1 EDCGE ELECTRODES W TH DI ELECTRI C COVERS BACKGROUND [ 1] The present

I nvention relates in general to substrate nmanufacturing technol ogies and in
particular to apparatus and nmethods for the renoval etch byproducts froma
bevel edge of a substrate [2] In the irocessi ng of a substrate, e.g., a
sem conductor substrate (or wafer) or 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 or l__ject an%ul ar shapes. Egch of the Iuggt@ﬁ of dies wll
becone an i nt egdd ITH DIELRCTRIC: RS a series
of steps in which materials are selectively renoved (or etched) and
deposited. Control of the transi stBaAcCgatROUNI i cal di nension (CD) on the
order of a few nanoneters is a top priority, as each nanorret er deviation
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surfaces of the bevel edge as a result of several different etch processes,

or gani ¢ maynidmstatedirestip morhmpeyatmabﬂpge@mw/@rcnmabﬁémf thesedestigasal | y weaken
during subsequent processing steps. The polymer |layers forned near the top
and bot t[gm surspaslls, fsubstad i c@ftel wath a thin film of hardened emulsion (such as a

photoresist mask) prior to etching. Areas of the hardened emulsion 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 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
substrate edge. However, as successive byproduct polymer layers are deposited on the top
and bottom surfaces of the bevel edge as a result of several different etch processes, organic
bonds that are normally strong and adhesive will eventually weaken during subsequent

processing steps. The polymer layers formed 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

bet ween pl asma processing systens via substantially clean containers, often
call ed cassettes. As a higher positioned substrate is repositioned in the
cont ai ner, byproduct particles (or flaﬁes) may fall on a | ower substrate
where dies are present, potentially affecting device yield. [5] Delectric
filns, sdghwasldSihbhaee @i ke affidoftent aiitofanbiher sehstrhteaduriig subdir@e trapsporal so
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i npacti ng devi ce n addition, the interior of the process chanber,
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system Several inventive enbodi nents of the present invention are

descri bedrtiskl issues. [ 8] | n one enbodi nent, a pl asma processi ng chanber
configured to clean a bevel edge of a substrate is provided. The plasna

processilg charkar of ikd fstegoing Stbst fsad esd) fipoapparan iglinethdds theicgrovidet he
substrate. The plasma processing _chanber al so includes a bottom_edge
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subst r ahgd USposRVETiRES A 18 ilgidve prddabdlyididel ectric |ayer. The plasma
processi ng chanber further 1 ncludes a top edge el ectrode surrounding a top

i nsul ator plate opposing the substr STBMMARYrt. The top edge el ectrode is
3 electrically grounded. A surface of the top edge el ectrode facing the

substrayf | S grO¥H SPedling? the disclosed embodiments fill the need by providing improved
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 substrate support
configured to receive the substrate. The plasma processing chamber also includes a bottom
edge electrode surrounding the substrate support. The botiom edge electrode and the
substrate support are electrically isolated from one another by a bottom dielectric ring. A
surface of the bottom edge electrode facing the substrate is covered by a bottom thin
dielectric layer. The plasma processing chamber further includes a top edge electrode

surrounding a top insulator plate opposing the substrate support. The top edge electrode is



top thin dielectric layer. The top edge el ectrode and the bottom edge

el ectrode oppose one another and are configured to generate a cl eaning

pl asma to clean the bevel edge of the substrate. 191l n another enbodi nent,
a nmethod of cleaning a bevel edge of a substrate in a processing chanber is
provi ded. The method includes placing & substrate on a substrate support in
the processing chanber, and flow ng a cleaning gas into the processing
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DESCRI PT[!la\l G YEHE](%'\@MIHEHL a method of cleaning a chamber interior of a processing

chamber is provided. The method includes removing a substrate from the processing

chamber, and flowing a cleaning gas into the processing chamber. The method also includes
generating a cleaning plasma in the processing chamber to clean the chamber interior by
powering a bottom edge electrode with a RF power source and by grounding a top edge
electrode. The bottom edge electrode surrounds the substrate support. The bottom edge
electrode and the bottom electrode are electrically isolated from one another by a bottom
dielectric ring. A surface of the bottom edge electrode facing the substrate is covered by a
bottom thin dielectric layer. The top edge electrode surrounding an insulator plate which
opposes the substrate support. A surface of the top edge electrode facing the substrate is

covered by a top thin dielectric layer.

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

BRIEF DESCRIPTION OF THE DRAWINGS




4 [12] The present invention will be readily understood by the follow ng
detail ed description in conjunction with the acconpanying draw ngs, and

| i ke reference nunerals designate |like structural elenents. [13] Figure 1A
shows a schematic diagramof a substrate etching systemw th a pair of top
and bottom edge el ectrodes, in accor dafhce with one enbodi ment of the
present invention. [14] Figure IB shows an enlarged region B of Figure 1A,
I N accofidjnc®hpictern eventibm diiirbe teadfly ithdergtoed by thei follewingalstailefl dsjcripiigur e 1C
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Fi gure %chhghgg&gﬂtg_ance wi th anot her embodi ment of the present invention.
[17] Figure shows an enl arged region C of Figure 1A, in accordance with
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generated by RF powered bottom el ectrode and grounded top edge el ectrode,
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embodiment of the present invention.

[15] Figure 1C shows an enlarged region A of Figure 1A, in accordance with one

embodiment of the present invention.

[16] Figure 1C-1 shows an enlarged region A of Figure 1A, in accordance with another

embodiment of the present invention.

[17] Figure 1D shows an enlarged region C of Figure 1A, in accordance with one

embodiment of the present invention.

[18] Figure 1D-1 shows an enlarged region C of Figure 1A, in accordance with another

embodiment of the present invention.

[19] Figure 1E shows the bevel edge cleaning plasma generated by RF powered bottom
electrode and grounded top edge electrode, in accordance with one embodiment of the

present invention.

[20] Figure 1F shows the bevel edge cleaning plasma generated by RI' powered bottom
electrode and grounded top edge electrode, in accordance with another embodiment of the

present invention.

