BEVEL ETCHER W TH GAP CONTROL BACKGROUND [0001]Integrated circuits
are formed froma wafer or substrate over which are forned 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, etcivehastEasdengrhycis dawab,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
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SUMMARY
[C002] In an embodiment, a bevel etcher for plasma cleaning a

semiconductor substrate comprises a chamber having an interior in
which a bevel edge of a semiconductor is plasma cleaned, a lower
electrode assembily having a top surface and adapted to support a
substrate having a bevel edge, an upper electrode assembly including a
bottom surface that opposes and is in a spaced-apart relationship with
the top surface to form a gap for receiving the substrate therein, the
lower and upper electrode assemblies being operative to generate
plasma for cleaning the bevel edge during operation, and at least one
mechanism supporting the upper and/or lower electrode assemblies and
adapted to adjust the tilt angle and/or horizontal translation of the

bottom surface relative to top surface.

[0003] In aznother embodiment, a method for assembling the bevel
etcher described above includes a plurality of leveling screws,
comprises leveling the lower electrode assembly, disposing the upper
electrode assembly over the lower electrode assembly, securing the

mechanism to the upper electrode assembly, and rotating at least one



of the leveling screws to adjust the tilt angle of the bottom surface
relative to the top surface. [0004] I n~anot her enbodi nent, a nethod of
cl eaning the bevel edge of a sem conductor substrate, conprises

| oadi ng a sem conductor substrate in the bevel etcher described
aboveofi afectdwsd ipgosesiygas RAlWt Heegapl betnidenofhehe dptand Hotiamm
surfaces,: and @nergi ging, Lhe process gas into the plasm to clean the
bevel edge of the substrate. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0005]ibb6u] | A shawen&schemBbicndd 0SS sectdéona cdbaglameot Bebevealdqge
etcher, FIG 1B shows an enlarged view of region Ain FIG |A and
FIG P6 dhd%l@nserbiatTPsErass, setrdnar Hatrdnfof e WAFEFteY cher .
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etcher in accordance with one enbodi nent. [0007] FIG 3 o
into the gap between the top and bottom surfaces, and enexrgizing the

process gas into the plasma to clean the bevel edge of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1A shows a schematic cross sectional diagram of a
bevel etcher, FIG. 1B shows an enlarged view of region A in FIG. 1A
and FIG. 1C shows a schematic cross sectional diagram of a bevel
etcher.

[0006] FIG. 2 shows a schematic cross sectional diagram of a bevel

etcher in accordance with one embodiment.

[0007] FIG. 3 shows an enlarged view of region B in FIG. 2.
[0008] FIG. 4 shows an enlarged view of region C in FIG. 2.
[0009] FIG. 5 shows an enlarged view of region B in FIG. 2,

illustrating a centering fixture for aligning an upper electrode
assembly with a lower electrode assembly.

[0010] FIG. 6 shows a schematic cross sectional diagram of a bevel
etcher in accordance with another embodiment.

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

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

[0013] FIG. 9 shows a flow chart illustrating exemplary steps to
assemble the bevel etcher in FIG. 2.

DETATILED DESCRIPTION

[0014] FIG. 1A shows a schematic cross sectional diagram of a
bevel etching chamber or bevel etcher 100. FIG. 1B shows an enlarged
view of region A in FIG. 1A. As depicted, a semiconductor 120 is
interposed between an upper electrode assembly 102 and a lower
electrode assembly 104, and has a bevel edge 122 (FIG. 1B) that
includes top and bottom surfaces of the edge of the substrate. The

upper electrode assembly 102 includes an anode 108 and an insulator



shows an enl arged view of region B i_n3FI__G 2. [0008] FIG 4 shows an
enl arged vi ew of

layer or an insulator 110 deposited beneath or attached to the bottom
surface of the znode 108. The insulator 110 obviates formation of an
electric field or an electromagnetic field between the anode 108 and
the central portion of the substrate 120 during etching the bevel edge
122. The lower electrode assembly 104 includes a cathode 112 coupled
to a radic frequency (REF) power source, an electrostatic chuck 114 for
holding the substrate 120, and a support 116 for supporting the
electrostatic chuck 114. The RF power source provides RF power to
energize process ¢gas {injected through one or more outlets 106) into
plasma thereby to clean the bevel edge 122.

[0015] The lower surface of the upper electrode assembly 102 may
be tilted relative to the upper surface of the lower electrode
assembly 104 by an angle o. Likewise, the opposed surfaces of the
upper and lower electrodes may be tilted by ancother angle in a
direction 90° from the plane of FIG. 1A. Hereinafter, the term tilt
angle collectively refers to the two angles. Also, the term planarity
adjustment refers to adjusting the tilt angle. The tilt angle may
cause plasma non-uniformity in the circumferential direction of the
substrate 120, which may yield non-uniform etching of the bevel edge.
[0016] FIG. 1C shows a schematic cross sectional diagram of a
bevel etcher 130, wherein the lines 140, 142 respectively represent
the center axes of the upper and lower electrode assemblies 132, 134.
The components of the bevel etcher 130 are similar to those shown in
FIG. 1A. As depicted, the upper electrode assembly 132 may be
misaiigned relative to the lower electrode assembly 134 in the x-
direction. The upper electrode assembly 132 may also be misaligned
relative to the lower electrode assembly 134 in the y-direction.
Typically, the substrate 136 is aligned with one of the two electrode
assemblies, preferably the upper electrode assembly 132. The axis
misalignment may cause non-uniformity in the extent of the bottom edge
exclusion zone D along the periphery of the substrate 136. In general,
bevel etchers may have both the tilt angle and axis misalignment
depicted in FIGS. 1A and 1C. Thus, there is a need for etching
chambers that have mechanisms for planarity adjustment and axis
alignment to generate uniform etching of the bevel edge.

[0017] Referring now to FIG. 2, there is shown a schematic cross

sectional diagram of a substrate etching system or bevel etcher 200



in

region Cin FIG 2. [0009] FIG 5 shoyfys“an enl arged vi ew of region B

for cleaning the bevel edge of a substrate 280 in accordance with one
embodiment. The bevel etcher 200 includes: a lower electrode assembly
21%; top and bottom chamber walls 202a, 202b that have a door or gate
216 through which the substrate 280 is lcaded/unlcaded; an upper
electrode assembly 207 having a horizontally extending upper metal
component 208 and an upper dielectric plate 210 attached to or secured
in a recess in the upper metal component 208; a vertically extending
upper electrode support 218 secured to the upper electrode assembly
207, preferably by fasteners (not shown in FIG. 2), and thereby
suspending the upper electrode assembly 207 over the lower electrode
assembly 211; an adjustment assembly 220 having a planarity plate 222,
a plurality of screw assemblies 238, and a cylindrical portion 272
secured between the plate 222 and the upper electrode support 218 by
fasteners 266; an adapter plate 236 secured to the planarity plate 222
by the screw assemblies 238; a gap drive assembly 224 secured to the
adapter plate 236 by fasteners 270; and metal bellows 250 for forming
a vacuum seal between the chamber wall 202a and upper electrode
support 218 while allcowing the suppcert 218 to have a vertical metion
relative to the wall 202a.

[0018] The cylindrical portion 272, upper electrode support 218,
and upper metal component 208 have a plurality of holes for recelving
screws or fasteners 266 holding these components together. The upper
dielectric plate 210 includes threaded holes for receiving the
fasteners 266 so that the planarity adjustment assembly 220, upper
electrode support 218, and upper metal component 208 are secured to
the upper dielectric plate 210. For loading/unloading substrates
through the gate 216, the gap drive assembly 224 moves the adapter
plate 236, planarity adjustment assembly 220, upper electrode support
218 and the upper electrcde assembly 207 as one plece in the vertical
or z-direction. The cylindrical portion 272 and planarity plate 222
are preferably integrally formed as separate pileces or as a single
body (e.g., a machined blcck of aluminum, aluminum alloy, steel or the
like). In a variation, the planarity adjustment assembly 220 and upper
electrode support 218 may be integrally formed as a single body (e.g.,
a machined block of aluminum, aluminum alloy, steel or the like). The
cylindrical portion 272 and upper electrode support 218 have a center

gas feed or passageway 262 and one or more edge gas feeds or



FIG 2, illustrating a centering fi_xt5ur_e for aligning an upper

el ectrode assenbly with a | ower el ectiode assenbly. [0010]FIG 6
shows a schematic cross sectional diagramof a bevel etcher in
accordance with anot her enbodi nent. [0011]FIG 7 shows a schematic
cr oss Pseeeyomls @tlgfammyovadbay efamiopiieras s decbedaneesidadhipee a

anot hen sepbodi neat ; £ 0P12] BleG 1 8 shws .agschematic cross sectional

di agram of a bevel etcher in accordance wth still another .
enbodilR8A?] [O00IBRFE® IrigRodsseilvowZéhartluddsuseratPRRf eRenprarsy

StepsiQte 234 for supporting the adapter plate 236; two pairs of mounting
blocks 232 secured to the upper gap drive plate 234 on opposite sides
of cylindrical portion 272, each mounting block having a slanted
(inclined) bottom surface with respect to the vertical axis of support
218 and portion 272; a sliding component 230 having block driving
plates 233 in contact with the slanted bottom surfaces of the slide
mounting blocks 23Z; an actuator 231 coupled to the sliding component
230; a motor 226; and a threaded rod 228 coupled to the motor 226 and
actuator 231 and operative to convert a rotational moticon of the motor
226 into a horizontal moticn of the actuator 231 and siiding compeonent
230. To move the upper electrode assembly 207 in the wvertical
directicn, the motor 226 rotates the threaded rod 228, which in turn
moves the block driving plates 233 relative to the slide mounting
blocks 232 in the horizontal direction. As a result, the slide
mounting blocks 232 move in the vertical direction due to their bottom
surface inclination, and thereby the upper gap drive plate 234,
adapter plate 236, planarity adjustment assembly 220, upper electrode
support 218, and the upper electrode assembly 207 move as a unit in
the vertical direction.

