CONFI GURABLE BEVEL ETCHER BACKGROUND 100011 Integrated circuits are
formed froma wafer or substrate over which are fornmed patterned

m croel ectronics layers. In the processing of the substrate, plasm
is often enployed to etch intended portions of films deposited on the
substrate. Typically, etch plasma density is | ower near the edge of

t he substrate, which may result in accunulation of a poly-silicon

| ayer, a nitride layer, a netal |ayer, etc. (collectively referred to
as byproduct layer) on the top and bottom surfaces of the substrate
bevel edge. As successive bgONIIGURABLE'BEYEE EIBPHER ed on the top
and bottom surfaces of the substrate bevel edge as a result of

several different etch processes, the bonds between the byproduct

| ayers and the substrate will eventually weaken and the byproduct

| ayers may pEACKGROWNWS of f, often onto other substrates during
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SUMMARY

[0002] In accordance with a preferred embodiment, a bevel etcher is provided
wherein a bevel edge of a semiconductor substrate is subjected to plasma cleaning
using process gas energized into a plasma state. The bevel etcher comprises a lower
support having a cylindrical top portion, a lower plasma-exclusion-zone (PEZ) ring
supported on the top portion of the lower support, the lower PEZ ring having an
upper surface on which the substrate is supported such that the bevel edge of the
substrate extends outwardly of an outer edge of the upper surface, an upper
dielectric component disposed above the lower support and having a cylindrical
bottom portion opposing the top portion of the lower support, an upper PEZ ring
surrounding the bottom portion of the dielectric component and opposing the lower
PEZ ring, an annular space between the lower and upper PEZ rings limiting the
extent of the bevel edge to be cleaned by the plasma, and at least one radio
frequency (RF) power source adapted to energize process gas into the plasma during

a cleaning operation, wherein the lower and upper PEZ rings are adapted to



respectively shield the | ower support and the upper dielectric
component fromthe plasma during the cleaning operation. [0003] In
accordance wi th anot her enbodi nent, a configurable part of a bevel
etcher is provided. The configurable part is a consunable and/or a
repl aceabl e part of bevel etcher in which a bevel edge of a

sem conductor substrate is subjected to plasma cl eaning, the bevel
etcher including a | ower el ectrode assenbly on which the wafer is
supported during the bevel cleaning operation, an upper electrode
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rings in Fi G_cleZmng operation, (2) an upper PEZ ring of electrically conductive, semiconductive
or dielectric material adapted to shield the upper dielectric plate from the plasma
during the cleaning operation, (3) an upper ring electrode surrounding the upper PEZ
ring, (4) a lower ring electrode surrounding the lower PEZ ring, (5) an upper
dielectric ring surrounding the upper ring electrode, and/or (6) a lower dielectric ring

surrounding the lower ring electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 shows a schematic cross sectional diagram of a bevel etching
chamber.

[0005] FIG. 2 shows a schematic cross sectional diagram of a bevel etcher in
accordance with one embodiment.

|10006] FIG. 3 shows an enlarged schematic diagram of region A in FIG. 2.
{0007] FIGS. 4A - 4B show schematic cross sectional diagrams of the
configurable plasma exclusion zone (PEZ) rings in FIG. 2.



[0008] FIG 5A shows a schematic cross sectional diagramof a bevel
etcher in accordance with another enbodinent. [0009] FIG 5B shows
an enl arged schematic diagramof region Bin FIG 5A [0010] FIG 6
shows a schematic cross sectional diagramof a bevel etcher in
accordance with yet another enbodinent. [0011]] FIG 7 shows a
schematic cross sectional diagramof a bevel etcher in accordance
with a further enbodinent. [0012] FIG 8 shows a schenmatic cross
sectional diagram of a bevel etcher in accordance with another

further embodqpousnt FIdG O Sov! a@ch@n&ﬂ%&‘@ss%p&%@l@ﬁ% fmOFa®evel echtanal
di agram of a bevel etcher in accordance with a yet further
enbodi ment . accordance with another embodiment.

[0009] FIG. 5B shows an enlarged schematic diagram of region B in FIG. 5A.
[0010] FIG. 6 shows a schematic cross sectional diagram of a bevel etcher in
accordance with yet another embodiment.

[0011] FIG. 7 shows a schematic cross sectional diagram of a bevel etcher in
accordance with a further embodiment.

[0012] FIG. 8 shows a schematic cross sectional diagram of a bevel etcher in
accordance with another further embodiment.

[0013] FIG. 9 shows a schematic cross sectional diagram of a bevel etcher in
accordance with a yet further embodiment,

[0014] FIG. 10 shows a schematic cross sectional diagram of a bevel etcher in

accordance with a still further embodiment.

DETAILED DESCRIPTION _

[0015] FIG. 1 shows a schematic cross sectional diagram of a bevel etching
chamber 100 for etching the bevel edge of a substrate 110. As depicted, the
chamber 100 includes a cathode 102 coupled to an RF power source; a stage 116 for
supporting a substrate 110; an insulating material 114 surrounding the stage 116; top
and bottom ring-shaped electrodes 104, 106; and a top insulator 108. The reaction
gas is blown through one or more gas outlets 120 and encrgized into plasma to clean
the byproduct layers 112 formed on the bevel edge of the substrate 110. The etching
chamber 100 may have several difficulties in controlling the area to be cleaned. For
instance, to change the size of a bottom edge exclusion 122, it may be necessary to
change the thickness of the insulating material 114 and, as a consequence, the shape
and/or location of the bottom ring-shaped electrode 106 may need to be changed. In
some cases, the diameter of the entire stage 116 may need to be changed, which may
result in an increase in the Cost-of-Consumables (CoC). Another drawback is that
the chamber 100 does not have a mechanism to accurately control the extent of a top
edge exclusion 124. To change the extent of the top edge exclusion 124, it may be

necessary to change the outer diameter of the insulator 108 as well as the locations



[0014] FIG 10 shows a schematic cross sectional diagramof a bevel
etcher in accordance with a still further enbodi ment. DETAI LED

DESCRI PTION [0015] FIG 1 shows a schematic cross sectional diagram
of a bevel etching chanber 100 for etching the bevel edge of a
substrate 110. As depicted, the chanber 100 includes a cathode 102
coupled to an RF power source; a stage 116 for supporting a substrate
110; an insulating material 114 surrounding the stage 116; top and
bottom ri ng-shaped el ectrodes 104, 106; and a top insulator 108. The
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104. As such, 1t may to accurate e exten
edge excl usi axsembly 20a¢c Ahe supipiori 08 maoviee the upper electrode assembly 204 up and

down (in the direction of the double arrow) for loading/unloading the substrate 218.
A precision driving mechanism (not shown in FIG. 2) is attached to the support 208
so that the gap between the upper electrode assembly 204 and the substrate 218 is
controlled accurately.

[0017] Metal bellows 250 are used to form a vacuum seal between the chamber
wall 202 and support 208 while allowing the support 208 to have a vertical motion
relative to the wall 202. The support 208 has a center gas feed (passage) 212 and an
edge gas feed (passage) 220. The gas feeds 212, 220 provide process gas to be
energized into plasma to clean the bevel edge. During operation, the plasma is
formed around the bevel edge of the substrate 218 and has a generally ring shape.
To prevent the plasma from reaching the central portion of the substrate 218, the
space between an insulator plate 226 on the upper electrode and the substrate is
small and the process gas is fed from the center feed, preferably through a stepped
hole 214. Then, the gas passes through the gap between the upper electrode
assembly 204 and the substrate 218 in the radial direction of the substrate. Each gas
feed is used to provide the same process gas or other gases, such as buffer gas and/or
purge gas. For instance, the buffer gas can be injected through the center gas feed
212, while the process gas can be injected through the edge gas feed 220. The
plasma/process gas is withdrawn from the chamber space 251 to the bottom space

240 via a plurality of holes (outlets) 241. During a bevel cleaning operation, the



[0016] Referring nowto FIG 2, there is shown a schematic cross
sectional diagramof a substrate etching systemor bével etcher 200
for cleaning the bevel edge of a substrate 218 in accordance wth one
enbodi ment. The bevel etcher 200 has a generally, but not limted to,
axi symmetric shape and, for brevity, only half of the side cross
sectional viewis showmn in FIG 2. As depicted, the bevel etcher 200
i ncl udes: a chanber wall 202 having a door or gate 242 for through
whi ch the substrate 218 is | oaded/ unl oaded; an upper el ectrode
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[ 0019] The | awend eich difrmul & asigtnbi yack0m scaled anlémnmpoveowd tht pint.r Dhe
pin operating unit 232 includes any suitable lift pin mechanism, such as a robot arm

