BEVEL ETCHER W TH VACUUM CHUCK BACKGROUND [0001] Integrated circuits
are formed froma wafer or substrate over which 5 are forned
patterned m croel ectronics layers. In the processing of the
substrate, plasma is often enployed to etch intended portions of
films deposited on the substrate. Typically, etch plasma density is

| ower near the edge of the substrate, which may result in

accunul ation of a poly-silicon layer, a nitride |layer, a netal |ayer,
etc. (collectively referred to as byproduct 10 |ayer) on the top and
bottom surfaces of the sBEVERETGHERWEIHVYACAHIMEKHBEX ve byproduct
| ayers are deposited on the top and bottom surfaces of the substrate
bevel edge as a result of several different etch processes, the bonds
bet ween t he BADKEBRCOUNRYers and the substrate will eventually weaken
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bonds between the byproduct layers and the substrate will eventually

weaken and the bypreduct layers may peel or flake off, often onto other
15 substrates during substrate transport thereby contaminating the other
substrates.

SUMMARY
[0002]  According to one embodiment, a vacuum chuck arrangement for

20 use in a bevel etcher wherein a bevel edge of a semiconductor substrate is
subjected to plasma cleaning, comprises a support ring having an upper
surface configured to support a semiconductor substrate such that a bevel
edge of the substrate extends outwardly of an outer edge of the upper
surface and a chuck body having a recessed surface with optional lift pin

25 holes therein. The recessed surface extends between an inner periphery of
the support ring and is below the underside of the substrate supported on
the upper surface of the support ring. The recessed surface and inner
periphery define a vacuum region beneath the substrate supported on the
support ring and at least one gas passage having an inlet is in fluid

30 communication with the vacuum region. The gas passage has an outlet to
which a vacuum force can be applied to place a vacuum force on the
underside of the substrate.



30 comuni cation with the vacuum regi on. The gas passage has an .
outlet to which a vacuumforce can be applied to place a vacuum force
on the underside of the substrate. [0003] A bevel etcher wherein the
bevel edge of a seni conductor substrate can be plasna etched,
conprising a chanber having a vacuum chuck body and a support ring
surroundi ng the upper edge of the vacuum chuck body to form.a space
surrounded by a surface of the vacuum chuck 5body and inner periphery
of the support ring, the support ring being adapted to support a
substrat e ha{it03la doeetl atchpr vharhintthateveleedgst af@nsemicbadectof t he
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BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1A shows a schematic cross sectional diagram of a substrate

20  etching system having a vacuum chuck in accordance with one embodiment.
[0006] FIG. 1B is an enlarged schematic diagram of region B in FIG. 1A.
[0007] FIG. 1C shows a schematic cross sectional diagram of a substrate
etching system having a vacuum chuck and a hollow cathode ring in
accordance with another embodiment.

25 [0008] FIG. 1D shows a schematic cross sectional diagram of a substrate
etching system having a vacuum chuck and inductive coils in accordance
with another embodiment.

[0009] FIG. 2 shows a schematic cross sectional diagram of a substrate
etching system having a vacuum chuck coupled to an RF power source in

30 accordance with another embodiment.



[0011] FIG 4A shows a portion of a schemati.c cross sectional diagram
of 5 a substrate etching system having a vacuum chuck in accordance

w th anot her enbodi nent. [0012] FIG 4B shows a top plan view of the
vacuum chuck in FIG 4A. [0013] FIG 5 shows a portion of a schematic
cross sectional diagramof a substrate etching system having curved
surfaces to accommpdate a bowed 10 substrate in accordance with

anot her enbodi nent. [0014] FIG 6 shows a portion of a schematic
cross sectional diagramof a substrate etching system having stepped
surfaces to &%‘m}ndgléi & shov@we dchemstic efoss isactinabdiggrare ofiatdubgtrate
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DETAILED DESCRIPTION
[0016] Referring now to FIG. 1A, there is shown a schematic cross

sectional diagram of a substrate etching system or bevel etcher 100A in

20  accordance with one emboediment. The substrate 106 has a bevel edge 140
that includes top and bottom surfaces of the edge of the substrate, as shown
in region B of FIG. 1A and enlarged region B in FIG. 1B.

[0017] As depicted in FIGS. 1A-1B, the bevel etcher includes: a wall 102
having an opening or gate 142 through which a substrate 106 is

25 loaded/unloaded; a vacuum chuck or substrate support 104 for holding the
substrate 106 in position during operation; a gas distribution plate 114
coupled to a gas feed 116 and opposing the vacuum chuck 104; a bottom
edge electrode or bottom electrode ring 126 made of conductive materials,
such as aluminum; a bottom support ring 124 positioned between the

30  vacuum chuck 104 and the bottom edge electrode 126 (e.g., a dielectric

support ring electrically separating the vacuum chuck and bottom edge



5 are top and bottominsulating rings 122, 128, which are nade of
dielectric materials and respectively extend the surfaces of the top
and bottom edge el ectrodes 120, 126 facing the substrate 106. The
bottom support ring 124 has, but is not limted to, a circular or a
rectangul ar configuration when viewed fromthe top. Likew se, the
upper edge of the vacuum chuck 104, the 10bottom edge el ectrode 126,
and bottominsulating ring 128 have, but are not Iimted to, circular
or rectangul ar configurations when viewed fromthe top. Simlarly,
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the bottom surface of the substrate 106 to c e bevel
et cher 100A HWmged ito\qirgyias or reatanguier @I@gﬂtﬁttoﬂai\#\é‘laﬂgﬂe\#ﬂ@d ﬁ'ob’stheatop 106

fromthe top

substrate. TRENTHPy HeBARAR i 122, BTSN ERY Fhbd dre.

hol es or pat hedmoameedgeoaﬂmcg&wdlpirbubmpmte ng4 bhaié, tiL(i&re not limited
30posi ti oned cuum chu 4. Alternati the pin
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pins 110 may gltée us n.the bevel etcher 100A.  Also, any suitable

mechani sns, cirically pq):pq%qtlvggqtg%l such as rings entirely of aluminum oxide
(Al203), aluminum nitride (AIN), silicon oxide (SiO2), silicon carbide (SiC),

silicon nitride (SizNs), silicon (Si), yttria (Y203) or other materials or the
support ring 124 can be a composite ring of metal, ceramic or polymer

20 coated with a conductive or dielectric material such as Si, SiC or Y,Os.
[0019] The substrate 106 is mounted on top of the bottom support ring 124.
More specifically, the top portion of the support ring 124 includes a ring-
shaped protrusion 125 (FIG. 1B) and the substrate 106 is seated on the ring-
shaped protrusion. The ring-shaped protrusion 125 has a narrow cross

25 section so as to expose the edge portion of the bottom surface of the
substrate 106 to cleaning plasma. The bevel etcher 100A also includes lift
pins 110 for raising the substrate 106 from the top protrusion portion during
loading/unloading of the substrate. The lift pins 110 move vertically through
cylindrical holes or paths and are operated by pin operating unit 108