[0020] The upper metal component 208 includes a stepped hole
coupled to the center gas feed 262 and an edge gas plenum 209 coupled
to the edge gas feed 260. The upper dielectric plate 210 is attached
to the electrically grounded upper metal component 208 and formed of a
dielectric ceramic material such as alumina. The upper dielectric
plate 210 may optionally have a coating of Y:03. Typically, it is hard
to drill a deep straight hole in some ceramics, such as Al.0;, and
therefore a stepped hole 276 can be used instead of a deep straight
hole. For brevity, the upper dielectric plate 210 is shown to have one
center hole. However, the upper dieleciric plate 210 may have any
desired number of holes, e.g., a showerhead hole pattern. The upper
dielectric plate 210 includes & gap sensor 274 for measuring the
vertical gap between the upper and lower electrode assemblies 207,
211. A signal ocutputted from the gap sensor 274 is transmitted via

suitable circuitry to a motor controller (not shown in FIG. 2} for



assenbl e the bevel etcher in FIG 2._ DETAI LED DESCRI PTI ON [ 0014] FI G
1A shows a schematic cross sectional diagramof a bevel etching
chanber or bevel etcher 100. FIG 1B shows an enl arged view of region
Ain FIG 1A As depicted, a sem conductor 120 is interposed between
an uppFertepebinodécaBietiblif 61029 aHte ieblYowdr il éder saet HgslesiBPy AoEr
and hagpasberveln 8deg d& kG sI8) dhaksipcl udgscion, and Lot om
surfacés of the edge of the substrate. The upper el ectrode assenbly
102 i REPHERLC an 1@/68HeVAVEPARd ARt $TRAHIAE oF Tans Iprmer aYkYDIgr SgRSOL, can
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122. The | ower el ectrode assenbly 104 includes a cathode 112 coupl ed
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el ectrostatic chuck_114. The RF power. source provides RF power to
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uni f orpgoehi ng Fafs .t Beshauelanedf®arged schematic diagram of region B in

FIG. 2. As depicted, the upper electrode assembly 207 includes three
concentrically positioned rings: an inner upper configurable plasma
exclusion zone (PEZ) ring 318; an intermediate upper electrode ring
320; and an outer upper dielectric ring 322. Hereinafter, the term PEZ
refers to a radial distance from the center of the substrate to the
outer edge of the area where the plasma for cleaning the bevel edge is
excluded. The gap 340 between the upper configurable PEZ ring 318 and
the upper electrode ring 320 forms a tortuous gas passageway which is
connected to an edge gas passageway formed by through hole 302. The
edge gas passageway 302 is coupled to the edge gas plenum 209 (FIG.



[0017] Referring nowto FIG 2, there Ls_shown a schematic cross
sectional diagramof a substrate etching systemor bevel etcher 200

- 4 - for cleaning the bevel edge of a substrate 280 in accordance
wi th one enbodi ment. The bevel etcher 200 includes: a | ower el ectrode
assenbly Ph4a;targposndIiPotIsEnPERERbeT tWal P9R0EE, PRO2BIT At REvEerem
door 019811 2L 1ML QUG ioCh .06, Sulstale: AA0.in! saded/iunl gaded;
an upper €l ectrodé assenbly 207 having a prlzontaI?y ext endi ng upper
met al SE6APONEGNIC 12082 atEl R SOppet Il elPeHEEREN piiet €92¢09%1 tPRACKEESYY or
secur edzi NTRe rRLLI8akd S NEAPREE: HEl@e rGOIPONRN. 288; i Ardtehbhabt Yene
ext endi ng upper el ectrode support 218 secured to the upper electrode
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t her eby,suspendi ngggﬁeﬂ)cp@@% ehgcif0dRuasse M 3042 VETo & Reel BWRdea
el ectrode asserrblé 11; an adjustnment assenbly 220 having a planarity

pl at eMEorigl flurari By ofradeér éif assenbl i es 238, and a cylindrical
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support 218 by fasteners 266; an adapter plate 236 secured to the

pl anafft §UpFat e ess byridte Ofc PERPHSSefBPreso 238 A0 N Yapa uf iSr& 54889l v
224 segdkedtish theaadapt e phatei 236 by cbast 8N61s2d2¥0; mauit WBkahpper
bell ows 250 for. form ng a vacuum seal between the chanmber wall 202a
and upPafiet et 0dEZsthpbriie288 TR 1RTEF BRR WY HRE ShPpoth EsupReT
ha?/_e aﬂi}é@éf:tﬁﬁi p_rmttietz)mzm.elmltei \App%@ ﬁﬂredrmabl 32@%&-n2§139é&lfgﬂf%rent |
C I ndri ca ortion , Uu er e ctrode_su ort , an u r neta
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plate 21Q.incl udes threaded holes for receiving the fasteners 266 so
Phat CHETHPARE ) Ao o nt CaB et ¢ 793600 L FEPCRETBas SadsRor
218, arddupperodretall acodmpanentr208erarley saenr etk taahkehepapperof the upper
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the upper electrode assemly 207 as one piece in the yvertical or
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energized into a plasma 1n the vicinity of the bevel edge.
without removing other parts of the upper electrode assembly 207 from
the chamber wall 202.
{0025] The upper configurable PEZ ring 318 preferably minimizes
plasmz erosicn of the upper dielectric plate 210. The upper
configurable PEZ ring 318 is preferably formed of an electrically
conductive, semiconductive or dielectric material, such as a ring
entirely of aluminum oxide (Al,0:), aluminum nitride (AIN), silicon
oxide (8i0Q,), silicon carbide {SiC}, silicon nitride (SisNy), silicon
{Si), vyttria (¥.0;) or other materials or the support ring 124 can be a
composite ring of metal, ceramic or polymer coated with a conductive
or dielectric material such as Si, SiC or Y:0;, e.g., ceramic

(preferably Al.03), or pure material, such as SiC, to reduce



[0019] The gap drive assenbly 224 ingludes: an upper gap drive plafb
234 for supporting the adapter plate 236; two pairs of nounting
bl ocks 232 secured to the upper gap drive plate

contamination of the substrate 280 during & bevel edge cleaning
operation. The upper configurable PEZ ring 318 may also be formed of a
material having a high electrical resistance, preferably, but not
limited to, at least about ~105 ohm-cm. As the electrical coupling
between the powered electrode 212 and the upper electrode ring 320 is
affected by the electrical properties of the upper configurable PEZ
ring 318, the plasma characteristics can be controlled by selection of
the material for the upper configurable PEZ ring 318.

[0026] The upper electrode ring 320 is in contact with and
grounded via the upper metal component 208. Instead of using fastening
mechanisms, such as bolts, the upper electrode ring 320 is preferably
held in place by the clamping force of the outer upper dielectric ring
322. For instance, an inwardly extending flange 322a on the ring 322
can fit under an outwardly extending flange 320a on ring 320. The
upper electrode ring 320 may be formed of a metal, such as anodized
aluminum. In cases where aluminum contamination is to avoided, the
upper electrode ring 320 may be formed of pure 3i, CVD SiC or any
suitable high-purity conductive materials. The clamping arrangement
provides advantages over a belt-through design in that the clamping
arrangement simplifies the cross sectional configuration of the upper
electrode ring 320 and thereby lowers the Cost-of-Consumables {(CoC)
and allows the use of a wider range of materials for contamination
control. The bottom surface of the upper electrode ring 320 is
preferably offset vertically above the bottom surface of the upper
dielectric plate 210. In a variation, the inner and cuter edges of the
upper electrode ring 320 may be expanded further outwardly and/or the
bottom surface of the upper electrode ring 320 is flush with or
positioned below the bottom surface of the plate 210.

[0027] The outer upper dielectric ring 322 is preferably formed of
a dielectric material, such as Al,0;, and may be coated with Y;0;. The
outer upper dielectric ring 322 includes circumferentially spaced
apart threaded hcles 324 to receive bolts 326 for securing the outer
upper dielectric ring 322 to the upper metal component 208. The outer
upper dielectric ring 322 includes a flange 322a that is used to clamp
the upper electrode ring 320 to the upper metal component 208. It is
noted that each bolt 326 is screwed from the top side of the upper



234 on opposite sides of cylindrical gportion 272, each nounting

bl ock having a slanted (inclined) bottomsurface with respect to the
vertical axis of support 218 and portion 272; a sliding conmponent 230
havi ng bl ock driving plates 233 in contact with the slanted bottom
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hard teldesi it <dlcdeepdstzad ghtn hel en idonwOARceeI@IMWAsSh sSuedtuam ALRP3,As

d theref t epged. hol e 27 be .used_i nstead of
ST ai GREThOF 6" B TBRavI 15/ o Ro lpaoP FENact 1 "BrAFS 963 25Ehown

t o haveldnegcent etubholkete HBwever plide duppey di@€leaat nhcopd atte o210 may
have sire unber.of hol es . Oy A:Sh head hol.e patt.ern.
The ules?ii el ect b Loararematatiarte der 330 indale S SRRbbe Ping
nmeasuriogg &he Mevetri catalhaplietweeh didwe suppertandy oherbetteot dodeéectric
assenhl.i.es_20 11. A signal oufputted fromth ap._sensor .274 i

Cr ansrifBadtviceftiat 208 Renty T -n 00 L oy SR Wt el
in FlGf 2peflovttagontirotting trheghotBre 226eanel ¢dtereby raufj I8 the
ver i abngap « SIRer  byPES, ol Bo8i Ly Lot 86t 0l, SHED 88,1 A%8kccrric

i nductive, capacitive, acoustic, linear varrable differential

t r ansfrongesl@ L VDEresantior ,lcvan betasenldgradap sensoecka dootheed

ei t her, l-ng} de, o Qui,sh 8824018 chagber,yal,l 202...depeadi ng .qn..the, type
of sensor. [0021]eThe | ower el ect?gder} ass?en‘%?y 821%%@9 fy%c ude: &
pover edtengers oderge23 tdrupired iede et IRF rpowe? L G owarceveslid emdprdonei ng
RF povef; duti g RRGLALL Prex@nbohlom MRl 86551 &n Minld 264 hayd RYnLPPSS
and | ower portions 264a, 264b for electrically isolating the powered
el ect idGe 12995 g% £Re BHAGTFHCEhanbETOMEGEr POR o] #¥ectgions/ pla

oper atd-Rg HALt1LRINWBEL doad 3Q24] The LRNLEE O&5f 68264, and/ af zedge

gas feed 260 is used to provide various gases into the space 286

i nwar dit¢ sFCeFaHsEr SRavT- zmé.lamﬁi%glrw&@%aﬁ dnsteppedpl BRta 59 TR6R ned
ar ounghatthegbevel @dae 8ind M aaubstrats «28Q4di Hudegeneratd YnANRY Afch
zone faor wafer bevel _edge cleaning. To prevent the plasnma from
reachif§lERE terfii4l 3pBrtion of the substrate 280, the process gas

can begoiogdit hr ouglh Hbge £aNt-8kcgasdd ead 262y rdhenbihecgas RASSeHetal,
t hrough the gap bhetween the upger el ectrode assenbly 207 and the
subst rPECE 2B02HUHIZEF §1HRTEEs tRENSYDhIFafEZ Yieh 0Re ElyPyssednd

cent ers1gasrb@edsiacenugesk LaoBegaso feRM cHBYePrVitte bhesiEAMRApr 08€SS
gas or ot her gases, . such as buffer gas and glg{fegjr gas. For instance

the bUPPFEF BRAS" T Al 9BeClFFEcEd St At bttt ithes GRS FEOEE, VARt e
t he precessm@gasofCanrpbesivg aecttedithrodghethenedgegasnteed-26Q rehber .