233 (e.g., a horizontal arm having segments extending into each housing and
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attached to each pin) and an arm actuating device (not shown in FIG
2). For brevity, only a tip portion of a segnent of the robot armis
shown in FIG 2. Wile three or four lift pins can be used to |ift a
waf er such as a 30 mmwafer, any suitable nunber of pins 230 nay be
used in the bevel etcher 200. Al so, any suitable nechanisns, such as
lifter bellows, can be used as the pin operating unit 232. [0021]
According to a preferred enbodinent, the pin lifter is a

mul ti-position pin lifter which can nove the lift pins 230 to various
posi tions. Feftach¥diidach an? and arf AmPadisatids AcGad\(nBEsHMEH FIG! 4) ¢Rf bxtvip
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[0022] For minimizing costs of manufacture, the lift pins are preferably moved by

a common lift device such as an air cylinder or motor. In such case, the gap distance
could be determined when a pin contacts the dielectric plate on the upper electrode
assembly. For planarity measurement, each pin could be provided with some
compliance relative to the common lifting yoke, e.g., each pin could be spring
loaded to allow movement of each pin relative to the other pins and an individual
sensor associated with each pin could output information corresponding to an
individual pin's position. By moving all of the pins into contact with the dielectric
plate, if the dielectric plate is not parallel with the substrate support surface, the
vertical offset of each pin relative to the other pins measured by the lift pin sensors
could be used to determine the degree of out of planarity of the upper electrode

assembly. Preferably, the spring load on each lift pin is sufficient to support the
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wei ght of a wafer, i.e., the springs supporting the |ift pins would
not be conpressed under the wei ght of the wafer so that during wafer
transfer the lift pins are at the sane height relative to each other.
Al ternatively, the pins could have independent drives. [0023] The
substrate 218 is mounted on a | ower configurable plasma-excl usi onzone
(PEZ) ring 260, wherein the termPEZ refers to a radial distance from
the center of the substrate to the outer edge of the area where the
pl asma for cleaning the bevel edge is excluded. The top surface of
the powered eletigit bDsleaRR? b.c., tiespbiagd Mpp&Uhf GRAifOHint BOuEWHISbE edreprdsked
and i nner periphery of %ge | ower conf | gurabl e PEZ rin? 260 form an
encl osed vacHE‘EﬁrFlEg‘l"‘Eiﬁht dhsswateysathafiduriag wafer teamsfer the pftping are at the
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cylindrical holes or paths for the lift pins 230 are also shared as
gas passagewdpi¥es. t hr ough whi ch the vacuum punp 236 evacuates the
vacuum regio ' j The r lectrode 226. .
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vacuum r egi opoi2{(PEAneing 260, edreasin tleedren PEL tef@k € 4 tddial gistscafremubed, to

provide a uniformsuction rate for the | i ndrical holes. [0Q24]
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bperati on by ate ST TRl i SRuRR0 e %) SRR et R osaae oieh

adj usti ng t he/hiphphbeiceetputlpe2IsRpaduatts ettt rédid B 92Gingdgeratiéh. t Op

surface of t&g substrate 218, the gas pressure in the gap can be

varied wtho es).
© BRUSTGT RiGCTans 230 dnciydes p PIsRMASE 1O FedupRICPIPOEEL RESSHES ( e5)

Thus, by conf@hbtd§ it 8 vAARIPFERBYI 8 ahf ih BRcORercinBtiNE BRSH Lare used,
di fference between the top and bottom surfaces of the substrate 218

can be vari etp mAvide hapidoyn sustiopatelfonghereytindricabprleed on the substrate

218 can be Cmbg:agl badhe {ﬁgggélcep}ﬁle%ﬂﬁét&% fifS‘azlrg %éér%te{ El?ﬁqlrll% %%Fif%}’ 3. nd

formed of a ctric erial, such as ceram ¢C (]
el ectri cal | ysaepaf ptoesss¢sh Oneowmied ofthe ptacostes R3H bé partorided by lasher

wal I 202. The, | ower portio 38b of the bottomdielectric rin

et erabi y nEESEE Dk issSatieaterSiev e et drreiang beematstess gper
surface to nafe@ubdtiate @hdtBEESScaEIng WafBbwRG) DRinglahRvEQIRHRE operation,
el ectrode 226. The | ower. portion_238b preferably has a ste

y ha 250
formed on it esHbYRAGROYIRRErParEdurad BY Wpe o apressiissitiersngerbstices tha e
upper por t i 0fnPififbnPlurfaes dighd GBS BE U THehrbdstid in BRMAEGRS doforPfigds

focus ring. The steps 250, 252 align the bottomdielectric ring
with the powerpdan¢ persugRaluniig epeategn D50vaghen pumpr?sS 6zoupled wohs

020 21009, BTN RSpUBERl bAGFUA BB Bl s ilagtle Mpene o ol
reduci ng t hesyfies iobihkeistiystrafe 24 8sthe gad@messurd ia sibgaptoah ke viréddweigout he
povered el ecglga%%ﬁlg%gg c\%rr]gl ﬁglv? raﬁer:] g 1 gri)rovc\:lgsl.sl gag(%sz)'. Thus, by controlling the gas
pressure in the gap, the pressure difference between the top and bottom surfaces of
the substrate 218 can be varied and thereby the bending force applied on the
substrate 218 can be controlled.
[0025] The bottom dielectric ring 238 is formed of a dielectric material, such as

ceramic including Al>O;, and electrically separates the powered electrode 226 from

the chamber wall 202. The lower portion 238b of the bottom dielectric ring
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[0026] FIG 3 shows an enlarged schematic diagramof region Ain FIG
2. As depicted, the upper el ectrode assenbly 204 includes three
concentrically positioned rings: an upper configurable PEZ ring 302;
an upper electrode ring 308; and an outer upper dielectric ring 310.
The gap 304 between the upper configurable PEZ ring 302 and the upper
el ectrode ring 308 forns a tortuous gas passageway connected to the
edge gas passageway 224b. The tortuous gap 304 prevents the edge gas
passageway 224b from being directly exposed to plasna thereby
preventing f prei@bblomadi stef 2 ONEhd¥d Bh 2 TEneP elﬁﬁ}ﬁ%ﬁ@f its (PBEr dPFakd dofthdle

t he edge gas passageway 224b. Such secondary pl asma coul d erode the

i nner wal | oVifigeessyan g@%&é&e@@hwwmbelaﬁ@dﬁagﬁl The loweeemxon 238b

| nt Toduce o BaLd Tare: rarb pe) FRREL o) BhelRURARSY M A Ripsacy

confi gur abl esiREReonmie GR2r rbmsiom masifelpesbamonrcheleasemng,eeﬁﬁeﬁ rtfyﬁ ayfocus

formed onitsin r.an e erei e

i nner | ower 88%e 5%85%5 ﬁﬁ"’d %@gtog}‘%{i]ﬁémﬁﬁﬁg%% ﬁhééﬁf Ve ate
216 to cl anpelebigodeia2g . Mw@asoeusom@at@ﬁmrgeﬂtaro%%e s]}bfacélﬁe%fto
configurable PEZ ring 302 can_have various confrgur ations to provide

di ff erent toE)]'rB}“&E‘"rfﬁe gixeqt {ja¢-ahsighirhetveen e movered qteayodg A26 pashibe an

enl arged. SCheiiRlie wallons iRl eiRing theYoshbillt) 81 L BRBRa O Blabl L@l e PEZ
ring 302 shown in 3, whérein I stante 'S r erre 0 as
top edge excbWﬁ@nthzoneeaddlwaodee’éZmnﬂhhecd’mamgeswalmw dth of | ower

portion 302asq The ration of the, P i hg 302
t hus determ es t gldt; 3%%8%'28 |el§l%*ejc(ﬁ§'§grafno trﬁ%lo?é\d'igﬁgéo “ the
substrate 218s depmrsd,ttheuppesbhamiemseniﬂnpzwpenudmhfebgm@b{rﬁaﬁﬁz ring
302 al so needs.to he replaced nore fregggnil han t he ot her parts of

the upper el RO DB TIRgY SRYPYErSORLigHIRPE BEAFRg IR 2 AdEPErlssikpde ging 30
consi der ed aand AORARETPPEETiSSTRORREB10. T*m g?agbbx beﬂ%:@ﬁ mpgex%%ﬁgwbre

i ncl ude an oxggen cont ai ni ng gas, such as anount's, stich as
< 10 % of aPEZ@Hei3Heandkeappenircyads H@J%QS fagnurtprtusregasmasseg@ey may
al so be adde

reactive gasgejosn!n ?mcétg/& gﬁ(@%é@ éagﬁ%%%%q% ring 38%9(%?%8 £ ﬁgP}‘%&ﬁgthe
necessitate mergesipaﬁsamwaa@éﬁefmmdiemghkeuhpeapomnﬁrpglsmalﬁheee@EZ ring

vepi acorent  PERG S TububBr MRBRr 7 R b Bintienteb il 1 et by
the upper dipdseagewag 2pdtatSuch écondaly pambeoile ploaie etk Mhédedll offtBEBILENT
t he upper el ectrode as chamber wall 202. For

223%355 204 from \R/E?

exanmpl e, rendVAESBEYH, ¢ resls inynged Rk Teqyegt replacerats oithe Meren metal h
a di fferent ¢dnbnb@vil0as Weh a5 R0k é}béé‘dqﬁaﬁé}ﬁal@&ﬁ@sﬁmwﬂ@ [ 0028]
The upper configurable PEZ ring 302@2revents the plasma fromdirectly
erodi ng the @8p8r Thewnpet raquﬁgprabteé’ Bog m?élaapw@stepemmgasmbesee@my
ring 302 is f{o%g@gn af infd deo‘ﬁEJr'I&@érleﬁ %OQH%}SE'%? gmh%(?mgelr'?o e\ll'%d
dielectric material, such as a entl FRIR R oxi ae

