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An Edge Ring Assenbly for Plasnma Etching Chambers
[0001] This application clains priority under 35
U S C 119 to U S. Provisional Application No.

61/ 265, 510 entitled AN EDGE RING ASSEMBLY FOR ptlmmnlllllllyll
ETCH NG CHAMBERS, filed Decenber 1, 2009, the enti
content of which is hereby |ncorporat ed by I‘ef—eFeﬁCf

5Backgr ound 2]. Pl as anbers are
comonl y us&[ﬂ&l(‘)’s %‘f‘éﬁs%g‘g'y ﬂﬁ’%qt%’@r amBEffed on a
sem _conduct or substrate. During etchi n t he substrate
100041 S5 i3BPlcationyiieins BRRSRY prges 33 u%;?oﬁ%wvtp - Rrovisignal Application No.
chanber. A substrate support typically i ncI udes a
61£262rp30 reptinet AN ERGE RN ASPENY QM PHASMA PEHNE GHAMBRRS, filed
the substrate support (i.e., around the substrate) for
Dezemberrli, 299 pthasntire cdiflett®f whieh Shacby iloonperatdicbysefesincat e
and/or to protect the substrate support from erosion
Bakgréw™ pl asma. The edge ri ngs, sonetimes called focus
rings, can be sacrificial (i.e., consumable) parts.

[0662] ikt hria\eBchiR h&YABerS %QHE\HOW? BEDR dtt e Riforé ﬁg&g lfd%@d on a
in comonly-owned U.S. Pat. Nos. 5, 805, 408;

seﬁﬁtcgﬂrﬁlc%%ﬁbs@ra&s%uﬁt?r’?e@ﬁliqgﬁhg’%gbsgﬂds L%%gr?t]ed on a substrate support

hographi c tech nlques can be use orm eone

W|Pnari Lh%rcﬂgmhﬂ Rsusols{rat% support é/f)%cally n?clusd%bSt Iraatg%g m c an| %8ge rings

I C Process, n Ssuc I'ntegrate

uit patte ted fr a mask
cof bf FpaseB At 5 R SRBrPRRPEHrEl b ppuntiesyiats B gonfinng plasma
phot oresi st) coating fornmed .on the surface of the
t°§bﬁo§qaﬁeait@ve eSYRsraks MY GO Prafed iesubsteate pPPaE d@nt gosion by the
transfer the pattern forned in the photoresist |ayer
plasmapihe egge fingscsomgiimescafled fpewb rings, carebesuabrificiahti-e., tdnaumable) parts.
underlie the photoresist |ayer. 20[0004] During plasm
Contlodivergnd pbrasumeiudtive fedgemenks albodesctiied is uohaoely@ivneth®.S. Pat. Nos.
substrate by supplying radi o-frequency (RF)
5, 80501081 IMR@3LL6, ©13/984l 603936 bd §34381pr essure gas (or
gas mxture). By adjusting the electrical potential of

(0003 StHBShSA Rehfiflk 886 b REG BSof gbdifetRt BSHENEA Qfface of the
directed to inpinge upon the surface of the substrate

sugﬁgté tb%FlF%¥ lltrh?ﬂg?/ aSEE’aEé‘sE 'aadatt@r% sgch F%%ra{eta%{rgj it &a@?ern can be

Page ma et'chi ng can
SRS B fea&@g%ﬂsn ) bl B8 comt
o s R BB LS S L ) B
patct%?nctgolrrxgd %athe photoresist layer to one or more layers formed on the substrate that

159159"‘

underlie the photoresist layer.

[0004] During plasma etching, plasma is formed above the surface of the substrate by
supplying radio-frequency (RF) electromagnetic radiation to a low pressure gas (or gas
mixture). By adjusting the electrical potential of the substrate, charged species in the plasma
can be directed to impinge upon the surface of the substrate and thereby remove material

(e.g., atoms) therefrom.
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[ 0006] An etching byproduct may undesirably deposit on
a |lateral edge (e.g., bevel edge) or 5 underside of
the substrate. The byproduct deposition, which may be
vol atilized during subsequent processing, may have an
adverse effect on process yield. In order to maxi m ze
yield, reduction in polyner buildup at the underside
t he bevel of t strate wo be
I°€‘E‘i EREIeG NG AP M7 DO A eESb B0V UGB PP el reactve
e ring assenbly used in a plasnma etching chanber, '
W't'h eeevgt@rlﬁh ngegs%ﬁ%ﬁp Falled uEraptdrealoniadshingl rpmbinesphe Arersetic
ring adapted to surround a substrate support in the
impingiograffentcafithryplesmansithy the alrainiesl etshidzieffactsenf e depstive gag
supported on the dielectric coupling ring such that a
[o8a6) sArr ettiengs byppatucedap andekiea bbudepbsindrea fatigrplordge (/e heasigsige) or
a portion of the conductive edge ring. 15Bri ef
undesiie i ¢t the Nsubbtrdte.gmiee sy droflR8]defbsition,l whichafay be volatilized during
illustration of a parallel plate plasma etching

suﬁﬁmgro&mg}naﬁhgve EadRpWSerRR PR cdss W/Qldaw §m@t Yo maximize

nmounted on a substrate support in a parallel plate

yif%%%%t@s &hﬂdlgneqr%mrat tRE Gr‘PJeS’é cnegantdoon n%%gpe?g%e&t he substrate

shows "an edge ring asse
bstrate support in a paraIIeI pl at e 20p|asna
Wngﬁ aﬁ"a anber according to anot her enbodi nent.
0011] Flg 3 shoms atop viewof a dielectric
ing ring as shown in Fig. 2A. [0012] Fig. 4 shows
cross sectional V|eM/throu%h the line Ain Fig. 3.
[0007] Described herein is an edge ring assembly used in a plasma etching chamber, the edge

ring assembly including a dielectric coupling ring adapted to surround a substrate support in
the plasma etching chamber, and a conductive edge ring supported on the dielectric coupling
ring such that a substrate supported on the substrate support overhangs a portion of the
conductive edge ring.

Brief Description Of Figures

[0008] Fig. 1is an illustration of a parallel plate plasma etching chamber.

[0009] Fig. 2A shows an edge ring assembly mounted on a substrate support in a paraliel plate
plasma etching chamber, according to an embodiment.

[0010] Fig. 2B shows an edge ring assembly mounted on a substrate support in a parallel plate
plasma etching chamber, according to another embodiment.

[0011] Fig. 3 shows a top view of al.dielectric coupling ring as shown in Fig. 2A.

[0012] Fig. 4 shows a cross sectional view through the line A in Fig. 3.

[0013] Fig. 5 shows a top view of a conductive edge ring as shown in Fig. 2A.