[21] Figure 2A shows a process flow of generating a bevel edge cleaning plasma, in

accordance with one embodiment of the present invention.

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

accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[23] Several exemplary embodiments for improved structures and mechanisms to remove

etch byproducts, dielectric films and metal films near the substrate bevel edge, and chamber



[20] Figure |IF shows the bevel edge cleaning plasm generated by RF powered
bottom el ectrode and grounded top edge el ectrode, in accordance with

anot her enbodi nent of the present invention. [21] Figure 2A shows a
process flow of generating a bevel edge cleaning plasma, in accordance with
one enbodi nent of the present inventiog. [ 22] Figure 2B shows a process
flow of generating a chanber interior cleaning plasma, in accordance with
one enbidérimento aybid prdymerkygmedich grdhfilre accupmiaianEmANE SORTYE POP¢CSFYivldRare
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avoi d polyner byproduct and filmaccumulation and to inprove process yield
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det ai | sa&@kdahes Whthheeebmbodiment of the present invention. Cleaning chamber 100 has a
substrate support 140 with a substrate 150 on top. In one embodiment, the substrate support
140 is an electrode. Under such circumstance, the substrate support 140 can also be called a
bottom electrode. In another embodiment, the substrate support 140 is an electrostatic chuck.
Opposing the substrate support 140 is an insulator plate 163. The insulator plate 163 can
also be called a top insulator plate 163. In one embodiment, there is a gas feed 161 coupled
to the center of the insulator plate 163 to provide process gas. Alternatively, process gas can
also be supplied to the edge of substrate 150 through other configurations. The substrate
support 140 is either made of an insulating material or being coupled to a resistor 152 with
high resistance value, if the substrate support 140 is made of a conductive material. In one
embodiment, the resistance of the resistor is greater than 1 Mohm. The substrate support 140
is kept to having a high resistivity to prevent drawing RF power from the RF power source
coupled to one of the edge electrodes. 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
enlarged region B in Figure 1B. In Figure 1B, bevel edge 117 is highlighted as a bold solid

line and curve.

[25] Surrounding the edge of substrate support 140, there is a bottom edge electrode 120,
which can be made of conductive materials, such as aluminum (Al), anodized aluminum,
silicon (Si), and silicon carbide (SiC). The surface of the bottom edge electrode 120 is
covered by a thin dielectric layer 126. In one embodiment, the thickness of the thin dieleciric
layer 126 is between about 0.01 mm and about 1 mm. In another embodiment, the thickness
is between about 0.05 mm and about 0.1 mm. The thin dielectric layer 126 can be applied or
formed in a number of ways, and one way can be through a deposition process.
Alternatively, the thin dielectric layer 126 can be formed separately form the bottom edge
electrode 120 and be amounted on the bottom edge electrode 120.

[26] To perform the deposition process, the bottom edge electrode 120 is placed into a

chamber where oxide growing chemicals are flown in to promote the formation of the thin



[24] Figure 1 A shows a cleaning chanber 100 for cleaning substrate bevel
edge, in accordance with one enbodi nent of the present invention. C eaning
chanber 100 has a substrate support 140 with a substrate 150 on top. In one
enbodi ment, the substrate support 140 is an el ectrode. Under such

ci rcunst ance, the substrate support 149 can al so be called a bottom

el ectrode. In another enbodi nent, the substrate support 140 is an
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7 alum num (Al), anodized alumnum silicon (Si), and silicon carbide
(SiC. In one enbodi nent, between the top edge el ectrode 110 and the
insulator plate 163 is a top dielectric ring 111. Beyond the top edge

el ectrode 110, there is top insulating_ring 115, which extends the surface
of the top edge el ectrode 110 facing slbstrate 150. The top edge el ectrode
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di el ect F".Pc"*l%%r\?grgﬂﬁ%%%ﬁ%?ﬂ?ﬁﬁ’a@%}lﬁa g%%ﬁto ﬁé g%defsgané;cggﬁh g%\rgtk&%]g &Phe
present jnvention. Alternativel e surface.of.. t he. thi i€ 1

coveri néf riay S@rll‘ﬁl the Same FRAFOR; r_{qltle({ aﬁyéwg g?rftﬁsgma{d Iegeﬁg—lct lg%é}(}?gi Jélgt(:é Hf%:c(érolfng
111 andt%e[}gg %g%i A& 11095 h19p cdlnfb‘ié& B b ifin Wiehgtrld Byerdl 65 1A\Me bmbiligient

1CG1. R shows an encircled region C of Figure 1A which shows the

bot t om degthickhesstofablethi® diekdctdc kaher 11618 iviabowsdhe pame rapse as thecthimdjeleelyisr
126, in_, accordanc i th one_ enbhodi t of .the .present ipventign,

Al t er nat@ygel 4o n?tﬁg a8 a @nngﬁgcﬁqﬁy%&lkd%dgpﬁegcotvl';f eggﬂgggenﬁle?t%’fgr
126" is fhu ' - t bad HAteHAS thoted WithOredpbbt adhihhe
surfacelzl)¢' ?E%éMSIBI?’th{r}?ﬁ %ﬁjffgﬁﬁﬁgﬁﬁrﬁg%%& as sth(;wn ion Fi gurggﬁle[b)l. Duri ng

bevel edgtectlichpemi@o ddveappbpodhigalidéatic taydel 610 i s grounded t hrough the top
el ectrode 160. The bottom edge el ectrode 120 is powered by the RF source

123. In gsn]e ¢aRRdi1Ce Howd he chfirgeedgion ADef Bagile dAQuvhigh Mhaws theatopuedge0
MHz. | As described above, the thin dielectric |layer 126 over bottom
edge el electrodte] 1R@ith the thinedielsttric gowsring layer 118y iaraceardansgayith ons qrahp

el ectrode ;110 protect. .t he, hottom edge electr, . . . ,

el ectr o&g ﬂﬁﬂ"%”g HVEEHY é@?%‘g‘éedy’gﬁﬁ S?fef%“%c"eﬂg%‘%‘? glieiel&%éiﬁﬁ'g h?% k@%g Fi6
processing,ghamiGhe sditfeldtitE&RGSSRRcRIc fifle 11 hand dicchefite of theaypriasuldmg 116
shoul d tl)e Eept 8 | ow enough that the bottom edge el ectrode 120 and top

edge el eingridde ad $ioweaim Eigukd 1€tncFigore HY shpws @p saeiscledhsegian € oidguighlaise