30  positioned under the vacuum chuck 104. Alternatively, the pin operating unit
108 may be located outside of the wall 102. It should be apparent to those
of ordinary skill that any suitable number of pins 110 may be used in the
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pneumati c or mechanically driven arrangenent can be.used as the pin
operating unit 108. [0020] To |oad the substrate 106, the bottom
el ectrode assenbly 148b, 5 which includes the vacuum chuck 104, |ift
pins 110, pin operating unit 108, bottom support ring 124, bottom
edge el ectrode 126, and bottominsulating ring 128, is |lowered by a
vertical displacenent unit 149. Subsequently, the lift pins 110 are
noved upward by the pin operating unit 108 to receive the substrate
106. Next, the lift pins 110 are retracted to nount the substrate
10106 on t he beweltaioheriisy. tAlsDngﬁyiadtabksmcbamsmsl sm:h aliftdrdtetiows,
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and lower vertical displacement units 115, 149 can vertically move the top
and bottom electrode assemblies. The vertical displacement units 115, 149
operate as gap control mechanisms for controlling the gap between the top
20  and bottom electrode assemblies 148a, 148b.
[0021] The top surface of the vacuum chuck 104, the bottom surface of
the substrate 106, and the top protrusion portion 125 of the bottom support
ring 124 form an enclosed vacuum region recess ("vacuum region") 132,
wherein the gas pressure in the vacuum region 132 is maintained below
25  atmospheric pressure during operation. The cylindrical holes or paths for the
fift pins 110 are also shared as gas passageways, through which a vacuum
pump coupled to an outlet 144 evacuates the vacuum region 132. The
vacuum chuck 104 includes a plenum 112 to reduce temporal pressure
fluctuations in the vacuum region 132 and, in cases where multiple lift pins
30 are used, to provide a uniform suction rate for the cylindrical holes.
[0022] The top edge electrode 120 is made of a conductive material, such

as aluminum, and is preferably grounded. The bottom edge electrode 126 is

b



preferably coupled to a radio frequency (RF) power source 130 that
supplies RF power at a frequency range from but not [imted to, -2
MHz to -13 MHz and a power between -100 watts to -2000 watts to
generate cl eaning plasma around the bevel edge 140. During bevel edge
cl eaning, the 5 vacuum chuck 104 and the gas distribution plate 114
are kept electrically floating. The cleaning plasma is confined by
the top ring 118, top edge el ectrode 120, top insulating ring 122,
bottom support ring 124, bottom edge el ectrode 126, and bottom
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substrate may 30 nofeﬂqb{%ogl gh ell_r}mg to apply sufficient vacuum force

on the subst "§¥PREY OGpASEPTOH. 48% enmbodi ments in FIGS. 1A - 6
utilize a vamedy churkoll the substrate 106 in place during operation, a pressure

difference between the top surface of the substrate 106 and the vacuum
region 132 needs to be maintained above a threshold. The pressure on the
20 top surface of the substrate 106 is a function of the gas pressure in the gas
distribution plate 114, gas flow rate, and the spacing or gap "Ds" between
the substrate 106 and the gas distribution plate 114. To increase the gas
pressure on the top surface of the substrate 106 for a given pumping rate
through the outiet 146, the gap Ds needs to be minimized. During the bevel
25 edge cleaning process, the gap Ds is kept preferably below 0.6 mm, more
preferably at ~0.4 mm, for instance. As discussed above, the gap Ds is
controlled by at least one of the vertical displacement controls 115, 149,
[0025] Itis noted that, when the operational chamber pressure is low, the
pressure difference between the top and bottom surfaces of a substrate may
30  not be high enough to apply sufficient vacuum force on the substrate during
operation. The embodiments in FIGS. 1A - 6 utilize a vacuum chuck in



conjunction with a small gap Ds to generate an increased pressure
difference. [0026] To clean etch byproduct pol yners, process gases
may i nclude an oxygen-containing gas, such as 02. Small anounts, such
as < 10% of a 5 fluorine-containing gas, such as CF4, SF6, or C2F6,
may al so be added to clean the polyner. It will be appreciated that
ni trogen-contai ni ng gas, such as N2, may al so be included in the gas
m xture. The nitrogen-containing gas may assi st dissociation of the
oxygen-contai ni ng gas. An inert gas, such as Ar or He, may al so be
added to di | goejunhéorywith arstmall gap Dsdb geaerate ho ipdrassed prGSorec| ean a
dielectric fihﬂﬁégc such as SIiN or SiQ2, at the bevel edge 140, a
fluorine-contalining'gas, such as CF4, SF6, or a conbination of both

gases, may bE0aR6ld. Tdoleanastth bpsrodactqiolpser paceke gasey ralySacibge wsed
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dielectric ngterial. In.this case, the inductive coil is coupled to
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[0027] As a variation of the embodiment in FIG. 1A, an RF power source is
coupled to the top edge electrode 120, while the bottom edge electrode 126
20 is grounded to generate the capacitively coupled cleaning plasma. As
another variation, either the top edge electrode 120 or the bottom edge
electrode 126 is replaced with an inductive coil buried in a dielectric material.
In this case, the inductive ¢oil is coupled to an RF power source and the
opposing electrode is grounded. The RF power source supplies power to
25 generate an inductively coupled plasma for cleaning the bevel edge 140.
[0028] FIG. 1C shows a schematic cross sectional diagram of a bevel
etcher 100C in accordance with another embodiment. The components in
the etcher 100C are similar to those shown in FIG. 1A. The difference is
that, in this embodiment, a hollow cathode ring 150, which is made of a
30 conductive material, such as aluminum, is located outside the insulating
rings 122, 128. The hollow cathode ring 150 has a channel 151 that faces

the bevel edge. The width of the channel 151 is greater than about 1.5 cm,
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for instance. It is noted that the holl ow cathode ring 150 is noved
in a vertical direction during |oading/unloading the substrate 106 by
a suitable displacenent device (not showmn in FIG 1C). [0029] In one
enbodi ment, the hollow cathode ring 150 is coupled to an 5 RF power
source 152 and both top and bottom edge el ectrodes 120, 126 are
grounded. The RF power source preferably supplies RF power in a
frequency range from but not limted to, -2WHz to -13 MHz, for

i nstance. | n another enbodinment, the top edge el ectrode 120 is

coupl ed to aforipstpooer Itépooted that the holewisathadm reggtbisgoovertim 426 and

the bot tom eqbacel drEnaiod oLty fhRalEne slefid 1B SRR e
the top edgedipirirmhe dédidednst shasvrnipl FIGWICAt hode ring 150 are
o cl ean’ t hol0U4%3r IBoTSreroRRsITER, tho hoTet cGBiBPaMe H0iesRUPSA fo an

cl eani ng & he RFd&HdrSourée hs9and bait fmswq%%eagwecteefebgh2p9$2eagre
to -60 MHz, f ;

frequency range from-27Miz , for instance, is preferre
In a vari ati epusdedhd herfdo @owen soungemreferaldy supplies dF pdwer #l @ct r ode

