EDGE ELECTRODES W TH VARI ABLE PONER By I nventors: Gegory S. Sexton, Andrew
D. Bailey Ill, and Andras Kuthi BACKGROUND The present invention

rel at es i nyw@geneiabst 0 substrate manufacturing technol ogies:sangudsis
particular to apparatus and nethods for the renoval etch byproducts froma
bevel edge of a substrate. 121ln the processing of a substrate, e.g., a
sem conduct or substrate (or wafer) or a gl ass panel such as one used in
flat panel display manufacturing, plasma is often enployed. During
substrate processing, the substrate (or wafer) is divided into a plurality
of dies of square EDGECEARUTROBFIPASTHACARIABDE POwaRty of dies will
becone an integrated circuit. The substrate is then processed in a series
of steps in which materials are selectively renoved (or etched) and
deposited. Control of the transist gat e critical dinmension (CD) on the
order of a few nanometers is a top priofity, as each nanoneter deviation
fromthe target gate GepgiB. $@mynisanst bt Baildy Neetd Arhdraakouls he oper ati onal
speed andi or operability of these devices. [3]Typically, a substrate is
coated with a thin filmof hardened enul sion (such as a photoresist mask)
prior to etching. Areas of the harﬁlﬁ?&ggmg%] sion are then selectively
renoved, causing parts of the underty er to becone exposed. The
substrate is then placed on a substrate support structure in a plasna
processi ng chanber. An appropriate set of plasnma gases is then introduced
i nto the chanbane arstnainpdoaisireldis igeaeratoedbiietcetahfagpostechnangasandf t he

substrate.. ) During an etch process, etc roducts, for exanple
pol ymers cBRPGEEY i?)f‘prﬁglpﬁ&Hg?leflf"g%tgcerﬁmf’&l ,EQN?%’?%%%%%C) ¥ bcl&‘fllfg% orch (F),
etc., are pofubanwformed on the top and the bottom surfaces near a substrate

edge (or bevel edge). Etch plasma density is normally | ower near the edge
of the subgtrateihe phiceking efabihstdatn cac e yernkatdhom sebsupol(resferhypr glduct s on

the top and on the bottom.s aces .of the substrate bevel . edge. Typically,
there are Hoelgigl %P’é%lé%‘?g]‘?\gg I’?‘WZ dsplge ”B‘fmfl?l"ﬁ@@uB@?”F“afse?ﬁef}o&m 3 §ar/fpl e
bet ween abgitngJubihi GrelQlte, 4o sIBR-AE QP L4T8) is divided into a plurality of dies of

square or rectangular shapes. Each ol the plurality of dies will become an integrated circuit,

The substrate is then processed in a series of sleps in which materials are selectively removed
{or etched) and deposited. Controf of the transistor gate critical dimension (CD} on the order
of a few nanomelers is a top priorily, as cach nanometer deviation from the target gate length

may translate divectly into the operational speed and/or operability of these devices.

[3] Typically, a substrale is coated with a thin film of hardened emulsion (such as a
photoresist mask) prior to etching. Areas of the hardencd emalsion are then selectively
removed, causing parts of the underlying layer to become exposed. The substrate is then
placed on a substrate support structure in a plasma processing chamber. An appropriate sct
of plasma gascs is then introduced inio the chamber and a plasma is generated to etch

exposed areas of the substrate.

f4] During an ctch process, eleh byproducts, for example polymers composed of Carbon
(©), Oxygen (D). Nitrogen (N}, Fluorine (F), elc., arc often formed on the top and the bottom
surfaces near a substrate edge (or bevel edge). Etch plasma density is nomnally lower near
the edge of the substrate, which resuits i accumulation of polymer byproducts on the top aad
on the bottom surfaces of the substrate bevel edge. Typically, there are no dies present near

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



2 substrate edge. However, as successive byproduct polyner |ayers are
deposited on the top and bottom surfaces of the bevel edge as a result of
several di fMenenigsgbch processes, organi c bonds that aperR@iBhdsysstrong
and adhesive will eventually weaken during subsequent processing steps. The
pol ymer layers fornmed near the top and bottom surfaces of a substrate edge
woul d then peel or flake off, often onto another substrate during substrate
transport. For exanple, substrates are*commonly noved in sets between

pl asma processi ng systens via substantially clean containers, often called
casset t es. SURSITaRE plegh VST BSisBITENVE REERquat RODIRET faype gTerdepnsees emine ke

cont ai ner, ,RMRIOHUEHRAELHLILS L ashal /@R S) sclBYI ct@uém@tah@olsey@rm MRstrate
where dies are present, potentially affecting device yield. [5] Delectric

filns, suchods ﬂgt Nreapems|! ﬁoz'»‘fonér?adr?éteérrefvrlllr%enlsdJafH*fa@ﬂAtuﬂaﬁdulomue@fan al so

be d6p05|tﬁ@mﬁﬂngh&mbﬁﬁgbmﬁﬂgﬁw&%mﬁhaﬂhﬂgmkHﬁah@Bm%HﬂmQ&kE@ﬂiﬁM&méﬁeS) and
do not get renoved during etching processes These filnms can al so

accumul at ecdgador|daten st opfisheridh SfiBsi avthep pHEENe IHEEstFale lEpBpRby

i mpacting Ag\d&8p1Y is8htated Be 8Gthdnl oo vel Rfscls BE@IcbOpla@fa phdiessRE 9GRaS vehanber,
such as chanber malls, can al so accunul ate etch byproduct polyners, which

needs to b&DpaHisledlcpeerBitEalaisn colcdvareicoyhr 8 dUdSs PEsAFFRETEN Sand
chamber pafhiglged §1St‘l'l@%ontat{tc§,] bybfddid P¥viOEs tohmt&r B9 NDn Jta@fuesmme need for

apparatus and nethods that provide inproved mechani sns of renoval of etch
bypr oduct swhetp dikeet picgent, ppiggisAne Tepitsalevieq Yigd near the substrate bevel edge,
and chanber interior to avoid accumul ati on of poly products and

deposi t ed f5l1 nPidedry BlmsnieboeSiProd exs yrard! ﬁstwmwb 74 Bh 68d!Sp

speaki ng, {he.diire As@d b@t@?@@gcn@rtttm%lthé tdpNBdNRAEm Y r RO Vindi dAthcs ehuCt Ur €S
and nmechani sns of renoval of etch byproducts dielectric filns and netal

filnms near rerkecdsdimiag cishas pesrerscsedgese SRy camakiparcumniplrand fake off 49idied t he

accunul at i %s&ﬁenpgrlo}fé@flg %ﬂr Qrgr'éﬁxt m@ﬂgm apes iad fd luoBioans hendipneve
process yield.” I't should be angreC|ate that” the present invention can be

| pl ement edfopans Ambenschwey Ganpiclidi o B woprdiesth DaprodisharEneS, or a

system Se%*ﬁl'cﬁlneeldg Ve RE! ré./lﬁov%m@t%dm%n} % Soid hﬁn RILEE QB UMY BN b O Bhafth e
descri bed bel ow. I'n one enbodi nent, a plasma processing chamber

configuredpemﬂ®$%Eh a bevel edge of a substrate is provided. The plasna

processi ng chanber includes a bottom el ectrode configured to receive the
substrat e, I6hhereiviF™ plelpderteifize fEEt ¥ Gaecy OrcBPrEY 27 mgthpdgfhy provide

improved mechanisms of removal of etch byproducts, dielectric films and metal ilms near
the substrate bevel edge, and chamber interior to avoid accumulation of polymer hyproducts
and deposited films and to improve process yield.

SUMMARY

71 Broadly speaking, the disclosed embodiments fill the need by providing structures
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 w improve process yield. I 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 edpe of
4 substratc is provided. The plasma processing chamber includes a bottom electrode
configured 10 receive the substrate, wherein the bettom electrede 1s coupled o a radic

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



frequency (RF) power supply. The plasma processing chanber al so includes a
top edge 3 electrode surrounding an insulating plate opposing the bottom
el ectrode., The, ‘r{%igpm?dge electrode is electrically groupdegq.dgpsasm
processi ng cha urther includes a bottom edge el ectrode surroundi ng the
bottom el ectrode. The bottom edge el ectrode opposes the top edge el ectrode.
The top edge el ectrode, the substrate di sposed on the bottom el ectrode, and
the bottom edge el ectrode are configuried to generate a cleaning plasma to
cl ean the bevel edge of the substrate. The bottom edge el ectrode and the
bott om el eﬁﬁd{rﬁdiﬁblﬁﬂ‘o&mﬁﬂ,ﬁﬂlt l‘nismlaflidgypm@um@dgttbe brienarlotivde. {The derghizan RF
circuit tu the a F cur he
substrate ‘rcérﬁ‘g *éalc%r 1&"31 Hé’mﬁmﬁ[ o]ri[nﬁ)celfq OR%,S 1%{5,’ ﬁ%g%%titg%lﬁe thehl Vﬁﬁggt%ode and
the top Ed@@c ell:mticr mfkeundjx%]thmbcmtnmteheurodenﬁmqmemteslﬁﬁlqmvdmm’@ﬁﬁ i6¢ ®ani ng a
bevel edge 0 rocessing, ¢ r The net hod