0 01 mrvsiieh Sisotiog b eeSr a0 Phsrifih ERiEalh JnlE Eointinty 156
di el ect gj %Féo"i%ﬁfcé witPor EnbddinRh€o PRl WRERnARNYAL¢h. OAlBIaaVly 2B0 dhrflbelofmm

The thin el'ectric layer 126 can be applied or forned in a nunber of ways,
and one thayhiaabotien tdicleurh cvedmpdayer d26priodbsh. with Hhe suefeero@f thedotiga

i .the thi ielectri | t.h dge.el . Al L. t ly,
She T hi Sigkarieans 191 pag gre ssises S g Sorpm BT ERRS R £ oF Sidm ALFERETD: Suve
el ectrode %Qip%%v@ﬁe%oggérﬁﬂ%,%e ttblﬁ e@@é eRN:880¢ 161i6 Gravnded ll%@uﬁlil fthe top
W odl nen

accordance one e of the present invention. [32] The space
bet ween eldearode60.r aite Hdidnaedpet dectiadsul 26t isrmpweired by H8ORT ssokesst 1 28maln| onesuch

as less than 1.0 so that. no pl asm | d gen bet ween on the
subst r atgbodimeidhe thV%erEfe'?Fé‘QFER‘% Btgm?gl%?&?éﬁﬁéz'mo. The top
insulating ring 115 and bottom insulating ring 125 al so hel {) confine the
pl asma daher aAedesbabasioatiovaclie thindigleririe tayer 1%‘%@@? bottom edge electrode 120 and

the thin dielectric layer 116 over the top edge electrode 110 protect the bottom edge electrode
120 and the top edge electrode 110 from being corroded and reduce particle counts in the
processing chamber. The thicknesses of the thin dielectric layers 126, 116 should be kept



[ 33] The space between the substrate 150 and the insulating plate 163 is
kept very small, such as less than 1.0 nm so that no plasm woul d generate
bet ween on the substrate surface that is beneath the insulating plate 160.
A plasma can be generated near the edge of the substrate 150 to cl ean the
bevel edge, with the grounded bottom etige el ectrode 120 and the grounded
top edge el ectrode 110 providing returning electrical paths, as shown in

Fi gur e Ibfw enduHJtheh thd bisttran edge dectyaied2ftand toredget dhectiodgd 10 can pall Suisten at e

150 t | th | ed ith th d t d | 1
pr ovi gi %‘ifﬁg‘g{@ﬁgi 2%\32?% 3%@3‘%’ ﬁ%ﬁ@?‘n%g%ﬁ%ﬁni‘ﬁaﬁﬁﬁg?@% 5&?4%‘%:13336038%%%
wi th Onﬁetgggfgh@nén?fmﬁlhﬁdpﬁﬁoﬁ@ Nt iRV SRt drffher CofbRKtirAé 2 RHEGHR s For EONET

supply an ndi ng can al so be used. For exanple, the top edge el ectrode
110 is @Elepnitelagers 16 amiiplé ag betREepabeuwt G0pphm ansl abaut tlob namecThethin 160,
and the bottom edge_el ec%r ode.?lfﬁo i.s electri cagﬂ]yﬂpr ounded, by‘o(% ounﬁl ng
t he | owdielectsiculayen hip gam be 2pplistheh forpeg; g a pumger of ways A4dd FHbRe

enbodi ”g-,g 1%1@2{13 Pﬂgosgfo(ﬁsﬁ'&esg ngﬁlg%rirﬂ&hocyﬁﬁcllﬁﬁé’ sﬁ‘ﬁkiﬂh thé R dkiddhte fa98r Slge

el ectro ot't'om edg ectrode are each Covered by a thin
di el ect fheCedgaydéctiodepr dtieatativhly, ther thirc dielafrid yeriid® ceh betipouesk sepafatdy

Duri bstrate b | ed I ' , the RF 123 :
suppl | eErREhg nipTaades ecadend) aBbadaiuae i be DRYORAIESIETREF A Ena a
power bgﬁc‘éﬁfaglpgmton%%b%%&tBf’th@??%’m g@e?%mﬁtts to generate a cleaning

pl asma. éaning plasnma 1's configure e confined by the top

dielectrj g ri 111, top edge el ectrode 0, t } ] Rale]
115, “t hE ot NBfstee e Rty v 0 g i shiifinh Plcs el RS0, ST |
bot tom 'g@ﬁ:gé HahN%D K BokBA- noThEsiiA KRNIINEnBRAS! BfNetBors tiRrubsiehté Ririeghdt he
gas feed 1ol near the center of the insulator plate 163. Alternatively, the

cl eani nip basgthsthe dasolating pldse 16Qpdhedop insulsting rogs] Seand( bofttom HsBlelng HRZot her
parts of _the process chanber 100. 6] Tp cl]ean.et.ch byproduct polyners,
cl eani né%é@%g‘d@é"ﬁn lﬂ%a\ﬁg’g“&’r? W%@h%’&ﬁ[‘ﬁ?ﬁ Bt gedev lu%‘%e'as 02. Sone
anmount, such as < 10 % of a fluorine-containi n%ﬁgai, sggh s CF4. SF@, or
C2F6, ci¥dlal Jbeispacschesvicancthe substratenk Gyand,the Anguid YR6a st vept sedlby) o
be appreci.ated that.nitrogen- i.0i