[0014] Fig. 6 shows a cross s_ection'al view through the line D in Fig. 5.
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[0013] Fig. 5 shows a top view of a conductive edge
ring as showmn in Fig. 2A. [0014] Fig. 6 shows a cross
sectional view through the Iine Din Fig. 5. [0015]
Fig. 7 shows a cross sectional view through the line C
in Fig. 5. [0016] Fig. 8 shows a top view of a
dielectric coupling ring as shown in Fig. 2B. [0017]

Hﬁ ngs a Cross ﬁectlonal K FM/throu h the line A
[0p3eT i 5;7 s Ws[acfé‘lssfeclﬁf”ga Vigyy tRrREELe M iBew of a

conductive edge ring as shown in Fig. 2B 5&0019] Fig.
[0816] Sfiip fshawvsca taR ¥iew ok @ Higlealric gupling m&ﬁagmpwmé Bide Bin

Fig. 10. Detailed Description [0020] In a parallel
[0@17At Fig. BIshesvrer asess ke atignat iawitenouglitbe éneA prfigc®ss gas i s

suppl i ed through a showerhead el ectrode and a
[0818)1 ki nd sleiwara tspliew bid enduppe edgeding s shosuliskig.age

support is etched by plasna generated by supplying RF
(06188 I Gy 11 Bios@ltrdsh & cEbanael eabughitAé Me BSiHibE! 10t €
Detailed Description
[0020] In a parallel plate plasma etching chamber wherein process gas is supplied through a
showerhead electrode and a semiconductor substrate supported on a substrate support is
etched by plasma generated by supplying RF energy through the showerhead and/or substrate
support, plasma uniformity can be affected by RF coupling between the substrate support and
the plasma.
[0021] To improve the plasma uniformity, an edge ring assembly can be configured to
surround the substrate support in the plasma etching chamber. The edge ring assembly
comprises a conductive edge ring and a dielectric coupling rring arranged such that the
dielectric coupling ring surrounds the substrate support and the conductive edge ring is
supported on the dielectric coupling ring. The conductive edge ring can decrease byproduct
deposition at the underside and along the edge of the substrate, increase plasma etching
uniformity of the substrate, and/or reduce wear of plasma etching chamber components. The
dielectric coupling ring can be functional to reduce RF coupling and undesirable arcing
between the conductive edge ring and the substrate support.
[0022] The edge ring assembly can be incorporated in inductively coupled, helicon, electron
cyclotron resonance, parallel plate, or other types of plasma etching chambers. For instance,

high density piasma can be produced in a transformer coupied plasma (TCP™) reactor, or in an

electron cyclotron resonance (ECR) reactor. Transformer coupled plasma reactors, wherein RF
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10support, plasma uniformty can be affected by RF
coupling between the substrate support and the plasna.
[0021] To inprove the plasma uniformty, an edge ring
assenbly can be configured to surround the substrate
support in the plasma etching chanber. The edge ring
assenbl y conprises a conductive edge ring and a

di el ectric co arran ed sych that the )
el SER G Eor el 56 AR Goku gy feifach corporation,
upport and the conductive edge ring is supported on
Fr%rn%nto@aéf Apexaner'e sliahightiow pagna rﬁﬁ@t%%ﬁtmetpmyéieétts@éiem"a@'asma
can decrease byproduct deposition at the underside and
is disdaggdtihgomuaigelyownehd.Ss Fhis tNoab848,704c theadieclgsbieesefawhich is hereby
etching uniformty of the substrate, and/or reduce
insueaarated by tederamce eRatdlie ngate Incantoey, eleangaayelntren redrance (ECR) reactors,
di el ectric coupling ring can be functional to reduce
anBftrai6rd frhd ritgu@ed] plashate @cPapegctars Grd@isdibe in@atindi owned U.S. Pat.
conductive edge ring and the substrate support. [0022]

NokN@,386186; 14 928,488,566, 252CMa D820, 728 0FHROGi&IRbrek B which are hereby
i nduct’i vel y coupl ed, helicon, electron cyclotron

,n&ﬁ(ﬁgggggﬁﬂﬁgmgllel pl ate, or other types of plasnma

ers. For instance, high density pl asma
[O?%F;%tvls_/éjy)(%%gzgngq%rplas%atcgﬁagsﬁpr pecéegitlr?o ll'aﬁg th Stnﬁ'mg chamber such
son E reac nsf or ;rer . cou

o558 0 e aubaE P REMMEBTEpH %Sﬁfmw ?%”ST?/‘q%g‘ﬁ?ﬁde%rs Pat. No.
into the reactor, are available from Lam Research

6,@2%394r heidislosyre efivhich iCrely. ingipratgrdy sefgrenge- 1y RiRfefred paraliel
pl asma reactor that can provide high density plasm is

plete spibsowe dtching ccbamberl is- dwaldfrenu@ncyPaapaciNieely SoWMEgl plasina reactor
the discl osure of which is hereby incorporated by

intledieg angeer Rawathkad elpdt@tie andcagaitbetrate sglpecdt Fob purpys of iflastration,
resonance (ECR) reactors, 5 and transforner coupl ed

erPboIFR@NtS JFCRL dBk Xing 8R6MBI SredeCerbed Rbremadth rBference to a parallel plate
comonl y-owned U. S. Pat. Nos. 4,340, 462; 4,948, 458;

WE e pidinLedhihamb&20, 723, the disclosures of which are
ereby i ncorporated by reference. [0023] By way of

[Og?g% gragﬂ apﬁggg’?lagﬁgﬁpc% n@rcﬂgr“ﬁ&qs |Ifﬂ|st¢atQ@fnahé.ei. TRL. %‘a@ma etching
chamber 100 comprises a chamber 110, an inlet load lock 112, and an optional outlet load lock
114, further details of which are described in commonly-owned U.S. Pat. No. 6,824,627, which
is hereby incorporated by reference in its entirety.

[0025] The load locks 112 and 114 (if provided) include transfer devices to transfer substrates
such as wafers from a wafer supply 162, through the chamber 110, and out to a wafer
receptacle 164. A load lock pump 176 can provide a desired vacuum pressure in the load locks
112 and 114.

[0026] A vacuum pump 172 such as a turbo pump is adapted to maintain a desired pressure in

the chamber. During plasma etching, the chamber pressure is controlled, and preferably
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as the dual frequency plasma etching chanber descri bed
in comonly-owned U S. Pat. No. 10 6, 090, 304, the

di scl osure of which is hereby incorporated by
reference. A preferred parallel plate plasma etching
chanber is a dual frequency capacitively coupl ed

pl asma reactor including an upper showerhead el ectrode

and. a subs te . support. For illustration,
AR ok g LD PG RESBRDGp Beb aiEaepaysire can
herein with reference to a parallel plate type plasma
d'@t’\ﬁqﬁ‘F%gméfYaWBé’fb“telS{ sk sforawhiler or| ley pFhaMbep PERsHrEe can lead to
etching chanber is illustrated in Fig. 1. The plasma
plasmartixtigguishamatie n a OQdigorAsnsiyedasmadpretdsesuch a9a parallel plagg reactor,
| oad | ock 112, and an optional outlet |oad |ock 114,
préfarablyehe chatrdiet gresstirevihingintaired atle pressubeioklow about 200 mTorr (e.g., less
comonly-owned U. S. Pat. No. 6,824,627, which is
thEYe 10BN TOrNErdsp Ead 50 ehTo) (" efoRf'el GsedinRrdil Meiitho®y V.
[0025] The load | ocks 112 and 114 (if provided)

[00m|'ltll1@QIaEJuﬁn|§fn% cHEE GRJectdd thraatatie in SURMLIF MeERadBr and can be
such as wafers froma wafer supply 162, through the

thﬁ?ﬁ%}bﬁ‘\r Jv%@e 51% anter tt@a@ntm frd prreg ?epﬁrfr"me ch%gger 'ﬁréf&%ﬁy, the

punp 17 can provi eS|re vacuum pressure i n

vatupuem lpl(x)n%jlslc?c% e o]f malnqalgmél'%‘4res%u(r)g\%§ﬂnn'%e o Cu%g} cﬂll‘engthanago mTorr
such 'S O nmal ntaln a desire

ure int ring plasma etching, the
ngfﬁ g\ggasreégge{h%&t*figﬂ%ﬁﬁtclﬂmeéd Bnd preferabl y
ntained at a |level sufficient to sustain_a plasma.
[oerm Theg?haﬁ'b%éh%éﬂd‘ﬁg?-‘e%mpéerc&'_ﬁc'fmd§a§§§&d‘?ﬁ'\ééé%u%q"&?*'“g an upper
contribute to etch stop while too | ow a chanber
elentrode U2 e(e@anhdvesibead ¢legiredaleand eiskprgatestyneert 150. iheupper electrode
medi um density plasma reactor, such as a paralle

aspdnatile 12@ achaumtedpinedrenplet Yiodsing 130amiecupper @sgsigel30scan be moved
mai ntai ned at a pressure bel ow about 200 mforr (e.g.,

vert®afy by BadecAEHBnTIIY fo just @feSgaptROWED thE Qbpor diecab@eitlls and the
as used herein neans 10% . [0027] The vacuum punp can

suB&rO8pB6kecb.t 0 an outlet in a wall of the reactor and
can be throttled by a valve 173 in order to contro