(Al 203), al uerigagen aflange 330 Qﬁthhl)lppesrdiala:bmc ;ﬂxtedeﬁ (S18AY thesing Iﬂamgamst

bi d S S 3 203
g?r olt hgr ( rr:atc%'?traﬂ:s pc?r%‘:"fthnjelbgup ?érrp?‘?%g"i%}le%gﬁnl}éigﬁ ttrg:va ”Igr ng) of

met al , Cerammﬁgnrapodlsytmprow@wm&érem top pRis®@ BRAIEibrY £ores (td eEEELFIGE 4A
material such as Si gécr Y203, ceramc (preferably Al 203 or pure

material, s RR™3EN Y EEH eSemAIEaiost FReRBI VIE bR RpeY pAmigurble PEZ
resistivity)rind 302 Bdwhsn P@tﬁ%@ﬁﬂ e deanEé’ﬁ, %pri%grﬁ@ﬁoeas%% (gérér i ng

operation. To reduce the Cost - of - Consumab
conf i gur abl ee*plusionizqpe WW%Wéh&bmehms\Vlét@ﬁibWem1® 3ﬁilaef teong

section. In gpnengl o f;

in some ceramcs. Due %urétﬁqr?ddf IIriéalfr}%ﬁr %‘Sé g??%h%!eﬂrrg ?SG}B 18 I@d H%t 18

ring 302 in gynaldte, thet Itaélul pHike selotrhite B aihes tREZistanagDR0Phalgasr not
configurable PEZ ring 302 also needs to be replaced more frequently than the other

parts of the upper electrode assembly 204 due to plasma erosion and is considered a
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[0029] The upper electrode ring 308 is connected to and grounded via
t he upper ‘netal conmponent 210. Instead of using threaded fastening
mechani snms, such as bolts, the upper electrode ring 308 is preferably
held in place by the clanping force of the outer upper dielectric
ring 310. For exanple, electrode ring 308 can have a flange 308a
which mates with flange 310a on the dielectric ring 310. As such

pl asma contam nants that would otherwi se originate fromthe erosion
of the exposed fastening nechani sms can be obvi ated. The upper

el ectrode ri BgnsaRBblesompshei.aplpcdIRy Fﬁ)@&&@fgas%s RY @holuddiibx3genodi zed
alum num In cases where a cleaner plasma’is required, thé upper

el ectrode ri AAPIBOBISEAR SHeh aPredmalf ampeinds, mashes i<al Osvesefchileggingcopisinieg e
crystal or p%ﬁs\,’ Gk @, 9 S CIFEaRly ai@@ Jcﬁ%ﬁﬁ foeiéanlthe bév\éh«%ggf ?’gasﬁﬂy
- s. 10 e oS

sui tabl e high-purity conductive materia mnimze t
i npact of uskerjaihinglihgsaréactvergases may srodé the uppersBEZ einp i302adnd dierebysi on

of the upper el ectrode ring,308 i 1nimzed.. A .a t-through
Gesi gn cout anrselscherighiciiicamentorthelihet SorineraR biFY e Bl For'eesy
confi gurat i oaccess thhike uipeeEorEglabIdE? fih @ 0B Bink eI RRhRRAY, theoWper t he
CoC and al | ow ttjgg%g%?e of a wider range of materials for contam nation

control. It F® HoEeHNg A8E istheld mguace by the uppprediclertas plagrial & andpen
306, 308 mayphe i&é@ﬁﬂh%tﬁl&h]@g?é [T le,beafaéénrag%%%?ﬁ@g@o@%%@th@%ﬁﬁm' S

including SiN, BN, and , i nstance. | e outer upper
di el ectric rwal 283.0Fprexpophetenastvabofthe platst 216 @llows eng 3072 tosheohplased with

A 203, and Yo an sttt i XRA%: (TAS.OUS Sl ipRST dielectric ring

310 includes circu y spaced apar eaded holes 318 in its
upper surfact028] r Fheipper bod fighrdISPED Hng 80pienents the plagina frompPiesctly

dielectric ring.3 to t he, upper | .conponent. 210. The .outer. upper
di el ectric rfRG %%?W(?f g’fﬂfgp pﬁartg?i%sTlﬁFn“rLBFr "é’t“tgﬁur@?’llegr]?ge‘)m%ﬁqg 1§ hglto
is used to cloied af il ABGEcARERNActivB B cHIRARuENE 6f fielBuicimerslSutPad Ne

v >

upper netal conponent 210. It is noted that each bolt §16lls screwed
fromthe top8% eREirgly of ghimipye oxided AbLol alugtrumpitide@dNy silicentoxidge

bol ts are nogg; : ; . : ] i

i amet or of Fhorburen (BECL PP Pl R §Ron S ABRRLETEE, o,
di amet er of ether matagals er dhe suppostrneelP4pian bera coP@dte ringlod metalareramic or

el ectrode as i-ncl ud a | ower netal liner. (col 4

whi ch surr ouﬁ@gplk %((::oégéar“i’lnﬁ-lgal %{:@g“tg’ﬁ& r}tﬁ%l%cénccrgﬁtéﬂﬂts}'?lbéﬁ lyéig&i ’?ﬁ%éned .
rings: a | owemamisr(piediratdiplAd, REDr puregnatekl, sich ayevDetieqismdsultiblg (o r
hoop ring 306r; E%n?. n auter. . lower dielectric ring 312. The |ower
confi gur abl ePBEE® ?&'g“’?%tﬁ?w’d% UES eentangigation; of ghesybstrate 4l dg net al
liner 314 arepesatipoTodedR¥ thd CofRRF-CRIBIRLEHCS tHe! UPPeLlonfigurable PEZ

ring 302 preferably has a small and simple cross section. In general, it is difficult to
drill and tap threaded holes in some ceramics. Due to the clamping arrangement for
holding the ring 302 in place, the upper configurable PEZ ring 302 does not require
threaded holes for it to be secured to the upper dielectric plate 216 or to metal
component 210, thus providing flexibility in selecting the material therefore. The
upper configurable PEZ ring 302 may be formed of 2 material having a high
electrical resistance, preferably, but not limited to, ~105 ohm-cm. As the electrical
coupling between the powered electrode 226 and the upper electrode ring 308 is
affected by the electrical properties of the upper configurable PEZ ring 302, the
plasma characteristics in the vicinity of the bevel edge can be controlled by varying

the material and/or configuration of the upper configurable PEZ ring 302.



focus ring 238 (nore specifically, the upper portion 238a of the
bottomdielectric ring) and liner 314. The |lower el ectrode ring 306
is clanped agai nst an upper surface of the |lower netal |iner 314 by
the outer lower dielectric ring 312, wherein the | ower netal |iner
314 is connected to the chanber wall 202 for grounding. The focus
ring 238a electrically separates the | ower electrode ring 306 from
t he upper portion 226a of the powered el ectrode. [0032] The powered
el ectrode 226 is preferably formed of a nmetal, such as anodi zed

al umi num | f [goRe] PTKEsREr ekaeddeomte 308 6 ¢&m@@f&p@aﬂd ffoundéel G edagpby
the plasma in cases where high cleanness plasma is required, it would

be desirabl emet! errarenen; G- pistsadyp! neing threaded Sstening BCEERFBHSUIDE t o
neet the cle e

Ting 260 i s ooy oo PR IchiE g KRR HoRIRpLEERL Yy R
pl asma, the p&henefdr epipec tielediEic2ihg ﬁﬁnFDEBﬁwmmaadleoﬁrodeGWMBwanhyvea
netal s or er rdl.ess. | eapne uir 033]
he shown i n B gk WERETRaTE BuletGaPeiF e R R rhtoho
recesses or pheapscogapaaits tat yrmﬁlaroﬁ&dwﬁsohgﬁauerﬂ‘@mthalaﬁbsmntcfﬂtheed@e&d
wherein the ?tep forned by verti surface 260a and_ the horizontal

surface 260bM38lFNNGAGCHIUINS GARSE O gwg@ ddiie §PRr elconer inge08dn profaatdyt er

edge of the pppes op%%tapﬁu&?&%gﬁizé&"ﬁmﬂﬁm{ eﬂcﬁéewhre&daec@ﬁfér PlastheR
formed by horizontal surface 260c and vertical surface 260d mate with

surfaces on feHwirgdthespperriectegaring A8 ¢amiier formue dfgurebhteri@ERuchias$i 260

b I r i
ol asmm exol Cere brbslabr e AR en) PR s S S C i SRR
referred to hghipotityonmdulgive eatdriatsl div mimiraiza tick doyt ivpagtiof gsinf &ight-miriey of
upper surface 260e it is po e to ch e t he bottom PEZ 404 whic
P eaual  t o PRETPRE SRt PRl e R 67 BRaPhF RIS CPHN DS SEiduntpee
Due to pl asnBitkéudhiabdit-thivagh am%u m;m;] beghseald @mﬁg& Ela@@de%ﬁé% sihplifidae
e ot her

repl aced nore freguently than arts 0 | ower el ectrode

assenbl y 206Hgsenipmionaf &ip upperelectiode Hag ﬁ@8 tthershelever thefeamdallow
process gasegei8yof I\ d‘é{dﬁng@oﬂﬁytgﬁﬂs £ 2 ARG oR Bntrot U Cx‘hs o Q}gt&éiﬁi‘l |

amounts, such as < 10% of uori ne-contal ni ng gas, suc
SF6, or C2F6thehewerand gpprs cledideds rings 6[)@,3308@@ isfomhedeafgmaphitt as marious

cont ai ni ng t%ﬁ&ll{ag?&ﬁlh%ﬁalgﬂ?c i h‘i{fjgnéltﬂ?leo%’\ﬁét configurable PEZ

ring 260, necessi erio acénen A Sner
conf i gur abl e[0P&EN rTlﬂEgomﬁmppErcﬂ‘lelenaﬁynagee&:s fomddhef al ddslestric onferigl) sadhl e