"t deastrrsfe ab | i et REbASH: Sue foncPlf BefBedien tRARDSEAE sitfuce

di ssoci idt 9 beheati ereOMm¥@aLIng PItAT60.NA PRSmaAan ibregdnepas] namahe adgerof e He,
can al so be added to dilute the gas and/or to nmaintain the plasma. T%ecl ean

a di el estbstuatef 1 30nosoleanstbe frewed edpay with theqgrounded hrtiomesslep clsgljade 170 angd t

f1uori ne-cont aj ni CF4, SF . i nat i ,

(1ot | SRALEL e 030 R i Fing e SR BL g P goces,

et al | § i o)A DIBSA ool baectsFared non (s Higetst 008 SUeaae 130 T Gofts e beld capg?"
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di | ute thgure hEQH sRorianéeawith oge gmbodinthoof the present iaventione (phersarsangemeitean

the netal film(s) [37] In_one enbodi nent, the spac or distanc t ween
the t op od@gwersunply yesroumling ean 2le boviedmbon geamp c‘ﬁ?g‘&le 2(5’,56‘358% 1? 15

| at | ] ed t '
bot tom dtyRSuRtet, FOTRRIEE < 0F pISCLUIRRRGnL fof EREGRe (BIPURE e Mot cdae
space Dikectioddabieeaicasouly Sobnddd, be gaheiding?thh lower focusrieg d@Bpa stemn, int he

ratio of Dw DEE is greater than about 4:1, which ensures pl,ﬁ%orrﬁ ..
conf i nerfgure IFhinoassordsheriwitrane appqdimenofdhe Peserd IMVeHDhe EoRMBG e

el ectrode 120 to the n r d 0,..T r ure
is kept CLHEH @éee&n()paﬁ%ﬁ e%g%o%irgﬁ#]q%‘o bgﬁ%ﬂ?&[ﬁe‘{%%tr ér?ﬁgéa%g%g%tglbyg%ggﬁl

cl eani ngy;HEQES Ser loproRe: EBAEIEEHL the ehige clparideg bet veen the insul ator
plate 163 and substrate 150, Ds, is |less than about 1.0 mmto ensure no

| i t 6 t [
P2, LB e lasig e ST bl st gy

g
her enbodinent, Ds is less than 0.4
nm [ 381 poiver i asharugaryeatvesh abouFR2guibstol dboivs 6& Midpand tai poatey betgshadout

cl eani ng pl asna. : . .
10% watls to about 2000 watts to generate a cleaning plasma. The cleaning plasma is

configured to be confined by the top dielectric ring 111, top edge electrode 110, the top



Alternatively, the bottom edge el ectrode 120 can be replaced with an

i nductive coil buried in a dielectric material. The plasm generated to

cl ean the bevel edge can be an inductively 10 coupled plasma (generated by

t he bottom edge el ectrode 120). Inductive coupled plasna generally has a

hi gher density than capacitively coupl%d pl asma and can efficiently clean

the bevel edge. [39] The plasna generated near the substrate edge and

bet weenidshitihgpingdds, dledsdttonddicletbriarivg 1Ak thototmmeige cictrode 44@ ardathe| eans

the substrate bevel edge of_the substrate.. The.cl.eani hel [ C he

bui | d- upolem JeyWaise the 137 Thpslernpe epodis é‘é%’é{ed&ﬁiok%ﬂg F@&F@Zf%e‘gf& fledh

el i ni nat,es . P Qitked f 132" AKGheis/, 96l SedRASAH Y cALNEE Be Vildd

Maki ng %%&Séﬁ% P?gﬁﬁggp%hiéﬁgéuglectrodé g%d t he topg% gg electrodéﬁajth

mat er i akigonglegds feaal($)ikspobehiniatiger phets ofthe pricdssomamdey 1@bst | y. I n contrast,

using a thin dielectric layer is a lot nore cost effective. As described

above, t o 1&inedi&e biBdh@YRIynss di@nimpuaiedcaninthde katoxegerectneaining

electroggﬂand the top e@%e eléftrode. |f a different cleaning caniééiy is
a%

used angad, isectoas Go.nSomehimouitetuehtas i<c10 &y of 2 fuasigetcopignng A £U¢ ‘new

I [ h , t t hi h b
caci Ty REpl Sopal e 50 R0 e HECHTRE PTG EBoMRL" B ST ie R 2

chem st %ﬁ reagieﬁ B HiPodef & oRNAYg 30 stdh® NS esleslsé be iitmied it e gstmikmrdot t om
edge el e ?ro e and the top edge electrode. In addition, after a period of

usage, (Ihe mitrodeacestanfing bes doistsalissedigtior bEtherasasepRNtHRMLIESH AgBEcE|2a%t r ode

can be cl eaned or__sanded. _New, | ayers. (Qor coatin of. dj rd can
Do put GHeh oIS ere s Saatte BB srcaty ddbeindingh plasint T3ERaD, C3
with exte ar si ' Rt b BevRRc8ROYE7, anflesriediotititing fgas)
pr ocesstafc}]%\?vggg&ﬁﬁigé’ %‘F%‘aéﬁ%??%gg%zé\%l edge gf@?he substrate. '}'hlggpg?ocess
starts atclsae@F2GFbyr pranbingtien efibsthzases, ean ke viehs tAminsrtsgaspich as frpr

i hamber. T . s foll d by fl ow I i
e ough HE gas aedes pgoliBie RclturiRline et e SUpEl ByineRhliaagess) |
cl eant ng ks ol e B ARERALEBFAS ARG LEVEl uedlicpEagshel BUPSITALe. by
a pottom ectrode

powerin edge e using a RF power source and by grounding a
top edgeopiaiig gae suchhs Glubat BELeosa ppobinatien ef bothrgassdearobe wsedi edreert ¢

material or being coupled to . a resistor 2 with hi.gh resistance value to
prevent g8%.aChASRAT 9588 FapaHse 58 Uﬁﬁé ttﬁﬁ@%ﬁqeeaﬂg?g%ﬁ@%ﬂmﬁh%ass T e
support. A dif f @ﬂﬁ e used, where the bottom edge

el ect r od®! tgmetilgéﬁrg]%gg* %g‘g’rﬁ‘&i’!ﬁﬁé‘ anst?pt he top edge el ectrode is powered by
an RF power source, .in.accordance w t.h, anoth i I nt
Mvent | dRT A B 1008 R B e ABE (h 1 ETE Bl R oaRls BecblE PUCIET

this conjd gbﬁ(ﬂﬁieﬁge electrode 120, Dgg, is relatively small compared to the distance to nearest
ground (Dw) of the bottom edge electrode 120 or top edge electrode 110. In one

embodiment, the space Dgg is between about 0.5 cm to 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, Dy is the distance from the bottom 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 one embodiment, the spacing between the
insulator plate 163 and substrate 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. In another embodiment, Ds is less than 0.4 mm.