120 i s coupl ( < t Vix ree
whi 1 et ho- bolEaachdy Rt o ER My e, ot o3 i, RAVELIARGH! e
power sour ceafethér dhbodimer@OtheHpp eaige dldrirddel 120vis 20upletitoda RF pgweb0
i's grounded. | n anqth ariation, the to d el ectrode 120 | s

coun! od 1o astitsR Whigdhe bRboatedim echads of RS itk Bl fetods £t 160
126 is coypl gk grounde@WH & AUUIRIIGMITTIRENE the BotGR cabe dd@rdde! 1 s

cathode ring 150 is grounded. In yet another variation, the top edge

el ectrode 1200Ried {han i1 PevecsauTeRIwhile e topedaeceigetsrnritel apdithe the
25 bottom edggysd @%beg(ﬁ”ézﬁ’dé’ﬁ?g@@l to both low and

hi gh-frequency SF power sdurces. 'FIG 1D shows a schematic
cross secti o304 dtydesitest capasingly coupled pleso™ ¢an be veed imcleanithd

ot ner ORI S0 e BRR P i
i nduct i v&5 cofrequegncl/GRF pomeoumtish hhe asfedifiichay earepoiorand 7iitdz &pa6e@
Dot e e BB e nee L Hiated T lcurcat PRt alraeer g 2
I'S the top edge electrode 120 is coupled to a low-frequency {~2MHz to ~13
MHz ) RF power source while the bottom edge electrode 126 is coupled to a
high-frequency RF power source (~27 MHz to ~60 MHz) and the hollow
20 cathode ring 150 is grounded. In another variation, the top edge electrode
120 is coupled to a high-frequency RF power while the bottom edge
electrode 126 is coupled to a low-frequency RF power source and the hollow
cathode ring 150 is grounded. In yet another variation, the top edge
electrode 120 and the hollow cathode ring 150 are grounded, while the
25  bottom edge electrode 126 is coupled to both low- and high-frequency RF
power sources.
[0031] FIG. 1D shows a schematic cross sectional diagram of a bevel
etcher 100D in accordance with another embodiment. The components of
the bevel etcher 100D are similar to those shown in FIG. 1A. The difference
30 s that an inductive coil(s) 164 surrounds the substrate edge and the space
between the top edge electrode 120 and the bottom edge electrode 126.

The inductive coil 164 is embedded in a dielectric material 162 that is

8



coupled to a dielectric support 160. The dielectric support 160

i ncludes a di spl acenment mechani smfor noving the inductive coil 164
in the vertical direction during |oading/unloading the substrate 106.
[ 0032] The inductive coil 164 is coupled to an RF power source 166. 5
During the bevel edge cleaning process, the RF power source 166
preferably supplies RF power in a range, but not limted to, from-2
MHz to -13 MHz to generate an inductive plasma near the substrate
edge. The top edge el ectrode 120 and the bottom edge el ectrode 126
are grounded cpyp%ddo iagdielgciristauppop 460. fldve diblectricdupportd6d indupésd

Phe bevel " edgePiarsmint Hechahiehy fosRheYhE e, B Lubl e Saficdl oo
_bet coupl edI tdirgcﬁrjrgdumn@kpad![mgyjd%dm%\ﬂ{eh%;ﬁee ﬂ@G_gene][ ate cpa{rﬁer
interior cle asma,. Jt i s e e fop surface o e
vacuum chuckﬁ@%mﬂl"ﬁ{@ﬁgfe ‘i‘l\i,{] S cOyp Oﬂé?él?v‘(ﬁrtsﬁu@edﬁﬁ-ect ric
| ayer. 155[ 0@RSih Fth;@beﬁel%ﬂ@éﬁ:léerﬁﬁ@?%e%ﬁ, theG¥S pSREF sATtak 1§Eagram of

a bevel etcher 200 in accordance w th another enbodi nent. e etcher
200 is sinil @FcfeEbheuPRiRe B powe ic.a mageubuinatilieritedite, fromt~2 Méiz to

vacuum chuck 284,43 +& gg@%l‘éﬂa L9 lr%lgﬁi';:ez Q%‘Qﬁ'{a et E 8é%§rqq% %Fag‘ts I:i’htqup

top and bottom edge e rodes are groun
enmbodi nent, €Hge pladtrone sI20facethefbottom gdge @Rdirstie 1 DBLrograunate t802 i s

covered with i el ric er. t.o,ohviate forpati on an electric

field or an QF%V@#‘? 3%@;’”&91”'@3‘%7 éﬁednﬁ‘é%!?@g’ncqqﬁ’ 3§'E”F‘aﬁfé‘ez'ﬁéu‘§l¥8 G0 e

gas di st fdbutied rpr@&i@é@cléﬁinf;[;ﬂkﬂs?ﬂd td-tiGan $he BV edgs ClAGMBS laGyA1afs s,
etcher 300 in accordance with anot her

sectional diggramof a heve _

enbodi nent , ﬂﬁ%&“@&lﬁ“‘{%@“c%m algg jbe qouptes! tect highdwauroey BFerawsr. The
bevel etcher i " NG : i_on
324 beneat h S bey Pororas sRage e e pia Rl B LR BiEEloBT
pl ace duri ngsepaeef tba;vaguumphecke shode irBBIG oA L1 G ikl am/esverde with a

substrate 318§elé3ctr1?r9{'a&8p‘ support ring 322 surroundi ng the vacuum chuck
328; and a bottom el'ectrode 320 surroundi ng the support ring 322. 30
The top & ec{t083¢ FG. 2rehobatd schephatiri crogde sddnabdianaire ophaswBl éteker

renoving forghgn materials deposited and. accumil ated on the bevel

cdge of “the. 20T PRieERais Wit BOSkpr SrECsRog) dthercibeeras iPSmian ay
circul ar pl athet whéhn & FIGBX bid difflesNARRS RE YhEUSTHhARLBR 208X 8OHI8Fto
vertically toward the bottom el ectrode. The protrusion has an outer

peri phery vefR FEaPPyersqauirRd1arnA botithatosrangeratione egge plectredes 208,

\S/ glrots;[ Lgf Ie 31910 &RegiotinBEd PH tHAEMboImdM SRR EHoNP bR Ract sk the gas

28/ distribution plate 202 is covered with a dielectric layer to obviate formation of
an electric field or an electromagnetic field between the substrate 206 and
the gas distribution plate 202.
[0034] FIG. 3 shows a schematic cross sectional diagram of a bevel etcher
300 in accordance with another embodiment, wherein the chamber wall is

25 not shown for brevity. The bevel etcher 300 includes: a vacuum chuck 328
having a vacuum region 324 beneath a substrate 310 and operative to hold
a substrate 310 in place during operation: a top electrode 302 positioned
over the substrate 310; a bottom support ring 322 surrounding the vacuum
chuck 328; and a bottom electrode 320 surrounding the support ring 322.

30 The top electrode 302 and bottom electrode 320 generate plasma for
removing foreign materials deposited and accumulated on the bevel edge of
the substrate 310.