PEZ 110 200, 04 rand BRI A Sech O RN LR, EEZ 4 10 200

powered el ecintRdes @f&dmtfé}%tfaﬂ lslﬁadédi BfAde@RSleCAR iR fs ﬁ?;ﬂér%ﬁﬁﬂ:e to

waf lhoggzr © nD;/eIchgc igolt% 3 I%Vf\grrsecur?n%ttlrlg outc? Epsp%p:'tl)lleﬁ/ect%g ?‘mgrB?Bn to the upper metal
component 210. The outer upper dielectric ring 310 includes a protrusion or step
(flange) 310 that is used to clamp a flange 308a of the upper electrode ring 308 to
the upper metal component 210. It is noted that each bolt 316 is screwed from the
top side of the upper electrode assembly 204 so that the bolts are not exposed to and
eroded by the plasma. The inner edge diameter of the outer upper dielectric ring 310
determines the outer diameter of the ring or donut shaped plasma.
[0031] The lower electrode assembly 206 includes a lower metal liner (collar) 314
which surrounds focus ring 238a and three concentrically positioned rings: a lower
configurable PEZ ring 260; a lower electrode ring or hoop ring 306; and an outer

lower dielectric ring 312. The lower configurable PEZ ring 260, lower electrode

ring 306, and lower metal liner 314 are supported by the bottom dielectric ring or

-10 -



[0034] As discussed above, the substrate 218 is mounted on the upper
surface 206e (FIG 4B) of the lower configurable PEZ ring 260. The
hei ghts HL and H2 determ ne the vertical separation between the
substrate 218 and powered el ectrode 226. For repeatabl e alignnent

t her ebet ween, the heights HL and H2 are preferably precisely
controlled. [0035] The | ower configurable PEZ ring 260 protects the
powered el ectrode 226 fromattack by the plasma used to effect the
bevel cleaning. The | ower configurable PEZ ring 260 is forned of an
el ectrical | y foaRagBE emorapeanalyCint \ep@h oﬁllo%lzgsa Bfﬁe%ﬁ&ﬁ'd?ellectr%mh
as aring entjrely of alunmhum oxide A? (5) , alumnumnitride (A
silicon oxi dém@!s%l@zl}neréﬂ|’Elaﬂ~.10&fafr@m1@de sme)?%mlmmd agRingt 2P| 3N4)
silicon (Si), r r

124 can be A aasorheFHibodlifte 36 oY BeRhISRaidMICHRESTS whLlH
a conduct i ve thy lodieemetat hnear 3ithiserwnadctito theashaiber &alC2 0 foY 208ndiaggThe a

ceram c (preferabl rial h.as_ Si. (single
crystal or pg?cs}lé étzg\ﬁ %ﬁ‘éﬁ?ﬁ yl g%aﬁ teg@@%"’ﬁ?@ﬂ?"f‘%@? dng %/%(@é%lﬂﬁg‘%ﬂpe‘t he
like, to redlpemoamsaafmabwae@fﬂebtla@iesubstrate 218 during a cl eaning

operati on. ner i,s. difficult to drill and _tap threaded
hol es in somrg‘](%gl #EQOWWQC]CSW%?%WGEW%Y@@EQO?Pﬁ@t@,@!}c}d@fes not

require threaggfzduoesinhe. tl?th%?:ﬁﬂéﬁ:@ eie@tr&iheZ%qgh'ﬁjhog@rx[‘l? &é%@ﬁd bythe

providing flexibility in selecting the naterial ore
confi gur abl e Piastpagn ﬁ@e?ﬂbﬂﬁrﬁ&ghl&@aall@@pfa@mmemﬁr@, itatosld el dekimatilay a

hi gh el ectri Q.Qé gﬁ:P emﬁ rf(Frf & ngét%[ddegﬁgt meet th&l%%%g%s%ng%&&n526

ohmcm As the e cou poweré
and the | O\I\BlBeedlEctthd'&EITdongglﬂﬁEe PEZa{rfgezﬁoeddds)gnbdil&) ﬂh&@ﬂfei;ﬁaﬂered

properties of the | ura Ie PEZ rin asna
charact er i st FIEETY rﬁggoé%ﬁ’lerpbﬁ%{“édt Bpoverey e ]r?ﬁg‘f‘ﬁ’ez Fe’F gqmlgﬁafgwer
conf i gur at i opugfy rhdisls bpulerieR mégagﬂés@famel%lfe%nﬁésageqaﬁgmeﬂtOO%] The

| ower el ectrode rln 306 |s_connected to and gﬂounded via the | ower

metal |iner 8940431 %FE‘&‘H“ B Fls fRgthe v devfi eREAging26Rhad o5, such
as bolts, thesckaues: ShRGLHEAR feﬂné’ep& dﬂts% 4rShE batt &19&@1@1&%, Hedts oY

t he clanplng force of the outer | ower ectric rin
exanpl e, an &umed biyIvariigel s8cfaee QﬁﬂamtmlmowmdsurfaaegzwﬁGndwdower inner

engaged W|th L |electr|c ri

wher eby el ect r ﬁgse&ltﬁ %‘8%% 5 g}}ﬁ%ﬁp{%ﬁ ﬁl%etuﬂpﬁrepqql%%fﬁh%?“ﬁﬁgh,
pl asma cont anieclmdesanﬂ Iaateprﬁ)@’md hyﬂimarzmtsl_esuﬁmgwmafa@d {érti0a] 81 P50 @B Of
exposed fasten ani s ?an be%§$VI The | .ower el ectrode
ring 306 is B?a}aef‘glrﬂéﬂfr?f’c% g iQgps gn @d%ﬁerﬁnﬁ%@i’]igﬁzﬂ%rﬁ@um
In cases \Ahebﬁl&&blaaémewlttph BB Rink préeding a%ﬁfer&h%lzls@lé@&on?gﬁ%ﬁ edfudidd9
306 may be forned of high_purity materials such ure

singl e cryst&"r hﬁé‘!%’ﬁ??@ demeddydhe $eé@w)stem@fm tO@_glb_gttt_Dmledge siC

or any sui ta@*&usﬁlﬁxﬂfbn@'ﬂﬁd B)Y v g't'l(fé\!vi‘ﬁﬁl %‘ﬁ[ﬂl ke J6beN 1@??%5%% fohe
cost inpact of.using h-pur mat eri a e Cross sectlona

di nensi ons ofihatnﬁethecmépméifﬂc‘%&%dacln |sreguﬂ(16 theandibeofthasutistatd 21 ¥aenaf a
clamp-in-pla Ilflesthec urat i r ct.rode
ring 306 andﬁ}%her%ig Eq owner & ]ﬁsmacf)r&mf’ﬁ’r &%eﬂg@f%i“&%é%% g&l@\?“[}

mat eri al s f oreptaced mmen&équeml)cmm thelothel PSS tHRweHEIBErdde\Wedembly 206
dielectric rin formed of a dielectric material, such as

Al 203, and Cﬁ’éls’éaféﬁ &Y GPHmesls sompeneny Tyicallyypipcess 81588 May dnclydeg
312 i ncl udesaosReh@snt@hirs Y2 aderao), %ﬁ?&nMﬁé? Bthea%% Nﬁ%b&*at S 322

for securing _the outer | ower ‘diel ectric ri 3@ to the | ower netal
liner 314. ABUQinscsostastng gsyaichen EF o fiFeroriCalie mayiadsodwstadiled toictegn B2

i ncl udes a PpgLl UfeOP1Qha$hiaR the

| ower el ectrode tlr:{}@r?g 306 0 Iﬁ‘ rifgét}g?é meéasésslﬂg?%%dé%eﬁ%wed t hat the

bolts 322 ar@r@@n@h@d’ﬁ&m 26k nbetdiwting petddaf replaceohanef the l@edrr ode
configurable PEZ ring 260. For easy access to the lower configurable PEZ ring 260

during replacement, the lower configurable PEZ ring 260 is removably mounted on
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[0038] FIG 5A shows a schematic cross sectional diagramof a bevel
etcher 500 in accordance w th another enbodiment. FIG 5B shows an
enl arged schematic diagramof region Bin FIG 5A As depicted, the
conponents of the bevel etcher 500 are quite simlar to those shown
in FIG 2. The differences are that the | ower el ectrode assenbly 506
i ncludes a | ower support 502 in place of the powered el ectrode 226
and the |l ower electrode ring 504 is coupled to an RF power source 508
via the lower nmetal liner 510. The | ower support 502 is forned of a

di el ectric maliedtéplof @rcippBesorti 52263 @twmd%dé&dmb%&ggg 238a,

substrate 518 in place during a bevel cleani nlgp operation. &0
Duri ng oper afPdfan payepREed iequt Espving the v slepiaeds arengdyge6 frem the
energi ze proggsspGass@vi ded through at | east one of the gas feeds
512, 514 into plasma, wherein the RF power is supplied in one or
more frequend®P®4]i A saliscassge abdygt tha subskatei2l&ds moynted en theMpipertsorfade®@06e