[38] The plasma generated in Figures 1E is a capacitively coupled cleaning plasma.
Alternatively, the bottom edge electrode 120 can be replaced with an inductive coil buried in

a dielectric material. The plasma generated to clean the bevel edge can be an inductively



11 [411 The configuration shown in Figure | A can al so be used generate

pl asma to clean the chanber interior. During the chanber interior cleaning,
the substrate 150 is renoved fromthe process chanber 100. Therefore, the
process can also be called waterless autoclean (WAC). In one enbodi nent,
the pressure in the process chanber is“kept bel ow 500 mlorr. The | ower
chanber pressure allows the cleaning plasma to diffuse through out the
chanber coui@d pRimaRpéncnaéd by ahs batbmcddparel¢atrode 4ROk d Inshatite eouped plagna

cl ean), the distance requirenent between the insulator plate 3 .and

subst r agener@ty, hass higherglensigsthan Kaprcybs C%P%drﬂq?Sn?asa“%ocagc?%%%?&tﬁ'e‘gﬁaéld?he
Simlar % t he space requi renent between the top edge el ectrode 110 and the
bottom %ﬁl,'e %ctrode 120, DEE, of between about 0.5 cmto about 2.5 cmis

| t ded. . Chanb terior |eani |
Sont | noldlor 56 e Rebpaisn gt P s e o83 FBReF i ih cBEEclebfbdid 0,
or betwggn d 8440 éggé%&%@amb Geahd FheBbshatet el aduel oft ihogsubsbtrge. 1 2%he The

cl eani ng plasma nee to diffuse through out the chanber interior to clean
t hor ougllegning42]psAsduteshe bhibtiuplofwelymas at theamibsterte bexedicdgri geich Feuessiuency

of RF power used is between. abgut VHz .t 0 abou 0 . QL i of
f r equené&liganates, they B%ﬁ%ﬁ’ﬂlﬁg hBﬁ’FBglF ‘%ﬁ?c@? ingp?& e&?vr(équﬂeé?}déy%gwt%%g\g@ei s
bet V\/een&%ggﬁ: eéi%e Mé%tr&%ha eE ttﬁpeaéézele&l"odé winhhtedale findrt ®OHe oRbsiag pldima

pl asma cl ean rinterior normally has a higher plasna density
t han t heoplddseerysenlyt dn comtest, singla thibgdislecthie dasknise lot more¥osheifeativiséd t o
cl ean chanber interior has, higher frequency(ies) tha he dto
cl ean belgegribed goove, fheHdn é??&?g‘}“hg’ﬂ?{ cq%hu'%" ﬁé&%@ Pgéﬂig‘ﬁt&ﬁ)ﬁé egg%glg&(?drele%aency
power gener.at qr | ffipree 1 SdnfinE Sh&ARirPas aRed ia8d the dgidadrtiinVAC,
dependi ec@; t%ﬁt%e :eié%?rg%gés Iggcgir%eféa}tﬁed In gtehe chgrt?nbgér interior. The

accunul afigldctrie dydts modongee imroloche séwtcleadingl chemistxy, thateinicavers plagedomtheox| de
and nitride, or conductive materials, such as tantal. t ant.al itride,
al um nuradge elecedes cap be saareniaerd Witk e9Yer wageot PelEas e aripgt I v rob’
exanpl es, The |nyent aRRlkd B chfreHoht6in RRP kit

di el ect rﬁhémhﬁ%?[i\@ ésa'véﬁh%gl%‘égtta}l@gﬁlﬁg%%‘r@?d;@; [ 44] Igi gSre 2B shows an
enbodi ey 18k tép BdRCAEGrolik.0vn 2B8itibay aftdreapririog dfhsagsevied surfiges of thethottom
substrate. The process starts at an optjonal stepFuioSq%1 l}};erf?%mvi n][g &5

subst r ateslge etariradpamsibs somefsstrieasiode car be plearpd i s s 136 VST (ST @04(iRe) e
pr ocessi cha r. If _there i t b ( WafoRl dledtiddbdBarP b dRes1 NY
chanber ,‘g}gdlg{‘]?ﬁﬁaay?rﬁtcglrl it%rﬁgl%aﬁ%( %@éﬁgﬁgg% ?Itfhiel | “be ?ni tiated. Unger
this cirgiyib@aiesgih sxt@ded pocesimpaimaieeded. The process is followed by 12
flowi ng a cleaning gas(es) through a gas feed into the processing chanber
at step ﬁ%f- A tfpgs%%?y arferfbRARERAGD M 688s NewiieTonaaariat @ tevslicdge dbhe
processing’ chaffber by powering the bottom edge el ectrode using a RF power
sour ce, gadulstaw ditigpracds stasislgiestep 2@t bylecing fa subsirai o & sehsEa BYPRATE IMA0 | s

d f ducti terial, th b t t 140 | t
651 5t BroeaBmEHeTbRY by BECETLEITNFIG) TOIGHE e itplis sFCen Ao S fes 1
Mohm Off'gé%é, nkq?dfn%\@%sg?lgﬁi\aﬁfb‘é? at tsfept D62, S YRS kb 12935 UPAedringl flhsma is then

Al t er nat I e su e support "140 can be grounded. .
generated near the bevel edge of the substrate by powering a bottom edge electrode using a

RF power source and by grounding a top edge electrode. The substrate support is either
made of a dielectric material or being coupled to a resistor 152 with high resistance value to
prevent drawing RF power from the bottom edge electrode to the substrate support. A
different process flow can be used, where the bottom edge electrode is electrically grounded
and the top edge electrode is powered by an R¥ power source, in accordance with another

embodiment of the present invention. A cleaning plasma to clean bevel edge can also be

generated in this configuration.