[Obf'ﬂ_p | %%@g‘%g%s'sgu&{'f70°c!3ﬁ'§9%5nne?t@§ftc?fh@mo¥smgt ﬂ%% tﬁ QQIWEltching gas

mal ntal ning a pressure wt

cHBERE on& by hEPS e QBTN Lcxt b&eibMoB% GRS B 2 Seching

chamber, the upper electrode assembly comprises a gas distribution system, which can be
used to deliver reactant and/or carrier gases to a region proximate to the surface of a
substrate. Gas distribution systems, which can comprise one or more gas rings, injectors
and/or showerheads (e.g., showerhead electrodes), are disclosed in commonly-owned U.S.
Pat. Nos. 6,333,272; 6,230,651; 6,013,155 and 5,824,605, the disclosures of which are hereby
incorporated by reference.

[0030] The upper electrode 125 preferably comprises a showerhead electrode, which includes

gas holes (not shown) to distribute etching gas therethrough. The showerhead electrode can
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10[ 0028] The chanber 110 includes an upper el ectrode
assenbly 120 i ncl udi ng an upper electrode 125 (e.g.,
shower head el ectrode), and a substrate support 150.
The upper el ectrode assenbly 120 is nounted in an
upper housing 130. The upper housing 130 can be noved
vertically by a nmechanism 132 to adjust the gap
bet ween t he upper. Iectrgde 125,_and the substrate .
RO Rte 55078 BB o N apEh DR JEeS D dah Pron g gesired
connected to the_housing 130 to deliver etching gas
digabsion of alghipk 8asoT henPsr glacendedpd thessuipifde suPaRtMydwe formed of
assenbly 120. In a preferred etching chanber, the
any pieble Ineageriab dechass grebhite, csiipr | Wisen garpide, @lugtinunb e-g.oanodized
system which can be used to deliver reactant and/or
algeinump pr gargdrstibs theneely A bratprapsfentiue sborce h#4 cnibk acneoted to the
a substrate. Gas distribution systens, which can
uppeN@Edtdae BREMBIY 1PD&R a@athef hdd@ Sransfdt]ligGitl 06 Fce2dn dBdbdriNected to the
shower heads (e.g., showerhead el ectrodes), are
subliteed EQThglconnDnly-omned U S. Pat. Nos. 6, 333, 272;
6, 230, 651; 6,013,155 and 5, 824, 605, the discl osures of
h ch, .a r-2by | 0 - lan T, :
1080 -2 P8 AN A PAEEREROSCS Bosbs SRR YS8: P lon e rine
el ect e i ch .includes s holes (not sh to
osgirify p B fecolferiony ot e BefReb i SRSER sdher 250 cr
. el ectrode can_ conpri ne or re verticall :
i 80 2 SO PRASF S R8T st Sy BB dfmping » substate
desired distribution of etching gas. The ug er
orANPPEoWE G > { Pt B faraltod the pypdrete sRpombé f? dhrdstegte support
any suitable material such as graphite, silicon,
259 dap dhgrpowgrasii kiean BE savireeuand( attegdant itodiry &bt shemt)rfanproviding RF
or conbinations thereof. A heat transfer |iquid source
mateHing, aetc. bEhec aubsteatt estipfiant RB6@ isS prefeppidy tehpeétuedeontrolied and may
assenbly 120 and another heat transfer |iquid source

optidRall)encheB Beited atrandehRnSbssho@h e Tisdup&iFdte dpBort RO®E ddapted to
Figs. 2A and 2B show details of a substrate support

suppéH asinBlk WethidghdRBrof EldhBtrate RGChaS S8 Imin 8¢ SooARMALAbh the support
two enbodi nents, respectively. The substrate support

st £30

[0032] The substrate support 250 preferably includes passages thereir_i for supplying helium
under the substrate 210 to cool the substrate 210 during plasma etching thereof in an amount
sufficient to prevent burning of photoresist on the substrate. A method of controlling a
temperature of a substrate by introducing a pressurized gas into a space between the
substrate and the substrate support surface is disclosed in commonly-owned U.S. Pat. No.
6,140,612, the disclosure of which is hereby incorporated by reference. _

[0033] As shown in the Fig. 2A embodiment, a dielectric coupling ring 285 is supported on a
flange surface 260 of the substrate support 250, with or without mechanical or adhesive

fastening. A conductive edge ring 280 is supported on an upper surface of the dielectric
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i ncorporate an el ectrostatic chuck (ESC) (not shown)
for electrostatically clanping a substrate 10 on an
upper surface 255 (support surface) of the substrate
support 250. The substrate support 250 can be powered
by an RF source and attendant circuitry (not shown)
for providing RF matching, etc. The substrate support

250 is ferabl ature control d,ma

coffie i Phs 4 merere SORERR AR iR Brue 2 e pgtween the
The substrate support 250 is adapted to support a

Substiads SURRATY oM ANEL Bre sQnduttvar edseuting £80a Ao8batter 2peen be
nm waf er on the support 15surface 255. [0032] The

sugRAstrdicaneped @pIbe sUPREID syfask @pabinwrdendd (pdeee gxassisgyefthe substrate
therein for supplying heliumunder the substrate 210

support 2 to ttiiosyftes ttivatspecs O the piamma,ghasustrat slyipag 250 is preferably
thereof in an anount sufficient to prevent burning of

siZa GuEH @sit She QubstAr S1D6Yarkdngs tife Blistiord WbpaORUMfakl1580and the
a tenperature of a substrate by introducing a

profe&mRiD ERfovdn at RES aRadfRGMePEINVIBLIBIII eheZBnditiiSddgatifg 280.
and the substrate support surface is disclosed in

[O&ﬁl'fn'ﬁ‘n@I n&’m%j eSnnéD 3o czhpbe cf]iQQroW‘%’seh%n@cﬁ%%é%fe&rically

I's here y incorporated by reference

coﬁﬁuc\?lpeo mtérﬂl Jlggg sgllcor?@ég ﬁgé Qg)g{a‘l si ?ognc?regog\zjlﬁ)fs%gié\e 2sgiéon) or
bstrate ort 250 .
it ﬁ%{ﬁ'dsi oPRiiRE D ns S CHBEEnBiA A %e%%nggsure to the
ring 280 i s supported _on an upper surface of the
p'%ﬁ”@P &ha FQ"G“CtE”éLFﬁB? g8 @Fi?]gs prgierably progs &om Bigh pydtyomatepgls: The
di el ectric coupling ring 285 is disposed between the
cogdirtive adae g6 meay2selegtiicathh Boating @u otal e eledigisallyi aagpled to a DC
280. A substrate 210 can be supported/cl anped on the
grewrpiport surface 255. In order to reduce exposure of
the substrate support 250 to the ions/reactive species
[0035] t A grefdra@imbotiinens bk Rieetre UPpPDinE riddl shawpihatger Bdtdya. The
5 sized such that the substrate 210 overhangs the

diSIBREE ERtlpSnSHRPEIS! cohbtE BE 8n ARuIA MY BED BRPAEEAURR pRotéttion 310.
and overlie at least a radially inner portion 28f

Tﬁehﬁel&%&dr%%tzhygan%g%anw ﬂgle?a%QXIaﬁp&?ﬁ%lnggﬁpﬁéﬁ%ﬁcﬁb\(@the annular

ed ge rlng 280 can be made froma sem cond ucti ng or

lv conductive material such as silicon
b°(’é§% g ch!eangacch st ™silicon or pol ycrystalline