In contrast, as the lower configurable PEZ ring 306 shields the

powered electrode 212 from the plasma, the powered electrode 212 can



[0023] FIG 3 shows an enl arged schenatjiyc _di agramof region Bin FIG
2. As depicted, the upper electrode assenbly 207 includes three
concentrically positioned rings: an inner upper configurable plasm
excl usion zone (PEZ) ring 318; an internedi ate upper el ectrode ring
320; &fdfarmeriter lapperoshiel eeEFTEOGS AgtepdalHeresradi ey Of kB2t erm
PEZ refiees1i0es nddi@lefigtance fromthe center of the substrate to
the outer edge of the area where the plasnma for cleaning the bevel

edge il908%E| udedPeThe"Yap 346 IBEt W A *ChE HPppEY® EBAf L HifFallne PEZST i ng

318 andahbes upprr, 8bes) rade ihhBg Bhd0RBaai d AIHOUS ARt iPassagenay
which is connected to an edge gas passage %/kffor med by through hole

302. TFRBLEAYERRIEs FhasEawlp 3022 | SSE5dpPRd %Ct%é’rekl@%eﬁzf&gﬁl ghufhe

209 (BbWered)e1cbitechor tupusadappsAbdytevantsqd he edges gashasaagevay
302 frombeing directly exposed to plasma ther ebP/ preventing

f or matiPHRT oFCRECHRERI G Pradi®Ior (bl @RSl Fetaans Witthi A 155E°884¥8 gas

passagewaygdbed rihgssesandariiepl asfirLeubdt odmenwisee efodeasithezbhaer
wal | of the edge asseng)ewa)rl 302 thereby re |r|n8 fre uent
LGphe et i

r epl ac@frent"of <:t Bptttet S2 08 % gaced more

cont afiragiéscf thhe ehodedhdrabertalot Q:htehEOﬁéhbsélre@ﬁ:@oagoass[e@@ZQ] Ihe
upper configurable PEZ ri agﬁ 318 has an inner recess and an outer

r eces$ ol et B0 fpost 1 HiuEe" of® acodléﬁxﬁﬁ/‘é?‘aliﬁ Ex CBRETIRP 15 6PBRPTFOH -

318a, ralreeespn ddesksnBertieqessri SonsSiethrbhdl S0pEY Htihe @ppefuring
confi gurabl e P 318 on the o ter tru5| 210a o u
ool cdEPIRt SIS 510 e GhesiS DO So et et taabint B ke

conf i gurat tios st lamdepBoga dﬁfaiilt;ﬁegampqa{ asmRaexcildsl o Zoneswahesde t he
substrate, The per ,PEZ rln 318 c be _r ed W|th fferently
confi ggr o PEZ 4 j{@ GO Yo Iragf‘r% %4635;:;5”?19??]1; %32(%}1 alfspen Pe
needs replbeed ep]ta)@ad nenev ifrge quiat | parttsantt hiee atdverr paemsrcmfe theembly
upper ql e%t&(ﬁ)dteheasc%erqgey waQL %9 is thus a consumabl e conponent.

Typi ca IIy, ocess gase i'nclude an oxygen-containi ng gas, such
as 02. [OSEIﬂBI amjiat $owgmmnisgﬁiﬂ%d3;PE\Zoh:um 30 pgeferably minimizes

fl uorine- ﬁﬁ%@é L) géédnfqucc*ﬂeaﬁo %Fgct%% CH8. E‘ﬁéf AlipQ be added
to clean the bevel edge asima" cont a|n|ng esé react)ve gases nay
er ode cohéigpparlec @REI gurabile @Ememama fotnssd lodadhnglear ficedlgnt
repl a“c%%ﬂ&&@é, ts*éﬁleB.E@Ec& Fhgus abl & PEZ 110G 5 %]3_@ GOk aesa ri‘ﬁ ess
to the upper configurable rong 318 éurlng repl acenent, upper
conf i quitabkby PEZ aldiupgndn g2 iglehdRd:0sh, pilagd nhy tlh*érw@péﬁltii eI @cltiﬂp@

pl ate 21Qcapg; £an be 4 é‘o‘?J aced; yd t fiquh | fEifPlVdd?QnQE?%e p?§ X Of sEbﬁcon
upper el ectrode assenb 207 from the chanber wall f
upper (Eanti ghraA & YREZ PFn@tfﬂ’«BmﬁiﬁéFé@%I% A Wmtptfagml (§§inohe a
of th%o%egit@lleﬂn%cuflﬁe@ilat @c24Ri c Tde JRPRE r CUMtgULabh 6 RELJLERDve
318 is preferably formed of an electrically conducti ve,

seni cOFdAEEISeGrc AREPEERY iichmRerill SiSueh ®9:a $ihg EREFREFY of

al um nyreexi ger &1{2@3)3) o2l Bt 51 des (ALN), cdb |4ieQncexj e deSi 02) ,

silicon carbide "silicon nitride (Si3N4), silicon (Si), yttria
(Y203)C°6‘|ta{3%%t?l°r?‘atoér raf sS‘B?Sttrﬁées%ﬁ)(bcﬂ‘JtrlPEn@P%%l@én bl al%"@r’“rpo& te

ring QlonfehatabCLr@Rl €104 0 YEBI o coaAtRd ruh-hbg 301’9@1”@1[9!@&1:1/@1 Yzving a
dielectric material such as Si, SiC or Y203, e.g., ceram

(pr ef dRABI SIFD0OSR] S bt Grat BFF 5 e hbis 1501t padifve 25, 1gast

cont ardpRati ono DforHnens ubstrat @ 1280r iy @guglb@g/ejetadgﬁ chePYwRGed
operation. The upper configurable PEZ ri ng may al so be fornmed of

a mat GHEEFTRAYI NG 47 Ghe e e PLAFETX & aﬁc%OS p‘rsefaéF‘é‘Eﬁ‘?}j ByutPRot

limtedekerieil |paskrabostor 105 0be £MonAsSgtiRg Bl ealzr €Ay Taypkhsg
bet ween t he gomered el ectrode 212 and the ugger el ectrode rln%7320 is
af f ectted°by HEELPHEAY Propér £PES U fh rgohPf glittaite Pz

ring 3hd, 1bher plasieuelaracimyr irshycsca.an be control | ed by sel ection
[0033] The lower elecirode ring 308 is connected to and grounded

via the lower metal collar 312. Instead of using fastening mechanisms,



[ 0026] The upper el ectrode ring 320 i_s,i,n_contact with and grounded
via the upper nmetal conponent 208. Instead of using fastening

mechani snms, such as bolts, the upper electrode ring 320 is preferably
held in gl ace by the clanping force of the outer upper dielectric
ring 3222 FBrqlistahte, LAt RMarars extead?hy 9 aigéssz2e &elthenring
322 capathtppndes Apmputyaicdly extendinget! pnas 320a-00,7d 19,328:10 The
upper el ectrode ring 320 nmay be forned of a netal, such as anodi zed

al um At l?‘tﬁel’c%@ﬁm@f? & AURPAURIE SRt 4RTTREE | Dn 4 gefpl av‘i_ﬂ(-‘d’eé,s t he
upper -@baet£Qde il AGm32fh MBRY cBewh OF TR nOEnPIE € B 0 rOVRL SRk a®BYis to
sui tabl e hi gh-puri tX conductive materials. The cl anping arrangenent

pr ovi (H’ésméﬂ’vﬂ&ﬂeé’gg§_ BvEIYEL lS’-éFFH?FF%dTQF?gdé%? gie ¥ wet ﬁafm?‘fhéfcpaﬁﬁi ey
ar r ang&ment c Sb MRl kestidie ¢hessSpseaty eBabuconfd gdiatt o1s ofrnkhe: r
el ectrode_ring 325 and thereby | owers the Cost-of-Consumabl es (Co

and al'PoR&2Fhelqis@noFaR WP Iy aflife G SFabefinstlf GPRebHt AT IREL PHN-De
cont r abwethel &aticam suhd ams @hetbigy URPRLiBheeld @de hhAG: B2k ke use of
preferably offset vertically above the hottom surface of the upper

di el et Fi-Bepl /W2 96, ™ML H A8 £af | ANCFRBAFHIR R dCbut er edges of

t he ugper4gl ect rmadeont sy 132@ rnmaye be-t@xpandeg Fiur tibepr od AN Gl Yoahed ot
the bottom surface of the upper electrode ring 320 is flush with or
posi t iPofe8 Bet'ow fREeShbitom Str facet=0 e Priatie® FA6ef0BD7] Thes odtEr
upper oditekecdsdiC dikegcB22 irsnpr ef @ralliypdter okt Rfecandl €4 exitdr ite receive
material, s s A28, and may_be coated.wth Y, 03, The outer upper
0 of e T E g oh s PR HhaT o PLESh e FAF LS psc s apitd tonFatond
hol es 1324rteetLcaiivier b®ld s A326ikolis st ubbig, t11e: euter Upper dielectric
dielectric,ring 322 to the upp metal c onent 208. The outer upper
Gi of eciPpeat0 ieheiBaet vl HirelRathr i 559000 HareEs CUgele Erahbt i
upper réhegcBi®de rihrgl32ér nethhecopler Ietal conponent 208. It is

