬁegpl-fcn1%g 111, top edge electrode 110, the top
insulating ring 115, the bottom dielectric ring 121, the bottom edge electrode 120, and the
bottom insulating ring 125. The cleaning gas(es) can be supplied through the gas feed 161
near the center of the insulator plate 163 or gas channels 164 to openings 165. The cleaning
gas can also be supplied through both the gas feed 161 and the gas channels 164. For
example, one type of gas is supplied through the gas feed 161 and another type is supplied

through gas channels 164. In another example, a percentage of the total process gas mixture



chanber. [41] During a substrate bevel edge cl eaning
process, the RF power source 123 supplies RF power at
wa@2dmsaozency bet ween about 2 MHz to about 13 MEI/ERIO&054025
power between about 100 watts to about 2000 watts to
generate a cl eaning plasma. The cleaning plasm is
configured to be confined bY the top dielectric ring
111, top edge el ectrode 110%the top insulating ring
115, the bottomdielectric ring 121, the bottom edge
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substrate 150, Dg, is less than about 1.0 mm to ensure no plasma is formed between the top
electrode 160 and the substrate 150 during the bevel edge cleaning process. In another

embodiment, Ds is less than 0.4 mm.

[44] The plasma genecrated in Figures 1E and 1G is a capacitively coupled cleaning
plasma. Alternatively, the bottom edge clectrode 120 can be replaced with an inductive coil
buried in a dielectric material. In this embodiment, the capacitor 151 is set at a high value

and RF power is supplied to the inductive coil. The plasma generated to clean the bevel edge



of the bottom edge el ectrode 120 or top edge el ectrode
110. I n one enbodi nent, the space D EE is between
wW@b@aioR3d cmto about 2.5 cm In one enbodi mTEPCT/USIDE8/054025
ratio of D/DEE is greater than about 4:1, which
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the distance fromthe bottom edge el ectrode 120 to the
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by powering the bottom e¢lectrode and a bottom edge electrode using a RF power source and
by grounding a top edge electrode. For this embodiment, the tunable capacitor between the

bottom electrode and the bottom edge ¢lectrode is set at a high value.

[48] As described above in Figure 1E, the RF power supply 123 supplies a RF power that
is transmitted through the substrate 150 to generate a cleaning plasma with the grounded top
edge electrode 110 and bottom edge electrode 120. The cleaning plasma is around the bevel

edge and cleans the bevel edge. Due to direct RF through the substrate, the substrate surface



tunabl e capacitor between the bottom edge el ectrode

and bottomelectrode is set at a | ow val ue. [47]
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'S no I onger neede imlarly, e space requirenent _
fromeRRsenrct 123 tope tde teitent ¢dgd glettt@lcaindzentrele riranomndasge with

higgérgge%ﬁfyﬁrgea%ﬁg:bed%gf wgfé)acgcggs C grrr]lbéarbtg %ﬁ]o&'c?eaﬁi%to? cﬁ]a%)r}& walls or
components near chamber walls more efficiently.

[51] As described above, to clean the bevel edge, the frequency of RF power used is
between about 2 MHz to about 60 MHz, or a mixture of frequencies. To clean the chamber
interior, the frequency of RF power is between about 2 MHz to about 60 MHz, or a mixture
of frequencies. The plasma used to clean chamber interior normally has a higher plasma

density than the plasma used to clean bevel edge; therefore, the RF power used to clean



Chanber interior |eaning plasnma does not need to be

confined between the top edge el ectrode 110 and bottom
wedys/1ed2ect r ode 120 or between the top insul at PELUR1008/054025

115 and bottominsulating ring 125. The cl eaning

pl asma needs to diffuse through out the chanber

interior to clean thoroughl [50] During WAC (or

chanber interior clean), t he3 RF power is supplied to

the bottom el ectrode 140 and the tunabl e capacitor 151
chargbar (wferdort kys dighennfrequpnsa(ics) thagtee BHipowEmesed o Hearnbavhleedge. In

ectrode
onk BB SR E RS0 %21321%%‘? al‘ﬁ*éﬁn%‘?%ﬁ %9%?1%‘? tunable
apagi.t or e Sel y [

I5Fine L S PG S snPisd Bt o
ac@Elgdaial ®ahé aﬁmbbplnmﬂermeeaceﬁrﬁﬂnﬂem gasﬁlhlaﬁil‘ﬁbd/\pﬁotbréﬁl@,hﬁé’lecmc

density near the ed t he process chanber to all ow

MAGr@lin SHE & CHfa ARk A %%%?b 43 C?ﬂdue%‘f?p@ﬁ‘éﬂ% & SYemes danalRy tantalum
mt}’i@é lafinRER, Sidoh Cdr%ﬁlgﬂcy Tﬁ%]lteﬁﬁs gl%ﬁt@tfn'e@ ﬁ&e ARVHG extaﬂlples The

cl ean the bevel edge, frequency F power used
inviestitretoneeh cabalse b amd ttqaoféibrowh@erblq\ﬁilzl,ectaﬁ mptemiajet Qyregnductive
f. Erequencies To clean the chanber interior, the