0Bl BRp iﬁgfrsrfé' t'8'5%°€ e whaiesmaFabs S RpBLg i surface

the_lodgla ma, the conduct i ve edge ring 280 is

323y Witk RaBi#etRE A6 136 3t Hi‘gINchasrandya helehsr 97-0-49 torRE0 inch; an outer
conductive edge ring 280 nay be electrically floating

cybndrigalysutiece 3R 2 with jacliameyercd dp R 113 dinghedC hyight At0-39 to 0.40 inch and

concentric with the inner cylindrical surface 321; a lower surface 322 perpendicular to a center

axis of the outer cylindrical surface 323 and extending from a lower periphery of the outer

cylindrical surface 323 to a lower periphery of the inner cylindrical surface 321; an upper

surface 324 perpendicular to the center axis of the outer cylindrical surface 323 and extending

inwardly from an upper periphery of the outer cylindrical surface 323; an annular projection
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[0035] A preferred enbodi nent of the dielectric
coupling ring is shown in Figs. 3 and 4. The

di el ectric coupling ring 285 consists of an annul ar
body 320 and an annul ar projection 310. 15The
dielectric ring 285 can optionally have an axially
extending st epped hole 330 in the annul ar body 320

ceivin i ck-u in. [003 Wth r
1By RE R Bt P HPesl BTPHRY P H5 DR G S 21 and
cylindrical surface 321 wth a dianeter of 11.6 to .
uppprdly frefp BB &NghREriRhaRof e uppersurface 334 0the @niyRs IRrojggion 310 having
outer cylindrical surface 323 with a dianeter of 13.2
a height 8f B09 te@Hiddnchany e width ot3.04toPP5tiechd. 40 i nch and 20
concentric with the inner cylindrical surface 321; a
[0037eWpreu efiges ©f BR2amwlap erugection 210 havead5¢ ehdrafiersanfias nafst 0.01 inch
the outer cylindrical surface 323 and extending from a

‘widewelr ofper édpbesithetielebgic Gibg 285 @yilbe Relindedko sitablaesii3stidh as 0.01,

to a | ower periphery of the inner cylindrical surface

0.82dnd 0203 indPPeAn Sptioh@ G pPedrhdReIIDRBAYIEL AR u%&ertch@.dﬁ&wc% 331and
axis of the outer cylindrical surface 32

a Ig?/%re&ﬁﬁd??al vB%@glc%cgrq ?ace éﬂéﬂﬂ)‘ﬁgr &ﬁrﬁdrﬂ%\%gﬁ 3@5 ,& peq\ter axis of the

outer cy |n rical sur an annu pr oj ect

v0|aJSQ3?Xrg d%rglléf tw%ed tefr E%Qf"%ﬁe ggl@ce(rlc podJIp| rPgIr']rlen%XQSQanJ Iocated at

I NNer " Ccy cal “surface apwar
. er| er the u r surface he. annul| ar,
2 g5 e it foly%ﬁggmﬁﬁe AT e ntss ags B’S%Féi’ Qo £ e i 285
and a w d of 0.04 to 0.05 inch. %OOS Upper edges
Tftsfupp?fecvlémlﬁlml ¥pid 33bpesca Jignetanef Ofidia 043 iR aRd a dgpthfmegpured from

nost 0.01 inch 5 wide. Al other edges of the

thdiugpercurface 32 19§028%0 B3h insh. Tbrleded citliodrical vaith332 hrag@idiameter of
(such as 0.01, 0.02 and 0.05 inch). An optiona

0.20 wppzinttodre BEPticoesusidSront thartowsrperface\3l?2 nfid.i& &l 0.2Minch. The
331 and a lower cylindrical void 332 concentric with

edghef the RRPp&Yhdin3BO andthe/gppdr shdfhce FR4GAA RN edgX bBthebteppedl hole 330
voids 331 and 332 is parallel to the center axis of

arldtRe Bivet fFfatd R2GHAWPAS- Bk Bf ARt @BdinkipGRESD at a
radi al distance of 6.1 to 6.2 inches fromthe center

[Oaﬁ] ST@&in‘nQ?e ggrﬁéu‘f‘a@é Ecjn@an?iﬂéﬂ?)lniopigin!atjir{égro%gé\e coupling ring 285, exposed
surfaces of the coupling ring 285 can be optionally etched by 20 wt% hydrofluoric acid (HF) for
about 60 minutes at room temperature.

[0039] A preferred embodiment of the conductive edge ring is shown in Figs. 5-7. The
conductive edge ring 280 has an inner cylindrical surface 540 with a diameter of 11.7 to 11.8
inches and a height of 0.095 to 0.105 inch, an outer cylindrical surface 520 with a diameter of
13.35to 13..45 inches and a height of 0.10 to 0.11 inch and concentric with the inner cylindrical
surface 540, a lower surface 530 perpendicular to a center axis of the inner cylindrical surface

540 and extending outwardly 0.7 to 0.8 inch from a iower periphery of the inner cylindrical

surface 540, an upper surface 510 perpendicular to a center axis of the outer cylindrical
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10 The upper cylindrical void 331 has a di aneter of
0.40 to 0.45 inch and a depth neasured fromthe upper
surface 324 of 0.20 to 0.21 inch. The | ower

cylindrical void 332 has a dianeter of 0.20 to 0.25
inch and a depth nmeasured fromthe | ower surface 322
of 0.18 to 0.20 inch. The edge of the stepped hole 330

pper surfa 4 the e of the

soffiec R G reie i i BB IS RGD e et BB g over
about 0.01 inch w de. 15[0038] To mnimze particul ate

ovbsieiuAats ot ot figh RARYIFgSUrieem P WEBLDIMIHD ¢fi hef 2BH,05 inch,
exposed surfaces of the coupling ring 285 can be

pegpsindigwan toythe ceriercexisyof 2t wvnern aljndried Isur%acre G4Q andiexteqm)ngfagtwardly
about 60 m nutes at roomtenperature. [0039] A

frqyn efi eppee derdptieochf visninnefcylirueica curthse 64Q @ tachgaed caniral Kirface 550b
shown in Figs. 5-7. The conductive edge ring 280 has

wigan opingCinklepdnicab 13uT fracewhidDofe.201t020.22 MoKt hcedtric with the
11.7 to 11.8 20 inches and a height of 0.095 to 0.105

inhd? €QlindAthl QUHRE 580/ hnd&ktd faifle @%Faﬂ%ﬁﬁud%%%hro&h gH auret &rrlphery
of 13.35 to 13.45 inches and a hei ght of 10 to O.