S5 aligned with the inner periphery of bottom el ectrode 320. One or
nore gas passages 306 are used to provide a process gas(es) and/or
purge gas(es). A gas hole 306a is |ocated at the center of the top

el ectrode 302 while the gas hol es 306b are | ocated between the
protrusion 304 and the peripheral edge of the top el ectrode 302. The
top el ectrode 302 is an anode and the 10bottom el ectrode 320 is a
cathode. As a variation, the top electrode 302 can be used as a

cat hode and the bottom el ectrode 320 is used as an anode. [0036] An

i nsul at or | ay@@35]r TEme topselbcirade P0Aisea BASiicalat @bais ivtithdaroouter riag+ ached

to the bott f t { I trod 02 I t i jd f
the protrust SRaBw BBk afBrdng erEETy I dee koSGl Tt
the 15 subst rpadtms?dmhwdntobmr@eﬁpﬁgg/4 hcf)a@i?%ligﬁ@d Rathape bafaperphéryan

exposed surface of the protrusion wever, the insulator's

exposed sur f SEBecHPsHEF1&el NG Einer pariPhen(isd ire protwsiand4is verisedrd
surface of t BgRiPith B Mnbl pelftdry b bdtiomidiedttdiei20308ns AR ik Bas

formation of an electric fie ronagnetic fre
the top el ecpasshges3Dtadre used to patidaaeredess2tsitsan@dfonunge gas(es).

o1 ooesei ng. s SgelE D8R GRRaRE 4R SpfEt BRI o el W e

circular ringabavlesBobb arenetated bamiedn thBgrofrgsibh 808 ame tAs pelighéraner
di anet er of tge pr ?*tg{thSi ?n 304._ The_bottomel ectrode 320 is
preferably 258 88 QhF dopSlefirage Pmethesvpralectme 3 isiaargse and b,

pl asma i $0 gengtighadedtfodd €20 BY S4tnbEs VRS Ja?%ﬁeﬁ%bqé,}) E%ec%gge gpé dahe

bottom el ectrode 320. [0038] The vacuum chuck 328 inc S enum

326 that is PAusedias aerthode ead thmboltern elenirodeciathis usgt @ ancarmste.
("vacuum r egrgtaer 324\ Y/ d by a
Vaouum pump. e b ey or ! oPERT 15 008 15 ARLoSEAoIEbE
pressure fl uettachadieshe botthm suafacerof teg topnel8idodn 802 find laatdditkide of

desi gn where,pa es 7 e arra in a wde ttern provigdes a
ni £ or m suct PR PLRS e 5104, piie BB e Harhn bisindA st Mo
preferabiy sopipsirdted10¥nd theeapbsedsslnRiel capife EHShNAONES ah RRpYSEHIUM
chuck upvvardléa/ andﬁﬂtﬁwnwardl y Ln.the vertical direction to adjust the

vol ume of t h&UNRRaMNEAIREEION A04 Vioweyer.dhe inswéatepexpasedrssdacgeani s
Pt onal Ly, LRl oy b R bl bl 0T3S WP frofudln
with a di el edesirad.| Byeinsulateiitenbibits fermation affanasledtie feldi ar aor
Vari at  on_of *FheEsRgicnen beliidiRe B8 dibultt a0z ATl Shsfag 1o
i ncl ude 20 f t wpenRR pawverissupplied betweentthesep ahdbottom ¢e&iodebB02,
wher ei n 390.
[0037] For processing semiconductor wafers, the bottom electrode 320 is
a circular ring having an inner diameter that is the same as the inner
diameter of the protrusion 304. The bottom electrode 320 is preferably
25 coupled to an RF power source 342. During operation, plasma is generated
in the region between the protrusion 304 and the bottom electrode 320.
[0038] The vacuum chuck 328 includes a plenum 326 that is in fluid
communication with the vacuum region recess ("vacuum region") 324 via
one or more passages 327 and evacuated by a vacuum pump during
30 operation. The plenum 326 reduces temporal pressure fluctuations in the
vacuum region 324 and, for a chuck design where passages 327 are

arranged in a wide pattern provides a uniform suction rate for the holes 327.
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10 the hol es 327 are used as paths for the lift pins. Likew se, the
enbodi ments in FIGS. 1A -2 may have holes simlar to holes 327 in
FIG 3, wherein the holes are not used as paths for the lift pins. As
anot her variation, the vacuum chuck does not include a plenum and the
hol es 327 are coupled to a vacuum punp directly. 15 [0040] FIG 4A
shows a portion of a schematic cross sectional diagramof a bevel

et cher 400A for cleaning the bevel edge of a substrate 414 in
accordance wi th anot her enbodi nent. The conponents of the bevel

et cher 400A dhe vaichumeaghuck 328ds erafarablyGunpartedibyre riowatiief Suppert@40t hat

t he vacuum c \ ' s _ar .protruding

el enent s 406%&%&% tb?%?ﬁ%ﬁn@”@‘( éh@ﬁk&gyﬂgé d%&%&@é "g[r}?eYﬁrg%ﬂeri cal
fShapebOI’ _any gfﬂ?ﬁ'ﬁm ouad]adtltee gdﬂﬂﬁ_?f]}the aadutm-geagibh. udﬂﬁ \aviagon ahe lt)c:ﬂ}:il4
rom bowi ng e, t .pressur i fference between the top.an ottom
surfaces of Ft’%&”&’ﬁﬁ?@?ﬁ&“i&%d%ﬁ%'aﬁa Qved yesticalyby /i Hg"‘?ﬂﬂ fePRat
406 can bg i B15he©dtienranpithat el AN Vadfinh 8RuS 358 bERTE | Y
formed with chuck 402 or bonded to the 25 upper surface of the chuck.

FI G 4B show¥ith & diplegtrigiayerde ahviate formationaf eneiectroor eleckrpmagagtic As
depi cted, thgalyi t‘hé’w‘ﬁlﬁ‘ﬂ%iﬁ‘%@ye vertically in holes 410 and a
S

portion of each hole Is ar as a gas passageway and coupled to a
pl enum 412. [W39]] As aivariatinredf theambdwimenbinrRiGi. Bgthel womohschiik 3280

be fornmed in_th i ent s, of. El C - f ot S pur pose.

It is also n&agﬁnaﬁ%ﬁ?ﬁ’gnsg”‘ﬁé ﬁ'ies?'ﬂ'lﬁrfjﬁ %HS%FQ‘?"%“ %E@%ﬂfﬁgl Whgre'"

center g ptesiages 32Barended bs patisfoetid I pivs S DAL B brdotRRerlds

passages 416b. lgé%ﬁ% As di scussed above, a substrate to be | oaded
A

into a bevel Mt r'_PF‘&(/'éa‘ien’ﬂ g% aimiler & helgs B2 7ia Fhgd3 onherein thep
surface thergakshiye ﬂoﬁ@ééc%sb BétrBVfQFtﬁ%SIiﬁspinQ‘tﬁﬁ%ﬁofﬂ%r SaRhtid ,grrle he

processes may be performed by use of plasna at ma)g trans at
energy to th¥aaiums chugkedoes att in¢lide alnbentn apddhe bokesaiR 7t dre coupkedrtat e

causes waf er jbgwing. : ows a portion of a schematic cross
sectional di ggr a#qgfp@fg{;e?@gtcher 500 having a vacuum chuck 502 in

accor dante wW0403ndtGeAAcstbad apottion Tie schepatie ctessodectibhal diadrai sent