?@quency of RF power is between about 2 Mz to about

a m Xt ure uenci es S use
Sﬁ E/Hégn&gﬁ o Progess, ﬁfﬂg@%ﬁ grr r% almngﬁche eveﬁecﬁ n?the sip strate in

acddenstd with bﬂ&eﬂﬂb‘tﬁlnﬁérﬂ%ﬂﬂw lpScS%thﬁ)veﬁh@ﬁrffl’ﬂ:@t&iesﬁd@a at an op‘uonal
therefore, the RF power used to cl eanchamher i nteri or

stepg41 RY eV ing dsy bt Tqme & procersinechambpss SRS theteds ¢ gubstrate in

thecﬂ:r@?e@s Qg\fﬁém&gg@f theR @8t KFRLAL T Wafed NE 1R I%Qééﬁﬁg chatber, a
dua frequency power generator. B d) ferent

chanhtemrsttrmr ekac a1 WaCappl atléld)etlmtlpt@ﬂf Umdq:r\l\hsts:mr@@ww,ﬁ@p 271 is

oo TS5 BRSHR S ARG EPRREP B £ o

prodBdsiEicRirfiber AUGE T2, Thb des fdétﬂcaﬁlsh;ﬁpl}ii&l,e clzaniag pauc the\bemer of the
mat erials, such, as tantalun] tanéalun1n|tr|

proggssiwe Shsmbes T fodhmedes ol the BRSPS g BapR o A %IF%S?%EHP cRjpgplasma
is tEQ{ %e a;%d%lldé the s§ifg chbi®et BYEIHdrvE tHeMoRER I LANAISH@ a RF
ppl1ed to other applicable dielectric materials or
powoTHuct iand byrgtogndiag 8 fof] BB} ekcgeteeani@ Wiemsedae glegleaiss For this
emp?‘cf) ggzgto&laf 02 léﬁe Vﬁ&?%ltgﬁ%tt\g%gb[gvgotto%g glfge e{l]ec&gf?ee%gbcﬁ)'itgﬁtc?ectrode
is sefit@néw ©flue. The process starts at an optlonal step 271
by renoving a substrate froma processing chamnber,

[54fS SH nghﬂagzm h@b®s iagotBerS plosdsk Aty I2I90tfhﬁ cRadisg skd ngvel edge of the
cha If there is not substrate (or wafer)

subgireedB SFaREiapsratbi PIe nRoRERAE P! A PEFFG VER AN T(hs Prf\ﬁ%@)staﬂs at
an %gqo@s ideh, 28 bldniAtRda shifsl fbthS: BlotEUBtARGRer, St BBre is a

substrate in the processing chamber. If there is not substrate (or wafer) in the processing

> %!fl%e%gvlﬂg o t remdues

chamber, a chamber interior clean (or WAC) can still be initiated. Under this circumstance,
step 291 is not needed. The process is followed by flowing a cleaning gas(es) through a gas
feed into the processing chamber at step 292. The gas feed can supply the cleaning gas to the
center of wafer or to the edge of the wafer. At step 293, a cleaning plasma is then generated
in the processing chamber by powering the bottom electrode and a bottom edge electrode

using a RF power source and by grounding a top edge electrode. For this embodiment, the



not needed. The process is followed by flow ng a
cl eani ng gas(es) through a gas feed into the
w@e@saseBng chanber at step 272. The gas feed PEMUS2008/054025
supply the cleaning gas to the center of the
processi ng chanber or to the edge of the processing
chanber. At step 273, a cleinlng plasma is then
generated inside the proces |ng chanber by poweri ng
the bottom el ectrode using a RF power source and by
tur@b]@@g@qsﬁ@r tﬁt‘tf%ﬁ‘i t]&ﬁg:étog eé@frp@;-ﬁldé&dbo&togbedg@ @gﬁ]@ is set at a high
@Vectrode For this enbodi nent, the tunabl e capacitor
et ween the bottom edge electrode and bottom el ectrode
S . iy .
15317 35 ethodne 95 iy ERiben JhPHIILZ RS RERI iRk on e
boseth stec@dde, 140N Adiemati ciy) ml&:re/\tccmtd leriét pindo b4h mehct baifont électrode that

pr.esent inpvent n. e p ess starts an optiqna
Ca%{’g %%S“B?rafee M| %%‘E]BE‘W%% glegpodfn! 26 infggure 3A. In
on@ @ﬁﬁ@cﬁﬁwnt‘ fhel c!ﬂ%ﬁ:c' Betvieed YRS bubaiRe 1150 bhe ﬂer RAGES LB@rode 140 is
if there is not substrate (or wafer) in the

betry-ieett ebaosli Ag> et atrout ﬁzé R &he digtange) hskwesn é%SU@@FaW\N@) and the
1nsgg% ? altén 06tBtI§ lé é}g .L)xg.l:l]?t % lessqg%g%bgh?fsﬁ F‘El‘:\, lrt(g ejr\ggénggﬁ?r% %}Iﬁ%formed

betavean tharunfge@asitasite tl amﬂghe i‘nsxgasr f)leted 6B .n{ma piaterred embodiment,