MHz. In a vari@ti upper ~el egt e ri 6, 1.S, .coupl t,o an RF
power sourced\:/\]ﬁ' I‘%TP E{ehglef%v\‘/’\%rco ?%‘E%Dﬁ%gg ﬂ“ﬁ&ggoiﬁ? Eelél?tﬁgﬁ&g‘gﬁz Aefsapne

FI G 6 shows tl& wefirisdparition betsveseteisoisahtedi1 8ana powéred cheyéle 226 IFef

600 i n accordance, Wi {.h yet anqther enbodi nent. The conponents of the
bevel et cher IgGatablealignnent therghstwasgsbe Brighis Hind Fagre maferably meciscdne

di fference i gopthffedt he | ower el ectrode assenbly 602 includes a | ower
support 604 forned of a netal and the upper surface of |ower support
604 is cover &3}l t Ahg layyesicenigurable BBE iring 269 prosgresrtheé powverkd elactrode 226

variation, t i I t RF_power
source whi l e@rﬁﬁgﬂﬁgﬁmggl&geﬁ;e%s?% g‘ééd {r}’igeri;%ggﬂfbﬁ?‘ge?girg%lﬁ%%e'g}.lea]?&%ﬁ%%lgll@bl%
shows a scheREZirngld60ss fosmed b Davedleadiicedily aomdfctiae, Bavizbnditcahesr diBldctiin
accordance wi th a,further.enbodinept. As depic t he conpanent f
e bevel et By U R iR EY Bt SteHr R st ST TR (RS,
di fference t bidicomoxiet €105 siliedr @ﬂﬁwgkcy, QRichi® niudRA Si:N, Pk Aesn i), YHRa
vacuum chuck. The el ectrostatic chuck 702 is disposed on a powered
el ectrode 716Y2tonefhersmatedylsex the pupppitaing 24 car be o compRyita rigs e metal,

cl eani ng opegahinfior JeBREr cBREd WaNBoRRRYE Qldtﬁe]'éétpg g'nage%lﬂ su%ggs A Ricor

grounded whil e the povwered el ectrode 710 1s coup 0 an sdur ce

708 for supplMyPng -Pcveramio (grefeeabdy 41Ok oppurs materja)Guch aski Gingle shystab a
schematic cr j -di ne .et cher..800 in accordance
w t h anot her 812?%%%?%%@? sglkg6n§bp?]§lhg%f I%flgtg%@osﬁg(?ﬁgﬁtlékeog’ rf”ﬁ\*—?‘abevel

et cher 800 arentgnimatian ofitbe sibosme 28 Hhrfhg a/clednimg opetatiof) &C gdnesll dt isC
chuck 802 is ed. to hold.a substrate .812 in place_during a bevel

cl eani ng opefhlﬁ?"g o ea“git?pftgjfeéa%hqtl%s P Rgpe P‘ﬁgmlfﬁpgge OVEE CORSERTable g
804 is groungBd ringideo dbbiend: aMfIre elrEiled A6 fd BiGe8REd LoSthe Rk Bflg bPRAN
RF power source, 808 for, supplying RF power to generate the plasma. In

a variation, pEON@i%%%biEFYe‘Btsﬁlé%i@%rqlﬁﬁfi@dal therefost plkedower eonfipmaple iz

source whil erh 864 945 be s B2l o 8QBidrRl BIVHEWYEREh electrical resistance,
preferably, but not limited to, ~105 ohm-cm. As the electrical coupling between the
powered electrode 226 and the lower electrode ring 306 is affected by the electrical
properties of the lower configurable PEZ ring 260, the plasma characteristics can be
controlled by varying the material and/or configuration of the lower configurable
PEZ ring 260.
[0036] The lower electrode ring 306 is connected to and grounded via the lower
metal liner 314. Instead of using threaded fastening mechanisms, such as bolts, the
lower electrode ring 306 is preferably held in place by the clamping force of the
outer lower dielectric ring 312. For example, an outer flange 306a on ihe electrode

ring 306 can be engaged with an inner flange 312a on the dielectric ring 312

-12 -



[0043] FIG 9 shows a schematic cross sectional diagramof a bevel
etcher 900 in accordance with yet a further enbodi nent. The
conponents in the etcher 900 are simlar to those shown in FIG 2.
The difference is that, in this enbodi nent, a holl ow cathode ring
904, which is made of a conductive material, such as alum num is

| ocat ed outside the outer upper and lower dielectric rings 912, 914.
The holl ow cathode ring 904 has a channel 906 that faces the bevel
edge. It is noted that the hollow cathode ring 904 is noved in a
vertical diregictedh etbeirbfiOrindosh 89 aﬂigh@ﬁ%&ﬁ@tlﬁ 13eP314. o4 £ So1kynA

sui tabl e device (not shown In FIG 0044] The hol | ow cat hode ring
904 is coupl éanfﬁ!aiu@ﬁtsmt@aabtrotWr%@ngmsteefml presian o ewnosecthistapiper

el ectrode ri

RF power in ggﬁ‘% lr]%g%ésn%%q}re g’%glé-‘ 'romg?%vl\ﬁéﬁgtr @@l\%éﬁ %%&%2?%8{3%?%
a vari ati on, ntdta, suppes armldeceﬂ rbgenumnin &6 wisere o vjehren plasmaris Riuipaijete
source while,the |o ode, r] 0 ndtheh ow cat hode.ring
904 are grourk(alée&dﬁcﬁe‘i% g(ﬁé'gyk’ea f‘gﬁg ﬁﬂ PWP%?@%%&@S?‘FH 1908
i s coupl ed tge.gnsiffiepoWeil oﬁﬁtﬂ?&?stﬂﬁlhé §litdig, COPDesw eds@h It QeC bi &1y 910
and the hol | ow q%&t hode ring 904 are grounded. In yet another

variation, t Aeta96 Mehrreatrgadictivegratnals; dodnigsnige thsicesf tmpagt of using

hi gh-fr equenﬁighfﬂﬁri@ﬂfﬁfenﬁﬁuﬂhe %rasps&ﬁ&@aﬁ arnﬁreneioﬂwﬁhé Rwer RARLA
interior of the chanber - and top surface of the vacuum c k

920, wher ei nctrhe Iﬁilgmlﬂeﬁeéh@ﬂﬁiydﬂﬂp edmmphﬁmthesorﬂ%umlof in
the range fr n 045

 schemati ¢ i Selfad e 8 itner 1 LBRIAIESE wrbpidilee b Sl iR 4T
with a furtharateemtscfdta:mmamma'ﬂrm]mtrpbnents of ‘the bevel etcher 1000

are simlar o] sho FIG.2 T fferepce js that an

i nductive co'[ﬁ)@é? ?568"@ WSEH’&LECW@ L}Bgt‘?%@ ‘t{eﬁ%’e‘%ﬁiﬁﬂmf’ﬁéat%é‘é‘:h
bet ween the @UABD,)Maehayticdoael iith YIOU0 ThO SfteAlothve} BiR1OMHG{ngURET
dielectric ring 1014. The inductive_coil(s) 1012 is enbedded in a

di el ectric nifclides seriss of fhagaded Bolen 33 which feegivabelted? foe sesuppothe
1004. The di 8ﬁt%ﬁfoWePd§}b@%rﬂngjﬁqg4o ungel%ﬁe@ 1§1l& %gb s BRGRa mé plel

shown in FI G movi ng “the 1| uctive co in a ver |cél
direction dupiltn'g Omadlelvgmmlmédﬂmg:l@des anvsqtruatoa or P {B3ngE)thai indsmittbve

coil 1012 is 018 in eve

edge cl eani ngﬁ%ﬁghe:%gepf %Qr% rg%@& S0 rn&e al ’(5'3"83 41?3%“35 dgﬁat%@l

a range, but 32birelscmeivee rotothe bbttdin bide of meidsﬁerMéttrbab Seaeb18 266 ad that

i nductively ¢o e | asma near, the su ra dge. _The upper .

el ectrode ri ﬁﬁ%%igzgﬁa nOHEXPREALP 2Bd &% ?‘ et Flpﬁémioiﬂ}e HIET gffes RAIEETt 0
provide a rebfhd opet fdwepHicldfid AT dRrRlRS R-outkh 8iah R G ieGirfpQr!