i ncl udes pf iﬁ%f”ﬁ‘dm ﬁjlbe ‘PR Ségé C%(’lpoéiablgﬁo%%te (2 Fgr%g nﬂ?e &’l&ﬁ&{ e%rg%%igsgsll?ng
chanmber, whebetdm tdre ebﬂtrrddomreéoaﬁglrrﬁde» gesera@upleedng paanar'adqi@nﬁhcelnfuéncy (RE)
power suppl he i nc ude I as 0 the
processi ng® %ﬁﬁ ‘éls‘ﬁﬂfﬂ% ;}Eff E‘Qﬁ e e ﬁlcamfi%l?:i @ggaggngr&g@?ﬁ%@a gtir'g[g%l

pl asma neagouplbe tdaa\aedmmdgmro@gh tih8F suirbst matbée todpbetn amhent pé \Rel cugdiye by
powering the hotto ctro and.by.greunding a top
edge el ect“fﬂ(’(’ﬂfg’etwﬁﬁ% hseg 83%1 glﬁ%‘)sc%a er uﬁ‘% e\{@{r?d%%gww rl1§ct(r:o de surroundi ng
an i nsul at ha@gyppligtetcopposi ng the bottom el ectrode The top edge el ectrode
is electrically grounded. A bottom edge el ectrode surrounds the bottom

el ect r ode, j9and 10 ppase sntbhéinteap aedgbodebecitmodes bFiek cdgspofedgebstttedt rode, t he
substrate di spose the botto Lom.edge  el.ect rode
are confi gRIPES rfgoqlﬁ‘g‘ﬂgrlétpm” ¢ héearﬁlghodogﬁud%&qa&f% %Ett‘gtrmnmedgemelfectrode
and t he bostomiehett I’pﬁﬁl&%ﬂag ehmﬂectwhmi Ih;t twoop|eddireds iomeurdgdotorreradichr ough an
RF circuit_tunable to ad . nt .gQind..behween the
substrate H‘?‘%‘b‘lﬁ%égl NABH | “pgﬁot eermee d mdﬁﬁ %w"%s}rr{é prr%céisgrlg ng chanber
conf i gur edprb@ssitgedamacrbevtel meﬁtgiefuahcramsmbs ugwataeng 8 cproug deena Te ﬁpl asna

pr ocessi ng chanber udes a, bot.t [ Qde. £ i . e i,ve the
subst r at e. "FREBOL! ‘fﬁlgf'ré‘é"tl%d’%n ghs%?:‘gn Egur ed 9‘? %grﬁ @,Hgﬁ% Fltg dsﬁgtgt rate by a

plurality gr pb\laefrtsu;mmda'p@rebhd&n@ﬂtob@ﬁg@ilc&trbd@%a p@cwzs@tu@t:i@dlb?rdwadmdl 0

frequency (RE) power supply. .The pl roc r cludes a
bott om edg‘t’éjgéP]&‘f’fof‘i?)tfﬁmg‘s)fﬁ’?%ﬂﬁagi“ﬁa&g% ﬁ%{%g&m% clsdé)g?’r %Pf@[mhgﬂ {)&;? edge
el ectrode gagolide cRetitomgeduadiir odetios @L@dbuum@@é%tp%@ dicdtogem femtmdo,ne

anot her by a bottom di electr c.r bot : i.n
el ectri ca?/"W1 w85t B “IEP cden ! ‘%Eﬁdi’ Icﬁ'ﬁéefng ? ot C&rg i Ou%ﬁb@g%@pg{igéﬁﬂe. gThe RE

circuit i ngdtgéﬁl,e@cc@mﬂ(§$h($lml’boﬂﬂﬂ gt Rahlde czceaqmbgltro:r tobenwweeribe hieantygt t om
el ectrode I‘;",anat h[ef\]( ?,&tmtn? edge c%clrodc and the botltom electrode are electrically coupled to one

another throtigh an RF eircuit tunable to adjust the amount of RF current going between the
substrate disposed

[10) In another embodiment, a plasma processing chamber configured to clean a bevel
edge of a substrate is provided. The plasma processing chamber includes a boitom electrode
configured 10 reccive the substrate. The bottom electrode is configured to lift up the
substrate by a plurality of lift pins and the bottom electrode is coupled lo a radio frequency
(R¥) power supply. The plasma processing chamber also includes a bottom edge electrede
surrounding the bottom electrode. The bottom cdge electrode and the bottom glectrode is
electrically isolated from one another by a bottom dielectric ring, the bottom edge electrode
being clecirically coupled to the bottom electrode through an RF circuit. The RF circuit

includes a resisior and a tunable capacitor between the bottom electrode and the bottom cdge



4 el ectrode, one end of the resistor being placed between the bottom edge
el ectrode and the tunable capacitor, and the other end of the resistor
bei ng groupdeds hkgepl asma processi ng chanber further ipaghus@gsadeisop edge
el ectrode surrounding an insulator plate opposing the bottom el ectrode. The
top edge electrode is electrically grounded. The top edge el ectrode and the
bott om edge el ectrode opposes one another. The top edge el ectrode, the
bottom el ectrode, and the bottom edge %l ectrode are configured to generate
a cleaning plasma to clean the bevel edge of the substrate. [111In yet

anot her enB&dicAerre el pi Be maisior BEBSBIYTY SEW4RDEE bebr P¢isredgireds 4 &8n a bevel
edge of a Ut ERLGo} InPIRVIERd oFRR BiRSMRINPLRGERA] 8. FRADSRL LG udes a
bottom el ectrode configured to receive the substrate. The bott om €l ect r ode
i s coupl edchember RERHT dIFEY & &Y St REYUropD WETOUBHRHITY INSUFHE Jia SPRESIBE 8essi ng
chamber al §QihNGLMIES PhctiOP LR RIEG a&%aﬁy@%@@ M8 RP hSidcaldcng plate
opposi ng the bottom el ectrode. The top edge electrode is electrically

grounded. THethpbakivn efeqesgadenpressantietnofar t ey Lpidputiedrods Bt tedge
el ectrode Fuif,eundh ng thﬁ@mbéag& ORURHE Gl BHfurcing Rl lio N LHUS, Fhesd hode
e.

opposes the to&]ed e electro The bottom edge el ectrode has a L-shaped
cross sect flean i erclafzeed hesfbste bot t om edge el ectrode cl oser to the bottom

el ectrode thinner than an opposite end. The top edge _e]ectrode, the
substrat e Hitkpds&d 2oeihe FELHET M RIBE PFEERENE b HEN BBt ¢drclstiyebeflect r ode

are confi guiedr § QoaeRNet ploSiddd. ChRMMsNE pREASAR LS B3Rt EotReV@lcredge of the
substrat e. he botton1edge el ectrode and the bottom el ectrode are

el ectri cal {yfigbeploeded s BhabaFtt hEte MHPBUr el REOWIFIdBidt s b uName® >t o adj ust
the amount  @f ReeCHHPENTHRGINGRRIMRRR dh80s Whstiral®s disPesRtikkekOt her
aspects and aébantages of the invention wll beconme apparent fromthe

f ol | owi ng eraidgcdasdatip PiamoPresrehe PRI AIEIREE dAC WiPtHet HEUREE Brpanyi ng
drawi ngs, jldgishy @%dunaxabyfrmaw& a %amﬁ chABePhirhel RleR8esOf bbigs ic@yeention.
BRI EF DESCRIPTIdN OF THE DRAWNGS (131The present invention will be readily
under st oodelgrogdrarpwiditgwhaRptiaeiclrrds ety PprrErIiHoCoRptths WA <Mt h the
acconpanyi g dEAWHIGS orR Bk lelekifo b B1sGNEHGFARMTRLRGh WESINGAALANKE bdtBm
structural elements. _

edge electrode closer to the bottom clectrode thinner than an opposite end. The top edge

electrode, the substrate disposed on the bottom electrode, and the boltom edge electrode are

configured to gencrate a cleaning plasma to clean (he bevel cdge of the substrate.  The

bottom cdge electrode and the bottom electrode are electrically coupled to onc another

through an RF circuit tunable to adjust the amount of RF current going between the substrate

disposed

[12]  Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,
illusirating by way of example the principles of the invention.

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

struetural clements.

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

and bottom cdge electrodes, in accordance with anc embodiment of the present invention.



5 [15] Figure 1A-1 shows anot her enbodi ment replacing resistor 152, in
accordance with an enbodi nent of the present invention. 1161 Figure |IB
shows an ep) ) 86d04:69i on B of Figure I'A in accordance ppif,@fe.pabodi ment
of the present invention. [17] Figure |IC shows an enlarged region A of
Figure 1A, in accordance with one enbodi nent of the present invention.
[18] Figure ID shows the bottom edge el ectrode being grounded when the
tunabl e capacitor is tuned to a |ow val ue, in accordance with one

enbodi ment of the present invention. 1191 Figure | E shows the bevel edge
cl eani ng puabnﬁﬂgenbkas@uﬁbyﬁﬁﬁe@bmkn@ﬁﬁwbﬁszﬁﬁ@@fﬁﬁdﬂgﬁ@ﬂh&@dﬂﬁdp edge
el ectrode a o] ge el ectrode, in accordance with one
enbodi ment %WHHQ% éﬁgh&ﬁggﬁﬁlon [20] Figure I F shows that part of the

RF powver SU\EP' Ie§ rc (?Btshg‘]&pg.fx tAmeh GehisLECH( §;§§ﬂépi@{ | ﬁdac]é&dén@@ “H@tsRm edge

el ectrode tunabl e capacitor is tuned to a high value, in
accordancevaﬂhmmnéanbﬁammﬁﬂ@mmf the present invention. 121] Figure 16
shows the bevel edge cl eaning plasma generated by RF powered substrate and
bot t om edgB 7kl degurode dnds gn cmﬁtgé@i e éd@fel*’éPréc{f’i‘ o’ée‘i“‘i’rﬁ““é‘?:d‘d‘thd%ce with

one enbod BNt Al S REESSndAvent i on.