RS B PRIRT 780 Ripthaf Sp GisfGpmy i e
boltdig eREBAIOM0! RE poatedoes Abt &3 BRULH e @b@tlm@@mm@ Rh@alasma.

is then generated in the processi ng chanber
Thy Bﬁ/@rrpwglsﬁwedtmﬂwm wchy BE@OWPFo£0 tsefftedweageége electrode 120

to gflngr%E Olg %laptgle e\%l: oﬁeo nlgo% Jﬁ%‘# tpé/ tug l‘}iU@ Ell%é‘@s set at a

e el ectrode. |s e I ment etu
hlghadﬁﬂle itd eliovh 9n1v\menhe Wq:ob@t toogn te Itmlucrt@deecan dlet:th@eb!@ﬂ tt@penerate

edge el ect is set at a high value. [55] The
pa@ﬁ%Bﬁ?ﬁ@%F?g g &cribed in Figures IA and ID |G have
fer 150 resting on the bottom el ectrode 140.

S6A| t Bewst 3R él}osyv therrlgeaon HaPg of &g qleatnmﬁl plasmpy, #n pecopdance with one

empéﬁlﬁlgﬁf‘ 554 |t§é3% e QAEirvBRionC &hdeithd gdpbebi@nIpdBétiort BeckPde 140 and
away fromthe bottom el ectrode 140, as shown in Figure

botBm of wafsnés -‘énﬁébﬁi shent |.0mTe) o plesmicts foEmegeqnthe ebstrate backside.
Th%glglﬁl['xa %enﬁlg%'e% 1s I @le 6re§ thgJ grgme% ﬁ% 68% eléc%‘rgdé ¥ (pzﬁltdvﬂ?eef?)p edge

stance etmee
cleéth@egtlast rate 150 and the insulator plate 163 is kept
small, e.g. less than about 1.0 nm to prevent plasna

{57lpei Figurk angdwi ehv@eneribudinsat babe oot e(sgmsacrramelzrﬁ,(mmapart of
he Insul ator plate 163,

f nbodi
botferRCdsP S 120 RERE BIoB BT sae Sl ki closerto the

ARle 19DQRE teof ARERGE itk 115 t REpIRG MR RE&rhEdBear th
top]ége = pgvver doese ﬁ%t go tﬁ}q%ugh tﬁpe substrat% 1r50 ear ¢

edgg@qﬁ@ﬁaﬁtuestmtqasiﬁato cTtne URFb@vet edgiet witls the greunded b@nqnwlggaﬁlqctrode
12(} dt tnee g%ﬁngc%vygp edgoe ggctlloge t1 rt?pr%%d n%rpeﬁggﬁg SIGSSEJE %gtﬁs gl?anar to
the edge electrodes shown in Figure 1E. However, the plasma confinement would be better
in this design. The distance Dggp between the top edge electrode 110 and the tall part of the
bottom edge electrode 120 is smaller than the distance Dgg) between the top edge electrode
110 and the short part of the bottom edge electrode 120°. As described above, smaller Dggpy
helps to confine plasma. In one embodiment, the ratio between Dggy to Dggy 1s about 2:1.

Alternatively, the bottom electrode 120 has a flat top surface while the top edge electrode



to generate plasma near the bevel edge. In one
enbodi nent, the tunable capacitor is set at a high
wQ 2008409269 al | ow part to the RF power to go to PEEUS2008/054025
bottom edge el ectrode 120 to generate plasna near the
bevel edge. [56] Figure 3B show the electron flows of
the cleaning plasma, in accordance with one enbodi nent
of the present invention. SilAce the gap between the
bott om el ectrode 140 and bottom of wafer is small (<
L18bisil” shapemp shovipindSgrae #8, 1 orake dwoﬁﬁtarheDmbb@twa@Iethe top edge