1012 provides cleaning plasma to clean the bevel edge. ha variation,

the inducti veorubshapedplasma. g so coupl ed to a hi gh-frequency RF power
1002 and t ho Log Sht aensp ek AP Pl Bl bV EREASE0 n
hi gh- f r equenescorRAngrowith ap@hereebodiowint eEIGREBsbowes i enltriged schegetiof
-21Mz to 69121% otf rgélon %Sm(ﬁﬁ 5A. Asdepicted, the components of the bevel etcher
500 are quite similar to those shown in FIG. 2. The differences are that the lower
electrode assembly 506 includes a lower support 502 in place of the powered
electrode 226 and the lower electrode ring 504 is coupled to an RF power source 508
via the lower metal liner 510. The lower support 502 is formed of a dielectric
material and operates as a vacuum chuck to hold the substrate 518 in place during a
bevel cleaning operation.
[0039] During operation, the RF power source 508 provides RF power to energize

process gas provided through at least one of the gas feeds 512, 514 into plasma,
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[0047] It is noted that the enbodinents in FIGS. 2 and 6-10 have a
center gas feed and edge gas feeds. However, the nunber of gas feeds
may be varied to achieve a desired distribution of gas to the
substrate and/or vicinity of the bevel edge. Also, the upper
dielectric plate may have any suitable nunber and disposition of

hol es. [0048] While the invention has been described in detail with
reference to specific enbodi nents thereof, it will be apparent to
those skilled in the art that various changes and nodifications can

be made, and eyt RH SovRH s‘ﬁ‘fﬁ%‘ij@d iWoh8 Bt oRERALEARG 1h & XS s6PPe
of the appended clains. WHAT CLAI MED | S: 1. A bevel etcher
wher ei n a beVigtited ggyof of Mz tonlddviHac {oe vanabionsthe uppes ekatnpdsoingd as

pl asma cl eani sl N t Lhg a.cylindri,cal top
ortion: Ol @RI ROl SRR B A0 eRHEE o
the top porti[@40pf FiGes showan sshgmpoictcross bestiboal@iaghing of 4 Bgvehaicher@0ain

Bper Pt oG SRl S S . SHRERb RS Sk £ RS

surf ace; are similar to those shown in FIGS. 5A and 5B. The difference is that the lower
electrode assembly 602 includes a lower support 604 formed of a metal and the
upper surface of lower support 604 is covered with a dielectric coating or layer. 606.
In a vaniation, the upper electrode ring 608 1s coupled to an RF power source while
the lower electrode ring 610 is grounded.
[0041] FIG. 7 shows a schematic cross sectional diagram of a bevel etcher 700 in
accordance with a further embodiment. As depicted, the components of the bevel
etcher 700 are similar to those shown in FIG. 2, with the difference that an
electrostatic chuck 702 is used in place of the vacuum chuck. The electrostatic
chuck 702 1s disposed on a powered electrode 710 and holds a substrate 712 in place
during a bevel cleaning operation. Upper and lower electrode rings 704, 706 are
grounded while the powered electrode 710 is coupled to an RF source 708 for
supplying power to generate the plasma.
[0042] FIG. 8 shows a schematic cross sectional diagram of a bevel etcher 800 in
accordance with another embodiment. As depicted, the components of the bevel
etcher 800 are similar to those in FIG. 7, i.e., an electrostatic chuck 802 is used to
hold a substrate 812 in place during a bevel cleaning operation. The difference is
that the upper electrode ring 804 is grounded while the lower electrode ring 806 is
coupled to an RF power source 808 for supplying RF power to generate the plasma.
In a variation, the upper electrode ring 804 is coupled to an RF power source while
the lower electrode 806 is grounded.
[0043] FIG. 9 shows a schematic cross sectional diagram of a bevel etcher 900 in
accordance with yet a further embodiment. The components in the etcher 500 are
similar to those shown in FIG. 2. The difference is that, in this embodiment, a
hollow cathode ring 904, which is made of a conductive material, such as aluminum,

is located outside the outer upper and lower dielectric rings 912, 914. The hollow

cathode ring 904 has a channel 906 that faces the bevel edge. It is noted that the
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an upper dielectric conponent disposed above the |ower support and
having a cylindrical bottom portion opposing the top portion of the

| ower support; an upper PEZ ring surrounding the bottom portion
of the dielectric conmponent and opposing the |ower PEZ ring, an
annul ar space between the |ower and upper PEZ rings limting the
extent of the bevel edge to be cleaned by the plasm; and at

| east one radio frequency (RF) power source adapted to energize
process gas into the plasnma during a cl eaning operation;

wherein the heWer caheddieI04REA ke TS Wiricabdiddtitiofl dheng Ra@EIAEhNEdMg a
shield the | ower sgfport and the upper dielectric conponent fromthe
pl asma dur i n§ulstiateAlabyiasyitdgpedaticedpot shown mBIG.Phe bevel etcher as

o L " IO SPGBy TS L8 SRR 0,
both lower and upper electrode rings 908, 910 are grounded. The RF power source
supplies RF power in a frequency range from ~2MHz to ~13 MHz, for instance. In
a variation, the upper electrode ring 910 is coupled to an RF power source while the
lower electrode ring 908 and the hollow cathode ring 904 are grounded. In another
variation, the lower electrode ring 908 is coupled to an RF power source while the .
upper electrode ring 910 and the hollow cathode ring 904 are grounded. In yet
another variation, the hollow cathode ring 904 is also coupled to a high-frequency
RF power source to generate plasma for cleaning the interior of the chamber 902 and
the top surface of the vacuum chuck 920, wherein the high-frequency RF power
source provides RF power in the range from ~27MHz to ~60 MHz, for instance.
[0045] FIG. 10 shows a schematic cross sectional diagram of a bevel etcher in
accordance with a further embodiment. The components of the bevel etcher 1000
are similar to those shown in FIG. 2. The difference is that an inductive coil(s) 1006
surrounds the substrate edge and the space between the outer lower dielectric ring
1016 and the outer upper dielectric ring 1014. The inductive coil(s) 1012 is
embedded in a dielectric material 1006 that is coupled to a dielectric support 1004.
The dielectric support 1004 includes a suitable mechanism (not shown in FIG. 10)
for moving the inductive coil 1012 in a vertical direction during loading/unloading a
substrate.

[0046] The inductive coil 1012 is coupled to an RF power source 1018. During
the bevel edge cleaning process, the RF power source 1018 supplies RF power in a
range, but not limited to, of ~2 MHz to ~13 MHz to generate an inductively coupled
plasma near the substrate edge. The upper electrode ring 1010 and the lower
electrode ring 1008 are grounded to provide a return path for the inductive plasma.
The inductive coil 1012 provides cleaning plasma to clean the bevel edge. Ina
variation, the inductive coil 1012 is also coupled to a high-frequency RF power
source to generate plasma for cleaning the interior of the chamber 1002 and the top
surface of the vacuum chuck 1020, wherein the high-frequency RF power source

provides RF power in the range of ~27MHz to ~60 MHz, for instance.
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an upper electrode ring surrounding the upper PEZ ring and opposing
the | ower el ectrode ring. 3. The bevel etcher as recited in
claim2, wherein (a) the | ower and upper electrode rings are grounded
and the | ower support is coupled to a radio frequency (RF) power
generator supplying RF power to generate the plasma; (b) the | ower

el ectrode ring is grounded and the upper electrode ring is coupled to
a radio frequency (RF) power generator supplying RF power to generate
the plasma; or (c) the upper electrode ring is grounded and the

| over el ect r gales7] i figisinsted chapitREnHOdAnenath F1GS STARINEY0 hie)a RAWLEas feed
gener at or sugg@ying RE power to qenerate t he glasna. ) 4. The
bevel et cher 283 4gs32p &8ds-nHewayem the mypksr of gas iedsiagy Rovaricd o ehiqvga

| over  suppor {gediged dfiBioRlof 8asto $h&ibEtkte BRYGVi@hity of the bevel edge. Also,
the upper dielectric plate may have any suitable number and disposition of holes.
[0048] While the invention has been described in detail with reference to specific
embodiments thereof, it will be apparent to those skilled in the art that various
changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.

-16 -



5. The bevel etcher as recited in claim2, wherein the upper and

| ower electrode rings are formed of a material selected fromthe
group consisting of netal, Si, SiC, and carbon based materi al s.

6. The bevel etcher as recited in claim2, further conprising: an
upper netal conponent overlying the upper dielectric conponent, the
upper electrode ring and upper PEZ ring; an upper dielectric
ring surrounding the upper electrode ring and secured to the upper
nmet al conponent, the upper dielectric ring including a flange

cl anpi ng t hewppens dieagMEDIEs:ring to the upper netal conponent; a

| ower metal |iner underlying the | ower el ectrode ring;

1. A bevel etcher wherein a bevel edge of a semiconductor substrate is
subjected to plasma cleaning, comprising:

a lower support having a cylindrical top portion;

a lower plasma-exclusion-zone (PEZ) ring supported on the top portion of
the lower support, the lower PEZ ring having an upper surface on which the
substrate is supported such that the bevel edge of the substrate extends outwardly of
an outer edge of the upper surface;

an upper dielectric component disposed above the lower support and having
a cylindrical bottom portion opposing the top portion of the lower support;

an upper PEZ ring surrounding the bottom portion of the dielectric
component and opposing the lower PEZ ring, an annular space between the lower
and upper PEZ rings limiting the extent of the bevel edge to be cleaned by the
plasma; and

at least one radio frequency (RF) power source adapted to energize process
gas into the plasma during a cleaning operation;

wherein the lower and upper PEZ rings are adapted to respectively shield the
lower support and the upper dielectric component from the plasma during the

cleaning operation.