not ed each I't, 326 is _screwed f.romthe t.o i de t he per -
0 e BB o R EdE bty o SETERATY i bBF e Rof Tekibsed 1ot he
pl asmeepTheed nnédre edgetel grietter 286 ishelispbesd uppehedigbec tgape dr i ng
322 deter.m t t i aneter_of the ring ar, _dan haped. pl asm
for craarng L e bt P TR boBRT e Polkr e tBat Fode! JaLaery o0

i ncl udé$d -aTe owerremst ok tof lvart3dl and st hieel conmeerit beteddry ghesippened
rings: [ [ 306, a cgﬁge Ii-ng_or
hoop ratlngighg%% egl%%ftg%éféﬁ%éesfen@g%% %?él %?:tlr’i Eﬂlér)%p%gﬁ e szl}gs'??ate
280 i flpstunrethtord thethopinenf gep dfivehelbhooe?3LonfthgthablastREZrsi DY
306. ThesLoprsil fage 9 QueL esh el et ast { f

of the sﬁbstrate’ 280, gan%&lero%e\é@%0%31‘f’gﬁ&%gﬁgﬁ%%zszraisngg%g%éf%m%ﬁ e
shal | @&apatiium aBgisenerecEssnbydctiim regesny L 830;0dghereperta 2lde uand

punp eyaeual escdeievacsumieghon belpwihensubstratas Fok; exanBhe. to
lift pin holes in electrode 212 can be in comunication wth a vacuum

punp. 3Ad9Buke uHRerpehRtEcE eetedrly 207 iRt ind casr ac ladgRechuck

for h%'s@'efﬂﬁl&@1S.Ub§55%ﬁnpﬁ%Qin P agR AUk hRge 2 ClieanhAgQReakLeNz36
[ 0029] The | ower configurable PEZ ring 306, | ower electrode ring 308,
and | defefered TolthgruBasr &e@ dipporiedeby3 ¢ Hy Béehemrhel®etric
ring aizskegdssrding 264 (nore specifically, on the upper portion 264a
of the bottomdielectric ring). The |lower electrode ring 308 is
cl anpe@®861t he IT®Reberet AE6K 2P0 Freisyabhe HirEFFowdtt diseP8Etri c
ring 3kQitwherel nnt-be |owerimekakefddRmnp3ids i s3ronnest &6-dio akhemn1y
bott om_chanber wal |l 202b_for groundi nq_ﬁgFor exanpl e, an inwardl

i

ext endi*fig L RF AN '3 R0ASHR Hi%seERYi €04 TG 1890t RERF ISV ERPREEANE 8 gﬁ%
agai nsthrapnoutwaredkly extendipignblange13@8azon dhe elhveehiodedziiagrsh8.
The focus ring 264 electrically isolates the powered el ectrode 212

from tRELBRerH Bt POdE T i 308 & RE FBReichfdtal LOfarPiedicth
t he erbedeprents showacce@hdditidd2ai Acliudegap BéepRed changfasidf acete

236 and planarity plate 222; a lock bolt 406 having threads engaged
with the internal threads of the adapter plate 236; and an upper



[0030] The powered el ectrode 212 is preferably formed of a nmetal, such
as anodi zed al um num Wthout the PEZ ring 306, the powered electrode
212 coul d be exposed to and eroded by the plasnma and, in cases where
hi gh cl eanliness plasma is require the el ectrode woul d be forned of
expensiPPET Hat briasheto? ieetort ﬁécellmé%ff&ﬂqlﬁ@sé FEHAST erenbetvsercdher ast

as t hacvenery caiffdugunable REZ nbeg RO& abkel €ls gdaeceegwaﬂ@cqultesﬁgpgeof
212 fromthe plasm, the powered el ectrode 212 can - f or med

of | eddScHBPTY @%&FP%@W@M% ¢7 rsdatdreste dihe P@W%¥ e%ﬂrﬁqtﬁéglg

requi r-eReRbly [mslltﬂibepi&v&rlt&}ogia@wml s PRfurl g o30BhdasidpRaer o axk
out er flan?es 306a, 306b, the inner flange 306a is used to nount the

| over ZC6nPtGardl &opEZL? iy 4866180° % rTéléésstlaﬁﬁ HHECoLPE? L ishEFTeUYe? 04

of therpoverest elecatirose k2 tand spper. paprté@nemi4a ofe forUs b'b!lE'Q 406
264. The | ower configurable PEZ ring 306 can be replaced with

di f f eréft F&g%B?ﬁ%dgﬁPeae‘F‘?Wgé:hFopb?WJ&é’ gt fFeret tSoF}t‘%rﬁ‘%ﬁPé@ﬁaplate

excl usizen zones The | ower configurable PEZ ring 306 al so may need to
be req gégg Ifre uent t?an t he ot her ﬁgrts ,of the | ower
el ect r'd ssenbiy 2 £81pF BEHE O O8T on” drfd18Bn° bE” Cdifsi dered as
a congggagtfatanuaneehtefaﬂg eaﬁyu?@csﬂ%sfb@f&I&gﬂuﬂ%etgéggﬁpeiu%ggg€r$aéz
ri ng ment, the. | ower. confi e rin i s
b of e AR R o s M SV aRbE H08E SORPTY g LoppBr: Sl Racgnaho
of thehpobeved eletr pole, 212 a@dtewgng'fsutﬁa@eﬂﬂﬁ4@ afed hign foQaus ¢f ng
264, nd can be r | aced tho vin er, parts of the | r
electgogeu%% %§§i1$r§#‘ 238 ePe%ag Fﬁﬁ%ﬁfﬁﬁ@”l8§e?he
conf|QMEabIBDREEembmg GmﬁkﬂweﬂeeatﬂqmlﬁomlEEZ@SKﬁhenpbaﬁﬁﬁuﬂﬁ0ﬁ1w1th
er odi th cir 212. wer conf i qura

r%q ﬁel‘ asblc{e%gcgegdl %q% g‘ Cl’%e Cen%larl%%nd'uctl Ve%ee 1nE%udes an

306 is pre 6ried 'of "an &l ectTiCal
senlC@mdutarVqunrudnehetlﬁ|ﬁ©rmaﬁearqﬂqd sﬂehbe&iqm eidpg. eTha ey rofice

I I 2),
T coNThgb W Pl o R OT e (TP ShkrEST TS TS b PR
(YZOSPU@ﬁro@iﬁmehﬁateﬁlam%I@W@Ehé @hppuwﬁerEhgJ£24uoamibeiaxnohp@smt£
ring % egggéjalfa% @ch ﬁHﬂ&pg%ggéﬁ%ﬁﬂkﬁgggggg%éﬁﬂ§9n999ﬂI%ﬁ%(3ower

dlelectrlc mat er’l al suc _ g., ceram
(pr ef elabEyodd 263pmbdy pur d nmizher xalandsychi pgc@yDsSi The tcmue@dd@;emeter

cont aienahl of AfeLihg mbé}rrea%%aZ?Q %M s@aeogy%t 400 The [

configurable PEZ ring 306 al so fornmed a material haV|ng a
hi gh éleéeftekt Prlé§les¥%1f|’1c‘5é> tpaef ehalstepteping nbixtiirsi PeE 1 digpobedsin

about ;1105 ghnaem, Féé t@feleelc%gtlﬁlﬁfgtecqqel Lngi Retueen, i hey &%f%@siel

electrode 212 and | ower el ectrode ring 308 1s affected by t
el ect Bt€BPT ptUberti es of the | ower configurable PEZ ring 3086, the

pl asmgoobay act ermhst E6st &AMDE 1 GOREd Oldeednbyuddy YiNGehbie JHRL akkaheof
the | ower configurable PEZ ring 306. [0033] The | ower el ectrode ring

308 i $9dBnntted Peo2hhdr eyt &uﬁaeahwmeh@n Bt ¢t 8P Blat dhe3gentering
| nst ead x@hr &S0 nhash e g SFLGRINI $Mbrientation along the z-axis

relative to the lower electrode assembly 211. Tc align the hole 504
with the hole 508, a removable alignment pin 502 is inserted into the
hcie 508, wherein the bottom tip portion of the pin 502 extends into
the top porticn of the hole 504. As described in conjunction with FIG.
3, the 1lift pins move up and down through the holes 504, wherein each
hole 504 functions as a gas passageway through which a vacuum pump
evacuates the vacuum region 330. The powered electrode 212 operates as
a vacuum chuck and holds the substrate 280 in place by the pressure
difference between the top and bottom surfaces of the substrate 280

(FIG. 3). As a variation, the lower electrode assembly 211 can include



such as bolts, the lower electrode ring 308 is preferably held in
pl ace by the clanping force of the outer lower dielectric ring 310.
The | ower electrode ring 308 can be fornmed of a netal, such as
anodi zed al um num I n cases where contam nation of the substrate is

to be?fi ATFATZETAERE FOMET 181 BERTORE Ai HECB0B e kbel® drivéd C8Fe pulrs®
Si, C¥DeStfosatanRy chutk b @ibbghedWt tYieCONECHIGIONY 8 fMBE & athsm F8@ion
cl anpi_n-pl ace design can sinplify the cross sectional configuration
of thé3Poed AlEet g‘aﬁes‘%l?%aé%“{‘ HEPEBy SFBIRS i G LERBLEH ORSTE t4PT ow

t he ugeoed] a W dei. rangewef amatednalis tobs€danbhal i @ugent 66la bevel
[ 0034] The outer lower dielectric ring 310 is preferably fornmed of a
di el eEEFIET nlterifaf CoRTAT 8s VAFR 0510 Rfd FEYC HECbat E0° viTROPSEBS Fhe
out er thewesvdi elteatri €00 idig 31Riincludesctdirgadedihokes. 314 The
receive _bolts 316 for securing the outer |ower digb ctric ring 310 to

the | GWeFrenetdl i ABFL 31 lﬂé’gﬁi%]c%Fststé’HeaB%?ﬁé‘jbltyh ut & 996 Rer 2
d:eIe@hbbexgﬂmggggertn&kudESdaeié@mgf:pm?tei@%gg@dftalghgﬁgobielémw&k
el ectrode. rin to e | ower ta ol | ar ) is a
ol o SRES TR srepatloh g rRtrr dOuY 2RERTas aq ol ROE SRHRIS B stb k¥
236 | podesposetcoBlt heotippeblgapy HE vewpkate 4 gand siecyredets ddre
upper . drive plate, 234 b asteners 270._To C ensate for