[18] Figure 1D shows the botlom cdge clectrode being grounded when the tunable

capacitor is tuned to a low value, in accordance with onc embodiment of the present
invention,

[19] Figure 1E shows the bevel edge cleaning plasma generated by RF powered substrate
and grounded top edge clectrode and grounded bottom edge electrode, in accordance with
onc cmbodiment of the present invention,

{20] Figure IF shows that part of the RF power supplied 1o the bottom electrode is
supplied 1o the bottom edge electrode when the tunable capacitor is tuned to & high vaiue, in
accordance with one embodiment of the present invention.

[21]  Figure 1G shows the bevel edge cleamng plasma generated by RF powered substrate
and botlom cdge clectrode and grounded top edge electrode, in accordance with one

embodiment of the present invention.

[22] Fipure 2A shows a process flow of generating a hevel edpe cleaning plasma, in

accordance with one embodiment of the present invention.

{23]  Figure 2B shows another process flow of gencrating a bevel edge cleaning plasma, in
accordance with one embodiment of the present invention.

[24]  Figure 2C shows a process flow of gencrating 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 inlerior cleaning
plasma, in accordance with one embodiment of the present invention.

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

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



1221 Figure 2A shows a process flow of generating a bevel edge cl eaning

pl asma, in accordance with one enbodi nent of the present invention.

123JFi gurepgﬁ(,m%\ﬁg anot her process flow of generating PE'I‘)@J@%@@LM@@QG

cl eani ng pl'asma, 1n accordance with one enbodi nent of the present

I nvention. 1241Figure 2C shows a process flow of generating a chanber

I nterior cleaning plasma, in accordance with one enbodi nent of the present

i nvention. [25] Figure 2D shows anot her process flow of generating a
chanmber interior cleaning plasma, in accordance with one enbodi rent of the
present i nyEntifogure 3B26dwEh Gewce cBA Sdaowns phsisC pemated dydRIagreaedofotiamsubst r at e

etching systemw th a pair of top and bottom edge el ectraodes, in .accordance
i th one: enpgmiein b8rR Hae SrakdRet ot B 0Q8:SHTE u 8RB B00NS 0

bevel edgeosd @apingnplfasmresgenecabed by RE powered bottom el ectrode and
bott om edge el ectrode and grounded top edge el ectrode, in accordance with
one enbodi eEnt Miuwd e shvesgatt of mypendssignehamber to clean bevel edge cleaning similar

to Figure 1E, in accordance with one embodiment of the present invention,

[29] Figure 4B shows a part of a processing chamber to clean bevel edge cleaning similar

to Figure 1E, in accordance with another embodiment of the present invention.

[30] Figurc 4C shows a parl of a processing chamber o clean bevel edge cleaning similar
to Figure 1E, in accordance with yet another embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[31]  Several exemplary embodiments for improved structures and mechanisms to remove
etch hyproducts, dielectric films and metal films near the substrate bevel edge, and chamber
interior to avoid polymer byproduct and film accumulation and to improve process yield. It
will be apparent to those skilled in the arl that the present invention may be practiced without

some or all of the specific details sct forth herein.

[32] Figurc 1A shows a chamber 100 for cleaning a bevel edge, in accordance with one
embodiment of the present invention. Chamber 100 has a substrate support 140 with a
substrate 150 on top. The substrate support 140 is an electrode, which is powered by a RF
(radio frequency) power source 123, The substrate support can atso be called lower clectrode
140. In another embodiment, the substrate support 140 is an electrostatic chuck. Opposing
e lower electrade 140 is an insulator plate 163. In one embodiment, there 1s a gas feed 161
coupled to the center of the insulator plate 163 1o provide process gas. The substratc support
can also be RF powered or grounded. The substrate 150 has a bevel edge 117 that includes a
top and a bottom surface of the edge of the substrate, as shown in region B of Figure 1A and
calarged region B in Figure [B. 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 clectrode 120,
madc of conductive materials, such as aluminum (Al), anodized aluminum, silicon (Si), and
silicon carbide (SiCY. If the material is aluminum or anodized aluminum, the aluminum can

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



[ 28] Figure 4A shows a pail of a processing chanber to clean bevel edge
cleaning simlar to Figure 1E, in accordance wth one enbodi nent of the
present i NkgMyhPeaze [ 29] Figure 41:1 shows a part of appyRe&sShdIeschanber
to clean bevel edge cleaning simlar to Figure 1E, in accordance with

anot her enbodi nent of the present invention. [30] Figure 4C shows a part of
a processing chanber to clean bevel edge cleaning simlar to Figure 1E, in
accordance with yet another enbodi nent7of the present invention. DETAILED
DESCRI PTI ON OF THE EXEMPLARY EMBODI MENTS [31] Several exenplary

enbodi ment §wef @ghuigngrowed strwdedirlasmandcarcitdhamiisimg tapsa parode pabbshes.

and chamber T sEer oy Fo SVard ol e "Byt oot sd R el ah on and
to inpr ovedpbdaessigylﬁélﬁéhcmltﬁﬁwdphm*b@ @zpﬂ@brferfﬂ%tr@iﬁt Hoswndstke [bbdem jedget he art
speci f1c dorahs 25y FEIC RG] EASLISRL bt Aol oof s 100 for
cl eani ng achawdt 1@dg?@mrldnhcdt@§cmd@m@@cwd@ﬁ’%Iﬁ@ieeﬁﬁ@dlcmwﬂoﬂsutah% preesent

i nvention t h rate 150 on
top. The su%?tra gx%%%t%%%ﬁ%féHpgl%ﬁ&gfé%QﬂQg&k%“gf rﬁbugm%ﬁﬁ?%dﬁ%y a RE
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i nsul at or pldgthesidB@coupled enelowrifodis mentl4. t here is a gas feed 161 coupled to
the center of the insulator plate 163 to provide process gas. The substrate
support catddhl skhebet®RF ciusvacaedeond gheoptide dtlecTits aupetincatie caBBdhagca beve
edge rlget DRknel RELHASH I?f«'egx?ag:ﬁaﬁg gmmetmmu&u&ag : &ggfog%hguegg@:ug%on e

Fi gure 1B, b&wmﬁn@um@um&lSB@VEWEédg@wﬁwvmn§hﬁﬂghﬂﬁﬁhmé@ma@€ﬁ&b@#ﬁ0@blid line
and curve. | of 33 o T LaHD gec 3ad 150,299 Sn0 ok ONREN CUECL AR A, fHRRE TS 8
bott om edge el ectradde “12 nade of conductive nmaterials, such’ as al uni num
(Al), anodilzedcadly veviptedry Usi RF powmer(8pply 1ahér dhd lowonclecion de€0. (‘SieCpwen £ t he
material is alum Myed REL AL ﬂlé%ﬂ&%% ted with
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7 the et chisoigtiaheniidl.r Vhe i@btioy fihe d22akF mailal mdesdastricnakasiab pich anekbrasuste
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Fode’are efectr
[385] The bottom electrode 140 is coupled to a moving mechanism 130 that enables the
bottom electrode assembly to move up or down. The bottom electrode assernbly includes the
boltom clectrode 140, the bottom edge electrode 120, the bottom diclectric ring 121, the

bottom insulating ring 125, and the isolation ring 122,

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

embaodiment, between the fop c¢dge eleetrede 110 and the insulator plate 163 is a top



anot her through an RE circuit 155 tunable to adjust the amount of an RF
current going between the substrate 150 di sposed on the bottom el ectrode
140, the beid am/edge el ectrode 120 and a top edge el ectppgdRrchdfsgndsn one
enbodi nent, the |l ower focus ring 124 is electrically coupled to the RE
power supply 123 for the | ower electrode 140. The | ower focus ring 124 is
electrically and physically separated fromthe | ower electrode 140 by an
isolation ring 122. The isolation ring®122 is made of a dielectric
material, such as ceramic or alum na. The |ower focus ring 124 is grounded.
Bet ween théwgfftaam@gdrhu Brronfl decuisp reilgrgeladade { Wethsrd is tep medaligomg 113 2.,

Al ternativelyy efibfis ru%ssluﬁscgnaféé%ﬂ Sol apén%e@ﬂm%&#rg ﬂ:b&ﬁ&' 3b0hd of 68 gqupl ed in
parallel to a capacit 153, as shown 1 n Figu 1, in accor Te with
anot her endediodehtd xwicqtmlfwr@s}émwilhwni@ﬁi o torBéwve@fn@hehW\mmuMdus ring
124 and t hgctgfgtyﬂe{]l %:!E!\Q@écxo&f 16 *}ﬁd thWuiaﬁJi %Eitfcr %th}é Qre dt}’.ht.ﬁdiﬁ l)fsdﬂmjf ‘}Lnab le
capacitor 151 unabl e capacitor 151 and the resistor 52 constitute

t he RE ci r tefi that ajlyw oreecseindhgrd itnieniiow taloparingat py/edtween thedon wipabikerodapléci t or
151, and 1he neSholcddingt B, CARAGLLEE IOGaGRASH:! tldd GmBERCIECUI (.