[45] A different process flow can be used, where the bottom edge el ectrode
Is electrically grounded and the top edge electrode is powered by an RF
power source, in accordance with another enbodi nent of the present

i nvention. A cleaning plasma to clean qhanber interior can also be
generated in this configuration. [46ﬂ The i nproved apparatus and net hods
for cleaning of bevel edge, and chanber interior reduce undesirable

bui | d- uptidf @he hotfigupatimaishpendn Figlepd4i candilfo banescd gensratenlissmy @rdeaprthe

chanmber jnteri.or .and_enhance .t he deyi ield Due tq t .thin di t
covers ?};‘f‘é@beélr“éte’f’r‘&rd Bn e"lhiaﬁ’l%% )en ‘!?r%’grer(éal%glgts HE 5 %gtﬁzlaﬁéggﬁselﬁﬁl@?‘fregfﬁ(’% e
corrosi gp vﬁ"ﬁ&ﬁ&%&d 960.6 18R EOEE 1R ProkSsseSCalS BE [aNEE wWaSerRis§ \wafdcREn O

e

reduced. In dielectric layers covering the top edge el ectrode
and bot (WA®dda oak entboditesnt,ghe prestwre o thet process chambpr de kepsibelpve hdhviadiortar e

Gotai | by ptarsapbeoResar M Voo el s, Sase PO d e Pl nar
certai NifGRR0 For %ﬂ%?&é&t&fi@id’ @ﬂ%al[@ychlﬂﬁnb&r Rdric @tait), (R distbh@ 2q@RM@k t he

appended cl al nms. Accordingly e present enbodinent's are to be considered
as il | ubétinabh vie: mswlatoptplate 363 nod suisstragntbQ, Ak, tnbe hask dlrmni abonb i Ot mbés ho i t ed

to the details given herein, but may be dified within the scope
equi val mger ’_é?edg%esﬁ?}ﬂ%k(dg@ PR Wﬂ?ﬁ{e@@t@mﬁﬁﬁ tgﬁt"pﬁ 1 te O%r 0 _easngilntﬁa
chanber P&?&L 'epgér @%@;ﬂ;ﬁb@?ﬁ# oPBYSlect 66t H5 En Y BESU: 21 Lem GOABS hét tSded

substrate sup gured’'to receive the substrate; a bottom edge
el ect r odhamberiatenidi hgninh @latlasiorahe read pobe confined bettweomthedgp eddealeatiode and

th bstrat t bej lectrically isolated f t
bot t om 4 Giaed ey Figs, cliodRe L4 oBbetHE B G BB 06 A HaER I he
substrate PehD%nG 348" §le Piafing BlabATnkO o U fse Hhrbhih b@MAE chdibr interior to

clean thoroughly.

[42] 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
chamber interior has higher frequency(ies) than the RF power used to clean bevel edge. In

one embodiment, the RF source 123 is a dual frequency power generator.

[43] Different chemistries can be applied to perform WAC, depending on the residues
accumulated in the chamber interior. The accumulated residue can be photoresist, dielectric
materials, such as oxide and nitride, or conductive materials, such as tantalum, tantalum
nitride, aluminum, silicon, or copper. The materials mentioned here are only examples. The

inventive concept can also be applied to other applicable dielectric materials or conductive

materials.

[44] Figure 2B shows an embodiment of a process flow 250 for cleaning the bevel edge of
the substrate. The process starts at an optional step 251 by removing a substrate from a
processing chamber, assuming there is 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 251 is not needed. The process is followed by



a top edge el ectrode surrounding a top insulator plate opposing the
substrate support, the top edge el ectrode being electrically grounded, a
surface of the top edge el ectrode facing the substrate being covered by a
top thin dielectric layer, the top ed el ectrode and the bottom edge

el ectrode opposi ng one anot her and be%ﬁb configured to generate a cleaning
pl asma to clean the bevel edge of the substrate. 2. The plasnma processing
chanber flowving aclading \gas(es)i tlhrcmgb at gAsclkede 50 dlfie plocessing Qhﬂln’@eﬁafe?ﬁ@tgﬁ cAtayer

d the b hi n di el
about | HEb 25813 S BEHES i n slife RiisThS pRERTE AN oY B TS ot o

edge el ok dBod SlebipstR! @s%g 91@ d%&reew%é SANRbYndREa tdlLedRR184@de e i@t r ode
A

is electricall y grounded. | asma processi ng chanber of claiml,
wher ei nsutiseaeomppdy e 46| 1ecmad'§cdd 3 somhmpWematmaéntfﬂFSubsiVﬁe Ssmﬂm yAGean bhe

gﬁ;ﬂgenr Cbled éﬂe%%?sde 5P o ey et qorsan it rBuBtu Bstidd e
power 1315/ drﬁ%rﬂl?t @xbﬁlﬁle guﬂgﬁéteas'ﬁﬂ SPQub. @@teMdﬁvel‘} fﬁ@%uﬁﬁt@%pport

process g cha al m 1, further conprising:
i nsul at il:fr(gcamhsn;gmmndedundl ng and bei ng coupled to the top edge eI ectrode
wherein a surface of the top insulating ring that faces the substrate

al Id gns psjh Whgiffernt prReqf fidvi eal BE usly vheteedt botemtdige cleanede istbectridadiyr at e;
an
grounded and the top edge electrode is powered by an RF power source, in accordance with
another embodiment of the present invention. A cleaning plasma to clean chamber interior

can also be generated in this configuration.

[46] The improved apparatus and methods for cleaning of bevel edge, and chamber
interior reduce undesirable build-up of etch by-products and deposited films on the substrate
or chamber interior and enhance the device yields. Due to the thin dielectric covers that are
made of material(s) inert to the etching chemistry, corrosion of bottom edge electrode and to
edge electrode is prevented or reduced. With the thin dielectric layers covering the top edge

electrode and bottom edge electrode, particle counts in the processing chamber are reduced.