Gl R L e A e Sl e R

vertical"axtTs m s
assentlei ésri28¥ 0241 cotdhectddgpietepl At @r2386disl fdtadt- moetied .omht he

upper drive pl at 4 wth the fasteners 270.1 ogse. Then, the
adapt SYORFATE S38PORRi 21 RVEEUAR Bhe Nredanilis ALS ot amar e, s Bin
adj ustument BEssdreivyt220ihaipper uelecty adé shpporin ZT18, a@ndisupper

el ectrQde I [ ed.in 1 5 -dir ' t i gn
the_upasr*ERaET FhkeBaden SR oot ey Bt B el EE e Bnflrh
211. Upenosehpiretthonsefstivd eabigpementt? 2t hén adaigt embpfiatent236hiesupper

secur riyve ti i t S

370, 06557 ihe aoEPLEr R LEnCaPoR Fasehr e KRS, Bk i, LECHERELE
linmtad the whiee elevetrddry ascral asiEnbhnilesprX38.c1Eat hode rawpassenbd yin
238 i udes: i r 4 ;19 rqﬁg§ i t
inter%gk't%?éé §k§¥§%iggbﬁgh§$%§§e%F§¥%@giéghn augggﬁgggu%%gpg ?g?g
preci $&8r vadily coMPLRe turadi R aRgte ol rchevkierewheal poskrelssherieal

washer.;:4Q8¢{oryAceenypdatdng a tilted gap between the adapter plate
236 and planarity plate 222; a |l ock bolt 406 having threads engaged

wi th tIR84Pht er ndhet RPERH<STONSEhE0 Qddisiefep| at B2 I61varmP sifbigpet -

12 - spheri-cal RshelyA02d QkratComMAAl ikAg: aatd |stigd1 9ap.dahweensthn
| evel ing screw 404 and the | ock bolt 406. To address the tilt angle

of théMuBper & Ot BYRYHeyefbPye 20FRMCALFver T P AthEPPHet” dilEct Pode

assenfjlop42il, thecpl anaidisy apkahen22 icsoFPUHEd caR 1t Atapdapber a phata

236 with the lock bolts 406 | gose. Then, the three |eveling screws,

404 ar&°bar ntd 1’9 28rastatdfe Pt Yeh e P SHRMARRAERY; Ahelapdekebolt s

406 arrecti ghtenewhe01sectia t/he phanafdstyaphate 222ntoitdhemdaphefiy or

| ate 236.

P gate 704 through which a substrate 710 is loaded/unloaded; a substrate
support 722 for supporting the substrate 710; an upper metal component
720; and a gas distribution plate 718 attached to the upper metal
component 720 and coupled to a gas feed 740 and opposing the substrate
support 722. The bevel etcher 700 also includes; a bottom edge
electrode or bottom electrode ring 728 made of a conductive material,
such as aluminum; a bottom dielectric ring 726; a top edge electrode
or top electrode ring 714; a top dielectric ring 716; and a hollow
cathode ring 732 for generating plasma to clean the bevel edge. The

bottom dielectric ring 726 1s interposed between the substrate support



[0037]FIG 5 is an enlarged portion_of sregion Bin FIG 2,
illustrating a centering fixture 506 %or al i gning the upper el ectrode
assenbly 207 with the | ower el ectrode assenbly 211. During assenbling
t he bevel etcher 200, the centering fixture 506 is used in place of

: Inp
t he uppérae etecPPFECPIedds 210t MAT HEP aRE flssdrdestty piSodater tie
st eps st.@sessedTlgpbhe Heyeheebshedn 20Qel 818t M. NLERGIURGE kAR W h
FIG 9. As depicted in FIG 5, the centering fixture 506 includes an
annul &t epeotTifsiteRI51H° Hor Fearaf BMe EEn bt GRSedget T HHE 18| Bt &t e/ 18
bet weaRdt bge i tiekddt adBiBIrcat the drdgishepeshnrotepst HrHibeaggst he
outer dianeter of the powered electrode 212 is mnimzed to obtain a

preci §&SEFHiPHERt Pof T Bl Sher FeP R49%084°855¥ ol y with the | ower

el ect rfodezassenbkyord lrHd thheaxd widop digecdicansoddfieroyt evsdi apeteer
of the centering fixture 506 i s the sane_as_that of the upper

di el e@EFi EOPIHIR L21HOB ot 1A Lt RS Teit%eritag 4%t P& CBOB S S4diespbsdd in
pl aﬁe d@%léﬁ@ritpﬁ@ﬁeﬁi@i eld iresptat 8,210 eQUéﬂldlg:r%Sgeﬁb&d:dﬂs? dfhenbevsas
et cher 200. [0038] The, centerin i re 506 includes at t one

ot opReiNyE B0 D BECGHoGREATh 1 N AnE=ROVE T BHERCBUE T30t habet he
cent ebongohi xidleet206 hiasy azpr res Sedngsl ast aringikat ton alargulhe or a
z-axis relative to the | ower e]ectrode assenbly 211. To al.ign the

ol o S6ACARTH ThEORGH EUEUE RO AT TR OB L SEr o | hBer  ed
i nto theehotdyb@q, thbes@srrbhe bopicn tep, poid ibatcok édge pilRcbOAde
exten into.the top,portian of.th ol e 504. As descyiped

cons nePt on it ERG P Ao 119 1S rste T 240 oG T HeSdgR°t he
hol es c5@4plahereireceasdhull echbdgitmcicnenshas dcyas PASS agRNaYp .

t hr ough ich a_yacuum pu vacuat es e vacuum region 330.,.The
power SmeTeErvo B ET RS RGLALS, 20 AE LB A 7 oo
subst raeé=280id nripbates byertchehpr essur eddif d £renc gabetiveant tulré ot opl atred
botto u e f e r. 0 (.El ) jation, the
Iomerqg%e%%?%ﬂzngsg%%bTiygé%uggﬁ'%%bfé'38ﬁ§§f§:é%ggaéﬁé%ﬁéostatic
chuck donf pbacet iohsawirae udmwekhiu€kon | thet Kios . cllise,gashdiet edtutgsnapi ete
chuck -i L t i on,of- the. uum.r.egi on 330 and hol ds
t he sJ%Et?gﬁ§8§%g€?g¥eﬂ§ﬁ%$ﬁg%agc E%%%ﬁglgggratﬂgﬁf [0039]FIG 6
shows [#04&henat iTeecFessswEerronbl Ltiti agirant ofe £Upeger etohdhecbotion
accor dange w &N @ROLHLL: £I1N0GH FBNL 1y The EQ?E?HB%&M%iQBd§$¥%ﬂ$%V%k the
etcher 600 are simlar to those shown in 2. The difference is
that tIREtPBWRYelECEEE F ol ASFEMBP YT 606 Sneé PEBR s7a AIBubST ¥t éhslipper t
612; a;diiehectd ithePat8uPrd@%ar 3640 Micspased i ihe: gybS AL e
support 612; and a |l ower el éectrode ring 616 coupled to an RF power
sour cEUEPATE of2% PEFFFFRY FRF SpEREEUT -reYeér gF 22 THRStERER e PRPaS 1At 0

pl asma nfcehasd eanyinguhhe bevelvedygs:y thecsubsyr ate aSUpPosti 2 teande1
formed of a conducting material or a dielectric material. The

subst rrACEeEupPOY6 1 DC bt dfe§last B taddtntrMtic It i8RES PRI UdES a pin

unit. Jo@ktbaeyidippotherPt N diNkhot BeNOfarSROWON ) Nl Gopbr HH Aower
vari ation, the bevel etcher 600 nmay include an electrostatic chuck

di spoSEGCOROThSEFSL+&% ' KupgBF t ™12 Rt AFRe &fbdBPARMNCWhe M upper
el ect rradenassenblayc604r and-iuppeh, etectsiode r StP PRt 08027 MR ynie bsi Mhdar
to the upper el ectrode assenbly 207 and upper. el ectrode support 218
in FI & 2, SPedpectivBrye T3t &ﬁ%?h%rd%%ﬁcégﬁﬁn%aifeﬁe Toppet ¥l &Cfr bR

r: ng Gl8rawy m{sﬂfgwpl ef $ax armolagegowajojgjgu%eu\émidnfeiwe%dM' Soof the
el ectrode rin may_be groun : e bevel, etcher,

ol udeBSAE B TS EaLLe iy Doal Bl e ACStiyC GRtEHetal

bel | ownouhat ar ehei Aol Besw taathbas er siows2i, nwikl & i2. mkoe &of evicbygutthiese
conponents.are no shomﬂan Fl G

. 6 . . . .
material, such as aluminum, is located outside the insulating rings
712, 724. The hollow cathode ring 732 has a channel 734 that faces the
bevel edge. The width of the channel 734 is preferably greater than

about 1.5 cm, for instance. It is noted that the hollcw cathcde ring



[0041] FIG 7 shows a schematic cross sectional diagramof a bevel
etcher 700 in accordance with yet another enbodinent. As depicted in
FIG 7, the bevel etcher 700 includes: a wall 702 having an opening
or gate 704 through which a substrate 710 is | oaded/unl oaded; a
subst Fafel3upptit 1722 Yortisappoi fedHg rhevsimsticacdnydenlomdingpere

et al s¢eEPeNeNt71628; andia 848 désidd hubiommplatie #18. aftached to the
pper netal conponent_ 720 and coupled to a gas feed 740 and opposi ng