[ 351 The bottom el ectrode T40 is coupled to a noving nmechani sm 1 0 t hat
enabl es t helediotle bifh 2ol erctorvgen he He mivleptic oingri/leand poporectiedsn 60, Biné bBwedanom

el ectrode @ggo%%%é’ci%[}%&% uétP@mPQfeEe@ﬂPﬂ: %EFN AR it br el PRE LoMRdge

el ectrode ott om ric ring the bottominsulating ring
125, and téningol @tip mrpmclieﬁgwrm is ‘fm@]d%rnrloum@i!qo‘}g’f‘bm@owsma@rdrc ipdawte 163 is
the top ed £1400Ek .6 o) .y The top
edge el ect?cg‘de @% £1% & %%9[1 thg,ggg&g%ﬁdﬁctéve mat ée‘?‘?% p% g%ﬁéa{aegsga}um num
(Al'), anodidebe aiqulmqw thd injudader plaSi )03 and Gpulssirhic d O% éarlldltld@ tisthambém one
enbodi ment t o 8D SRR | ate 163
is atop %‘ﬂ% %%F%thggeﬁ I ﬁﬂ(' ﬁ%%ﬁ(ﬁgd‘ggﬁ%(ﬂgﬁe& &% ‘gggpe de{glt lrtjcl %é?glcir there
istopi nsnnhgatilln@lemmgsuldltﬁg rlvmitﬁhaiewﬂlendlgmmwbsu@f@délmﬁﬂlﬂdﬁe pﬂamplfédge

el ectrode rmdflaC| Qod%‘é? IQ,te 150. The top edge electrode 110 is

el ectrical y an y5|ca y coupled to a top electrode 160, which is

gr ounded elgls ade ARAd0S 1b NSHLALYS nRL AT G 13 there
are a pl urEefty oflwﬁ 56164er ﬁ 01”Lgﬁqcow Erocess%g gasl to@{) “fTow to
openi ngs 16&!1bé¢ M’enﬂlerbetttm@beld?@e 18} satomorte bY 118 Rlnspurdsd 28 opsdiesstibetric ring
1. The pl t 64..e 11PN 1o 6lechLade 160 and
are bet vveer%’%% hd ymméfl eg]?(gc@:?(?!{%e }l(ﬁa’ ks %ﬂg B gp e+ ectr‘bﬁe 11168jtn “and bet ween
the top edgbciellse@mplofde‘) 4 1Gisend5? el 2 Opd?dc eillpé@tor ilél.r Pagleqeribed shoporthe on of
channel s 165 ne L B &l hi anded in
Figure IC % ﬂor ?';2 oéa %e Qag)gg d;gﬁh%@%ﬁug 159 ¢ Et‘g{&i ] f\’a %még:kaﬂé g(gXlIBeg%OH

t hrough t hneuowpenFuggs E£615 Ingme tirhlb@lrgwl,tth@reﬁl@tpm@@Iﬁtf@smgé@ it delgyeagaborind t he
space bet I epl kfgon, the
charber \Aﬁenm}%azd ﬂ%M 1?5?83!%( deh{% qe&%%o&%%f@té?zftg{ég{%%QQ o#é&lst%ﬂﬁ'e A

el ectrode tch@sen tahae tloplmis ehedtoni tiJOruOﬁg>hms;1"mdttﬂmecavwamcn$)uIce{mihpg If3 g 115,
and the isglation r e t

el ectrode l?'fé“é“‘% T l?%%%%)%lﬂuﬁgg) 1\?elﬂ &ggé&%%ere{%h ?f ﬁn&iqg’ bt?J ‘me{)g ed?%l ectrode
110 is gr o(ﬁmdeaqba@iam@ughcht d3ebetvepn about 10 picofarad (pF) and aboul 1{)() p}:‘ the bmmm

edye electrode is grounded, as shown in Figure 1D. The bottom electrode 140 provides RI¢
power to the wafer 150 1o generate plasma. The space between the substrate 150 and the
insulating plate 163 is kept very small, such as less than 1.0 mm, so (haf no plasma would
generale 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 botlom edge clectrode 120 and the grounded top cdge electrode 110 providing

returning electrical paths, as shown in Figure 1E,



el ectrode 160. The bottom el ectrode 140 is powered by the RE source 123. As
descri bed above, the bottom edge el ectrode 120 is electrically coupled to
the | ower &,lr(,@,iag 124, which is coupled to a resistgpd32080d)2 tunabl e
capacitor 151. As described above, the resistor 152 can be replaced with a
resistor 154 coupled in parallel to a capacitor 153, as shown in Figure

| A-1. In one enbodi nent, the resistance of resistor 152 is between about 10
ohnms and about 100, 000 ohns. In one enbodi nent, the resistance of resistor
154 is between about 10 ohns and about 100, 000 ohns, and the capacitance
of ' capaci {8t 1b8nd gnlipdinwer e EFeurtuitliOtups tb o rabout rch0OBY pFse 1  resdrenicapaci t or
151 is tuned to. b t Q. , [ Capagi . en about
10 pi cof ar g%f“f on 03#%% %lﬁ%(%ﬂcwi%%lygg,dﬁ%\ﬁgﬂggf‘?%ﬁ)g‘gg %ﬁia}gﬁ}oiggk??%g%ounded,
as shown i saipFlyge petolB: bofhe gt dlamrdl ot rlodengipdBmpgeoviatdss REepdwethet o t he
waf er 150 ner at. I h t te 150 and the

i nsul at i ng&‘glpg?g Sf%g&li g) tgég@ﬁ{/%ér%pé%g%ﬁ ,tlﬁgol?}ééﬁrﬁgig&f]ozlg g'%{)%yr;]cq’fﬁg%r{ﬁgﬁc so t hat
no pl asna vieulode henelr gt & Floetuissd hometihelos eilys eleetode suinf acesreirdtetins. beneat h
the insulating plate 160. A plasna can be generated near the edge of the
substrate B3D tlo sodteammbh@mbeyél REddrevit wittiedtthe rgioou diedtehot ofrrredge

el ectrode 120 r , | . ol t ur ni ng
ol oot i cal EapRaablfy HLOLRE R BB BT (b BEE 0BT HEDEBE) b5a020
13811 n onetdwhwgdiromr; ThheleREhairsguigenda aedt 1 nedertdobydhe BE omantsuifplieqiwency dose
to a resonant_fre \ ] t. of RE'
power gene?’%tsé%“E”§§Lﬁg@é&%ﬁlﬁgﬁ?@g‘uﬁg Q}éﬁ{ %@;g%%g‘%\%‘éj@%gw&ﬁ%dﬁg e(tjaPT%ect r ode.
The cl eani dgupliasnae e heteat @lde Hlsctipdsver ed by the RE power supplied to the
substrate di sposed on the bottom el ectrode and to the bottom edge el ectrode
t hr ough t hE#0RE ICthe capiatitoahtl ity beles higpvadgdbige baetitogd sedta hgwae® a ground

return. [ 388.}’}{' Pgﬁo&%&"q%@@hgﬁghmqﬂ%ﬂg&‘%ﬁg’%&g 1the iR§" |I'owalegml:c@ 17 {sesonant

frequency m a resonant quency of RE power supply to nake the
bot t om edgepelicddt tizdewedendediods @s ttowhan Fpguyr dunaldedzh Ahedidéreamiasg pl asma
generated s, pouer vi.khe i t - . .Sposed on
the bott on’ﬁls‘z1 igg}t&?éﬁg Qgr%éll%%iaﬁgl E@ﬁﬁ%elgﬁgg% ﬁgggi' '?Ahsec;ggc ggygﬁgéq}gﬁ%@%@ode and
to the bot tGmeetgepbbalyitiodesisfod 034 fouplhé mcrapdle] togrcapBLon 53¢ airsbelvit @ be at a
hi gh val ue_(hi gh capacitanc S ] ut 10, 000
oF part oPetherHe Bafisr Ry Bl pRERIpE SRE e TR BRSO BLUERARRS The

| over edgebe@baciwode, saglyfFgwwei 1 dEgur gaink. Tietidpougheladirode Hi0 idviieent

foscr | be aboUEe FRCC} BEpuPay 1T RT, AR 1ol ACkAR: B oo ROEL 0,2

coupl ed i nhpasainl edgetadecaodzappdaiat o WS by adiuvshgwne funabti goneon fe11. THen thi s
case, both bottomedge elect 2 e s the bottom
el ect r ode, “8HPRI ¥V 'R@gﬁb{:\?\@r{)r ti'(%)?ggarll%er gt‘%@&frg%rgrsa%h{g %ggycg%gggﬂglg%}%%ode 110
provi de rethumbirng path for the plasma, as shown in Figure 16. The anount of
RF power provided by the bottom edge el ectrode 120 can be tuned by

adj usti ng fhie tunabph e:belapaleveledzdddning hwceapbchf prvet Shrends spueshafdr 152
enabl e a new process h.I¢ b e l\eani, hamhet....44)During a
substrate ‘B}é’\'}’!{e)l’t de@%’ém!épgétﬁ”itﬁngwp&?to%g/}s’@, iotdﬁ%ﬁé Ig]g\/'\/ergtg‘?::gur ce 1%615 suptpl ies RE
power at alifireguencoleliie evvitalogtneidizlckmnglpiema. 1 3 hivideaamd pRsyrower

bet ween about 100 watts.tqg .ab 2 waf: ener.at . .Cl i ng plasnma.
The cl eanicﬁﬁhibﬁr%istﬁﬁ% i Lgﬁfé%”ﬁfiﬁg{ﬁ?gﬁ (S(g%%!\ép%% ”ﬁeﬂ E@L? Lgmfdégigf?ig ectric ring
111, top edgétiet esg i odéheltb@pmtdugect-apinenidil Gt ibpigpre pdrg eletBodetIRe, dydtitcom
dielectric ring 121  the, hottom edge el ectreod 0 .0

i nsul at i néjo}lf“ﬁgmf%éﬁ% Ef"Fﬁe}:}é[ e[g]ﬁF’lﬁgg%‘)h%d‘(%{é‘gﬁmég}ﬁgﬁ}i&sdutggol%g]ég]@fﬁr %{%chﬁérl} he gas
feed 161 nearii¢ fvetecenthemsdfiot Hee il fisul @t ornpllated (A 68noes s lbhemmielss 164 to
openi ngs 165. The ¢l eani.r S, | 12180+, hed, ‘ th. the gas
feed 161 and C%}hé}s‘}gg‘ﬁégﬁqgﬁgg {gﬁ"&%gl.h llggl”‘%e)f?g?rﬁﬁg?mo{r\% ?aggiaggtfgbégﬁ P%f suppl i ed
t hr ough t heeggs dne@dhe 6 Easandurgphot hengh thpand Bed Uppindedothhirtmeghswasedchannel s