[47] Although the foregoing invention has been described in some detail 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.



a bottominsulating ring surroundi ng and coupled to the bottom edge

el ectrode, wherein a surface of the bottominsulating ring that faces the
top insulating ring aligns with the surface of the bottom edge el ectrode

t hat opposes the top edge el ectrode, erein the top insulating ring and
the bottominsulating ring confine the-cleaning plasnma generated by the top
edge el ectrode and the bottom edge electrode. 7. The plasma processing
chanber of claim1, wherein the bottomthin dielectric |layer and the top
thin dielectric layer are nade of a material inert to the cleaning plasma
to preveafiBsrrosi on of the top edge el ectrode and the bottom edge

el ectrode and to reduce particle counts in the processing chanber. 8. The
pl asma processi ng chanber of claim7, wherein the material is selected from

the groyp ConsipidadpRtedéie” EHMIY | SRLEYRA3ND, clohti Bevel AdBODF, a Subétes)
carbide (SiC). 9. Tﬂe pl asma processi ng chanber of claim1l, wherein ratio
of a di sbmprsinget ween the bottom edge el ectrode or top edge electrode to a

nearest ground o a distance.between the.to dge el ectrode and the bottom
edge el ect ro&é_“%’%m&r%’&?‘é?_c W%ﬁceﬂeﬁm S%.%m%ne_ pl asma processing
chanber of cLajyfhh edlgla R1Rirddd BfrctBRbriRd SubsH R Bubpdr tREBGtH edocalBdiL Ve

material and is coupled to a resistor wth a resistance greater than about
1 Mohm aild theTdubstpdte suppopt ees siecgicalliaisbatedofrorn| aae randthenhe pdotfomhdielgetsicance

bet ween the insul ato | ate gnd } he f.the sybstrate facing.the, insulator

pl ate i §MEed 8§V ?‘Fﬁr?f&g%g?“%n c fff’“‘ﬁ%f%%ﬁ%“&%@@s Fl}ggcoélﬁﬁgﬁb ragf’{t| ai m

1, mer?liﬂ.dﬁerl‘egctﬁéﬁ an bet ween the top edge el ectrode and the bottom edge
e

el ectro I's between’about 0.5 cmto about 2.5 cm 15
a top edge electrode surrounding a top insulator plate opposing the substrate support,

the top edge electrode being electrically grounded, a surface of the top edge electrode facing
the substrate being covered by a top thin dielectric layer, the top edge electrode and the
bottom edge electrode opposing one another and being configured to generate a cleaning

plasma to clean the bevel edge of the substrate.

2. The plasma processing chamber of claim 1, wherein the thickness of the top thin
dielectric layer and the bottom thin dielectric layer both are between about 0.01 mm to about

1 mm.

3. The plasma processing chamber of claim 1, wherein the bottom edge electrode is

coupled to an RF power supply and the top edge electrode is electrically grounded.

4, The plasma processing chamber of claim 1, wherein the top edge electrode is coupled

to an RF power supply and the bottom edge electrode is electrically grounded.

5. The plasma processing chamber of claim 3, wherein a frequency of a RF power

provided by the RF power supply is between about 2 MHz and about 60 MHz.

6. The plasma processing chamber of claim 1, further comprising:



13. A nethod of cleaning a bevel edge of a substrate in an processing
chanber, conprising: placing a substrate on a substrate support in the
processi ng chanber; flowing a cleaning gas into the processi ng chanber; and
generating a cleaning plasnma near the bevel edge of the substrate to clean
t he bevel edge by powering a bottom edée el ectrode with a RF power source
and by grounding a top edge el ectrode, wherein the bottom edge

el ectrode suartopridsilating sinpssurmuediag ppuelr being eoubledt onthedtpe edgec eleelsedeand

t he bottom el ectr.ode heing.elecirical Lsol ate rom.one her b

bot t om H’?‘%‘leléb% syréace jof ghe tggéﬁﬁ”faé’@g 4% %%tetlafﬁftt %ﬁ?dbéﬁﬁtgr%%%ﬁg ¢ ﬁg@%gﬂ he
substr | iLpgdielectric |ayer, the top edge
el ect r?&% tgﬁ%%uérfl‘%iﬁﬁggglr?plyar?gsu@gzsg%ﬂ&wg?gd whi ch opposes the substrate

support, a sarfotiom dfsulatiegtig sdgeurdirer tnd deuplad itnthe Hottomb sdgeatlecisedeng
covered by a top thi lelectric layer. .14  The nethod of claim13. .

wher ei nWhEEILH SHEaFet itﬁe g?%@%é‘ﬂﬁ‘#%‘“é&%rthﬁtrf&cﬁsﬁge lt??pmtsﬂmngﬂl% gién SR oy er
are madg .Qf @, bttord felrddesnst GRBERIND e ERcREEY WHerchPTHeQsh ON Of
t he topﬁg’%ge eﬁr@t@%g%c’%%gé% ﬁtg ottom(g%ge el ectrode aﬁd to reduce paf?ticl e
count s jn3ulatigg ping @ad Sherbottdia immtating king dindinerehdddanifig plasinmgensraist dyether t he
material is selected fromthe grou cor&si sting of yttrium oxide (Y203),

al uni natopmdge siectradq anddhe bottan gdeqdeqdiode. 16 The nethod of cl ai m 13,
wherein the substrate support is configured to having a high resistivity to
prevent drawi ng RF power fromthe RF power source coupled to the bottom
edge el gct ro@@e plasma processing chamber of claim 1, wherein the bottom thin dielectric layer

and the top thin dielectric layer are made of a material inert to the cleaning plasma to prevent
corrosion of the top edge electrode and the bottom edge electrode and to reduce particle

counts in the processing chamber.

8. The plasma processing chamber of claim 7, wherein the material is selected from the

group consisting of yttrium oxide (Y03), alumina (AlO3), silicon carbide (SiC).