Si e r
el‘{%ﬁé&bgﬁfo&%g@ﬁ B(l)t ec?%ogg&r%ggq gm lﬂ P&te? cgr?fﬁn% Y&ED m yet
aneﬂhaCémhmﬂl&nélni,CbotIi ﬁﬁ] tofrieduer dectbds WG et Bmmédgedleﬂﬁ‘;Me 12¢°

f_batto e trode 120’ ere part qf botto
ars’edlges'@%@aﬁ B 0 et o 6 e ot rbePWfi"?ﬁ thpio edge
clRIr8ddadt Snafe bAtRtedzt eRBFodeq 20 fg%qam@bafég@oﬁhegtaglﬁge
110 and the top insulator ring 115. A plasma can be
[Sﬂen%@taﬁgﬂﬂt%aﬁndtrﬁﬁh&g%r agantl fsﬂébatf:&?é ecmé-gﬁlarﬁk%r L& reduce
the bevel edge, with the grounded bottom
unéﬁma@t@dédm2©f&ﬁﬁlnhﬁm@mﬁumdeﬁm@@mdé@geoeﬁ@tﬂmGMéemn@hmnbﬂ
Iectrlcal paths simlar to the

lmgﬂﬂémgF@%?“”%%ge“ 450 Figure |E. However, the

enent would be better LN t hi i.gn. The
58] o AR e TP 0% B5h dRtpabR bR ERG miSees of
cldeiot @dersRadibg Of will®e Rpfdamieddatel ehiaded blélifidafions may be
smal l er than the distance D EEl between the top edge

prasfieas wighia theiopmert the srremded clpisist Acordinghh i Erﬁseaaa@bodlments
ardth 8 LORARrch gluuséa WGAE hbefiahe g mﬁtén%n RGP oMl fited (o
to con I ne asnma ha one embodi ment rati o between
theDd &kils gwerDEElein ibgt atwyute Bodifiedvithim el saoby and equivalente i the
el %} rade 120 has a flat top surface while the top
ap%ﬂg df'®&t r 0de110' is "L" shaped, as shown in Figure
4B, to nmake the distance DEEIl ' between the top edge
el ectrode 110" and the bottom edge el ectrode 120 snal
to better confine plasma. In yet another enbodi nent,
both the top edge el ectrode 110' and the bottom edge
el ectrode 120' are "L" shaped, as shown in Figure 4C
to make the di stance DEEP" between the top edge
el ectrode 110" and the bottom edge el ectrode 120
small to better confine plasma. [58] The apparatus and
met hods for cleaning of bevel edge, and chanber
interior reduce undesirable build-up of etch
by- products and deposited filnms on the substrate or
chanber interior and enhance the device yields. [59]
Al t hough the foregoing invention has been described in
sonme detail for purposes of clarity of understanding,
it wll be apparent that certain changes and
nodi fi cati ons may be



practiced within the scope of the appended cl ai ns.
Accordi ngly, the present enbodi nents are to be
w@omsitoesed as illustrative and not restricti vVECT/ERIN08/054025
the invention is not to be limted to the details
given herein, but may be nodified within the scope and
equi val ents of the appended ¢l ains.Wat is clainedis:
Claims 1. A plasna processi é chanber configured to
clean a bevel edge of a substrate, conprising: a
W%@ﬁ%@ﬁ*@ﬂé%trode configured to receive the substrate,
wherein the bottomelectrode is coupled to a radio
frequency (RF) power supply; a top edge el ectrode
Ciaypg oundi ng an insul ating plate opposing the bottom
trode, the top edge el ectrode being electrically
grounded; and a bottom edge el ectrode surrounding t he
bottom el ectrode, the bottom edge el ectrode o
L'thet nlﬁs%?d@’é""é?s&fét Fhoger gé‘Feg’ Pnglesop Beyglecdee R § 2 hubstrate,
cofbgghgd:0ode, the substrate disposed on the bottom
el ectrode, and the bottom edge el ectrode are
confibgiere ¢lepsodyeagatigired 1 re¢canthe subsiraisehardn dledwifomrbectrode

. e erein the bottom edge
lséﬁéﬁgFﬁggsgﬁgﬂbﬁﬁy@ﬁgﬁ%hgéﬁgg$mode are electrically
couph@dedgo etsagodeidendiddaroingilatry fRitc oppasinig the boiadyh electrode,
t nt. of RF current going between the
‘@8%9%?§%§“ﬂ$§ﬁ8§€ Cgﬁa‘%@“ﬁﬁ?ﬂdﬂﬂelectrode t he bottom
edgg vehdfk biRAgcabsk JhBuh@Ry B BBt &h RtiQRethe Botton] BEge clectrode

pl asma processi ng chanber of clam 1, wherein the RF
opdsingthe tdpsedga siedirads. wherenghaip fdee glsatieds. Brecybstiat disposed on
r a oS
o SARREk R UGTEY Bl 08 TR B QLGN i
plaglﬂa t® clefrethb ket o ralgdofethe bestrate dehertih ehecha@m edge pleatsm and the

ener a bei owered. hy the RF u
e el 5 6 AERUC BTl i gbe b EEE AR te CaHiY pable f
ad]bg’[ethgoe{rﬁdﬁm RHaEr el rRdR bdthvedy lhet il sthfre @isp6dettoraftd bottom
havi ng t he tog edge el ectrode actlng as a ground

clegteadgr the bgttom as cschedesng thsder edessleetettber of claim 1,
wherein the RF circuit includes a resistor and a
tunabl e capacitor between the bottom el ectrode and the