'ltjhe sUBSfrht e sdpfoltl 22 cathedhevidld deéhet TP LEAsEC i HtIRfdes e

bot t onadge EiEGHHOEE: Pt HROLLEM: 84 8fdiiedecibN G 16248 rFRES Dfs,2728 are
conductive material, such as alum num, a bottomdielectric ring 726;

a t op 9%68YBYeY edie0BE BY¥SHFOBFERt THRPE LEPNBE AW eTa 0P HHRIUEEEY] E2895g

716; andma~halHoWocat hagle; rifdg 732cdrle.genes afdMatRbas Nend @cpl eagk t he
bevel edge. The bottomdielectric ring 726 is int er,Eosed bet ween t he
é

subst FAEECEUPHOI! 15 FARICFHLIORY RN 6Tt B Efg& el ectiodetroB aiRP

el ect iieattydd slsatea tihe mubshr adtnlepRony 20 arbegbetiam.edgeancther
el ectrode. Likewise, the top dielectric_ring 716 i s disposed between
the gd§TdREITH bt PoROprAt &8RRG 148 (8P LUJE BILEdt Fodd 7E4PaweF

el ect sbeatt ywisiaparatesop heig@as1 dtstdddoutiioandl @i handok he: thepeedgey

el ect r_l,gge. %0042! %eéond the top and bottom edge el ectrodes 714, 728,

t her e ‘are*top’ ffiottom insul ating rings 712, 724, which are nade of
a di el[eosi c natreei akpanicirvespectinialdy pexsend-drhaisdrf@cedotot be=4rop

and bottom edge el ectrodes 714, 7 Ci t he substrate 710. The .
ot { onFl BhEEI OF | S FIRTRES “hit 1Eonad FTTmiEEd Phest SR al A
a recttargithesriconf kghi @i+ orequheay VRRwWetet | omidie hizepa fidpwinee, ratee
outer edge_ e _substrate support 722, the bottom edge electrode .
T Annort R sRural iR, RHEPSEA ety hBg e AEERT At g vp Bt Srion
ci r culodr tbe emstdamgutain coid.i gur at¢ o whea &iewedder 0d tiwe cbopled to

Simlarl et i nsyl.Aatj ri 2.t edge el ect e 4 0
ai of ot Py E Rl Toh R adt e s PO e e M D oo R
718 hagge blectcelendl8| ismidoegled, teia dukar foequesctyaRfup@rer source and
configuratj Le f-nam t h ~Th L.Stri i p

715 1 SUsrhb e MOERCE R T R AR e B S8R DAL o
sur f aceloef ettt dlssti &t &s suppérd 722 hiks-botqwncyuRF apeiegf whhée the
SUbSt 13k o Lag AR ek BEdOPr A QLT USHANPAL b 0Tl e HO! LiMeoue
dielectric ring 726 forman encl osed vacuum regi on that'is Simlar to
the vacudn?rayl ohe3BoL{ P GatipdewhereiF2t he UbBeat elBUfRforNOTRIr
oper at,g$ @b &h Vaguuibs gk <1Re:suBstTiat 6 gupRots1124 &é‘rﬁld&eu?iﬁ%gﬁb

unit as previously discussed. In a variation, the bevel etcher 7
may i rickudEclasl eebi 63t Hid EoshoekeWISFISEH e tHE 3EbSTHRSE Sapporh

722. Asangtheli grakh-alh oty e pdpPersAndekover el ectrode assenblies
706, 708 nay be the sanme as those shown in FIG_2. In_still another

vari atli®8A71t he Jibdfrat et dppér Ehy2Evivdy ebeltadd Cof el edirdddt HRgeT

mat er icddkcW-bde &ubpekectdi c 4 aneraf prdmdseppihe 4 pasHrieradihergoh

In yet another variation, the entire portion of the substrate support
722 mySEEPHYOr fed BFtal el Cetr FRaeter iSAR 1 D04 PRES ht 1T -c At h
ring %3dviwhj cthdse @BMASodnta aeRdME! ivewiBigrial., 7such as al um num

is located outside the insulating rings 712, 724. The hol |l ow cat hode
ring 739%R4s a EH&nndISHAF tahéf:hgl%fésc CRESHeVRIt1edge. AHE AW Atha d7evel

the charnel F@# ilrs sprefesal) wigheat®ihdhanpadnel. PheéNtordnents of

instance. It s n%ted Bhat the hol |l ow cat hode rin ) ,
the bevel etcher 800 are similar to those in FIG. 7. Cne difference is
that an inductive coil(s) 818 surrounds the substrate edge and the
space between the top edge electrode 810 and the bottom edge electrods
816. The inductive coil 818 is embedded in a dielectric material 814
that is coupled to a dielectric support 812. The dielectric support

812 includes a suitable mechanism (not shown in FIG. 8) for moving the



- 15 - 732 is noved in a vertical di_regtion during | oading/unloading
the substrate 710 by a suitable device (not shown in FIG 7).

[ 0045] The hol | ow cathode ring 732 is coupled to an RF power source
730 and both the top and bottom edge el ectrodes 714, 728 are .
gr oundégleThel Rmajenet ! sHir é8dstpbt ildS RE paerentacal f¢Eedde) fangy
from -12.MRq th1ob3diWVizend QupisRstancmg . In a variation, the top edge

el ectrode 7%4 is coupled to an RF power source while the bottom edge

el ect l388%%28 ar@tet hedtdtivowceat Holde 1Fi AGUTSP e 2gr BURRET PAUZCE
anot heevaphafdPRnet PevIOIdRE edgeh Bleethedes, 738l arcosipd edtiocans g
power source while the top edge el ectrode 714 and the hol |l ow cat hode
ring P3PPates gifodRyed. 1] C046TTRe REpaitt VBl et odpl E8°Plwshlzchn al3o

be useg:t eo Ct%&{:@'}:_attaeah ntehic@h vef pi v harbernyaluhst02ce TH@EN@HAL E5p
plasma for cleaning the interior, a high-frequency RF power, which

has a SCAEqEEREY ¥ &En§el 3 e 7RI 0602 MRELTHST Bl Aist i ¥ OURES be
requi edvidd a nafirath@pah tthe embodicient vé biRls@a. 7thde hehdueRiedoenil
el ectrode 714 is cougl ed tqg a lowfre uenc% (-2 MHz to -13 MHz) RF
power SSGUPERYIHAY &lEARIBBRIGATEdGR @ FBaeP¥28 £€98oult &d VR ation,
hi gh- fthequemey: iRfe pOYEr s BOUC1afdeduia cAok b oy Ieiafnhadeqid My R32pbSer
grounded. In another varjation, the tqop edge el ectrode 714 is coupled
to a FCGRST r ey EHEY 2 RE o \KﬁFl%l%"’}{’emﬁoFﬁ%rﬁ%éoél Rt U985t s
coupl ed1tosee ] owfrequency RF power source and the holl ow cat hode
ring 7 LS grounded. _In not her variation,. the t edge

cl oot 13080519 and The oy S Earhode Hing L 200 3P6 P SRR ¢ he
bot t omledgec®t entppode F28, iss gapupt etk tagsbhabhy] awplandr highediheguency
RF power sources.. [0047].1¢t,.is npted that .the bevel . etcher 0

ol vagecSRtl e Peat P Fanbhet 470s b b et 0B SaBh ARy 24 For
pl anamireyiagd] ustarentoassentilsy arano tmeth@wnbéh | OB Bhatlt are =Sism hated o0

t hose .in,F ..__For evi , .these ¢ onents are not.shown i Fl G
MO SRR TR eont PhE oty nb0oPE: CRTBRICHAS. A€ 0 BIOUR LRale e
et cherrI8007} nFacdostdance, wilteh tapotiebogrbodedentel etheodonpdiienB 36 ofan

the b i | to t L0, Fl . i f
o thar T nducT e e 1Sy B o s aands The RIBLrF ate gl dad The
space Thet weeneddre cflepteeide 8dl0ectndde ®LPladdte e Nioht breedgey (~27 MHEz

el ect rode 816, ) The LBgurtiyg Lol Bl8 s srbgdded i o) a- 0l §Lqhki £

material 814 tHhat |§ coup%\é‘g to a di SI ectric support %ﬁglloedfhe

di el egreipdedippor BNBLRET nglatdasea e ttabl edaecharitsade ndl0 sivownoimded

FI G %%d&@rtﬁg“ﬁdglohhgdge electrode 816 1is coupled to a high-freguency RF
power source.
[0051] It is noted that the upper electrode support 218, gap drive
assembly 224, and planarity adjustment assembly 220 in FIG. 2 can be
used with other upper electrode assembly configurations insofar as the
upper electrode assembly can be properly secured to the upper
electrode suppoert 218. It is also noted that the upper electrode
support 218, planarity adjustment assembly 220, and upper electrode
assembly 211 may have any sultable number of gas passageways or gas
feeds formed therethrough.
[0052] FIG. 9 shows a flow chart illustrating exemplary steps to
assemble the bevel etcher 200. In step 902, the lower electrode
assembly 211 is installed on the bottom chamber wall 202b and leveled
in the x- and y-directions by a suitable leveling mechanism. Then, in

step 904, the centering fixture 506 is installed on the powered



- 16 - dielectric material 814 and coikl, 818 in the vertical direction
during | oadi ng/ unl oadi ng the substrate 808. [0049] The i nductive coi l
818 is coupled to an RF power source 806. During the bevel edge

cl eani ng process, the RF power source 806 supplies RF power in a

range S1BGEEA@R AL2nPEekhd olovRroR ot igde £ESSIIEL WAL Lt oNgEie rtiee UBRET
i nductj-yg1 Pt@siBrcRearos hes suhstyate @Qg%enﬂ-@ﬁlﬂgoglﬁggﬁe el (RCtihodes 810

and the bottom edge el ectrode 816 are grounded to provide a returning
pat h 28 -t Fle® i 1RPGEt PYecpIofsmainThe?§ dtcPevel ¥wiad 8981pTovcdas

cl eanicR@pphastre dz0ng| ean: e ikeveh-&dgaankd doLkivati eTandd®22a on
|nduct|ve coil 818 is also coupled to a high-frequency power

sour cOUEST getrreste 1p| Bkt Fdr 28F B TG "ehBO 1t e¥4iCorbP Hife “h8Fber

wal | 8Q21eE00R0]ditgi s2motedst. hat afdne)baval s ehchen 8008wé Nd1udescad ring
upper el ectrode support 804, a gap drlve assenbly, a planarity

adj usSEnteRReRRPPed P HEA| mBE?jr oweEhat? die SEithiPart to OfJﬁSEef]r‘?"Pge

FI G %OBEOﬁn&EJ_e\:ﬁlta)dgetflﬁ&E JFORRENGN S alielBetrishewngl BLlldad 8crbliids
al so noted that t he bevel etcher 800 has varjations that are sinm |l ar

to theSetaf > F GNTP. FRBroYTfdt SREESCHHE tdpYantf bt PRTBHYE Yal &EEr bR
810, &hempap ke usedat sn@eangkat e1plarsr kappsteanisngrt henddaieekorn of
the wall 802, The tog@g etche?eI ectrode 810_can. be Qougl ed. to a

hi gh- Fré§uenty (2 7P LEORMBYPRE poner LS SUreBetnT e (hE BBPETom
edge elegalrosiRpdithici sogrpuntedor | flosnetifer ahdis{anced theciopppdgenetal
el ectrode 810 is _grounded while the bottom edge el ectr 6 LS