of%tﬂ%lﬁrsggﬁnlﬁﬂ%ﬁggerﬁs%a VM%%H |ﬁrn:?£grﬂ;gﬁ\:y éhle{l%ﬁércﬁlrfa&ugfoag%econd

ower surface 530 per I cul ar a cent

an%élta?su(?tfacg E‘&a'ﬂﬁear %¥}{)Bf;g(§650t§|08(§grlr(cﬁcf Séln%lc% agto the center axis of

endi ng~ out war d I nc ower

e Lhner c i.ndrica urf ce 540,

tof Shief vﬁ'a?fffcg&u @i@-ﬁ?&emeees s iy Bomarlpue Regperypf the outer
the outer cylindrical surface 520 and extendin )

cylinerigplagupfees B2 @ ovligdiiGak purface megh Witpa rhejsét iop 9&83 tgf0.095 inch,
the outer cylindrical surface 520, a first annul ar

cogeantriccwittbhie Quigr eindricpl wWrfiacep20@nd axterding 0@N apiiner periphery of the
perpendi cular to the center axis of the inner

secorldi andolacairfass60a de ab dGreapetipbrtyaf thengwerudunacedd39. fThenonductive
an upper periphery of the inner cylindrical surface

edgé Oing 280 ¢adpabedly EoRiacBloughihdlas By W bB ubifodintdlanddter of 0.29 to 0.31
opening angle of 119 to 121 and a width of 0.20 to

inkh, £c# redafthg SGRRABHIH. | £cahtdrBxit BEthk RISIghMbld 3¥8Nid Sedllel to the center
surface 540 and ext endi ng upmardly and outwardly from

ax?srbeHé SGtepaﬁthQ( rfgée g ednﬁl Igé{edaﬂ%wa@l%l (ﬁﬂg%?%? 65158‘% 2 inches
to an I nner periphery o e upper surtace

second annul ar, sur.f ace 56 t width of 0.065 to
fr?f“ enterﬁx's oe%et:?e %urt]e |C¥' r]dr'ca f‘bry\lltcﬁgzcgent er axis of the

er,, cylindr cal surfacge 520_an xtend
(oBR A1t 89 hEFanghetive 66 oo BliRarbéguupn i ahabia radi such as
surface 520, a cylindrical surface 560b with a height
0.5, 0.066%0% Bnch0- BB Bch.nEH Minimite PAticylate gopRminagion gtigipating from the
cylindrical surface 520 and extending from an inner
copdudtigé eing/289f the henduetiveredgeaningLA8a carsher dptioralls 6Trhed oy asid.
outer periphery of the |lower surface 530. The
[004x] dResE rrivige toekigye2 A, i3rig wR80instathe dogat the suedstryte Rapperte2 50 the dgtaluctive
hole 570 with a uniformdianeter of 0.29 to 0.31 inch,

edg@lring 28dnditRdccptghifg UBS BreRondn&RNTIRY thAXugK hélé 51dVéhd the stepped
through hole 570 is parallel to the center 15 axis of

hdId1 €30 tpPdvided| 4r8 @Mc@ﬁ‘ﬂrlc SHRiEkAEE 0P AR RRGuiRCAdRFingb 8@ between the
radi al distance of 6.1 to 6.2 |nches fromthe center

t. | iSHf
RS S0 a?ﬁeﬁéaﬁémb%ﬁ"t@%&%' e 35 28 e, o WAL prdion 310
to suitable radii such as O 005, 0.01, 0.02 and 0.03

inch. To mnimze particulate contam nation

originating fromthe conductive ring 280, the

conductive edge ring 280 can b& optionally etched by

aci d. age
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20 [0041] Referring to Figs. 2A, 3-7, when installed
on the substrate support 250; the conductive edge ring
280 and the coupling ring 285 are concentric. The

t hrough hole 570 and the stepped hole 330, if

provi ded, are concentric. Thickness of the conductive
edge ring 280 bet ween the surfaces 550a and 530 is

subst ntla al hei t of the nul ar

oSaEL B et e e i Pt B’ e, 0K sgrpbly made o
The conductlve ed e ring 280 is referably made of

electricaliy Gopgdyctiye %ﬁagﬂaﬁw\@sﬁawﬂoaf singlg fEyvstaliinestiERih- doped
single crystalline silicon. [0042] In a preferred

[0R42b Jdliarnseferred prabodiment, thel ipmrd cylingdricad syrfage 4% gthgfcondystive edge
conductive edge ring 280 contacts or is |ocated cl ose

ring 280 lientpeto peis lacated 3ibGe Gf the Ipeojelitieh 810 of the d@lgstricreguplingging 285,
285, 5 and the inner cylindrical surface 321 of the

andithd maér dy@ndriealguiifag 320 € the8deleadmd @Ublngaingi285 koadtedr is located
close to an outer periphery of the substrate support

clod@®b arfSutdiSREpMEY 61 the subSlrfs Sugpart 2883 sddtbeid "84 to" means that
(e.g., an annul ar gap) between the conducti ve edge

%Jprlgg2§pa u@l %E\kﬁ bg{v?eleﬁ%t{ éo@]d&&“pl&&é@g’m 2@@ ag@ﬁ’\e%‘relét%uplmg

etween the diel'ectric coupling ring

T N ——

surfac 11 of the_di Iect ic,cou ring 285 and
thembogm?f)iwéh L LIS Py T ng 260 are
eferably positioned in close proximty to
ethe; yefegt 3that dhppdielestrie CQEUE!'"g THE ngér?"gdé‘eﬁ‘fa%?nawa of the
the surface 550a are preferably substantially

copduqtiverpdae ring @8 arefnrefigrably nositioneddn Cloge Rradmpy tq thervundérside of the
the substrate 210 that overhangs the substrate support

subsirdta2 0. Pibsurfaéd 31044¢ thebsuidadedlS8a sraipteddrblely fubistant@lyas-planar and
the dielectric coupling ring 285 include ceramc

conBgeéd al dthdedie Rheporsib bictha sabstrai@ 210 tight overtigtigh Zhe Wibstrate support
al um num oxi de, and pol ynmer materials such as

sudese)s(r) and Kapton(r) or the like. The dielectric
coupling ring 285 is preferably made from quart z.

[0[)?@4I5I]ateﬁ§ls §1nf%\9ﬁ fbrnuste Q?tl’@cﬂelec%% c%URFﬁg'n'ﬂ? Big mﬂuttje ceramic materials

el ectric coupling ring I's supported on

sucL ﬁ%%ld%@i%gcﬁgrtgfortahu% r? %)tugeataﬁd %c%i%é’%at%?gs SL}M’I als']Vespel®

OI'WI or a

and Kapton® or the like. The dielectric coupling ring 285 is preferably made from quartz.

[0045] As shown in the Fig. 2B embodiment, a dielectric coupling ring 295 is supported on the
flange surface 260 of the substrate support 250, with or without mechanical or adhesive
fastening. A conductive edge ring 290 is supported on an upper surface of the dielectric
coupling ring 295. The substrate 210 can be supported/clamped on the support surface 255.
In order to reduce exposure of the substrate support 250 to the ions/reactive species in the

plasma, the substrate support 250 is preferably sized such that the substrate 210 overhangs
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20 fastening. A conductive edge ring 290 is supported
on an upper surface of the dielectric coupling ring
295. The substrate 210 can be supported/cl anped on the
support surface 255. In order to reduce exposure of
the substrate support 250 to the ions/reactive species
in the plasma, the substrate support 250 is preferably

size uch that .the substrate 0 ove

g PR TPR0ID SUTICe AP FRBVALE L b P e RO 201 of the
radially inner portion 291 of the conductive edge ring

C°29%?”$®%HGT31%% conductive edge ring 290 can be made
froma sem conducting or electrically conductive

[0A46] ethieadondugiive gdgesting @%h cqnebgy mads jfragt @ semjeondictiag for elsatrically
or polycrystalline silicon) or 5 silicon carbide

cofiduave naheidl sah asagiopn deposinglednsial sitam aapdiycdadalinBusdicon) or
to direct exposure to the plasnma, the conductive edge

sillcbgarBidd (d.6, eaficar apbiydepasieadfsilioon tirbiie)potd toydirect exposure to the
materi als. The conductive edge ring 290 may be

18I R0 ke Ekibiotivé leagd Hing 20 ¥ieRBlyehEdd from aighy p&rRY Ma@&hials. Th
pto a DC groun 8 HiRg [O lsq}7}]eA g?gfer;ed e%b%dlﬁeﬁt gf ©

co‘hb@ctrgé @Ji%cﬁrrg' ﬁo%pcle' a&tﬁdappfléﬁrng %PWEy e e écgr%allya:foﬁﬂgd to a DC
The o}

dielectric coupling rin consi sts
rgmﬂflar body 820. [0048] Wth reference to Fig. 9, the
& ‘ectric coupling ring 295 has an inner cyIindrica

ce 92 o 11.7 inc and
(B R Gererip ehrmeginieat o e oRlesiiic cAiIBalins © S0M A Hhecg 0 0. The
surface 923 with a diameter of 13.2 to 13.3 inches, a
dlﬂertgmouarngcr ingg9% epngists of InaIRUlaRHkpdy 820.