9. The plasma processing chamber of claim 1, wherein ratio of a distance between the
bottom edge electrode or top edge electrode to a nearest ground to a distance between the top

edge electrode and the bottom edge electrode is greater than about 4:1.

10.  The plasma processing chamber of claim 1, wherein the substrate support is made of
a conductive material and is coupled to a resistor with a resistance greater than about 1

Mohm.

11.  The plasma processing chamber of claim 1, wherein the distance between the

insulator plate and the a of the substrate facing the insulator plate is less than about 1 mm.

12.  The plasma processing chamber of claim 1, wherein the distance between the top

edge electrode and the bottom edge electrode is between about 0.5 cm to about 2.5 cm.



17. The method of claim 13, wherein a distance between a surface of the

substrate and the insul ator plate opposing the substrate support is |ess
than 1 mMmto prevent plasnma being fornmed on a front surface away fromthe
the substrate. 18. The nethod of claim 13, wherein the cleaning

edge of

gas conprises either an oxygen-contaiﬂﬁng or a fluorine-containing gas.
19. The method of claim 13, further conprising: keeping a distance between

t he top1gdgeAehetiodode dainghe bkt edgeddea slubsitatods 45 poecesins) cABBbEr: 0. 5

16

cmto about 2. 5 cm  20. The nethod of claim 13, wherein ratio of a distance
bet weencRRRIHYEt om edge el ectrode or top edge el ectrode to a nearest ground

st anc laQ gboupswoﬁggu&q?@ m{rpﬂg ﬁﬁgssg Hagltegm edge el ectrode

to a di

is greater t
bevel edge.
chanber,

to con cl eani ng pl asma to be near the

Congérlle?’elltﬂ‘lg a srzlgarrr?n\llé g?asr%asn%grs%hre evelf éd?ge of r‘}ﬁe Q bs T5te %m%ggeve’l
edge by powering a bottom edge electrode with a RF power source and by grounding a top
edge electrode, wherein

the bottom edge electrode surrounds the substrate support, the bottom edge electrode
and the bottom electrode being electrically isolated from one another by a bottom dielectric
ring, a surface of the bottom edge electrode facing the substrate being covered by a bottom
thin dielectric layer, the top edge electrode surrounding an insulator plate which opposes the
substrate support, a surface of the top edge electrode facing the substrate being covered by a
top thin dielectric layer.

14.  The method of claim 13, wherein the bottom thin dielectric layer and the top thin
dielectric layer are made of a material inert to the cleaning plasma to prevent corrosion of the
top edge electrode and the bottom edge electrode and to reduce particle counts in the

processing chamber.

15.  The method of claim 14, wherein the material is selected from the group consisting of

yttrium oxide (Y203), alumina (Al;05), silicon carbide (SiC).

16.  The method of claim 13, wherein the substrate support is configured to having a high
resistivity to prevent drawing RF power from the RF power source coupled to the bottom

edge electrode.

17. The method of claim 13, wherein a distance between a surface of the substrate and
the insulator plate opposing the substrate support is less than 1 mm to prevent plasma being

formed on a front surface away from the edge of the substrate.

18.  The method of claim 13, wherein the cleaning gas comprises either an oxygen-

containing or a fluorine-containing gas.

ﬂéwufg zfrcﬁééiﬂﬁig@smﬂoahﬂpmgesingjmaMBr,landerl or of an processing



flowing a cleaning gas into the processing chanber; and n [
cleaning plasma in the processing chanbergto clean1the chanbe?eiﬁggﬁzgg gy
powering a bottom edge el ectrode with a RF power source and by grounding a
top edge el ectrode, wherein t he bottom edge el ectrode surrounds the
substrate support, the bottom edge el détrode and the bottom el ectrode being
electrically isolated fromone another by a bottomdielectric ring, a
surface of the bottom edge el ectrode facing the substrate being cover ed by
a bottomthin dielectric layer, the top edge el ectrode surrounding an

i nsul at 9. pl Themethiodivf sliodSsfurther eIBRET R e support, a surface of the top

edge el ectrode faci t he . substr i - - -
Caer - o9 TRETER hamsEe bEAIEh IR o ElAEIGRORE Bd Bl Botdb i et e Ly er

and theptan.t Bhdh: diLdLed sbcut DAk, are nmade of a material inert to the
cl eaning plasma to prevent corrosion of the top edge el ectrode and the
bott om edge el ectrode and to reduce particle counts in the processing

chanber . 23. The net hod af. cl.gai m,2 ejm,t t s '

| : : t from
thebgr 0ép: co s‘f‘g'ﬁﬁdd& éf“ﬁ |1§m“61§<e|%e ev%%o‘?)q‘i‘ #ﬁﬂrtr?ngét?%lénﬁ% ,564;??&%2
car bi de {H:Gde or top edge electrode to a nearest ground to a distance between the top edge

electrode and the bottom edge electrode is greater than about 4:1 to confine the cleaning

plasma to be near the bevel edge.

51. A method of cleaning a chamber interior of an processing chamber, comprising:

removing a substrate from the processing chamber;

flowing a cleaning gas into the processing chamber; and

generating a cleaning plasma in the processing chamber to clean the chamber interior
by powering a bottom edge electrode with a RF power source and by grounding a top edge
electrode, wherein

the bottom edge electrode surrounds the substrate support, the bottom edge electrode
and the bottom electrode being electrically isolated from one another by a bottom dielectric
ring, a surface of the bottom edge electrode facing the substrate being covered by a bottom
thin dielectric layer, the top edge electrode surrounding an insulator plate which opposes the
substrate support, a surface of the top edge electrode facing the substrate being covered by a
top thin dielectric layer.

99 The method of claim 21, wherein the bottom thin dielectric layer and the top thin
diclectric layer are made of a material inert to the cleaning plasma to prevent corrosion of the
top edge electrode and the bottom edge electrode and to reduce particle counts in the

processing chamber.

73, The method of claim 22, wherein the material is selected from the group consisting of

yitrium oxide (Y203), alumina (ALO3), silicon carbide (SiC).