2. bot Thprsige pedcessingodembenef elaoh bf whéreinribs RSt airculjeis igped to a

| aced between the bott edge Ie&g;ode a
res DR BPURCEp et B S RGCBER ST T BT REHBY gloypar ofa
RF %W@Qg&%ﬁ%dﬁdhe RF power supply to go to the bottom edge electrode, the cleaning
plasma generated being powered by the RF power supplied to the substrate disposed on the
bottom electrode and to the bottom edge electrode through the RF circuit and having the top

edge electrode acting as a ground return.

3. The plasma processing chamber of claim 1, wherein the RF circuit includes a resistor
and a tunable capacitor between the bottom electrode and the bottom edge electrode, one end
of the resistor being placed between the bottom edge electrode and the tunable capacitor, and

the other end of the resistor being grounded.

4, The plasma processing chamber of claim 3, wherein the tunable capacitor is set at a

relatively high value between about 100 pF to about 10,000 pF and the value of the resistor is



4. The plasma processing chanber of claim3, wherein
the tunabl e capacitor is set at a relatively high
wQ 2008209284 ween about 100 pF to about 10, 000 pFrPErUS10h&054025
val ue of the resistor isbetween about 10 ohmto about
100, 000 ohmto tune the RF circuit to a resonant
frequency close to a resonant frequency of the RF
power supply to aIIOM/part of a RF power generated by
the RF power supply to go to the bottom edge
bet_we@n abodd 0 ohielo @b@lﬁdﬁﬂ@o%blas i tuge therklt eitbuisdd agesonans fisguency

o B Eon? B Hlp SRR 8 ot B G AT RShEN 'GP R er rerted

bytthe‘ aughwich EupIBEf ©i goouithg bareh ét@\'tletégtr(bdwtﬁs@:m:a&ﬂg @lasma generated

el ectro act | as a ound return. | asma
ew.gd)e@@geﬁﬁ’g {is R fthap oo fuBlisghio e Gibela? ﬂlSP?f'SE g3t agigpycloctrode
andl %o tHéNRHohLdge a%amamﬁroﬁghemy RIFCHrchilanfi rh@ﬁh% (HeQSH B electrode
frequency of the RF power supply to nmake the bottom
actniyps agremdrgd@. becone cl ose to bei ng grounded, the
cl eani ng pl asna generated bei ng powered by the RF
power supplied to the substrate disposed on the bottom
5 el e@he¢ ptemarnudodessingy ciginden dédlabol hwhaeinhtbe Wpciexﬂlgeis tuned to a
el ectrode a d.to the bottom ed el.ectrode.
B T OL B EPG TERARE P TOPCE P RS POTRUERIN 1 Ak the bottom

ed$d RRBERIeCBRBfEt Qbsel ® §ﬁﬁ%%§ouﬂd¢‘cﬁ|tﬂé ickahivig | PWmkaldherated being
et ween about 10 pF to about 100 SF and the val ue of

powpred paghe RErpavnst patplied i Biscubstrely @nesedoom B rottemoclentrgde and
be:?l? JuBaddHoth Jn'?ﬁe rf'?fg& of radeta%d@o{hg BRARLade" FAHEREY far

ma resonant ency of the power- supply to
nake t he bottom edge el ectrode becone close to being

rounded, the cleanj | asma r at ei.n owe
6. By T RE Blnd, BRem~ 8 Stk of §En & UisEh Sy R ATSBRNRT &iper ar o
relkthR PR YilEb@eimomsundpb el Rbugn oypHEad Bt Vahiectoftthe resistor is
top edge electrode and to the bottom edge el ectrode. 7

betwegth @JOGF 4@ phmpp ses dPHE0LHE eI theditagiFRuit to p giFsppgy frequency
fargﬂél rgéoﬂg‘rtefgaq%égﬂy o@sfllﬂel RF 'ggge e@gigﬁtlﬂ lhdkd %hﬂ&toﬁ'm gdge electrode

cou he top trode, wherein a
bm&umh&metoﬂmﬁ@qg@uﬂainbubbmﬁmgthm@g@hatﬁ#bmn&dem&dbythCRF

substrate
postiauniee Mratbyalelreind o ot Rteorhil ot Ramaed votn o
thel thiS &l g8 el eBodel AN tSME bkl bdpg cRBGodiei N COUpI ed to the
bott om edge el ectrode, wherein the surface of the

bottominsulating ring that faces the top insulating

7. Vi ngpal dpg;{ﬁhx\eemg Jh%mﬁlﬁxrcff%f%ﬁanﬁ&tﬂé c%@%;hgﬁg .edge

el ectro that taces t top edge el ectrodé. 8. The
pl asrep prsobgsgiring Shamdng ehd demigneorpledheribi riop lvded @bctrode