164. In anpther, exanplie1s42 iRELGRPLAGG1OL pbl& L oL Ahe REFERES: BASHTLAL Ure



10 is supplied through gas feed 161 and the remaining gas m xture is
supplied through gas channels 164. Alternatively, the cleaning gas(es) can
al so be suppl igghdbiwough gas feed(s) disposed in other wanlsi@hisdiie process
chanber 100. 1421To cl ean etch byproduct pol yners, cleaning gases can

i ncl ude an oxygen-containing gas, such as 02. Sonme anount, such as < 10 %
of a fluorine-containing gas, such as CF4, SI'16, or C2F6, can al so be added
to clean the polyner in one embodi ment!® It shoul d be appreci ated t hat

ni trogen- contalnlng gas, such as N2, can also be included in the gas

m xture. Thesupplief deerehcesntizadnioh gingdle mmainioe ot Mg ee iinsupehedohrouse zs

0Xy gen- CONLahUNG4038enfillvd N9 o GAR géée&bc@sals%rbccgm #1f uEaRngLSRRg added to
dilute the gas and to nmelntain tﬁ | asma. To c ean |e ectric
films), s@iéws%@slﬂsihmwr‘i‘; gtnrogsss Gﬂiﬁéb%é%l edge 117, a fI uori ne- cont ai ni ng
gas, such as CF4. SF6, or a conbination of both gases, can be used. An
inert gas, [42licosdeaneich Pypaduce prlyars GlepEna s cpb IglpT RO H@I-containing
fluorine- g(gitﬁwwgz 9%@4?,%9{ st ag&'l'@t%'d?atfﬁ@ra&Lc%%lnﬂ% 991; a8 (19 clean a
metal fil Y, such as Al Cu, at the bevel edge

chl or i ne- coks &f Rifhgcajandse léfuéﬁe‘hé? gen the pEEPY b gpe amé@%wﬁatli gieudfoepot h
gases, Canaﬂﬁs&:ﬁ&@%at Aol LN&bAtaidRAR gass%ﬁ' aﬁsz, Aln % bh hiRiudePR 1 g%@m%uiy.sed to
dilute the chlorine- con%alnln gas andlor to maintain the asma to cl ean
the nmetal Thd myegen- c@&%{rmm@rveméﬁ%dﬁﬂ#@ntof the yayaspraersainag Wéerfi\“tlh@ £26p edge

el ectrode 110,a0d,iRENAsL 90REOE dﬁlt@%rg%jﬁubaazgvm%ﬁn thelphash@! @4 Lygl y smal |
conpared to the distance to nearest ground (Dw) t he bottom edge

el ectrode 42@legric fibpskded 2|8 of G, 21De byval wige ! éhﬁofhionémomaﬁw #pace DEL

I s between,abouirOsp, 8;”3 &(911‘(@{9195“ ofsomh &iLs, LA ben@edermmerngﬂt such Rear@ti o of

Dw Da is greater ‘thah about 4:1, which ensures pl asma confinenent. |In one
enbodlnent”eanmgﬂﬁhéﬁﬂﬂgﬂdW@é“fF%WWGﬁ@ﬁ%@ﬂ&é%v@@@é“@%@éﬁmdﬁ@c@gﬂﬁto t he
near gr Oun@ egh.chabes, yald. ki), The &h@m% DA @SSHLE dage KEPL, HRkineen about
100 mrorr {o about 2 Ton1dhr|n the bevel edge cleaning process. In one
enmbodi nent sontzhénespachagesiBét weBhlat ¢rer dondinaig bpqhaa@s,lcesbtamdsabswat e |1 SO
Ds, Is |esg tm}ﬁ' @bﬁ% 1o, QS 9 Gatbeing il @ﬁﬁﬁ@&m %{gegq%&xse@n the top
el ectrode 160 and the substrate 150 urlng the bevel edge cleaning process.
I n anothermenhmdhnéﬁvwtiﬁhv@hd@@§fﬁh@h 0.4 mm 1441The pl asnma generated in
Figures 1 E and 10 is a capacitively coupled cleanin | asma
Al ternati vigBly, In hes ootk difesrescelst yestdielon Eé%(rrffbgogfegllf)aéléd}l YWPFE™an

i nductive !z LRl o, t)]n;,?s i ﬁe%ﬁx(aﬁl%o:%&irtb @Ae disked BirsaSTBRdidTRAL), the

capaci tor 17Ts set at a high val ue
of the bottom edge electrode 120 or top edge electrode 110. In one embodiment, the space

Dy is befween about 0.5 cm te about 2.5 ¢cm. In one embodiment, the ratio of Dw/Dgg is
greater than about 4:1, which ensures plasma confinement, In one embodiment, Dw is the
distance from the boitom edge electrode 120 to the near grounded chamber wall 170. The
chamber pressure is kept between about 100 mTorr to about 2 Torr during the bevel edge
cleaning process. In onc embodiment, the spacing between the insulator plate 163 and
subsirate 150, Ds, 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. iy another

embodiment, Ds 1s less than 0.4 mm.

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

and RF power 1s supplied to the inductive coil. The plasma generated to clean the bevel edge



and RI' power is supplied to the inductive coil. The plasma generated to
clean the bevel edge 11 is a m xture of capacitively coupled plasm
(gener at edywhyssbdmyRot t om el ectrode 140) and inductivel pc¢RudREGPsasma
(generated by the bottom edge el ectrode 120). Inductive coupled plasma
generally has a higher density than capacitively coupled plasm and can
efficiently clean the bevel edge. 1.45] The plasnma generated near the
substrate edge and between the top edge el ectrode 110 and t he bottom edge
el ectrode 120 cl eans the substrate bevel edge of the substrate. The

cl eani ng heéy pSF e R1E HuicPpldpplsmadsingiie bytthe britogugiatpdn hewk| edge,
whi ch 1 eduGesic@ey@bhgldMsea (éeﬂ@at@@@ﬁﬂh@b&doﬁ%dgé cl&%aa Péo? ﬂ&feﬁ@é SupEpacting
devi ce yleld 1461Fi gure 2A shows rocess for cleaning the beve
edge of thé'subgecitle hay ‘hh*é%é‘kfﬁéhé“é“\ﬁi‘l’@ﬁ“%‘éc%‘ﬁﬁ%diaﬁﬁﬁﬁﬂ%‘faﬁtcﬁé‘“’p‘f‘)esent
invention. ;themphQeesge starts at step 201 by placing a substrate on a
bottom el ectrode in a processing chanber. The process is followed by

flow ng a qmanrmlms@a&)atememmuas;@@%ama@bérm;@ thd¥8p PALERSSIJRG 1 £hanber
at step 202, The gas feed can su t he cleanln aas to the center of the

processi ng 28k HiHeRoms edggelpgrads deSFHéM$WB@é§§ gchaftb&ibsidg dbep 203, a

cl eani ng pk@&ﬂﬁghﬁwh&ﬁ&:&@B&&ﬁﬁﬁ&jﬁﬁ@krhhﬁsQﬁMﬁhi@dQ%d@iu&hﬁr&M&ﬁBfate by
powering the bottom el ectrode us power source and by grounding a

top edge elclé‘@t“latﬁﬂ@ea%&b’éffyn%ﬂlﬁﬁ?éﬁg&és léWéféwéﬁéceméﬂr thi s enmbodi ment, the
tunabl e capacitor between the boftom edge el ectrode and botton1e|ectrode IS

set at a | BvarEes 2 AN Baskes R SHoWE CAHREHET DR UR8L el R SHRSIED 7 of

cl eani ng t hgoRRNEwiRdEe eQbodih@: SL1RS biedth BinvdnloACORIFABE LW Likepne) gpbodi nent
of the present invention. The process starts at step 251 by placing a

substrate BHCEE BEHHERHT & @é‘etroau@cq“ﬁdeamﬁr%%c@%ggﬁ%ﬁad*%%anﬁléfrpmerﬁﬁfés Bligeess s

fol I owed by, fib QW %k i@nsk %@d@és?%&%ﬁ cleg%a fetem FAMER RodddelcBathd Bt Qe 1.
processi ng chanber at ste feed can supply the cleanjng gas to

the center T8¢ g%efﬁfé’rtdw’“l’d’h’ P lciifisesp fio Ehﬁém%%foél‘he pA‘E“?t“éﬁh?’S‘?:“ °5i0dfi%ani ng

plasma is Eﬁ’%%%f%ﬂﬁ&&&sﬁ cﬂﬁﬁ‘tgcrth@sl@@?@ 2 QR8N O ladhiBs SR SEIAKR RY ROVer i ng
the bottom el ectrode and a otton1eHg$ el ectrode u3|n€ a RF power_ source

and by gr obii] #ge 8 oL EgyPREINekFPOIBBIIHTE EPbbH RENE SOFHEn Bhabl 6

capaci tor betyeen,t edg@tete@tmc@lﬁgtarmmm,d,e therdaet iomusdassahest rade is set
at a high value, 1481As described above in Flgure | F. the R Pomer

supply 12308ahpFiregion bRECHOE PO WA Edgee IR aifsivE (OB eiFERIGHS that SISt r at e
150 to gengfgte a cleaning plasma with the grounded top

147] TFigure 2B shows another process flow 250 for cleaning the bevel edge of the

subsirate, in accordance with one embodiment of the present invention. The process starts at

step 251 by placing a subsirate on a bottom clectrode in a processing chamber. The process

is followed by flowing a cleaning gas(es) through a gas feed into the processing chamber at

step 252, The gas feed can supply the cicaning gas to the center of wafer or to the edge of the

wafer. Afstep 253, a cleaming plasma is then generated near the bevel edge of the substrate

by powering the bottom clectrode and a bottom edge electrode using a RE power source and

by grounding a top edge electrode. TFor this embodiment, the tunable capacitor befween the

botiom electrode and the bottom edge electrode is set al o high value.