are simlar 0 in FlG W t he difference that at

| east one ofé(tgﬁgglt h%ﬂ%%c@ﬂ@@?b% & e:;I‘Pfiej"" ?H%Stfagﬁ4§ﬁr"? ace of

the 10 vacuustairtsriceb@iEh andthehentb@dirasnts MHeasn dndrite o0t bevel etcher
curvature to accommodate a bowed

subst rat e 814904 e RTeB b BIORRUMF Gt 1o WHpB$ didierence Seaishavacyumt her
ThaT Lot " | oSN R SSRGS PRI e,
500 ar e ¥bweprotiydingeclginests 4@hmaytiayeenkeroisphérical wbape or any other
suitable geometry, and prevent the substrate 414 from bowing due to the
pressure difference between the top and bottom surfaces of the substrate
414. For example, the protruding elements 406 can be in the form of a mesa
array or series of rings integrally formed with chuck 402 or bonded to the
25  upper surface of the chuck. FIG. 4B shows a top plan view of the vacuum
chuck 402 in FIG. 4A. As depicted, the lift pins 408 can move vertically in
holes 410 and a portion of each hole is shared as a gas passageway and
coupled to a plenum 412.
[0041] Itis noted that the protruding elements 406 can be formed in the
30 embodiments of FIGS 1C - 3 for the same purpose. It is also noted that the
gas distribution plate 404 can include center gas passage 416a and

circumferentially spaced apart outer gas passages 416b.
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15 opposi ng surfaces may have a curvature shaped to accomobdate the
substrates. [0043] The substrate bowi ng can be reduced by use of the
pressure difference between the top and bottom surfaces of the
substrate 514. The pressure in the vacuumregion 518 i s naintained
under vacuum during 20 operation by a vacuum punp coupled to the

pl enum 512. By adjusting the gap Ds between the gas distribution

pl ate 504 and the top surface of the substrate 514, the gas pressure
in the gap Ds can be varied w thout changing the overall flow rate of
the process (@842]s)As Tiscassdry/aboi, la(ﬁdbgtrfg’?ettb&mﬂbzeed)fntcb hEbeg@p?]t%ﬁdr t he
gas pressure in the . t he.pressure difference 25 phetween the top
Ind Dot om s@HRE BRtAEOGTELR Tiree o bEiohauyass Beranon harias o
the bendi ng hesdersa® P OnethrforehsF the! Bedd HeAPe st riednt -
[0044] In a \F/)ari ation, the gas di stmtﬁ%i&%snﬁ%?ate 5%52 ma 3Lg:!‘\’/ées‘(zjl
plurality of Plasnmasthaimaydranséenfinat eaeegyetodne subgirate, suphi that thermst ai n
an i ntended ' | | : { 4

I nstance, gt hgfrﬁtéﬁsgé?%%ﬁéé%a?g%ge%a%g{ergpg’#@ 2?' ?’ {%n Oﬁ\;es%P ggfoﬂeoa(ra t he
bevel edge amdhemali¢ erosssethenal dismgramenf & beevet etther 500 habiagsilsiuuat e.

et chor 500 i e b aiig At BhalbRr bhoatiments 4 Coffoatiabts of tis
al so appar enenboaiméhteareahmilan to Hhcde SRRVRINGF I e AQasthitRE difftGe SoSthatt

whi ch i ncl udg%the %? di stributi onLH%I‘ ate 504 and gas feed hal es
516a- 516c, shan¢ WIORRRPSING $yTEacespwhichke dhe toprsutaice s they

[ 0045] an ki hhi B0 d
05 the s op el oTT 6 Pt aac o2 Por GRS of B See daElBn o 80T
feeds 516a- 5288 Guneatusel® acsormnoedatacebayarbsutisiviten§14ii irf thient

it ended: pr et ety oS Ry frtadas @Ryt cbBRIA N G B goser,
edge) of t hetagatherfadithe neteapedpherdy theeofubsll vitie Subktiatectrveiadet h

t toth di I byt i | at .504, the. feed 10 516 n
SRt 10 L Ry A B 5 ARl 57 b 3,21
514 thanis heoﬁp@siﬁgedrféd@mayrmaae@tmﬁathﬂﬁ%@toia‘ccbhﬁmmaﬁ@te 514

is convex with respect to the vacuum chuck only the gas feeds
516c are use8URRIFA®Y a bevel edge cleaning operati on.

[0043] The substrate bowing can be reduced by use of the pressure
. difference between the top and bottom surfaces of the substrate 514. The

pressure in the vacuum region 518 is maintained under vacuum during

20  operation by a vacuum pump coupled to the plenum 512. By adjusting the
gap Ds between the gas distribution plate 504 and the top surface of the
substrate 514, the gas pressure in the gap Ds can be varied without
changing the overall flow rate of the process gas(es). Thus, by controlling
the size of the gap and the gas pressure in the gap, the pressure difference

25  between the top and bottom surfaces of the substrate 514 can be varied and
thereby the bending force applied on the substrate 514 can be controlled.
[0044] In a variation, the gas distribution plate 504 may have a plurality of
holes, where the hole diameters can be varied to obtain an intended
pressure distribution over the substrate 514. For instance, the holes can

30 have larger diameters in the area near the bevel edge and smaller in the
area over the center of the substrate. it should be apparent to those of
ordinary skill that the bevel etcher 500 may have any suitable number of gas
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[0046] FIG 6 shows a portion of a schematic cross sectional diagram
of a 15 bevel etcher 600 in accordance with yet another enbodi nent.
As depicted, the conponents of the bevel etcher 600 are simlar to
those shown in FIG 5. The difference is that at |east one of the two
opposi ng surfaces, which are the top surface of the vacuum chuck 602
and the bottom surface of the gas distribution plate 604, is stepped
to accommpdate a bowed substrate 614. 20 For instance, the plate
and/ or chuck 604 can have a single step forned by a cylindrical
recess extenékets. 268banld beraisceapment thet thervagoem dhuckBorhsaTd saas! e,

a series of progressively, deeper ang coaxi.al.recesses n extend into
the surface. P‘?‘?ﬁ'ﬂ%@”&%o%’f‘@dﬁagﬂﬁﬁﬂfe Qéhsed'Fé@@gg'égﬁ‘?%Pﬁ?taﬁFjé@SJ?%s
in each opposbrg SeEEsBR, chh balihcapolahs) MURS hREMERshS Flegded -in

t he bevel 25 etcher 600 are bowed In gne direction, only one of the

two opposi ng[@QA% achs aneihenydriatione additional gastieeds b ibameayhedarmed ihe
substrates. ' t f,eedi ng
system [ CH{EE !n Id?u‘gggﬁtc tﬁ@@gsa% ité? %%ﬁ%%ﬁ% ) gg% %%%f%gg 5f1§§as
616a- 616¢c, camhbhbspused wpptroduca gasdschavinpdifemmt préssufdsGito dddiousd. 30

bl oct 1 ode. asafbRS o e G BB IsBuiRBaR aR irteh o hesssOf GalrRieh oltB”"
upper el ect r tieraais elirbbtion’@2nies t et pof the gapatFos iutdhde) ifthésubdratdhe
di fference |§Fﬁihat t he uﬁ‘Per el ectrode asse 702 includes a netal