2. The bevel etcher as recited in ¢laim 1, wherein the at least one RF
power source includes:

a lower electrode ring surrounding the lower PEZ ring; and

an upper electrode ring surrounding the upper PEZ ring and opposing the

lower electrode ring.

3. The bevel etcher as recited in claim 2, wherein (a) the lower and
upper electrode rings are grounded and the lower support is coupled to a radio
frequency (RF) power generator supplying RF power to generate the plasma; (b) the
lower electrode ring is grounded and the upper electrode ring is coupled to a radio

frequency (RF) power generator supplying RF power to generate the plasma; or (c)
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a lower dielectric ring surrounding the | ower electrode ring and
secured to the lower netal liner, the lower dielectric ring including
a flange clanping the lower electrode ring to the |ower netal |iner;
and a focus ring interposed between the | ower support and the

| ower metal liner and adapted to electrically separate the | ower
support fromthe lower netal liner and fromthe | ower el ectrode ring.
7. The bevel etcher as recited in claim®6, wherein the upper netal
conponent includes at |east one gas passage adapted to be coupled to

a gas sour ce tigoiipai eledihdp TIRgeSrotiRfed ahd heUPRET clhr88s HAER doued 'toSa
separated fromthe upper PEZ ring by a gap, and the gap is in uid

comuni cat i ofedip fRIYREY ERE) ROXET BeNFELLQIAYPRI NOE R yYea tcagqr@rqt@@eglqgmh
t hrough which the process gas flows fromthe gas supply to the
annul ar space. 8. The bevel etcher as recited in claim®,
wherein: (a) the Hower The bévstetchar as racijed inodlainhe® whisregrathe dohpdrien of the

i Vi bol I |1
whor ei n tho 1 SORREI S QU apletdc T Boai nst the | over

metal liner; (b) the upper dielectric ring includes threaded holes

receiving bolts pgssin r h holes. ip the upper netal conponent,
wherein the bolts secu&ge F‘ﬁ"@ %ﬁ g s Frededigiaim f%r%ﬁ‘ier‘fﬁertaﬁél‘l)’tﬁﬁer

net al Conpon‘ém:trocfecﬂngfs e foRRsBofd rﬁgreﬁmelta&%d HBRGhe gfo% %Sﬁsﬁéngl of meta)
conponent are formed of a ceram c optionally coate %

(d) the | owediad: @éﬁélfbodlb&eéémiﬁtalﬂfl ngs are formed of a ceram c

6. The bevel etcher as recited in claim 2, further comprising:

an upper metal component overlying the upper dielectric component, the
upper electrode ring and upper PEZ ring;

an upper dielectric ring surrounding the upper electrode ring and secured to
the upper metal component, the upper dielectric ring including a flange clamping the
upper electrode ring to the upper metal component;

a lower metal liner underlying the lower electrode ring;

a lower dielectric ring surrounding the lower electrode ring and secured to
the lower metal liner, the lower dielectric ring including a flange clamping the lower
electrode ring to the lower metal liner; and

a focus ring interposed between the lower support and the lower metal liner
and adapted to electrically separate the lower support from the lower metal liner and

from the lower electrode ring.

7. The bevel etcher as recited in claim 6, wherein the upper metal
component includes at least one gas passage adapted to be coupled to a gas source
containing process gas, the upper electrode ring is separated from the upper PEZ
ring by a gap, and the gap is in fluid communication with the at least one gas

passage via a tortuous path through which the process gas flows from the gas supply

to the annular space.
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9. The bevel etcher as recited in claim?7, further conprising: (a) a
hol I ow cat hode ring surrounding the outer edges of the |ower and
upper dielectric rings, wherein either the hollow cathode ring is
coupled to an RF power generator and the upper and | ower el ectrode
rings are grounded or the upper and | ower electrode rings are coupled
to an RF power generator and the holl ow cathode ring is grounded
during a bevel cleaning operation; or (b) an inductive coil coupled
to an RF generator and surrounding the outer edges of the | ower and
upper di el ectric @ ngsThe heveliptoher aanebittdwerainl @othenie a) ftgdowei ng

0 ounde and £l BREHALI A SENELE S5 L SSTBr BRSS!

recited in Cllwmrﬂstalmmf @.Ilﬁreﬁlﬁbheﬂ)bﬂs sHepRthelloRleE fielel GicGIMER@RRB thd RSves
ri ng- shaped flangg rnmed al ong the outer edge of the bottom portion

and wher ei n b)phsupnen gietegticaingdrs pips ithrseded fiples sreervingiadtsal ong
the inner ?stir@qﬁl%gfgh hb1BSinl thO Gsh aRed c&hﬁtﬂ%ﬁbﬁ{l}ﬁ&g‘l ¢ bgﬁﬁse'c?r@%e

fl ange such that the uUpper PEZ ri'ng Is detac secure
upper di el ectipper dicdentromang ageirst the uppdr mévd compenens(ppibe foduasing and the

haped the t
wherein the PRRgARleDi it BBt bPL o RB0R PlatelS of RS it The
i nner edge t had/eofd) tlicHewer and-uppapkdedttiangg 6 0agedof i baamivner fl ange

such that the lower PEZ ring is detachably secured to the | ower
support 11. The bevel etcher as recited in claim1, wherein:

(a) the outer di apeter TRE bdvaPettR aPRIcltbdm cqﬁlmtmlrhfawmﬁ%g A%
defines the bottom ed(gf exclusion of the substrate:; (b) the | dwer and

upper PEZ ri hgidovarehedsinesuppuedingithe oiter e@se&thédlowr@nﬂ upprz dgﬁlfwmp _
consi sting ofj,an vﬁlle@m élme@ ﬂemoﬁea@uﬁbae/ﬁ% ér%gaqugm né%w&' Sh& £ ') c

material, a cefam c, electric st ance
the outer di amfbthempmr atlﬂ@\mwie@mmmgsam gburtded ouﬁmmppﬁﬁadnomg

defines the nofv\%{ge subst r af e; dlor (d) . the. .

cyl i ndri cal %:l(c%gt (g(fc% Iggﬁl% ﬁPl%d tq il pgw%r&?}'l?ra oS @%@g&ogﬂ& c?xthoge ring is

el ectrost at i groehdeiduring a bevel cleaning operation; or (b) an inductive coil coupled to an
RF generator and surrounding the outer edges of the lower and upper dielectric
rings, the upper and lower electrode rings being grounded and the coil operative to

generate the plasma upon receipt of RF power from the RF generator.

10.  The bevel etcher as recited in claim 2, wherein (a) the upper dielectric
component has a ring-shaped flange formed along the outer edge of the bottom
portion and wherein the upper PEZ ring has a mating inner flange formed along the
inner edge thereof, the ring-shaped flange engaging the inner flange such that the
upper PEZ ring is detachably secured to the upper dielectric component and/or (b)
the lower support has a ring-shaped flange formed along the outer edge of the top
portion and wherein the lower PEZ ring has a mating inner flange formed along the
inner edge thereof, the ring-shaped flange engaging the inner flange such that the

lower PEZ ring is detachably secured to the lower support.

11. The bevel etcher as recited in claim 1, wherein: (a) the outer diameter
of the top portion of the lower PEZ ring defines the bottom edge exclusion of the

substrate; (b) the lower and upper PEZ rings are formed of a material selected from
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12. A method of cleaning the bevel edge of a sem conductor substrate,
conprising: supporting a sem conductor substrate in the bevel etcher
according to claim1l; energizing process gas into a plasm; and

cl eaning the bevel edge with the plasm. 13. A nethod of
replacing the upper or lower PEZ ring in the bevel etcher according
to claim®6, conprising: (a) detaching the upper dielectric conponent
fromthe upper nmetal conponent, disengaging a flange on the .
dielectric component froma flange on the upper PEZ ring, replacing

the upper PE4hd b6p Wodsiktiag BEM a%édlﬁg:omhchbé tsbxﬂﬂ:ohﬁ\fch@@"ﬁnﬁggné Ing on

the dielectric plate and attachln di el'ectric plate to the upper
nmet al conponédraterial, A ¢sramicy qridrﬂdmgfh@letrtawdrresu@cxz matpriab de)ghe biater digweter

support and 1.2lAfBeh Jolbod SBE ufﬁ?ﬁk%gWethSQhQ P edggexcllusﬂm of the

substrate; and/or (d) the cylindrical top portion of the lower support includes an

electrostatic chuck.

12, A method of cleaning the bevel edge of a semiconductor substrate,
comprising:

supporting a semiconductor substrate in the bevel etcher according to claim
1

energizing process gas into a plasma; and

cleaning the bevel edge with the plasma.

13. A method of replacing the upper or lower PEZ ring in the bevel
etcher according to claim 6, comprising: (a) detaching the upper dielectric
component from the upper metal component, disengaging a flange on the dielectric
component from a flange on the upper PEZ ring, replacing the upper PEZ ring with
a new PEZ ring by fitting the new PEZ ring on the dielectric plate and attaching the
dielectric plate to the upper metal component or (b) lifting the lower PEZ ring above

the lower support and replacing the lower PEZ ring with a new PEZ ring.