Coupl SETEBTE RIS Py M pbnsreTeg, GBSE LOEHE £ £ L6 nad ad Th hakep
the upper eéect medeossppdr tis228ragapi diol veeasqeniaﬂaynbaﬁ%a]amdoza and

pl anari adj ustment asse 220 in FI u ed wi th _other
ppor "GPEE T biie ReReRONg ot gur 31 I BIE 1 REBIAT 4901 o hyferCuCR seal
el ect rb@ﬂi@ea;ssemt)lcy)amaar be=ipr gperl g(n@@lpmeedei.@cﬂﬂweuppppoﬂi edr edele
PO aBAShe | ind B d DOl ed DBl LG UBReL 886! LOdE. SR 248

pl anarity al?:l?usl} asse 1:I 220, Pk upper - e ect rode asse 11

may haeé aanye st ttalbl eahbrﬂwa ofhgas Ppassageddys wre gas deeds afseemebly

th t Jgh FI | 1] l.ust |
one LI pg TS (8 SIOWR B ALV RRAaldUShER, 1 BXoTP! ary
el ect rioggadssems y12al-neuntest ahl eie oppehiesbptdomec hdaber2daldf 202bgap
and 'edw;%@d %]Qen]iﬂl%r %sltﬁm@kev f%'srtgﬁ&w%obxo@sgu'f@@'t% | gvel iAg

mechani sm i'n step 9 e centering fixture Bo6 i's installed
on t heolpoweier adjustment assembly 220 is installed. In this step, the

cylindrical portion 272 of the planarity adjustment assembly 220 is
aligned with upper electrode support 218 by one or more pins and
secured to the upper electrode support 218 by cne or more fasteners
266. The fasteners 270 are tightened to secure the adapter plate 236
to the upper gap drive plate 234. Alsc, the planarity plate 222 is
disposed on the adapter plate 236 with lock bolts 406 (FIG. 4} loose.
Next, in step 918, the centering fixture 506 is replaced by the upper
dielectric plate 210C. When dielectric plate 210 is installed, the
inner PEZ ring is also installed by fitting flange 318b under flange
210a (FIG. 3) and one or mcre fasteners 266 are installed to secure
the upper dielectric plate 210 to the upper electrode support 218. The
fasteners 266 have threaded tips that engage with the threaded holes
formed in the upper dielectric plate 210. As such, the fasteners 266
secure the planarity adjustment assembly 220 and upper electrode

support 218 tc the upper electrode assembly 207 so that the three



- 17 - electrode 212 of the |ower elegtyrode assenbly 211. Next, the
upper netal conponent 208 is placed on the centering fixture 506 in
step 906. The upper electrode ring 320 can be cl anped agai nst net al
conponent 208 by fitting its outer flange 320a over flange 322a on
out er BFBPBERTT COVPngS 32 &G Ecr B TiGPboPls B thee tties ldageporews

di el eatoni 6réi Ngn3d2:6FRAERst3 tARAe D)t an@18i BF | &ld Yipbewes £leelieode
ring 308 can be cl anped agglnst metal liner 312 by fitting its outer

f 1 angés86Ba \irder rﬁ#ahb%e PO&PBf LeHRF GdEEFreiRIZcerPLY ritly dPOnand

screwidagpbetisy IHe pma@aﬁﬂ@ aufescihrel eehki Codit 1®13304p SUbsequentdea
the top chanber wall 202a and upper el'ect r ode support 218 are

i nst altedeFRT ety 868M2THe Gppbr efedt™r 508 WRFSGTt P2AB i3 %l FgR_RHLY!

with tihesuppes2aretak eosmonent 2208(1y--086 of HAIL PhNsiANd 236CWResh t O
t he upper taI congonent 0%8E¥6one or nore fasteners (not shown in

FIG 2y Wh he it s &Asarfsélﬂgt%%daéﬁea%r% H&'e gpapter
Chanb@ﬂawal23@@2ﬁtﬂ@duﬂ@ﬂﬁ@a@|eEif@dﬂaiuppaat 218. The netal bell ows

ol cot ROAELuppol b3 Tor i T-REF i T CREUIE ‘BFRct t o SphcHt 21

to hawefaryﬁ¢éhﬁabpaﬁifrﬁ1emabaﬁmaﬁtétxmeheomahh:ZQZa bd h@fbareftstep

912, the a rive. as 4 is instal|led. Next, in, step.914, the
adapt SRoprar e s 18 PRE v 60, T31-0he RbUNTS i PREL TR ogapoan be
dr|venpbateaﬂ$4xpmvbhengﬁpm@ﬂbyedas&ambhy wepdritimg fFast ener $c3g0 of

| oose._.In ste d; the planarity adjustnent assenbly 220 is
|nstaFPed PG % i S s%ep the cylindrical portion 272 of the planarity
adj ust mrent assenbly 220 is aligned with upper el ectrode support 218
by one or nore pins and secured to the upper el ectrode support 218 by
one or nore fasteners 266. The fasteners 270 are tightened to secure
the adapter plate 236 to the upper gap drive plate 234. Also, the
planarity plate 222 is disposed on the adapter plate 236 with | ock
bolts 406 (FIG 4) |oose. Next, in step 918, the centering fixture
506 is replaced by the upper dielectric plate 210. Wen dielectric
plate 210 is installed, the inner PEZ ring is also installed by
fitting flange 318b under flange 210a (FIG 3) and one or nore
fasteners 266 are installed to secure the upper dielectric plate 210
to the upper el ectrode support 218. The fasteners 266 have threaded
tips that engage with the threaded holes forned in the upper
dielectric plate 210. As such, the fasteners 266 secure the planarity
adj ust mrent assenbly 220 and upper el ectrode support 218 to the upper
el ectrode assenbly 207 so that the three - 18 - conponents nove as
one piece. In step 920, the three leveling screws 404 are turned to
adjust the tilt angle of the upper electrode assenbly 207 relative to
the | ower el ectrode assenbly 211. Upon conpleting the planarity

adj ustnment, the lock bolts 406 are tightened to secure the planarity
plate 222 to the adapter plate 236. Finally, in step 922, the
fasteners 270 (located in holes in plate 236 which are wi der than the
bolt shafts) are tightened to secure the adapter plate 236 to the
upper gap drive plate 234. [0053] Wi le 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 nade, and equival ents enpl oyed, w thout
departing fromthe scope of the appended clains. - 19 -



CLAIM5 1. A bevel etcher for plasma4gl eaning a sem conduct or
substrate, conprising: a chanber having an interior in which a
bevel edge of a sem conductor is plasna cl eaned; a | owner

el ectrode assenbly having a top surface and adapted to support a
subst C22&MRavi ng a bevel edge; an upper el ectrode assenbly

includi.ng a beltonseacer tiatsAPROSESi NG keni forRisRacednidPddee,
relationship with the top surface to forma gap for receiving the

subst FRFETEHET%EI n, the | ower and upper el ectrode assenblies being
operative to generate plasma faor cleaning.the bevel edge during
operati on; aaﬁga‘gber Hlaéftpinge%%tlrgﬁglﬁéch% sBpporth FGY9ENRRT hper

el ect rsedecassetdalry ist beadmaven eeheet r ode assenbly, or both the upper
el ectrode assenbly and the | ower el ectrode assenbly and adapted to
adj ust theat ilbvearglestrbtde hovdmednt bkvinanrsitabi om; faare bothaddreed kb

angl e §§?¥§§%?Q&E%QQEﬁhg%é?ﬁ?5?%%*%%3% gpe bottom surface rel ative

to top ower el ectrode assenbly

i ncludes anqelg6Ls QSiRk k64 MCkerk@yCl A diRG SUDSIIAL QulRa bl e
during operation and a support upon which the electrostatic chuck is
di spo$Egos?s (P tileit Z hsrackedré eyt conptiseshe eharbehe il spafecaltioy

surroupding 418 deE.aNi 4PRRE Shipal-ederAssembl ikas, 140 MBkdlpper
bel |l ows secured to the chanmber wall and the nechani sm and operative

to fordratvedt @hssBal i¢hdicdpat ARRTR Mitlie EcaptRRiiatg Phestredieanicdarnbng

move vekt heddl Yedgl atil vy tpethe:ehanker wall. 2. A bevel etcher as
recited in claiml1l, wherein the mechanismincludes a planarity plate

secur ed t o attheetppeineheehs oo asl@gabtyn%rtdleauplbw Eﬂiiﬁ'&:)tri@ae | @3eRinibng,

scre each | eveling, screw, en rqtate causi ng.t he anarit

St e LPTET Rt PORS (4 A Bot TorHoBPeCh? Gt io SaRDY o ch o PHALY (ang

bot t omheul deee dlicktsotiel addewllOatdaadappesutd agBust3thd fiavekbngl €hethe

as recited in clain1§étmherein' éa) chani sm.incl udes .an_adapt er
E 107 % ngﬁ@

pl at e "SELEPRT Y FTARG T AT SPus&d BR §¥%p§ﬁ pF s PPy pRar®mang rein
t he adapheitapiat efi shadaptteth torsddadecdntave -t2Q@op surface;
wherein: (a) the lower electrode assembly includes an

electrostatic chuck to clamp the substrate in place during cperation
and a support upon which the electrostatic chuck is disposed or (b)
the etcher further comprises a chamber wall partially surrcunding the
lower and upper electrode assemblies, and metal bellows secured to the
chamber wall and the mechanism and operative to form a vacuum seal
therebetween while allowing the mechanism to move vertically relative

to the chamber wall.