I nsul at ng and he bot.t t | Ng..aS
o) S B S SRR LSRR 8 RS s o
theGHPEHRL kleOifode tiat Mcds thekeseits andat i 0 of a di stance
bet ween t he
a bottom insulating ring surrounding and being coupled to the bottom edge electrode,
wherein the surface of the bottom insulating ring that faces the top insulating ring aligns with

the surface of the bottom edge electrode that faces the top edge electrode.

8. The plasma processing chamber of claim 7, wherein the top insulating ring and the

bottom insulating ring assist confining the cleaning plasma.



bottom edge el ectrode or top edge electrode to a
nearest ground to a distance between the top edge
web@stionde and the bottom edge el ectrode is grPREL/E82008/054025
than about 4:1. 10. The pl asna processi ng chanber of
claim1, further conprising: a gas feed enbedded in
the insulator plate to provide a process gas to clean
the bevel edge of the substtite. 11. The plasnma
processing chanmber of claim1, further conprising: a
9. pl ulh¢ plagmoprogessing lshamst of elptye ddebierpin rafia ofp dibtarderbgtiecen the
ssenb| ' ri t ' I I
e R e R e e e S
edge@eciutdsindahebdtoncddgasietthde esredtereitmebaft 4t he
substrate. 12. The plasma processi ng chanber of claim
1, wherein the frequency of the RF power is between
102botthe BadddZpr &sﬁﬁ’%&ﬁam@@r ddmim 1 3rurfdeoRbAsAR processing
chanmber of claim1, wherein the distance between the
i nsalas foed ghladdedamdha meulafor plaie do povidae PEeseEstgag taeclean the bevel
faci.n insulator plate is |less than about 1.0 nm
edq2§WW%g£%ﬁ%§na processi ng chanber of claim1, wherein
the bottom edge el ectrode and the bottom el ectrode

being electrically  isolated.fro ne anat.her by a

U1.pot 1 el RESes e EDerLe Clagn robrbe “GFPEMBENi ng a
bevelhegdee oPhasthaMRE! dndc@dddNina B RERESIeN@sitayBtich comprises
conprising: placing a substrate on a bottom el ectrode

thej ipsuidiey phrtoawsiop Adgecirgiress (o SRRl Brasewsises Bot theisige of the substrate

to GEEGhS BA) dde AHRLERe. @ radi o frequency (RF) power
suppl'y; owr ng a cleaning gas into the processing
chanber; and generating a cl eaning plasma near the
beve] edge of the substr .tq clean the bevel .ed b :
12 oS PIE EHE OSSR LG HABPECLr TR T P Ty Ty povver i
betdth Rouls SUndbREnR6b 8R1Ldge el ectrode, wherein the
processi ng chanber hasa top edge el ectrode surroundi ng
an insulating plate opposing the bottom el ectrode, the
t op—ed ' e 1] Ggal
13t T B S S R o L P e BEhden the
inselage praadad thherbot dfoim etigetefaeciog thedesubgraditat leds ghangpout 1.0
edge el ectrode, wherein the top edge el ectrode, the
mi&ypstrate di sposed on the bottom el ectrode, and the
bott om edge el ectrode are configured to generate the

cl eani ng plasma, wherein the bottom edge el ectrod
14. The plasma processing chamber of claim 1, wherein the bottom edge ¢ ectrode and

the bottom electrode being electrically isolated from one another by a bottom dielectric ring,

15. A method of cleaning a bevel edge of a substrate in a processing chamber,
comprising:

placing a substrate on a bottom electrode in the processing chamber, wherein the
bottom electrode is coupled to a radio frequency (RF) power supply;

flowing a cleaning gas into the processing chamber; and

generating a cleaning plasma near the bevel edge of the substrate to clean the bevel
edge by powering the bottom electrode with a RF power supply and by grounding a top edge

electrode, wherein the processing chamber has



and the bottom el ectrode are electrically coupled to
one anot her through an RF circuit tunable to adjust
wo b@sasneant of RF current going between the subPGI/I81088/054025
di sposed on the bottom el ectrode, the bottom edge
el ectrode and the top edge el ectrode. 16. The net hod
of claim 15, wherein the RF circuit is tuned to a
resonant frequency cl ose told resonant frequency of
the RF power supply to allow part of a RF power
genérten edelpjectrpde RFopesiRg ars inswlpyng platg oppesinghibe bettanp miectrode,