14. A configurable part of a bevel etcher wherein a bevel edge of a
semiconductor substrate is subjected to plasma cleaning, the bevel etcher including a
lower electrode assembly on which the wafer is supported during the bevel cleaning
operation, an upper electrode assembly including a dielectric plate facing the lower
support and attached to an upper support which is movable vertically to position the
dielectric plate at a small distance from the upper surface of the substrate, the upper
clectrode assembly including at least one gas passage through which gas can be
flowed in the vicinity of the bevel edge during the bevel cleaning operation, the
dielectric plate having at least one gas passage through which gas can be flowed
over the surface of the substrate during the bevel cleaning operation, the

configurable part comprising at least one of: (1) a lower plasma-exclusion-zone
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14. A configurable part of a bevel etcher wherein a bevel edge of a
sem conductor substrate is subjected to plasma cl eaning, the bevel
etcher including a | ower el ectrode assenbly on which the wafer is
supported during the bevel cleaning operation, an upper el ectrode
assenbly including a dielectric plate facing the | ower support and
attached to an upper support which is novable vertically to position
the dielectric plate at a small distance fromthe upper surface of
the substrate, the upper el ectrode assenbly including at |east one
gas passage t(iﬂﬁp}&ﬁr%]ml&m&% c6tiuchee, béRNBstucivd feiME&HiP haveri@f adabRd
bevel edge during the bevel cleaning operation, the dielectric plate
havi ng at | eé%@hlgﬁéllft;layepwm@éromhea@m-,\ﬁmmg §aslcaring bperhtianéd) apver
t he sur face %B SPEAY o e"l’écﬁ‘i&p&' S'rgiutbh@e Q&'}ﬁf@l‘m |¢§9¢”&ﬂﬁg]8&§£ Aate2h ¢ he
configurable Brt ¢o Ising a Feast one of - ) & Oner

pl asma- excl usidagredziorsbield tREXpperidivjectric mhtedtom thalplagma dodng thewtdsaning

sem conductive or. diglectric.materi gl adapted to shi the | oner
support from PHE"HP :g)rf‘é‘ WWHFS T ?‘Férog? é%ﬂ“ﬁé‘“%@r‘ﬁ’é’%ﬁ#g [ae (ﬁianﬁﬁér
PEZ ring of eingeletir6dd duyrotRdisitheily@er FEAMEE) ('th(ﬁtdp}zi& déledthe hﬁ%t ric
material adapted to shield the upper dielectric plate fromthe plasm
during the cFEESHAYSIperRREr Sﬁ‘?tr‘{cg)n“én%é@ % logr dickgtricgig surrounding
surroundi ng thacwepatctie€ ring, (4) a lower ring el ectrode
surrounding the I ower PEZ ring, (5) an upper dielectric ring
surroundi ng the upper electrode ring, and/or (6) a |lower dielectric

ring surrounding e | e aode. . 5. The fi gurabl art
of Claim 14, Merté?'n: ?)64395?,{# uga%%fp%gtuorfa%?lem lp%FVg' eﬁcgl't(ﬁgglfegaﬁtﬁg"ﬁﬁe Ear{
ring, the | owethe Riwtr PEZgingathengwe BEAg kavidgaciowadapiaee adaptddao be
supported on the | ower, support, the | owe EZ ring having an upper
surface conf FWPQE‘QPW@%‘% rsflp?%qwﬂyte‘fgﬁgngé "I"n‘”‘g%]%ﬂ URIE SHEFR|  edge
of the subst eaiffbusd 6 RESpoRUh¥RIrNte QhchtatAhd E‘éve?éi%@ oPthelsiBstiaRNSkends
surface, the |l ower surface bei ngtwl der than the upper surface and/or

(b) the conf PEMREBY of prapyter adze nbthgypper spERes the dowertserfageghsingPier thary

i ncluding ang £ &b ' I%Qg - - [ an
upper surfacte e(r)l{ls_sarr] uo%%%%d{h?\e(%}geg%ﬁt ebll e égﬁﬁi%gg{%%é}gﬁ%@gf
when nount ed PE@ ringandleding awinokeflangn having b dows perdaecitiser éafienpabihesnvmgper
the | ower an PEZ rinas |limting.the extent of the beyel  edge
to be cl eane%‘%@gt‘% E]%n pr ?arsfr‘r%“%e on the &ITE&“"Tﬁgtecsélﬁli’ ﬁ@[ﬂ”g?ﬂ @ob‘gfe%“otpe %ﬂ'ﬂ m
1ﬁ’ wher ei n: et@hf)rlahhﬁnﬂgﬂﬁpiﬁmaihh&dm_afviechﬁaeﬂbﬁem%géﬂFE% ﬂh@q]gr_ﬁmlg,

t he upper ri el ect vin n jnner. dj aneter adapted to fit
closely ar ouﬂ%ef‘f‘?élt ﬁ%ﬁ%&‘@z&aﬁﬁﬁ? Cfleﬂ‘?dLPdﬁE?Plﬁf% el ectrode having an
outer flange adapted to engage the inner flange on an upper
dielectric ring which clanps the upper ring el ectrode to the upper

support and/ or (b}6t heTeovsmifiguablsinartpdQlaimsl4 whereimndpr) the nenfidueable pde,

the lower ripy gi!@gﬁggl {NGedABnd r.adi . it
closely ar ounght Fovxgr CE}@CF ?lﬁg?p trﬁgﬁl%é\%g?&ﬁa%n%q’gg{’eﬁgﬁ ‘ﬁ%rvi ng an
out er fl angeadugptedttedit tlosdygmyad the vupperdtEZ Hing) gie uppet thiez tlestyde having an
dielectric ri ich.clapps the Jower ring electrode.to.the | ower
support . O&gﬁﬁ/\g‘g’% RIS ie§5$g§6{1%1nagrrfﬁm§? O’E:F%F?ﬁeig‘,el g whig
confi gur abl eclpmpt thesupbbreringfiestrode & 16 Uppet siippdetante (B) RREEonBictiaBRpait C
ring includi ng, ap inner fl and%e adapt ed . i .

1s'the lower ning electrode, the lower ring electrode having an inner diameter

adapted to fit closely around the lower PEZ ring, the lower ring electrode having an

outer flange adapted to engage an inner flange on the lower dielectric ring which

clamps the lower ring electrode to the lower support.

17. The configurable part of Claim 14, wherein the configurable part is

the upper dielectric ring, the upper dielectric ring including an inner flange adapted
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to engage an outer flange on the upper ring el ectrode and clanp the
upper ring electrode to the upper support, the upper dielectric ring
i ncluding holes in an upper surface thereof adapted to align with

hol es in the upper support through which fasteners can be secured to
t he upper dielectric ring. 18. The configurable part of Caim
14, wherein the configurable part is the Ilower dielectric ring, the

| ower dielectric ring including an inner flange adapted to engage an
outer flange on the Iower ring electrode and clanp the | ower ring

el ectrode t o tb begdgeur butstifiafeton thdWgppePMBS elddif)de Ghd tlam! Eltlﬂé}uﬂﬁ’éﬁ kgl ng
holes in a one %ﬂrfgce t hereof adapted.to align with holes in the
| ower  suppor t*CHPSUGHIWIRRSR SYPRET e FRP<E élﬁ"l%{:ﬁcs‘@tﬁjﬂélédll‘lé heles in gwnper

di el ectric risQfface thercof adhfted Mlgﬁ%m Hdsah ik J.R)?Ett su?f) ortd WBhdwhich

wherein the | ower PEZ ring includes a steppe nne ace extendlng
vertical | y béesigners candelsesnesd to thef upper dieldcttineingpper surface, the upper
and | ower surfaces being parallel to each other, and an outer surface
which is stepped such that an open space underlies the substrate when

the substrate is d8ppofMhedontizutdbée papvsCIREL] 4, Wigrein the confi@Rabid P&t is
configurable ereln the upper PEZ ring includes a

st epped i nne FIE)EZ]BWFB%:‘SI‘?&W&’P& the Wldfeéeém“ymﬁe?ﬁ@éﬁg 3P et Haree adieted

surfaces t heneedgagt meomamanga@qtﬁawerﬂgél@&@aeaﬁd ang@ﬁ@;uv%}na each
ot her, and an outer surface which is step suc an open space

overlies the clghedatgiie Wéﬁsm@rt,sthﬁwaﬂ@f)qcmogmpmm@dg beles mea lowiger
PEZ ring. surface thereof adapted to align with holes in the lower support through which

fasteners can be secured to the lower dielectric ring.

19.  The configurabie part of Claim 15, wherein the lower PEZ ring
includes a stepped inner surface extending vertically between the lower surface and
the upper surface, the upper and lower surfaces being parallel to each other, and an
outer surface which is stepped such that an open space underlies the substrate when

the substrate is supported on the lower PEZ ring.

20. The configurable part of Claim 16, wherein the upper PEZ ring
includes a stepped inmer surface extending vertically between upper and lower
surfaces thereof, the upper and lower surfaces being parallel to each other, and an
outer surface which is stepped such that an open space overlies the substrate when

the substrate is supported on the lower PEZ ring.
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