2. A bevel etcher as recited in claim 1, wherein the mechanism
includes a planarity plate secured to the upper electrode assembly and
a plurality of leveling screws, each leveling screw, when rotated,
causing the planarity plate to tilt relative to the bottom electrode
assembly such that the bottom surface tilts relative to the top

surface.

3. A bevel etcher as recited in claim 2, wherein: (a) the mechanism
includes an adapter plate secured to and disposed beneath the

planarity plate and wherein the adapter plate is adapted to slide on a



pl ane parallel to the top surface suchythat the upper el ectrode
assenbly is translated relative to the |ower el ectrode assenbly; or
(b) a gap drive assenbly is secured to the planarity plate and
operative to nove the planarity gapcate in a direction nornmal to the

top s@rPREePHIELEDy tadF iR {EoPhalEEF DetFRe T hé e pPaNE Portarse
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mhereln the gap drive assenbly includes: a plurality of slide
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bl ock cRhavkhgya tRokboam sy gﬁ@aakﬂw ignedeWi b ha rsReet ok hdh@ 1dicbeetd albp
a slidin mponent including a plurality of block driving plates
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causi rget Aeremuntyi,ng bl ocks to nmove in the direction; a not or
havi ng an out put shaft; a threaded rod coupled to the out put shaft;
and an actuator coupled to the threaded rod and the sliding
conponrent &ndeG@Br@idh%Q ke eonvedt ia ¢ndad 3onahe i @ReOfah heriout put
shaft to l'iding notion of the sliding conponent thereby to effect
not i o °6f C&%QFF’ty pI ate along the direction. 5. A bevel etcher

as reC|ted|n cl [ ni,.sm_i ncl udes st_.Qne
o7 ocess gad BACSRUE G FoRH T HAFAPR DUt 6P el 181 LT P00
assemplzyite Geadh Isévet mdwhemgasdledcitagdniyna chaitmmd sunhereiimctl heed ppieth

el ectrg ﬁ1 m%lh% dlgéégtde%] an upper mnetal conponent secured to the
mechani s dp ‘ectric plate secured to and di sposed
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claim6, wherein nmet al conmponent™ and upper diel ectric
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form Qﬁuélﬂéstwtmlo%tﬁ@@' dReiel o HfRLLess gRS diSrdRtERduced to the gap
through the gas outlet; or (b) the upper dielectric pI ate includes at

| east one gaﬁoﬁﬁﬂSQﬁmE@fan output shaft; a threaded rod coupled to the
output shaft; and

an actuator coupled te the threaded rod and the siiding component
and operative to convert a rotational motion of the output shaft to a
sliding motion of the sliding component thereby to effect motion of

the plarnarity plate along the direction.

5. A bevel etcher as recited in claim 1, wherein the mechanism
includes at least one proccess gas passage extending therethrough to

the upper electrode assembly.

6. L bevel etcher as recited in claim 5, wherein the upper electrode
assembly includes: an upper metal component secured to the mechanism;
and an upper dielectric plate secured to and disposed beneath the

upper metal component.

7. A bevel etcher as recited in c¢laim 6, wherein: (a) the upper
metal component and upper dielectric plate include at least one hole
coupled to the process gas passage forming a gas outlet and wherein
process gas is introduced to the gap through the gas outlet; or (b)

the upper dielectric plate includes at least one gap sensor for



- 21 - neasuring the vertical height of the gap. 8. A bevel etcher
as recited in claim?7, wherein the gap sensor is one selected from
the group consisting of inductive, |aser, capacitive, acoustic, and
| i near variable differential transfornmer (LDVT) sensors. 9. A bevel
et cheMeaSUEERY té¢ VATEI & mDEI9he? oithet HEPt ower el ectrode assenbly
includes a | ower electrode ring surrounding the top surface and
posi ti oned therebeneath and the upper el ectrode assenbly includes an

upper Sel ectr 888+ i HglSdr PEURRA G RB BH b sHREEE theotam Iravper s
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el ectrode rings is grounded and the other_is coupled to a radio
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pl asmy 1@t Ngergeisat i on; (b) a hollow cathode ring is disposed al ong

t he bevel edge, wherein one of the hollow cathode ring and the upper
and lower electrode rings is coupled to a radio frequency (RF) power
source . for psuppbyi dihRr peWedcilt@ddenes Bd e ihewpt asita tard1 bier Mikersode

are grounded; or (c) an jnductive cojl is coupled to a radio
fr equéﬁéﬁm?gé#)l‘t}&sb@Fss%u]r%,r EI(])ﬁEHﬁCL% 6&P9y5‘éﬁ‘r°f%ﬁ89 ng'% FE€PpaYETACS
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fromthe power source, wherein the uppe d |l ower el ectrode rings
are GPOUHBREE SIEETTACHeVE1Y SCRRITHEIY GOPt BUETIF GPAPRT: wher el n the

bottom el ectrode assenbly includes: a chuck body; and

a
dielectric rin urrounding_the upper edge of the chuck, body t orm
o vacddi r dyrane it byttt EE o SR see bR it dRu R Dt taf
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diele%ﬁ%%%sé&rg&ong-tgg bevel edge, wherein one of the hollow cathode ring
and the upper and lower electrede rings is coupled to a radio
frequency (R¥) power source for supplying RF power to generate the
plasma and the others are grounded; or (¢) an inductive coil is
coupled to a radio fregquency (RF) power source, concentrically
surrounding the bevel edge, and operative to generate the plasma upcn
supply of RF power from the power scurce, wherein the upper and lower

electrode rings are grounded.

11. A bevel etcher as recited in claim 1, wherein the bottom

electrode assembly includes:
a chuck body; and

a dielectric ring surrounding the upper edge of the chuck body to
form a vacuum region surrounded by the top surface of the chuck body
and the dielectric ring, the dielectric ring being adapted to support
the substrate such that the bottom surface of the substrate encloses

the vacuum region;

wherein the vacuum region is evacuated by a vacuum pump during

operaticon to hold the substrate in place on the dielectric ring.



12. A bevel etcher as recited in claig,ll, wherein: (a) a top portion
of the chuck body is fornmed of a dielectric material; or (b) the
upper and | ower electrode rings are grounded and wherein the chuck
body is of electrically conductive material coupled to a radio
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wherein the nechani smincludes a planarity plate secured to the upper
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to slide on a plane parallel to the top surface such that t upper
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electbgggaaﬁﬁenbly 14. A bevel etcher as recited in claim13,
further conpri sing: a gap drive assenbly secured to the
planarity plate and operative to nove the planarity plate in a

verti gl diar eefédnedidrakst fodihedt 9p SWHTBCE GReBSiH Qh@d}néléﬁarﬁtsgﬁp
between the top and bottom surfaces |n the vertical direction.
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an out put shaft; a threaded rod coupled to the output shaft and
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to move the planarity plate in a vertical direction normal to the top
surface so as to adjust a gap between the top and bottom surfaces in

the vertical direction.

15. A bevel etcher as recited in claim 14, wherein the gap drive

assembly includes:

a plurality of slide mounting blocks secured to the planarity
plate, each slide mounting block having a bottom surface angled with

respect to the vertical direction;

a sliding compenent including a plurality of block driving plates
having top surfaces along which the bottom surfaces are able to slide

causing the mounting blocks to move in the vertical direction;
a motor having an output shaft;
a threaded rod coupled to the output shaft; and

an actuator coupled to the threaded rod and the sliding compcnent
and operative to convert a rotational motion of the cutput shait teo a
sliding motion of the sliding component thereby to effect motion of

the planarity plate along the vertical direction.

16. A method for assembling the bevel etcher according to claim 1,



- 23 - wherein the mechani smincludes»,a plurality of leveling screws,

conprising: leveling the |ower electrode assenbly; di sposi ng
the upper el ectrode assenbly over the |ower electrode assenbly;
securing the mechanismto the upper el ectrode assenbly; and

r ot at "Rt | s meGRRNHIT tRE PRI 3 iy et ahE o 1&(‘:{}9%1@@ tHeE=Prt angl e
of thechgttemgeurface relative to the top surface. 17. A nethod as
recited 1n claim 16, wherein the upper electrode assenbly includes an
upper net allecemponeite seeur ed dc rbhe aEohaniysm and an upper
dielectric plate secured to and di sposed beneath the upper netal
conponent andpwbereithet hppst eyl coftrdds posiampliyhevemppere ébeet radetrode
assent| é I.p¢l udes: mounting a centering fixture on the |ower

el ectrode as%enbly and nounting the upper netal conponent on
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to the upper el ecirode assenbly includes: di sposing t
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and

17. A method as recited in claim 16, wherein the upper electrode
assembly includes an upper metal component secured to the mechanism
and an upper dielectric plate secured to and disposed beneath the
upper metal component and wherein the step of disposing the upper

electrode assembly includes:
mounting a centering fixture on the lower electrode assembly; and

mounting the upper metal component on the centering fixture, and
wherein the step of securing the mechanism to the upper electrode

assembly includes:

disposing the mechanism on the upper metal component and securing
the mechanism to the upper metal component to suspend the upper

electrode assembly over the lower electrode assembly;
removing the centering fixture; and

securing the upper dielectric plate to the upper metal component.

18. A method of cleaning the bevel edge of a semiconductor substrate,

comprising:

loading a semicenductor substrate in the bevel etcher according

to claim 1;

injecting process gas into the gap between the teop and bottom

surfaces; and

energizing the process gas into the plasma to clean the bevel

edge of the substrate.

19, The method of claim 18, wherein the semiconductor substrate is



securing the upper dielectric plate.tggthe upper netal conponent.

18. A method of cleaning the bevel edge of a sem conductor substrate,
conpri si ng: | oadi ng a sem conductor substrate in the bevel
etcher according to claima1,; Injecting process gas into the gap
bet we&H€t ﬁ%l?%daﬁﬂoﬁo‘fqeorﬂr&i?f a%%wt&ﬁa of “a wadg&y gf zF YRf PRBSprocess
gas i ntieplhe, plrasnmeiteunrd eaRrkhe bevel edge of the substrate. - 24 -
one selected fromthe group consisting of a wafer, a flat panel

di splay, or a circuit board.