[0048] With reference to Fig. 9, the dielectric coupling ring 295 has an inner cylindrical surface
921 with a diarneter of 11.6 to 11.7 inches and a height of 0.39 ro 0.40 inch; an outer
cylindrical surface 923 with a diameter of 13.2 to 13.3 inches, a height of 0.39 to 0.40 inch and
concentric with the inner cylindrical surface 921; a lower surface 922 perpendicular to a center
axis of the outer cylindrical surface 923 and extending from a lower periphery of the outer
cylindrical surface 923 to a lower periphery of the inner cylindrical surface 921; an upper
surface 924 perpendicular to the center axis of the outer cylindrical surface 923 and extending
from an upper periphery of the outer cylindrical surface 923 to an upper periphery of the inner
cylindrical surface 921.

[0049] All edges of the dielectric ring 295 can be rounded to suitable radii (such as 0.01, 0.02,
0.035, 0.04 and 0.05 inch). Preferably, tne edge between the upper surface 92.4 and the inner
cylindrical surface 921 is rounded to a radius of 0.04 inch; the edge between the lower surface
922 and the inner cylindrical surface 921 is rounded to a radius of 0.035 inch; the edge

between the lower surface 922 and the outer cylindrical surface 923 is rounded to a radius of
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concentric with the inner cylindrical surface 921; a

| ower surface 922 perpendicular to a center 15 axis

of the outer cylindrical surface 923 and extendi ng

froma | ower periphery of the outer cylindrica

surface 923 to a | ower periphery of the inner

cylindrical surface 921; an upper surface 924

erpendicul ar to the center axi f the outer . :
o5 RRaR i3k hetute o8 SPass o Bt BpErndhe pOt Sindisglapriace sas s

peri phery of the outer cylindrical surface 923 to an
roypfisaito pEAiYsIRER92 BNt he i nner cylindrical surface 921.

20[ 0049] Al edges of the dielectric ring 295 can be
(0P34 ndl eeRfereedsemagiynent oA dhe cqnsluetive sesig@ riod is ho@R in Gigo39;11. The

0.04 and 0.05 inch). Preferably, the edge between the
confiypeive sdgefrang @9@Rak amrichetr hgindricabsuriayd 1 ¥0witad disvetbaafa 1.6 to 11.7

921 is rounded to a radius of 0.04 inch; the edge
inéhet WeENhdighe of Q.08 toUIDE &, Shodit@rdindheal butfaeé 1120 with a diameter of

cylindrical surface 921 is rounded to a radi us of

13854323145 Gehestang a BEight 961106 0.11 IMeh bV @hcaiwid A&th8 AdeAdYfindrical
the outer cylindrical surface 923 is rounded to a

. 02 . S
suFfane' 9?409% I0\9er %xrlitaﬂec?130a&qpénlaﬁuﬁgrgc?gg{éﬁt\é@g?sag)gﬂwge;@p?r;cylmdncal

surface’ 924 an e outer cy sur

Suéfgngeggﬁ%eatﬁ] eg%ern?ﬂé%ﬁtv%frdl '0.%2t0i (515 ?ﬁch[f%%gllo&rfp%%hee{r\z%g the inner

conductive edge ring is s [

-i gs., 10- 11, The conducti ve e ripg 290 has an .inper
v AT 1100y Tt PGPl R0 Bomraidtbto areorr g4t B e outer
211.7 5 inches and a height of 0.095 to 0.105 inch, an
cylrfric! sugfpceddiq and extanding dwwvardip B.5\ip P1§ inchdioghin wpepperiphery of the
13.35 to 13.45 inches and a height of 0.10 to 0.11
oytercdylingiigal surizce 120, @ finittannyldresurfagecklSea withdmidthlof 8.09 £@@.&0 inch,
1140, a lower surface 1130 perpendicular to a center
pesiperalicolar tontbe cemaraxisyf thednner aylinguicaf acfcd 140 aad dxtending outwardly
extending outwardly 0.8 to 0.9 inch froma | ower
fr@eranplppey p&iphtlyeofi thé @ine€ YlinBadal e@rface Und@cetrdnkded d@hical surface

upper surface 1110 perpendicular to a center axis of
11506 wiH taR lopening angle of 119° to 121° and a width of 0.20 to 0.22 inch, concentric with
the inner cylindrical surface 1140 and extending upwardly and outwardly from an outer
periphery of the first annular surface 1150a to an inner periphery of the upper surface 1110, a
second annular surface 1160a with a width of 0.065 to 0.075 inch, perpendicular to the center
axis of the outer cylindrical surface 1120 and extending inwardly from a lower periphery of the
outer cylindrical surface 1120, a cylindrical surface 1160b with a height of 0.085 to 0.095 inch,
concentric with the outer cylindrical surface 1120 and extending from an inner periphery of
the second annular surface 1160a to an outer pgriphery of the lower surface 1130. All edges

on the conductive edge ring 290 can be rounded to suitable radii such as 0.005, 0.01, 0.02 and

0.03 inch.
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10 cylindrical surface 1120 and extending inwardly 0.5
to 0.6 inch froman upper periphery of the outer
cylindrical surface 1120, a first annul ar surface
1150a with a width of 0.09 to 0.10 inch, perpendicul ar
to the center axis of the inner cylindrical surface
1140 and extendi ng outwardly from an upper periphery
t i.nner lipdrical surface 1140, a truncated
rofigh AelarHEH, 50 S5 RSB RR LA renPinghe RybEraBs S g5, the
121 and a width of 0.20 to 0.22 inch, concentric with )
conductiyedes fivg 280 pchilipicednling (ipg 235care tonsentre Ehe RATGHYe edse ring
upwardly and outwardly from an outer periphery of the
290 ip grrefarahly| mpdes gf feleckicallys@aducsiveymatenipds spely ppherop-dgped single
t he upper surface 1110, a second annul ar surface 1160a
crystdliimeailivardt h of 0. 065 to 0.075 inch, perpendicular to
the center axis of the outer cylindrical surface 1120
[oes2] ix%tpefdiredembodaheltytht lindr aylihewdar supfacd e oy thefcohdetive edge
outer cylindrical surface 1120, a cylindrical surface

ring OO RoMbattd oft ishEéatiH cisxk tQ-aQ%’étetrQ)erlQ%oﬂ A€ Rubst3& support 250. As

concentric with the outer cylindrical surface 1120 and

[ . I :
osEA RGP, Yo Ta LB Sl B B Ll R EE P, pnauctive edee
. I f ' n uctj v 0
i g B e st sHBporacp F KE T Bpd 2 o G bl FerEIH tess than
0.0q&j_0.01, 0.02 and 0.03 inch. [0051] Referring to
abeptRU0SIB 3. 11, when installed on the substrate
support 250, the conductive edge ring 290 and the ]
10%’3 pVetsgals syigbleder use as thslisdsrtric curling &ing dPriElbfs eeraspig anaterials
ring 290 is preferably made of electrically conductive
supmessilicah oxide (soh avarth@r shuimpe dxidd, apd eolemegrsmatitialnguch as Vespel®
silicon. 5[0052] In a preferred enbodi nent, the inner
andyKaptoaf ioc dfe l§aer Trecdiel@ O caplinghengczasds ptefferable cdgde fromgaluminum
290 contacts or is located close to an outer periphery
oxtfe. t he substrate support 250. As used herein, "close
nmeans that a gap (e.g., an annul ar gap) between

to
[ogigg WﬂMﬁ@HieV&trF%QG&)IiE% A&k %Qh@%dh&ﬁe%ﬂ'&ﬁr{g%@e SR Resdibed in

is less than about 0.01 inch, nore preferably |ess

d&gmitﬁwﬁ%n% th§e(jifQ:en4&hpr%?’J thb.@_t)f?riti \gi‘glé’eisdmﬁr%ggg tf\&@ skilled in

use as t ielectric coupling ring

cer 'g mat erj al s sugh %ﬁ"s{Iicon oxi de (e,q. .quqrtﬁ)
the art that .various chanﬁes an dno |||ca ions can bé ‘made, ‘and equivalents enployed,
or al um num oxXi , and pol'yner nmaterials such as