ssenn]
support conpdnéht COMVEXIE resRectiRdhe gas Qlﬁr@l’é‘P)éd?ﬂ?tScﬁéM?Ulﬁ gasiged
dielectrig rbnga ZQﬁdirét@u(@)-ga'tm&deaH rprduf@8n 1RO AR L HdUL i on

plate 710 are secured he metal support conmponent 714. The upper

el ectrode as8ébgiraie 204 than hegasiend &16br dmanoitieninstancey if she appairate
712. The upp SS5ve I | t he

enbodi nent s gﬁ]%\%’] | ne@ﬁ@gﬁ%%ﬁ&&&tﬁ%agﬂﬂﬂ%ﬁu@%%g)w RFC%?S‘FGF?‘I t he
enbodi ment s bho¢aEusetidurirg abedve edgé,clédréngeperdtishr i bution plate is
electrically,.] I d.fromthe top edge,electrode by .th 0

i erectric AHPRY TAE g DA penioh of g SGaemalic erasm R a2 el & ne
top di el et r beveliehther 600N begdrabhye with Fetahdthepsmbedimand APdpiqéda
singl e piece, of diel eCtégﬁﬁhgﬁJt erial, 0049] Wiile the invention has

been descri bE¥ FHNRRAGH! Vet eicBALROq arasyiEdaf iatherd shewaiin §1G. 5.
thereof, it yhélifRPeRRPR M atlOadttPR DI H@gpﬁ&ingﬁ‘gu@ééeslﬁlhﬁﬁaére
vari ous chapg_%agand nmodi fi cati ons can be made, and equi val ent S
enpl oyed, wi p syepee of the vacgnm ehckdiliZearst thethotioppeuriiace of the gas
distribution plate 604, is stepped to accommodate a bowed substrate 614.
20  Forinstance, the plate and/or chuck 604 can have a single step formed by a
cylindrical recess extending 25% or more across the surface. In another
example, a series of progressively deeper and coaxial recesses can extend
into the surface. In the embodiment shown, the recesses form three steps in
each opposing surface. If all of the substrates to be loaded in the bevel
25  etcher 600 are bowed in one direction, only one of the two opposing
surfaces may have one or more steps to accommodate the substrates. Itis
noted that the vacuum chuck 602 and the gas feeding system, which
includes the gas distribution plate 604 and gas feeds 616a-616c¢, can also be
applied to the embodiments in FIGS. 1B - 4.
30 [0047] FIG. 7 shows a schematic cross sectional diagram of an upper
electrode assembly 702 in accordance with another embodiment. The

upper electrode assembly 702 is similar to that shown in FIG. 1A. The
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WHAT IS CLAIMED I S: 1. A vacuum chuck arrangenent of a bevel etcher
wherein a bevel edge of a sem conductor substrate is subjected to
pl asma cl eaning, 5 conprising: a support ring having an upper
surface configured to support a sem conductor substrate such that a
bevel edge of the substrate extends outwardly of an outer edge of the
upper surface; a chuck body having a recessed surface with optional
lift pin holes 10 therein, the recessed surface extendi ng between an

i nner periphery of the support ring, the recessed surface being bel ow
t he under si deliffdrendeisthbistheaippes Blepbde dsssmbi e 02MRELAES Bra&EI Spgohe

support ring, the recessed surface and inner periphery defining_a
vacuum r egi OHOH@?QSPB??%@”%[ i dhetap edgsdlee Q)Fp‘{),ﬁép sligleririe ring 1§86,

and 15at | eagdp MRAIGAS rﬂ?smwgna@ég%t tioh! grhte! 710 Al &Pﬁ%b%ﬁt ;on

wi th the vacuum regi on, the gas passage having an outle
vacuum f or ce Meial BOPgpgidnprent fil4c #ha upaetelecirode assemblyd 02risler si de

of the subst h eqent of aim,1,
further cgnprgla%?%ng&azfﬁ rﬂ%&ﬁ]ﬁ%@ %%ﬁ&’ﬁé'@ggg ﬁﬁé]p@eé%lﬁ#rf}g?ng in
fluid comunissgmbly Ali2 dureber applied tpuhe enibodliménts @aBvnANF1G8S 1RASSATE
conpri sing a@I 5r%i %y ch hol es ext endi ng between the recessed
surface and tne“pléen ok %‘3.The vacuum chuck arrangenent of Claiml,

wher ei n: (a) [004B]r SRaRS EhERMIFESS in FRESIER - NS - BDfHR gfésod'ét‘r'ish
adapted to contact the undersid f the substrate supgo teo| on the

t
support ringPlate (Sﬁleﬁtﬂéa'wei&ﬁ'é]@t&eﬂi ngmfth% ton edge eleciipdelby the topadielectic
concave $ir f aRg. AIQfvARRIOHAHAWBLHEEBLASE %geegﬁ@Eheo{op%igi'egfri%’rin\émaer{ee' n

t he at

integrally formed in one body and made of a single piece of dielectric
material.

[0049] While the invention has been described in detail with reference to

specific embodiments thereof, it will be apparent to those skilled in the art
15 that various changes and modifications can be made, and equivalents

employed, without departing from the scope of the appended claims.
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| east one gas passage conprises a plurality of lift pin holes sized
to allow novenent of |ift pins therein and apply vacuumforce to the

vacuum r egi on. 5. The vacuum chuck arrangenent of Claim1l,
wherein the support ring is coated with or entirely of a conductive,
sem conductive or dielectric material. 5 6. The vacuum chuck

arrangenment of Claim1l, wherein the recessed surface includes first
and second annul ar steps, the first annular step extending inwardly
of the support ring and the second step extending inwardly of the
first step, VMEATiIIBSLAIMERE0Nnd steps having planar surfaces 10
which are vertically offset from each other. 7. A bevel
etcher wherein the bevel edge of a sem conductor substrate can be
pl asma et ched, cofpri sAngicuum chuck arrangaemenaoba betel\steigeravharaines i or

in which the _bevel, edge of a 1 em conduct or substrate can be pl asna
ot cheds | | bBVe g St g PR At s P Bee RRuA o
support as5segbR@figdiagt or substrate such that a bevel edge of the

substrate extends outward|ly of an outer e(Ij_%e of the upper surface; a
chuck body havi ng@&uUpeer $E8haying arePRe SHriGseicontguretfte sppporhel es 20

therein, thesbRfehaBtior YIbaFReSEERMHPLRR BEGL oPih ABRIraRCLLBAELY Of

t he support ring, e recessed sur ei ng ow the undefside of
t he subst r at eubvgrdyrafen @det edgapitbe uppef aedaast, t he support ring, the

the substrate suppontehBEly FRUNEaTsYe e Hite Rt SRt B bPhlet s
passage havi tiprain, thel recessed surfatecntending bbiwvaznvdr ihnthpeNFTa &F the
region, the g&s ssaqgghavi nsggan outlet to which a vacuum force can

be appl i ed t SUPRYER"S WECHTRASFESLEAEH PEING RAtRM i BRdespiderd tReibst r at e;
a plasma genggdtiZ8 suﬁbért@dj_@ﬁftr@?ﬁﬂ%reé‘u‘?fa%ﬁtr@ > thd Ftelsed

30plasma state in the vicinity of the bevel edge; an

surface and inner periphery defining a vacuum region beneath the substrate
supported on the support ring; and

15 at least one gas passage having an inlet in fluid communication with
the vacuum region, the gas passage having an outlet to which a vacuum
force can be applied to place a vacuum force on the underside of the
substrate.