e - ' rLate ' .
e S AP Beind PE L PO U, 3RTE oPAF L kol Wrrounding
thedbosoosgettrode, theeboltomtedge @t@otic ogl@siap thettop tdie ekotrédaenivherein the

edge el ectrode through the RF circuit and_ havin he
top S&Geaﬁfémé?’et i ,sgggatggﬁqp%eﬁa@ ﬁled;i%tﬂlﬁod?"é‘f’ﬂ? nd i‘g‘? %Gﬁﬁ‘én edge
elefBEROfe BnfGlRM Benchiahe cRatiRepIRim £ wheid the Sotidh 88kt Pectrode

a resonant frequency far froma resonant frequency of
and the bpytorp glgetrods aprlsetricalineiplad e orpoanpthes hiryeh an BE cirgdigunable

to 3869 GLAAS: 5%%9&%@@%%@3 LRE sEbHAY DehoRLAS e botiom
ge]nera?e ei ng power e e RF power supplied to
cletth@lesthb bbitah edgdickposdecind thettheedpptetcomedel ect r ode and
bei ng grounded both to the top edge el ectrode and to

the bottom edge el ectrode. |IS. The nethod of claim 15,

16f Ur TthemeGoapr iShNG, wheeRitRORA citst i imed Rt /R Antdrequency close
surface of the insulator plate facing the substrate

to arpgonankfrenylrayodthe REspevess sunphiate allow parhof e REmsysngenerated by the
r ' t ' :
R o 871 e HBLIR LABPUNTRNe AEclegH Rladha BkRed being
powérod by sherRE phedrisepplednd ihgsnetrateali splossdmonahd boteim edgmdefand to
substrate, conprising..a. bort el ectrode, conf | gure
thorbg B ey o 1o S B B SRah T RE TSP Sk ot iioe o
a gtoanggpdrhgured to lift up the substrate by a plurality

of lift pins and the bottomelectrode is coupled to a
radi o frequency (RF) power supply;a bottom edge

17.e| e‘fﬁJ {P]gl%o(‘ls uf Elgfﬁnlgi, %eﬁeEﬁh@W&f&ﬁ li@ﬁﬂl&?f@aeq rewlﬁntb@éqﬁl@ﬁ'@y far
edge e e

ectrode and the bottom el ectrode beil ng
froml eatsohanl frequérsgl dttbe Rt powaneipplyob heakebihe obomt esige clectrode

dielectric rin the bot.t om edge el ect e. bein
oot ¢ Prt Capheh o RT Rl i Refired py the RF
powadt sip IRl i€ the bubswh @b sset BE tiFbotfofnCdidctrodardUding gounded both to
resi stor and a tunabl e capacjtor between the bottom

thedoreeder elgeiraigand wehpbetioghsdgaglsc®@dsct r ode, one end of
the resistor being placed between the bottom edge
el ectrode and the tunabl e capacitor, and the other end
18.0f Thwenethed eftctrimd i fugher comprising:

keeping a distance between a surface of the insulator plate facing the substrate and

the substrate is less than 1.0 mm to prevent plasma from being formed between the insulator

plate and a front surface of the substrate.

19. A plasma processing chamber configured to clean a bevel edge of a substrate,
comprising:

a bottom electrode configured to receive the substrate, wherein the bottom electrode
is configured to lift up the substrate by a plurality of lift pins and the bottom electrode is

coupled to a radio frequency (RF) power supply;



grounded; and a top edge el ectrode surroundi ng an

i nsul at or pl ate opposing the bottom el ectrode, the top
wedys/1ed28ct r ode being electrically grounded, tPET/US®08/054025

edge el ectrode and the bottom edge el ectrode opposing

one anot her, wherein the top edge el ectrode, the

bott om el ectrode, and the bottom edge el ectrode are

configured to generate a cI@%ning pl asma to clean the

bevel edge of the substrate. 20. The pl asma processing

c ha#rbeitonb edgel cdicirpdesuppendingnthe hettany algpiralectip heltaro pdgeselectrode

. . | _ _
L ey
ringebaveeomadipd tledttode heing elcabivally ddPled @dthe oitdro cteuna@lcttheugh an