Vespel (r) and Kapton(r), or the like. The dielectri )
wHEI | EERPINE 2980TSRt er EPRF et fr ¥ al GRIRERA  clams.
oxi de. [0054] Wile the dielectric coupling ring and

the conductive edge ring have been described in 15

detail with reference to specific enbodi nents thereof,

it will be apparent to those skilled in the art that

vari ous changes and nodifications can be nade, and
equi val ents enpl oyed, w thout departing fromthe scope

of the appended cl ai ns.
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W Caim 1. A conmponent of an edge ring assenbly used
in a plasma etching chanber wherein a dielectric
coupling ring is adapted to surround a substrate
support in the plasnma etching chanber and a conductive
edge ring is adapted to surround and be supported on
the dielectric- 5 coupling ring such that a substrate
sgpﬁﬁrted on the substrate support overhangs a portion
e conductive edge ring, the conponent conprising:
the dielectric coupling ring having an inner
Loyl imeAmMROARNA op £dge (ing ﬁssﬁn'g}’ afﬁS't'éla RiFsMe eteingshamber wherein a
i nches and a height of 0.49 to 0.50 inch, an outer
digleqtiiq epupling ring.isf adepted to rpurrodicaprstiestratsf supgon2 in ghel glagna etching
inches, a height of 0.39 to 0.40 inch and concentric
chamnbér ane comtuetivecagke ri is eddptedtd ssurund@ad basuppowed on the dielectric
surface perpendicular to a center axis of the outer
coOpltnig Mg bl lthat WrstiBst @ teadigd p&rxddasmcth & gublstr s apdoPVeerhangs a portion of
peri phery of the outer cylindrical surface to a | ower

thP 88ridRbRe ¥d& ridgh@e cbipdnehyedmiprikingal surface, an upper
surface perpendicular to the center axis of the out er

cyli tﬂgmeﬁs@{r %Hﬁ;fnﬁ ﬂn%ﬂéi/ r%xathMr P?wgnewglﬁ#a tf?g]d?alﬂweter of 11.6

upper perlp ery 0 uter cy rica sur ace, an

toaiq!} % hEI th% OPO Eg(to% OUt rrcg| A/drlfcgl%mfaacg wlilt%pe({lameter of

perip ery 0 I nner cy |n aI SUF ace an

u peri hery 0 er surfa

e iatabRAGHI ga&PF o PSR a0 gttt By g Giparica
inch and a Mﬁdth of 0.04 to 0.05 inch; and/or

supfRge, @dPvRIcIUraee RRIBRNIIGUIRG thavRRigr ars Phiierousss| qviingiral gprface and
surface with a dianmeter of 11.7 to 11.8 inches and a

extesidipgtfropf a @w@9Berinhe(y. A OBe pyiensylingricelpuefacectp|ajlpveri reaibhery of the
surface with a dianeter of 13.35 to 13.45 inches and a

inhgi ghitdriodl Qrfae, taa pptd surfech parpeindioniaretat theCcenter haxtshef the outer
inner cylindrical 20 surface, a |ower surface

cyPedrReINledel &1d dx€ending @& dly &Xins a® Uppdi etip@y of the outer cylindrical
cylindrical surface and extending outwardly 0.7 to 0.8

surfA&d) ahrMRIgr bRYREoP Xtk RISy Mutwéroﬁwﬁo.hrmﬁupp@yIpbn;si{ewa# the inner
surfa an upper surface perpendicular to a center

cyﬂﬁ(drﬁalgurfgé?eean%%op%\% dé\}’ rbp'ndzm ‘F\ﬁér p%lr}wég%f %dupﬁ))é ?lﬂ'%'c@ghe annular

I nwar . fron1an uppe perlp ery of

T LR S U
the center axis of nner ndrica
ext N8I HYPUEUELIBUTTSE Wﬁ‘&aawnﬁbﬁé?drﬁ@ Sf"ﬁﬁ%r‘“g)#b? ‘ﬂf’H%te’ of 11.7 to
inner cylindrical surface, a truncated conical surface

114 ehesandpeeishiPf 21985 0 %%051'1@ ppoutoricylintiical suifare witgra diameter of
to 0.22 inch, concentric wth the inner cylindrica

1%x3toded45 muesewderhdightgof@@ﬂm B Y ingiman doaeneeat it withf the innamcylindrical
outer periphery of the first annular surface to an

surfaceera Ipeen pinlacey perperidimlauppercester kgic f the inner cylindrical surface and

extending outwardly 0.7 to 0.8 inch from a lower periphery of the inner cylindrical surface, an
upper surface perpendicular to a center axis of the outer cylindrical surface and extending
inwardly 0.5 to 0.6 inch from an upper periphery of the outer cylindrical surface, a first annular

surface with a width of 0.04 to 0.05 inch, perpendicular to the center axis of the inner
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5 a second annul ar surface with a width of 0.06 to

0. 075 inch, perpendicular to the center axis of the
outer cylindrical surface and extending inwardly from
a |l ower periphery of the outer cylindrical surface, a
cylindrical surface with a height of 0.085 to 0.095

i nch, concentric with the outer cylindrical surface

nd. extendi ng from an inner _periphery of the _second
oy A shia A P e A B BB raTiRGr PPNt Fgner cvinarca
surface. 102. The conponent of claim11, conprising the
sugfpesy @ Bppgatedcgnigd! isyépce wih anmeendisngin of Hi9% Kkl prd a width of 0.2 to
coupling ring further conprises a stepped through hole
0.beinetke epncehtsic withdhe wperfoylingrigr durfdte ahbewtendingrupaeediyvand outwardly
consi sting of an upper cylindrical void and a | ower
frany bin oater peipharg ofithe dint emiularcunface o drhienarpeaphecydfitheluppeaturface,
voi d; a center axis of the upper

a eYbrdhhiigaduried \ﬂktfﬁd’ldidkm%(ly bionsl Tnklﬁ;@brp‘éﬁd!idglileb EH2 center axis of
paral l el to a 15center axis of the dielectric coupling

the | Juger & fhdrief atiBsteddnddet@dind! inWaralyaP&GE a0bwbr pedfPel- & the outer
inches fromthe center axis of the dielectric coupling

cy[ﬁ-cﬂgél surface, a 6ylﬁgﬁcagg8§5%&%h iar}%faéﬁgaao.g%ét?h&% iigc.g'nzgor}cgntric with

ameter of i I nch
ric

R obion s ErdaL e 28 eateaghe Bt S5 R RAE & dh Ao et
%bout 200. 18 &$ 0.50 inch. 3. The conponent of claim
sufface g 2P PHET PYIPNR oIl MM sHaoupl i ng ring , the
dielectric coupling ring consisting Ff guartz or a
I

2.cer atieccamrogeitapf epinh 1p6PyREsnentieed plastric cquplimgeing wherein the

conmponent of claim1, conprising the conductive edge
dielegigc odveling ningtfhehersaohpyses westepdg@ throygd holerietween the upper surface
conprises a through hole with a uniform di aneter of
arfd. tA8 ldwer GurBite and consisting of an upper cylindrical void and a lower cylindrical void
concentric with the upper cylindrical void;

a center axis of the upper cylindrical void and lower cylindrical void being parallei to a
center axis of the dielectric coupling ring and located at a radial distance of 6.1 to 6.2 inches
from the center axis of the dielectric coupling ring;

the upper cylindrical void having a diameter of 0.40 to 0.45 inch and a depth of 0.20 to
0.21 inch;

the lower cyIindi’icaI void having a diameter of 0.20 to 0.25 inch and a depth of about
0.18 to 0.20 inch.