48]  As described above in Figure [E, the RF power supply 122 supplies a RF power that
is transmitted through the substrate 130 fo generate a cleaning plasma with the grounded top
edge electrode 110 and bottom edge clectrode 120, The cleaning plasma s around the bevel

cdge and cleans the beved cdge. Duc to direet RF through the substrate, the substrate surface



edge el ectrode 110 and bottom edge el ectrode 120. The cl eaning plasma is
around the bevel edge and cleans the bevel edge. Due to direct RF through
the substridessubstrate surface 12 near the bevelpcggggaoflag,d DC
potential. The DC potential on the substrate results in higher ion energy
and a higher etch rate at the bevel edge. Simlarly, the enbodi nent shown
in Figure 16, with RF power supplied to the substrate 150 and the bottom
edge el ectrode 120 and grounded top edge el ectrode 110, al so has a DC
potential on the substrate surface near the bevel edge. [49, 1The

conf i gur at hen tstevh odas MBS glteporpidan hapwméﬂwedwgéwmatr@uim iadgighiet o cl ean
the chambef, i ALEl LAT 2 nME NG LB GRITDELadNTEL LA, t.h&Silbstrate
150 is remved r%%om% 1Jeg‘“h’rrgocersgs ch]arrber ‘ %) 'I]'hery'e?ltlg(r%gq@ba & Sptgléegls can

al so be callzexd 1\?\?&%@?“%@“*&0%%@#@5@1 the\apigjrate 1130 endehebasienti Wﬁmlwﬂoﬁ@l%@r essure

| n Lhe progassoGRAMRBLlikeRlc 15! oW ROQ AN ThA ressure
all ows the cI%ﬂz}anl ng gea&sn% to ed| ?f u55e thrﬁ(?ug& PN he Q)ﬁ@%&%ﬁ&?ﬁ{cgfl or. For
wat er | ess dwbowl eldn (or cal | ed chanber interior cI ean) t he di stance

requi renent between the insulator plate 163 and substrate 150, Ds, to be

| ess than K8but'be configmatipnshann ihigee | Aearaeh begised sogpmiy plaste iosgie dc

requir eﬁenehd%éw\ﬁ@ﬂort hﬁmmgmmec@lgﬁbeelnﬁ&w eréﬁmilgl&e@mugf@@smtr&@me@@%

el ectrode 120, ween about 0.5 cmto about 2.5 cmis al so not
needed. Chﬁ*ﬁﬁé@c‘i?&rﬁheﬁﬂi“ﬁr 0pediiislropltigspraccoey Hvt bneder wafcHess cpitlFed

bet ween th@w{q@f RA9E BbEGLELAR d&é@u@nﬂmpwﬂmﬁ%@[ 1§k§f%£19xd%001%%9r bet ween
the top insulating ring 115 ‘and bottominsulating ring . The cl eani ng

pl asma needbe pweditimbes @rashroiliyhys distclaapies elagnberdiiiyse 8’(‘?1{3]* Ot*‘dh‘éF@aﬁef

t hor Othl y[nteﬁ’:&q Fo%fengss Mt‘gﬂéag éorctgﬁégt&(ﬁamécptn%ri’opélca%? %Ws{ant:@f% tREater?twer i's
supplied to the bottom el ectrode 140 and t he tunable capamtor 151 is tuned
to a | ow vhdresn thninghsoreritio de hetsubsBacH 50.Hes. tooly leddamabegtlrbea. £1'® and t he
bot t om edgg,, %Jrﬁs&xé@dﬁm%%@ a{e% E%GQ&% m@n%w a@m@am@nfo g tunabl e
capacitor can he set value to allow part F power from RE
sour ce 123bdtomgdst gearhée b’@t@amféﬁg‘@b@ﬁlﬁ’étq6@!@“I@“gie?n%@%tsé*isélf@dﬁﬁﬁ@ pl asma
w th hi ghep hﬁﬁ@%&mn%fn ?hﬁm?g&g n&frle%hg bpﬁmsaﬁgem@m% teRodl LCQWi‘Cl eani ng
of chanmber "wa Ghent's near nber walls nore efprCI ently. 1511As
descri bed &Bowd, btntomcmarwkﬁhékbléﬂ)e# betgen thepfep fipseigliendys oF5 RE poWer used is
bet ween abo 4 i gy To cl ean
t he chanbergﬂh‘nﬁ‘él\aﬁ‘éd3 ?9@5.]1%83%%“8&E @Iﬁ%g&}eéﬁ}lg&ge{%eﬁag%%ﬁ% 102 MHz to
about 60 Miean tlerowghivi xture of frequencies. The plasma used to cl ean chanber
interior normally has a higher plasma density than the plasma used to clean
bevel edget50 hdhefhpMeAC fivechpper peppry alpseld tredR Tt pa is supplicd to the bottom

electrode 140 and the tunable capacitor 151 is tuned fo a low value, in one embadiment.
Both the top cdge electrode 110 and the bottom edge electrode 120 arc grounded. In another
embodiment, the tunable capacitor can be set at a high value to allow part of the RF power
from RF source 123 1o go fo the bottom edge electrode to generate cleaning plasma with
higher densily near the edge of the process chamber to allow cleaning of chamber walls or

components ncar chamber walls more efficientiy,

1511  As described above, to clean the bevel edge, the frequency of RF power used 1s
between about 2 MHz to about 60 MHz, or a mixture of frequencies. To clean the chamber
interior, the frequency of RFF power is between about 2 Mz to about 60 MHz, or a mixture
of frequencies. The plasma used to clean chamber mtenor normaliy has a higher plasma

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



13 chanber interior has higher frequency(ies) than the RF power used to

cl ean bevel edge. In one enbodinent, the RF source 123 is a dual frequency
power genejiQisbBe] Different chenistries can be apphl-esismeskor m WAC,
depending on the residues accunmul ated in the chanber interior. The

accunul ated resi due can be photoresist, dielectric materials, such as oxide
and nitride, or conductive materials, such as tantalum tant aI um ni tride,

al umi num silicon, or copper. The matéfials mentioned here are only
exanpl es. The inventive concept can also be applied to other applicable

di el ect ri cchmatbet inarier ks higheidirgrdnedicndbagrthaRE po1g 31 fgghcen beekddensina process
flow 270 for. eﬂbsg.meﬁ@gh% Re shsvahs ?s%gﬁdlcﬁnq&eh@yﬁd'&l%?écﬁﬁ in accordance with

one enbodi nent o resent invention. The process starts at an optlonal

step 271 b}éz[ enmvig éhcx%HDé& ta & iprpﬁéﬂ ) &E@&?%A@gdeﬁé]ﬁi}ﬁq{m th@&%h&ﬂ&sﬂg there
is a substrate in the processing chanber here 1s not substrate (or

waf er) in tdsemppied es\ss Agmbpappes, The ('*ﬂ%fﬁ‘lﬁé‘ﬁd f%‘ﬂ@ﬂ“ﬁﬂ"—“ ehdapsit.orclaght) can

still be Ima&:h@; &dch Q,”Slﬁée 5 S, r&%ﬁ&u@memdﬁﬁao sé’c?lldslmma Agedgd. The
process is followed by flowmng a cl eani ng gas(es ou a gas feed into
&

t he processiTilg Bwaiersilpengr E@PW'}"’W PREN élclfﬂ@é 1@ 1% bF’S?mPHé Eiceani ng
gas tot hem@ﬁﬂﬁﬁ%&&pﬁch@al&f W%gﬁfédr\g o%targ%@&bﬂrdléi&iﬁmcu@rqgseor%t)zﬂulaﬁw

processing c step 2 a cleaning plasma is then generated inside
t he processingelehanber by povverl ng the bottom el ectrode using a RF power
source and b gir ound| ng a top e el ectrode and a bottom edge el ectrode.
For this elfbdiligw 2C F‘I‘%"‘*tam’i‘é’ﬁ?sé opadyddPt Sranpetireisiel e Hdve Yhitetgl

el ectrode g hot LAMSL SaldAGa: b1ShSBEseAlindnligw M@Ipuﬁess[s@m d aEb%Wn@] 2D shows
anot her process flow 290 for cleaning the bevel edge of the substrate, in

accor dancesisi 31 bymen@iBod PREAE oM ANTeCieSBHYOT B RIISoRT TREVT¥E®ss starts

at an Opt'mnglm&%ﬁg &%epymﬁa@w Eate) s@bsﬁiﬁpfﬁérr\al(@r) f.m fpeoc@;sag%mag «chanber,
if there is substrate In he proceSS|ng chanb there is not

substrat e ¢ombsnienyr cloan ﬁdméN Mrloee s@| 'Pf*gm&%ﬁbéﬁdm &H%&Hﬁgﬁm‘-? Fi8r7 bis ¢l ean
(or WAC) Cﬁﬁnmdlu}e%rdcgoﬁ fﬁaﬁo%&én byﬂskeﬁwmcm;g ASHTREARG 8 gaSt &Nk S not

needed. The process is | owm ng a eani ng gas(es) through a gas
feed into mrh@sm.ﬁd@@h@ﬁgm@h?é(ﬁb@?e%}% Feg%qassz@y thtrﬁiéaf@&w ©dlr B dlippl y the
cl eani ng gﬁ-&egs(i)ngt Emb& Y E}ﬁh&dgé"@fﬁﬁg pr@essﬁ%cﬁﬁﬁ’be@dgﬁmﬁfz 78 QQléﬁﬁfx@ﬁl&snﬁt step