RE circuit. to resonant frequenc | ose to a resqnant
RE gy Bl RE CHR STHeS B ST B 15eb'p saciy byrgen the
botRAYBIECtEHRIB 8B Hhe Botdn bR RerB@VBhe SRIAKDE kast80bdiny f1Red between
bott om edge el ectrode, the cleanlng pl asma aenerated

thehettorg edeneleetpdpynd He tRblsoweclien il itkegothey anRef st reasipr being
gro .ghectrode t hrough the RF circuit, and having the

top edge electrode acting as a ground return. 2 1. A

nmet diogd cdfc ditrant ngroandihaabmsulatnt gaiceppaingghpba®esdeagds, the

chanmber, ¢ ri sing:. renoving.a substrate fro h
top G BB 90k M s o, B B et MsTiot ] Rod b Rgeom caee
cleRFRE B SdsTHE ob AIedr; wikiéln BRNES eddeRBcRod, B8R MblEM Pleasdi®, and the
to clean the chanber interior g%?ppmerlng t he bottom

bottomeedge sltetrofcrare eonREUTES Regencrali@regiaping PRSP éhelesghe bevel edge of
meQQ%ﬁEQOde surrounds the bottom el ectrode, the bottom
edge €l ectrode and the bottom el ectrode being
electrically isolated fromone another by a bottom

dielectric ring, the bottom.edge el ectyode heing. .
2001 ehfeesaa o Rdin SEmPG T o, BATErdRs PBS RRglg i s o
reldtiv Ol @ vaaRaciviceR abdub €0sH foRBbRAG®06 peahd odeataebnNGe resistor is
coupled to a ground through a resistor; and a top edge

betweeacabondt) ep Ao ahedt HP-A9 abas e hothe Rfatieup ;5<p6§~‘r8ﬁlganf Frgqucncy
cloab taqggoﬁhrﬁcﬁerqﬂgﬁm of ﬁlﬁ lilﬁﬁm%g 9&p®} BCHTHLRABHRE G power Igemf:rm;ed
a nded, the top e

el ectrically gro edge el ectrode and t
by thetRIopowedgepplgct o dethootsinredgoplectanot the cleanhe plasma gengrated

.top ed el egtrode, the bott el ectraod t -
e R CB BF 00 FOHBPGHQS HBAP Gl 15 AR F el o cieut
andWaORRitRGop kdseBoctréds achnPhsasdrounieaessi ng chanber

confrgured to clean a bevel edge of a substrate,

conprising: a bottomelectrode configured to receive

21.t hes SRR Rt Rani £ EiEhib et MG riBPOL L& 8RS Edber, comprising:

removing a substrate from the processing chamber;

flowing a cleaning gas into the processing chamber; and

generating a cleaning plasma to clean the chamber interior by powering the bottom
electrode with a RF power, wherein

a bottom edge electrode surrounds the bottom electrode, the bottom edge electrode
and the bottom electrode being electrically isolated from one another by a bottom dielectric
ring, the bottom edge clectrode being electrically coupled to the bottom electrode through a
tunable capacitor, the bottom edge electrode being coupled to a ground through a resistor;
and a top edge electrode surrounding an insulator plate opposing the bottom electrode, the

top edge electrode being electrically grounded, the top edge electrode and the bottom edge



Is coupled to a radio frequency (RF) power supply; a

top edge el ectrode surrounding an insulating plate
wopmeaNg t he bottom el ectrode, the top edge ePEDUSAL054025

bei ng el ectrically grounded; and a bottom edge

el ectrode surrounding the bottom el ectrode, the bottom

edge el ectrode opposing the Eop edge el ectrode, the

bott om edge el ectrode havin& a L-shaped cross section

with an end of the bottom edge el ectrode closer to the
clasppdcorppesipg picotethemivisem haigp cdgr spads. the befiem clgriseds; #nd the

bog&% HP 16498 SL g?ﬁffa gﬁ%ﬁﬁ] %&Era?eutpé El@ﬂ-ﬁ#g ;9%15%{2195 ed on the

ottom el ectrod ottom edge el ectrode are
configured to generate a cleaning plasma to clean the

2257 o PR AREUNE DU Ghe WAl Holc AL Scheats PRaRegt § substrte

comptgihed to one another through an RF circuit tunable
to adjust the anount of RF current going bet ween t he

sub&tPEeR clfcuplssatignicd ivagetsdta BarEsaeier Bhisein oo deptrode
is QPRI & LRlfOHRuaRY (kPG WaPsBdge el ectrode

a top edge electrode surrounding an insulating plate opposing the bottom electrode,
the top edge electrode being electrically grounded; and

a bottom edge electrode surrounding the bottom electrode, the bottom edge electrode
opposing the top edge electrode, the bottom edge electrode having a L-shaped cross section
with an end of the bottom edge electrode closer to the bottom electrode thinner than an
opposite end, wherein the top edge electrode, the substrate disposed on the bottom electrode,
and the bottom edge electrode are configured to generate a cleaning plasma to clean the bevel
edge of the substrate, wherein the bottom edge electrode and the bottom electrode are
electrically coupled to one another through an RF circuit tunable to adjust the amount of RF
current going between the substrate disposed on the bottom electrode, the bottom edge

electrode and the top edge electrode.