20 2. The vacuum chuck arrangement of Claim 1, further comprising
a plenum in the chuck body, the plenum being in fluid communication with a
vacuum pump, the at least one gas passage comprising a plurality of holes
extending between the recessed surface and the plenum.

25 3. The vacuum chuck arrangement of Claim 1, wherein: (a) the
recessed surface includes one or more protrusions adapted to contact the
underside of the substrate supported on the support ring or (b) the recessed
surface is a stepped surface or a concave surface.

30 4. The vacuum chuck arrangement of Claim 1, wherein the at
least one gas passage comprises a plurality of lift pin holes sized to allow

movement of lift pins therein and apply vacuum force to the vacuum region.

15



a source of vacuumin fluid conmmunication with the vacuumregion, the
vacuum sour ce bei ng adapted to establish a vacuum force which hol ds
the substrate in place on the support ring. 58. The bevel etcher as
recited in Claim?7, wherein the plasma generation unit includes:

a first electrode ring surrounding the support ring and electrically
insul ated fromthe chuck body by the support ring; a gas
distribution plate having a bottom surface opposing the chuck 10 body
and including at |east one hole through which process gas is to be
introduced to the top surface of the substrate; and a second
el ectrode ring su rounﬂ'n% t he gas distribution 6{Ellate and opposi ng
the first el ectrode ri b geImicBusl sapngepRRl of {<laina d; whareimthg aj m 8,

wherei n: (2) sgporefing hecddtes it e%%?é?%%f&'c@ﬁ&xz&% 5bRESnbSciiynded

and the other 1s coupled to a radio uency power source and
wherei n the flieleatriamatei@ond el ectrode rings are operative to

energi ze ghe process gas into the plasma upon receiving RFE power from
the RF power source; (b) a hollow cathode 20 ring di sposed al ong the

first and second 8l ectheieamLiurgs:hublealehmge:menthf Clhien holvhengirctrighode
ring and the first and seco eeﬁtroder i s coupl to a radio

d
frequency (RESCESBHRFULRTH '88“’9&6 fir @ngtsﬁé?PIEggPBm&F 8@9&9&‘%{% b 3HuYaG n
the hol | ow cafepasigerding irdnddiyhs thé §§;§pcﬁ*ﬂﬁ'n§§ﬁ@ﬂ?b SS & 88 %Xféh@ln\% g

operative to_energize the process gas into | asma upon recel

RF 25 power FW‘(ﬂW'VWé“P@W@&W@P ﬁtﬁﬁirébamsqqgndaste@s haying panav susfaces
coupl ed 4@ a%ﬁfﬂ'é?efv{eﬁﬂféggﬁ?fséﬁ@m%%gﬁotf?é?urCe di sposed al ong the

first and second electro rings operative to energize the
process gas into the plasm, mhereln the first and second electrode

i d 30 The
hhade BT A oundet  C oA Bl et Sindih i Bk b3ipL60ad 55 BmiseRibRt

concave to asulmirabelase ba Memﬂﬁc@ﬁpﬁgﬁgsubst rate; (b) the bottom
surface of the gag cﬁl Pé’\tnhé’%n lntenor in which the bevel edge of a
15 semiconductor substrate can be plasma etched:;

a support ring having an upper surface configured to support a
semiconductor substrate such that a bevel edge of the substrate extends
outwardly of an outer edge of the upper surface;

a chuck body having a recessed surface with optional lift pin holes

20 therein, the recessed surface extending between an inner periphery of the
support ring, the recessed surface being below the underside of the
substrate supported on the upper surface of the support ring, the recessed
surface and inner periphery defining a vacuum region beneath the substrate
supported on the support ring; and

25 at least one gas passage having an inlet in fluid communication with
the vacuum region, the gas passage having an outlet to which a vacuum
force can be applied to place a vacuum force on the underside of the
substrate;

a plasma generation unit adapted to energize process gas into a

30 plasma state in the vicinity of the bevel edge; and
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includes nultiple steps.to acconmpdate the substrate; (c) the
recessed surface of the chuck body is concave to acconmpdate a bowed
shape of the substrate; (d) the recessed surface of the chuck body

i ncludes nultiple steps to acconmpdate a bowed shape of the
substrate; (e) protruding elenments 5 are di sposed on the recessed
surface of the chuck body and include tips supporting the bottom
surface of the substrate upon contact therewith; or (f) protruding
elements in the formof a nesa array or spaced apart rings are

di sposed on the radesseiokyaougarindiuid pematunigation dyithathe viasuumdegionps

FLDPOTL RO VALY i 6,3 D56 e VABIL RBL Rl o
wher ei n: (a) théhsuldiaddk irbpldge os tbé seppat ring.al | y conducti ve net al

coupled to a radio frequency (RF) power source to generate the plasna
and wherein the first and second el ectrode rings are grounded or (b)

an upper 4iel ectrBc riTHebevelastthénecitsd ReCwaRT, Wher&Ashe plasma
distribution plate and_the second el ectrode ring and adapted to

el ectri cal | y9PRer@atign&ntiRclg@@s:di stri bution plate fromthe second

el ectrode ring. : .m-ﬁr it ' i

further conprisi na fgStgezla%&rZOg% c@ﬁlﬁrr&}neé atﬁlgs%n%rpggggﬁg’dé @o&ggﬁlrﬁ%@' t he
hei ght of a dwpldied iweentherrhusktbodmbyihé agppat rindgie gas di stri bution
plate and the rec . face h huck body.thereby.controlling
a vertical separ a?i%‘}%g%x')%ti é%tioﬁ" E’%Le fﬁ%\ﬁ@gﬁﬂ]%gﬁppa%%fa&p 99&9%595’[ ¢'chuck

di st ri but® onbptipted drdudiop as leakbore hbletthRugh it procedb HasAs heve!

etcher as recited in, claim12, wherein the vertical separation is
| ess than abB\Wdgced iiheriep guFage of @1%@8”359: PBfited in Claim7,

wher ei n: a secbME elRtible giggléu?rﬂﬁh&iﬂ@%@gﬁé Hl’s‘?ﬂiﬂdtbbn%atg and

cylindrical holes extending to 30 the vaculm ré&gi on;

piurality of oppegingthesfirstialectiade ngove the substrate in a direction
normal to the recessed surface of the chuck body, each lift pin being
adapted to nove al ong one of the cylindrical holes; and a pin
operatintpunit whdch nEehbavelatthermsvesitacia Claim 8pivherein: (a) one of the

first and second electrode rings is grounded and the other is coupled to a
radio frequency (RF) power source and wherein the first and second
electrode rings are operative to energize the process gas into the plasma
upon receiving RF power from the RF power source; (b) a hollow cathode

20  ring disposed along the first and second electrode rings wherein one of the
hollow cathode ring and the first and second electrode rings is coupled to a
radio frequency (RF) power source and the others are grounded and
wherein the hollow cathode ring and the first and second electrodes are
operative to energize the process gas into the plasma upon receiving RF

25 power from the RF power source or (c) a coil inductively coupied to a radio
frequency (RF) power source, disposed along the first and second electrode
rings, and operative to energize the process gas into the plasma, wherein
the first and second electrode rings are grounded.