293, a cl eaning asma Is then generated in the proce55|ng chanber_ by
powering tih @wb@tztequeh‘e@tth‘EH@?em charpet borvedyethe belert Beraodsisig &R~ power

source and,fy, Gr.oANMLBY Auh PR LAICE ALIEALRG SBloh b GIDOAI MBRks the 14

tunabl e calpam tor tom el ectrode and t he bottom edge
el ectr ode qz@o@e’nmanht‘au;mhgrpawaaitqjé)e!\Aecn the bottom edge clectrode and bottom electrode

is set at a low value.

[54] Figure 2D shows another process (low 290 for cleaning the bevel edge of the
substrate, in accordantce with one embodiment of the present invention. The process starts at
an optional step 291 by removing a substratc from a processing chamber, 1f there 1s a
substrate in the processing chamber. If there is not substrate (or wafer) in the processing
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 (o 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 electrede and 2 boltom edge electrode

using a RF power source and by grounding 2 top cdge clectrode.  For this embodiment, the



1551 The enbodi ments described in Figures IA and I D 1G have wafer 150
resting on the bottom el ectrode 140. Alternatively, there could be lift
pins 145 ipn the bottomelectrode that can |ift up the 120 away
fromthe bdth %H?%&%Etrode 140, as shown in Figure 3A ?ﬁpihéﬁ%ﬁ%B i ment

the distance between the substrate 150 arid the bottom el ectrode 140 is

bet ween about 0,05 mmto about 0.95 nm The di stance between the substrate
150 and the insulator plate 163 is kepg# small, e.g. less than about 1.0 mMm
to prevent plasma being formed between the surface of substrate 150 and the
i nsul at or  pinaiilecapSor hawan Predberm edcterbuodithemtiomichige dicgedericet s Highpt bel ow
0.4 mm Sin%e the substrate 150 is no longer in contact with the bottom

el ectrode %0 RF pomer does not go through the substrate 150 to generate
pl asrma. Thg%i et &111[8 %éﬁaﬁ)gd [ é]résqw B ip- E@h&\newaﬂ: i@@%ﬂino MAugo to the
bott om edg Iec% 15 enerate pl asma near the bevel edge. I|n one
enmbodi nent bo:tolm-:ehtuun@sblﬂi@ Mpia@u\t&brihﬁfs t@iéti et pinhi45Hn dlbgiore glegiiobpdiaipart to
the RF power DL FERERAL 1420, 5WASNREAL sAplaSm near
t he bevel éﬂ”’quFB%%mE' u@%&%@ﬁ%ﬁ Fectron t1ows of P he cl eani ng

pl asma, |noasemmﬂammEtMammm@ném®wbo&$mdnﬂdeﬂ5@h@iﬁwéwé%vbﬁﬁv@ﬁﬂﬁ%w Si nce
the gap be e ARl emRluiaien sd sasiml | (<
about 1.0 Vﬁﬁd quBrmnmﬁggﬁﬁié lggljﬂﬁ]gdgugstrate baéﬁ5|ée DThe pl asma
gener at ed hﬁMamrmhelﬁ}eaqbshMbeaivhéMb@Mmbhﬂemgé>EP@@Uﬂ@H@b@B@“ﬁm@ithe t op
edge el ectfode 2 B RPALNSS. AMTHRgLRNLLefimBt t om edge
el ectrode &ﬁﬁ“m l“ﬁL”JLwE gygﬁhﬁgﬁﬁegbeﬁépectrodeqﬁzo and the bottom

i nsul at or E11cnigsta312d5ls&|e;ﬁ bdbs' i (ghed. tndsghadubgiete 169 it vdorgspingdpiectefibdas ode 110
and the top | ns b 5 Mo SR NELErARRET BUE o RRR pikshe. €dge of
t he substrg? é “P%eé{eanf?ﬁg Oevé}% gﬁeﬁ’ ; ﬁlthe grou%&ed bot t om edge

el ectrode IB@Raldmhhewgﬂnummeﬂpﬁbmtwﬁﬁémewewuwd@éwrmmwbF@Wﬁ@ﬁﬁﬁeﬂ%iurn|ng
electrical paths simlar [¢ Q ié&fch&%@c%t‘-:a

Fonver .t Hoepras A by M8k oG P ERbAAER. OOMbIY Apfl it &

di st ance Dhghydbe&M&bw;ﬁhaamaﬁfwdge1e&e@1%od@um1@%aﬁﬁﬂﬂﬁ@1%%?&¢ma¢t of the
bott om edge electr? § 1; eIS smal | er than the di stance DEE, between the
top edge eP@ﬁP?%ﬁr“ﬁ U°aiht the short part of the bottom edge el ectrode

120¢ ¥y L Rhif O gqaf g RlASMRith bhe One
enbodlnentﬁaﬁh 5?& g Ee &Eg%”BﬁFIREEPNEF ?gzb Ut 2- 1. Alterhaflvely t he
botton1e|ee%b@ﬁﬁmﬂzﬂmhasmanhWaﬂmboﬁwsuﬂmawmbﬂhwméhQh@mﬂbﬁxéﬂ&d4@P@ttrode

15 110' is "LI' sh | QUL AR ohRed kS Lo Al Slange DEBI’
bet ween thBOWﬁbo el r%ﬁ@?ﬁ P 1&%”m§ %%mﬁg bot t om edge el ect rode 120 smal
to better genpime gehasahis ik nn,y&:ts betotriby bawodindtrodh B0rng He Wropdsedge

el ectrode 110 agﬂkthe bott om edge el ectrode 120" are "LT" shaped, as shown
in Figure €46 hake the distance DEE ," between the top edge el ectrode
110° and t tiomedge & ( 1h o &ITRbh: G BES: B@J]Zéo&flk% Rbasma.

i 581 The agﬁérgt%§£ OW %Bgélﬁggmcﬁéb%lng of éVe g an1q€hénber
interior redumeuumdeemﬁabﬂéabUMtdxuplmﬁmévGNLb95§?§@U@? toaglogra 58T t ed
films on the sthate ang ggﬂ@p&q,t GrdeMicaanyi el ds.

[ 591A! t houdH "%Fle Py 69}#&?%\%‘?'inghl@&uhMQLi5 béscri bed gi'enjrsor;ee detail for
pur poses otdgldat k,t%ybsmfﬂcljﬁdm‘ stantl bayel ddize, wiith] ihﬁb@ oA beEm tdsariceert ai n
changes and, mod By t Qi Mok BEcECOPENOGimb g, appended
cl ai ns. Acggpgdl E) V”L“fdhd lor? g chnoﬁg?gi ﬁg\ﬂdlﬁﬁa &' be cdoﬁma ered as
|IIustratlue<agd:ambdme&ﬁm1mﬂnge1Hénﬂowmerﬂww@ﬁmﬂeﬁﬂﬁ§“ﬁéﬁﬂﬂébBéUFFnlted to

the details en h b e
equi val elnt & i"’\éﬂ‘\@ %éihsua u]t) ngyiwu% 1[“3{313 hiﬁ%lc\é‘h&n' ﬂﬂtuht?tht?gamﬁgﬁém

bottom edge clectrode 1207 is smaller than the distance Dyr; hetween the top edge electrode
110 and the short part of the bottom edge electrode 120°. As described above, smaller Dgpp
helps to confine plasma.  In one embediment, {he rauo between D Lo Dyiey 1 about 2:1.