3. The component of claim 1, comprising the dielectric coupling ring , the dielectric
coupling ring consisting of quartz or a ceramic material or a polymer material.

4, The component of claim 1, comprising the conductive edge ring wherein the

conductive edge ring further comprises a through hole with a uniform diameter of 0.29 to0 0.31
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inch, wherein a center axis of the through hole is
parallel to a center axis of the conductive edge ring
and | ocated at a radial distance of 6.1 to 6.2 inches
fromthe center axis of the conductive edge ring. 5.
The conponent of claim 1, conprising the conductive
edge ring, the conductive edge 5ring consisting of

mg'gr gﬁ‘gﬁ gegmliesrlcqr)](g o%t ml)é\io elf a!%(allf It%f' c%mﬁ ?xgrof the conductive
surface of the conductlve ed r|n I S coextensive

edgp trife and Rspiep asarfﬁﬁ'é'ed'ﬁﬁncﬂfé gt"i‘fé‘ﬁs fpmi the center axis of the
di el ectric coupling ring when the conductive edge ring

condugtipeiedgedingn t he dielectric coupling ring. 7. A
conponent of an edge ring assenbly used in a plasm

5.et chihegomipamdne bf aikirle comprising tble edrelottivie @dgoning, thegconduttjve edge
is adapted to surround a substrate support in the

rirfigl caRdIRINE bidrSrPdspRa kg cstdilive GiBAlUCt i ve edge ring is
adapted to surround and be supported on the dielectric

6.COUPTHeNGmpbRht SE EBint Nathedeis wRSfik@duRHRARRLL 8HtHRNohfRtive edge
substrate support overhangs a portion of the

rnr%qud‘é%ehs{\?e \fr‘uﬂg dﬁ@lgsurltaaee f‘%@é‘ﬁ#&]&‘é‘mn SFUHPE; Eléftngaonﬁr?% ring when

ctric Cou ren a an 1 nner c
sur f C& wi.th.a dla 15 to 11.7 inches and
thg c%na% thve edge rdwgésam?ﬁ%oe%bt%e dleﬁec ric 50 “P%Pngtyl i ndri CaI

I'nc
surface W th %neter of 13. di 3 inches,
7-hei ghfoBROS"Y adge Hoe PR LD A ST EL e Ry wherein 2

i nner cyllndrlcal surface, a | ower surface
d@é{,}tpt’eﬁ@;p@[}g Hpe fsoa@pgggntpesfurrggnqsa@pb%tﬁée sippeft in the plasma etching
cylindrical surface and extending froma | ower
chamberndrayconductivecedge tieg is agdpitevdoisgradundand he eupported drothe dielectric
peri phery of the inner cylindrical surface, an upper
conplirfgaihe spebrtpatrackiubsitade supportdtcorcida b@rstrabei ssppirt dviaehaogitasgortion of
20 cylindrical surface and extending from an upper
the @bnduble)edgd ringhthe@binpsnedytdniilisingal surface to an upper
peri phery of the inner cylindrical surface; and/or

t he ﬁm@%@l’&%rﬁ%@uﬁﬂl‘%ng h%gha%\fhﬁbg c?n\dhaarl‘?lfrfagé/ Mtﬂqrdua%éter of 11.6
surface with a di ameter of 11. i nches and a

torﬁI ﬂmheg’gn anIQeQ&éEPO 99 130%4(1 |H§£a%gur}ep&g§d’r Zfglysljh‘g% |ﬁ1aa| dameter of

surface wt Ianet er of es an
lgqfﬁcgtrﬁ %)}Tclhﬁsdraﬂ]feﬁ%t ogé%? n@!]loam Conc%(re\cﬂetrnirlrgc 3{\1‘1 tthe inner cylindrical
e $end|cula to a center axis of_thﬁ o
L&? AdPVeaturie EF‘rP%[E%F‘déFHH'é‘?(Pé:ﬁEi'iehgx'be Wgrcaat@f Qlingdricy) sgrfere and
inch froma |ower periphery of the inner cylindrica
exseNdingdeom alpwep peiPhenr afabeower pdindricelqugfpce tg adoweiesiphery of the
axis of the outer cylindrical surface and extending
inperwentiodricalosuBfatey aD. @pencirfdce erpendigppreto prer cqpkazraxisodf the outer
the outer cylindrical surface, a first annul ar
cylindrical surface and extending from an upper periphery of the outer cylindrical surface to an

upper periphery of the inner cylindrical surface; and/or
the conductive edge ring having an inner cylindrical surface with a diameter of 11.6 to
11.7 inches and a height of 0.095 to 0.105 inch, an outer cylindrical surface with a diameter of

13.35 to 13.45 inches and a height of 0.10 to 0.11 inch and concentric with the inner cylindrical
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5 surface wth a wdth of 0.09 to 0.10 inch

perpendi cular to the center axis of the inner
cylindrical surface and extending outwardly from an
upper periphery of the inner cylindrical surface, a
truncated conical surface with an opening angle of 119
to 121 and a width of 0.2 to 0.22 inch, concentric

th the in surface a exten

sulfiin? dF S S SRy oF R ehTe D g ep | %sr'r%%&vdgfa'fhéace and
first annul ar surface to an inner periphery of th

extprpiag outyrerdie@8 ta B-9dnch dtoghe) lomish periphery if thecianggicy 'H‘dﬁca' surface, an
wi dth of 0.06 to 0.075 inch, perpendicular to the

uppensusiacerergensticulan do @uaeater @y's pE QUer eylindrigelesugfaee and extending
extending inwardly froma | ower perlphery of the outer

ingyrdiyfch to Ol indhufrdraeeyprer pgriphagrof dwl ousarcyladacahsurface a first annular
hei ght of 0.085 to 0.095 inch, concentric with the

suerbideewitl al wWideh bt 8log sdrd. ac e Nskreaddendr Bg thd ednté@Naxisndfethe inner
periphery of the second annular surface to an outer

cyRRIricRRBFce Ynd teRRnbiAYB itwakd |} 6@ anlipPerl P&iphORIA RRNInn& cylindrical
claim?7, conprising the dielectric coupling ring , the

suq‘hceel §ﬁhﬁda9edctgH|@+l Slm'%cg mg aﬁgﬂgﬂlr%tdnglg o@?l&ﬁ 't’c@i{llz af a Ridth of 0.2 to

ceramc material “or a polynmer matéria

o.??ﬂ&o@i?%tentﬁ}f gk"%![ué“nZer gﬁ’ an%br‘?a%%ﬂ@e{tgﬁhﬁ’r%c@m)é?dlfﬁ% outwardly

e con consit s

boron doped single cr e sili
from an outer ;? riphery of'the fwst%nnu?ar surface to an mner ‘periphery of the upper surface,

a second annular surface with a width of 0.06 to 0.075 inch, perpendicular to the center axis of
the outer cylindrical surface and extending inwardly from a lower periphery of the outer
cylindrical surface, a cylindrical surface with a height of 0.085 to 0.095 inch, concentric with
the outer cylindrical surface and extending from an inner periphery of the second aﬁnular
surface to an outer periphery of the lower surface.

8. The component of claim 7, comprising the dielectric coupling ring , the dielectric
coupling ring consisting of quartz or a ceramic material ora polymer material.

9. The component of claim 7, comprising the conductive edge ring, the conductive edge

ring consisting of boron-doped single crystalline silicon.
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