30 10.  The bevel etcher as recited in Claim 8, wherein: (a) the bottom
surface of the gas distribution plate is concave to accommodate a bowed
shape of the substrate; (b) the bottom surface of the gas distribution plate

17



5 15. A bevel etcher as recited in Caiml4, wherein: (a) a
portion of each of the holes forns a gas passageway through which the
vacuum source evacuates the vacuumregion or (b) the chuck body

i ncludes a plenumin fluid comrunication with the vacuumregion via

t he holes. 10 16. The bevel etcher as recited in Caim?7,
wherein the plasma generation unit includes: a first electrode
surroundi ng the support ring and electrically insulated fromthe
chuck body by the support ring; 15a second el ectrode including a flat
plate, a ringaiudgserultiple steps tmacmposddatetthe shibsteatep(c} the tabessehd at

I t t ir oquagh whi ch process gas i.s ected.into
chanber . - and SuRBEE 80he!N Bk Bay s EohealB TR 2EcdRRgoRIa Ahpier b=Pp 2
pl ate and i nsibstratbe(d) Eﬁmr@bﬁ@ﬁﬂs@ﬂf@dé oisthe thugOBbey Ricludeleniigpledizps
surface of the insulating Jayer is in_a spaced apart rel atIOI’lShIPS

with the rec&gwr@mpﬂa@@ B@W?ﬁéhé%eﬁf@oﬂmr@tﬂrmﬁrat@g@seel%ﬁn
recei vingst hﬁréﬂﬂ@.ﬁbéé& 8n tRerRbSse ey iRy tneenﬁcr%ocfmgn& Hcﬁ}degtﬁ;f&

second el ectrodes is grounded and the ot i's coupled to a
frequency (REYPRRIYRY theobettam sufaos of tiersutistrate upnin eotdactdberaavith; or (f)

el ectr odes apuARRLENE O AR IBE! O A5nAdea Pl AR SR ISR hds i,

pl asma upon fecel Vi ower from
The bevel et dlsposed;onem tez:rdzssed eLdace dﬂhe\/ﬁhﬁblebﬁdy &Y indheddmsg om

0t he- subst r Sneeority e Bt Kb fpctf Becue el e B Gear ©
I ncl udesiorul tiple
11. A bevel etcher as recited in Claim 8, wherein: (a) the chuck
body is of electrically conductive metal coupled to a radio frequency (RF)
power source to generate the plasma and wherein the first and second
electrode rings are grounded or (b) an upper dielectric ring is positioned
15 between the gas distribution plate and the second electrode ring and
adapted to electrically insulate the gas distribution plate from the second
electrode ring.

12. A bevel etcher as recited in Claim 8, further comprising a gap
20  control mechanism adapted to adjust the height of a gap between the bottom
surface of the gas distribution plate and the recessed surface of the chuck
body thereby controlling a vertical separation between the bottom surface of
the gas distribution plate and top surface of the substrate.

25 13. A bevel etcher as recited in claim 12, wherein the vertical
separation is less than about 0.6 mm.

14. A bevel etcher as recited in Claim 7, wherein:
the chuck body includes a plurality of cylindrical holes extending to
30  the vacuum region;
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steps to accommopdate bowi ng of the substrate; (c) the top surface of
the chuck body is concave to accomrmpdate bowi ng of the substrate; (d)
the top surface of the chuck body includes mltiple steps to
accormodat e bowi ng of the substrate; (e) protruding elenents are

di sposed on the top surface of the chuck body and include tips
supporting the bottom surface of the substrate upon contact
therewith; or (f) protruding elenents in the formof a nesa 5 array
or spaced apart rings are disposed on the recessed surface of the
chuck body and i nelplamiityi gfdiftpippadaptad td hmvbdhégﬂb%bﬁté?ﬁé dhfefctidik(e
substrate upon_contact therew th. . od o

reduci ng cuP&ETU?ngﬁeée%%ﬁgﬁSHBﬁ?%BBHﬁH?Wka@éMb%Q P REINY beve
edge cl eani ngdapeanbirebtgaiong one df BaslbyiBdricaHEIEH Hhact or substrate
havi ng a bowed curvature gnto the support ring of the bevel etcher

according to O ai PR oBYEEDALNHgVRisR Mesbaisriemoves thanlt pins.

energi zing process gas into a plasnma state and renoving buildup on 15
t he bevel edge by etching the buildup with the pl asma. 19. The
met hod of C ai m 189. f uAtheyel etohpr as reviteg i Claimnty, wheceiss (gps postioh dfhe

brossure on PAS BEBRATIFSREME S S HeT ot BB s B b
substrat e andotricersvayuitesapplyciun essionor {Drtae cBick bedypiueeggduct or
substrate t Opfe%glr%cﬁl u? cgr%\&eu%igalfig\éﬁiyhr t%'e vacuum region via the holes.

10

16.  The bevel etcher as recited in Claim 7, wherein the plasma
generation unit includes:

a first electrode surrounding the support ring and electrically insulated
from the chuck body by the support ring;

15 a second electrode including a flat plate, a ring-shaped protrusion
opposing the first electrode, and at least one gas passage through which
process gas is injected into the chamber; and

an insulating layer disposed beneath the flat plate and inside the ring-
shaped protrusion;

20 wherein the bottom surface of the insulating layer is in a spaced apart
relationship with the recessed surface of the chuck body to form a space for
receiving the substrate therein and wherein one of the first and second
electrodes is grounded and the other is coupled to a radio frequency (RF)
power source and wherein the first and second electrodes are operative to

25 energize the process gas into the plasma upon receiving RF power from the
RF power source.

17.  The bevel etcher as recited in Claim 16, wherein: (a) the
bottom surface of the insulating layer is concave to accommodate bowing of
30  the substrate; (b) the bottom surface of the insulating layer includes multiple
steps to accommodate bowing of the substrate; (c) the top surface of the

chuck body is concave to accommodate bowing of the substrate; (d) the top
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15

20

surface of the chuck body includes multiple steps to accommodate bowing of
the substrate; (e) protruding elements are disposed on the top surface of the
chuck body and include tips supporting the bottom surface of the substrate
upon contact therewith; or (f) protruding elements in the form of a mesa
array or spaced apart rings are disposed on the recessed surface of the
chuck body and include tips supporting the bottom surface of the substrate

upon contact therewith,

18. A method of reducing curvature of a bowed semiconductor
substrate during bevel edge cleaning, comprising:
loading a semiconductor substrate having a bowed curvature onto the
support ring of the bevel etcher according to Claim 7;
~ evacuating the vacuum region; and
energizing process gas into a plasma state and removing buildup on
the bevel edge by etching the buildup with the plasma.

19. The method of Claim 18, further comprising providing process
gas over the top surface of the semiconductor substrate to generate a
greater pressure on the top surface than on the bottom surface of the
substrate and thereby to apply a bending force on the semiconductor

substrate to reduce the bowed curvature.
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