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



16 Cains: A plasma processing chanber configured to clean a bevel edge of
a substrate, conprising: a bottom el ectrode configured to receive
the substr gtyaMiei6i N the bottom el ectrode is coupl edpt-94R:4868:0sf r equency
(RE) power suppl y, the bottom el ectrode having a bottom el ectroée surface
that receives the substrate; a top edge el ectrode surroundi ng an

i nsul ati ng plate opposing the bottom el ectrode, the tup edge el ectrode
being el ectrically grounded and separated fromthe insulator plate by top
dielectric ring; and a bottom edge el ectrode surrounding the bottom
el ectrode ahd is@paharédds flroom it Reutydbt omak Setdistdes P detyott bmtaicdbect ri ¢
(00 e PRLLREY 905 ShERLEAE,00R080020 Bl RIS EhERREAdS, el e 0 o
cl eaning plasma i's generat ted between e top e el ectrode and the bottom
edge el ect rodeer tobadivean hofetbb daretdze dgarods 1t(h@ﬂ<?5l!nb§)pﬁ<an edgstrimireiesigbsed on

t he bottom gl.gct ng I t St ¥ d bet ween
the bot t om’adgs Lo ot end He *F ap  eho b BaRt BEL’ BReb e HadaR

el ectrode ahdrqdhélcb@mdibﬂb@tﬁgeeded é@tmdﬁﬁéob@udﬁgo @Itte!cqonﬁltﬁaﬂdsylacoupl ed to
ground to provide a return el ectrical path to ground, atop

i nsul at or (38hg Byrepowssiel myg redikods & cwg@ eff twegl regzefeﬂndatrﬁldmhcrb@frmmuwsul at or
ring surro ot 1 the top
and bottom%%éle e@@??g&g%g’gg%gggggﬁggg }lg%:tﬁ}ng)qdaen @ﬁ? %lggé%? glg?%fgre spaced
apart fromither bornomrrehedtvsdeldurface, and the top and bottominsul at or
rings have exposed and opposing surfaces that are substantially aligned
with the off¥bsihlgovtiede foepeing jrfeaeashas been deseribed in some detai] for purposes of

clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments
are to be considered as illustrative and not restrictive, and the invention is not to be limited to
the details given herein, but may be modified within the scope and equivalents of the

appended claims.



2. The plasma processing chanber of claiml, wherein a space is defined
between the top edge el ectrode and the bottom edge el ectrode, the space is
configured to confine the cleaning plasm to clean the bevel edge of the
substrate when di sposed on the bottomel ectrode. 3. The plasna processing
chanmbegipfiscl aim 1, wherein a distance between the top edge el ectrode and
t he boftomedge el ectrode define a separation distance, and a distance
between the top insulator ring and the bottominsulator ring define about
the sane sepafatia@rceishl: aRGehel Condigsicsto didanaonéd rigag! b héscliganmpigsop asma i n

t he space 4. The plasma Ssi ng chanﬁe ei n .t he .di.stance

roce r of claim 3, .wher
bet ween theaﬂﬁﬁo@gﬁgj@p%g?ﬁ%ﬂ?ddﬁdeﬁﬂgi Is ?@ﬁ@éﬁdﬁwgﬂ%g$g3)8migm%08%fsequa
to the sghardtd AQiPBINERN RFEpH O dupsiyl @t Obtdn REcanid Hahieg botdtom ¢lasatiat or
ring. 17 5. The,plasna?p(opessing chanber of claiml , wherein a surface
of the SEE5e MSEFATT MY SFPHE' that faces the substrate when present, aligns
with the sunfigeedefcdchedd Rpordgr 8l eallandelahaipofiac s tohemslibsodeatie;wand

wherein the surface of the bottom i nsul at rin at ces t.he. i
moul aFRG R ‘BEGIES Dt DSt e ot R oORPOS By b bERos: oy

faces t.he top edge el ectrode. 6. The plasma processing chanber of claims5,
Gont i ni ng  ReXEPBAHERG B ATy g e BP SO SR Ut HY B Bar TP R m 1,
furt here| QRIS Bitom diclectricirgashef i@@dmentae dideebde roppdsing ths ubmatde ghicavd. t o
Provi d?vhaereg{ do glgaiisng%al'zimta ?s ggc!ng‘%lréd E)Qt?w&e 1 13 ltopee ueeelgcﬁrogehsldsﬁilcp g{)turo%tc%gc clectrode
{0 clean the bevel edge of the substrate when disposed on the bottom electrode and the bevel edge of
the substrate is exposed between the bottom edge electrode and the top edge electrode, the top edge
clectrode and the botiom edge clectrode being electrically coupled to ground to provide a return
electrical path to ground;
a top insulator ring surrounding the top edge electrode; and a bottom insulator ring
surrounding the bottom edge electrode;
wherein each of the top and bottom edge electrodes have opposing electrode surfaces that are
spaced apart from the bottom electrode surface, and the top and bottom insulator rings have exposed
and opposing surfaces that are substantiatly aligned with the opposing electrode surfaces.
2. The plasma processing chamber of claim 1, wherein a space is defined between the top edge
electrode and the bottom edge electrode, the space is configured to confine the cleaning plasma to

clean the bevel edge of the substrate when disposed on the bottom electrode.

3. The plasma processing chamber of claim 1, wherein a distance between the top edge electrode
and the bottom edge electrode define a separation distance, and a distance between the top insulator
ring and the bottom insulator ring define about the same separation distance to agsist in confining the

cleaning plasma in the space.

4. The plasma processing chamber of claim 3, wherein the distance between the top edge
electrode and the bottom edge electrode is about equal to the separation between the top insulator ring

and the bottom insulator ring.



8. The plasma processing chanber of claim1, further conprising: a
plurality of gas channels enbedded in a top el ectrode assenmbly, which
conprises the insulator plate and top.pdge el ectrode, to supply process gas
near the edge of the substrate to clean the bevel edge of the substrate. 9.

The pl Sa. pfo; I NS Qf i j Whe %1 f i wiodi
frequ eﬁ'cy Ofﬂt,[ ;ﬁgﬁ%éﬂ& %@%ﬂ&%‘hbu of €ladth M kherén gQ0LER LD hefiof m&lﬂﬁlwbdfmg_?_g}mhe

power between about 2 WMHz to about 60
plasnaﬁpcmﬁ@§s%ﬁ@mdﬁﬁﬁﬁé@£@fa@@éﬂﬁﬂ“ﬁeﬁH@Féﬁﬁ{?%Emdﬁ§?ﬁﬁggk%épéggﬁspﬁé
:QSFLS%R%%RQQB and the surface of the substrate facing the insulator plate

an about 1.0 nm 11. A pl i sing:
5 s MR ebout 40 m 15, oo s pgcesslng chamer, Comprl oL 1n
confi gg{e?grf&cg of gﬁg BhiyEn Ldhe cRHRSL 1Ak BcesWhebg bdpeteherbt t om el ectrode i's

coupl e a radio frequency (RE) power supply; a top edge el ectrode
havi ng an exposed surface at a second | evel, the second | evel being above

the figst | g - i [ irgpt i [
16 Y&l pash N Brot QR nE LRGP G I8 § ObHeinGheabp imsluligt dimgardl tat Bownd i s
opposi ng the ﬁhttqn?%lect?ode, the top edge elec?gode bg}ngge?ectrically
gr oundéthulael derrasis cerfinieghe ¢@iNgRaiMat or plate by a top dielectric ring;
and a bottom edge el ectrode having an exposed surface at a third’
level, the third level being below the first |evel, the bottom edge

el ectrdde siihe planeh Mgceshes Gerpam erEtt foye” SHRPTIesel ectrical |y grounded,

the bottom %OLtgg r£h eabiRbei Rl ALISeNAMaledofiaonpilbes hatib onmehedtvcdecby a
bottomdielectiric ring, wherein the exposed surfaces of the bottom edge
el ect r dekesubsidict he top edge el ectrode are arranged to oppose one anot her,

?gerein a cleaning plasma is configured to be generated between the exposed

8. The plasma processing chamber of claim 1, further comprising:
a plurality of gas channels embedded in a top electrode assembly, which comprises the
insuiator plate and top edge electrode, to supply process gas near the edge of the substrate to clean the

bevel edge of the substrate.

9. The plasma processing chamber of claim 1, a generator for providing the frequency of the RF

power between about 2 MHz to about 60MHz.

16. The plasma processing chamber of claim 1, wherein the distance between the insulator plate

and the surface of the substrate facing the insulator plate is less than about 1.0 mm.

11. A plasma processing chamber, comprising:

a bottom electrode having a support surface at a first level that is configured to receive the
substrate, wherein the bottom electrode 1s coupled to a radio frequency (RF) power supply;

a top edge electrode having an exposed surface at a second level, the second level being
above the {irst level, the top electrode swrounding an insulating plate and is opposing the botiom
electrode, the top edge clectrode being electrically grounded and separated {rom the insulator plate by
a top dielectric ring; and

a bottom edge electrode having an exposed surface at a third ievel, the third level being below
the first level, the bottom edge electrode surrounding the boitom electrode and is electrically grounded,
the bottom edge electrode being separated from the bottom electrode by a bottom dielectric ring,
wherein the exposed surfaces of the bottom edge electrode and the top edge electrode are arranged to

oppose one another, wherein a cleaning plasma is configured to be generated between the exposed



surfaces of the top edge el ectrode and the bottom edge el ectrode, the top
edge el ectrode and the bottom edge el ectrode each provide a return

el ectrical path to ground during opergtion; a top insulator ring
di sposed around the top edge el ectrode, said top insulator ring having a

sur f ace,di.sposed G cc%@%hx@d@:enﬁaﬁ@Bﬁiidn@%@cc, clamdde, the top @gbol:tionteiang uheat or
ring disposed around the bottom edgpe el ect rode S@I d bottotm i nsul ator ring
havi ngb%ﬁi‘%’mq‘ééé’éc‘ﬂid%ﬁ@é’&“’ aAHBEIECHE R G ERYR U SPFHL Y | asmmm
processi ng ghahenatef rigd d@igisdilarovlaaneiop dgsleisdtade saliesmizeriatbheng ppyiredge

el ectrode and the bottaom edqﬁ el ectrode in the space is about equal to a
separ afPERe BERREEH AP TeSHFOPhLIFadr ring and the bottom insul ator ring.

a bottom insulator ring disposed around the bottom edge electrode, said bottom insulator ring
having a surface disposed at about the third level.

12
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The plasma processing chamber of claim 11, wherein a distance between the top edge
electrode and the bottom edge electrode in the space is about equal to a separation between the top

insulator ring and the bottom insulator ring.



